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trPerhape biotofjj.sts h¿¿ve been c;on"l;ent to
sôate the existence of clensity ciependerree

rather t han measure it. rt

.}.II" Cushi"nE; , 1974 "
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Th.e E¡ubs-barrce of tiris thesis is a. coJ.lect:Lon of pap*rs
reporting research c:rrried out ir), the a.uthor wllile a member':

of C.S.I "R.0" Ði.viei-on of 1¡'ishe:r.'i"es ancl Oceanogr'aphy" lIhil-e
that Ðivision j-,9 not responsj-ble for fi-sheries management,

it carries out researeh upon conmerc:i-alJ-¡r l.inportar:t speeies
ås a backcL::op tO mana6,;emevrt needÉì.

Regr"rlatior: of hum.pback whaling irr Austr"al.ia was

primarily the respons:Lbil,lty of the Cornmon.r¡ealth Goverrtuent
and as the managemen'b ar¿tÏrority at th.at time ha.d lj.htl-e
expertlse i-n biology, tire Division of Fishe;ries ancL Ûcean"*

ography was more directl.y j¡lvclved in. mana.gement than uÊu41.

The author l.{as a member of the Scientifi.c Comuittee of the
Intern¿ltional lIha.l:Lng Commj-ssion Cu.r'ing the difficul.t : period
lrhen the concept of managi-ng individual populations of whales
as d.j-screte entities was heing pressed. upon ih.ose mainly
corrcerned rtrith co¡rmercial production from the southcrn waters
as a whole"

In the case of the western rock lobster, the Western
Australian Department of Fisherj-es and. l'/ildlife, as the
management authori-ty, has built up its olrln expertise in
f ishei'ies malLagement " In supporting the worlc of 'bhat flepart-
ment, the Divi-sion of Fisherles and Oceanography carrled out
basic stuoies upon the physioloSçy, behaviour and ecology of
thls species, as well as upon the oceanic circul¿rtj-on of the
area. The author's contrj-bution has been concerned mainly
with aspects of ecology.

Papers 1,2,J and 5 constituted part of a thesis for the
d.egree of Doctor of Philosophy, conferred by the Universlty
of liestern -û.ustralla j-n 1956. They are included here to gÍve
conti-nuity to the s'budies on the humpback whal-e.

Paper 4 and 6 to 29, which consti'bute the present thesj-s,
contain no material- which has been accepted for the awarcÌ of
any other d.egree in any university. To the best of ny knowledge
and belief, the thesi-s contaj-:es no material previously published



or written by another person, except when due reference J.s

mad.e ln the text of the thesis"

hrith regard to those papers having co-authorsl in
papers 6 ancl 16 th.e co-author was my technj"ci.an. For both
papers I was responsible for p-t.anning the v¡ork, for analysis
and interpretation of the results, and" for writing the

nanuscrj-pt. For paper 15, my colleague and I shared equally
j:r this work. In papen 23, the section cn larr¡al. settlement
rÂ¡as contributed by B.F. Phil}ips; I was responsible for the
work on juveniles and. recruitment to the fishery. After
d.i-sclrssing the results, I wrote the first draft of the paper.

Any other as$istance, suggestions or crit j"e isrns a.re

acknowledged at the end of the relevant paper.

R. G" CI{IîTtrEBOROUGH
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The h'umpback r.¡hal^e ancl the r¡estern rcck lobster are
r+idely separated in phylogen¡r, morph.cllogy ancl ph¡rsioJ-ogy,
At firs'b sight they have little in common e>lcept a nal'ine
habítat. gotrr h¡¿ve a relatively high l-ongev:L-by and whern

u¡.dj.sturbed appe¿lr to attain fairl-y stable populatj-on L.eveL"s

determined by response$ to environment¿¡l- pressures. ï'Iowever,
in most other respec'ts thej.r life cycl.es differ grea'bly, âs

shown by th.e summary in Tabl-e 1.

Despite these dlfferenees, when populations of ej-hþer
speeies â.re exploj-ted. comnrercially, â si¡nilar rationsle is
applied to management. Com¡r,snsatory changes are expected. to
occL,.r tO some extent in birth rate, growth r¡-te, and/o::
survival as the poputation is red,uced (usually sel-ec'bively)
from some maxi-mal- l-evel. l{here the interaeti-orrs of these
parameters are opti:nised girri.ng grea-best recruj.tment tc the
fishable stock, a fishery can be continued j¡rclefj-nj.teJ-y at
a level classically knov"¿ as the roaxj-mum sus'bainable yieJ-rl.
Thus in splte of the wldest of differences between these
species, the resÞonses of their populations to fishÍng pressure
are expected to be simil-ar in princi-ple if not j-n extent.

The research upon humpback whales j-;: brought together
1n paper 14, whi-le the implications of the fi.ndings onthe
wester'rl rock lobster are discussed in paper 26. FolJ-owing
the presentation of research papers, the above hypothesis is
examined ln the light of data collected from ^populations of
hunpback r+hal-es and the western rock lobster as these wetre

exposed to hÍgh rates of exploitation.

-----o0o-----
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1.ife Cycle Ilumpbeiclt rvJra.le \'1r:stern roclc l-obstelr

Fertil-i.ss.t.i on

Gestation
( incuba't;ion )

Fecund j.ty

Ï,ength at birbh

Iylater:nal care of
young

Juvenil-e nçrrtalj.ty

Post-natal-
h¿rhi.ta.t

Iuration of:-*
suckling phase
larval phase

inte::nal

1 11: months
tenp" independent

l.or,'¡'l cal.f i.n 2" 7 J¡rs.

427 cm.

int er: s e

.l.ov¡

oce¿ì.n_Lc
(au for parents)

10$- months

4-5 years

seasonal
(Anta.::ctic suinner)
Euphausi.a only

corìtinual- mixi.ng
within e ¿:.ch
popuJ-a,ti.on

20+ years
(maximum 48 yrs")

e xte rnal"

19-68 ciays
'bemp. d epen.d en'b

high
¡¡t 1e¡ r:t t h:rood
(:oo, ooo l'ar:vae ) pe " ¡'¡,

ù.12 crn.

rione

very high

9-11 months

oceanic pl-anktonic l-a.rvae
(shelf benthic par:ent¡)

Age at 1 st.
b::eeding (f erna.1.e )

?-8 yrs. in pa.rts of
v.¡ild popuJ..ati-on.
3-6 yrs, -in ac¡uarium
)

Feed ing

Homogeneity of
population

daily for optimum'
g::oi,i'th .

Diverse species

mixÍng and di-spe::sion
across geograph-ì.c range
CInl.¡r during larval Phase ;

restricted home range
in juvenile s; possibl.y
in adults

l\{aximum probably
over 15 years

longevity
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Alif,lì{lT]Ê ol,'RllP}ìÛIllicTIoN.}¡i 'I'IIE iì{,11-¡l l-lulipBÁ-ilK \I'/}{-Â.i,lj,
Å'I il {; A I' :i'.ttr I Ì' i\ N (} Ð O S A ( tl O N i'i il,T'Itì R'l.)'tr )

tsy lì. G. Cst'lrt,ulolìollGii'r'

(AI utttLscri'itt reecìt:ed tï,u¡¡ttst 2, 1 9ir'1)

Sti;:tlnurl¡
At pubelty, nt:.rlc hrttnpb;rclc xha.les olT the-\tr¡¿rs1.ct'rl 'Áustlali¿rn coast h¡.r'e

åtì ¿ìvoÌ'¿ige borly lcn¡;tli oll 36 ft I in. l,'t'r'¡¡rr hí-s'iolo¡tical e:l¿tltination of thc
tesles, the extlerne larl.qe of lcn¡4ths ai p"tbci't'r'is -floilr 33 ft 4 in' to 40 ft I0 ili'
The me¡rrr testis rlcìgirt atl ptrbelt;y is 2Ü0Û g, I'ollor';ir,.g ¡rtti.rt:r'1,y, lrralt:s ale of
lorv fcltility ioi.zr pcliocl (possibly 1yL') clur:ing u'hjch ícs1,is r"'cight, tuirule
cliarleter', ancl s¡relrlatoge:rretic acbivity itrelc*se, befolc th¡: attaitrtnc¡i of tull
sexual tr-rotulil;y.

llhe mê¿n l*rgtl'r of the pcnis at lrulrctty is 3.5 ft, but orvinpi to consitlelabie
intlivirìual v¿tli¿tior"r thc penis Ìength alone is not a I'eli¡ible critet'io¡r of pubei'ty.
In sexually mature ttt¿rlcs the pt:tris leugth ì'alìf{es flrom 3.2 to 6.2 ft.

'1'hc propor.tion of fully ithysically lrrått¡rrr niaìes amongst tirc,se exantirterl
was víjl.t¡ lorv (1.4 pel cent,). Thc lnean borìy length of those defìuerl ill this
papcL' ¿ts apll'oaching physical matlu'it¡' rv¿s 41.90 :r û.35 ft, and tìrat of the
fully physically mzrtulc urales rvas 42.97 l: 1.59 ft. Tlie lalgest male er-xatninecl

(46,42 ft) shorved no sign of epiphysj¿l fnsion'
. changes in ntean testis u'eight, mean diatletel' of testis tubr.r'les, and
¡rumbel of spei'rnç in te-qte: and vas defclens fiuiti h¿tve l¡een foÌlorvetl a-t v¡.rious
stapjes of tlie life cycle. The valiations o{ lhese chalacters iu mat¡lr-e inclivichrals
have Ì.¡celt exarninecl for evidence of a seasonal cycle in tnale humpbach rvlrales;

i¡c¡easi¡g testis rveight ancl lnole active spêr'matogexesis ale exhibitecl cluiing
lvintel nron+"hs off -Westeln Australia,

I. IN'rnolucrloN
In previous stuclies oì1 the humpbach whalc ånci upon $'l.ales itr geueral,

the female rellrocluctive cycie has l'eeeivecl far more attentio:l than have

reprodlr(rtive chail"ges in the male.

Thc lengflr of nale hnm¡;Ì:ack wl-ia.les at puberty (an imlrortant
characteristic in catch analyses) has not beell âccurately detelrniued' ln
eaïlier. ïeseâ1ch upon l'eplroduction in whales (irlachintosh and Wheeler
1929;1\{atflrews 193?, i938r:¿, 1938¿); }{ishirvahi ancl oye 1948; Jonsgarci
L951; Omur4 1953) tþe |erm "sexual maturity." has been âppl.ied in ¿r very
general sense to mc'an that stage at r.vhich \vhales âre câpable of, atrd do

effect, r.ejl,:,oduction. In this pâper it is intencìeci to follow the iiloceclure of
Asclell (1946, tl. 10), aptllying tkre teI'm pul)elty to that stage at rvhich
¡eprocìuction first beconrr:s possible, i.e. u'heu get'nr cells are Ì'eleasecl, atrrl
cotìlÌning the term sexual naturity to the tinie n'lien the animal re¿rches

* Westeln Âustl'alian Branch l,llbolatoly, l)ivision
Univelsit¡' of Westcr'lr .i\ustralia, Necìlan,ls, W.A.

of li'isheries, C.S.I.1ì.O,,
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its frill relllori,.tcl,ivc po\¡,'eL, It ivill be seeu that in tlic irr¡Ìc itumpbacli
n'h¿tlc thc,re js a i;ign.if"ir':rut. inl.r:t'r';il ]rctx'ccti tliese i,r.,-o evonts.

}'iattheu'.q ( 19i17) workin¡; olì htilL;.ri-r:iclis, éìld Ìt'l¿rchjni,tish ¿rrrl
'Wherel:r' {19;19i o¡r bJ:te anrl lin rvl;,:tÌes, ui;e¡.I tc¡;i.is "\'oltint{ì" to fr-rilorv thc
incrcase in tr:slis s:i;'re t'itlr l-rocl.y lcngtir; lilcir ci¿i¿r. shoiverl a lapiil irrcrease
in tcstis sizc at tria"ttilit5'. Il¿tihctis elaimcrcl fh¿rl. itr hunri-'Ìtirctri g'h¿ie¡l
thel'e u'a'o lto co¡r't'lation Ï:ctil'ecrn tesiis sii:e anrì boil5r js¡1p;¡¡r;lfl,el'matrit'it¡'.

Japalresc rvolliels (Omrt':ir 1953) have inclic¿¿tecl Urat ill hirnrl;bac1.;
rvhales at "se.xtt¡ìl tnatulit¡r" thr: rveight of tcsl,e¡r is 2{i0t} ¡:;, llrt. Onrru.¿r
srtp;gests that thjs fìgure rn:ly be i;oo lorv as ¿rn index of "¡texr;¿ÌI rnatrii.it-\.".

l\{attirerys (i9:;'7} i:ecorcled a penis ierrg;th of 1.25-2.5 m in rna1,ur.e
hurnllback u,h¿iìes. l\'Iackiutosh and \\¡hecler (1929) siatc that in blue
ancl fìn ryhales ';he penis uurielgoes considet'¿rble gron ilr at "sex'.:äl
maturit¡"' ancl sttggested that the size of the lrenis miglit I¡r: a use{ul inclcx
of the state of matui'ity.

Little infr.¡r'ination is av¿rjl¿rl:le npotr phl'sical niaturit¡' in male huni.ir-
l¡ack rvhales. l\{att}rervs recoi:cled the st¿te of the epiphyses of 12 males,
thlee of n.hich \I¡er:e apl)roaching ¡rhysicaì matur:ity.

Wliile Macirintosh and \{¡heolei' notecl gi'caL eulalp-ernent of Lhe testis
tubules ir blue antì fln rvh,:rles a,t tnatulit¡r, no âctnãil tubule clianretels ry-;'e
girren. Changes in the size of testis tubules flom late foctal stages uuti!
after matnr:ity have not been follorverl in rvhaies.

Some incìicaticn of a male ^sexual seasoll in hum¡rbrrch s'hales x'as
rloted bj'l\'lattirervs (1937), $'ho forincl no sÌlermâtozoa in the testes of
foul matnre males tal<en off Sonth Geolgia (Anralcticn) in De:en,bcr'-
Malch but some sperìrls in tìre testes of thl'ee m¿lcs taì<en off South Aflic:r
in Jul¡'and Atigust. l\'Iacl<intosir aticl Whecler (1929) ¿lso founcl iüclic¿,-
tions of a simiiar breeding c),cle in male bltie a¡cl fiu rv[¿rles. They fon.ci
very felv spelms in testis tuÌ:ules ail tire year louncl, but mrrLe in I{a¡',
suggestiirg a male sexual seasorl of April tc. June. Using testis "r'ohtn:e"
they found no evicìence of an incrcase jn tcstis size duling tlre brecciing
season. Engle (7927) found no sperms or spelmaticìa in the testes of
three male hurnplracir rvhales at Trinidacl, Caiifoi.nia, in Augus'u, ancl
suggesteci a seasonal sexusl cycle in the northeln llacific with lrreeding
occulling rluring the wjnt.,-:' rnoirths.

It is now possible to levierv tire evidetrce of'a male sexual sea,:o¡ i¡
humpback wirales ttsing such ci.'iteria as testis u'ci¡,;irt, cliameter. of testis
tubules, spermatozoa in the testis, ar-icl var.iatious of sllet'rn tlc,nsit¡' il.L r'ås
dcfcrens fluicl.

This matei'ial u'as collectccl ¿rt \\/estcrn Ausl;r¿riian shore statioris
dnring the c¿rtchiug seâsorÌs (belr,veen Jilne ancl ealry Oclober) fr.6m ig,!1
to 1953.
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Jl. l'lur:no¡s
In Urjs invcsi;iîatiou, tesitis rvci¡,-ìil. n'¿ir¡ usctl ¿ì-{ a tìlore 1-,rei:ise inile:<

of testii; cleveloìtruclli thalL thc r:sti¡rratecl volil¡le rtsecl bt'I\{-ailiilitosll attcl

Whecicr (1929) a¡d by Mattbe.¡s (1S¡i?). Ìll¿cir testis r','as ii'ei¡1hed

after. rcnloving tlrc el.riclirì-vrnis aucl. ;rti.achcil liictnl.¡l'¿lncs. ll'h¡,ri:c: ii'as little
cÌifTcr.c¡1ce in tveigh{; }¡r,:tn'ccn the Jefi: anci tlie ligiit'"csijs. Lli e¡ich t'hale
the niet¿1n g'eight of i;he lcft ancl r'i5¡ht tei;tes r',-¿ts r:ecoi:'ck:d. 'fliese meftn

testis lvciglrts of iirclivichials ancl :rot lhe toial ivei¡a-Ìrt of thc testis pail
¿rre uscrd t;hroughcut thìs pzrlrei'.

\Vheü cottsiclcling i;he testis rveights of sireciliecl groulrs of males it
was founcl th¿lr; the clistl'ibutioli of me¿-n tr:stis rveigÌtts v¿ithin cach gi:onp

rvas nni¡roClal atrrl positiveiy sliel'¡ccl; herrcr: the ¡¡coinetric nre¡¿n of thc
inclividr¡al rneali. 1;cstis rvci¡;irts l'atirel than 'tJrr¿ alithn:letic me¿l.tl tt'as ttsed

as 1ii:oi'lditrg tìrc lucltcr cstini¿ttc ol lJlc ilrcatr fot'eitch glcliil;'

Samples of testis tissue u'ele fìxecl in lleítlenhaitr's Sltsa fixatjve or
in formol-saline, sectioned e"t ? p. ancl staineci ç'ith lt¿remâtox1'Ji¡ and eosiu.

Altþo¡g;h the rvha,les h¿icl almost invarialrly bcen de:rci for at least 3 hl
before tissues coulcl be pl'cscn'ecl, fair histoiogical tìetail coulcì be oÌ:tainecl,
even in those deacl for- I or I hr.

During the histological examination of eâtÌï testis sample, the
diameters of 20 seminiferous tuÌ¡riles were nleasured rvith an oenlat'
micrometer and tire (alithmetic) rnean cìiatrictel of the tubules obtainccl.
Also the average nnrnber of spelms per tnLrrile seetìon (? ¡, thicìr) was
founcl after countirtg the sperms in.20 tubule sectiolts.

Samples of fluid were collectecl from the vasa defel'entia of lelatively
fresh rvhalcs (deacl 3-6 hr). A 2 ml sample of fluid rvas n'itliclra\\¡n frorl
the vas clefelens by niealrs of a s¡rl'i¡ge and acldecl i;o a tltbe ccntaining
8 ml of 1-0 per cent. folmol-saliue (giving a l-: 5 dilution of rlreserved
matei:ial). Tire cot'l<ed tube u.as rotatecl to cnsure a flee sttspension of
sperllls and also lapid fix:,rtioti, a.fter lvhich the corli was sealerl u'jtir rvax.

Before ca¡rying out sperm counts u1:cn these specirnens in tite laboratory,
each tube \\¡âs hoì'izontalìy rotated Íor 3 min to lesuspenci the spel'ms.

A smali samirie rvas nlounted on a Neubauel haemocytometer siicl.: and thc
count macle under a phase contrast microscope. In most samples it was
¡ot founcl necessâI'y to diluie the matelial auy fur:ther, Tiut in a felv,
epithelial cells r,vere so tiriiner'o'-¡s thal, Iullllr¿r' tlilulion was llecessary iu
order to clistinguish the sperms.

The state of physical matulity of thesc s'Jial¡s was cleterminecl from
examination of the vertebral epiphyses, thr:se maies having all epiphyses
fused to their lespective r¡ertei¡l'ae ìreing classifiecl as ¡rh.¡'sically matur:e.
As clesci:jbecl by l\{achintosh arrcl \\lheeler' (1929) and Wheeìer' (1930),
epiphysial fusion in rvha.lcs begins itr cauct'¿.I autI cervical vertcblae, extend-
ing L'orrvarcls from the caudals tr"role t':rpicll), than ]:acl< flom the cervicals,

¿)
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scj that, lhe l¡rsi, cpiphyses to be f usc't1 tr¡ thc cc¡rtrå al'e thr¡se iu tlLe antei'iol:
th ol'acic lc¡¡ir;iL,

Âftel expf)siri'(ì of the r'.,'iLel:¡'at co1'.rrurr l,lrc d.age ofi e1ri1;hysial frriiioir
u'as fot¡ltcl b¡' 1,lic mcthocl desr:r'ilr<:cl b)' \\'hr:eìer', J,n tirc riníuseri si¿r-tt, tìrt:
lilte of pearly u,hile r:altila¡¡e coti.id Ì:e r:asily seeu, Lnrl rç1rc:n fLrsjrrì 1\'¿ìs

taliing¡ pl:rce it ri'¡s c{ifÌlcrrli. ¡c clistingr-risìr c:iltilagc. Jrr -qrrch instiiirccs, a
srnall cliip c¡f ]:olre acloss ihe i:pjphi"siaì jrinr:tion rvas ¡;la"cccl ovel a slot
in the flensitig' clecli and iightly t*.p¡tr:d. lll the s1;ecirnen i;l'oìre cli:L'ectÌ¡'
:rlong bhe junctir¡n with a sr:oclJl (thougli uncluhi.irrg) sui:face, tliis rv¿rs

c:lassliiìed as unfr-rst:ci l:ut elose {;o thc ncint of l-'usiotr. '\ì,; hr:n fusion r,,,ås
cornplete, sucli a Íragmeni; Ì:r'cl<e irrep;ui*r'11' .,vith a r.orig;h sljonljy suiilace,
scldour along the U:re of filsioit. 'Ihis llle'chcil ri'as c.lrechelrl hist.oicg:ic:all¡',
the microscoi.rir.r examinaiion ag;reeing vcl.I, closcl)' rçith thc lielcl dilgnosili.
Whales in ç,hich e¡iiphysial ilusion haci bcgun but ir¿rc1 nol ertenrled thr:ougÌr-
out the vertel:rai column t'ere cl¿ìssjfìed as a¡,r¡tloachtìng 1rl-rysical maturity.

III. Pununry
(r+) Histclogical ErcrtttiruLtion, of Testes

As staterl b)'i\'lacl<intosh (1942) histolog,ical exanrination of the tcstes
is tire only 1¿trlolling methocl of. cleterlniirinp; the sexual state of a male
u4rale. Þ'igui'e 1 shou's tire mean testis rveiglrts ancl hody lengtils of 101
male humpbach rt.hales tvhose testes were examinecl histclogically and so
coulcl be classifiecl as sexnalÌy irnmatui.'e, at ltubelty, or matui:e. llnrnatulc
testes (Plate 1, Fig.2) had all serniniferoris tul¡riii:s closecl or a fex'v'ith
lumina but containing no clivicling spelrnatocytes. In testes at puberty
(Plate 1, Fig.3) the majoi'it¡' of tubiiles \\'ere ollen atrci contaiued sonìe
spelmatocytes lvhile closed tubules rvere not rìnconln1orl. In testes from
mature r¡rales (Piate 1, Fig. 4) all tubules wel'e open ancl varions sta.ges
of spermatogenesis coulcì be observecl.

Figure 1 inclicai;es that there js a t,icie 1'ange in bodv length at ¡r,ibert¡r,
the extreme r'¿1rìge being flom 33 ft 4 in. to 40 ft 10 ln. I-Ien:e it rvonicl
be irnpossible to classif)'inclir.'idual maies as sexually im¡natrire ol maturc
on the basis of bcdy lsng¡¡ alone. I{o\\'.:\'e,i, in comparisorl u'ith the I'ange
of mean testis weights from all males examined (2õ3-13,600 g), thei.e is
a relatively narro\y range of mea.n testis rvcight at pubei.ty (1500..3¡1130 g.).
The geotnetric nean of the mean testis rveiglits fronr the 11 males at
puberty (shorr,n in Fig. 1) rs 19t2 g. only trvo inunatnle males of the j01
slrown hacl mean testis rr'cights exceecìing 2000 g (ztZZ anC Z40S g
resl:ectiveiy), rvhile only otte othei:r.i'ise nolmal ni¿lle having a mean testis
s'eight belou' 2000 g (actual lvciglrt 1862 e) rvas pc,s{.-pubertal.

In samples of vas deferens fluid flom 51 males (see 'l'aÌ:le B), sperms
rvele founcl itr onl¡, one tr4rere the rncan testis r,veight u'¿rs beion' 2000 g
(actual rnean u'eight L830 g) and here the sperms \\¡el.'t: exúeeclingÌy rare.
on the other hancl sperms \\¡ere present in all vas ,lefe:i:ens samples fr.om
males rvhose meau testis rveighls exceecled 2000 e.
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From the above c.onsiclera.tir:ns, tire me¿ln tcstis s'eight at puÌ:erty of
humpb4ck r,vhales flcm the \4/estern -¡\ustralian coast js ver)¡ close to 20t)0 g.

This fact aifor,cìs a i'apicì and relalir¡ely reliabie means of tìistinguishing
sexually irnmature males.
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(b) Testis Weislat

Using the mean testis weight of 2000 g at puberty, the proportions of
imnrature males in each 6-in. gr:ottping of bocl¡' length can be determined.
Such a division on a båsis of testis weight is shou'n in Tabie 1 for 609
males rvhose test.es s'ere weigltecl. The percentages of immature males in
each 6-in. groupíng of body length âre shown in Figure 2. The ct¡rve in
this figule indicates that at a length of 36 ft I in., 50 per cent. of male
humpbacks rvould be sexuaÌly immature and 5û per cent. would have
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reacþed oï pâsse{i pubeïty. This may be cronsiclclecl as the aver'åge lcugt}t
at puberty of male humpbaeli rvhak:s'

'I.ABLE 1

sDxuÄLLy llr1lfÂTl-Ìriü IIAL!ìs lN 6-lx. noov LnNGTIi

cnout,s, uslNc [IÐ..\N Tnsrlt¡] \1'T. oI¡ 2Ù00 o .ôs cllITDIÈIor*
OF ?URT]RTY

ivlc¿suleurents
Talierr

Imruature
Bocly Length

lrlurnbel ller Cent.

ft in. ft in.
S0 0to30 5

30 6to3011
31 0to31 5

31 6to311l
32 0to32 5

32 6to3211
33 0to33 5

33 6to3311
34 0to34 5

:14 6 to 34 11
35 0to35 5

35 6to3511
36 0to36 5
36 6to3611
3'l 0to37 5

37 6io3?11
38 0to38 5

38 6to3811
39 0to39 5

39 6to3e11
/t-0 0 to 40 5

4û 6to4011
47 0to41 5

41 6to4111
42 0to42 5
42 ßto421L
43 0to43 5
43 6to4311
44 0to44 5
44 6 to 44 1.1

46 0to45 õ
4r) 6 to 45 11
46 0to46 5

1 100L

1

1

l-

7
rt
a

11
10
15
11
oo

24
oô

31
42
54
44
46
49
47
40
42
?,4

aO

t2
7
6

?
2
t

1

1

1

I

7
Ð

11
I

10
8

10
10

7

8
o

1

0
o

0
0

0
0
0
0
0
0
0
0

0

0

100
100

100
100
100
100
100
90.0
66.?
72.7
45.5
4f .7
24.I
25.8

7,L
1.9
0
4.3
0
0
0
0
0

0
0
0
0
0
0

0

Some confirmator)' evidence of this length at ¡ruberty is adcluced from
Tal:le 5, and from Figure 4, where the geo:netlic mearls from the mean
testis weights in 6-in. groupings of bocl¡' length are sho\vn. The geometric
means from all length groups belorv 36 ft 6 in. ¿¡re iess than 2000 g, but
those for all grou¡:s above this length exceecl 2000 g"
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(c) I'e'ngtit of l'cltis
J\{acl.,i¡tosir an{ W}reeicr (19:29) suggestetl l.ir¿ti ilt }:lne alicl lit-r rvirales

the "size of thc penis ma¡'be a useflil tne¿r'rts of ciecicling:f a gliltrce
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Borìy Penis
Length Length
(fr) (fr)

l3

l\{ature

Bocly Penis
Length Length
(fr) (fr)

1C)

42

ll 12 l4

46 FT

Irig, 2,--Plopoltions o¡ ss¡nzr.lly imlrl¿rttile tnaìcs in 6-iu' gron¡:ls of hocll'

length, usirrg- tìre urc¿rn tcstis.,veigl-rt of 2l<g ¿rs clilclion of puìrertlt.

T¡nr,n 2

PI'NIS LDh\G'TiIS IùìOA,I I\{I\LIìS WIIOSTì TF]STT'S WEIifi fIISTOI]OGIC:\I,I,Y IIXÁì\TINDD

Õù.0ö
ùÒ. t u

34.58
rlO.r I

36.58
36.58
36.83
3?.08
B?.08
37.25
:i?.50
37.58
38.00
38.1?
40.25

2.92
1.6?
3.67
3.58
3.25
3.71i
o ña

2.67
3,6"1
toÐ
3.50
2.(,7
2.17
2.42
3.2!j

[J5.92
36.08
3?.58
38.1?
38.17
38.67
39.25
40.83

3.58
4.00
2.75
4.r'l
4.08
3.6?
2.t7
3.42
3.42

35.75
35.92
36.25
36.75
36.92
on oÉ

tn 9a

37.42
37.83
9'.t.92
38.00
r) Ò..) ù

38.50'
38.58
38.83
39.00

4.ú ó

4.42
4.75
t dr

3.17
ù.Õù

4.58
3.50
3.75
3.6?
4.25
Þ ot
4.08
4.08
4.25
4.6',1

39.03
39.08
39.25
39.33
89.33
39.¡+2

40.33
40,1r2
40.50
40.ri8
40.58
40.58
40.15
4r,08
41_.42

4,1.42

3.92
4.50
4.25
4.25
4.42
4.50
4.33
4.50
4,6'.1

4.+2
4.83
5.1?

o oo

4.75
4.83

41.50
41.50
41.50
47.58
47.6ï
4r.75
41,.92

42.00
42.25
42.50
43.25
i3.¡i(l
43.67
43.6"1

44.25
45.08

Rody
Lcngtli

(fr)

Penis
Length

(fi)
4.58
5,17
5.25
4.25
3.83
5.33
3,58
5.00
4.75
4.58
4.75
4.25
.1.83

5.00
4.7 rù

5.25

Mean: 2.98 Mean: 3.48 Mean pcnis lcngtir of 48 m¿rles: 4.41 lt

rvhethei: a \\¡haie ís sexually mature oi: not, for this orf{ân undergoes

consiclerable gïowth at matnrity". In the routine examinåtioil of Ììump-
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bactrr rvhales on tlre Western Australian coâst, the lengtlr of the peuis u'as
recol'ded s'henever possible, Tlie penis t'as usualll' extlucled g'hen the
t'hale u'as killed, but sometimcs l"iacl becn reiloved b1' sharirs rvhile Ure

body ivas being brought into the station. 'Ihe penis length of the rnatr¡r'e
hurnptrack males e:ramined rå.nge froln 3.2 to 6.2 ft, t'hich is consicìerabl¡'
lo$'er t.han that of 4..1"-8.2 ft lecordcd lry l\{atthervs (19:r8*) from the sarne
species in South Ätlantic legiot'is.

6
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Fig. 3.-Lengths of penis and body lengths of nrales rvhose testes
. wele examined histologically.

The penis Iengths from 72 males, rvhose testes were examined histo-
logically and su coulcl be accuiately classified as sexttally irnmature, et
pubelty, or matrlre, are listed in Table 2 rvith body lengths. These i'ecords
are plotted in Figure 3. There is some increase in penis length rvith
increasing bod¡' 1"t *¡h; this incr"ease is slightl¡' more rapid at puberty.
Although males having a penis length of lêss than 3.5 ft (the mean length
of the penis in m¿rles at puberty) rvere generally immature and those
having a penis length exceeding 3.5 ft getrerallS' Inåture, a classif;cation
by means of penis length alrrne is not as reliable as that using a mean teslis
weig'ht of 2000 g âs an intl"x of puberty

It lvas found that the penis was often full¡'¿'etracted (or sometines
only partially extrudecl) in immature trales, while in almost all mature
males it was fully extruded by the timc the whale was hauled on to the
flensing deck.

to

IV. Pnrsrc¡r I\{arunrr:v
Of 567 mâle humpbacli whales from the \\¡estern Australian coast

whel'e epiphyscs were examinecl, 4,79 (83.5 pcr cent.) showed no epiphysial
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lirrsion, B0 (14.i llet celìt.) 1veïe åpplro.î.cììiìltj llhysic;rl t:raturil,¡r, u'hilc otrly
B (1.4 per cr:nt.) hacl att,¿Linecl l:Lrysical in¿-tt,tlr.'ii;)'. ?he clistril:u]:ion of. thc
body lengtliii of these m¿tlcs is shorv¡r in 'ilable ll. 'llìtei srn¿lile*qt nt:ri¿:

T¿¡lu 3

EPII'ltYfìiAL I¡IISICN IN B{.hLf ì }lUltrPB¡lCK \1'MLlts

Rocly Lcngth

ft in. ft. in.
Under ll3 0

33 0to33 5

33 6to33 ll
34 0to34 5

34 6 to 34 1:l

35 0to35 5

35 6to35 11
36 0to36 5

36 6to36 11
37 0to37 5

37 6to3?11
38 0toBB 5

38 6to38 11
30 0to39 5

{:ì9 6 to 39 11

40 0to40 5

40 6to40 11
41 0to41 5

41 6to41 11
42 0f,o42 5

42 8Lo427l
43 0to43 5

43 6to43 11
44 0to44 5

44 6 to 44 1.].

45 0to4õ 5
45 6to45 11

46 0to46 5

Total
Exarnineti

No Epi¡rhysial
li'usion

No. % No.

Full.
I¡r¡sion

/_-. ]__*t

No. 'l

Fusion
Begun

4
7
7
0

11
t0
1,4

l. l.

22
ot

qô

84
45
38

3B
34
30
25
15
1.0

t)

0
2
0

1

4
I

r

l1
'10

74
1_1

22
oÁ

29

36
46
,t ()

47
45
44
4A
38
24
t4
72
7
6
2
c,

1

100
100
r00
100
100
t00
100
100
100
l-00
100

96.0
94.4
97.8
9û.5
78.0
84.4
77.2
75.0
65.?
62.5

''17.4

50.0
42.9

0.0
r00

0.0
100

%

50.0

4.0
¿).b
qq

¡.1

22.0
156
20.5
25.0
29.4
3?.5
28.6
4L.7
57.1
66.7

2.4

2.3

D.ó

OQ

33.0

50.0

1

2
1

ù

I
7
o

10
l1
I
4
5

4
4

1

1

a)

1

2

11

56? 479 84.5 B0 14.r I i.4

approâclling physical matulit¡' \\¡as 38 ft 5 in. in length, having epiph, sial
fttsion up to the fifth lunr.bar vel'tebrâ, but this fnsion måy hâve been
abnormal as there was â rnassive ai'ea of bone bcnea.th the sixth ancl
seventh lumÌ:ar vertebrae in this rvirale. The next rì1âles app]:o¿tciritlg
maturity l.vere t\{¡o 38 ft l0 in. in lengtir. On the otl-ier hancl males of up
to 46 f.t,5 in. v'ere founcl witb no signs of epil:h¡rsi¿i fusiotr. Total lengths
an.cl nlean tesi;is *'eiglrts of nrålcs approaching:, ând at, full physig¿1
maturity are listed in Appenclix I. 'Jlhese âr.'e sulrrr"ì;ìi'izecl in Table 4.
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'Ilre uir:an lerrgbh at ph¡'s;iml tr;lttilil;¡' is sliglLtl"v âbovr: thal, at thc
onset of epipÌr},siai fusiol, Ìrrit the fitiitcrial iiurits for"thc Jbitnci'al'ii ri'i<je.

ll,,rnlri 4

EODY Ll..lNC'lII .{ND ßfl)/tN TitSTlS \\'T. lN }I^Lì'l$ Nl';Än /\l\}, À'l'I'IlYllltl-{1, ¡f.ÂTiilì¡11Ï

Bod1, ¡,s¡*¿¡r
( {r)

l,Ic¿n 'l'csl:js \\¡t.
(g)

Stag',: of
Ðeveloirinent

Ap¡rloaehing
matulit¡' (B0
lrales)

At nraturity
(8 males)

lllin. Max. l\'Iean

38.42

39.83

45.88

4ir.50

41.90

42.97

a 0.35

-r- 1.59

2863

3660

L:ì,600

11,230

Geoni.
lllc.al

6352

6491

í)'/ô

I¡irlucial
Lilll rts

lf in. nf¿rx

Altho¡gh it is to be expccbecì that tlie mearr lcngth at full ¡rhysicai maturit¡r
should be greatel' than that of those åppl'oaclìins ph¡rs¡çr,1 nratrtlit¡,, a

compârisoll of these two gr.'or,r1;s b¡' nieans of the ú test ri'as inconcinsive, as
t : 1.8 on 86 (ìegrecs of fr.eeclo¡n.

\./. Cn¡Ncr;s DURINc rrrr LrFo Cvclr
(a) Testis ITaiglt.t

Table 5 shorvs the ranges ¿ìncl geoìlretric means of tire tneàn tcstis
tveigirts froln 620 mâlcs in 6-in. boc'[r. lengtlr gloups ¿ulr1 fol sevet'al in t]Le

Iatefoetal stages. Over the limitccl lengtli range (12 ft 9 in. to 15 ft ii in.)
of the late foetuses \\¡hose l.estes \vele \À.'eipthecl, thcle is no evidence of an)¡
clirect relationship between foetal bod-r' length aucl nrc¿u1 testis I'eight.
Omítting these foetal recorcls, the gcometric meaus givctr in Table 5 are
sho\vrr against bocly length in Figure 4. Inclucleci in Figule ,1 ale the
geonletric rÌreans of testis rveights of humpback x'hale.s t'r'om thc Antai'ctic
reported try Omrira (1953). These are corrsidered in Section VI(r¿).

The tesí.is u'eights flom \\/estern AustlaÌiau coarst humpbach s'hales
in Figure 4 sllor',- ouì;r ¿ slight increase with body length cluring the gleater
part of the imn:atnre phase. Shortly befole puberty, i.estis t'eight bcgins
increasing molc rapiclly and continues to lise sharply for some time aftcr
this stage is reached. In largr:r (r:elatìvelv older:) matilre males tire
variation in meatr testis rverght'is consicleral:lc but indepenclent of bocly
length.

Figure 4 shorvs a glorip of very sin-rilar geouictlic means of testis
weights between bocly leirgths of 39 .llt 6 in. aurl 41 ft 6 in, 'Ihis brealc in an
otherrvise relatively regular rise iu tes-tis rvcight, occulring as it cloes in
groups lr'here the recolds al'e of high frr:qucnc¡' (see T'¿lble 5), n'oriìcl Ìre
expected to be of somc biologicai signilìcance. Possibl¡, {.his le¡rlesents a
young elass of sexuallS' maturc iuclividr,r¿rls. The geomett'ic nteans of t[e
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last livc gr'orlps fi.ur¡r thc Wesi,,:r't'L A-ustralian sel:ics ca.nnot i:e ris*fulll'
discusseri, the i:ecort.ls in 

"ach. 
|¡sllg of lorv frcq.ticitc¡' arid higJr v*riability'

çÂnLIi1 5
I\IÂL,E Fi UIlP¡lÀCI{ lVl{ALItS i llhN Gl;lS ÀND {lIlOÀTf}TllIC M}il¡.N S

()I¡ ¡,{ltÁl'.l T¡)$TIS }vFiIGIIl'S

Iìotly l,englh
Georn.
l\{ean
(g)

ft in. ft iri.
12 I to 15 5'd:

:10 0 f,o Íi0 5

30 6 to 30 11.

31 0 to íi1 lt
3r, 6 to 31 .t1

32 0to32 5

32 6to3211
33 0to33 ¡i

33 6 to 33 ll-
34 0to3-i 5

34 6to34Ll
35 0tol35 5

35 6 to 35 1-1

36 0to36 5

:J6 6 to il6 11
37 0to37 5

37 6to3711
38 0to38 5

38 6to3811
:19 0 to 39 l'r

39 6to3911
40 0to40 5

4A 6to4011
41 0to41 5

41 6to4111
42 0to42 5

42 6ta42Ll
43 0to43 5

43 6to4311
44 0Lo44 5

44 6to4411
45 0to45 5

45 6 to 4¡ '11

4ß 0to4ü 5

Mcasrllc-
ments
TaÌ<olr

t1
_1.

0
1

1

0

1

7
7

11
10
15
11
o0

24
oo

31
42
54
44
46
49

40
42
24
16
72

I

6,
2
1

Ilangc
( r¡')

22-56 36.3
253

291
2ßZ

365-l6Til
348-781
338-842
260-1695
480-2820
542-44-bs
540-41t12
420-6520
59ll-9045
606-9945
667-8575

'J"095-8272

1990-8025
2275-10,850

?04-11,260
2250-9770
2315-13,600t
2700-1 1,190:i
3660-12,200
4055-77,442
2ß40-12,,260
471 0-l_0,900
5465-11,968
4020-'11 ,230
8880-9995
5û95-8155

553
632
5'lg
523
604
836

1486

2164
2222
2951"

DÔAO

4516
5432
5698
5672
5609
6350
659?
6533
6?ig
6765
7812
7843
942I
6446
8030

r' Late {oetal nales.
t Ore rccorrì of 1018 p¡ omittccl ¿is tcstes welc

. definitely abnormal.
f One rccord of 673 g ornittcd as tcstcs ivcre clefinitely

abnol'nial.

Males at physical maturity hâr'e mealr i,estis $¡eights ver')¡ si]11ilar to
males at the onset of epipìrysial fnsion, the geornetl'ic lneans l:eiug 6491
and 6352 g lespectivcly (Table "1). Tirese lie cÌose to the georretlic means
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of testis rveights from colresporrcling groups of boil1. length shown in
Iligure 4, in tirc region where testis rveight is no longer rapiclly incr:easing

G*--{ wESTEriN AU9IRALI^N COnSr (:UNe-oCr.)

Þ€ AtttARcTtc ARËÀs fv AND V (SOUrXen¡¡
SrJMMER)

6
ov
É
3
o
F6u
l-
z
U
ã

3

to tz

30

Foetal
h¡nrature
Puberty
l\{ature

32 40

I
I

;
;
i
!

1

1

!
t
i
I

i

Fig. 4,-Geonretric means of ¡nean testis rveighüs il 6-in. groups
of body length. Japanese (Antarctic) records in 1-ft groüps.

vr"ith body length. In Figure 5 the mean testis weight is shorvn ¿gâinst
body length in each of 80 males approaehing physical maturity. The rangv
of testis weight is wide alrd there is no clirect relationship beiween i.estis
weight and bocly length in these males.

T¡,¡r,n 6
MINII\IA, ÛIA)(II\{A, AND l\{E:ANS OF l\rEÂN TUBULE DI¡\nIOTERS FROIU

TESTES IN FOUR STÀGT'S OF I,II¡D CYCLE

I1{ean Dia. of Testis Tubules

Stage Nrunber
Examined

5

26
11
65

66
1C

103
155

Min
(p)

58
59
87

108

Max,
(p)

Meal-r

ürl
81

112
72i
199

{b) Ch,anges i.n Dínmeter af Testis Tubules
The mean tubule diameters of 10? male humpir¿crr u,hares are shown

ågainst bocty length in Figule 6, each n'rale being classilied as Iate foetal,
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ìmmaturc, at lrubert¡., or n'iature. T¿ble 6 slicri'sr tbe rantr¡;cs ¿rixl meäns
of thcse rnean tubnlc cliametci's it-,:: the four sÞrgcs"

It'igitle 6 sliorvs that tirer:e is ve::')' littie inr:re¿¡;e in ciia.¡nctcr oll testis
tubules flom tlie late lloetal sta¡;-e until irube,r't¡,'. llet therc is ¿;r. incl'ease
irt mealr testis rveil¡ht flo¡n a tne¿ìn oÍ 36.11g (in th.¡ l¿rtc foetal slage) to
nearly 2000g rìuling this lrerioil (see Table 5). luring this i;hasc ol'

l3

t4

9

a

6

5

4

v
ts
3
(0

Ë

u
ts

z
ûit

I7

t3

a1 42 43
BoDY LENGfrl

l4M

45 46 FÎ

Fig. 5.-Mean testis rvcights ancl body lengths o{ m¿rles

aþploachÍng physical matrility.

testis grorvth the testis tuhules must increase consiclerably in length, but
very little in diameter. In this 1'çrgå.r'd it was nçticed that there t\¡ere mote
tubules crorvded closer togethel in a given area of sections of i¡nmature
testes than tirose of late foetal testes (Plate 1, Ìrigl. 2 and L respectively).

Tn'o othel dífferences betrl'er¿n foetal ancl immature testes rvere notecl.
Firstly, sections of foetal testes showed more l:loocl vessels (paclied lvith
eiythrocytes) tlian those at any other stage. Seconcliy, in most instances
the contents of the tubules of irnmatule testes lr.oie shrunk arvay flom the
interstitiurn (see Plate 1, Fig. 2). lhis colrdition clid trot apperar 1.o be
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l:elated to posL-mortem changes nor to the methods of fixatiou, as it clicl

not appear in foetal or mature material trcateri in the same wây. At
pubert)' the contents of the largcl tubules u'ith lumiir& 1veÌ:e not shrunkcn
flom the rvall (Plate 1, Fig. 3), ri'hile in other âr'eås of the same rnaterial
the slnallcr, inucfive tubules \'.'el:e frequentÌ¡' 6¡ the same shrunhen ¿ìppear'-
ance as fount'l in immature testes.

o FOËTAL ANÞ IMMATURE

À PUBERTY
o SEXUALLY MATURE

o

o oo
ooCoo o o oooc

l2

40 42

r¡
UJ
2ú)
F
vt
F
t¡
U
Þ

.I
o

o
z
!tt

^Â

G)À

89
89
95
95

120

too

ao

A

4 4.5 5

l6 33 34

Min.
(p\

Max.
(p)

Mean
(p)

Min.
(p)

r3

1l{ax.
(p)

Mean
(p)

ll

44 ¿6 FÎt4 36 3A
BODY LENGIH

Fig. 6.-Mean diameter of testis tuhules and bocly length of males at
late foetal, immatule, pubcrty, and matuie phases.

Figure 6 demonstraies that at i;nbelty there is a rapid increase in
diametel of testis tubules. This chenge does not talre place simultaneously
in all tt¡l¡ulcs of a tcstis, somc tublrles enlarging suddenly, a lumen appear-

T¡,sLp 7

DTAMnTDIiS Or CLOSED AND OI'EN TUBULES IN TI{D TESTDS rlF i,'OUR MÁ.LES .A.T PUBDRTY

Dia. of Cl<ísed Tubules Dia. of Open Tubules

I

;

t

I
I
ì
:

t
t

t-

j

:

:
j

55
62
52
7L

,T2

?8
80
87

99
95

105
108

742
139
1.42
I OO

106
106
tt4
109

ing with occasionâl dividing spermâtocytes, while other tubules are still
closed shorving no signs of activity. Au example of this t¡'pe of activity
is shorvn in Plate 1, Figure 3. Trventy measuremcnts have been made
both of inactive closed tubules and of open tubules in which spelmato-

i
I

u

I
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getlcsis 1\¡as conlttenciïìg- in tl'rc tr;stes of foul ofl these rn¿rl¿¡; a.t pube-l't)'.

These are sunllrarizerì in Jlai:lr: '1.

'llable Él sborvs the llean tubulc tliarnetel from ll- rnalcs at i:nÌ:ert)' to
be 103 ¡.,., rvhich is ín faí¡':.r.!1*r'ç¡;i161,¡ u'jtll llle lrelin tu-i:ulc r.liametei's of 1llt:

opcn Lubules of thc ¿rbove four ruales n'ltere rnatnratioti of a few tubules
had hcgttir.

Figr¡le 6 sJrori's that tlie se¡ninifelc¡t.ts l,itbulcs continue to inci:ease

t':rpidl¡' in di¿llnetrrr llor' :r periocl in¡metliatt:I1; ¿¡1'¿u" Irlllleìri,y, bul that l¿tcr
thcre is little f Llrtliei' inci:i:asc in tübult: i,lia.tleter.

(c) S1tettrttrl.o¡:au in. Test'is Tu,i¡ttíes

'l'he ¡umbers of sltenns irr sect.iotrs of tcst.is tuirnles (c,ttt;t"t a thicl<l:ess
of 'l ¡,.) var.¡i to sone extcnt, n.'l ortl¡' n1ul'tg ouc tuirule bnt also be'¿r"'een

clifTerent tnbulcs. ÏIou.evel', tire avelagc: utimlrei: of sperms in 20 tubuie
sections selectccì irt randon:. clr.rcs seLve ¿rs ¿rn jnclex of tl"ie relative activity
of spermatogenesis in the testis.
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Fig. ?.-Avelage nutnbel of spelnatozoa pet testis tubule section
. ('l p thicl<) and ;,tcan rveight of te.qtes.

Fignre 7 gives the lesults of such spcrm counts, the average nuurbers
of sperms pel' tubule section (7 p thich) being plottecl against the corres-
ponding mean testis rveights. Numbels of spelms pel tubule section arc
alrr'âys lelativel)' Iou' in humpback r¡,h¿rìes. l\{aclçintosh antl Wheeler:
(1929) commented npon tlie p:ucity of spelms in the testes of bltle ancl

filt rvhales at all times of the year.

Figure 7 shorvs that shol:tly after puberty, when the meall testis
rveight is flom 2000 to 30û0 g, tirere are ver;' llerv sperlns in the testes'
Sperms al'e l)ìore colllmon in s'hales lt'ltosc meari testis rveights erceed
lì000 g, but theil numbel docs not ittcre¿¡.se rvith testis n'eight.

Va¡iauon in the nunlbels of spelrns in the testes clttriug the months
of June to Oc{nber ai'e discrtsscd in Section VI (c).



;

j

þ16 R. G, CTtITT],EBOROUGIT

( cl,ì Slternuatoøaa i'n Vus Def erens lr'{¡¿t'id'

(í) Detzsítg.-The vasa defe¡entia |u mature male h.umpbar:h u'liales

taken off the \\¡estern Australian co¿rst in rvinter alt: genel'âlly srvollen

with seminal l1uid, sometimes so much tþat some poil,ions appear sliehtly
bulbous. The results of the speïm counts upon vas tleferens fluid from 50

male humpback whales aïe tistecl ir: Table B, rvhich ineludes the me¿rtr

testis weleht and total length of each rvhale and the clate u¡rou rvhich it
was lçilled. Sperms rilere present in the vas deferans fluid of olly one

T,rßLu I
SP¡jRlT COUNTS ON VÄS DEFERENS FI,UID

Body
Length

(fr)

Mean
Testis Wt.

(e)
Spelm DensitY

(106/c.c.)
Date
Killed

:
,i

I

1

i
i
i
ç

¿

:

1

I
I
I
{

l
t

l
.:

I

681
704
949

101 5

1099
1413
16?3
1682
1830
1846
2597
2630
2664
3648
3925
:1930

4016
4045
4Lzr;
4135
4220
4420
41r0
4830
4918
4948
4950
4960
6080
5740
5810
õ860
5865
5900
5965
6016
6213

0
0
0
0

0
0
0
0

<0.250
0

1.250
0.250
0.375

:1r..000

?.500
7.254

8?.500
19.600
15.600
97.000
36.500
32.500
26.000

6.000
49.000
26.750
1?.500
83.500
68.250

1.64,250
59.254
29.250
'12,'150

156.?50
L77.250

48.1.50

104,',î75

34.58
40.33
38.00
38.1?
3?,33
3'.1.25

33.33
38.6?
36.08
38.67
37.33
3'.1,25

89.08
37.52
38.ñ0
39.33
38.00
40.42
39.00
40.?5
41.83
41.75
43.6?
41,l',.t

41.00
40.50
38.33
43,50
40.33
39.?5
44,25
39.42
39.33
89.08
40.58
41.60
41.50

Sepi;. 3
Aug.29
Sepü. 3
Aug. 5

Aug. 29
Aug. 14
Aug.27
Aug. 5

Sept. 1?
Aug. 5

.i\ug. I
Arrg. 4
June 18
Scpt, 4

July 5

Aug. 13
Aug.11
Aug.13
Aus. 29
Aug. 31
Aug. 9

Sept. 10
Sept. 24
June 11

Aug. 12
Alg' r
July 30
Sept. 5

Aue. ?
July 30
Aug. 3
Sept. 25
Aus. 13
Sept. 19
Sept. 23
July 4
Aug.22¡

I
I

i
T

¿

l
I

:
,'

1



I

nnPiì,0ÐtlCTrON IN MAL¡; HUlr4Fl]Á.tlK \I¡IIÄLE

T¡nr,¡r B (Ço'tttítnt erl)

L7

Mean
Tcstis Wt.

(e)
Spelm 1)ensity

( 1 Ott/c.c. )

Ilody
Length

(fr)
Date
Iiilled

l2

6290
6483
6498
6935
176A
7268
'[632
B4BO

8545
8780
9060

r1,968
13,600

4.500
24.000
86.000
89.000
94.õ00

1 30.500
66.250
?8.000
41..500
21.25A
27.250

1?5.000
22.000

39.83
43.67
40.58
40.2ä

42.00
39.25
4r.67
46.42
40.58
41..92
)o oÉ

44.25
41.42

July 4

Sept. 2
Äug. 11

July 10
Aus. 28
Sept. 23
July 30
Aug. 11
July 11
Sept. 29
Aug. 4
Seirt. 4
Sept. 10

male rvith a mean testis weigh'i; of le s th.an 2000 g, ¿lrlcl in this specirnen
only one slrcrm Ìvas seen. on thc othei'hand, sperrns were present in the
vas deferens fluid of atl males having ¿¿ meår1 testis rveight exceeding
2000g. This supports the evidence in Section III{ø) that the mean testis
lveight at puberty is 2000 g. In Figure B the dcnsit¡' of spelms in vas

+
t60

r40
+

120Uq
o

F
6
zu
o:
E
U
Èo

f
+

+

ao

60

40

20

'++++
+

POSSIBLE M!NIIúUM FOR FERTILITY

+
+

1l
+t

"*t
++

++

2 3
I

7 l3 t4

Fig. 8.-Den.itv or.o.'*J;.;;' ;äff: nuict and nean testis
weight.

deferens fluid is plottecl against Ure mean testis weight for the males in
Table 8, excluding those sexuâlly immature. ln the lorver testis iveight
groups the clensity of sperms increases rvith the mean testis rveight,

Neither the deglee of dilution of fluid in the v¿is cleferens on ejât:ula-
tion, nor the minimum density of sperrrs rcquired for copulation to sue.ceed

I

:

t
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in coliceptiolì js hflo\Tn in l'h¿tlrrs. ì-[c\1'r:\'{:J', if t.]rc riensil,¡,'oi 5i} X l"0n

spernrs,/c.c. usetl Ìry l{ar:r'ey arlrl .l :rcl<son ¡19:i,:-r) as a r:r'itcr'iotr of 1r,,t:t,ilii;¡'

ìtr hurnali males.is altplicd to thc sixlr'nì ct'iuttL¡; jn t'itsr clefcl'en¡; í1'ljt1 .ilclu
huni¡.rb;r.ck u'ira.le:;, nro¡it of those ru¿rìes har,-iir¡; ¿r. trcrì.ri 1.c:stis ri'ei¡¡.'lrt of iess
tha.n ti000 g x.ouitl he ciäss"Jcl ¿ìs of io\ìi fet'tiiil,¡', ¿llcl the tita.jor'ìti' oil t?ro:;qr

wììosrì lne¿ru tcsti:i rvciglrt exccedetl li00{} g; ri'oulrl }:e {,.rn a b:rsis of spcrm
clensity i,rloue) Jleltiler. $ornc oJl t,he lorvr:r s1lûr'lli cierrsil.ies ill rnalcs ol'
relativcii' high tcstis rvei¡¡}it rnigìrt i:e 'chr.. r'c¡r-¡lt oí. r:rliiuì.l.tiorr inrnreiì,ia.tel¡'

¡;r'iol to iiiiling.
Vci'y lar'¡",c lilnib<¡rs of e¡liLherli;il cells \\'eì:e ìllcscnt in sor'¡re sanrples

of v¿ts clefelens fiuici. Thcsr: ccils, l'oi.rglrl¡. ¡o1,,r-rn;rl and sclr€tirnes !n
small bloclis, al)ìleiìr'ecl to lie cle¡1'eticlal;in¡t, ri-il,Ìr littlc sign of nuclei eleii
in the fltr-"irest nr¿terial. Sucir cclìs ailpearccl- ii.'regulail;. in ser¡rin:ri fluid
rvith no apparctrt r,'eìa1;ionship to t,he lllescilce oi' clensit'.,, of sllclr'rrs.

(ii) Il,Iorylt,ttlagy ol S7lerutotazo¿¿;-*Noj.'in¿ll s¡rcl'rns froni hunrpbacìr
t'halcs âr'e ver-y silriiial morl:holog,ir:a-ily to hti¡r;r;r spelms, ha.r'ing fiattenecl
oval-shapecl Ìreacls i3-5 ¡, long. ln total length thcy langeiì Ír'onr 3:J.2 to
64.4 p with a me¡rn length (from 50 r¡easulenients) af 5ll.5 ¡t. 'lhis rnay
be cornpai'ecl with the total leuglh of human ,slJei'nls, given Lr). S"hnt*t
(1949) as apploxirnately 50s. antl b), ¡4n*trnorv ¿urci Ilioorn (194S) as
67-62 ¡r. Sperm lengtirs Ìrave been r'¡¡corded flol r:rvo otlr.er si;ecies of
Cetacca; Asdell (1fÌ46) quotes the sperms ol t,hc slltal'n'ì whalc as measriring
40.6 p" in length, ancl Retzius (1909) r'ecolcls that in the por..poise (PÍt,oca.ena,
cotnrrr.ttttis) thc spclm head n'as 5,4-6.3 ¡. long aud the total lerrgth of the
sl)elnl 7?r.B p..

In all samples of seminal fÌuid examincci at least 80 lrel cent. of the
sperms appealecl to be normal, fuìfiliing the seconcl clitelion of T:Ialvey ancl
Jr.clçson (19.15) for fcrtility. In almosl all samples â feu¡ al¡uolmal foi:ms
wer€ seen. Tliese illcluded tire cloilble, giant, and pi'r-heaci forms as rvell
as clonble tail allcl thiclc ueclç t¡rpes clesclibecl by Hai:vey anrì Jachson in
human scrnen. Sucrh f<¡rms rl'ele itrclucletl in the spelm counts listecl above.
Abnorrnal sllerms did not appeal to be 1:r'e.sent in clifferent propor.'tions in
v¿ls deferens fluicls of iorv and high spel'm iiensity respectivciy.

VI. Flvlps¡¡cu on SsasoN¡L Äcuv¡ry rr.r l\{a'runn 1'csrus
(a) Ch,unges in Testis ||¡ei,ftl¡,t

For a compuioou of tcctis rvcights in huinpbnck rvh¿rics aL djffcr.cnt
periocls of the ye:Lr', indiviriuals of the samc age groì.tp slioulcl be usecl.
Wliile the precise ages of these males are not hnorvn, those ap¡;roach,ing
physicai mal.ulity (epiphysial fusion beguu but not compiete thloughont
the verteÌ:ral column) shoulcl h,e of ap¡lroximateil. ¡¡,. sâtne ¿Jge. It is
shon'n in Section V(a) that iu males apploachirrg pìr¡'sical rnatui'ity the
mean testis rveighi is no longel iuc.reasing s'ith bocly lengtìr. In l¡igni'e g

the mean testis r,veights of 80 niales appL:oaching physical matui'Jty ale
plottect against thc dates upon rvhich these whales rverc liillcd. Although
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ierv lecoril$ âi'e av¡r.iia}-rìc itr June" '¡Ìtcre is lro r:vicleuce ûf ân),' sh¿i¡g,, ;tt
testis ivcigÌrt oll tìrese nlalcs L¡etr"'cctr .l'rttri: anrl car:iy October'.

Omura (1951ì) :ri:coi'clcci t*sti-q ri'eií{hts flr;tii hriml.rbnc'lt t'u'}:aies jn t}re
Antarr:tic al'casi J.rrl ¿rncl \¡. 'I-hc:{eon-retric lil,.r¿ilrs ¡¡iven b}'hiür for l-LÌt
bocly length g1'olrllrì ¿ìì'o sho\\'n in Fip,:ttre 4 ivitli llie g;r:otnet]:ic-ri1c¿lr,ls fcli'
6-in. bocl¡' len¡Eth groulls of ilalc¡; flo¡l thc \.\¡cs{.crtr An$ti'¿rliart coast"
'Ihis shou's th¿rt fol rnales of corr:espcuilitig Ìroti¡' iett¡1ths, fhe i,t;rLis t'cighie
florn .¿trtalctic intiivirìu¿ls rl't:r'e åìirv¿.1's ni;ri'1.;crll-v le'ss (2.1-lÌif, per ceni.)
than those fr'oi-ir Western Austr'¿lìi*ti coasL tï¿ìlc$.

On the evitlcncrc of testis rveigìrts f1'om the Ä;rta.rctic ¿r.trcl fli:o¡l the
l\¡r¡stern Ar.rstralian coast the:'e iä ¡t seasolral r,ti'iatioli il¡ tcsl-is rvciglr.ts
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Fig. 9.-Mean tes'ris weights of inales apil-oaching pi-rysical maturity
autl dates of killing'

of rnatnle h.umpbacÌr rvhales, u,ith lorv testis welghts in thr: Ar.tarc'¿ic
during the summer and much highcSi: u'eights off the Westelll Äustl:aliali
coast cluring the rvinter and s¡ritrg.

(b) Dia.nteter of Testis Tt¿bztl.es

In lrigure 10 the mean diarnetels of the testis tubules fl'om 64 matur.'e
humpback rvhales are shown together ll'ith tlie ilales upon u'hich the wirales
were taJ<en. Sniaìler tril:ule diameters \vere nìole frequent ir thc¡ tcstes
of rnales taken in August than in other months. However, tle rtajolity
of these lorver mean tubule cliamcters, were florn ¡rsunger males of shor.'ter
boc.[1' ]snt¿¡ and lorver mean testis rveight talien soon after puberty, so that
(as shown in Section V(¿])) theii: testis tubules rvele still in a period of
rapid increase in cliameter. Disr.'egai'clirrg the )¡oungenmales rvith lou'
meau tubule clianreters n4rich rvere of illote frequent occrlrrence in
August, Irigure 10 gives no eviden{re af a cyclic vai'iation in cliameter of ihe
testis tubules of' scxually matule riale humpbac:k rvhales front Juue to
early Octrit'cr'.
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(c) S,permr¡,lazoa ín I'estis Tu,bu,les

In Section V(c) it rvas shou,'n tirat r.ery fcrv spernrs r\¡ere seen in the
testis tubules of rnales having rnean testis weig'lrts less th¿n 3000 g, but that
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Fig. 10.-Mean diametels of testis tubules fi'om rnatule males and dates
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the greater numbers of sperms present when the mean testis rveight
exceeded 3000 g l.ere inclependent of increasing meân testis weight.

+
++

JUNE

JUNq

JULY

JULY

+

+
+

+ ++
+ ++

+
++

+

+

+
+
+

+ +
++ +

t

+

SEPTEMBER

++
+r

+

+

t
+ +. +

A 4
o
N

P{:c
u
o

i
:

+

+ +
++
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. (1p thick) of mature -i:llïX äîiì,ffi|. 
rveights exceeded 3 1rg,

In Figure 11 the averâge number of sperms per tubule section is
shorvn agairlst the date of l<illing for males whose mean testis weight

I
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exceeded 30û0 g*, Ov+r' the lreliotl \\'irerl $/h¡r-les tt'e:l'e t¿licli (Jtine to
Octol:er), fev,'el silern-ìs \Ã¡cre lll'esìcnt i.n the tcstes of maiui'e ril¡.les tai;cn
early in the scason. S1:e;tls \r'cire g()t1eli.i}Ì.v rnore pl:nt;ii.ul in tbe tcsles
of those talioli in late Juli' :rurl /åup;ust arrc-l, altiroug-h s!"ill coinnlr;tr in tlr.e

testes of Septen:Lrer killings,:r.1r1;eared to ]:e a lifLIe lreion'thc pe:ili of l¿te
July ancl A.u¡¡ust" Silnìl¿ii' counts of spelms ,ft'cn the tes{.r:s o.f male
hitmpback x,lrales talr:ii in Åntalctic le5¡ions rvoulcl no cìoril.¡t strenglheu
tiris el'jrlence of a -qe;ìsolal cycle of, speriri¿togc:¡etic ac{,ir¡it¡r,,1s }{ai;thcws
(1937) founcl no spci"ms in l,h,.l terstes of llour l¡atule ma.le hurnp'o:rch
u4ralcs taken ¿¿t Soutli Geolgia in J)c¡embcr', Jatttiar';y, aucì 

'À1Larch.

(tL,i 1run.trr,?J 0f Sp€r'tlt,s in, ï;as Def erens FIu.í.t\,

In Sectiorr V(d) it was -qhorvn that the Censit¡' of slrei'ms in vas
deferens fiuicl tcndecl to increase r.r'ith lneau tes;tis u'ei¡¡lrt up to 500û g,
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whose mcan testis r¡'eights exceeded 5 lig, and clates of l<illing.

after rvhich there \ ¡as rÌo apparent reiationship between sFerm densitl'
and rneau testis u'eight. In Figure 12 the clensities of spelms in tlre vas
defelens fluitl of malcs rvhose lne¿n testis t'eigllt excee<lecl 5000 g are shorvn
x'ith the times of liilling. 1'he lecords are insrrfficient to allorv ciefinite
conclusions to Ì¡e clrarvn but, considering tlrc clensity of 50 X 100 sperms/c.c.
tentatir.'ei)' usec'l in Sec.tion V(¿I) as a criterion of fertilitr', the majoritv gf
those taken ir. early Jul;' ry¿u1r1 have been of low fertility, ri'hile from late
July to Septcnil:er the glcater: propoi'tion u'onl'-i have been fei'tile males
(on this basjs of spertn clcnsity ¿lonc).
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Ilt trvo sitcLiossive ye¿ìr's it \\'¿ìs u()ticecl rvhjìc coìlectin¡'; r'as tlelcrerts
flriid ü[r;rt there u'¿rs \rer']¡ oftell less lliiirl ¡r,¿ri1¿l]rìc f.rom r¡t¿tlul'c ììl¿ìÌeÊ; ialrctt
in June aild early Jl¡ly. Tiins il, ìs pos,tibic, l:y rcason of iorv lolunler of
semelt ¿rnd lou'e:' citrns;ity oli spetlris, i.h¿it nralule n.ìuJe ÌiunrliÌ:aclis ¡rl'e of
ion'elr fcu'tiiitl' nntil latrr Jtrl¡-. This ctriiciusìou is sirp¡rolt<.'rì Ì:.i, the ioli'et'
spernl conuts otr tesi.is tubule scctions ill .l'ilne atrd ear'l;, Jttì¡'. Densities
of vas clefclcns flLrid taken frrxrr rn:iture tn¡rles ilr Ant¿r::ctic ¡-r'cas ri'c¡riìcl

be o.f great value iu any collsider'¡rtioti o.f fhe seasot:âl c¡'sls in malc
hum¡: lrach r.r'h¡i les.

VIL I)ìs-ìcuäsrlN
' (.{.) Pu.berty

Jrrour histoìogical examination of tcstcs :incl analysis of mean testis
l'eights it has becn found 1llat the aver¿rge bocl-v leng{h of lnale htttnp}rach
u'halcs flotn Urc \\¡estern Austr'¿rÌi¿rn coast ¿rt irubert¡' is iì6 ft I in., rvith
an extleme ]:ange flom 33 ft -1 in. to 40 ft 10 in. Because of the relativcly
wiclc i:ange in bociy lcngth of inrlividual n'r¿rlcs at this stage, body length
alone is not sufiìcient to enable ¿ì"j-ry one spr:ci.men ri'itlrin this range to be
accurately diagnosed as having rc¿rched pubclt¡'. Ïfott'ever, thc avcragc
length of 36 ft I in. is impoltaçt in c¿rtch ånal¡-ses, oller,'ing a, r'e.iativel¡'
reliable mealls of dcter"minin3 the plopoltiou of sernall¡r immatule males
in the )'earl¡, r:¿tch.

The mean testis s'eight of these ln¿ilcs at pubei'ty is 200tì g, 
^so that

the testis t'eight i.s a simple lìeld guiclc (in the absence of histological
rnetirods) to the sexual conclitions of indiviclual males talien off llresteln
Austl'alia.

In this spe(;ies pubelty is generallS. reachecl at tire entl of the seconcl

¡iear of life, but rnay sometimes be clelayccl until thc encl of the thii'd year.

(b) Sert¿*I Mrùulity
Follorving pubelty there is a period of rapid increase in testis u'eight

ancl diameter oT. seminiferous tubuies. Duling tiiis phase ferv spelms are
plescnt in the scminiferous tubuies ancl the conccntrations of sperms in
vas tleferens fluid aïe generall¡' 1o,u. Such ¡,oung rnales rvoulcl be of
suboptimal feltilit¡.. This inrìicates tirat sexuâl matnlity (g'hen full
leproductive povers irâr'e beçu reacheçi) is not attainecl until a fulth.er
¡leriocl, proÌ¡ably a year, after pubelty.

(c) Ilcnts
The size of the penis is not generall)' rccorclecl in tvolh on other gror4ls

of marnmals, but Macl<intosh ancl Wheeler (1-9129) noted Urat in blue and
fin t'Ìrales the penis increa,ses corisiderabl)' in size at "scxnal maturity".
In ìrumpback ..vhales the lengtli of the peuis increases witir Ì:od1' jengtli,
rvith a more lapid increase at pr-rbertS'. Thc ureaü length of the penis at
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' pnherlly is li.ii ft;the majorit¡' o¡ lr¡"les having; å ];cnis lcngth of lcss tÌian
3.5 ft ai'e sexit¡rily iruinatui'c, ì.rtìt tlrc length of ihe iienis alt;uc is not a
relial:le¡ guicìc. ln the rriattii'e m¿tÌes exânlinccl the lerLgth of the ¡.renis
ratrgcr'l flonl l].ll Lo 6,1l ft, rvhich is consit'1er';-tbl;, lo*'r:r'th¿in that oll,l.1-8.2 ft
recoL'tJcd by Ìt{;'Lltirerr's (1937) for the sârn{ì si:rccics ilt South .å.tiantic
rcgions.

(d) îtrsúrs f4/eigltt,

.{fter ¿t slolv lisc ctuliirg irurnatur'it¡' iq'iicn botl¡' }p11¡,-1}i is f¿st
inci:e:rsiug), testis u'cight br:i,;ins inci'easing moi"e r:ipic'llJ' sl:oi:í,ly bcfole
pttbert¡' altcl continues to rise sir,;l'1tl)'for a pelioci aftcl: tjris stage is
reaehecl. La.ter in ]it'e testis rve'íghts var¡r rvirlcly in indivicln¿rl males ¿iricl

T¿n¡-¡: I
1\rItAN DlAi\'inî¡ìRs OL¡ TTISTIS TUBtrl,I,lfìi lìROIvr \¡ÁIII{JIJS FII}IUAI,I-Y l\lrlTUHIì lfA¡lìiÀl,S

ftIean Dia. of
Testis 'Iubules

Species Author Number'
Examinr:d Min. i\{ax. l\[e¿tn*

Q') tu) (p)

Polar J:e¿r'

Vilginia dccl
Wallaroo
Mouflon
Ifturrpback v'hale
Grey sqriin'el
Cottontail labbit
Punjab t'ild sìree1:
Man
Belgian halr
Aibino mouse
Sheep
I)og
PÍc
Grrinea-pig
Bull
Albino iat

* I\{ean f¡:cm all males examined.
f Present paper' (Ta.ble 6).

shou' no lelationship to bod)' Iength. Similar incleases in testis rveigirts
are rccolclecl by Ri'ocly (1945) in mån, by RoÏ;son (1949) in tire bnll, and
b)'Jonsgald (1951) in the mini{e rvliale. Maci<intosh and Wheeler (1929)
obtainecl simil¿rr rcsuits rvith the volume of the tesrl es of blue ¿lncl fin whales.

(e) 7'cstis Tubttles
The mean diameter of thc serniniferons tnbules increases vely littie

from thc late foet¿l stage uutil sholtly before rirÌ:ert5r. At pubert), some
tubules begin eniarging, with development of a lu¡nen and spermatoc¡,lss,

Iinepp (1 939)
I(ncpp (1939)
I(nepp (1939)
Itnepp (1939)
Chittleborough'l
Iinep¡-r (1939)
Itncpp (iÐ39)
I(nepp (1939)
Bascout and Ostcmd
Bascorn ancl Ostelud
Bascom ancl Osterud
Rascorn and Osterild
Rascoln ancl Osterud
lì¡rscorn and Ostelud
Ilascorn and Osterncl
Bascom and Ostelu.cl
Bascom and Ostelucl

1

1

1

1
()¡)

1

L

1
1

1

1
¡)

2
7
4
5

108 109

105.8
139,.1

141.1
14!.5
15ó
169.7
173.9
176.4
183
184
794
217
212
224
226
228
oda

( 1e25 )
( 1e25 )
( 1e25)
( 1e25 )
( 1e25 )
( t925 )
(re25)
(r e2õ)
(1e25)

*;

21'¡
oq(

244
238
265

191

20'r

198
198
242
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]:cf<lrr: others sho',v any chiin¡:;e fi'om thc. i¡nnr¿tur:e cotrr-lit,ion. The nri::iir
tubrile cliametel at pubelt¡' is 1.0.i ¡. llubuJcs cr¡ntiur-rer to incri:¿su in
cliarncicr for a 1;rl'iocl after'^ubc.l:l¡' (ü'ig. 6), ìater''lrecomiii¡4.. riiorr: t:on"st¿rlL
n'hen lnalcs ¿ì1.'c scxlr¿.11.\. r"n¿tnre. 'lu'}:ule cìianlctei's \¡¿.u')' \'el')¡ littlr: iu
cliffcl'ent i;arts cl a lnalurc testis; fol exarn¡.ic, thc rne¿rn l,r,rl:rile (ìi.jnreicrs
ft'oni two sarnirles of iissne ll'om otre testis u'c.le 161 atrd 1üg ¡.

Table I lists the meati cl,iattrr:tei'¡ of scrniriflelous 1;irì:uies frcm miitul'c
inilir.ic[i¿]s of va.l'iotts r1'ì¿ìtxtrr,ì]s. Äli;hongh the i'rr"rrnllllack l']Lale ]ras
the largest tcstes of this serii:s, i.he tubriìe cli¿:.mcter is rclatively lorv. '.lhe
size of the slrelmirtozoa of the liumÞb:rcli r,.-itaie is also ri,ithin the range
for¡nc1 in othcll species ol- m¿turllals, the ¿r\/el'age length of sperrns in tiris
s¡rercies Ì:eing !:2.5 t..

\\¡hile exiurlitiing scmiuiferoi¡s tubnles in scctions o{ }rurnpbacli tr.stcs
it x'as noted tÌiat blinclly en{tiruï branches \\'ele ilìore c.oÌìln'ìoll Lhan in i:he

testes of other ltrårr il1Í-rls, for exanrple, the laì:bil, (I-Iubel ancl Ciirtis 1913)
and man (Johuson 1934). Iu the huml:b:Lc.li u'hale thesc bl'¿rnches u'erc
mol'e comlllotr torvalcls ihe sulface of the testers, a singie tubule leading t;o
tu'o short, blittcli¡' eucliug'tribules o{ silnilar clianrcters to ther oi.iginal t.r:¡11111o.

As such branching of selniuifci'ons tribnles is genei'all¡' cousic'leled to bc
rale in manrmals, this may be rr'olth¡' of fui'ther invcstig:rtion in the
humpbacli ¿rncl othel species of Cetacea.

(/) S2tenn, Co+tcent¡'cttions 'itt Ilo,s Ðef erens IrIuícI

Since it is not possible to obtairr samltìes of ejaculatoly fluicl frcm
rvhales, the vas clefelens fluicl has been ex¿unined. 'Ihe couccntr.ations of
sper'tìls in vas clefelens fluicl cannot be easily comparecl l'itir those from
ejaculatory fluicl of oiher mammals, since ili ail species the sperrns ai'e
dilutecl (sometimes gi'eai;l¡') on ejaculation by tl,e secletions of accessor'],'
glands. The clerisities of spertns in t'as clefcrelts flriitl flom sesnaliy mat¡l'e
nrale Ìrrtmpbacii rvìlales talien off the t\resteln Austlali¡rn coast during
Jrrl¡,, Augnst, and Septembci-. iangecl from 4 X 100 ta I7i¡ X 100 per c.c.
rvith a mean value of 78.6 x 100 per? c.c. This appears to be loil' fo¡ r'as
deferens liuitl in comparison with the concentral.ions of spenïìs in
ejaculatory fluict from the bull, rail, staìlior-1, âncl boar (Perry 1g52) ancl
man (FIarvey ancl Jachson 1945). Ho$'evcrr', in the Cetacea it is l;r'ob¿rble
that there is less dilution of sperms on ejaculation, since vesiculae sernin¿¿les
ancl Çotvper's ¡¡lancls have not heell follnrì in rvhales, thr-rugh the pi'ostate
glands are pr'oserìt (l\{eek i918, omrranney 1932). ommaniiey .[o*nd
that in the Cetacea the glatrcls of the prostate ai'e of primitive form, simila¡
iu arrangement to those in marsupials

(g ) Plt y si cctl Ittcr,f,u,r'i,ty

The mean length of the lth¡2si.*11,' matule nales examinecl is
42.97 + 7.57 'ft ancl that of those approaching physical matnrit¡,
(eiliphysial fusion begnu l:ut not extencìing throughout the vertebr.aÌ
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column) is ri 1.90 :L 0.35 ft, so that thele is little furthet' increase in bod¡'
length ollce fi1liplìysìerl fusittn begins. 'Ihe lalge"rt lna,l.e u'hose elriphlrs,sg
were exelr"rinerl lvas 46.42 ft in lcn¡¡th ancl in this male epiph}'sial fusion
hacl not coruruencecl. No evidence has l:een found c.f an¡r deciine in testis
weight or s¡;"r'matogenetic activit¡' in pht'sicall)' i¡:¿iture maies.

Only 8 (i.4 per cent.) of 567 male humpbacir rvhales rvirose epiph¡'ssg
were cxaìÌlintlci- had reached full plrysical matnlit¡'. (Sirnilar:ly, only 6
(1.8 per cent") of 327 females u'ere ph¡'sically nratnle.) Thìs vel.y lorv
prcpoltiotr of 1:hysicail)'m¿itute m¿rles in a r¿rneiom sarnlrle of the catches
off \\¡estem Australia from 1951 to 1953 might Ì.re due to one o¡ lloi:'e of
the follo*'ilig canses : ( i ) süch males rnight migrate fal'tirer offshole or not
all move flom Antarctic rvaters; (ii) phl'sical maturit¡r might bc r.eachecl
relativel¡' iate in life in humpback vi'iiales; (iii) or.ving to previons heavy
lishing u'ith a strong serlectir':ty tol,alrìs ialger inclividuals, most of the
pliysically matnre anirnals malr h¿vs been Lemovecl flom the stocli. At
present there is no evidence to *snggest that ph¡rsl:.r11t matule humpba,ck
rvhales differ from other individuals in their nrigratoly habits. \\¡hile it
is consicleled likeiy tirat physical matulity is attainecl i'elatively late iir iife
in this species, it rvoulcl ire of intelest to compare the propoltion of
physically lnature inclividuals in the Western Austi'alian group ri'ith that
in a iess hep"vily lished population of humpbacli whales; 'rhis u.ill be
possible ri'hen the lesealch begun bl' the Division of Fisher,ies, C.S.I.1ì.O.,
u1:on the humpback g'hales fi'oln thc eastern Austlaliau coast is further
advanced.

(h) Seasonal Cç¡cle ín Se*uct,Ily Matt¿t.e Males
A cyclic valiation in the rveigjrt ol volnme of testes fro¡r matule

animals is generall¡' accepted a.s snfllcient to clemonstrate seasonal sexua,l
activity in males. Such a male sexual cycle has been clemonstratecl in a
variety of mammals: moles (Asdeli 1946) , the hecrgehog (Robson 1g4g),
the water sh'erv (Price 19ã3), bats (Ascleli 1946), cleeL (wislocl<i 1949),
the snoiYshoe hale, marrnot, .voocl r.'at, prairie clog, :rncl squirrels (Ascleil
1946), the rvoodchuck (Roirson 1g4g), the cottontail r:al:bit, fer.ret, stoat,
and Siberian sable (Asctell 1946), and the fox (Rorvlands a¡cì lrarkes
1935). In the Cetacea, i\leelr (1918) has presented. some evidence that the
testes of the por'poise (Plt,ocaerua contnrunis) nnclelgo great clevelopme¡t in
the sulnmer' (northern hemisphere), the hreeciing season being in July
aud August.

In those species of u'hales which annually make long migrations from
circumpolz,i' feeding gronncls to temper.ate ancl sub'cropical a¡eas y,here
the femaies rtndergo pai'tulition ancl oestrus (see 1\,[¿¿c]<intosh ancl \\/heelcr
(1929) for blue arrd lin rvhales, l\{atthews (193?) and chitileborough.
(1954) for huinpbacl< rvhales), a seasonal sexual cycle miglit also be
expected in the malcs. l\{acliintosh ancl \\¡heele:' y'ere una}¡le to clelnon-
sti'ate a seasonal change in testis volnrne fronr. sexually rratnre blue and
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lin rvhales, but louncl spel'nls to be moi'c plentiful iir tìle tcstes of nrales

talien off Souili Africa iu lf:t¡' thatl in the tcstes of thosc talçcn iu the

Altarctic clui'ing slimmcì' nronths. \\/ith thc ltutnitbacli ..r'hale. I'I¿lttÌrelvs

fogncl some sllel't"ns in thc testes of thlco tllatlÌr'e males talicil olï Soutl-r

Africa in July anci August, bnt none in Ure tcstcs of fonr tttatule nralcs
tal<en off South Geol'gia in l)ecembet', Jatttta1.y, ancl l\'f¿Lrch. In the
nortlrern heinisphere, Engle (Ll)27) fonncl no spel'n'ìs ot' sperlìlaticls in the
testes of th¡ee rnale humpbacii l'hales at T'i'iniclad, Claljfoliria, in Augttst
ancl fr'om this sugp;estecl a scasonal cycle in the }dortli Pacific rvith br'ettditrg

occut'ritrg during thc 'rvintu' luontlrs.
In this investigation changcs in testis n'eight, cliarncter oí scminjfelo"is

tubnles, numbers of spert"us in testis tubule sectiorrs, ancl density of
spet'ms in vas cleferens fluicl h¿rvc been collsiclerecl fol evidettce of a seasoual

sexual cycle in nrale huntpbacl< rvhaìes. I-lsing meau tcsl,is weights frorn
males appr.oacliiug physical ¡raturity (ztirproximately tþe same age), no

regular variation in testis rveight $¡as foulxl off tite \\rcstcln Anstralian
coast during the months of Jttne to October'. I{olt'etrer, testis rveights

recordecl by Omnra (1953) flom males takeu in the Antalctic in the
surnmer rvere much lower than those flonr males of tlie saile lengtir takeu
off the Western Australian coast in u,itlter (Fig. a), indicating tiiat a

seasonal var.iation in testis iveight cìoes occtit in sexually matule male

hurn¡:back whálcs.
No evidence þas becn fonnd of a cyclic variation in cliametel of

seminifer.ous tubules from matnre rlales J:ets'een Jttue attcl October. Since
testis weights are lou'el' in summeL inclivicluals takeu in Antarctic rvatcrs,
the tubules might be of smaiìel cliametel in this periocl, btit t-to treasuì'e-
ments are yet available. Cyclic valiations in the size of the seminifeloris
tr.rbules have been demonstlatccl in the ferret (Asdell 1946), Ì:ut are l¡etter
J<no\r'n in those specie! of biltls (\\¡atson 1919; À'Iarshall 1949, 1950, 19õ1)
i1which the testes undergo great rìeveloptnent during the brcecling seasou.

Not only by the seasonal variation in testis x'eight, btit also on the
cvidcnce of sperm counts in sections of seniiniferous tttbrtles betu'eeu Jrtne
and October (supported b¡' the finding by Matthervs (1937) of no sperms
in the tubules of matule males in Antalctic rvaters cluring the summer')
a seasonal cycle of testis activity can be postnlated in rnatule male hump-
back rvhales. S¡rermato¡¡euesis appeai's to be at a i"tczrJ< in late Jul¡' ¿n¿
August, ancl though still active in September sho\\.s slightly le;s activit)'
in this morlth. This agrecs u'ell ivith. the ovulator'). cycle in the female
humpback u'hale, where it Ìtas been sliox,n (Cliittleborough 1954) that
ovulation is of maximum frequency in late July, is still of fr"eqnent
occurretlce in Augnst, anci continues to occur ilt Septembel to a lessened
cìcglcc.

Variations in the concentrations of sperms in vas clcfeleus fluid from
sexually mature males talien off the Western Austlalian coast gir.e some
support to the eviclence of an annnai c¡,cle of spelutatogenetic activity.
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However, since otrl¡r the active par.'t of the cyclc can be stuclied here, coritits
of s¡lei'ms in I'as clefcreus fiuid ale lcqttii.'ecl floni males tahen iir t\ntarctic
rcgions dui'ing summer rìlonths.
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Fig. l,-Secticn of testis frorn a late foetal rnale humpbacl< u'hale. I3ody length 14 ft
11 in. Average tubule cliarneter 62 p. Capillaries ûlled rvith erythlocytes comrnon.
x 125.

Fig. 2.-section of testis' florn a sexuaìly irnmature male. ,\velage tubule tliameter
73 p, Shlinkage of tubule contents after fixation as commonly founcl in immat'-'.re
hutnpLack les{,es. X 125.

Fig. 3.-section of testis flom a male ¿t. pubelty. MosI tubules closecl and contcnts
slrrunlren from rvall; ayelage diameter 12 p. Some tubulcs enlarging, l'ith a lurnen
ând feü' sirelmatocytes; avcrage cliarneter 106 p. X 12i;.

Fig, 4.-section of testis fi'om a sêxrlaily mature male taken cluring the breeding
season, ,A.verage tubule diameter 160 p, Spermatocytes, spermatids, and spelnla-
tozoa plesent. X 125.



I

i

I

I

I

I

ßEPIIODUCTION IN MAtÐ I-IUMPBACÌI WI{ÄLE

.APPENDIX I
ÀÍrrLD ¡IU\IPBACI( WIIÄLES Nl'lll ÀND ÄT PIIYSICAI, MATURI'fY

(a) Ilpiphysial Fusion Begun but not Cornplete

29

Mean
Bocly Testis

Length Wcight
(e)

I'oint of
l,asL

Fusion

Rody
Length

l\tcan
Testis
Weight

(s)

Point of
Last

Fusion

Bocìy
Length

I\{eau
'Iestis
Weight

(s)

Point of
Last

Fusion

ft in.
426
Ào n

42 'l
428
42 70
42 1,0

42 I0
-42 70
432

434
435
436
436

438
438
44 1

443
443
443
446
449
449

ft in.
385
38 10
38 1.0

39 1

398
39 10
39 11
402
403
403
403
403
404
404
405
445
406
406
407
407
407
409
40 11
4t0
41 0
47 1

4t2

8270
4960
5465
4935
5?35

10850
4975
I ùAL

3285
6940
6990
?115
5960

10293
6020

t0712
8955
9770
4028
5015
5965
5058
6120
4918
6428
4355
7660

44 1t
45 10

5035
6925
7505
6925
41"33

651,0
77BA

71.442

'7660
5798
3180
5110
4960
7850
6750
4770
7580

'1545
5810
7660

11968
72r0
4020

10200
6490
8155

5 Lumbar
11 Lumbar
? Lumbar

12 .Lurnbar
8 Lurnl:ar
5 Lunrbar

10 Lunrbar
I Lumbar

10 Lumbar'
12 Lumbar
11 LumJ:ar
6 Lumbal
8 Lumbar

11 Lurnbar
7 Lumbar

11 Lur"nl¡ar
1 Cauclal

11 Lumbar
11 Lur¡bal
11 Lumbar
11 Lumbar
7 Lurnbar
1 Cauclal

i1 Lurnbar
11 Lumbar
12 Lumbar
7 Lumbar

ft in.
413
4t3
41 4
41, 5
41 5

41 7
4t7
4L8
478
4t8
4tI
4L9
41, 10
41 11
41 11
420
422
422
423
42 '3
424
424
424
424
425
425
426

4290
5460
2863
5588

t-3600
5590
6430
5825
6180
6235
4420
7370
6115
6620
8775
6?00
3662

12200
5895
9060
5zl0
6100
63û5
8490
5760
7870
4065

8 Thoracic
4 Lumbar
I Lumbar

1,0 Lumbar
I Irumbar

12 Lumbar
12 LumÌ.¡ar
9 Lumbar

10 Lumbar'
12 LumJ:ar
12 Lurnbar
l-2 Lumbar
11 Lumbar
11 Lurnbar'
12 Lumìrar
8 Lumbar

l-2 Lumbar
9 Lulnbar

11 Lumbar
12 Lumbar
11 Lumbar
7 Lumbar
I Lumbar

10 Lumbal
12 Lrurrbal
9 Lumbar
9 tumbar

3 Lurnbar
l-1 Lruubal
1ù I.umbar
2 Lulnl¡ar

11 Lumbai:
LL Lumbar
9 Lumbar

L0 Lumbar
9 Thoracic
5 Lumbar

10 Lunrbar
1 Caudal
5 Lumbai'
5 Lurnbar

11 LumJrar
1 Caudal
4 Lurnbar

10 LurrrÌ.¡ar
6 Lumbar
8 Lumbar'
I Lumbar

10 Lumbar
.l 0 Lumbar
1,1 Lunibar
1 Lumbar
3 Caudal

(ö) Full Epiphysial Fusion

Body
Length

Mean
Testis
Werght

(g)

5I75
7460
3660
5570

Body
Length

Mean
Testis
Weight

(s)

ft in.
438
446
446
456

ft in.
39 10
4t3
422
424

6482
11230
10800

5095
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By Iì. {ì.. Csl't'.rl,r)}l(1,!ìoucÊI'r'

(1lI a n t r. s cr i.1tt t' e c e.i tt cil O atal.t er 1 91 19 53 )

Stt'ttttLtttt'y

Obscrr.vafions on the inclca;:e of or,'¿lli¿tr rveigìrb in tlic fcrll¿llc hutlpbaclt
\-hale coïeì'stages florn l¿rlc foei-al life until aitcl the altaintnc¡rt of sexual

matrrr:il,y. V¿tt.irt.ious in ovaly rvright,. rlu.L'irr¡1 difiei'ent 1--rhersr'rs of lJre reprtr-

rluctive cycìc aic l'ecorded,

Graafian foliicles up to 0'1Íì nrln in diatlt:lcr'h¿rvc been foutll in the foetsl
ova.ry. jrist plior to birth. 'l-hrrse initiaiÌ.v tl¿vtlo1¡ rrntil florlr l1 lt¡ 29 trltrr
lmeáian v¿;rlue 2û ¡ìr) in di¿rnietel: rvhen the fermale reachcs tìrc inatulin¡{
ìàlgth range. .A,t sex¡al rnatulity onc ol thcse folliclt:s enl:rlges, exceediug 30

,,-r* in rìiamctei: before luptule. .A,fte;: oi'ul¿rtio¡r a colpus luteum is ra1ticlly

formed ancl if colception hfls lrl<en place, this glanrl ctrlalgcs and Ïentains

active rurtii palturition. À{te.- par:turiLion thc|e is rapicl Ïesor|tion of the

corpus luteunl to fonn :L col¡rus aÌbicans. vai'iations in tlie sizes attd rveiglr'ts

of furrctional coïpol'a ìntea ale tliscrisscd'

Tliere is considerable r:etìuction in the cliamctels of Graafian follieies in

late preg:ralcy to a nredi¿¡n r"a.luc oí 6 l¡m. Àfl;err partulition follicles enla1.gc:

:ro that in the ovaries of fem¿rlcs in latc lactatiou the ìalgest follicles once

lnoLe râtlge ft.oni 11 to 29 rnn1 in tli¿rmeter rvith a ilediail valuc of 20 lrrnl'

In a' o'ulatoly 1-reliod of fr.oln Jilne to NovetnÌ:er the Inaximutn frequency

of ovulations is in late July, tìrough collsitlelable nurnbe|s occur in A'ug;ust

anrl September. on the available evidcncc most fema-le hurnpback lr'h'alcs

ovu'lateìnly once in tìrcil ovulatoly p'l'iotl' a ferv ovulate trvice' and er^trelneiy

ferv tl'rree tilnes.

I. Jnirnolucrio¡¡

Observatiolls lulon the ovai:ies ând å considelation of the repl'oductive

c),cle of tlre feilale hginpb:rclt \{'nale (IVIegalttem"r'o¡-os{L (Iìonnaterle) ) are

räcorded by .t\tatther,ns (l93?) i' his gcnerÐ.L report upon huinp-

bac.l< rvhalcs f|om the South Atlantic Ocr::rn' Ovary weights were then

arraiiable flom vel'y few females ancl, as i\{attìres's indicated, these l'er]ol'ds

were iusrifficient for detaiied ar-.3lysis. ìiïe pointed out that ovary weight

increasecl al sextlal mat,rti:ity ând asslulled tha"t this increase continlted

theleafter rvitl-r some clecLerase in olcl a'ge. With man5' mol'e recol'ds of

ov¿Ì1..1¡ \\¡eiglli,, â lrrore detailccl anal5rsig'of such valiâtions caìi be mâdc.

x{atgrervs i:efe¡r.ecl to tlie e}rlargirlg of Graafìan follicles at t}re

apllroach of ovulatioll, s¿l)¡irl!{ that sucù foliicles project ftll'ther from the

suiface of tlic ûvar:j¡, br,rt gave no actuâl measuremollts.

4,\ycstei.n Austlalian Bi'anch Labolatot'y, lJivision of Fisheries, C.S.I.R.O', Uni
ve:rsity of Westcrn Àrrstlalia, Necllands, W'A'

Il Ul{lllìr!CI{ \\¡Fl ii.'r,þ1,

0N Ti'lE: \\¡lJSlli:1,?I'{
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'Iht¡ sizc ar:d wcigh1; of tiol'ne lfril:t:.tioiraì col'por."rà hil.ca lvere gìteii in
thirt le¡:olt (1,'I:itthervs lfiij?, 1r.60) rrnrl {,irc gcner',ul st¿lcmcnt \\'as trra('l{e

tìtat cclrpor'¿r lrr.{.e¡. of plc¡r;t:;tncy s}rrinli t'a.¡,ricllt, aflcr'ptLi'tui'itiori, i:ut the
cl¿tta rt'ere insLrÍìlcient to an¿rl]'se the r'¿lli¡rticir iri erci'1tus lutcriil ¡;izc at
llte tiifÏeletrt stn;cs ai.lcl tirrr l'¿r'be of resoi'¡:t.ion aftc:: f.iil.r't'Lrr:itjon. .lki1;i,hervs
clisi;ing,uisherì Ui., cot'pus liltculn "a." (iì{rt.ive) fi'onr {:}re corpus hitcrim "[¡"
(r'eall¡. ¿r colpus albic:ms), stirtiu¡¡ th¿r1, tlrc ti,'alisition li'¿ls gr"aduai. Thc:
pleseut lJ¿rpcri cloes ilot follori' this tlesign¿ltjon but shows tlr¿¿t aftei'
palturii'iori the 'r;r'ansition florrr an activc c.orJtns Iul.er¡m (cor:¡tus gi'avi-
cìitaturn) io ¿l ccl1'ptts albic.an.s is a r'::picl proc€rss,

From an ¿itrai).sis o'f roetal lengtlr llattì-iex-s coltcluclecl tha.t the
freqne;-icy of pailing rvas gleirtest b<,¡trvecn Âugust arrtl Novcmliel rvith
hi¡¡hcst inteirsity in Septelnbcr. llsirrg 11 montirs ¿rs thc gcst:rtion pci:iorl,
he tlien inclicated th¿rt tlie maximr¡rn Í'reqnenc¡. of Ì:irths or:curlecl in
Atigttst. I-Ie statecl that at birth calvcs \\'ere 4.5-5 m in iengl;ir.

tr'rom the eviclenc:e ar¡¿rilable to him, l\fatthervs conclllclecl that the
species Ì:recl once ever} 2 ),1: but thai tr¡,o plegnancies might solnetimes
occur in 3 yr;the much gi'e:itel eviclcnce nox. arìrlLrced sn¡rpolts this vierv.
This evicleuce i¡ basecl tilron ilata ga.thcrecl ]:y the anthor' ¿rt shole stations
on the Westeln Australian coast in 1951 ancl 19õ2, suppìementccì b¡.
material collectecl b)' \\'haling Inspectors of the Sl;¿rtc I¡isheries Ðepar:t-
ment from 19,19 to 1952. 'I'Ìre material froirr the Urlec \\¡esteln -A.ustralian
s,irahng stations (at Point Cloates, Cår:ualvolt, and Albany) fol cìiffei'cirt
)¡eals has been consicler',:d together'.

This paper is mainly conceLnecl ivith the maci:oscollic featui.'es of the
ovaries ancl of the changes tahing i;lace in cìeveiopineut from the late
foetal stage nntil matrn'ity, togelher rvitli changes cluling the leplociuctive
cycle. Consiclelable inforniatjon eonccltritig the time and fre<¡ttenc¡' ef
ovnlation has been acquirecl from the ex¿minatic¡n of over 300 pairs of
ovåries fi:ont sexually mature females.

1I. l\{ntsons
Ovaries \\¡erc exâminecl as follorl¡s: after a superflcial exarninatiolr

the lr'hole r)vâr')¡ \\'as sectionecl, transr.ci:sely, using a rneat slicer set to give
sections of ap1:roximatel¡' 5 mm in tiricliness. It is consiclered that in this
lva¡r ¡ç col:plrs albicans, ho\r'evel slight its lemains Ìnây be, can be missed.
Slices so talien ale illustr¿'rteci in Piates 2-6.

In tirese instances, as a lesult of plolongecl in:mersion in forrnal-
dehyde soluticn, the follicular' flriicl had gelatinjzed and the tissues
hardenecì, gr:eatly assisting in the pleparatjon of suitable slices for
photogi'aphy. Sampies of foetal o\raries required for histological
exaninatiorì \\'ele fìxed in I{eirlenhain's SLlsa fixative.

The lesillts from tlie analS'sis of further ovarieri rnateriai fixeci foi'
histological examinatiou rvili be plescnted iir a .repalate papet'.
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III" 0r'¿nY Wuclyl
(a) ltot:tttl At;¿L,t'ie::

In gencr;rl úr¡r1-rsâ¡,'¿naa thc or'í¡.ries o1' hitmpirzr<tfi rt'h¡.It's jl: the l¿¿1.e

foct,iri -qt¿ìg;c. n.erer sit:ijiar' {o fiiose of l,¡lur,¡ ¿Ltiri lìn rvil¿ilcs r-lt:scrifuecì by
M:rckintitsþ ancl }]¡heeler (lf)Zfi, p.3813), ìrat'ing a clccp rec{ cololtl: atrrì ¡,1

nlucJì. 11,1'inlilcrÌ s1¡'.|¡lce. llabic .l sliows lhr: rveights cli thc or'¿1r'ics ¿¿ncl

the b,r{y }e:rg-tìrs of ìste foctal humpbacli rvhalcs. lfiri'e<: r.rfl tlrcsc rooettlses

a,rc u'ithin or: illlo\¡e thc ienÍJth r¿rng;e at Ìiilth â$ ftuncl ì:y lllrtthex's (see

above) , artcl- tlleir res¡rective tota.l or-aly .¡'crights s'ere 5G.õ, .10'i, and 1"ili ¡';'

'Ih.6s tlie pleseni I'ailge of tot¿il ovåry l'eíp;lrt jris{. plior to itii"th is 56.5-

1'73 g.

'I'¡¡¡t ¡l l-

O\rÄRy \!¡rI(ì11'f S ¡ lìOlI 1,.'!'¡ll lìOll.fUSnS

Length of lì'oetus \\Icigl',ts of Ovaries
(m) (s)

Toteì I\¡eighÍ of
Ovar:ies

(g)

105
109

56.5
173
107

oQ0

3.?8
¿I. tl¿L

4.54
4.91.

5.03

2,0

50
48
28
ð5

2()
55
5f)
28.5
BS

5B49

(ls) Intmotu,re Ourn'ies

As shog'n in Figure 1-, ovar'¡, rveight increascs r¡er)¡ little tintil a bocly

Iengtfu of about 34 ft is ¿ttainecl (x'ith the exception of one imrnature
female 29 tt g in. lorig -'-çhicir hacl a tot¿rl ovary \¡¡eight of 580 g) ' As

sexual maturitS' a¡:pr.oaches, o\/al'y u'eight incleases, but at tlie same time
there is a gl'tater incliviciual variation. Tire maxinr.nm recol'cled total
ovarian rveig'Ìi; in alt irnmature fetnale was t\425 g. This is exceptionally
high, but these ovaries appealecl 'i.o be oUrelrvise nolmal.

orvi¡g to the rvide r.ange of values (Fig. 1) jr,rst p¡ior to ancl a.fter

sexgal matu¡ation, it is not possible to clistinguish matule and immatule
females on a basis of ovary rveight as cione by Jonsgarcl (1951) for the

minl<e rvhale. l,Iatthervs (193?) noted that irnmatttre'Ìrumlrback ovar"ies

selclorn exceecl li lb (632 g), b¡t.t"igui'e I of this paper shorvs that in
immatrtre females ciose to matnrity the t;otal rveight of tire ovavies not
infrequentl:r' exceeds this value.

(c) Il[atm"e Auaries

I-rigure 1 suggests that the inclease in ot¡ar)¡ rveight çtith bod)' length
begun shgr'bly befole sexual nraturity continues to solne exter.tt aftel the

attain¡leltt of scxual nrattilitSr, but here the range of values is very rvide.
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lVhen ovâr¡r g'eight is plotterì againsL the num|rel of corpola hite:r (as
an incìex of lelative age) as shown in Figure 2, there is little erviclenccr
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3a 39 40
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Fig. 1.-'r'otal ovar'¡' s'eight and l;otal length of fenrales u'ith imnra{,urc
and. reefing ovaries.

of i¡rcreased ovaly u'eight with relati\¡e age in sexually m¿ìture fcmales.
Mactrintosh ancl Wheelei' (1929) suggestecl that in fin and blue rvhales

I

+æ29 30 3t t2 33

0

ot
.goB
s: E8
Bol "

o lo 12 t4

IOTÂL CORPOFA LUÍEA

Fig, Z.--Total or'¿r'y lveight and total colporâ lutea of mature females
rvith resting ovaries.

there is a decrease in ovary weight in oider females (having 1"3 and 20

corpora lutea), but Figure 2 does not indicate any Inal'ked clecrease in
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ovåiry t'eight, of c;lc'[er' .fem¿llc hriinp]:a.c:ìi tt']r¿Lies ]raviug u¡: 'Lo 24 ca'"Pct:zt

hlLr'¿ ill tLrr: 0r'âi'ics.

'llile ovar.i¡.u rvr:ip¡Ìrts of i:1atulc feulalc¡; Ého'"Yn in lrip;ttl¿s J- anci 2

arc fl'oi¡. ova¡.ies i1 the rcst.ing liira-re, i.r:, from fel:¿tles r.vJlicli, 1"!"eïe liot
pïegtì¿ì1'¡, in thc e¡¡"1'licr s'ta¡Jes of l¿rct:ltiou, r'ecctr{;Ì1" ovuiatct'l, oi: ¡+bori'¿ to
ãv,-riate, eo tirai; ltcssible val:iatir:,ns in ov;tt:¡. u"r:iglit rvitliirl tlic re¡;r.'od'*ctive

c)¡clo úrrìrlcl þe ayc¡ir.lecl in thcsc flg.itt'cs. Ovat'ic;s of fentales il iate stnp-¡:s

of lac:l.ation ai:e jrrcluclcrl in l"ignles 1artt'l 2 as lhcse hacl al] t'he feaiurcs
Of ¡csting; ot'a.l'ieS; tireS'i;osscsscil nO colllliil hitettm shol'i'ing signs of
acLivil,:¡, ¿¡.nd the Gr¿l¿r.lian follir:lcs g'eLe of sillila¡'sire to Urosc in thr'l

ova¡ics af restiul¡ fcmales (see Section IV (e ) (iiii ) " 'Ilte bociS' leing{;}r

ancl total ovaliau x'eight; of e¡"ch fernaie sJrorvtl i;, Figulcs .l anii 2 ate
listecl in Äjrpentlix I.

T¡¡r,r.r 2

ovÁlìYw¡]I{i'IITsÀ11I'ARIOUSSTÂci'SoF,ltll'Rtìl'ßoD.l'C1.IvÐCY(:l,Il

Stage

tr\Tcight of
Single
Ovalies

(g)

Min. I\f ax.
trlil. X{ax

1525
1256
1600
2685
3204
1845
2095

* No et-nbr.yc founcl bul, possibÌi sonre of thcsc felnales lllay have just begun a

pregnancy.

NunTber
OT

¡ eìl'ìales Geonr.
1\[ean

Total \\¡eight of Ova.lies
(g)

Aritli.
Mean

Resting
Alrproachin g ovulation
Ai ovulation
Early corpus luteum*
Late plegnancY
Early lactation
Late lactation

20
19
16
26
I
5

5û

1428
I322
1 033
13?8
1992
t455
139ö

I54'I
74ti9
1196
1661
2'I6l
1624
I 590

625
514
355
545

1120
845
å)Ðtt

28ÍIJ
2404
2795
5505
3836
3000
3980

2G0
I8,1
'r60

1'12
órlo
óao
200

Table 2 sho$,s the rariges of or¡ar). \\'eights of females in variotls

stâges of the repïoductive rycle, l.ogether x'itir the geometric and arith-
,rr.ti" meatls oi paired o\râty rvcights iit t;he various stages. Tire

distribution of o\'âr)¡ y'eights v¡iurin eâch stage \I¡âs ttnimoclal and

positivcl}r skerveti. so that for' 1rul1:oses of statisticzrl ariaìysis a logarithlnic

transformation was usecl to ncrmalize the va;:iatiou. The best estiÍiâte

cf the mean for eåch c'lass is then founcl by rvorhing rvith lÏansfoi'med

va}Ltes, arrcl this, in ternis of tiie original clata, corresl:oncls to the geomet¡ic

lÌ1eatì, g,hich is usecl for tire compaf isoll of oyaÏy weighis in the stages

sho$'n in Tatrle 2.

The above geometric meâ.]]s shos' little va'riation at the clifferent

ttoe;*, ã";ept tl,at females ryhicfu haye just ovulabed tenc'l to have sliglrti¡'

lori,er. total ovar.y rveight, ancl females in l¿rte preginânc)¡ a irigher ov¿ìl'y

r¡,cight tilan at other Jages. B*t the r¿)tlge of 'al'es 
rvitlLilr ali st¡rges is

so fr.eat that the cliffelãnces in these geotlef,ric meåÌrs are ¡¡ostiy not
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sìgtrifica.trt on tlre rtLull.¡ci ¡i of or'¿trics u,ei;lihocl. ln llie r:tirnltalisirn ofl llitt
geronte'ulic nleììrìt:{ of 1r:rit'ccl o\¡¿ìì'}¡ lci¡r¡þis. in r.estirrl,¡ |en:¿ikts:urcl tirt;,,,:c ltt
ovul:ttion, b¡' nrearrs c¡íf the ú test, 1' ,. .l ,1l..ltì olt i_i,l tic.¡'.r't:cs ol {_r.cctlum,
rvhiclt is tror; si¡¡nìficant. Allio in 1,hc <'orllr:ii:ison o{ i,iic ¡¡eometlie r.ncâns
of plrilec'ì oy¿rr'-)¡ x'eig;hts iu l'esting; llem¿rles ancl thcsc o['late lilciìliarrt;
fetnzries, ú : 1.785 on ià5 rìegt'ecs of lli'eerìrln, rr'ìri,.:h is ilub si¡',iri{icatit.
l.Iol'er:t:r', in the cot.itltai."ison of tlie fìc,:¡:-icti'ic n'!(-l¿ìt1s oJ. irailec-l ovAr'.\¡
u'eiglrts in fcnralcs at ovrrl¿rtion ancl those in lzite ltlegrr:\'t1t'.y, t.-. ?.(i?'/ on
21 degle:cs of fleeilom, u'hich is significalit at the .'-l pcr ceitt. levcl. lll¡c
]ri:'€s€ììce of a ìargc fnnciiou¿¿l cot'llils lulerin-i ju otrc o\i,i,u.')i oll cach fi¡rn:rle
jn iate pr"eg.rrancy (x'eights of funcl,ionâl corìlrJla int.c;r iliscussccì nncler'
Section V (¿r) ) iencls to incle¿rse the totaì rveight cfl 1ùe ovalics, a.lLhough
ill late ltregnarrt fery¡ales tÌ¡r: Gl'aalian follicles ille rlucJr lreclur:ecl in size,
as slii.ru'n in Scction IV (¿l).

I\¡. Gna¿nt¡.N ¡-oLLrcLES

(a) I,'ollicl.es in Lcle Foets,l, Cult;es

Sections t.¡f ovaries from late fcctal female hnmpback rvhales shorv
oogouia g:rthercd itr car,ìtics (Pfltiger''s tubes) imlnccliatel.y Ì:reltirr' the
ot'ariau sur,'face. Slightly cìeeper in Ure ovar.ian tissue ¡rl'imar'¡' ooc¡:fss
are abuuciatrt, each ovuÌn bcing surl'ounclccl by a siitgle layel of cpitheìial
cells (Piate 1, Figs. 7, 2). In cn' plimar¡' oocyte the single layer ol
epitheli:rl cells encloseci thlce ova (Platc 1, Fig. 3).

The lat'gc.st earl¡' Ç;.'¿ufian follicles in iate foetuses arc clcepcst in the
ovaries, up to 2.5 mrn from the stirface. Some of these (Ptate 1, Fig. 4)
reach 0.13 nrm in diamcter', hat'ing arr e1;itìreliai ìa¡'g¡ np to threc cells
thicl< and tlaces of a zona peilucicla visible.

(b) Inr,ntrtture, Resti,nç1, nttcl llIutra.ítt ç1 Fol,Iictes

In the exaurinatiotr of ovei: 400 sets of hunipbac:]i u'hale ovaries it
has usually been fonnc-l 1;ossìble to cìistinguish nr:Lturing ol matrire
Gl'aaftan follicles flotl n'ell-cleveioped brrt resting foiiicles. In lerrger
imtlature fcmales, ancl also in matnls females not, in lzrte pregnanc)r ¡¡¡
early lactaJ,ion ancl not about to or,nlate, the lalgest follicles ale ri'eil
clevelopecl but lesting. Thougir urese follicles cio not ploject to any great
extent froln the general ovarian sur:face, thel' ¿¡" sufficjenily close to flre
sulface tcl be seen in u.hole otrar.ies as itnrplish ât:eas.

As a Graalian foilicle approaches matnrit)' it enlar.ges, ¡:rojecting
fui.'ther from the sui'face of tlie ovar'\¡ than the lesting foilicles (see
Plates 2 ancl 3). The follicle u'all bercomes thirurer on the plojecting
surface aucl line blood vesseis becolnc visible in tire u'all. Execpt in a
feu' olclel femaìes u'het'e sorne folliclcs have clc¡lenelatecl into cysts,
Graaiian foll;cles at or' oveL 30 tnm in cl.iarneter are nratnr.ing ancl fein¿¡ies
u'ith such follicies are âpp]roachiug ovulation.
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Iligul'c i, shoq's tlle cliilmetr:r of tltc largcst follicle itr tìle o\'âries
plottcrJ ag:rirrst th.c lenglìr c;f {,}Le Jìemair-., usir:g ottly irnm:rtrirc Jltrnr¿tles aÐc1

matrilr: llcnr¿rics ¡.hich t'elc+ not ¡irc¡;itant, laeta.ting, or l'eeclrii;' ovuJatcd.

lTpon a su¡re¡ficiitì cx¡.mil:atiou, Fi¡1ure 3 lvouliì åppeal' to verif"'¿ Ur<:

fincliugs o.f j'Ìishir','¿rlçi allcj {J}re (1e'48, p' 119), ¿uid }'lishirv¿rlii atiti Ij¡li'ashi
(1t,5(), p. 1õ6), u'ho clajnrecl that in rn..rtul'e blue rncì íili r.r'hales the sjze of
the lai'ge:ri Gr.aali¿in foJlicle ìs in lrlollortion to lhc I-roii¡. lelrgLh. l:lotler¡er',

i¡ tþc hum¡rbacli rvh¿ries shorvn in },'igun'tr 3, tltose x'hose lalgest follicle
Ivas less than 30 mm in cli¿imetel n'rus{ be cotisitlei:etl apart frorn those
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Fig. 3.-Diameter of t"'u"*j;îåtff;li|J:t"t irnnr¿rture ancl sÞecited

rvhose lai'gest follicie exceeclecl 30 mm in diarnetel as these trvo grottps

represent seiJatate lrh¡,5io1out..al coltciitions, the first being in the Ïesting
(anoestrus) condition, ancl thc sccon.d approaching oyulation (prooestrus).

Consiclei'ing tlie imrnature fem¿les sho$'n in Figure 3, thr.rse having
a Glaafian follicle at or over 30 mm in diameter ale approaching theii'
fir'st ovulatio¡. The shor"test sexually mature Jìemale ìrutupÌ:ach whale
founcl arnongst Western Australian coast femaies rvas 35.5 ft long, r';hiie
immatrtle fenrales np to 4]'IT tt have been I'ecorcled. The imrnaturt:
females approaching, their flrst ovttìation (onc Graafian follicle 30 r::lm ol
mor.e in c'liameter:) shorvn in Figure 3 are lvithln this length t'ilnge of
35.5-41.17 f t,
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Jn the ol'¿ìr'ies of iinrn;rtnl'e fern¡ies r:'hieh ¿ir'e rvithin Lhir-r leilgtir
r'ånge and have l:o niaturing folìicies, thc, lirlgest Gl'¿ur{ian folliclc Tl'rcìltjr.rtil
floln 11 to Íi9 rrim ill cl.iarrre{.er', wjtJr ¿r rr-.edi¿rit vr,}lue of 20 inl¡. 'f}:.e
uppel' sectirins jn Platc 2 shoiv ì,he t,¡'1tica1 appcì¿ìran('.e :1ci:oss. t,he or'¿rrics
of such alr inlrn¿iture Jieil*le.

Of the *exnallj' m¿ì1;rir:e femek:s ¡.ihottrn in F ìgulc 3, tlte laygc'st
Gi:irafian follicle in the ovaries oll those n'hich ir'ele not a¡rproacliìtrg
r"¡r,ttl¿rtion ¡lc:asrirecl flom 12 to 28 i:l-rr in cliarnett-.r', rvith a rnerlian r¡alue
of ?0 nrrn. Such fr.maJes ¿ìre r:lasseiì jn this lepolt' ;rs t'+.lsl,ing oi: aroestl'tts
femalesi theS' $'ele nol preg;nalt or'l¿rr:tating, had rrot l"ecen'Lh/ ovrìJâij€d,
ancl lt'eI'e ilot ¿ìllprûachiug ovuiatioü.

l-igui'e 3 shou's that some fe¡n¿rle hulnpk;acli rr'Ìlalc's leach sexual
matnlit¡' u'hen. betri'cen 3ti and 39 ft, long;, rvhile a liumbcL do r.;ot matrire
untiì from 40 1;o just over 41 ft. 'llhis ll:r¡r bc cluc tcl cljffeyent jlcijr,ichial
grorvth råtes åmol.rgs'u fcrnales of the sarre ¿ìg'c. Alternatil'ely it is
possible that this rvicle diffei'ence in ieug{,lis at scxril.l maturity n:r5r þ¿y"
resuitecl fi'om some fcmales leachir-rg¡ sexn¿tl matulity at 2 ¡'1' of age ancl.

othels at 3_)'r. The available lecolcis Ale onh. sufflcient to snggcst the
possiÌ:ilitl' that some felrrale hnnipback rvhales lnatril:e at 2 r'r ¿lrrci others
at 31'¡. Iu this rcgald t\'Iatthervs (19:17) sugg;esteci that sexnal matnlit.y
\vas I'e¿ìche ð at, z yr in hntnpJracli n'h¡rles, but M¿cliintosh (19,12) allorved
the possibiìit¡' of maturìty being .leliclled uiitil Ure thilcl yeal' in female
lrr'rnrpback rvhales' 

(c) o,uùatí.on

Thirty-live of the fclnale hurnpbacli rvh¿rles exailineci on the flensing
clecl< u'eLe found to have jrrst ovul:rtcrl, the bloocì-stairrecl hole (flor-n 4
to 13 rnm in clialneter) iieing immer'lintcl)' obvious on tlre sul'face of the
ovary. When ovulation had occullecl immedial6]1' pi'ior to t]re cleat]r of
the female and the ovaly u-as then cut across th.c colla¡rsecl follicie the
latter rvas fonnrì- to coli'uain no liquirl, but thc lining shou'ecì rvi'inhling
at tlie flrst stages of the folcling n'hich u'oulcl Ìiave lecl to the formation
or' a colpris lutenm. At a slightl)' lutut stage as the folding of the
folliculal rvall becomes more obvioris the centre of the i:ttptulecl follicle
is often liiiecl rvitll a tlaltslttcertt gel, plesuniabl.y the teltiai')' liquor
follictrli of Blambell (1930, p. 12i). Such a stage is sh.oç'n in Plate 4.

There is a ver¡' r,r'icle range oli follible diameter inlnediately aftei'
ruptu¡e, from 22 to 60 mm (me,"i.ian :ì7 mm) bttt it is doubtful u'hether
these diameters can l:e compaled clirectly ri'ith tirose of turgicl follicles
just plior to rupture. The smallest bulst follicie, 22 mtn in cliameter,
ivas possibll' not normal as here trvo follicles (22 ancl 23 tnm) iracl burst
simultaneousl¡'. This rtas one of tn,o e¿rses of clouble ovul¡rtions reeolded
in the plesent stucl¡'. Omitting this clouble ovrtlation, only four of tl're

85 females tli<en irnrnecliateiy after ovulation had burst follicles belorv
â0 mm in cli¿metet- (26,27, and 28 mrn) and thcsc rvhen turgicì pi'ior to
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llptrìrc 1\,o¡1iì ver-! llrollrìl¡ly have c:icrlcílc(l 30 n:r¡.il ill di¿metel'. ilÌ ílglce-
mént n'ith the obscrvåtiori irÌ pfl],'t (¡,) ¿rliot'e tllat iriatul'il"ig G:-'a;r-1ia-ii

foÌliclcs \l,()tc froìn 3[] mtn in ciiatrlctcl'. lligure ii s]ro$'s th:t the llpptri'
lirnit o.f iojiicle diaurciet: at ovniirtion is {rtrr.:1.' i}e 6{i lnnt li't.'lxintti¡tl

recoi.'tlecl foi' ¿r btirst llollicle as one a1;;:;rrent-i¡. ltot'irlal ln¡ìtul'cr fol1icìe

rcacheri 1.05 mm iu tlialleter. 'fhis folliclc: hacì & \'/er-)r thiïI, ¡tir:rc¡st

lransl;:rt:etrl ¿t'e¿l on tilc sllllface, int-lir:atiitg it li'as clos¿ tc¡ the 1;olnt
of ruiltnre.

(tI) {}trur'lian î all'ic t c l} tt t' ing P re gr- ntzcy

Although sevei.al vcly small crnblyos har,e becit {otlrlcl in east Á.us-

tr.aliau coai;t l]etnale hntll:rb:iclis, tttl I'ec:ol'cls of ca:'l¡'pregllålic:v al'e avail-
able as ).et from fcmales tal<en ofï the tv€stcrtì cozÌtit, rlespitc careftil
searchi¡g of the uteli of femaies Ì,1-to¡,e oval'ies r,:o¡rtailred e cievelopiug

corpLts luteum. Fem¿rles in }¿r1,e plegua.llc)¡ $'erg ilo;r: OI infreque¡t
occurrence, Thc clia¡uctc'r's of the lai'g,;est Gi:aali¡.n folìicie in each set

of ovaries flom 4li of these ale shorvn in 'fab1e 3.

'l'Áìrl,ù 3

r)lÅÀlItTlrllì OF L..\tl(ìIiST GR'\AFIAN TOLLICL¡] lN I-ATD PRITGNÅNT IrB¡'ÏlL!ìS

I'ro. of Late
Pregnartt
Female¡;

Table 3 shows that femaie humpl:ack whalcs i1 late pregnanc)¡ hí;\'e

ntuch l'eclttceci Graafrau follicles (mec'lizrn valuc 6 mnr), u'ell l:elclv i;he

I'ange in resting lîåture fclrales (meclial r'aitte 20 mrn). Iu onl)' i;l'o
cases of late ¡rregnarlc)r 1ys¡,.u foliicles :rpproaching the siz,e iu r:estitrg

females (ciiameters l5 ancl 18 rnm lespectively) ancl tltese, lilte :11 follicles
in thc ovaries of late pregnant fernales, appeai-'ecl to have ttnclcigonc a

good cieal of lesolption. Generally foliicles are so ::eclttced that there is
little rnor.e than a thiclcened rvall rvith verJ' iittle space for the liquor
folliculi. Tirese lecìticecl follicles clo not project from the ri'ail of the

ovaï)/ and are not at all obvious' as call be seen flom Plate 6'

This mai.lcecl lecìuction in follicle size at latc preguancy in the hrimp-

bacl< rvhaìe is not in zrgleement n'ith the results in blue ancl lin rvhaies

r.ecorcÌecl by Maekinbosh anrl \\'hc,eler' (i929) rvho st¿rtetl that iri' those

llialneter Largcst
F-o11iclo
(rnnr)

Nc. of Laüe
Pregtrartt
Females

l.ria¡neter' Ì,ai'gest
Follicle
(niln)

t
o

^
5

t)

8
o

()

5

ó
o

10
4
4

2

10
11
19

\4
ai)
16
71
10

/"

2

1

1
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s'iialcs "'llllerl.'tr ¿rle iitv¡rl:ìabl.!' ni¿un' (rììlar!-l.ajd fer'ilii:lerl, ii.r l,hc o\,¡1i.ii-ìñ o.f
llregliant tvli.",luir atltl lìtese ]'¿'rl1g-e fl'oil {0 ïnil1. to 5û ilrin. jlr t1i;,iiirct¡,,r'to
10 lrtllr. äuti l,:ss". -{ìso Ì'li.sirircahj ¡.rrri O¡,t (t!}-i iì) r,cc:ui'iled ìal.¡¡;c fi.illir:les
in lrrcgnti;tt bluc ;iitcl ful r,,'1r¡.ries, arrci iniìic;rtcri tl,¿;t 1.lt: lar'¡¡cst i.ii'a¿:fi¿llr
.folliclcs cxcecciccl. tirose ol, r:cstiug fern¿rÌcs. Iìrri; J-ro{,lr i:Ìi'ilish ¿rr¡iÌ J:lr-r;:nese
tt'oIlçeLs obt,ai'retl- thcil I'cc:ol'ils fi'o¡o ,tlital'ctic: \i'íitc-,.'s, u¡hele ¡nosl. of the
piegtt:tltt fenraicls rt'otlld. Ìrave bccn iii c¿u'liet' riti-l;,;rrs ofi 1¡:e.qr:r.nc¡,. IL
is llossiltle th;rf resorirtion of foÌlicles q'oillri rlrl, have l:een cvjdcnt; uittil
ì;rter s{fl..;,;cs. Thc, Ialp,c foilic:lcs in eallv pt'cgit¿ìLì.j\r rc¡.roi:tecl br. þo1.ii scts
of ¡r'c¡i'liers Ìia.d appalr::rtly rnatril'eii j Lrst l:cfoi.c the femiiles, p¡ee errt
lllegna:rcies anfl hacl not .u*ci; ai.rophiccl. I;lclilr:i:L ei'ir.lelrce of recluctjon
in foiliclc .qize in ìate ¡,xe¡¡nanc¡, in blue ancl fill g,h¿rles is ¿lfrir,¡lcc.l irv
l\{aclrintosh a.ncl Wheelcr's c¡bsei'1,ât.ir;n iliat folliclcs \l¡cte redncetl clur.ing
IactaLion.

(a) Grartliun Irolliclcs lltn.itzç Lur:iution
(i) Ðarla Lttctct,tiort.---Iliametels of the foilides in the ea.i'Ì¡' stages

of lactatiolt are availal¡le flom three ir:nr¿rles, the Ìar,gest follicles being
6, B, attcl 26 inm l'esllectivcl),. llie ljl'st ttr,g a.r'c rvibhiu thc i.atrge oi'
follicle size fouud in ìatc pregrìancy (see abrive) årrrl nre to be cxpectcci
soon aftei' paltrllition, u4rile ill thc tliircl tliis ìar.gel follicic .r'au pr"-
srtmaÌ]l¡' å11 exalrìllle of one follicle nraturiug jrist bef.ol'e the çpset óf ¿r

ìlregl]ållcy resttltiug from a plevious ovula'rion ailcl rçhile a gooci cleal
of res0r'lltioll tìla)¡ have t¡ilien place, this follicle lcÌr'Ìårined al¡orre normal
size clttring prLrgtlanc]¡ ârncì in lactation up to the 1;iine the fcluale was
liillecl. nlacltintosh ancl \\¡lieeler. (1929, p. Bgg) r,ecolcìc.cl that in biuc
ancl lìn tvhaìes, "cirtling lactation orìe ol tlo lrrlgi: flollicìes ai'e fonncl
but the snra]lel ottes aÌ'e no longcl' visible" (ou thr: snrf¡rce of ihc ovar.¡r).(ä) LIid' Lctctatiotz.-At this stage follicles liavc begnn to incr.easc
in size, but the lar'gest ¿i'e still in i;he lou-er. p:n,t of flre i"ange foun¿ in
the ova|ies of lesting feurales, the largest follicles f¡om tht'ee felnales
in micl lactation being 11, 15, anrl 18 t1ìtìt tespcctivel),.

(ìii) La.tc Luctrttiott.-1[aximun, fojlicular tlìrllretcts ale avej]ablc
fronl 60 nolmal cases of tiris stage, r¡.iilr a rang'e of 10-50 rl¡r, a¡c'l i¡
a few cases ovnlation Ìraci yery ïecenfly talien place, so that in some
fetllale httnil:back u'hales uratulation of folliclc,s ol evclÌ ovulatio¡r tal<es
place rvithout a lesting (anoestrus) phâse foilorving ractation.

These females irt late lactation coilld be cliviclecl into trvo groups,
those s'ith no maturing follicÌes, ancl those x'ith follicles maturi¡g or
receiltly bui'st; 82 per cent. u'ere in the formcr. gl'oup, haying a r-¡axim¡pr
follicular rìiameter langing fi.om 10 to 28 mm ivitir a media¡ r,aiue of
20 rnm, the same as that found in the ovaries of r.esting fetnales, rvliile
18 pei' cent. hacl matnliug foiliclcs (diruneter:s 35-50 mn:) or hacl rece¡ily
ovulated.

One anornalotls case of late lactation g'as l'eccrclccl in li'hich flre
female rvas lrregnant. llere the iargest foliicle u'as reducecl to 11 mm in



OTÂIììÐS Oll i{ I.} j\î]'l]ÀCIi \:'v'IriALI,; 4 l.r

cliarrrt¡te;:. älliis female (ldo. Is,! cf the C;rlnalvoli statir:n's 1f')5? crìT.cli)
rvås c¿r'i'.\.jnÍî å, Í;Ì ft 3 i¡i. foci,i-is u'lie.n l<jllccl in ¡lic1 Jrinc. 'l-'lris *'::s a
r¿ithel sui¿rl1 ".;ize for tÌ'L¿rt moniù. l¡r¡t lhis rnigìil ire cxlrt:etccL in a.li
utrusu¿¿l c:lse of ¿r fultl.rel' l)t'rìlirjäÌlclr br:¡iirrning shor{.ly aftcr tìle l)l'eviotìs
paltulitioir (sce Section \/I(c) ).

(f) Ara.riutt Cys{s i,i¡, {¡kl.et, [,'et¡urícs

Foui' Wr:stern Ansti:'ahatr co¡rst I'crrrak:s lì,r:l'e i,olìnii to llli¡c 1¡ll'g:
c¡'sts atl,ar:hcrl to ther ovarjers. These lr:rl¿les *'ci'e :'c1al,iveì-r. old, tllcl"r:
bcing floi-n 2-i to Í3<[ 'cor¡.ror'¿ inte¿¿' in the oirài'ie$ ¿.rid fuii il]rysica] ilìâ1.iir itv
hacl becn rca.i:ired in the til'ee .,'r'hosc r¡ei'teblal epipÌ;¡;ses lrrlïc e:i;:*rrirlcd.
ì.t is thoug;ht that tlrese c¡'sts welc dr-:¡¡.erìLìt'¿ìte G¡'¿i¿rl'rait fo[lícicr-.. Onl¡'
one of foilt' pþ¡rsigall-v rnaturc femsrles cxamined ha.rl lolmal ov:-i'ic-q rvith
ilo ct'sts ¿ttt¿ichcd and tÌrcscr shor¡eil a 1;o1-al of 38 'coi'pcra hrtc?,'.

l)ata conr:erning thc fonl câses u'hele orr¿il.ian cysts were pi'eseut
ale slrìrlìrarizecl as f<;i}olys:

No. 163 from Caln¿ìl'\¡olt, 1g5l:
Total length 45.5 {lt; ?>4'corlror_'år lutea', oÌìe tecctltly dsvs}ops¿.
Several thin-rvallecl liqtiid"-lìllccl r:ysts h:lni¡in¡¡ as'ay ft'om both
ot'¿il'ies. Lar¡¡est cyst on oÌìc o\¡¿ìi-'y 'i2 vint iri diametcl çhiie
lalgerst ou thc seconcl ovaly li'as 100 min. The iiquicl flon"l lþe
l:u'get' c.]/sts on thc scconcì oyal')' rveighcd 1l-40 g. It u'as rlifTicult
to dei:ide ivhich u'el:e slnaliel cysts ancl u'Ìrich. \I¡ere nor.llal
Glaafìan foilicles. A full¡' physicall)' ilatnre femaie.

No. 599 fi'onl Cai'liåt'\/on, 1gI¡l :

Total lengtir 43.0 ft; 29 'cor,pora lutca', one very recenil¡'
develolrecl. Sevei:¿rl thin-x'a11ecl c).sts (fiìlect rr.jth clear. Iiquiiì)
to 65 nim in diairetcr iranging flom the ovaries. Fuily pliysis¿ily
rnature.

No. 313 from Point Cloates, 1952:
Total length 45.2 ft1. 27 'coi.'pora lutea'; rìolle recent. Lalge
thin-rvalled cysts to 150 mm in cliameter crontaining clear iiq.uici.
Gr'¿.¡alian follicles 15-20 mm in cliameter \\'ere thiclc-x,alled anct
possibly' non-functional. A fully ph;'sic:rli¡, mai.ure fell,ale.

No. 36!i flom Point Cloates, 1952:
Total length 43.5 ft; 29 'corpoi'a hlte.i'; uolle l.ecetit. .Ihis
female hacl just ovniatt:cl. Several thin-l'allecl cysts 36-?i mm in
cliameter. Vertebral epiphS'ses not exarninecl.

V. ConpoR¿" LUrEA
(o) Ilutl.y Deuelo.Ttnrcnt Af ter Outtlu.tiot¿

Grorvth and foldiirg of the follicular epitìrelii,rm u'iUr the formation
of luteai tissue begins ver')¡ soon aftei' ovulation so tì-r¿rt the vesicle yem.ain-
ing aftel i'upture of bhe Gtaafian folhclc is soon iillecl rvitir ìriteal tissne,
although sotne translucetrt, gel sonretirnes occupies tire ceritte of the nervl;'
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fol.'nicd colJlLrs ìutcnnr. l?iat<l 4 sl.or.\'s an eally stng,c in this 1-;r.-i;cess. Á.

t'ecclntly clevclu¡rccl crrrjlrs lrlterim '-l.rn rcarìil¡' bc rii;;t.jnglujshcril -f't'orir latr:l
strtgcrs, Llrc t.,utct'll¿rn]¡r¿tne Ì:r,:ing t'ert, tlrin rvit'Ìr nilnrcrotrs blooci \:rlsslrls
visil:lc itnmetliatc*)' ]:r:iteath it. ',tlhe luteal lissìie is s,;llt, irale, anrl
expautleril iu cotrtlast to tlte lirt¡rel')'cllonr tissnc iri ì:rte 1t,-'c¡¡liancrr ar.rcl

car'l¡' lacl-al.ion. Pl¡.te 5 sìtotvs a ¡eciion throi;g'ì-i a recently clevclopecl
cor'l)ns lrrtclrrl,

The initia,i size of a coïJ)ì.ls luteinn aftel foi'mation is clepentlent ullon
the size of tire follicle ¿rt oi tilatior I.L tr'¿r-q shorr.:n âbove tirat, ruc,turilg
foliicles leac'ir 30 mtl iu tliatnetei ìrefoi'c i:n¡rt,nr:e. This is in :r¡¡reement
u'ith n ca-qulenrellts cf earl)' coi'pola ltiteir, the stnallest having a clialneter.
of 32 r:rm. Rrit oitc.e formecl, tlie colpus lnteullr continues to develop,
increasing in size. Fip;ure 4 .sho$'s the tnaximuur cliameter of the rece;itly
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Fig. 4,-I\Iaxilnuur clialnetel of car,iy colpora lutea.

folmed colirora lutea from \\/estelir ,Austlalian coåst feìnale iruinpbacks
and the clate upon rvhich these felnaics rvere kilied. It is seen tluLt ìai'ger
glands ale fouucl latel jn the season. The blolien line in FigLire 4 ìinlling
the largest colpora lutea foturcl in eacll rnonth inclicates a probabie glorvtir
clrrve of those colllola lutea cleveìopecl flom ovulations earliel in the
seasorl. During the flrst 2 moirths of development the colprls luteun
steaclilf increases iu size, the growth then slor.r'ing cl<,wn as the m¿ixilnum
diameter applcaches the lange for,rnd in corpora h¡tea of late plegnat.'cy.

The small ::ecentllr fcrmecl corpora lntea found late in thcr catching
season (late Septeml:er and ea; ly October, sèe Fig.  ) inrlicate fhat
ovulation continues throughout the rvinter ancl eally spling.

In each case ef an early col'plrs h¡teurn shos'n in Figule 4 tire uterus
of the feinale lt'as câl'efltlly searcheci fol' an eår'l¡r srn¡3.yo but ÌÌotle \yas
founcl. Hotyever', if plegnanc), hacl Ì..regun the emb::7o woulcl have been
ver)' stnall, and in the short tilte ar.ailable fol e:ramination of the uter.us
it could easily have been missccl. Because of crris failure to establish
rvhether or nct prcgilâncy had begiin in tire indivicluals represente{ i1
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Figr,rre ,1, jt iS ty-rt ]tttolr.n llcl' fal clevelopnretlt c'f a col:i11.s ltitcum ltt'oceecls

if ovulal,ioli is uot jiollc¡ri'c'J by pregn:tttcy.

(b) Corilot'rr L.u'lett, tt7' l}i"e¡sno-'llcg (Corpora, {}ru,Lli'rJittttt.t"}

All prr,,gnant fernale¡¡ flom t.iri: \\'estcln Áustlaii¿rn co:ist so far
ex¿rnriireciri,Jrre in late 1;re¡anatrc5' (foctttses l1'on.q'f't 3 in. to 17 ft' 6 in')'

T,!e¡,r-r 4

I¡E¡Lll,ltS Iì.i LÄTr: PREG¡ìANCY: O\¡-lltY AND FOI'l'ltIS ItECOllllS

Function¿rl CoÌi'lus I-,u'ucutn

\1¡eif.tht
(e)

1)inrer¡sions
(mm)

UïarY
\Vc¡ighis

(e)

f)40

1765

1890
r765

ifol,al
Coirpo'-a

Lute:.r

18
11

25
7

2l
I

7

tr'oetus
r_-L.._-\

Scx l,ength

305 10tl X ?9 X "14

321 96 X 93 X ',14

422 102 X 9? X 7B

45r) 10? x 86 X 85

633 121 X 113 X 81

643 1,14 X 120 X 67

657 116 X 100 X 95

770 132 >< 117 X 100

822 136 X 134 X 87

860 1.30 x 110 X 92

860 13? X 12:J X 95

.86? 14? X 121 X 97

8?3 1õ0 x 103 x 96

8?6 12.1 X 111 X 110

9?0 145 X 125 X 91

1005 145 X 11? X 107

l0B2 135 X 130 x 105

1194 162 X 152 X BB

121.5 140 x 138 X 106

7231 140 x 127 X 100

1395 l?0 x 136 X 118

1412 17ll X 15? X 95

11.19 163 X 126 X 123

1475 160 x 135 X 130

159? 185 X 165 X 85

1695 165 X 15B X l-1?

1?11 155 X 145 X 130

1945 196 X 162 x 125

2185 205 x 160 X :100

Median of mean dilnensions of
corpola hrtea

I\fean of rnean dimensions of
cor-pora lutea

I
4

38

"r
<,

3û
6

L0
1.6

10

o
d
¡

5
17
74
22
16

8
8

24
71

o Á.)

580

o9

NIcatt
Dia.
(rrm)

ttu
B8

93
105
110
1t,4
116
1"19

111
118
r22
1.1,9

115
1,20

723
1 .)t

134
128
722
141
742
13?
I42
145
147
143
164
155

640
?60

3.31

4.30
3.90
4.36
4..27

3.60
4.54
5.06
4.30
3.7B
4.t2.
5.27
4.91
4.15
o aQ

5.03
4.54
4.63
b.24
3.60
4.33

4.48
4.Ít6
4.54
3.90
4.66

o

ó
4

3
Ò
4ô

ô
I
ç
C)

á
ó

I
I
I
?
I
ô
I
I
6
ó
I
I
3
ó
I
ð3204 632

122

The functional corpoï,â lutei) of these females shoN'ecl g'r'eat vål'iability

¡i 
","igrrt 

a'cl size, ï¿trlging from 305 g (106 b;' ?g by '14 m*i) to 21,85

| 1â0S"U, 160 by L00 r^nm). Details of the cases of late ¡rregnanc)r \{hel'e

It à tun.ìrionåi corpus luteum .rvas g'eighed ar-e sholvn i¡ Table Ll. Tire
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three rneasurements of a corpns hltcum lvere obtainecl by fìrst taliing the
gi:eatest diamete¡"' and then the lengnohs of the t*'o axes at rig{rt angles
to this.

The içeight of the eoi'prls luteum in late pt'cgnancy is not a funetíotr
of total ovâry s'eight. Function¿l coì'por'¿Ì lutea weights were from 35
to 57 per cent. of the total ovary u'eight.

'Ihe sex of the near-term foelus rvas found to have no bearing on this
wicle variation in functional col'porâ, lutea ri'eight. In l-5 cases of late
pregnallcy u'Ìrere the foetus \yas Ð, male thç. functional corpr$ luteum
rangecl from 32? to 2185 g, u'iur a meân weight of 10219, r'hile in '14

cases rvith a fernale foetus the corresponcling ¡å,tlge u'as 805-1945 g,
mean 1116 g.
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Fig. 5.*Weight of functional corpus luteunr and foetal length,

Maclçintosh ancl lVheeler (1929, p.388) stated that thei'e was soltle
indication in fin and blue whales that the corpus lnteum of plegnancy
increased in size up to the stage when the foetus measured L m, and
thereafter decreased, probably up to tire end of gestation. In Section
V (ø) an early inerease in eorpus luteu-no size ¡¡¡as shorvn (Fig. 4i but
the state of pregnancy was not cstal¡lishecl. In Figure 5 the weight of
the functional corpus luteum is shbrvn against length of foetus, using
the records from Table 4. This scatter cliagram does not indicate any
lelationship between functional corpus luteum weight and the stage of
gestation (the latter based on foetal length).

Table 5 shorvs data from female humpbaclçs in early pregîancy
extracted flom &latthews's (1937) report. The range of the functional
corpora lutea weights iu early pr:egnâncy from these South Georgian
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specimens was ottly siightly below tir¿rt show¡r in lable 4 for \triester-nAnstralian coast females in late nregnairc;,.
In Figiire 6 the mean cliameters of the functional corpora lutea have

been plottecl agai*st fcetar iength, incruding the clata rrom ta¡res 4 a'd 5.This figule shows little va¡iation of size of fr¡nctional 
"o"po"o 

lutea rvith

T¿¡lr,u 5
pEM¿ILES lN ITARLy pnEGNÅNCy; FiotrTH GEORCTa (r-rnolr m,trtunws 1gâ?)

Functionai Corpus Lute¡¡m Ovaly ì47eights (e)

Meair Diameter Weight
(mm) (s)

t6
7B
95

100
110
130
140
r.60
110

Ovary Carrying Inactive
Colpus Luteum ()vary

790
L3L4

740

1640

*o

Foetus
Length

(cm)

68
28
38
76
?õ
?0
51

4

340

680

62A

,2'¡'0

400

1060

1810
Mean

+
+

160

¡¿ô

t

¿

t

.-i

i

the stage of gestation, ltttle.ss perhaps a slight increasc in functio¡al eorpusluteurn size in aclvancecl pregnancy. Ttrus the evidence from cor¡:rri
lutea weights and measu!:ements does not agree rvith the deerease in size
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of the functional coïpus luteum as p'egnancy advances suggested by
1\{acl<intosh and 1Vheeler for blue and fii whales

on the available evidence there rvould appear to be some reÌationship
between the weight of the functional 

"orpr*- 
luteum urrd thu age of thã
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Iate ltlcg:narrt .iicin:rle, usìirg the totaÌ nunrlli.r of cor¡rol'e Jutea ;ls ;r.n ir;.'le:;
crf lelativc age. fn l,'igurrl '7 the ivcig'ht of lhe ftit'Lctiun¿ll ee]'irilri lutertilt
is sholn ag:rinst the tol,a.l cotllûl'¿l Jui ca. i¡r tl-tc t¡r';ri'ies of :19 j.eürales in
late pi'egrrrncy. The x'elight of thc füirctional {jol:pus hiLcum in tircse
tenc.ls to inr:rease s'ith increasing nnmhels of col.'ilûl'.l. lutea ìrir1, il agaìn
iorv in leli¡tir,'eìy olcl fctn¿¿les (ltaving 30 ancl ij8 'cor¡:or¿ lutea' in tlre
ovalies).
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Fig. ?.-Fcmales in late plcgnancy: fnnctional corpus luteum t'eigirt
ancl total corlrora lutea..

In one pregnant fernale irvo corlrola lutea Ìrad all tire charactelistics
of normal fr¡nctional cor'ìlot'a lntea, though both x'ere smallel than usual.
Tiris felnaìe \yas câ.r'r'yi¡g a male foetus 3.96 m (13.0 ft) long. Itl one
ovary the functional coi'¡rt-s lntentn measni'ecl 98 by 94 by 54 mrn, rvhile
in tlre othel ovaly the fnnctional corpus luteum measurecl ?6 by 7c bv
57 mm. Respective ovar:y rveig'hts u'ei'e 780 ancl 765 g, unttsually r:Iosc
together for a case of ìate pregnânelr ¿s seen Il'om ovary rn'eights irt
Tables 4 ancl 5. In this case ltrobabl¡' 1*o Graaflan follicles liad burst
simultaneonsl;', one ovum having failed to be fel:tilized, or: the zygate
being lost, but both foliicles cleveloping into fit¡rctional cc.,'pot'Íi. lutea,
neither of rvhich reachecl the size rang'e of sing;le functional r:ot'pora iutea
in late pregnâncy. Such a condition mnst be regarded as r;ìre in the
humpback whale.

(c) Resorption of th.a Corpus Luteutn Ðurin,g Lactation
After partnrition the resorption of the functional i:orpns luteum

(colpus graviditatum) is vely ralrid. Table 6 shot's the ratrge ancl inean
size of the cr:rpora ltite¿r in stages from the activc state (iu late preg-
nauc¡r) until late in lactation.



O\¡,/rRMS 0iì 1{Tilì{}'tìACIi iry I t.AI-u 51

Itr ciri:l¡' lact¿rl,ion thc resori:tiori of thc r;olplis gl':lviclit:r.t,i-rnl lul¡:
:rlrcat'ì¡' bcp;r.r-lr, ¿rs inclici:tecì J:.y a c1i,.Íl'eiasr: il.i size. l3ut l,irc g;Ìald si;il1
hartp;s ili'.-;t¡r f1'¡-r1i1 tirer ln¿iin po::f.iorr, ojl ther ovai'y anrl has ¡. tit¡lrl, relative,l¡'
thì;t otiter urc;ui:t"::.ne will-1, nr-;;u¡, bloo<l r'c-qsels k;elorv tiris. 'l'hc luteaì
tissutl still Ìras l;irc lt'icle er:¡i:triclccl colrvolr-rlic¡ils â$ sc.rn cìul'iug lat;e
llregnåncy. R)' rnl'¡1 lac:t¿rtion thc reso;.'ption of {J:e corpns luteum is ï'ell
ach'atlcecl (Talile ti). Illoori yes:-rcls ¿rre st.il1 r'isibk; in the encl,çsiirg

T,rul,r 6
ÊESOIìPTION OF IIIINCTION¡IL CORÎOIi:\L I¡UT1ì1r,

lr.velage
J)i¿rllel:c,.:

(rnrl)
(i) Colpola lutea in lalc pleglauc5'

Largt:st ll96 X 162 X .125 mm
Snl¿rliest 10{i X ?9 X ?4 mni

. l\fean of avcrag;e cìia.mei,e,'s fr:onr 2g
colpora lutea of late p::.rqnartry

(ii) Corpola lute¿r irr carly laetation
J.)inrcnsions (min) 140 X 110 X g0

111X 97X75
95X?0

Me'an of aveì:.ng'e cliarirptel's of B co;:1:ora
ìutea of eâriy l¿g¿*tri.rt

(iii) Corpora lutca in irrid l¿rcLation
Djrnensjons (rurn) 92 X 8l ,< S0

97X73X68
102X78X58
9ix72x67
89X31X61
33Xô4

l\fean of at'eràg.e ¡liametels of 6 cor:irot.a
iutea of nlid Iactation

(iv) Colpora lutea irr l¿rle lactafion
(norv colpola' albicatrtìa)

Lalgcst 86 X 76 X 63 rnni
Smaliest, 40 X 27 ntn
Me:¡n of avet'age rlianieter. of 62 cot'por,a

. lutea of late lactatiorr

capsule rvh.ich is norv thickening rvith ûbrous tissue. By the last few
\4reel{s of lactation the resorption of the cor:pus luteum has p¡oceecled so
fal that it selclom shows âlly signs of its eai'lier activity and mllst ¡.olv
be cl¿rssecl as a cor"plrs ai]¡icans. The resor.bed luteal tissne is lrow
enveioited in a thjrl< fibrous capsnie ând cloes r.ìû¿ usuaily project far from
ure ovarian ,cr.rl'fâce. rn fact it is often clifficutt in late lactation to
cletermine \\'hld1 of the colpoi'a alJ¡icantia haci been mosT; rece¡¡¡r
function¿rl so th¿¿t for the n'ìeâsrtrements u.scd for late lactation in Table 
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the largest corprls alhicans l"ras ireen talçen as the rernnant of the most
lecenlJy funetional coyplrs iuleum.

Irrom this stag'c, further resolption of tlte colpus albicans is very
slow ancl although some rua)¡ be recltieed to a rnean diameter of 6 mm
tlrere is little cloubt, a,s shown l:y i\{ar:kintosh (1942, p.220}, t}rat in rvhales
i;he corpora albic,antia persist, if nót throughout life, theri. at least until
long after phj'sical rnaturity has been reaehecl.

VI. Truti ÄND FI¡.Ð.?uENcy clF Ovu¡,¡,floN
(a") Tinze af Attulation

Table 7 summarizes the variations in the condition of the ovaries as
found in 290 rnaLul'e \\resteln Australian coast females, excluding females
in late pr.'egnaìlcy ancl early lactation. 'ïhose in late lactation have been
includeci in the respective column indicated b)'the state of the ova.ries.

TÆ]Ln ?
sTÀ't'rj oF TrtE OVARIES OF I\IÂTURI' FEI{,llÐS frr' 10¡,fr SF.IRIO!)S, EXCLT¡ÐING pÐt{á.LES ti.{

I.ITIi] PREGN,A,NCY A}iD EARLY LACT,A.TIOìI

Ten-clay period

Resting
Ovalies

No. Vo

Maturing
Follicle

No. %

Burst
Follicle

No. %

Eally Corpus
Luteum
r*,^_ _l

No. %

Total
No.

June 1-10
June 11-20
June 21-30
July 1-10
July 11-20
July 21-30
July 31-Aug. I
Aug. 10-19
Aug. 20-29
Aug. 80-Sept. I
Sept. 9-18
Sept. 19-28
Sept. 29-Oct.8

4.5

8.0
ðù.ù

50.0
62.9

3õ.3

61.5
tot

28.0
31,0
24.0
20.0
30.8

1
I
8
I

to
6

8
,l
Í
I
o

4
4

20
25

15

6

4
o

1
t

5

ó

0
4

1

22
24,

24
18

35

LI
13

24
25
29

25

20
13

90.0
94.0
62.5
OD Ð

11,4

11.8

1,7

t2.5
20.0
10.3

11.1

17.L
47.t
23.1

16,1
20.0

6.9

16.0

0
0

0

2

6

8
3

4
5
.)

4

0
0

4.5

4.2
õ.6

1?.1
2i"5
38.5
58.3

52.0
72.4
76.0
65.0
84.6

1

0
1

1

6

4
õ

14

l-ü

2t
19

13

11

20.0
7."1

The above percentages are grallhed in .Figure 8 to iridieate the
secluence of events from June to earl¡' October in the ovâries of mature
females which were not in advanced pleguancy nor had recently given
birth to a calf. Figure 8 shows that, off the \I¡estern Australian coast
for the greater part of June, almost all (over 90 per cent.) of the above
described class of mature females have ovalies in the resting: condition,
though in a small percentage of cases a illaturing follicle or an early
corpus luteum is present. Over ?0 per ce¡rt. of these mature fômales
with ovaries in the resting state'talçen in eallS' June wele in late stages

. i -,i1: _:-f ':'
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of lactatio¿. Ai the end crf June, Í-rs the pro¡-lot:i;jon oJi feiri¿iles lvith
yestirrg ovilries be¡gan to cleclcasc, so tlte rtulrLl:¿'r'$ r;f f¡-rnalcs in late

lac.+ation lte¡¡a.n flliing, n'hile lhe 1--ro1:ot:tion ofl Jfel¡räles x'iifi a nlnf;tit'itt¡r;

Gr:¿r¡rlian folliclc in bhe ovaries irici:easecl'

Ilf'micl Juiy onlS'¿r stulli ltlrrL of this grou¡r of rllâtlìre fcnialcs ii¿rcl

lesting ovaïies, ¿.n¡l nritLÌ:els in tlris gi'ottp lcrn¡"íned lelatil'ely'1o''r for
the r-est of the u'jnter a¡{ s1:ri¡g. But in rnid Jr,r};, 1¡" iri'oporticiii r:f
fel¡aìcs havi¡B; a matr¡r'e follicle in the ovalies :'t:acliecl a nraxitntttn,

r00

oæo ltstrrlG
.6*. Aaitiio^Cll¡llc ôV¡ll 

^ll0ljè------. ßut:ìr foLltct_t
** ût!Êt.c{itN(i cotìPUS t-lJlÉrjÌ,

80
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60

50
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Fig. B,-Süate of oval'ies in rtatule females excluding late pregrtant
and earlY lactating females.

follcrvecl by a tlrop in tlie latter par:t of July r'viren the frequency of
uccnrlreltce of rulrtu::ecl foliictes reaeþecl its maxirlum. A secondaly
increase of females with a mature foilicic ear'ly in August \\¡¿ts not foilou'ed
l:y a rise i¡ oyulation frequenc5'. This may be due to a movement of
part of the population at this tine. It has been shou'n (Ciiittlcbolongh
igfg) that increasing numbers of h-unrirbacks ttirn sottthrvards ciuring
August, rvhile many are still travelling u¡: the coast. Horvever, t'hile
females rvith a matul'e follicle rvere Jess fl'equent flom mid A-ttgust to
Octobei., }'igure 8 inclicates that matul:¿rtion of follicles and ovtll¿rtion

continue on a lessened scaie urltil at least eally Ocl;oJrer.

The maximum flequency of ot:cttrrence of ru;ttnrecl foilicles in the
latter half of July was at a loryer level than other stages (FiS. B) ori'iug
to the fact t;hat the tlansformåtion of a rrrature üraafi¿tn ft¡llicle to an
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r,j¿lt'h' cc'l'pl-is hltcnli'r is a rclatir,ely flsl; l-ììlocess so i.ìiltt ft:\\'r,rl' fem¿¡ilr,.1
ale liillcd in jusl ì.his pìrase"

'I'lic 1:I'o¡-ror'lioit of fr:ntirlr-.s n'it]r a- ,'to1.,.'Ì¡ipin¡ì ol i.'e(1(lrltiì¡ cìcveìûl-rrl(i
col'l)lls ltltcutu, ilrii,i¿rll.l'vt:r.')'1(r\1,'iiì.Juìrc, iilcl'c'¡,sertl in iLtl.r';ritti ¡flier tìtc:
J.lily lit¿ixirn¿t oJ. ¡l¡.tulitrg atr,.l i-.lilst ilolliclc;s, J:c¡.,¡liiie )righer [i'r'lr.u.higi¡sl
to {icioitet', b5- tt'}ricir tiìnr} ovcr' [ì{} pci: ccnt. of r}le ¡n:r1.r¡r:c femalrs ult
itr Ìate pi:eg*nan{rJ¡ oi: r.âi'ì.y l:rctatjon ìraci ¿rt 1t:::.si, o¡re earjl- r.rcrr.Ìliis h-rteum
ilr tllc o\¡alics.

Ft'om the abovc it tvould rllrlle¡ìl' tÌrat. ojll tht \\'crste;'l hirstr¿ili:ru cro¿s;t
iri Juite the nlatiti'e fenr¿rle hrinipì.;adi n,ir¡l.les (exclrriling thttsc in lrLt.e
pl'cì¡Tllålìc\r ancì call.1' lacitrtion) ,il'€ g'ctler':ì11r. in '..tc la.ctatioti, solìlctìrnes
havìlr¡¡ ce¿isecl ìaeta.ting, J:ui, rvith or,å1.'ics i-n t]ie resting coriditir-'ri. In
l¿rt.e J'rtne aucl cai'l¡' Jul-r', as Jact¿rticilr tl:l'llirrates (anc'l l¡ol.¡retinres bef.rl'c,
as cliscussed l:eìot-) , ntatttt'rtion of at leL*lt onc Glaali¿rn follicl: usnaiÌ¡'
begins. 'his js follorvcc'{ b). ovulation gcnerlrll¡'in l.hr: lat.ici: half of Jul¡'.
l3ut after this pcriocl of nr¿r:;inrLrìn flerluilrìcy of ovulations, ot'ulation
c.ontínues to occllr u'itit lesscl flectruenc¡. rrli to at icast c¡ll'l.y Octlber'.
The presence of ân occasioiral I'elnale ri'ith an êall¡: ¿1.,r.tr,rs ]uteuiil in
ear'Ì1- Juue sltolvs th¿rt ovnlatiou rloes occur.' in ¿1 fcr¡, fcrnales in hte I{a1'
or eall5. Ju¡1s.

Since bJ. thr,r gii¿ of thc catching seå.sotì over.B0 pcr.cent. of the
matu|e femalL's x'hich \r'ere not aliont to give birth, ol hacl just gir'en_
l:ililr to a calf , hacl ovulated clui'ing the l:¡rtchillg seâsLrtl (urs .jLiclged b¡'
the presence of air ear'ly c.'r'pr"r.s lntenm), a 2-¡'r' breecling c¡'cle can bc
inferrecì fol the majorit¡' of fcmale irum¡rbacl<s, i.e. pr.cgnancv occupying
most of the fìrst ¡'ear (as givcn l:i' Ilatthervs), iactatjon extenclilìg o\;er
the greater'1rai't of the seconcl year', u'ith ovrllation occ:ul'r'ing at 1he encl
of the secourì ycar. On plesent evic'lence it appeals tìrat lacta,tion occnl;ies
a greater periocl (a totnl of atrprox. 10 montlis) than that inclicatecl b_r'

l\fattheri's (193?) for femaìe ìmmpbaciis in the Scuth ,Atlantic ocean.

(b) Irrec¡u,ency of OuzLlation Dz+t.inç1 tlte Outtlatory PeriotL

As shorvu ìl¡. yriU,tto 8, ovuìatiotr fii'st occ¡l's earl¡' i¡ Jg¡e ancl c.otr-
tinues thi'or.tghout the Austi:alian catching seâson, possiblv into Novernì:er.,
though no lecoi'ds are av¡iiable fol this month. June to Novembei.' has
been talien as the ovula{.u'y ;teriocl. Tal¡ic B has been ch.¿uvn up to
indicate ovul¿rtion fleqtiency in i0-da¡' lrei'iocìe¡ flo¡l Jr¡ne to Octoi.rer,
using onJy matrire felnales ri{rich \\'ele apploachiirg ovuiatiou o¡ haci
ovulatecl oìtce 01' more chiring the season in u.hich tiley v'ele liillecl. I¡r.cm
this table tl-ie cttrvcs in Figui'e g have been dr¿irvn to shorv the tlenc.ls
in the ovaries of ovulating females as the catciring seåson ploglessed.
'Ihe flequencSr ¡¡'¡ occurrence of ovaries rvith one matiilir.rg follicte (curve
/) clecleased flom June to Jul¡' ¿u the frequenc)¡ of occuì't'etìce of or'¿ries
beariug the filst c.orpus luteum lose (curvc C). These tivo curves cross
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jn the lattel' lialll of Jrii¡., iu close agrecilcnt +.'ith Llic tinle ol- ¡il¿i;cirüum
ovni¿rtiols shoivn in }'jg-rtle ,9.

Ilor ¿*ra.ji'sis a.i'the fi:ec¡ucrrr:¡' of ovul¡-tic.¡n drrríng tlre cate:hjtttÌ soâsûn
off the ïrrc;stclr i{ustr¿-rlian co:ist, the lrositions of thc citr"r'Ês oil .l;'iÉìr.r;-.c fi
¿¡t thc encl- oll the sr,raso¡L milst l"rc conÌìltiyccì. 1ì¡' ¿t.ry G*toÏ:er, Fi¡iure É)

sìrorvs I,hat &2 lier cont. of rhe ovula.i,inÁ¿' females li¿rrl ovul¿tter.l once 'wif,h

no furtliel foiliclcs matu::ing (ctii'r'c C). Iu a furthcr J f) per cent.

'lÁRr,ri B

lyESTItliN AUSTR¡\i-,IAìÌ CO^$l I¡lìNtÂLltS OYUL.{TI}iC OR r$'PIìÛr\CiLING OVULATIL)N: O\nII,.\TIOÌ\ì
' !ÏttQll¡:l\icY FROÞI JUNI{ TO OC.rOllDr,
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2
o

12
31
1õ
72
27
20
26
25

15
72

No. t/o No. % No. /,, No. '/o

iunc 1-10
June 11-20
June 21-30
July 1-10
July 1-1-20
July 21 -30
Juiy 31-Aug. I
Aug. 10-J.9
Aug. 20-29
Aug. 30-Sepi;. I
Sept. 9-18
Sept. 19-28
Sept. 29-0ct. B

* Numl¡els rvithin this peliocl too snrall to be signifi.cant.

(culve Ir') the flt,st matnl:ing follicle of the setlson \l'¿ls pïeselLt' It is
possible tìrat most of these females rvith a m.aturinpî follicle \l¡ould hâve
ovulated once befoi.'e l:etuïning to the southern sulllmer. feeding gl:ounds,

so that a total of. 72 per cent. of the ovulåting fenales couicl lleve
ovulated no rnoïe than once clul'i1g the ovlllatol'y perjotl (June to
Nuvember').

Iri ea-rly October L2 pel cent. of the ovulating femâles h¿rd ovulatecl
once âlìd. haC a second foiiicle natriïjng. If thesr-: females had conceived
at the first ovulation, this secotlcl illaturing'follicie \\'otr.lcl atlophy, but if
concept'ioll hacl not talieli place it x'ou1d 1:i'obaì:l5r have burst T¡cfol'e these
femaies ïetitrn.d to the Antarct,ic feecling grciutL:is. Only B ller. cellt. of
the ovulating females had ovlllâtecl tgrice cìu¡iug the season l¡y early
O'ctober, atìúl shos'ed no sigu of fur:tire¡ matuLiüg follicies (curye Ct).
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{. fulther' 8 1rci' cent, h*d or.ulaterl tr:-içc b¡r s¿1'l¡' Cctoi:cl: ¡nd }r¿ltJ :r ì,Tril.tl
foliicle n:itttritt¿{ (c,tt¡'t'e CCI':}, scl that thi'ce rrr¡'.rlationi; in .rne fìlirsi{)ìr
coultl h¿r'e ûcctlt't'(ìd jir thìs g;r'or"1p i1'r:r.rncelrtir,r¡i ir¿iti not aln:arly t¿rlie¡
lrlacc.

'fhe sjlu¿ition ¿tì'rclj!ìsl, ovu.lirtirrg fr.rir¡lcs Ìl¡. 1¡r,, l_itrlïinning of Octo].rcr
rvas th¡rt ¿ lnirliir:tlm i:i {i2 ¡rer ccnt. (flon.i cÌr¡1'\¡..-ì (,1) lrlcl ovgl¿ì1 ,:d cllr:e
oniy, rt-ith a possible nl¿l:çirnnnl of 84 lrel r:cnt. (lir.'olj cr,ll"vc,s t) + F 4- clf)
u'hich may not liiìv<-' o.,'uJ¿rtccl mor:r: than orict-r clilt'itip. i,Ìrc season. A
mitrimum of 16 per c¡:iri;. (cni:ves: {lC -l CCII) iiacÌ ov¡latc<j tiviee clu¡ing
l'he sc:-iscli. u'i1ù ¿', 1;rlssil:le rnå.ximrrni cf zÍì 1:er c:t-.-i.ri:. {cLrL.,'es cû I" {:cl,
a- C{t), rv}iile flom 0 to B per: ceni.;. n:ight h:l..'e or,ui¡r+¿cci thlec tiure,s
during the ovulatory ireliod,

roî9
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Fig. 9.*-Ovulatirrg feniaie:; orrly: stages in ovnl¡rtion.

Thus betu'een Jnne and Octobel the ploportions of ovulatìng femaìes
s4rich ovnlatecl once, trvice, ancl thrce tirnes r.cspcctivej). n ele lrariable,
mainly becattse, of thc casr:s r¡,hele ovnlatioi'r hacl ab'eady occu¡r'ec], a¡other
follicle \r'as nlatui.ing, but the f¡tc of the plevionsl¡, clischargecl ovltì1 \r¡âs
tunknorvn. I{o$'ever, it carr be saìd Lhat ilre gr.,eatest pl.opor.tiorr. oli the
female hurnpbacl<s dul'ilg their ovulator.¡' i:erioci cr,tilatõcl onl¡, once, ferv
ortulating trvice, and on plesent evidence, rzrlely urree times.

From the prresent eviclence it appears that tire mean rìurllber of
ovulations per female hrirnirbacli cltrling the ovrilator¡' period $'as onl¡,
slightly above 1, less than the 1.g for blue, and r.B for rìn rvhales as
estimatecl b)' Dr. N. Peters (see }{aciiintosh lg4z, p. zz7). i\,fatthets's
estimate of fìve ovulations fol eacir sexual cyclc of 2 )'r in female hnrnp-
backs allpeårs to have been far too high.

The anzrlyses abovc are based upon thc assumption of a 2-yr breeding
cycle in fem¿le hutnpl:acks. As illilicated earlier', most of those llatnr.e
females not in late pregnarìcy or lactating cìo ovulate between June ancl
Novernber, bnt ¿s shox'n in Figure 8, a small part (a little over 10 pei'
cent.) of these fenrales shou' no sign of ovulati¡rg clnring the gen.eral
ovulatoi,'y per:iocl. In thcse one of tx,o possil:ilitiers miglrt appl-v. [t rna¡'
be that occasiorlally ttrirturc female hum¡;baclr r.i.halcs nnrlergo a lcngthe¡ecl
period of anoestrl¡s sc, tliat instc¿cl of a normal z-yr sexuar cy-clc, flie
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c1¡clrr exl cllillt olcr 3;i't'. Tilc ¡ioi:oncl pûs$iJ.)iÌitl'is lhilt thr:s;rr f¡un¡,lÌt¡s rvith
o\'/¿ìf ics re"iting tìrr:ouglrout the i;e;'iocl rvhell or:rrl¿rtio¡t s1r.l,uld nr.¡i'm¿rl1.y
Ìiavc takcri pìacc nright, be ,;ul, o.i' l.rirasc anci cr¡ulcl ovul¡ltc clur'ìug tircr
sut-llii'lcï -,i'Ìrile .lce<iing in soi.rthc,"'n \r,a-ti:r'$, Ì'hi¡; l¿,iÌ.fur' r-xjlÌâilâ{.jon is
the l'rrost liliel.l', as i\J.atthcr','s r.'i:r:r;r"cled oiic irunrl¡i¡¿¡clr,foctus fì'rlrì'1 Sorii.h
Getoi',';ja rJ.3.l ni (l:l.f in.) 1o:rg in.lTía¡'rvhr:ir focturics \ïcî.{:r î;elì(ìr:lll5r ¿¡11o,,1,

2.7 in (8 ii1;1û in.) ìong. .A.l,so at the lrcini Cloates (\{/.,,\.) slation ¿r

foetus 1.45 m (4 fl 9 in.) long h¿is J:een ltc'or¿lecl in Jrily, rrhcn foeluses
were gcnelalÌy in thc region" o,. 4.2 ni (1;l f1; g in.). In l¡oth of ilrese
cases, conci:lltion mttst h¿rr-c t¡r-ke n ltllcc in JJcceniJ;er oï J.anual¡r.
1\'I¿r"cliitrtosh alrc.l \\iher¡ier itrciic:a.te th¿t ilr l¡lue ¿¡nd fin x'hales cvnlation
(and possibl¡. conceptìon) rii:r¡. occasionalì¡' talie ¡t]:ice rìnring; the southerlr
sulrllììer

(c) Attulu.[iu¡z Ð ¡n'i"ttg Lucta.tion
rls inclicatttd in Section \,'L (c¿), o\rer' ?0 ltci' cent. o-l' the rrratr:r'e llcmales

witìr or,aries iu tJre i'csting statc talien itr eirr.l¡' Jrine x,err: in late st:rg;es
of lactation, (ìcner:all5' j¿rc';aiion terllinater,l befole Gr.aajiair Jlollicles
lregatr mat'rlrin¡'., bnt occasionalll. ¡l¡1¡,i,.tg tlte ]:rst stages of lact¡¿tion (Jurrc
o1' earJy Jul;-) a nr.¿rtrrl'e follicle lyas fouucl in the o\'âries, anrÏ sonr.etimes,
gctte1'ally $'hlrn l;¡crt¿ttíon a1-rpczrrelcl to have been continucrl sornervhat latel.
than usual, ol'ulatioLr hacl evelr tal<en piace ancì an earlS' coi'l)rls lutcunr
\\'as preserìi in the ovaries.

Since present eviclence sti:origl¡. snggests that lac.l;ation in female
humlrbacrl<s extends iongel tlian the 5 mo;.rths indir:atecl i:). i\{atilrel's,
getrer;ally continuing until the fir.'st part of the succeerìirig ovuiat<;ry
period, it miglit be expectecl that occasiona.lly ¿ foìlicle natur.es or even
ovulation taìies pìilce, shoi:tl;' befole the telmin¿tiolr of lactation.

Otre case lias been found aurongst \l¡cstcln Austr¿lian coast females
where ovttlation hacl very recentl¡' occnlr.ecl iu a female jn a faill¡' s¿¡,'l¡'
stage of lact¿tion. This n';rs u'hale No. 196 of the Calnarvon station's
1951 catch, lrillecl on Augrisl 2. A recentl¡r functional corlllls luteum
measuling 102 b¡' ?B b¡' 58 rnm i¡'as fonncl in one ovaÌ.y, rvhije onel
Graalian foilicle 34 mm in cliameter hacl receitill' bur,st ancl a seconcl
follicle 36 mm iu cliameter' \l¡as rnaturing. As l\{atthes's inclicateci,
ovulation cltrr lng eat'ly lacti'rtion couid gívc rise to trvo pi:egnancies in
3 yr, but this musf be legarciell as abnormai in female huin¡:back rvhales.

Fnrther evidence fcr tr,vo 1:t'egnancies occasionall¡. occurr.ing in B yr
was obtainecl from rvh¿rle No. 54 of the Calnal'von station's 1g5Z catch.
Thjs female, I':illed on June 15, t'as carr.¡'irLg a foetris g ft B in. Iong, yet
rvas lactating copiorisly. This case mnsl, have been simijar to that of
No' 196 c'lisctissecl abor¡e: ovulation (fol]ox,eci b¡' 1l'egnanc¡, in tiris
instance) tal<ìng place shortl). after 1:alturition, so that iry the fçllotvi¡g
June this flemaìe n as in relatively acìr'ancecl J:rcgllanc)¡ )¡et stìll lactating.
in associaticn tvith th.e 1:r.eviorls preg'itallcy,
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Ft'om ovcr iì30 iliai.rile femalc hli:inpbacrli rviri¡.les e;t¿imnictl írr Cc'ti,l
on lJre \\¡eslellr Au:;Lr'aljan coa:st, trio u;i:rmirlc¡ of uiiitiple or-t.tÌ,:iit,'-î,;j ht,r\e
bccn llorind. {llie eiil t}rese h¡¡s ¿Lil'ciltl¡' }:een ciesr:riJ.rcrl in Scct.iqrtr Vii:).
In th.is. trl'o fc¡lliei,rs h;-ii ap1:a,re.niÌ¡. ilrr'¡;t sirritliairil'ltlsl)', one ftc'itt c:ti:'t
oval')¡, onl¡' onc clvtun iieing riur;ccs:sliuill' [cl'tilizt:d, riû t1i¿li' n'lt¡,:¡t lhis
fcmalc ri'¿s liillt¡rì in l¿¿te llr.'cfì;iì¿ìnc\¡ tu'o frtict.iotial c:ot'¡to,r'& ìt-Ites. n'el'i'
prcscnt but only on¡: for.trìs. Sìmil¿u' t)ucåsion¿ìl cselttipies ci-f llcinaies; t'ith
mole th:¡n one f'Lille',,ioir:tl cor'1rns lutctìlll have becn recoi.'derì b1' \\li1so¡sl
(1930) jn lìn n,hales. The secorid iras,, l:ccl l:leiltiortcci in Sucticu fV(¿).
This fcniale (No. 4'18 of tire J)ojilb Cloa-tes si.¿ttion's l,9i';ll c¿.tr:ir) , 38 ft
5 in. Ioug, having otìe corpus alÌ;i¡::lls in thc¡ ovilries, li¡.cj. i;u'o \'êrl¡ l'ecently
bulst. Glaafian follicles, the coll:,.irser'l cli¿l.tntrtr:rs of x'Ìrich u'ci:e 23 aucl-
22 mrn lt:slrectiveì¡'. As pointr:cl or,il-. in Scrcti,.rn t\¡(c), these riet'e lntlclt
ï:elori' the nonnal ciiaircLcls of bln'sl "tollicles.

I)uring the orrill¿rtory pcriorÌ, eslrcciall¡' in Jntie aitd Ju1.1', i+; lt'as not
uncomnlon to fincl th¿rt trvo or nlol'c Graafi¿rn foliir:1es (six in oue u,ìrale)
were m¿rturing ii-L onc set of oval:ies. Brit Ulese cânnot l:e legai'clecl as
potential rnrrltiple ovulabions as in suc:h å, pail of ovaïies thele rv¿s a
gr;adation in folliclc cliamcter; fol c:;ample, rvhere the six matiuing follicles
\\¡ere Ìllesent the r"espec:tive follicle cliameters l\-cl'e ir3, i37, 35, 34, ancl
30 mil. The lalgcst foilicle u'ouldl plobably have Ìrnlsl flrst., follorved b¡'
sncceecìing ones if conception l'ailecì to take place.

The ltresence of moi.'e than one ov*url1 in a Gi:¿i¿'rfian folliclc lepleseuts
anoUrel possible t¡'pe of multiple ovniation. i\ llotentiai exirnrpie of this
occui:ring in h.urlpbacl< rvhales rvas founci in a iate foetai o\'¿tïy, n'ltere
one ealllr Glaafialr follicle containcd three or'â, as shown in Pl.qte 2.

From the plesent eviclence, multiple ovulations in femaie humpback
whales rnust be legarcled as rale.

VII. I)rscussroN

An increase in paired o\/aly .-veight u'ith inclcasing boil¡' lc;ngth has
been shorvn for femaie humpbacli n'hales, bttt orving to the l'icle range
of ovzrry rveights fouud just pi'ior to allcl after sexual rnatu:'it¡' (Fig'. r)
there is no shalp distinction l:etn'cen immatule ancl mature females on a
basis of ov¿rr..y' weig;lr.t.

Little eviclence has been founcl of a contilruecl incrr¡ase in ovary
weight s'ith increasing age a1'ter the attairrmcnt of sexnal rnaturity (Fig.
2), or.of a cì.eclease in ovary u.eight in olclcl femaie hurnpÏ:acli u'irales,
noted by l\{achintosh ancl Wheeler' (1929) in lìn ¿rncl blue rvhales ancl

assumed by Å,fatthen's (1937) to talie place in humpbacli rçh¿]cs'

From the avaiiable material it has ]reen founrl tliat in fetu¿iìe hnm¡:-
back ri4rales Glaafian follicles up to a size of 0.13 min iu clialneter' ¿ire

presettt just priol to birth. Follicles iilitially deveìop in the eår'ly ¡'ererl's
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of life tilttil f i:i;tn l1 i.o 2fl rr1111 irì diatrieter, \,,'iti1 ¿.). llt.c{ìi:lll r:rìue of 20 nr¡l.
Thesc ål:o thaì :ltivil;rcecl ltuí .i.'es.l.irr¡¡ fioìiic.lcs, onlr (or ntltc) of r."'iiich
etilalg;cs alid nratu:'cs clur,'inp; t.hc o.,'ni¿rLr¡r'.v ¡rnrio11. Íiur:ii :'cs1,in¡r; folliclcir
may Lri: f'ouucl in jrlrlal,ure fei:r¿rìcs cicise to al' rviliiiii tiic i¡l¿Lturilp; ìr:rr¡1iÌi
t:a1'tt':(::, ¿ls ri'ell ;rs iir lr:rittür'c .i,:,i;ri¿ilitrì nc;t pregri.:lnl, trt l¡ci,at;ilg {gce -t-ig;. li).

1it tire a..it¡;:'oar:lr of an ovlii¿ition, one oil thr::'esi.ing lkrìli..'ìe¡ cnlaÌ.'g(ÌíJ
tc¡ excclerl 30 i-'.iirr in c.li¿il¡letc1' (i)tic, ir.llpi¿1'eÌìi.l:/ ìt1rÌ'nl¿1, lre:tcltcti .10.5 mrn)
before i'it¡l1.nlc (li'ig. 3). 'fhe lnr:r'liali tji¿lr-ltetel of ver), i'ecentl¡' irilrturccl
foilicles i.,'as 37 rntl, u-ith a r'Í:ili:.ïe oi. 22-60 nln1, JrLr{, rvlren tulgicì just i,r,':ior'
i,o m;;ture sueh Gi:¿r.a1i¿Ln folljclcs i.¡oulci Ìr*vt: har.l greater dlí¿;.ilrci,el's.

,{ftet' oviìltìí.io1l the liti.rt,ulctì .{'oilicle ìrå[ri(ily tlcve]r:J.¡s into a ccir]lus
htteuln, sourc-:timcs enciosinp, a tt'al'L¡;lucent gi:1, presilt-ìleilll)- tilr: i'el:lnãlt'{.s
of ter:ti.iry liqiror Jcliiculi (sec i3,'anrbeil 19::'ì0), irr the celitl'e. ,4 r"el:r.Livel¡-
l'apìcl itru.'ease in ¡izc: of tire eai'Ì¡' colrllu$ lrl.enu: over tJrc 1ï'r¡T; 2 monthi;
is inclicatecl, grox'th the¡r slort'jrrg ciown as the r:orprls luteu:n ap¡rroacircs
the size t'ang-e o-f col'pora lntca of ìate pi'e--itauc;r. Since lhc plescìnce or
abseuce of atr e:rr'ìy ctnbryo häs not beur ck:finitelr, establiElirccl in thcse
cases of alt ear:h' corpris luteum, it is not linort'n. hc.,v jlar develo¡:rnen{,
of a corpus hrtelur lxoceecls if olui¿rtion is not sncceecled b;' plegnairc¡'.

'fhe cor'1trts littettm (ol' ¡:¡'¿1,i¿itatum) iliii;i:ill¡' fo¡rriccl eai'ly in a
'Ìlrcgnâncy l'eurâins friirction¿ll thi:ough,out Lire gesttrtion pei.'iocì. Pelr¡'
(1953) recordecl that in the ¡\fr';.can elcrphant thele alc ¿lccessory colpor&
lute¿ developecl d-ulitrg the gesl.ation per:iocl, bLrt this doe,s not or:enr in
the humpbach nh¿rle. lfhere is ¡ro tviclence that the colpus gravicìitatum
in the hutnpback n'hale decleases jn sizt: tox'alcl the encl of pregnzurcy
âs \\'as suggestecl by ÛIackintosh arr.c'l \\rhr,reler (1929) in f;n anci hhre
u,hales. Present eviclence suggcsts that thc corjlrus gr:aviclitatum, aftei' ar-r

initial i:ai;icl incloasc in sizc, continues gLcln'ing (though at a mii-ch recìticed
late) until pregnancy is tclnin¿rtccl. ilhe u'ejg'hls of corpola gl,'ar.iclitata
sÌioltl¡' befole irartulition (30ð-2185 g) cannot be lelatecl to the length
of the femaies, the total ovalian .veight, ol tlie sex or length of tire
foetus, but thelc âllpÊârs to be sonre lel¿'LtionsJril hetri'een the rveight of
the colpus glavid,itatum jusb befoi:e parturition aricl thc rel¿itive age
of the felnale. Figrire 7 illclicates tirat the t'eight of the corpus gravi-
ditatrim sirortly bcfole 1:ai:tnritiou tettcls to be lorver in ¡r6¡¡11ger females,
rising rvith inclezrsing numbers of corpor¿ì hitea in the or¡aries, but is
again lor.v in reìa1;ively old fernales (having;30 ancl 38'corirola lutea').

After pai't.urition tl-re r:esoi¡rtion of thc colpus glaviditaturn is r.er.\'
lapitl so that bl'tirc latter palt of lactatjon it shorvs no sign of its earlier'
activit¡' ancl rnust be classecl as a coL"pus albicalis.

Driring pregrìanc)¡ the Glaa{ian follicles rcmaining in the ovalics
climinish greatli' in size, thr: :range of largest foliicles fonucl tor.varcis the
enci of pÌ'egjrìarìc)¡ being 2-l 8 lnm in cìial:¡retet:, l'itlt a, tirccliaii v¿rhie of
6 mm (Table 3,). After pnlturition the Clraaña,r.r follicles in the adult
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ovrlÌ'jcs sooti bot'in incl'ci:sin¡l:in riizc, so ih¿rt Ì;)'tllt: l:r'{.i,el p:u'l ttf iact¡;tiolr
(ri'Ìritii Ot'l irrr:sr:nt e\,i{letic€ cstc:tirl3 0\"Lrl' ¿r-lli)llo}., i0 n:ioilt}rs) t.he

cìiauietel's of l,h'J iar'¡¡cl folliclcs a-rc ¡¡.Éî¿¡jn rvjthiri t'hc: i:esl,it;;I filllg{l
(11-29 rnnr) x'ii.lt ¿l nicdia;L cli¿rinctci'o1'21û rrrl;i, It: ¡,i uiitiorii¡' of c;iscs

ma{.uiatjon r¡f a Toiljcic, :ìrÌcl everÌ ovttl¡,li.ioir, talrcs p}ircc ¿'r littlt' ltr,tfr¡i:e 1.lrc

tel'niin¿rtirill ofl lactat.ir¡tr.

Olt i,lre ¿r'¿.ilabl¡.: evitl,eir*e the ov¿l'iail cr.vcle in rrrtttil:',r fel:alc hntlp-
b¿rc:lc ll.h¿lles (cxclrrtlilg thosc in latc jli'{}È}l¿11r.c}¡ or: ea.r'1¡' la.ctrrtiorl) oÍI
the \\'estei'n Austl¿rii¡,n ccest betn'e.eu Jttnt: ¿rntl Gc;iober ri1a5z ¡a *a',-t',-

rnarizcc'l ,ìs flo'ilú\i¡s :

I¡ tire gt'eatei:1tart of Jntle, most (over 90 1;ct ccnt.) cif tlie aÌ:ove

elass, of fcru¿rlcs have ova¡:ies iii the lestirtg condit,lon, i¡ut cvr:l' ?0 l:er
cent. of these feil:lles ir.re in late stages of l¿rctatiou. Ill i¿rte Jnirc, altl
cai'ly Jtii¡' as lactation is tclmitratcr'l (occasiouâI1¡' þs1'çtçr), lttatttLation of
a Gla¿¡-fian Jlollicic begins in the nri,rjolit.r' of these ferlrales. Ï"hilc tu¡ttnrt:
follides ai:e occlasjoually fonncl in Junc, tnost al'e foltncl in micl J.ül¡',

follo¡'ccl b1' rnaximnrn numircrs of ovuiations i¡r t,hc l¡tlel lialf of Jul)'
(F'ip;" B), after t'hic.h ov'illatiori js stiil of comtlotl oc(:tl1'1'cttce nntil at
leerst eai'ly Oclober, ploballl¡' extencliug into NoveniL.¡er. As sÌron'n in
Figçrc B, ¡rcst mature fetnales not in Jllte plegtratìcy 6¡ earl)' lactaì;iotr

ovril.lte cluriug the ov¡lator'1' pcriocl (taìien ¿rs June t"tl Novcniber'), since

b)' early Octobey less th*n 1-5 pel ceut. of ihese fernales h¿cl rtot ovulated
and shorveci no si¡,;ns of tlattiring foilìcles.

Dnr.iug t.ire llormal ovtilation lreliocl (ìretri'een Jttne and Novetnl:er)
the preselt sbnd¡, shorvs that l-nost (62-8'tr 1:el cent.) of the ovulatiug'
females c1<; not cvulate moi'e than olìce, solrre tl'ice ollly (16-28 pcl cent.)

ancl ferv (up to B per ceut.) could have ovnlatccl three times. These

p;:oportions indicate Ur¿it the rneârì ntinìber of ovnl¿rtions for a female

humpbacli rvh¡rle cinring its ovulatoi'y periocl is otrl¡' slightiy over one'

probabl¡' less th¿n 1'5.

The probability fþ¿1 feinales occasionall3, ovul¿tte (s'ith conception

sncceed.ing) at other tiures of the ¡rs¿¡ (for example, December or
January) is ilclìcated in Section VI (c).

l.'r.orr the material exanrinecl ancl the couclttsion that almost all mat,ure

females not in late p:.'egnatlcy ot eai'ly lactatiou ovulate betn'een Jnue attcl

November', ã 2'5'v breecling eycle in fcmale hriml-'5¿s1t lYhales c¡'n be

inferred; i.e. pregnâncy occup]¡ing most of the first ¡'ear, iactatlc,n extenel-

ing over the greater. part of the seco.ncl year, rvith ovnlatiou follon'ing
shortly aftei: the terminai,ioll of lactation, â{, the encl of the second ¡'ear.
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¡lrru¡¡r¡rx I
TOllÀL LDNCîII Állll TO'[¡!L OV.IRIAN ll"IitGlJ.l

Resting llattire tr'emalcsImnratule Fc¡lales

Total Ovary
Length Weig'}rt
(rt) (g)

Total
Leug-th

(fi)

Ovaly 'l'otal
Weight Lengbh
(s) (rt¡

Ovaly
\\¡eiglrt

(s)

2l),25

30.2,j

:j2.,16

33.50

34.00

34.33

34.58

35.00

8õ.00

35,08

35.08

ðU.I I

35.68

35.?5

36.08

36.1?

36.17

36.83

37.00

37.08

38.00

39.00

39.42

40.50

40.6?

40.83

41.00

580

131

180

14C

208

2S0

512

274

315
D9tr

?9s

1081

õ50

623

ô40

511

255

B426

660

462

310

900

835

720

665

988

7520

2445

36.i,0

38.00

38.42

38.50

38.75

3û.8;l

39.00

39.08

39.r-7

39.42

39,42

39.67

39.'ii;
39.?5

39,92

39.92

40.00

40.08

44.r7

40.L7

40.33

40.58

40.8:l

40.83

40.92

41.00

47.1'l

41..7'î

4t.17
41.1?

41,17

41.33

41.42

4r,42

41.50

41.58

47.75

41.83

104n

1480

2æA

785

550

2167

1025

720

5?û

605

1450

794

650

8?,2

zriz
2845

778

1303

101?

1310

968

2605

621

625

907

850

1466

1805

1969

2035

2840

3621

886

994

2305

1015

2780

L45A

41.83

41.92

42.08

42.26

42.42

42.58

42.6?

42.67

42.83

42.83

43.08

43.17

43.L7

.i3.1?

43.25

43.33

43.42

43,58

43.58

43.',l5

43.89

43.92

44.04

44,00

44.25

44.25

45.00

45.42

45.S0

45.75

46,00

46.00

46.50

46.50

41.7r'

49.25

22'¿í,

3100

762¡
1556

166?

965

1105

3980

884

L185

2129

1050

115ii

1780

7042
1860

3?il0
860

136?

1870

L84r,

9P0

810

7470

1162

1301

1530

7825

t77(i
2160

1?95

1310

2675

1176

3004

2045

2r-80
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63

Figs. 1., g.--Primary oocytes ín 'fhe ovaries of a late foei.us 4,54 m (14 ft .tL in.) long.

x 500.

Fig.3.-,Tr-c eariy oocytes in an ovary of a late foetus 4.66 rn (15 ft 3 i'.,) long,

one oocyte conf;aining tluee ova. X 500.

Fig. 4.--,{ r,¡el]-developed ooeyte from the ovalies of a laie foetus 4.54 tn (14 ft 1.1 in.)
1org. X 500.

Pr,¿.rn 2

Abnve; sectioris tht'ough a¡ Í¡tr:ratr¡r'e ovaly of a hurrrpbacli *'hale rvithin thc tratuling
length range. Abrin<lar¡t Graalìarr follicles, the lalgest being 18 nrm in .liameter'

IJelon,: seetions through a small or'¿lt'¡t shorving one m.atulirig Graafial. follicle 38

mrn in <iiarneter.

Îr,¿ru 3

ßec:tjon çf au ovary of a young fetnale llumpback rvhale shorving a ¡rature G¡aalian

follicie 8? mm in diatneter.

,' Pr,¡'ru 4

Seetion of an ovary shorving a recentl¡' burst Gl'aafian follicle (63 tnrn in diametcr')'

the lining of rvhich is beginning to fold into the gei-filled centre to form a cor:plls

luteum. 
-Resting follicles to 16 m:ir in <liameter. Otre corpus albicans visible.

Pr,lt¡: 5

section of an ovar.y ,ho.uing a recently Íormed corpus luteum ?5 mm in ciiametel" No

' embryo {ound in t}re uterus^ Restilg follicles to 20 mm in diametcl'

f¡,¿rn 6

section of an ovary of a female hurnpback rvhale in late pregnancy. Functional corpus

luteum 125 by 11b mü: *,ith depråssecl scal above. Parts of three corpol'¿l albicantia

visible. Graafian follicles eoniracted to 4 mm just I'isible lound the edges of the

section.

ç
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PtIBIùÌì'í'1. irLiliSlC-Al, l\,i;\T'U1ìi'il}:, ¿\i'jl} l:ifil,¿\TlVll GIl01l¡1l'il OI,'

TIli't ]¡lnI;\l,ji riui\i,Pi-1.{Cü. \1¡iì¡\Lltr, ï},ilt:{-}Å.i}TÌf íi.'tr Ìtit}t_)i}stl
(l3ON1.i;\iililÌ'uIììt), Oi{ TÌIlI \\;J:lST"LIllÞi .ÅUli'iÌÌ¿\1,ÌArrl il{),.\S'I

f:ì_r' lì" Ci. Ct¡lr"lln$oRo{ril}'t "'

(! I u n t.s t:r ! ¡t t ç'c c c i t, c,.L J o.¡t ttue'g ?4, I 9t)i, )

Sunttttu'¡¡
Ät !uìrr:r't}' thc llrc¿¡.li body ìen6lJr of thc fenr¿rlc hunrpback r,,'Ìial¿:s c¡:r tl-rr:

tr\¡estcin;Ai"rstlalia:l ci",¿r..:t is 38.50 :: 0.18 ft. It. is clgnonsh:¿itet1 that t!riä lcn¡¡th
gives a. r'r¡liable :nc*ns o{ calculating' the 1rt'oporlir'¡¡r of sexu¿rll'i inrrratu'e
fenralcs jn a selie;s'tr'hci:c thc ìen¡:;ilrs ¿rle lçnolr.r. [-lc:,rli¿.Ì matuliÍy (]-rareri upon
lhe fn:st pre¡çnanc-v) rlrriy r:ilJrel'Îcìlot' i¡n¡lcrÌi¿rtelv u¡roir pulrr:r'1,¡' or"l.ie rlcl:ryctl
for a llulthel year.'. At thr: a¡;pi'oach oli trrh¡'sical rlalulity (rvhcn c¡;i¡rh-vsial
fn:rior¡ be.ojin;;) tìre urczrn bod¡- Ion¡4lh is 4i1.08 t 0.23 fl. At this brta-gje a.lr
avcl'¿rg'e of 19 ovulations have occrllrcrl. On thc a:'ail¿Jrlc nratelial, pir-r'-cicâ1

nratulit.v is leac'hcrL ¿rt ¿r rrteatt lelgth of 4.4,?t'I J:0,i2 ft, rviren clor.ie to 30
ovul¿ttiols har-e occrill'cd, Growth in bocl¡' lengùh oll s,:r.uall¡, matnlc fcnialt's
becollres vely slorv cven befole epiph.vsiai fr"rl:ion b<:¡¡irrs. 'l'he sigriificancc of
lhe high nurubel' of ovul¡rtiolrs l¡efore the attainnrent of ph¡'slç¿l niaiur'it.y is
tliscussccl. 'lhe 1)t'61,.s11ion çf physicalìy ¡tatn¡c i¡{iyifluals ârìlortIìst tiul
fcnr¿rlcs in lecent eatcliers ofl tlre ltrrestcm Äustlaìia¡r coâst is extlemcly ìorr
(1.8 per cent. of 4i'l fenralcs crzrn'rinctl). The lenílills of nlalc anrì fe¡nale
hurnpbncl< u'hales at ¡l.rbelty, :r.t the apploach of physic:il Ììlatuli¿y, ¿rntl at
physical nratulity ale cour¡ralciì.

I. IN'r't¡oDuCTioN
Iu re,seal'clt nllon \\'halesf l)r'eviolls autlìols h¿rve Lelerlcd to 1.liat ìrelio(ì

\\'heu l'epr'oclnctivc activity fìr'st commences as thc attainlnetìt of "sexuål
tilatulit.1.". llatthel's (19:l?) coììsiclered th¿ìt "sexLrAì r'naturit\"'\l¡âs
l'eachecl ili fetrrale hnnrpbacli u'haies fl'om tli.e South Atl¿rntic regiorì ¿t ¿ì

bocly |s¡tt11t ol 72.f) ìn (41 ft). In the nolthei'lì herìrisplìel'ù, Pilie (i9rî,i)
refeli'etl to "-sexual rlatriliby" as being; rc'åched in f ernale hun-rpbacìc \vhåles
at alr1rt'o-xirxåtely 40 fr, but gave no clata to conllrnr this.

Iti lnale httm¡rl:a.clt wh¿ìles as (liscussecl in:r rlre\¡ious pâpeï (Chittìe-
bolough 1955), Þtibc:r'tr¡ (ivhen I'eprodnction lìì'st L¡ecomes pr:ssil:le) ancl
sexual mâturit). (l'hen fulÌ i'eploriìrcti\/e cap¿Ìcity iras Ì:een attzriued) are
clistinct llhâsL.s sepâr'¿{tcd ir5'an interrvai of at lc¿rst 1 year'. In the llreserìt
påper:, l)ubeirt). arìcl sexlr¿ll .rrrâ'i,Lrf ity ¿ire distinguishecl in the female hrin:p-
llack rvh¿rle also and th.c ¡'eiationstrip betu'een tìrese tu'o phases is cliscitssecl.

Thel'c âr'e ver.y fciv ¡ri'evior"rs (lât¿ upon phy*,¡ical m¿rtulity in fcmalc
htirnpback rr'hales. Il¿tthervs ler,:ol'decl leler¡ant information coìlcelning-.
fir'e females \\rhose \:ertebi'âl epillh\/ses wele exânlined. One of these
femalcs rvas physicalir¡ matnl'e u'hile another' \\'¿1s appro¿tehing tlris concli-
tion. In the c¡.se of llir ancl bluc ivh¿rles, ìrluch Ììloì'e dâta npon bod,y'. length

* Wcsi",l Austlalian Tìr'anch Labor'atoly, I)ivision of llisho'ics, C.S.I.n.O.,
Univelsity of \\¡csteln Austlalia, NcrìÌands, W.A.
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ânil total "co.rllola lntea" has been accumulated {\ii}reeler LSBO; Laurie
1937; Brinkmann L94B; N'ishir,i'alii and ûye 1948).

The methocl of examirring the velrteblal epi¡rhyses for phys;gr,1
rnaturitl' h¿is bee¡r plerriously cìesclihecl (üirittlebolougli LSSF). As for
rnale humpbacli n'hales, those fernales in r,vhich epi¡:;h-r'síal fusion h;rci
begttn but not extended tiu'ougiroul; the verteb¡.'âl ccilui,in rvere elassecl as
approaching physical maturity, rvhiie those having all epiphyses fusecl
to their respective velteblae rvere ¡rh;'sically matru'e.

This materiai r¡ras collecteci at \liestcln ^{ustralian s}rore-basec} rvhaliug
stations from'1951 to 1954, and. l'as supplemente<l by some ovarie¡;
preserved b)''inspectols of the \I/esteln ¡tustralian Fisheries Depaltrnerrt
during L949 and 1-950. In each year tÌ'Le observations *.ere macle betrveen
.Iune and October, the periocl during rvhich ovulation ancl parturiticn
normally occurs (ehittleborough 1954).

II. Punnnty
It has been shown (chittleboroug'h 1954) ilrat in the ovaries of the

lalger immature female humpbacks the Graafian fo]licles are numeLùus
and well developed, the largest having a meall cliametel.of 20 min. During

SgXUALLY IMhIATURE
SEXUÀLLY MATUR€
AT PUBËRIY
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Fig. 1.-Proportions of sexuaìly immafure, ¡rubertal, and mait¡'e fernales in 6-in.
: irter:vals of body length.

the first pro-oestrus one of these follicles furtl:er enlarges, exceecling
30 mm. in cliametel and plotrucling considerabl¡' from the ovarian surface
(Chittleborough L954, Plates 2 and 3) before rupture and the der¡elopment
of the first corpus luteum. From these characteristics it is a simple matter
to distinguish female humpbacir q'hales as sexually imnrature, at puberty,
or mature.

of S21- females (from the westeln Australiari coast) lr,hose ovaries
were exâminecl, 154 rvere found to be sexuall5' immature, ?? rvere at
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puherty, alxl 59û were st:xually mai;ule. 'fhe distribution cf these three:
phases rvitirin 6-in. iiitervals or- Ï:ody length :ue s;ho$'n in Table 1 ancl

TÀBLFr 1

lllaúIrLllìTIONS O!' FE¡\lÂLE llUÅÌPts¡lCK r. J..lLtlS SEXI.TALI.Y trllllATLlltlt' .¡rT I't'B¡ÌllTY, ANf)
l\f .\TURlt ; wnsirJltì.N á"r-rsrlt.\LIAN coA s'r, 1951.-1 9õ4

Ilody Length
'Iotal

Ilxami¡rerl

Sexualìy Ill.ln¿lture
/_.(_\

No. %

At i'uberty
r--.L-.1

No. %

Sexu:r1ly Mature
r*.*\*-^*\

No' o/o

350to35 5

Íì5 6 to 35 1l

ft in. ft in.
. Undei: 34 0

li40to34 5

ll4 6 to i:i4 11.

3.9 6 to 39 11
400to40 5

406to4011

4201o42 5

42 6 lo 42 ll.
4lì0to43 5

436to4311
440to44 5

480to48 5

486to4811
490.to49 5

11

11
28
20
n1

1.1

1l:¡

4t
28
39

49
r)a

52
ut,

50
ò¿Ì

4t,
4l
41
t,)
38
2I
19
15
I
5

7

I
Ò

1

1

0
0
1

100
100
100
96.4
85.0
80.0
rì4.Íl
4'.1.1

4û.0
1Ð q

10.?
77.9
13,9
10.2
14.3

9.6

ó.u
10.0
16.0
28.6
26.5
ù4.D

36.6
óD. I

76.'.í

6.1-

11
u

11
27
Ì,
.)^

I
1û

()

7

5

5

4
5

1

2
4
4
I
5

15
10
I
()

tÌ

6

I

36 0 t.o 3iì 5

:ìii G t0 ¡J6 11

3?0to37 5

3?6to3?11
380toBB 5

38.6 to iJ8 11
IJ9 0 to .39 5

45ûto451l
460to46 5

466to4611
4'I 0 to 4'l 5
47 6 to 4'l 11"

41 0to41 ,\

416to4111

41, 6 to 44 7i
45 0 io ¡15 ¡;

496to4911
500to50 5

510to51 5

516to5111

t
1

,1 Å

1.9

5.0
.4.0

7.r
2ß.4
ztt,'I
5t.2
ùù.ù
59.0
69.4
Õò. I

64.3
88.5

100
100
100
97.8
9?.6

100
1ú0
100
100
lû0
100
100
i00
lCJO

100
1S0
ì00
100

2.2
2.4

I

1

1

I
4

21.

15

'Q
o;

4t
18
48

50

45
40
41
2à
:i8
21

19
15

o

5

7
1

3

1

t
0
0

1

506to5011

100

Totai 821 154 '11 590

tr'igule 1. The 7? females at pubelty r'ângecl fi'om 35 ft 3 in. to 43 ft 6 itt.
in length, with an arithmetic meân leìrgth of 39.50 -+- 0.18 ft. The meclian
length (38.42 ft) of these femali:s agreecl closelS' with the mean length. '
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IIence tl,r,r :ivtliig;e lctigth lit u'liiclr fclil¡.le huni¡rb:ick u,Ìri¡.}cs. t'<:i:r:h
prtl:ct't.¡- o¡r tilo \i'c¡,rtlnr Àn¡ti'rli¿nr colist j: llij ft ti il. 'i'his ìcng;lìt, :rs
disr:t.¡¡-.:rc,:1 beloit., ¿rl'ïcrlcl¡; ¿r i'eliai;ie nicthr;<Ì oJl tlci:ci¡iiiinin¡1 tire ¡:r:oiror'1.ion
'of sit.tttaìi5, ir¡llil¿ti,l.tl't-'fcnlalcl¡ ìit:i sainlllc',yhci'r: onl¡-'Ll're l:otì¡'kttt¡¡tlts
¿t rc,¡t i'li il ¿Ll;li'.

IIi. Suxu,lr, tr{¿r'utrur
Ilr cìefinill¡', se.\Lllll lnatitr'itr, a:i the al,|¿lirrnrctil of full t'c1ll'r)tlrtr:tir.c:

ca¡::i<:it¡', r\stlt,rll (i3.i{;) pr.rirrtcil ol': iit¿r"i in ¡oilc Tlt¿-ullnl¿r.l¡l thc l,'enralc

lri:oriuccs :r .cm¿rllcr' ìitlel' flonl 1.irr: 1ìr'si. ì11'eÍl-'iì:nì(:) thair floltr siicc,eeiling
ont:s, rro th¿it se:;.u¿¿ì iuir.titrit¡. clocs not nccess;rli1.1' coincicle x'ith iruber:t¡'.
Sirtce single Ì:jltlrs aie the luJe in the hrinipltitcli l.hale, lher feniales oî
tliis Lipecies rnust be cousirlei'erì as sexuall¡' nlatr.tle ri'ht:tr the filst 1ti'cgulri,c¡.
oc(1u1'¡j,

Sorue femalc Ì,ntnpl:acli n'hales becolne 1;regna.nt at the fir'st ovul¿rtion,
so that in thesc fem¿iles sexu¿rl :lalulit¡' follon's irlrlcrliiiteÌ¡ upon
pnbert¡'.

I-fol'ever', couception often clocs not succeerì cr.uriiig the first or.'ulatol'y
seåson, as shot'n b)' ¿r nnmbel of yourtg fenr¿rles l'hose or'¿u,'ies contailrecl
one (or sometimes trvo) coli.rcl'a ¿ill;icautia rvhile tire marrruliri'¡. gltucls
hac'l liot Jret been ai:tive, ciosely lesci-nl:ling the ¡rlancls of immature fern¡"les
both in size anrì stl'rctulc. Tri-enty-nìne females l-ei'e founcl to be in tiris
conclition. 'Iheii'lengths langecl florn 36 ft tl jn. to 42fL 6 in. rvith a rl1eân
valne of 39.66 :t-: f1.31 ft. These femaies u'onkì plobabl¡' have becolne
pl'egnant foi' the fir'st time cluring thejl seconcl ovulatoly seâsorì, so that
sexu¿rl matulit¡' n'oulcl l¡e teacìrecl 1 J,eal after pubelty irr such cåses.

tV. Psvsicl,r, I{ATIIRITY
(u) Pl¿ltsicrtl Xlnturity unrl" BarIU Lengtlt

Table 2 shox's the clistriÌ:ntiou of the l:ocl¡' lengths of 457 fenrale
humpl:acli s.lr¿-rles lt'hose epiphS-ses \\'ere exantinecl, the s'h¿iles being
cl¿rssifiecl as t:h:'sicalÌy inrntatnle, apploaching ph¡'sical natttlit¡', ot'
phr,sicaìh, lnatule. 'lhere is a ri'icle r¿urgc of Ì:ocl¡' Iength rvitJrin u']rich
ph¡'sical rnaturity may be leacÌrecl. the sholtest physic:rlly m¿ture female
being 41 ft I in, ìong;, rvhilc the epiph¡'ses of oiri .19 fi 3 in. loug r¡'ele still
lunftisccl ¿rnd atrollicl Ieirr¿rt': 51 ft 10 in. loug \vas allllroacliing Þh¡rsi.n1
rnatulit¡r. The ltlopoltion of ph)'sicall)' mature.feur.ales in this series is
stti'pirisingiy lorv ; this aspect is discusseci belou'.

Table 3 lists the bocly lengths of those females a1:proztcliing ancl at
physical matulit¡,. The arithmetic mean leng,th of the 46 fetnales approach-
ing ph¡'sig¿l matui'ity is ,15,08 :t 0.28 ft, rvhich is in <:lose agreement u'ilJt
the mediarr. (lying betu'een 4c1.92 ancl 45.00 ft). The mean length of the
eight physicajl)' m¿rture females is 44.34 f 0.72 ft. It rvoukl be expectecì
tirat the mean lengtli at physical riratnt'ity x'otild be slightly greateÌ' thân



MÅTURITY ANn GIìOWTFI OF FEh{;!LÐ l{llI\IPB¡.CK W}lALIl :ì1S

th¿rt at the apploach of Þh).sical maturity (tltis has been clemonstratccl
for ¡'-rale humphachs (Chittletrolough 1-9oõ) ). The meatt length of femaies

. T¿nr¡ 2

UI'II'ÌIYSIAL FUSI0ì\ IX l'Ul,r¿l,n IIUÀII'iJACK WIr¡\Ll'lS: lVUSTlttÈN tlUSTIlÁLIAN C0;\ST¡

1951.-1954

Body Length

No Epiphysial
Fusion

No.

Ilusion
Iìeguu

V" No. c/o

Full
. Fusion
a*__/, " \

Ncr, Vo

l¡.3

Nutnbcr
Ex¿mi¡ed

ft in. ft
Uncler lJ.4 (;

()

-t tl
f1l..t
1t

7
18

8

26
17

1B

21
24
oo

30
19
26
24
2(,
25
29
11

14
10

7
t)

4

.)

0
2

0
0

0

0

1

in,
0

5

l. _L

5

11
5

11.

5

11
5

11

11

5

11
5

11
5

11

5

11
õ

11
5

11
5

34

ói)
35
36
36

rll

óó
38
39
g9

40
40
41
41
42
42
43
,13

44
44
45
45
46

34 0 1;o

li4 6 to
350to
356to
360to
366to
370to
3',i 6 to
380to
3801o
39 {} to
:19 6 to
400to
406to
410to
41 6to
420to
4261o
4i3 0 to
436to
4'1 0 to
446to
450to
d56to
460to
4tr 6 to
470to
47 (¡ to
480to
4861o
.i9 0 to
496to
500to
506to
510to
516to

G

6
1ô
7t
1.2

,I

18
I

26
17
18

24
22
30
18
tu
22
2A

22
19
I
6

4

5

4

ó

0

0

I

100
100
100 .

100
100
r.00
r00
10c
100
100
100
100
100
100
100
100

97.7
88.5
91.?
77.0
88.0
ri5.5

42.9
40.0
'11.4
66.7
75.0

t.l

0

7.6

6.9

"l,1
10.0

t
0

0
.)

0
a,

0
1

1

0
0
0
0

1

0

2

4
Ð

8
Ð

7

5
I

2
1

L

I

11.5
8.3

15.4
12.0
27.6
21.3
õ0.0
,50.0

28.6
óù.ù
25.4

100
50.0

60.0

r00

r0.0

50,i1

Total 457 403 88.2 46 10.0 B

at ph¡'sis¡1 maturity would pt'obably be slightly higher if a Ìarger: nulrrber
of specimens rlrere aváilable.

46 11
475
47 11,

485
48 11
495
49 11
i05
50 rl
51 õ

51 r1 00

1.8
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rI'MAL¡:S ÁPPROAC¡IINC ,TND ÂT I'}IYSICAL iIfÂÎT'fUTY

Body
Length

(ft)

Total
"Corpot'a
Lutea"

Body
Length

( ft)

Trt rl
t'Cot'pora

Lutea"

Rody
Leng-th

(ft)

Toral
"Cotpoi'a
Lutea"

Epiphysial Fusion Begun

Total Rody

"Corpot'a l,ength
Lutea" (ft)

Full Fusion

Bocty Total
Lcngth "Cot'pola

( ft) Lu tea"

42.00

42.3"1

Á9 lq

42.67

42.3iJ

43.00

43.08

lt 14

4ó.+Á

43.58

43.58

4,1. i i)

44.00

44.77

44.25

44.25

44.25

44.¡j:j

44.3.3

i t ,a

44.8:J

44.83

44.92

45.00

45.00

45.08

45.25

¿J Ð..J.1

45.33

45.42

4.5.50

4-").50

4Ð.50

45.i)B

45.58

46.00

46.25

46.t0

46.92

47.08

47.61

47.7,5

41 .71¡

48.2i)

49.25

51.83

4L.eÍ

4¡!.00

4¡.00

44.00

44.00

4i¡"2,5

4i.50

48.;l j.ì

L7

19

2L

1t

20

1g

29

t6
ei

.)t7

38t7

16

18

28

f.1

12

29

18

18

24

18

24

?r,\

14

22

11

19

24

L5

l¡

3i.

18

11

2r,)

:10

t5

rrL

a1

19

L.)

24

19

2l

11

22

25

22

þE

-ì
':

a

t



tI¡,'ll{.i-ìtl.?Y ANI] Gïi0\'Vlll'í Gf,'I¡llivlÅLl,l Iill}{i$ÅCli Mjé^Lìt iì¿l-

(1¡) jrl¿.crsicç.1 ïtir¡'tu,t'it'L/ {L'i:¡d.:f oi(il "Cor'¡:ttt'tl Lttl.¿tt"
The tota.l "col'1"roï'Íì lrrt<ì;i" ill the o\¡år'i{rs ro.leÌ's io tlle nur'r}:¿r'of

ovulatior-ls ri'irich har-r: occn¡'jrr!ci, il'l'ilsllcr:1,ivt: of H'hether l'{3.llr'{)¡ìrìlrl..c.il J-}.\'

¡e\\..1.\r flot,¡iecl (:ûìrilor'å lr,rte:r, cor'1tor:a. gr.rt.r'iclit;-'ii,:t, or.' cOt.pot:åt :llhicantia,
"As c1is,:usscrì by i\i¿rclrint,;slt (19'4iJ), c{il'porir al}ricaiiti¿r ¡,;ert's;i;;1; in l.ller

ûvåricri of wh.¡rles, ,qo th;¡1; the trital "sor¡lol'Íì intca" It1¿ì]' l)e used as atl
inr.lcx of rei¿tir:r: age.

In i,he 46 fcnliik.ls rvhicir \1'cì'c ¡j.Ði)t"oirr:hi:t¡¡ irlrysical nratui'it¡¡ (sr-.e

Table:?'), the tot:rl "cor'¡ror¿ì lulea" r'iur¡r,tcl ílroni .1 1 tt¡ ll2 s.ith a llreciian
valui¡ oíl .19, rvìiich aiîrces closely n'ith thc rnearl (19.9). Flarn {bis
er,,ideirctl, e¡:iph¡siirl fnsion nsuailS' b..lgins in fernale ltitmpl:ac:k u'halcrs
tvhen 19 crr.ulations iLave occnrrr:c'l.

Irig;ul'c. 2 slioivs the bocl)' lengtl'r ¿rnd tr¡1;aÌ "coi'pol'a itttea" a{ 441
females examjneci b1. the authcr on lhe Werstern Âustralian co¿ìst, inclicat-

' PtsiYSICÀL.l-Y li¡(4ÀlUtlE
¡ APF,nOâCftillc lntYSiC^L l¡lrl'Un¡TY
OPHYg;ICÀtIY¡/ATIIRE

Õ

o

or PrYsra^i ÌrÁruriÌì o r t

ô33

o

24
U
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q
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G
o
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F
o
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MTDIAN AI ONsff OF IÊIPÍYSIAL |US¡ON
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L,-. t. -,¿30 31 32 33 34 3s 36 37 3n 39 40 4t 42 43 44 45 4A ¿7 4A 49 50 5t 5?
BODY LENGTH IFf}

Fig.2.--Total "colpoi'a lritea" and phvsical conclitioir (baserì crn vertebral epiphyscs)
of {emalc hunrpback rrhales talic;r off the rvestc.:r'n coast of ¡\ustl:alía.

ing those ph¡.si.a,tt immatu;'e, aplrroaching ph¡'sical maturity, and
pl-r1',sig¿ll¡r matule, Of 36 females u'hich hacl o','ulatecl 19 or more tirres
the epiph¡.ses hac'l not ¡,¡¡l ltegirtt to fuse iu ouly thi-ee (8.3 pet'ceut.).

On the eight available rccolcls of ph¡'siclll3r ¡¡¿1,rre fcinales it is
difficult to estai¡lish the numbeL oli "corpola iute¿1" rvhic.h hår'e ¿¡ccumulatecl
rvhen femaìe humpl:aci< r'¡hales attain Þh¡'si"ut mzrbtirity. Horr.e¡¡ei:, the
distriÌ:ution of the tol.:rl "corpoLa lrr"tea" of these eight inclividuals, tcgt:ther
rvith those of- the fcrnales apploachiug ph-vsical maturìty (see Fig. 2),
indicates Lhat at, llh¡'si"ut rraturit)¡ sûrne 30 "corpol'â Iu,tc&" have
accumnlated in the ova.r'ies of bhe feir.ale hrrrnpl:acl< whale.
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. rt is ,ro*' u""îr,Tü:i:liltï'i,î.-'-ï;ä,iiïtre,r¿) 
urar i,r *,hercstlte cor¡rot'a all:jcantjn lr*,:uri,"it' ,,'Jr'i,,ru,inrr.iii,r", äJ." ., re¿r.ri rr*tirtu'ctt aftci'¡rri'r'sicar nrarui'ir¡' ri*r i*-,, i'.,,_*l,,i,rl. À;;;;;;;ì*:ïrïar rne o'ur,'riorr'atc'cnrai's 'cr;rti'e.rv .åí-iir,ti,ioil,,"u, ,ir., tiru rì,înî",,rn"r,o,.,i Iur.a,,in the ova'ies'r¿l.v',e,sccr as an ircrLïof ,.o,rorirru"nä,.ji,,'r.n.,or.., 

ryharcs.

nf,'LTtTIONSIf Ip iJJ,:Tìt,Dt^* rìODy LüìtC.l rf
PRIOR TO SE..1SOÀ* ,lF

Toial Ovulations Nrrtnbelplior to Season ofof Killing I'crnales rlf in n{ax.

R, G. C}IITILF]ROROUGTT

T..\DL¡] 4
.\ND 8T'LÂTI\TTJ .AG¡I, USING Ntì¡tBI.;RS O¡' o\j tiL.4.Tto¡; sI(II,LI;\¡G .,rfi INDI.:X Or Rl:LÁ'fIl:n Áç,.]

Body l,eng'ilr (fr)

llf ean Stanclatrl
Deviaficr

7
8

I
10
J1

12-74
15-17
18-20
21-23
24-28
28-30
31-38

'3 At puber.ty

tt ilõ.2í'
74 35.50
69 ri6.00
52 38.00
6L 38.25
,38 39.92
{6 39.67
38 40.83

40.Ð0
21 40.00
7',i 41.00
27 39.83to

42.00
77 42.00
91 4r.00
17 41.83
16 43.67
10 43.00

43.00

-':t&¡ô
43,00 39.41
-15.83 40.25
.16.83

41.21
46.3J 42.33
46.5A 42.52
47.00 4tJ.00
{',¡.a0 43.14
48,2,5 43.98
.I7.83

43.12
,16.ã0

43.58
47,'lõ 44.25
50.17 45.23
49.00 4.5.3'l
41.08 44,79
51.83 46,50
48.2õ 45.49
48.'75 45.51
48,33 44.!)6

0t'

,
o

0.18
0,1.?
0.22
0.28
0.20
0.32
0,24
0.25
0.:i2
0..35

0.4 0

0.42
0.30
0.41ì

0.38
0.58
0.32
0.65
0.66

4
5
(;

7

:1"""idff ÌT"å:ì:åÏ'i,îi'î,:,"ff N*::l: h u mpbac ri',r,rrar es a ¡.e k i ì recr
¡:arrui'ition occ,,,.. .rhis'n,eaifi;;ïJ;';i..þJ;l#,""îil'"1ï-,n:ïf-;lilovulation (so ilrat a newt)¡ ror*"Jà*pus,lutouml_ ,ì.."äìtl, while othelsa'e kiled cru'ins p,.o;;;;;."ìT ;i.;_, tn. oppry 

-u,;,j;;,.* 
srancr¿r,rr of.elative ug", unu" nìuratioi* î"r,*rr äiu"r,u,t i,,it prr*'io" ri'ring mnst bc

omitted. Hencc as an index ;;';;r;i,:" 
"g. tiru ,,îir,ãr, rrî* u."o rhe rcial

li:i"T;i{ï1.i:iîJ.:'+*L;*,:,"*i:nt'-;*;-';;r#",o,,*,inru,,icü
:ot.po-"a albicantja-alo,r., orl"i,ì t.äîi.TlT mav be r'epresented uitt,o,j ¡ii
iïÏ'ii:"ff -'::ï:î":;;;inii'.ä"i'ä:'ü"-",;:',";"lJ,i,î'-:iJ';:f ml,*ïl

Table 4 shows 
-the 

langes ancl nre111 lengths ;f 5g? sexually matur.efemales, groupecl accor.dinf,. r;-'rh;";;"rnbo,ï .i, ä,,åïri"_ rvhich hact



l'1.{.'lt.i.tÌlTI rl:\ìi-} (ìlt{}\tr¡1 }l Oi.'l'-0¡iÅ},}¡l ilir}lPi,l.\{iK \VIir':.1,1.; .1.4¡t

ocr-rtì.!'r.'e{i lli'i0lr to t,irc sr,rAstln r-rl. liìl}in¡--, ånil ¿ll:i,- tltc lange:ìt(1 lì'ic¿l.tì }crig;tlr.
of 77 fcri:aìes kjlJc:c1 :r1, pribclt.r. (lcltrescuiiniì !il,'ur.rlt 0, as Lhese h¿rrì nct
ovu.l:i'rc(i iti pI'irvìous iùr.)as{xìs). llhe il.ì{r;ÌIr icrìti.i.li oJ'eaclr Íir'oü}l is shou.n
â9.¿ìinst th.: nunl¡r:i' üf pl.'e\.i{ir.¡s oi-uìiltir¡lrs ill ,i¡'i?,urc 3.
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TOIAL OVU¡-A ¡ IONS IAI
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5EASONS TJRION TO THAT OF KILI-ING

Ir'i¡¡. 3.---Gror\'1h currc llol fernaic humpbacli s'hales fI'onr the
\\ics+el'n Ar¡stlalian coast, using ¿rs an incìcx of relativc rigc the

'{.otal ovulati{)ì::'ì in seâsons pliol to that of killing.

llsing the numbel' of plevious o\¡ul¿ttioìls âs aìt inclex of lelative age,
the mean lengths in Fignre 3 inclic¿te the grorvth curve of sexria,lìy matut'e
female hunrl:bacli x'haies in the stocrJc fishecl olf the \I/estern Äustlalian
coast. The mean length is shonn to increase ri'ith lei¿rtive age at a
decreasiu¡¡ r:ate rintii the culve altploaches a horizontal lirie. This culve
shou's that grou'th in length h¿is alntost ceased lorrp; before ph,r'sical
maturit¡' (baseti on fr"rll elripliysial fiusion) has been leachecl (at ap1:r'oxi-
nlatel¡r ll0 ovulations). The aplralent slight cli'op in the mean length of
lel¿itiveiy olcl femaies (31-38 ¡:rcviot.rs ovulatiolts) is pr:obably cìue to the
s¡n¿ill numbel of these ílemalcs i';hich ri.ele founcl, r'athel than to a re¿ìl
ciecl'case in lengtll as femaìcs agccl.

No sttch lelative glon'th cur'\',-)s ai'c availâblc for fcmale humpbacli
\\ril¿ìles taketi in othcr regions, but that p;iven. in 'lable 4 and lligule 3
might be nsecl in a compai'ison of the grorvth of feinaie hurnpback rvhales
frorn cliffcrent aì'eâs. Using this methocl, Pilie (1953) has cleally ciemcn-
stratecl that the grorvth of female fin rvhales fl'orn the nolthc:l'n hemisphere
is mttch slorl'el than tliat of tliose floln thc solrthern hetnisphere.

VI. Ðrscussrox
\\¡hiÌe the mc¿m length of Íerlale hnmpbacl< rvhales at iiubelty is

38 ft 6 iu., the l'r:cortlecl l'ange is vei')'ri'irlc (35 ft 3 iu. to 43 fli;6 in.). As
plevionsly cliscusserì (Chittleborough 19ü,1) this rnight be the l'esult of
sonre females leaching lruberty s'liclr 2 )¡ears of age ancl othels nt 3 years.

3a
o



(_¡ r) J
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Tþe cìit¡i¡ibril;ion ofl thc i:otly le'¡Íl,i.lrs of tiro 7? ic¡r¿iles at Jrt¡l.rrr¡t)'Ila::
bcen air¿ilr"sii'.1 in this i',.rti¡ll't'l, i;irt {"he clat:-L iri'c iìl{:iì,r;¿tbJr: oi'sllìri)Ðl'tjTiJJ

thisli¡'iliith'-:r'ris;.'l-t'isstiìlpû:i'cibl{ìililiti-rttbci't;r'isrroil'c¡'rc}it:ilt¡riijlthe
i.lli¡rÌ ¡'ea.l ili sgrric ir.'iì'l¿ìles, l;r¡i; l.ltr vaL'ì¿ìbiL'irlclir'itinal g;l'r,ir'''1.1t t'irtll;

1ri:cveitt thir l.;i:ìng cicurr¡li:¡tr'¿lied in 1.he ;,1\¡¿ljl¿ì'biíl nr:t'li:::ial.

It ri'¡rs statgcì o:ri.li,-ri,iþat tìie til,iìrìti lLììUït,li ofl ic'tn;lle ltritlrpbitl:1i ti'hp.lcs

at pnlrcr..t¡,' (38 it ti in.) c¡rn l:c lii,ctì to cìci,el'mìnt: ilte pl'o¡:oiti<tit of
sexuail¡- irrrn:¡¡tut'e lle¡nalrs in;r sairt¡'rltr \\'11(ì1:r-ì onl¡'tilil boC¡' Isl1i¡'¡hs:ll'e
jlnonn. .rt,-,0 ¡c..rf, of the i'cliiri:ilitl'of this rtrtrthoti, thc 321 fcnrlìts ii'lir¡iie
o\,¿ìrics har,e ah'e¿rcl¡. bct:n ex,illlrinc(l lla]'be usecl. Li u'¿.ls llotilltl th¿rt 200

(24..11. ¡;er: cettt,i of these \\'gÌ'c 1llÌd(:l' :18 l.t {ì jn. ilr lett¡¡lìt, ìrl closr: ¡tg'l:ccr'ì1cl11t

s'ith 188 (22.! pei: cen{..) r','}ricir h¿rrl lot ¡'cL' oi'ti1:rteri.

Sexual r¡¿tur.ity (i:¿¡¡ccl on {¿}rc fìr'st pregn:rtic¡') ma¡' eitilcl follorv
iu¡ueclial,el.v tìllotì llìt].1€t'i.]', ol be clellryc,r{ for' ¿ fltr-tircr' ¡'eal, the flcirrales

tben l'rar,itìg-; ¿:nL â\rer¿ÌF:c lertp;ilt of :i9"66 r- 0,31 ft' Bc:cattse the.qc lrvo

cl¿rsses of' fentaies oxist, it is not. po,.isiÌ;ic to iurJir:atc n singlc mcau k:trg;th

of l'emale hittnpltacli u-ltalr:s otr t'eachitr¡¡ sexuai rtratulity.

'I¡e ¡ate cf g¡ol'th, initiali.l'rel¿rtivcl.\'r'apici, has so clecliltecl l:r:fore
epiphl,,si:rl 1usi,.tr col'I1ìllellc.es t.h¿'rt there is u0 signilk:iut cljílorellce in
Iéng;tlt ¡et¡-ee¡ those femalcs a¡r1x'o:rchittg ¿rntl those hasitlg a{.tainec'l

phl'sjcai rnat¡i'it¡'. rvìriÌc m:ui¡' 1,.1.¡r;¡l¿ii ri'ithin thc lilngth ì'åì18.'cs of these

stages ale still 1lh¡'sicall¡' imtnature, ¿rs shorvn b5' Ìrigtn'c' 2'

Ovulation, on thc other hand, continucs in thcse oltlei: fem¿l]es, pre-

sur¡ably at a i:ate silnil¿r" to tll¿rt irr vcruttgct'fcirlalcs. No cÏidellcc of a

climacteric þas becn founcl in ph¡'sicsìl¡' rnatttle f.:ma.le humpbacli 11:-jr;:'1.-5

talren oil the \\restelu Austi:¿rlialr coa:t. In several cases thc oval'ies t:¿il;'iccl

lai,ge tliin-ii'alled c)'sts (cþrrtiiborough 19õ.1), i:robabl¡r clcgeticlrrte

follicles, brit normal foilicles \\'ele alslo lrresent an'-ì ovniation liad lecently
occullecl iu tht':e of these iemales'

At p¡¡'sig¿l ¡ratulit¡. in thc lcnrale hrtmpbacli wìiaie the c.v¿u'ies h¿rvc

iccr:ilulatecl some 30 "corpora lntea". This is srr;plisingly high u'hen

cornpalecl n'ith the colrespoucling lìnclings in filr anci bltie l'ltales shorvn

in Tablc ¿

Assumilg that coml:arable tcchlliques tvere usecl for the detelmination
of total "cor..per.'Íì lul;ea", llie gi'e¿rter ¿rccutnuì¿rtion of "côr'1lôr':Ì lutea" in
physicaliS' ¡r.1tll¡e Inulpbacii fei,rales tnight lte itrterpletccl as inclicatiug

â high"" fyequenc¡' of ovnlation in this species th¿ut itt fin aucl blue rvhales.

But jt has l:c:¡r sh6rvn (Chittli¿boi'ough 195.1,), that the lrttmbcl of ovula-

tions occnr.ring i¡ one ovnlator¡' peliocl (June tc Octobei') is ¡-rlobahl¡' a

little lou.cr in humltìtacks than th.at estirnatecl bv Peters (19:i9) fol one

o'nlatol:J, pe¡ioti (i¡ a 2-¡.eat' brcecling cycle) of fìn ¿lltcl blue r"'halcs. In
lin and J:lue ivhaies t,here is a lactatiou ¿ttroestltls so tliat ovtllation occlll's

ever)¡ seco¡d 1,ear'. If a ¡tost pai'tunt ovul¿ttioti legulal'11' occtln't:cl in
female irrir¡pbacli s'irales, the l'¿rtc of ¿rccumttlatiotl of corpol'a albicantia
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\\'otìl(l Ì:c clriui:lc lli¿r1; i¡l fì;r allt'-l l:ìu,.: lll¡,ri,t:.;, tì'rulr ¿i¡:cr¡ull1.íirÊ,: fol" 1.Ìl,i'ìriglrcr
t-ìtlnìll('l' of "cot'¡tci':t lr¡1.ciì" jn pìr¡'sic:iÌi¡t niÍìitr i.r: lirill¡ll::ir_rìi rllt:lic¡:
(irp¡tt'critrtlrtcl¡' clcrtiblc 'r,hai, c¡1' 1rlt.r':,;ir.:r,i.ll¡' nlltui',.: 1i¡i alrrl l:1rre ri'ìriiir,:,).

'.ll\i-¿i,î: íí

'frj't',l]' "coitt'oll.\ t.urì'i¡\" I¡- Ì¡t\ -'\\t) tlI.Ì-Ì.1 \vli.!.l,us -i.'1.

PI I r"ljiC.\ 1., ìri.\1. (; llil'Y

:trt1:llol'

\.\'ìtr:trìcr' ( I !)::ì0)
l,aru ic (1.9i:i? )
Ilrr{.e ls (.f 9iìÍ} )
Nishilalri a-rd Oyt:
llrinl.lr:r.rrn ( 1';t,iI)

i.'in
\\rlrales

r5

1.1-l it

t.t
1:j

'[ìlr,rr:

\r,rhrrl t¡s

ll
12
1)

I1-12

e

(1:).lti)

Althorigh vel'\¡ corì\¡eÌriet1t, tìrcl:c ís not Íì gr.c;it clc¿ìl oL' cvir'lcnce to
slrl)pol't this h¡'pothesis. A la<;tating ír:nlale irurn¡il:acli silclilì ir¿¡ â \'er'\/
)'oLtng cålL (liolh taìien rcrcelttl],b]'s1-reci;tl l)c.l'lll;ssioìì frtr't'cscrìtÌ:clì
Ìlìrì)osc$) \\,¡âs foLuld to h¿ivc olrììat€rd shttltl¡r aiitel i-raltr.rlitiotr, ¿ìllcì t.tvo
oth.ct' 1Ìrtn¿ilt-'s \ret'e lormcl to l¡e jn a{lvÍitlcccl pl'e.ìirì;ttìc}' antl ¡-oL irr ìatc
sfut¡¡tls oJl l¿rct¿ri.ion. Tlc.nce post. Ìr¿ìirtrltrr ocstliìs (.:au crrrcuir in fern¿le
hr"tm¡rbacÌr \\:hâles, Ì:rrt at l)r'esent thcle is litLlc inclicat,icn tllat it is a
i'egulâir fe¿rtiilc in this sÌlccies. The rcmaining c:otrclusion acc.onntiug for
tlre high number of "corl;ola lutc:r" in tire o\¡¿ìt'ies of physic:rÌl)' nlatui'e
female huinpl:ack $'h¿ìl€ß is that lthysical matril'it¡' is attainerl r'ei¿tivel)'
later in the life of hnmpbacli s']r¿rles than in fìu aricì blue v,hales.

\\¡Ìrcn taliing $rlì¿rles the gunirels select tìrc larger inc'liviririals, yct in
tlte rep;."escntative selies exân-litlcd fol phvsicai rn¿iturit:' (Table 2),
otil¡r 1.9 p(:u" cerìt. (eig'ht il-r a tot¿l of 4îtT) of the females hatÌ re¿rehecl
pltr'"ical m¿tru'it)'. Thc ploiroltion of ¡rli¡'sìct111' matut'e nÌalcs \\¡ãs
sirnilally lou', viz. 1..1 pei'cent. oJl 567 exanririecl (Chittleborough 1955).
\\/heeler' ( I 9:i0) suggested that the piroìloì:ticlìs of ph¡'sicali]' nra{.ure
rvirales nright be a vely usefnl inclex of tlie colìclition of the stocli. Il.'¡','¡elel',
in the hum¡rÌ:acl< rvh:¿le cornpalal:le l'ecords fror-.r p;rst x.haling vclltLri'es
on the \l/'estel"n ,Australian si.oci< are not avail¿l:}e. Iìl'inl<llranli (19.18)
founcl that 37.,1 1-ier cent. of 561 fci:rale fin s,hai,:s ¿tncl 22.,1 llc]' c\int. of
295 fcmale biue u,haies, tir-lien in ¡\ntarctic alcas lT to I',¡ in l9il9-,10,
\4¡er.'e ll]ìy,qic:illy rnaturc. Similar ¡r¡'o1:ortions cf physjcaìi)' rlatulc lcmale
fiu aticl blue r.¡iralcs havc been lcpoi'tecl b-v \\rheeìer' (1930) ancl Laulie
(1e3?).

r\s suggesteci foi' male huinpb¡iclt rvhales (ChittleÌ:<;roug,Jr 1955), the
vel'y io\\¡ pi'opoltions of 1rh¡r¡¡,js¿.lll. rl'.tnrc intlivich"r¡.ls in rcccnt c¿ìTcltes
fi:om the Western Australian const nright be r{ue to:

(i) a migt'Íìtoi:J/ clifìlerencc---¡rhysic:rily nl¿',tule individuals rncving
f'r¡t'thcl' olllshol'e o:: :ro'u all icaving tìie rhrtai'ct,ìr: each autrimu;

ç
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(ii) a spccies clifiereuce--epipli.t'sial fusion occulliug in hunr¡rl:rach
lvhales l¿rtcl' in life thair in other species of rvhalcs;

(iii) * fishir:g effcet-previous hear',}' lishing n'ith a stlong se lectivit)'
torvarcls litlger inclivitluals resultirìg iu thc ).'en^ioviìl of matrl' ph¡,sir:ally
l:ratur-i-' indivichlrls fi'om thc stock.

Tliere is no evitience that the fÌr'st pcissibiiity a¡:plies in this s¡rccies
br-rt the l:ruch lorver pro¡;ortion of ph¡.,qically mature iuclivicluals in this
than in other species of r']rales might be clne in part to the ali'tacly
sttggestecl latcr a.gtr at which ltturtpbacir u'hales ]'eaclì ph¡.sicrrl rnatr.n'rt¡'.
'lhe ver'l- lorv perrccnt:rg<;s ol ph¡'sically rnatui..e hrun¡iltack u.haies in I'ecent
catches olll this co:rst miglrt also be thc rcsult of previous heavy fisliiug
n¡ron thir; stocli. Evidence of such r:hang-es n'ithin this stock ìs accnmulating
alrcl t'ill be consiclered in a later llaper.

Flom the t'esults of the invesligati<ln on the \\'esteln Austr'¿rli¿iir
coâst, the lengths of nrale ancl female Ìrumpbach rvhales from this stocli
can ]:e cornparecl at pubei'ty and at the alrpro:tclr and attainnr.ent of
physicaì maturity. These iengths ale sunrmarizcrtl in Table 6.

Ta¡¡,1: 6

LltNGTtlS OF Al.ALIr .ANII !'ËtrI¡\Lþl IltJillI'IìAÇ¡i \VIlÂLttS,\T PI-lBttRTY Aì\lì
PIIYSICAL }I.{TIIIII'IY

Condition

Pubelty:
Males
Fernales

A.pproaching physieal maturity
nlales
Fcmales

Phvsical nratulity
Males
Fonales

ft in. ft in.

l\f inimurn Maxilnuln
Mean
(fr)

36.?5
38.50 I 0.18

41.90 ! 0.1?
45.08 * 0.29

42.97 ! 4.67
44.34 * 0.72

ó¡) .l

40 10
436

39 l0
4L8

45
61

46
48

10
0

38
42

10
10

6
4

At all thlee phases the minimum, maximum, ancl rrean body lengths

the females approaching pirysig^1 ïnatulity is signifrcantl¡r higher than that
of tlre rrales at this stage (ú:10.11" on L24 degrees of freeclom). The
test of significance upon the females and males w{rich ha¿l reached physicaì
maturity rvâs inconclnsive (ú : 1.39 on 14 degrees of freedom), no cloubt
oli'ing to the sms.ll nrìmbel of recorcls of this stage at present avaiìable.
It has long been iruorvu that female hun:pback rvhales gron, faster., attiriu-
ing greater lcngths than the rtitles, but the values in Table 6 inclicate the
clegree to which this occurs.
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.!-Ì¡ Jì. (,1. (llrti"r'r,l;lrolÌr'rtìrrlls

l:!futiusctipt ¡'ectiz¡ed '1u'lust Il, l9ãíJ

Stttttiirar¡1

'l'ltr: gcstn¡ig¡ peliocì in tbe lrtrrnpbiicìi l.l¡a,lc i-ç of ¿r,l;trost I2 ltLolths' durttt.iolr,

rìlo¡rt cô1lcùlltir)rrni (lit¿ììrrillÍ{ c¿u'lr, in Art¡3Lrs1. u.illi 1x:r.tluriti(rìì ¿ìi, tìlc ilogirlriirtg of 1ìre

fgiì¿rvirrg Augusi. 'lllrt: rnori¿rì leuqt;h of ctlr.cs ¿rt, l-¡ìr'tb is i{ {'t. 'I'irc ¡e:i lri.Lio rrL birth
is bl..l per ceul.. rnalcs tc'.tr8.t ¡;el corrl,. lêma.lcs. 'l'l'in fot:tu;es Irc occasiorl¡ìl.t'

¡cool'{ccl. illllolc i:¡ rro 1,i'crfcrcrrco tos'ar:rls r-:il,h<:r: r'iglrl or ieft ovu'¡'oi] ut'r.rirlc ctlntrr
q.it¡ regaltl to ovulation of plcgn¿lrìcv. 'Jìhe ì:r'ealiing oí tho turllrilica,i cor"l "i
lrillli is,lr'sclibcrì.

'f he hi;i:ologici'rì appc¿r,anr:es ol'tlrc niarnnrn.ry glatrd tlulirr¡l ¿11r'ancetl llregnriìlcy
rurtl r[u,i¡g l¿¡ctation ¿rro rl::i'c¡ibcii alld illustrrrü:tt. L]Pon lht' elirìcnct¡ preaùlltecl

it is concl¿{ecl th¿¡,t þ,ctation in t.his spccies erl:cnils or'er l0+ rtronthr:, suckling

gc¡cralì¡. co¡¡re¡ci¡g irr. r.nid August. anrcl fclrnirr¡,ting tt iho trtrl of tJro followillg

June. 'I']re cor¡positio¡ of thc urilh has beun tlctr.r'rnilcd durirtg I'olious stages of

lactat ion.

oettr.ous cyclei:. 1'8.ì.el). occur citu'irrg pt()gltaüo"v, brrb cxarnplcs of ovulation

fol1o-*i¡g sìroril¡,aftcl par:i.rit'itior.r, rrhilo tìre {crlales o,re suckìing t}rcir calles, alo

citcd. It i.o shoryn tl¡at g,hen t.he c¿¡lf is lost at, or sooìl after ].)il'tìt, ocstrous cYcles

usutrll¡' rc¿ùnìrìlonce at once. \lrhclo thc ctllf is sucìrlecl for t.tro nor'rn¿rì l;eriod
(10| ¡routlrs) tlle-¡:e is ììo olìoclstt'or¡ä peliod fbllo:"ing the eutì of lact¿r{:iotr ¿rs oestrotrs

cïcles rcco¡rrnence irì Jul.1', irnmecliately alter (o<:c¿sionallv just bofolc) t'eatriÙg

nl, tlrc crrtl of- Jrurc.
.Il¡.cc' t¡.pes of bleccling c1'cle ole shorvn fol the irurn¡.rbacìr *'li¿rlo. In t.Ìro

¡rost, co¡ìlìlorf clcle, altscnce ofl tìrc ¡tost-¡raì:tutn ovulùtiotr, ol its occun'clìcc t'iLhoui;

cortception, lesults in oÙt' calf irt 2 ¡''ss¡5' O¡r Lìrc otht:I'liaÙtl, a srtccessfirl posL-

¡r¿r'trrrrr oy¿l¿rt.io¡ r,csr¡ìtB irr tu'o c¡h'o¡ irr iì \'c¡rls. hi t.'bc tllirtl t)-Pe cf ¡:r)'cl-r, lnr.g of

the lìrst c¿rlf ¿rl ot'just, irfteÌ l)arturit.iolr is b¡rl¿rnccrl l;¡' ii, secorid Pre¡{lì¿lrìc\'3ugs1r'-:ditr$

iu¡¡eclial.cl¡'rrftcr.ç'¿lrcls. 'l'l:is resuìts irr t*'o ¡rrogniurcit's itr I t'ear's u'iLlt orll)'olte
caìf lc¿red.

T. It-'r'nOl¡trC'UOX

So¡theÌ'u hrinlpJ.)ilcli ri.h¿rles I'eetl during the stututrcl jn -A.nt¿rrctic \Y¿ì'ters arld

nìigr'àtc ìtorth$ ar(ls e¿ch autrritln to s1:errd the rt'itrtcr rllolltlìs in. ttcipicrr.l ¿ìÌrcl sub-

t¡opical reg;orìs (ì\Ia.t,the*'s lClì?; l\frrchintosìr lf)-tl). It is prolrrr.ble that lìrost, if
not all, i¡flivi.,luals tnìie ¡rru't irr this sLìasoiì¿rl rnigr'¿ttion. Atstlaliatr co¿ì,st¿r'l r'ÌraliDg

stations ta.hc fixed quotas of thesî \\'ha.les betrveen .T.une ancl Octol¡er, x4rilc in tJrc

;lint¿uctic the cnt,ching of ìmnrpì.til,clc q'h¿tlcs is at prcsctrt pcr:tnit'ted clr:ring the

lìrst 4 days o1'1r'ebi'trary.

Orvilg lo t,heir size ¿rrid h¿bits it is no1; llossible t'o maJie repeâtecl obselva';ions

¡pon incl¡,'idì.r¿ìl Iluillpb¿r,cii ri'hales irr òrclcr to deteltiine tiitl length of ttre flest¿lbiorì

¡ãr'iocl and thc chn,ation of ì¡rcta1,ion. 'Io est¿rbli¡.ih t,he tirnes of occllrrclìce alld

11¡ratio¡ of these phases one rìlì.rst ol:t,ain e\¡idcnce ft'olr¡ ¡, i:rt'gc tttinbel o{ lrtlividu¿tls

lcillecl ¿t \¡*r!,yilì[{ rit¿ìgeft âÌ1d therì clecicle the tnost plol-ra.ble llornliìl sec{llence of events

in the species.

xDivisioli of ltisheries arttl Occ'tlnography, C.S.I.R.O', Crolulla' N S'\1¡'



2 R. {1. tr1t.ì1tit.LËjìotìo ti(+il.

llllc onlr'tcrrl at{txu¡rt, to clo this for'ìirun|ìraclt rr'}rrlc,i l.¿rs 1,1¡a{, rif t\In,tt}ic:1\.¡;
(19:17), rilro ritltt{jestt:cl t}l¿rf gc'i'trrtiorr cr:t-.ri1.,ict1. ¿r.l¡oril; I I nrc,.¡rtlis,r, mr,¡i, cont,r:1'ltiou¡i
occut'r'ill¡'; irl l-ìrlrtr-¡inirel tr-iLlr lrart llii,it;rr tht> {itllouitr¡:; ;\,ir¡:rr;:1;. li'lic I'¡t',,1, ìt:¡r1tìr tri,
l.¡¡l'1,1t lt¿rsr r:ottsitlt,trr:l Io Jic bein'c<r¡r 4.¡l rl¡.rl ij.t) lnetu,:l (f * lì, l) in. t¡r l6 fi rÍ iu.). On
the vcl'\'l.i.liiitetl t'r'iiÌctit:e a.r'ailrrìr'le, li¿rttiren's.¡rrt-,¡loscrl tl;¿rt tlre cllf x.e,; s-ur:lileil {i¡'
apl.irrlr,inri-itcl.\. {í niootils. .¡\ lrre¡rcljrrg ct'rir¡ of cne c¿ì,lf iJÌ ;ì ;,ear.s \\-iìs ¡ii."-crl ícrr this
spc:cicii, t.Jre ntajol'it)t of 1;he íìr's1, l.crrr'lreiirg occu¡.rictl bv ltl.o¡:iranc_,r," t,ìic íll,st 5 lno¡i,jrs
o{'tlle sccolrtl Yexr ill. laclatiort, ¿¡rxl 1.lrrr lerrraìning ? ln<;ul,lis in irr-rn-ltlclir{.in¡¡ a,nocsitniS.
It *'as susg()sto(l th¡ri, irL ¿r few lèmalcs ovul¿rtiorr rni¡_{ht oc;c.ur at th.: t¡ncl of the 5
ruc¡nt,irs'lactatiotr, so tìì¿t.l iu siolno c¿.r.ses t\\,o ple¡¡ntrncir:s 11'ould occul: i1 iì r'e¿rs.

lùrotn the lli¿rleli¡l collet,l.ecl in lcccnl; vea.rs (lf).19-l 9r1õ) r.i shore-lr¡rsci,l rr'haling
st¿rti.ns on 1;Ìlc *'csü co¡st, ol r\ust,,¡rli¡r, tlrese fincli*gs l)ì¿r-)¡ lLo$, l;c 

'c,r.ieu.ed 
antl

cxl¡:rxled.

II. lI.L'¡.:li¡ral

illhe resnlts givctl itl lJris pa¡;er ar,e basetl pr,irl.ar,ill' ripon lg0 sexu¡liy rn¿¡turo
felualc humpì-rach l'li¿les exnrninccl ili det¿ril bv the ¡r,utlior'. Il¡l'tlier yahr¿r,l¡lo i¡-
folnrati<xt ryas ol-rtainccl froni t,lrc <tr'¿r.ries collected bt 1,ù,-rlttrt ir.rspr:ctor:s fì,orn Lg7
m¿ìtul'e f'emales. llhesc fbm¿l.ie-{ \\:elro sanipicd at r'¿rnt-lour fi:om t.he nonna.l catches ¿rt
\I/estelli Àustlalian l'halirrg stations. l.n ¿tlclitiori, lihl:ec fem¿rles alicl thcir c¿r\,es
s'ero liillcd rinrlcl sireci¿l licence ior lese¿rrch pnrlloses anrì fujlr. es¡rrlrineci ìry i,he
autllor.

Celtairi aspects of'the lesull's olri¿iinecl fì'onr tllc-qe rvlrales h¿rve ah.e¡rdJ'¡ce¡
prrblislrctl (Chii{lc.lrolotrglr 19õ l, I I.ir,).

fn this paper tlrc rccor.ds liellt b1' rvhaling inspecLor.s of a,lì foetuses founcl (at
\{/estc,rrr ¿\ustraìiali uhnlin¡r si,¿r.lit,,rrs) bet,u.een ÌflJg ¿-r.nc.L lflõ5, have bcen cratnined
ior cerl.¿jn as1.recl,s of lt.cguaucy a.ntì. prlLu.-itiou. ¡\lso l-itlr lcferenco to partür,ition,
the results of ¡cljal ol;sen'al,ions tipon I?(i;í achrlt lnrnrpb¿reìi l'hales lla,r,e l:een usecl.
An account of sonre of tJ¡csc aerial obsolr-¿itions h¿rs alrctrci.l, l-recn publisìiecl (Clrittle-
bolough J953).

lìecolc-ls of foctuses froru Ant¿rrctic areas L\r.¿inrl. \¡ lfroln lg-[f] to lg56) (see
l\[ackintos]r (19'12) for cìefiniúiolr of aleas) u'cle o]rt¿i.iirecl frcii,r. c¡r,1,ch letums suppìiecl
by .hrf,ernat,ior r¿rl \\¡li¿rl in g S ta,tislics, Saud cfj olcl, Norri-a,¡,.

l\latcrial fi'oln tn¿lrnrnary glirnrls for: histological es¿uninai,ion ryas fìxeC. i¡
Heicletrhai¡r's Sus:t fixative, ancì. pru'nfTìn soctions l.erc crit. at 7 ¡r atrcl stai;--ecl t,ii'þ h¿e-
m¿rtoxvlin ¿rnd. cosin. As ¿r, r'ule a sanrple fì'oln the cerltì'e of the rn¿unlnaly glancl t.as
talien to leplesettt tlre condition of t'he riùole glancl, ilrl; in ser-elal cases ¿nter.ior,
celttrral, a,ncl postr:r,ior: sarnplcs u.erc t¿hen ancl cornpnrecl.

Sarnilles of rnilh lr-om l5 fclna,lcs irr ploglt:ssilc stagcs cluririg ¿ncl ¿i,t the end of
laot¿rtic¡n tt'cre tahelr in botties of I l0 irl cir¡racit1., aftc¡r tl'cr dr:ops t f'conlnercial for,rn-
alin (40 pcr cent,. f'ormaltlehyde) Lad bcen placerl in c¿rch l¡r¡ttle. .|he sailples ,,velrc

stoled iu n refi'iger"ator: (l'ithout freczing) until an¿rlysccl ì.ry ¿þs Gover.nrneni; Cjhemic¿l
l,alrolatories r¡f \{,'esl el:n Austlralia.



ll]ìliIlÐING ClYCLlt Ol¡ .!'l'l;1I^¡-l,f'l Illllll'tir{Oti \Y11^f'E

III. P.rrl;r:s.irqcr:

(a) t1,t eslr'rl'i o n' i) c r i'¡tl

llarl.y elirl¡.J6s are gcldLìïl-r r.ecor(lcd; sinct: 1,9{f) o}tl.y L\\'o ltar:c }¡coil obt¡.ilretl

frorn f'ent¡rles {,¿rl;e¡ on the 1-est cr,¡¿rsl o1. Ånstr'¿li¿i.. tJtrsr }ittlf ll -cpcci}ìlr:ll (cl.llllligc(1.)

t¡¿ì.s foutld oJ1 fjepi;otììbg:,1, a.rr.<1 íìtìotÌìcr r,rttl{epNr.rtultci'B (clorvn--nrilill lul.{th i. l Ûrni).

Rec¡use of l;¡e ila¡cit;¡z ol crilly gnltryortic st¿rltcs, the tìrne <lf ovulatioii is ct.¡trsitl'r:r'sl

as a,n ilrilox tt'f 1Ào tilrre of cciriccl;t iotr.

'I.rlln I

3

rruut RAcr( 1¡on,rtTsns uto¡t .aN't-.l¡ìclrrC rtr,.]tåS IV ,r¡¡lr \¡, l9 l9--1i)56: LËNt+:lu ]rlìllQ[tsNr.I
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n[eau lc;rgt.lr llli) : 2.8

¡rapr:eyio¡spapcr(Chittiebororighlgs4) i1,\vilssltowrltliat: (l) ovulatio¡rinthe
fernale humpback t'hale may occuï froÌn the bcginnitrg nf June liütil ealjlv tctobor;
(2) ¡rost fenales (approxinrtrtely ?0 per: cent.) ovul¿lte otllv olìce rIù''!ng liris 1:elicd:
(B) rnost ovulfìtio¡s occ¡r in tire lattel p.¿ìrt of July and. eirrl.y i¡1 August (ilig. I of the

¿rbovc p&pet'). Itro¡r t[csc f¿cts it ¡ra1' be clccìuced that, ou the u'est coast of Australia

most pregnaÌ)cies con:nì1encc cally in August. A nulnbor of fem¿rles m¿ì)' J)econle

pregnant, later in Augnst or in Septenrbel, citìrel fiorn a secr.rncl ovul¿rtion oJ: iìl sonle

"n*"t 
o* a, Ïestllt, of a fir'st onrlatioì1 rvhich rvas slightl): l¿lter th¡¡n usual'

In cat,c¡cs from Änt¿r¡ctic rvaters during the ¡loul,hcrn slrtÌltller' ìligìì proportions of

pregn¿Ìl1t f'em¿les are t&ltcn' Table I shori's tlie Ìcngth lïec¡uctrclt distlibutioll ol 1452

foetuses r.ecorclecl fi'om ADtarctic areas l\" and \I frour l!).t9 to 1956.
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4 IL. G. CIn..tllLt).tì01ìt)T]cTt

trlrhen plegn¿rnt {et'nales lel:utrr to l}re Arstr'¿r1iln conrt in i.he foiìr:r.ving wirì1..,,,
thov ¿t're gcxreririil'.itr rnore aclr'¿r¡lcccl stages of 1)r.egr1¿ìl1c\'. l¡\'om ttl49 to lgr)i:,:2Jti
foetuses have Lrien lccrtlclerl. frorlr c¡,tclrcs on tlre t't:st coast r¡l ;\nsblirli¿r. lîigure I
shoivs t,he Lenglft ancl rl¿rte of liilling of ea<ilr foetris. ancl {.he lcngl}i fi.cr¡uenr:r' clisl,ribu-
tion. \ì¡itl.r one el.eeptiort (discusscrcl la.ter') tìrese foctuses *,er¡:e cl6se t,o t6tp,
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Fig. l.-lìoctal icngths alcl letrgth froquenc¡, disLlibution o1: f'oetuses from the¡
\\¡estc¡'rr r\nstr¿li¡n consf, I9.1 g-1gõõ.

Ilìgure 2(a) shon's the rìistril¡utio¡r of tìrcse near-tenn foetuses ,¿is lecordecl
throughout the catchilrg petiocl (Junc-October). \rery f'et.are recorcled cluring Jurre, in
spite of liigh propoltions of sexually lnature feur¿r.les in tl¡e catches for th¿rt moìrth.
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I'ig. 2.-(a) I)istribution of 2-tr9 femaleg in aclr,¿rncecl pregrl{utc\¡ laì;cn on
tho \\¡csterlr Austlalian co¿tst, l¡etrvcon Junc ancl OcLobcr lrolr. l.g{fl to tg55.
(Ö) Disör'iì;ulio'' of 253 rterv-boln calves sigìrt,:rl omongst, ì.76õ a{ulü hu¡rp.
bacl< rvhalcs obselvecl flom tÌ¡e air ol'f Point Oloates cluring lgõ2 aucl lgõ8.

This inclicates that fernales in aclr¡a,ncecl pregn¿ùlrcy arc relatively late in reaching this
co¿lst cìurillg tlre ¡¡olthrvarcl migr:aLion. Irigure 2(n,) shorvs that l'eurales iq ac{v¿rncecl
pregllancy a,re 01' lì1osf frequetl{t occrirreììco (off this coast) dulitrg July alld e,r.rly



llllllÈI)iN(i lr\ai.ll,lt ()F IiJllI\.l,1:l ff{.rl\Ilflì¡{ll; \\'Il,'\1,1, il

-August,, ìlut ljl.rt nnnlbcri firll fir.rru niit'l .rlu¡1iril,, llpPiilc:trtì.1' as¡ ittrrrc¿rsit¡g tlì.il)ìlríjuri

of Lilt'hs ocr-,ur:.

Atrotlir-.r aplrroa.ch t.o tho tilic ol ;'rirr'{rrirìt.io¡. is l¡r' l'o'.',.ii'rìin,u tirt: pl'csetlc;o (if
ncrìr-ìroi'n c¿ìh,erì obsci'r-ccl ariron¡,.st tlrc rrìrrll:¡ r[ovirìij iìJ(]t)g tlle. co¿ìs1,. Ar:l'il.ll

olrsel.vatiolrs ol'.tllis l<irrd" ¡icro rlrat'le i¡r 1lrr.; r'e|tiort r,¡f Poiirt {,11o¿{c¡i ilt lfiliJ ailil ll-Ìõ3.

-4. totaÌ ol'17ti5 rclult, hrull.rlr¿rcli u,h¿rlc.s riclr¡ crl;cclio.l (frnil llri: itir'). ¡rrlcl ?iiiÌ nctr-]',rLl1

ca,Ivcs rr,elt: r'ec(lldcd. 1l'ilo t'eel<ìv occnrr'ílrtco r-,f. tìre cll.,-c,s iltloughout, tho rirl,r:hitrg

ltoriocl is shori'n. in l¡'igut'c:l(ó). ?his iiitlir,¿tes t.lrirt tlrc lìist c¿rlvcs;u'c-. J-rorrr l,r.¡tr-¿r¡cls

tJre end ol Jnric, sli¡¡litl1'rnor:o in Jriì¡', arril lrt¿txiurnnt rlrtnlbcrs in r\u¡,;tisi;.

By conriraririg thc <li:d.rilxrtiorr of ncal-.{.cl'ln f'oetrrscs (Il'ig 2(a)) rçilir 1.lr¿;i of
nelr'-boni caires (ìt'i¡1.2(¡-i)), ii can l.le s¿rirl that, in the hturrpbacli i,ìtll.e ptrl'ttrt'ition
occrl¡s on thc ucsl; coast ol Å.ust,i'ali¡r. l.ret,l ccn Jrure :r.nd. Ocl.r,bct', J:ut rtit-h ¿¡ rrt¡-xiln.urn

freclucrrcy ear"ly in August'.

ltrom t;Ì¡c ¿rr,a.il¿rble rlata, npon ovtì¿r1,ir-'rrt arrcl. part,rtlition, as discr:s-uecl trltot'e,

the nveragc lot.gtlr of thc gestation pclioc.l in this spcirkì,{ i¡ dose Lo l2 tr.ont,ìrs, b<lth

conce¡rtion a,nd parturition ocrcrirt'ing; uith nl¿limutu {r'cqtrency early in Augusü.

(h) Lengtlt, of Aalf at ßit'th

Since c¿rlves are pl'otcotccl by lau. ib is selcloln possible to ebtain tho .length at
ltirth floln.rlirect, ol:selr'¿rtions. One nel--Jiorn calf, talrcu. on -August lì, l9ii5, rvas

15 ft 3 in. iu le¡rglh. lì:ollr the condil,iolr oi'the utt'rrrs of tlic col' ¿ncl the rurhe¿rJed

umbilicus of the calf, paltur:itiol ìracì tahen pìrrcc approriuraleìy I il'ecli carlier.

The llean length of :l-1fJ ncar-tclnr foetl-qes t¿riien on the t'est coâ,stì of Äusl,r'alia

rvas 13 ft, 8 ili. Ilos'evcr', this must Ìre slighll¡' Lrelos' tho lllt:¿ìl1 letlgtlt ¡rt bir'l,h since

at leasl, some c,f ther,re lbetuses l oulcl lia,ve incre¿rsr:cl in lougth in the short titne
relnaining lrel'ole pa.rtur:ition. The lengths of n.ear-tcrm focLusres slio\r'n j¡ Figure I
are of ahnost nolural clisiliJ-rutiorr rt'¡uncl a lnodal lerrgth of 14 ft. This inclicates lhat
the size at ltr.rturition js nolnl¿rll.i'clistlil:utccl rouìrcl tJì¿ìl lcugtlr. Plotrr the lrlftteri&l

examinecl lhcr.e cloes not lppeal to bo atr¡' tliffei'euce betu'eelr tirc lorgths c¡f llrales and

fem¿r.lc¡r at birth.

(c) Foetnl' ,Jm llct'lio

Oî 249 near-ternr foetuses tal<en olr the rvest coar-rt of Austr¿rlia fro¡n. 1349 to

L955, 5l'4 pcr cct)t. \\'crlo tta.les. Frotr the A.ntalcticr (roughl.v at micl preguartev)

1448 hruupb¿rt:li foc:tuscs \\-ele sexed iir c¡t,ches froiu ale¿m 1\¡ ar..d V bel,rvecn 1!14!)

and 1956; 51'9 per cetrt,. of these foetuscs \1¡ere males.

Qf nI ulti.ltle Prcgnanci es

l\Iultiple Ìrrcgllrìtìcies irave occasionall¡r þss11 r'ecoltled in the humpìlacli rvhale

(Mattherls 1937). Of 1.419 plegnant, lnrmpl,rack r¡'halc¡i listecl in tlie lntelnal,ional
Whalirrg rqjt¿rtisLics from Anl,alctie alea,.i l\r ancl Y iu seasons 1949-50 to 19õ5-56,

only foul cases (0'28 per ccnt.) of tt'inning \l'ele r-ecolded. Since lÎ19 t.in].¡. s¡1s

multiplc pr:egn¿r,nc)¡ (trvin ferlale foetuses) has l¡een lecortlcd fi'om hriinpbaclc rvhales

talçell o1 thc Äustrali¿ur coirst. Two exarn¡llcs of mriltipii: 'rvulntions itave been

dcscribccl (Chil,tlebolough l9S4 ).



6 Ii. C. OlllT'1'1,!ril()Iìl)-tlGlì

(i>) .f'retctlrttc¿. ol ()tult¿[.i¡.¡¡¿ ¿.¿.¡¿¡.], f)rr:gtrtt]!ctt t,]'¡t ú .Pr.,tlit'ul¡tr ,(iidr: o,l'the .!ìttd'y

In solu(,r nh¿tlos 1al<cn ojï thr. t'cst, rr¡-l;r:¡t t;ll;\ust;iili¿t, ¡-rçrila,iit-rls ll¡rl ìrctxr plr:r'

cir¡njri¡r¡tt,[r'from tllrc rj\."i¡\¡] lIe riuh1, iil ¡:,otri,.) iucl.iijriu¡rli¡ ¿r.ircl t,h¿ ll:lt ilL ¿rthot'ii.

H o11-e\¡()r', il j 4fì scttalh. r rt " 1 
- l¡'<' f cm¿rl:i¡. ir tti i.¡l of (.i ! lì t.:v n [¡ i jotrs h¡rri o(r(r1r. r]'e{1. {l't)rì t

tirc lolT o\'Írr',\'¿ìld ii5õ Jì'on i.Ìrc lighl:. lfliris tlistL'ibirlioll r-locs trot cl-ifÏer:,;igr;ifìcantl.-y

fl'ol11 a le.rrdi,u.r orrr:. 1n li:ì 1.;rr:gn:rrr.i;lc;nalc:r 1,ho 2;l c(.)r'llo1'¡ì glavicliinta r\.ele c)(ll.]itll:'

tlíslrljLu1,cr'l 
.lrefil,eerr ri.sllt ¿rixl lcr.fl, ovar'ìcs, n.ncl ilrplarrl.¿iion h¡trl ¿:,1'¡'¿lrs otlctt¡rl:er-l

orl the s¡tr¡'ù side a.s tho nlr.rlal,ion.

(fi llrea.l;.ittg af tltrt Umbilicul, {.lt'ril

Li thc ltcrltr'-tolln {irr¡tr.rs the nrlul¿ll sl;iri oti tl.rc vcni,ia"l ,.illuf¿l(,., of the bod.y

extenclp; ïil to 7 in. a.long the urnbili¡¿r,l c,orcl, coveliììÉ¡ 1;he eolcì in this rrc['t'.otì. ÛlÍ
ser.er,al occ¿rsiorls lhell. ¿r ¡rcar-tclin lcretus slicl fiom tho ntcms clur'iirg cuttin¿{

operatior:rs, tìrc puiling of tlrc f'oetus afliìinst tht- ltlaccuta c¡ìused tìrc ¡rnrbilic¿tl cold
to lil:eak. l¡l c.¿rch c¿ìso t.lì.c blcaìi occullrerì cìeaul¡r a¡t¿irrst tìro L;oclr, rrall, so ijtrrl ¿rli

that rcrnainecl att¡rcirctl to thc focius \\'¿ìs ¿ìn empty ttl-rc of tùo sl<in ir'liiolt liacl

previously onrrelolcd. t,iro b¿rso of lhc coltl. 'l'hc sanre concliliolt l'¿r's {buud. itr ¿r, tlerv-

born caìf. It is pi'obablc th¿r,t; the co¡:cl nolrnnlly brc¿rlis ìrer:e dulitrg paltulii,ir,n.
V..r l]t.rcc,lit (pclsorral corl¡nrunic;¿rtion) hrrs ln¿rr.le siluilar ol:solv¿tiorìs ul]on ues'-iront
young of llre rrhitc-sir'lcd clolphil (Lagetnrltytrcltus rLcttdtt"s (íìra¡'))'

(g) l[ a.n r,tu.t' t"y C]l antls 1) u.r'i,n g':I ãr a nc erl, P r e g n ru t ctt

In ltr.egnant feu¿rles closc to pn,r'tui:ition the lobules antl alveoli of tho tnainm¿r,¡:ì'

glancls ar,e lr'ell clelelopecl antl. in r'Ìrost cascs flrútl is plesc..trt in thc clucts. 'Iilis is often

er cleal liclüid, slightJv yellov or pâle blos'n in. colour, ol someti:ues turl-ricl aud rvirite,

looking like rnuch Cilutecl n¡.i11ç. f,argc t¡umtities rlay l-re prcsent ai; thii; stilge, thc
lluicl ofi;en slrurting flom thc n.ipples ris the pregn¿r.tr.l, fent¡lle is ìr¿uled f¡rolit tlle \I'¿ìtet.

Histologica,tly trvo phases could. be clistinguishecl ir:. t.he ni¿rmlnar:¡' gìands cf
pr,egrìa.nt fernales ciosc to ptu'turition. Orie pìri'.se (see Platt: t, lrig. l) l'as ch¿r.raci;-

crizecÌ by the large vesiculal nuclei of tho ¿rlveolar cclls, the c.vtoltlastn of u'hich ;;tainetl

very littlo (rrith hnernato>;¡.1i1-¡ or cos.ilr). Jlhesc cclls shou'eii little sign of sect'etot:Y

actiyily. 'Iirc iumiir¿r, of tho ¿rlveoli lcre gerier'àlì¡r r:rrip{,¡r, oxcopt that, scaít.erecl

alveoli {ront.ained & noìL-gr¿rnular a,c,icìophilic sectetiotl, l-liiclr ri'as also pl:eseli, in soine

ducts. llhis fluicl nln5r J¡e sirnjl¡,r,r'to tìie globulin secrctiun proclucecl in tlie mntt:rlna,ry

gltrntLr {r'om micl pregrìa}rcv ìn goats (l)rurnrnortd-Robinsc,lr a'ucl Äsdel.l 192{i).

In the second phaser (sce Pìate 1., It'.ig. 2) ühe nuclei of the ¿tlteol 't' celis u'ete

gener.all¡. sligirtl)' snrallcl', rron-slrhelic¡1, rrricl clariier-staiuiirg n'itli lrolro cotcctltr¿r,led

chroult,in. llìho cytoplasrn rvas rnole gltr,nuìal artri l"rasophilic, rihilc occasic;nai. cleal

clroplets ill the cytoplnsrn suggcstecl tiral, globuli:s of fat (r'ernr:r:ed driling t,htl prepnrn-

tiorr of sectirlns) u'erc being secretecl' \ïitllili f ire ah'eoli tlrerr: ¡v¿'ts al-runrìanL p;r'aliulal

basophilic rnâteliàl rvit,h a ferv fãt gloÌ,nrles. Secretor'\' act.ivii;y 1vâs greâtcf iri peri-
pheral ah'eoli l'ithin cach lol;ule.

Ii rvouicl ûl4lca.r th¡.t tì¡e-qe tl.o ph¿ses fcrLlorv c¿ìclì otliL..r in 1,he olrlcr givett al:ove,

tlie secolicl pha,se altirloachin¡¡ 1,he ìrìsto.logical a,1'rpca,r'a,rlcc oJ ilìc nì¿¡uitjlaÌ'\' gltincls of
activel.)'1aci;al,iug fonr¿rle¡i. ll'be second llhaso is pr:obaltlri l'oirclre(l vot'.y *shoriJrr ìrefc're

parl;irr:itiorr, If tbis is so, one foetus 12 {L 7 in. iotrg r\'¿t$ YorJ r:lose i,o teun.
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. Ai.r ltoint.t¡d. orrt, l¡y r'¿ur ì,txrrre,J-, ¿uÌ¿l viì,tì t-Il:ire¡:llt (lí),ílì) tÌir,l'tl is r-xtll:rit-krr:ril,lc¡

c6¡fì1;.ig¡ l,cgrili1.ir,11 tllc cl;rir'¡ir'i¡rli¡¡iit:s ¡-lltl cl.trtirit,ion c,Í iactirl,irrtl ûL rçÌr¿'li,'s. ìrr iL::

tl:'c r-re¡se a, lar:iati¡g fei¡¡r1c ii; srit;Ì<Ìing a r:l1l, ltit1, oltce ilrt: rvlr¡;-lt; is c¡u t'ìic licrrsill¡Ì

dccl< it iä rìifìicrill t,o c-qir.Jriì¡h |osir'ir.cly.{:li¡rt a ibitr¿,ic rç!rosr: ìrl;ì}ì1.ì¡iÌLJ¡ glatril.'; t,re

¡rilh-lìilexl lr¿r{ irr f ilol, lrec.n äccoml;iinicrl Jr\' ¿r sr¡cl<lilrg calf '.iir lti tJrc i'it-'ro of liiìliilg'

hr the ¡lirç-rc6t ri,otli llir¡ {il'sl critclio¡r c¡f l¿rcl;rLiiolr rr'¿t,si i,lltt l)lrtìilelìce r;la]¡.rar'oirtlv

tÌorlr.-ral r-ni11i. (jthr:r'lluicls--.1'or c,:iamlrlc, tho lcs,i cÌclrrse atrtl oJ{'cll discolorr|cii lit¡tlid

as oflen lbuncl- ìlr the rnarnlttat'.\'clucts cluriug lt<htnirt:eil. llì'('rÍllì¿lllc)' ol'tl¡c l¿rLlter rillitc:

lyâiery lhricl. fr¡nxl- in çorne ¡;ìrn.rls irlvolut jn[j ¿,1]cr- l¿rr:1.¿itir)ll---i\il-ìr'o tlti'u classcrl :Ls lililii'

iflre clua¡tity- (ìf lìrrlnlal rnilli js of lìtt'le tliag:tcrstic vitlirc. $oorr ¿lfler' i-;Írr'l,ttlititlrr tire

ca,lf nra,.1, be {¡,rxliug f|equcnl,l.v, so t}r¿t ¿r fol'¡ra,lcr I'ilJccl r;¡'r'lv iÛ lac.i',ltiorr rîiglri;

not be car.r'\'irrrr r¡uc¡ rtilft jn thc; ilucts altlrongìr iactating )re,rviìl'- This rn¡¿is ft¡t.rllcl

i' orre cai;e (clisr;¡sserl ìaler:) rvhelc ¿r, felualo airil ii,s yoLlllg tl¡ilf tvtx'r: talien. On ihe'

.thcr ¡¿i,¡¿ dlr.i¡g the u-eanirrg periotl thc ca.lf tuir.y suc'lrls ki'{s t'cgtìl¿uly, so lJiat nrilli

tn¿Ð¡ ¡.tccllìt-rlìl,rte i. 1ìte rna¡rtn¡¡'\, gìancls, or:en tcl the c"xtent t,h¡r.1, it is {olcecl fi'o¡r. the

n;ppt.o ¿is a fcmlle in llte ltrcl¿rtion is haulecl fi'om llto \\r¿Iter:. ,\tso if the calf i'' iost

ttic. rnilli rvcrr¡lcl teinporar:ily acculrulate in t}c {eiuale'.. tnattttttal'1' gìlrlds. Accorrlirrgly

t,Ìre p'ese¡ce gf laygc ci¡airtities c{ uri}li is no{, ttr:ccssir'::iì.¡: pr.'tlo{ lli¿il a sricìiling calf

\y¿rs prcseltt rrilen t,he f'em¡ile \\-¿ls liilicd'

Ari a secoril c¡itcrio¡ gf l¿rct¿rtion tho histokrgical trppcarancc o1l tllc lllnÌì.lril¿tì:)¡

gla*cls 1'as co¡sicler.ecl. It hrs bccn slxl*'n in thc guinea-pig (l:Itrsselbelg n11¡1 f'¡rr':l-r

iS:Z¡ apa t,ìre l¡e¡se (\Villianrs I9-t2) tìrat soÌne ir1\¡olutiolll clrrulgcs liegili jn t'he

tnamtn¿ì')¡ gla.ntl.ls s¡or:t,i¡r be{or.e \ïeiÌnjllg, apptr,rentÌl as ¿¡ r'e:,ult of l.essenecl. sricliling.

Tir,s if t¡c malull¿¡r:y gi,rn.rìs al'e ¡ctit'el-r' sccreting and. -"llorr ìlo siglls ol irrvolutiort'

the yorurg are stiÌ1 s.rclãi,rg. lllhis ìnterlir:ci,¿rt'ion \\'¿1s rt)ìlo\Yed. l'itl, thostr hrturpbncl<

*,ha.lcs *,hosq ma,rnrlrr..y !Ì,lncl* cont¿rilietl. a1'lLtr'.tr:ntly r''.1'llr¡rl lriiii<. ff the ¡rlçeoli

of tlie gì.,¡cls sh6rvc¿ ,ro ,.ig, of iuvrilutión aricl the cells lilliug tire ¿'Ìvcoli \\mì'è actrr¡'ll)

secr,"tiig, the female u'as t,l,rssific-tl ns stiil strcl<ling tlie cail. lf the cluclts 'lolltÐ'illed
mill< ¿r,ncl tllc ¿rh-col¿r,r cells u ere no longcl scclctiltg (geiirtrtrll.y l'ith signs of resorption

of tlìo alveolal ce!ls) it, l'¿rs corìsicler'erl thtt l,he female li.ir.l either recentlY losl, Ì':'s

lÍ¡eitni*g, crr lracl just frnishecl \1 e¿Ìning the calf, and-;llilb tlic appatentlY l:o|lr'al

mill< pr:esenl, in tlre clucts l.n,s a residuum llrich rvoulcl have sholtly clisappctaleil'

In sevclr¿,1. c¿rses rvhcle t¡iìl<rvasplestltlt, sarnplcs of rrraturllal.J' gl:lncl Itissi'er from

anl,erior, c,cntr¿l, arÌc1 po$tcriof r-egion.$ of the glaircls wol'e pÏesel'i,ccl ilt ol:cler tcr

conllla,re t¡c ¿rcti'it,v ãf tt 
" 

val:ious 'egir:trs. 
The co;rd.it,io' .f the lol-rrtlt:s rva's

ge'er"aliy founcl to ]¡e ¡niform thloughout Lhe glartd, althc1lgìr j:t one f'cur¿rlo hillcci at'

fho encl of j¿rctation, irtloh¡{,ion of l,ho iol¡rilt:s jn th.e poüteliot: r'ogiorl of t}re mallrttlar¡'

gla'cl appe:lrecl to be sÌightìr' in ¿rilva..nce oJ that; of lol¡ule'* irr the ¿r'nterior ¡rnl'l; of the

gland,

'Ihe ccr'c.lition of thc ovaries gives lorne intlicat;itili of horl' recently partriritiou

has occu¡.e¿. Soo¡ after partu¡iti,ou t.he rrolplls luteLttu o1'1,1'trgtrzi,nc)'is still lalge

a'cl, lJrough involut,ing, shrlu,si cviclcnce of its recoltt, activitv (sce -l?latc 2)' 'lbu'ai.ils

t¡e e'd of tirc s¡clilinjperiod 1,he resorpt:iorr o1 tho tecetttl-r'Íìlnction¿r'l col'Pliii luNer¡lu
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is .qo fh.r atlt,¿r.lri:erl tlrlrt i1, ,rr11¡,'u Ì.rc i;l¿rg",:rl as & cor'Iìrts all:i+attr:, c-.n(.I is oftcrl I'r:thrr,'ecl t.rr

suclr an exlelt.tlr¿t, it is tliilictrlt, Lo cìccirlc l'lrir:lL cotltns ¿ill¡icatrs hacl l¡ce¡r l'rtrictir-rnal

ruost reccnllv (Chitllebororrgh l9õ.t).

. Tf ¡lrrrturition has oulì' rcceirtly occuìrrcd tile utcnts lt'ìa)' ritill l.re soiitt:it'ha1,

enlargecl., n'ith a tiriclçcnccl fìixous x-all ¿rnrl lolv poir.Lecl glarrdtr.lar:.lìritls in lhc
cnclonlctl,irrm. Ilot.e.¡cr, aficr pa.ri,nritioll 1,ìrc uter'us usr¡¿rJlv rcturlLs rilliitllv to n

sitnil¿ir."ize, a¡rrÌ $trllct,urc ¿ì$ l-reíore tìre pi:cgrta,ncJ¡, so thrrt tlrc colrclitioll of iiì€) utcrus

is ¿l usefui cliagno-rt,ic fcatttt'e foi'onl¡'tr llt.'i.'f Periocl alter'¡le'ltrlrii'ion'

(b) Ðurcd,ictn o{ Itrtclatíott,

Silcc í¿ lì1ost c¿rserj partrrr"il.ion talics place ear'ly in ¿lrrgl:st, (Soct,iort ìli(a)),
it is suggest.ed tli¿rt nost, feruaìes hat'e begurl l',r'ciat'ilrg blt rnicl Arrgtrst.

T¡grn 2

FlctlAJ,IlS \1/l'I']I I1.l1,I( BUT Sllo\\¡r¡-(l No lrvlDft.\cn o¡'lÌucEN'I
I'"lRîrùlìt1joN : TNCIDItNCI: A¡IONGSr 348 s¡¡xu,t¡,r,Y ¡I^T ttRlil

FEÀrÂLtìS 'IAr{lìN ON lllllt \vESllJrlìN Âtls'¡IlÂl,IlN co-a s'f
(19{9-irJ5r)

Tot¿l ll:r.1ulo
ltetr¿r.les Ilxalrir¡ocì

Irerlalcs -¡,ilh llill<
llrt, ,rio JJviclerrco of

P.ecent, Paltt1rition
'Jìen-day Pcriocl

Juno 1*10
June I l-20
June 2l-30
Jul¡' l-10
Jul¡' I l-2r)
July 2l-30
July 3l-Äug. $

Aug. I0-19
Attg. 20-29
Aug. 80.-Scpt. 8

licpt,.9-18
Sept. l9-28
Scpt. 29-Oct. 8

28
64
3l
20
ói)

16

4l
l8

35
21

l0
8

t9
48
24

6

8

I

I
0

I
I

Ilcrcentago

73.t.
75.0
77.1

30.0
n.9

6.3

5.6
0.0
5.7
9.5

I0.0
l2'tt

Regartling the telrnination of lactation, it has l:ee,' frrrncl that nany sexually

mat,uïe, ron-plegnant, f¡¡ln¿rles talien on lhe l'est coast of Äustrali¿r, it-L June ¿ttld e¿ìrl.v

J¿ìy of earjh ycar carry rniil( ín the lìlarì1mary glancls (tìhittìeborough 13õ4). Tho

or,âries and utef i of these females '\\'oro genelally in a I'est;u:l (auoestrous) condilic,lt,
indicating l,lial, the previolls J.¡irth liacl occurrecl Bomc r.ì.onths before. In a ferr cases

a Graa,lìau follicie \ïas rnùtuf irlg, ol o\¡uìation had recelltlv cccurled.

'I¿ll¡lc 2 anrl lJigru'e ii shorv the ¡ercentages of felniìles \rhose natìììtl¿ìrY glatrds

contai¡ecl norrnal lltilli ¿urcl l'hich ¡;hou'ecl no sign of a lc;cont birlh, arnongst sexua'lly

NoNo.
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¡1Íì¡¡'e, 1l()tJ.-tlrcgn¿ìllt fcin¿rìcs t,:rlscn in cach l0-díLy ûel'ir.rd fìoln Jrttro ¡r, Q¿Nt-rber'

Irigurc l] inrlic¿r{es ljtat, ti¡rs'r, llt¿ltul'eJ tlo11-l)rcglìiìllt iclli¿krs ¿rlrt) l¿ì(1{rr'lirlq iir 'J'uno,

btü thtt lat:titlion ì.1ij1¡âll.l' ec,ases b¡' 1'lrc l;eginnjn¡4 I'f 'f rll,v'

IIoç.r:r,'er, as st,r-crssccl i1 lhe pr:ctiou:i l!cc{:ir.rlt, tìrt 1.rt'cscn.r;e of lnllli isr n.crl, 1t::oof

iri it,s;clf that ¿i calf is br-,ing sucliletl, lnt lJrc cyt.ologiciil cotxlitiol of tiìe iìiiilnrrarY

glarrcls aflcrcls somo conlìnlr¿r{:orv cvicl<;uúe t,h¿ìt' sncl;lil¡1 is Pr:occecling }ia.ny of {lle¡e

icrr,a1,¡i in t¡riili Ìrar1 l¡een tìsritl too long to rilloir' ;r s¿tìslìrt't.olv histoloaictl cx¿rlìlill¡rl'ioll'

Tl¡e rna'ima,r'¡, glzrncls lcro scctir.¡ncrl in Jf, sltccintetts of i"i'cslily liillcti Itrürales rt'lit:sc

gla"lclsr,oubeileá¡rillibrit,-.yþj¿1þs]1q11i,61c1 noc-.'irieucr-rof¿r'ec,ellt,birth. lllhe¡4lilnciirof

l? of tlr"uo, ¿r.ll lrilie{ drrr.ing .Iunc ¿ucl the fìi'st 1i'eoli of ,Tttl.¡', rt'ere fulh'clor-olc'1;¡"rl atlcl

sccteti¡g. h¡r.i¡g the s¿r¡re nricloscopic ¿Urpeiìr¿ìnce as lhc: glantls clurirlg e¿ri'lY l:'c{.at'iou

ico',pnre Figs. i ancl i of' Piate 3). llhe lrranun¿ir'¡' glands of the re¡rraining fi'r'c, ull

l;iiletl aftc¡ thc firgl, ¡,eok of ,)uLy, u.elc lcgrelisiirg iìn.d (:cllri iining tlte ¡th'coli r't'cì e rto

longer: scct'etory (see Platc,tr, tr'ìg. l). Tìhi.r su$gests that tliese fe¡n¿rleg had ttcently

'tI'ea,ned their calves.
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Fig. 3.-Fernales rrit.h miÌk bul ilo cvicleuco of lecent 1:ari'tu'ition:
pelcentago floquency arlongst soruaìly lnatttre femalcs examinecl on

t,hc \\'esteltl A.ust,ralialr coast' froln 19oì to 19õ5'

'Io s¡m up, tnost <if the lnatrire lfol1-ll1'egnatrt fi¡r¿¡les liillecl on the r¡-csl coast,

of A¡st¡alia clur:i¡g June hal,o enlarged rn¿rmrÌlaly glnncls colltaining rìliil(' Tho

alveoli of t[esc glancls ate liiled wit]r activeìy secletilg cclls, inclicating tirnt t]rese

fernales are s¿cliling cah,es. The ovaries ancl uteli inclicate tìiat, ¡ilo prer-icxrs birti,
hacloccurre{so¡1elnonthsago. Thegtlrluersofthervitalirlgvesselsonthiscotstreport
that cluring June ma,nv females a,ro &ccorìLp¿tnicd l-ry "YeitLlittg" c¿lves. l'he storneehs

of tr¡,o sucl1 "vearlings" (one female 29 ft 3 in. in lengl,h shot ou Julte 12, t)re otber,

also fe¡rale, 28 ft I in.. in lelrg1,h, shot on Junc 14) 1\'eïe found to cont¡rin part'ly

cligestect rnilk, prol'ing that these t-ele stiiì suckling.

llhe aì¡ove evi{e¡ce ind.icates that nost, )¡outlg arc sucl<led unfil thc end of 'Tül}e .

Flotn T¿ble 2 cnd lìigui'e 3 il, is infe¡rr-ccl l,hat most youÌrg are rt'eantrcl torr¿rrc1s the

encl of Junc or the l:cgimring of July.
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Composition of L{i1k

Süage of Lactaiion

H

.t Speciâc
Gravity

Total Solids
(%)

D-^!^:-^

(N x 6-38)
Carboh¡-diate*

\"/o)

l.t

0.8
0.2

r-I
1..1

1.6

1.1

Fat
to/ \

Ash
( 9á)

Suckling new-born calf (approx. I
rreek after parturition)

Jusü prior to weaning: mamma,ry
glands activell' secreting

Mêan:

Calves just weaned: ah.eoliinvoluting Leftf
and no longer seeretor'\' RightT

Lefi,f
Right'f

1-f|.1

I'or!
t.õ3
1.80

1.66
i'41
Ì'39
T.iJÐ

j

H4
þ;
3

t)

+

15.r-ü
l5.vii
lS.vii
18.vii
18.'r..ü

l0.viii

0.98f1

0.989
1.017

1.0I7
1.01$

0.7

Recently.lactating : rnammary glands
involuting. P"osidual fluid in mam-
:nary ducts afbor weaning-o.¡strus
cJ¡cles regon]'rnerìced

6-r
7.6

t 8.8

0.4
0.7

12.9

4.6
4'I
4-3

û.1
l'ö

0.7

Left
I{,ight

2.viii
9.r'iii
Lviii

l'0
0.9
0.1)

*"By difforerrco.

fMilii thiciier than i1sr,al.

fMilk exfrernely thick.

Ðate
ll-hale
Killecl

l3.vi
1,{.r'i
lb.vr
l5.a.r
16.vi
I'r.\'l
18.vi
l9.vi

3.vüi

1.007

r-030
l'004
1.0r6
1.030

1.015
0.992
1.008

0.958

6;J.6

63.8
-tr.o
42-l
47.S
5 ¡i'l)

47.1
o1.l
46.8
41.8
54..C

54.E
47.5
4ô.5

48.,{

.a42 JÐ'D

32.0
33.6
?8.õ
:6.8
3 1.8

õ4.3

20.4

3.0

29.l
39.2
32-ri
32.4
37.0
4r.3
26.6
25.i

33.0 r2.5

11.8

13.1
12.-a

r3.6
l0.i

L2.4

1.0r
i.fìI
,.û4
2.09
l'49
û'5

1.e I

1.6



lì'tlJliljl\l(l Cì'Cl.,ll ()lr':liltli,\LIt l{r-lr11ffÌr"l)Ii \\'iI¡'i'tì il

\\rit,li lar,tai.ìol. gcrr<,'r'irlìr, ronìnìcrÌ.ci.ìrlì i¡.i lnitl -,\.rt¿lti::1, ritttl *'citttitlg taliilrg pì:lce

b¿i'li *'lr¡ile ì¡ 1]rtr't l0l lliolr.,.lli;.

flolrt,r:rLr')' to tllc sirgr-¡csiiorr l;1, 1l¿l{,1lrorr';.r (l.{i:ìï) :ìrr cviil-tlttrrc ìr¿rs llcctt lorinil ctf

a Íjudd.et). iu(:l'eirrr{} irt t.he lcr.lglìl t¡f l:¡r,1ec¡r;rlatc:s iri 1:oìriì!ì lltit}<rs af i'}ro t'irlrc of

l clrtittg.

(:) Com¡ositirrtt oi' Ni-lii

ilable lì sho¡r,ü the loitili.s J'r:orn'.lre an¿¡lvsit o1. llilÌi ¿rlltl lnillr le:;i,lttcs {'r'Ötlr

l5 fenale hrr¡r111-rrrcli 1-þalc:r iJl lli.osresrivel st.agcs rlulirrg ¿lttl afi;er'lact¿r'1.it'itl. In

l¡rt on thlcc, occiisious sart-ipìcs Ji't-,lir ìefi, ailtl -r:i3ht cllncls u'cltt cr¡llccted ancl trualyser'l

sc¡ra rrr.lcl.¡' .

I¡ cortrp:rr,i;r.r1 l'ilh laLel'¡ttges. tlte ntillt fìrtrrr the f'erlrale sÌlot ¿rt tlte cottultctrtlt:-

,rcnt, of s¡¿<1i;rg l'ars alrcacly Lì¡¡lr in pro{c,in contelrl, (114 pc.r ceIit.). 1l'ìrct f.rt

conl.ent ry¿rs aìso rel¿tir.el.y high (2rl..l p{rr cor1,.) lrtrL noL a,; lriglt ¡rs {:'hal in tlle nrilli

of fcmales ch"rling lllol'e arir'¿utccd laci¿tion.

F6r a, s¡ort tiruo ¡fter riciniug, rvhon thc rìriìììì1t1ù.r'.\'glal.d.s illecnlalgerl lnLtuo

lc,lge¡ s-ie¡r'otolry, so¡rc llrilli of ahilo¡¡t nolrnt.l tìJ)Ì)(ì¿ìr'¿lllco a.ucl ctxrtltositiorl is f'oirtld

ili tio rrralnuri-r,r\. ¿rrct* (Ta¡ìe .3). :\t ¿r, lntei'stagc ¿r.ftel lactutkrn ri'hen the inr-olul,iotr

of. t¡c r¡ai¡nrût'.\'gìalt{s is urorc lnarliecl thcre rtt¡-l'lle sorlte lic¡ricL i-rr the tn'rrtlmar;'

cl'cts, ìlut this ¡suaìly h¿rir the âppe¿Ìr'¿urcc of rrhitish ol tur'lrid ]'eliol'isìr *atcr'
Tlic eor¡p6sitjon of sucdl lluitl frc¡l llvo l'enr¿,les ill this pliasc is sh.ou'n ¡,t the llottolu

of 'l'rrbìc 3.

V. Or'¡rlr¡x Orcr,lis

(o,) Ocu,ricr'tt A ctírìfy I.) rcri iry Ir reg n ct tr c t t

tl¡lilie tlte lior¡¡e (Atnoroso, Ilancocl<, antl Fuc;t'l¿t.tlrls lllii{) ¿lltl tlrc Alr,ican

eleltht¡rt (Pe¡.¡, 1953) rvhore seconrf¿rv colpola lut,e¿t' arrc rlcvclollccl ailcl llecotne

f¡¡iction¿rl cilri¡g 1lïcgtl¿utc\', tire one corli[t¡:i ]uteum ilel:';ists t'h.r'r:trghorll pl'cgll¿'lJ1cJ¡

i¡ tlre irl¡t1tþacli ç-hale. Pr.çoI of tbis \\-¿ìs rrJltãillccl fr-ctn scr-clal lrolrllg ferx.ale llurnll'

bacìrs liillecl tc¡rv¿rr-ils llle cncl of tJre fir'sL prugrìartcy, llleu tile ov¿l:ies cal'riecl Jlit one

col?us glavitlitatis brit lo corpot'¿t all:icanti¿r. or lut:eìnizecl follictle.*.

llhe ¡:ccoltls and oy¿ìries esa,l¡incd bv tlle ¡iuthor ati tbe Nation¡ii llrstit,rite of

Ocealog¡n1lÌr¡' in Engln,nJ, arr.rl the St¿l,te Inst,itute fbr \\¡hallrg lìesealch itt ì{oll'a1.'

slio*'erl t5a{, the Graafialr f.rliicles of plre¡c,ruu)t hunrp.bacl< rvha.les talien il Antalctit.r

rv¿tl.crs (a,ltproxir-nateh, rnirl irlegrrzntly) ale ¡¡enelr.ilv of corttl.rt-r,r'alllc size (ciizrrlrr::tcr:s

fiolu 10 to llf.) Drtll) to those irr non-pr:cgn¿n.t, ¿lroesl,rorrs fcÌ]l.a.les.

I-kirve-.vcr.,, then such fernales ret111'11 to tern¡tet'ate \r'¿ìtcr$ during ¿lch'¿urcccl

'l,egrìancy 
the na.jorit;r of tlie pleviousl¡. rvell-clcleloltcd Gi'a.¿lìarl. i'ollic,lcs (tlro-*e

ovcï l0 lnlu i¡ dir-rmeter:) lraye atlophierl (Chiltlcborougb tf)rí-l). 'Ihe lem¡rinin¡1 sn.raìl

foliicles (gelcraìly up to 6 niln ltut occtisiotralll' r'eaclritrg 10 nrrn in dì:r:uretcr) ar:e

q¡ite ¡or.ritr'1, Ìraving a large ¿ìtltnlut linecl l;-v fllr¿ìrlül(,i¿ì. cells alrr.l ¿r cullluhts enveloiling

* 
',r¡1r,1l 

o\-utn (Pla,te 5, Jt'ig. I)..Atlctic follicles are veìrj al¡untl¿nt jn tJre oYaries



1", tì. (i- ot:ii1 T'trliB()rl{)trilir

rliriing rtllr¿inc,-:rl l)ro{trrìn(:,y. lllllr. or,r¡rrl u,illlirr r¡llc ¡¡lt:ii ¿ri,r'etic l¡r}licir¡ lracl fr':'¡::-

bee¡ ror-'9.r'(L(;{ i1 gtli¡l'r¡jrrì,r'r},r.ls ('ì}llrl iurrl'l llnriìt-on lii;iJ, p.4l; .ì.ririt1a li.ì5-3).

.l n onc prr-'¡lnr.rrrt fir¡,r,rhr c¡ìrrl'.ijrll r. lrictrtr¡ l:¿ lI 1ì irr. in tor¡{t}r. O'r'¿i:ili¡irl lolliciers

hacì. rÌevelopr:rl colr¡iick;r';rì,'l,v anrl orre fìrliicrlc .tr8 rlin in cli¿rnrr:tcrii'¡rs irlr¡l:tu'È. lllilc
cor'llì-rl lutertin of Ir'c¡1t,r.lrlr;J'l'itÍ in e¡lr'.l.r. s1,¡rges of i:csot.'¡rtriotr, s¡irl-ril¡t'itr sizc al,¡1

s;tnrctrrlo lo lhe c¡nriitiolr nonnal.l-u' fburtd clul'ing earì1: lactat,ion. 'ILris crsc erf tlrc
initiation ol ¡r frut,lrr-.' or,¡r'ian cvcle (u illr res(rrl)tiorr of tlre cor'1ius ¡¡raviciitai:ìl) shoitlv
beforc. paltrrritiori rlrust, bc (:otr¡iclcÌ'c(l i'¿u'c in. 1.ho ìrunr¡rì;a,cìi l'hrr1c, siircc in ilte or'¿tt'j:ii

of ovclr i0 clthcr: fc,iil¿rk.'s c-r¡nrirrcrl rhrlìng atlr'¿rncecl l,rr'egrìanrr' thr¡rc l'as uo
rlcveloprrrcnt, ol 1ìrlliclos anil nr.i suclr r.Litr'lierl leso.r'ptir-,n of t,ltc cot'pus grar'ìdit¿tis.

(b) Otulatiott Fol|owi,ng .l?a,rluril,íon Il'ithout Loss of CaI;f

A la.ctrililr¡1 ft¡rnale ¡rnrl ils voulìB c¿rllu'e¡re t,¿tketr on Selttcmbel 15, J{}ä:j. 'I-he

calf, 20 fl 4 in. in ìenglh, rvas consitlcrctt to l¡e fr:om :l t.o 3 molths olcì. '.lhe stomacli
rvas fillcd rvit,li cruclled lnilh ancl tire illt,estincs conl,aìnetl nuclt Ì,rligirl vellot, lic¡ritl,
sc that, this call h¿¡cl becn. ¿r,cti¡/ely sucl<ling.

The ilaternal rnnmrnti'y glurcls l.ele actir.el.v secletiì1g (Plate 3, Ilig. 1) zonrl

lionnal lnilk rvas llrcsent in the cl"tcts. '-llho lccently hrnr:tiotral cor'1tus ltrl,erun

in tiris foln¿rie t-as in cally st'agcs of lcsoryi,ic,n but ,.r'as still rolrrtir.cl¡' Iarge
(95 ì:¡' 79 ìty 77 mrll), $'rjglìing 308 g, a.ucl htrnging ¿rrt-a\. fi'oltl the or'¿rr\' (lÌl¿1,e 2,

Itig. 1). In contl'¡.si, to the general conclitiorì dnlirrg ¿clvanced picgrt:ruct', tite
Graa{ian follicles of tlrig fenale ín eall¡' lactation l'clc s-ell clcr.eloperì, ser.et¿ll

lear:hing 22 lntn in cli¡rnreto: ri.hile one at 3-1 mru appealecl to ìre maturing. Or-trl.irtion
hncl receltly occurr-ed, ¿rs sholn l:¡' a ¿".'.,,.t,in¡:; corpus lt¡.tt-.uur (59 trrv 5õ by 55 ntrn),
i,hc J¡loocÌ-st¿rinecl hole at ttre point of mptule being ahuosl closecl Jrt' etp'utd'nc'
lute¿rl tissue. Thus trhis felnalc hacl. onilal-cd soon after: par:',rilition.

Anot,hel femalo, killecl on Augtrst 10, appealerl 1o it,rve ïecelti,h. gii,-etr birlh,
as er.iclcncecl by a, reccntl¡, function¿rl corplrs luteum (101 b-r.91 l:-v E6 ir-rrn, iveìght 553 g)

hanging florn one ovary (Pi¿rte 2, Fig. 2). The uteliue ¡-all s'as thicl<ened anci

librous, silnil¿u' to the u1.ems of the female clesclibecl alrove and littor.n to be il eari¡'
lactltion. 'Iho lu¿r,mlnary gla,ncls coutirinc'tl abundatrt rnìllc and, the ahreoli ir'ele
acl,ivcly secrctin¡1. Álthough the guir.ner of the catchirìg ve$sel clicl not recotcl that a

<ralf rv¿,s ¡lr:sent, the conclitiol of this fc:rnalc stronglf intlic¿rt'es th¿rt a \¡el\r )¡ourìg
calf ryas plesent, an<l 

.l.reing 
suckiecl. Tiris fenrale h¿rd lrot ovuiatecl since partur'.iion,

ì:rrt tJrc Gra.afìan foilicles l'ei'e rvell tleveloped (up i;o 2l rnrii h diameter).

'Ihreo fomales t¿rlien or) tirc 11'est co¿'rÊt of ¿\ust¡:¿rlia plovicled cleal exanrplos of
post-parl;um ovrilation resulting in 1-rrc'gnnirc.1. When liillecl (on Jurle J.1, 18, and

21 rospectivelv), thesc lelirtles r.ere in aclr¿ncer1 pregnaÌÌcJ' (ibetal lengl.hs I fb 3 in.,
10 fi, I in., and l3 ft 0 in.) and )'et rr.ele iii l¿rte stages of lrrctatio¡r. In tirese cases

ovrilation goon aftcr partulilion hacl rcsultecl in a, ful'thel pl'egnanc)', so thal t-hcn
killecl approximately l0 months aftel tire plcvious bilth they ri-clc jlt ariv¿rnced

llregTìariclr ¿lnd also in thc la.st stagcs of siìcliling theil ¡rrcvious cah'es.

Iùirther evidcnce of post-ptrl;um ovtrlat'iorr lcsultiug in preglniLncy Ìrils been

ol¡Lainecl frcm unpnblishccl Norri'crgiirrr lecolcls rçhi<:li tlle aubhor \\.rìs pelnlitted to



lllìlCltDlliCì (]}.Ci,1ì OIì 1"1ì¡I^.l1,li !ILrirÍl'l}iCli \\'líÂ1,|ì i.l

::r1,1i{lJ'. Not'tv,t{{ia.rr ollseì'vel:s }¡l¡.¡,; t.,¿tt't¿ftllìl'c,.'+li¡rjtLtcl C-l sesuiìll.t. llt¿tûÌt{) filnl;ììt;
ItLrittl;l-llcÌ,, 1\'lÌrlri¡t talicn in :\lrt,¡llclic rr'i.r1.els J¡ci;t crrn l {}-11} a.;rd lf};ji. 'l'licrse lcn¡alcs
{ìre list,e(l in'jla}rir¡ 4 irccol'rlirrg to llrc stap;o ín tl¡r: Jrr.errrljnÍ,1 rrl'clr:.

11; lnusL l-¡tr stresstxl tllr.rt tllr:1tel'ceut.a¡1es gìr-el in'Ihble .1 clt-r rrol r:cprcslsrrt a. l':r¡ì-
tlom sant¡tlc oi J,lre l,.exurlÌy matrrre 1ì:rnales, ¡s t.he:r'o h,irj becn nr:let:ti<;¡, li¡l, curlv
'1.;¡r 

11t" gr¡Irnei's l¡ul ¿lso tt) st'nrc e\tclìt llY tlre oìrscn'els, l'ho tt.nclctl t,o ,-a1. ¡¡11-¡¡¡1

¿rttt¡tttion to alrt' lact,at.ing f'enl¿lcs u,]ricù n.c:r'e takr:n r'¿.lliel inlì:erqncittlT. ll¡ir,h
f h.c ¿rbol'o reÈelt'¿ttio¡r, Trible i[ slrort,s tl'o inrpo;:tiurt ¿ìrrJ]ects c(r'¡lceÌ'r.¡ilig 1;hc,, ì¡'ecilinq
c\rcle of fclnale lirrnrpl,urcl< n,h¿rlcs.

'l'.r¡r-n .[

ir¡-xu,t lr,y lr-t'ru1ìrì tattfîAl,lt Ì¡ t:ft.t)l-1"\cIi \îI1-\Llls ('t'.rrrnx rN
¡rr¡) ÁNr.\lì(;.r.rc Ì¡rìolr lf)50 .1'o 105ä) cr,_.rssrl.ltr) )]\a ñL)F--

\1'ECìIÁN OlljiM.\'ItßS r-\1'O TIl14Ill ItTr:ìl'ECII:I\¡ll I'lti!Stt OI¡ 1.¡.Ilt

JIR.ìlIIDIN(ì O\:CÌ,T1ì

Colrlit,ion Nunr.ber Porcentage

Nc¡illx:r plegnarrt, nor lacLa
(rr:sting)

Pregnarrt bul not Ìactatirrg

Plcrgl¡ant an d ltrct,atirrg

l,actatiitg but lot 1r'cgnanô

'l'otal

Ililstll', of tìiosc sexll¿ily rnatÌrìre f ernales pcrrnlitt.ld to be t¿lien in the Anta¡ctic
(cithet llì'egrì¿ì.Ilt rtr' "r'estitrg,"), r:ela.tivel¡' ferr. al'e "r:est,iug" (ireither pregtrarrt nor
lactlting), Thesc ferv rei-'re,sent those felnales rvitidr ìr¿icl firilecl to conceive clur,ing l,he
pt'eyi6¡t ovnlator'y seâsoll. Seccurcil)'. of the carefillly ex¿uninr:d lact,ating fc:lnir,lcs
a, surprisillglJ' higiL plopoltiorl \r'ere concul.r'erìtlJ' plegn¿rnt, rvhich suggcsts t,h¿r,t

post-palt:um ovrÌl{ìtiorl rt'ith succcssful conceptic.rn is not ullconntlotì in the }mniilbtr,cl<
rvhale.

Althougir at presenl, thc rtrillÌ.;el of oliscl'r'atioìls upotl such fern¿rles is too s¡rüll
to allori' ¿ cletailed cornpilrison to i¡e nracle, it appcl,rs th¿it, the fbetuses can'iccl by
lactating {emaics tend to be sliglrt,il' smâller tlian foetuses fi'orn trou-la,cta.titlg fernir,les
liillecl ¿r,l the same tirne, 'Ihis suggests that lilcgnancies t'esuìtiìrg from post-par.tuln
ovulation begau :r little later (porhrr.Irs b). ¿ lnenth) tha,n tìlorrt of ihe pt.egnancies
l.Iiioh begau a.lTel the previous lacl,¡,tion pcr:iod.

(c) Ottu,lation, Iollou:itig Pctrtu,ritiott,, After Loss rtf CuIf

Six fLnrales, l;ìììed duliug August and Septernì;er', r,1:pealed li:oln tiie st:rte'of
the ovaries attcl uteli to have rccetìtly gir.en LrirtÌr. 'Ihe rnarnmary gla,nds wete
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clrl¿r'12.(:{1 ¿Lrì(l tìri.iii r, lì¡t l}r'oscut, ¿llhouqlì..itt so¡no tÍr${il tltc:;iiìll ir,¡rptiir¿:i'l io lr¡ rlri¡tt-'

alvctlli lteirr!{ s}rt,nrriirrr, crtlurectr\jo ti:i,ille increirsir',g;.;ttrtì i'Jtt> gìrLilrl c¿'[it; lli:it'tg llt¡

krrrp¡l seclctot.'\/ (sr-:t: 1--1;rte ii, .lt'i¡r. ;')'
'.llhis r:vi¡lrln¡_rc 3f t.c(1c¡i. p¿ïitìi i t.i6l1, togetirer: ri,il[r. t] u' ilir,o1llt itttl oÍ tìrc itr ir tli tn a¡tr

r1lanls, st¡o¡lg1). s¡g:c!¡j l-h Lrt, i¡ tlt c:¡e c¡r,ro¡ lJ¡e c¡L1f llr.tcl. l,¡ectt. Ioi¡l at;. or vc1:)i riootr tt ftct:,

bilth. YcN in lìrri¡ r'rf' l irege sil f'ciu¡lcs liiltlrr:r' ocstLC,t¡s c,\.ck:¡ ]t¿tL r.ioitlrltcl'ii;t'r1.:

i¡ t¡¡cc c¿ìÍjeÊ n, rilllt¡i:ô foliicle ri'irs ¡lLt-:irr:rtt, irl a'nc¡thc.l orlll¡,1,ioll. hatl jusL.rccllr'l1ìcì.'

¿lrd iir r-ìlc fif'rlr n rlcr¡elol.rirrg cor'ìJr¡s lnLeilrn sh,lyt-.ci. tltal ovt¡l¿t'iolt li¡-r'1. rerr:<¡it1.\'

otctr lt (:tl .

(tl) 1' ost -luc'l t¡.í í,onul 0 uulttt'ion

Ås s¡o1'ri irr Seciion l\''(1r), llcl,ri.tirin in i;his sl)cc,icÊ ccrlrir'nrter: forr tppr'oxitl;ateh'

l0å ntor.rths, lt'rosi, {bril¿iles \ïcilnillg tlie c,Llf iri tlie elitl ol Jurle. I1, lr¿r's al-qo l.reelt short r,

(Cliitticltolg¡g$i ItìlÍ-l) tlr¿rt the majorit.l' of'mal-it,'e tt()}t-ilrcrgtt¿ìr.r(, f'elluilcs exl)erjeil(.:e

or.stl¡¡s c¡'clcs cþu,irrg J'rrì¡', ,\u{ust, nrxl Íieptcrnber, ttrzrÍtrritr.g lbìliclcs (1rr:o-ocsl,ru;;)

ì.reing nros¡ cot.¡tìlolt i1 Jtri¡r. Frorn t,his it follou,s t1i¿l fetnales do nob llorulillly

expe;icncc) n, perjtxl of ¿uroestrus afl-lr l¿-¡cta,tiou. Irt some caseri. Íls mentioned. in

Se"tin,r i\/(ô), oes{,r'rtris cl,cles colì1}1ìencle duling June ol e¿trl\¡ Jul\' shott,ly lle{ì¡rc

la.ctatiolt lins ceasucl.'

'' \¡I. l)rr¡cussros

Ilrotn tìle e1icfu,¡ce 6f or.¿r'in.lr tcttyitv, ltcûL'tr-;¡tll f<¡etu-qes, ¿r.trtl nerv-J¡ol:n c¿rlvcs.

tlie gestatiol period in lùc hu'rr1;bac.k ri'ìr¿le occupios lte¿tll,y .12 uroutlrs, collcepiioiì

¿ncl 1ta1,tri¡i1,ion occulr:ing l¡ettveelr Jule ¿ncl Octt>bcr', l¡uL rt'ith ln¿rxittruril f lequeut:.-l'

ol ¡ottr earlv in.;\r.rgust. Sirnil¿r,r'rc-quJts u'et:e lepottccl by lJattÌless (1.f)37), fltrru

¿tn aìt¿'rh'si$ of foetal lenglìts. C'r:nceptioir lately occrtls itr 1,he rtntriïctic; of li¡O
foet-¡sc:; t¿rlicn o¡ ¡hc ¡-est co¿ìst, of 

"\ust,rrr,ì.i4, 
otrly otlc ('t l'i f) irr. ìong r','lten e:ç¿rrtlitlcrl

on Jrilv !)) coult'I. liave bcen couccive'l il tl'e ;\rìt¿rctic

lli¡c foetal ser latio is sÌiglttly l¡clined tot'¿rrcls tlìales, both lbr rle¿r,r-tei'lì1

foet¡-qos (51.-t per.cerri,. maìes) Lncl in carliel strrges ol llregtlatìcv fr:orlr tllc Anta|c{,ic

(51.g per cout. rntrles). .Fligìr,:r' proportions of rn¿r.le fbetuses have i¡een ìrepol'tccl frolìl

previ,,r,s A.¡t¡rctic c&t,ches l¡)¡ ll¿rcliirrtosh (f942) (57'4 irol cenl,. tnnles) ¿lntl Ontira

lflil¡ (..,3'rt pei.cent,. m¿ìles). ,{s tJrese râöios veÌ'c l¡r'secl itl¡rinlY ì1}loll sl'uallct

foetr.rses, it inigtrt be suggested that ¿ rn¿ì,r'lio(L exccss of rua'Ìes nt conce¡ltirlrl plo-

gre$siycl)¡ clcclines cì.uring plcgtìâ!ììcy so th¿rt, ¿rt bit'th tìre scx r¿rtio is only sliglrt.l.v

iuclinccl torvarcls rnalcs. Horvcvcr', srllttg of thc srlla,ller fbeluses tltily Ìlat": l.,cetr

rvro¡glr. sexed. !r sotne o{ the sm¿rller lbetuses tite crlìtol'is protrudes c¡uite lrrai'ìictil¡'

frol¡ the gc¡ital groove, ancl froiir ¿r. br-ief supel'fici&l chech c¿¡,tr be lrrist,¿r'liell lbl tire t,i¡-,

of rr' pcrris.

1¡ tho hur.rrlt|¿,oft ri,h¿rle, ovul¿rtjon and imJrlant¿rtion oocru' x'ith oc¡ra,l. freqtrency

oD. tlìe lcft and I'iglrt sicles of the l:ocl¡., rurlilio thc co¡rcliLior¡ in the Oclorltoceti, rvhcle

ov¡latiorì ¿nc1 plepua¡rcy occllr pr:er.Loniiirantly otr. thc lcfí sitlo (Slijper lfiit9).

'Ihe hunpbacli calf is sucliled fol apploxirtriltell' l0"L tlon{'}rs:' hcl'r-r't'ion bciri¡¡

l,cintinatccl at ihc clrcl o{ June iu tlre rnajolrit'¡' 6¡ fcrnales' llhele is lr'o erl'iclettt.to oÍ a

slidde.¡ iucl:ease iu l-raieen grorvt,li ¿t the tirirc of \\.c¿ìttirlg (p:oposed by llati;lrori's



.lìiì,liEllL\.Cl f-rì..CI-,1Ì Ol'-t'J--tì'I:rLl1 11lt.ìtllLr-1.i1ì( 1\'ll¡\l,ll :l ii

(113?)). lir.s s{,it;:.r::r:il 1.,r. v'r.rr .i.,errir,r¡r uLd \-ltì .Ui¡'cdt1, (l{ì¡3), \\-clriitri{ i-" 1lt'oì'iLìrl.i'ii.
pìt¿r(L.Llùl llla)c(rss, r,lll; caif sr¡clilirr:{ lr,,ss ¿rrrl lt:s:s fl'crluc,trtlr'as it ì.ri:t:o'tltc:; rtlol'a, ilrd(r-

;tr,'rrtlei:t; irf tlìe) {þrnalc. f--lilrc,c iirc úrlf iri l.{lt c()ììriì1cit,l-r'rt.c,r'ita:tl rr;rtil tlle ,,1}It(:t'

r1{)rtlilt¡al:{i rrrigfli,Li(rn }r¡r¡ talie¡r it' ari'¡.r,t. flom i,h<; :\.rlirilclic fi:etlilli:'ir,}r{,'rì, t,ììorc iri lrt)

sharp chl;r¡;o lì'ou ¿r iìriiìi to ¿l c"ust¡ice:rìI die1r. '\ il.t-rll-fecti.jrr¡.i ¡;t-ri'iriiL iìi. \'.'iìì'itt,lìr

of ì¡lirlrl{l,orr li'crliir¡i jrr l lrc Årltalt,i'i¡.

1ì'ho cotr,l.rolritrr¡¡r o1. dre¡ nlili; iä rrinlil¿,,r'to 1ù¿r1, r'{jporftd l-r.y Clllrrr:i; (192!}), \ltilitc
(195:i), Cr,e¡¡olr. rl ru1. (lfìríií), anrì Olrt,¿r cl ul.. (lf)Jlj), ftrl ot.hel spetiirs of'r.'jialcs anll b-r'

Pcriolsc,n (1 95?) firr' the ìnrrtrpbacl¡ rvha,ic.

L'revious aut,lrots ll¿r.ve c1¡.r,inlr,:cl lh¿rt, 1,hr; 'r:rualc humirbacl; it'Ir¡rle rl. ¡.v ovtrlate,
with srrrccessfiri arrrcept,iorr, chuing la,ci,ation, l¡uL the lacl< of reli¿iìrle, evid<':nce lc¡tl

nia|tþe,1.s (1t13î) to r:ejcrrt this t'hcor'.1'. ]{r¡nltalr ancl .ir'r'ùscr'(lfi-liì) state lJr¿it: '"I1,

is lrelier.c{ b¡, orro a¿tþo¡it,l'i,h¿,t i[c ]¡¡npþacli lbnraltis; i:econre' lrrcgrtanf, or.etY

ycar a,nil tìrl,í lraiirirrg tlr,kr:s pl:rcc ¿ìgì¿lin about a rnontir â.ftr:ï ir¡rturitjon". Y¿ur

Letrnep ancl r'an lltlcclrt (11)53) rrotc th¿rt or¡ulation clulirrg l¿rctat,iolr is ltot rrticort.ltltotl

in tire hulrpbach u'h¡¡le.

Aulhenl;ic cvir'lcucc of ltost-ltarl,um or-ula,1,iolt in hrimpìracli ri-liaìes Ilas bceil slou-

in accruuul¿r,t.irrg, ruainl¡. l'¡ec¿ìusc fcrn¿,les accorlrÐatriecl b¡t.-,1.'a' aue protcctecl Lr,-v

i¡terltational r:cgrrLrtiorr. .ltlvicÌcnce l-uusl. ì-re gleanecl oror Íì Irurnl-¡el of I'cals lronr t'htt

ferv lacl¿r,ting filrrrlcs l'liich ¿rrt, talçe;n a,ricl e-r¿rinitrccl. in clct¿ril. L;onceltticrn fi'oin a

post-j]¿Ìttum ovul¿rt-ion lesults in ¿l feruale Lreilg pr:egnnlÌ1, ¿ì,nd lact'ating al. tlter s¿-t'llre

time. Hri'*'et'el', solr.e uùa.ling irispectoi's, irrtclel tlte impressiorr that ¿i, rvhale c¿rrurot

l¡e sinrult,aneously prcgn,rnt rìrcl lrLclaLing, rnay recor-d tJie prcgnarrcy but over'looli
tlle concullent l¿'r,ctatioli.

llhele is ¡ro\1' an incteasirrg arlrolint of reliairlc eviclcltce that, in lùe hunrpLrucl<

rvlra,lc pusl-¡-r¿rrLulr ovul¿rtion tluc-'s occnr a,rtcl rna.¡' r'csriìt itt a fulthcr pregrÌ¿ìrlc)¡

rvhiie tile f'clnalc ìs sricliling the plevious calf. Fl'om tlie Ätrtirlctic, Nor'*'cgitrn
obser.rrels 1r¿r,.¡e calcfullr'cxailrinecl eiglLt fenurlc lturnpbaclls rt'hicìr rr-ele sitn'ttlt¡ncuusl¡'
larctat,ing ancl plegnant,, urcl r.an Lerínep iì.ucl \rarr Uti'echi, (19õ3) have rreporlecl

rlrlotlÌeî fernale hurnpback in thc sarne condition. 'llhe eviclencc fi't,tu tl¡e u'est coitst

of Âustlalia is at pleserrt confincd to ole recerith' or.uJ¿rted fellr¿lc ¿rnd its calf *Jrlcll
rvere irillecl soon aJl er 1:rtuturition, årlcL thlce feruales iu l¡ofì' i¿t.t,e 1¿rcta.tion aucl ¿ch'artcctL

prcgrla,ncy rvhen killecl in Jutic.

It is possibìe lhtt i{ lnolo fcrl1âle hurnpbach r'hales 'were cxn.rnj:red ¡¡oon ¿llter

pa''larlition it l.oulcl 
.l¡e 

founcl tha.t post-palt'unr ov¡rl¿lt,ion (follor,'ecl L¡r' lactatiln
a,noestr-us) is of legrilar: occuilrenc,e in 1,his speoies. 1t niight be tir:g,..ed tìrat if post-

pzr.lturn ovulation occllus lcgularl-v, tÌre. prescnt irrvestigtrtiott on. tho r','e;st ct¡¿tst of
Australia should have levealecl. rriore cases (in Jurrr:) cif fcinalcs ilr l.¡oth late lactation
a,nd âd\¡arrcctl 1lr:c.gnrinc¡'. ifrvo factols coulcl cxpiairì this. In the lìr'st plirce, crtnct:p{,-

ticur nright less rilten succeecl at post-pat-tun ovlil¡rtiorr tù¿r.n {i'om oestLoLts cl-cles ¿'r't f,lio

elcl. of ìactal,ion (as repoltcr.l ll-v Blamhell a,rid lìrli (1936) iu tìre ìesser:shle-'i'),

Seco¡dl1', ltreg¡alt feinales reaclì tlìo;\ustrali¿ur coast e&clì u'ju{e¡: l¿rter thatr ¡rost
ol. thc tron-pregrlatrt lnal,urc feurales, so t,hat b1' tlre title the pregn&1l{, fcrnales reach

l,liis a,rea iir J'u1y ân(1. eal'ly August,, any cålyes being sircliic'cl cluling pregtlattcy ìl-orrld



ltì 1l,. a¡. cIÌ!'lt'tl,It]ìot{()uat ll.

havc licren 1\.errllt(1. A¡l inr.lic¿Ltec1 i.n.[rigirlt: ?, ¡'ei'.\.' fert-Ielnaler iu ¿rclvittlct:¡l pì'r:)[!llllltli¡

arc t,alieli iur the' rrcsi ccli¡i;t of :lr¡str'¿rlia dnlirr¡t,Tirrrtr. (Jrr[.r' t:rvrl lrt'c¡¡tlirltt, {þlll¿rlt'ii ri t.llt'

cxllìri11ecl b¡, lfie ¿¡ri-lrt¡i'rlurin.g ,hrnt: a.trcl tli{:iì(:ì \\'(ri'o hoi.il in i¿t.tr-: si¿i!ìt,s of'ìlc;tiliìoir.

Aì.6¡9 tlre 1rc:sl, co¿ìr1, of ;\lrstt¡]ilr. solnc fclu¿rlc,r io.:e thcil c¿rlf l1' ol s]i<lrf l¡' after'

parturition. Sorite, of tllcse losses lr¡,y be riuc tc¡ l;h¿rll;s '-rl io ì'illci'ri'lt¿rle¡i (i.ìirittlo-

-l.ior<tuglt l 9$:J ) . If jr ¡Ls l;een shori'n t ll a t ir r. silclt t.,¿tsc,s tht: l-elli ¿r'lt: t'{rcill }l l ììeilcrcs ocrstl:otl s

cycles ¿rt <¡ticc:. Tl",is is siuril¿u'io the corrdil.ic¡l in the lrìoll¡ic, l'iri';:e ]-'ru'l;es (19::iì)

founcl 1,li¡.t: "i\o¡:riti¡.l ocstrrlrls c.r,cles succcctl 1.rar{,uri.l.ion int'.r:cil.¿riclr'ilr the absc;icc

of sr.rcliling".

If the calf is sucl<ied for tlLc nollnal pcriod üncl, posl-prì¡:lunr ot'ul¿rtion eit,her'

clicl irot. t.esuit in p'egtlatìcy or ditl no{, occur, 1,he, f'em¡tle renl¿ins il'r auoesl,r'ils ,.;nl-il

t,he tei'rnliatiotr of sucliling, a,t, rr'hioh tine (the enrì of ,fune in tt.lo;.;f iì-:niales) oc;.{;rr.rLrs

cycles l'econtnlerlce.
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Irig. 4.-T).pcs of bree<ling c¡.cìes fcrund in scrually rnature fena,k: hrrnrPbrrcì<

l'lr¿tles.

Figure 4 sulnmaliz,es the tJu'ee t-,.pes r,i br:eerlirrg c.1'clcr: rvhicù hrr c Jtectr clernons-

tl'¿itecl i¡ sex¡ally rìi¿ìt.ure fernaie lr'.rmpbacli rvlrirles. In tìte fìr'st (Fig.4,{), abscrrcc

of 1;ost-pa¡trun ovul¿rtiolt, ot'it.s occun'eìlce rvitioiit couceptitttt, rrlsrrlts in otte r:¿rìf

iir 2 years. 1'¡s n1a jority of ihe bleecling cvcles irì tùe liurnpllacli are of l,his t1'pe. lf
post-ria,ïtlìü olrrl¿rtion is of regulaì' oecrllrcncq, this nrigìrl, iielp to explàin tllt;
¡elatiyely rapi(l r¿ùte of accuutuì¿tit,l of'corllora albic¿uiti¿ sttggcsted ll¡' ¡¡ottt" ¿rut,hors

(i\Iattheu's suggcstecl up to fir'e ovulatit¡rs il c¿ch 2-)'"*t l:recr,ìing cycle).

I,'igule 4lì slrou's ¿r. succcsslul p'ost-partunr ovulation resulting in tn'o cah'cs in

2 J,"nr.*. Althongh tiris t¡.pe of c.¡'sls Ìn¿ìy colnrtlorllv oúcur in fþnr¿rle lnrnrpl.rack rvh¿rles

it sliuqlcl l:e noted th¿rt this c.vckr, ìreing sliglrtl;' longcl tlt¿ur that o{ type A' catrtrot

be rnaintainecl contimrously by rìrÌ)¡ individuûÌ. The post-pat'tum ovtrl¿r.i,ion rt'oulcl

occur l¿r,ter (pelh:rps bJ' - tuourtr, e&ch yeå,r, Progrcssìvolv lesscning tlre possil;ilìty ol
fertilization. It, is pr:ob:rble tliat after one clcle of type B, a femalc ,r'ottl¡| 1'elrs¡t tr.)

a cycle of type A.

11 Figure 4C, loss of the first call at or jr.rst n,fter paltiu'itiou is balanccrl b¡'
prcgÌlencv srlcceeclillg inrnrerìirrtcl.1, allelrvards. In ¡;uch c:r.ses thele wottl¿l l-r,t¡ t\Yo

pr:egllarlcies in 2 ycals but onl1, one c¿rlf realetl. This conrijt,jotr is less obvious as il
(;¿iìì be cli:rgnosr:d <inly l'itliin ¿ì short peliotl ¡l.fIer the fìrst pirltulitiotl, bul, it is

sriggested that' it, is lot uncouulrotr in tl"re lrtrrnpliacli u4lale.

I
t.
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,r\d¡r,,.r1'1r:rl¡¡lìtc::itt, ilj tl¡e t,o l,tlr: ]li¡ris;tet fcil'rlotlr;nc¡'co all(l -r\glicirllulc. 1r-lro

gt.¿ìl1i.e{ iicltllti$Èiot} for thl:1,2iìiin¡¡ of's1,r:trill ri'h¿ilcsl ft-'r I'c¡rolrt'crh pltrÌr{r:ìcs. llhc

i:eacì',, c,,ope,,¿rl.ion of tlre (llie-¡ri.ei.i.}.Ìca¡,h \\-lirrìinq {loi¡purr'¿rllcl the,}iolucsf \l¡hali¡¡l
Co6rp,rrr1.-1iit6 1cgar.{ to tlicse spccial l.h¿rle'; is r-r'urr:h applcciirlxrci. I trnt glrrtelìr'l

to tliesc Cgurpanir-.s ¿tci io tìre ;Ausl,r¿rli¿rrr \Ïha,iirig C.rtill¡tissio¡r fbr rlnriì-rlirr.g ltre 1;r.r

collcct clirtiL fì'er,'ly at thr;ir' r'csl)eci,il'" rvlialing sNa.tiolrs. (lotlrll.tonr"'e¡1¡ii ¿in'-l St¿i.ø

Fishclies .itrsltecl.ors $.ete ireì¡rfìrl in tlie coìlcctiorr trf mntc|ial.

l\¡.. G. 1tr. I'loor1, Dilccirxr of t.he Cir.¡r'errrme¡rt C-1Ìreruitr¿rl f,¿rl,¡oi'¿llories of \Vttstern

Aui-rtl&litr', art'iln.o;ctl for 1'lre :uìaì¡'s'i3 ol :ni}ìi ;ìrlllllllcs'

I ¡rrrr inclel¡tccl tc i[o Nlt;¡ria] .ht¡til;r.rte o{ Ot,eanog;r'aphy (Ilrtgllrur,l), the

fit¿ite Inslitnte J'cr'ì;i1,alrl¡1 R,ese¿u"ch (Norwa,v), ancl tllr: lletherlrrncls \\¡Jr¿rlc .lleseal'ch

(ìt.ou1t li;l elabliirg nìc to gxarnine nlâtoli¿ìl atrcì t'ecorclsl {'r'oiu humpllrtck rvllalers

kiliecl in -A¡tl a,-'ctic \\'&te]'s.

Dr.. iì. lI. L¿r,rvs (Nlt,iorial fnstitute of Occ,¿urogr'¿rplì)¡), Pl:ofcssor Johau T. Ruucl

aud 1Ir. Ågc Jorxgårcl (bot.h of the Statc Tnstitute lbr' \Yhaling Rescir,rch). antl

ïfr. lY. 1,, vail LTtrccirl (Netlier'lrrncls \l/ii¿rle lìese¿u'ch Gr:oup) offeretl vcr'y lielplul

cl'iticisrns of the lu¿uruscripl;.
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1'tlDltItsEli, ll. (lt,:i-r)* .{. rir¡tt t¡lL hu;ÌP}raoli oil ¡¡ùr1 rnr tlic ¡ltilli ¿:rii l-r..ijh f¡li, lì.0lil biri:; s¡rcr:ios.

n"orsl; Il.¡;alî¡¿¡tll.sitù:1., ,/ : i|'t i..3.
J)r':rtttv, J. ti. (19i3). -1'lro re¡trÓduet,io¡r of the .!fr.ir.r¿rn oleirh:u.il (L<t.t:,tlontu. a.fritnttrt). I'l¡il.

,].,rtt ti s.'Ij, 2,i,i : ttil - | l?.

11 ijir. l)iu l,;. 28 : 41(i-{irì.
\\f i.r'tr, J. C. D. (l{}õi}).-.'Corn¡:r.s;ii,ion of iy}rale's r.rilli. ¡\'ot'¡.. l?l: 612.

to tlrc irrcc¡rtio. ¿urrl ces:r¡itri'lr of l*r:tali.n. ¿lner, ,J, ;it¿rtt,.,i1: I -11,

llxr:r,lll¡,rroN r'lp pr_arlrs l_tí
Illatcr I, 3, 4, 5 pr't:prr,lt-'ti liom seot.iols ? a thicì;, stn,int'cl t'ittr hl,,'¡iatox.,.li1 ¡urtl t<;sin, usì:rg
><45n¡;ocltlomaticlel¡s,\\'irritertllfìltel ,nntlmiclofiìcfiln. i1,lì,gnifìc¡li,ioninLhose¡rliitr-,s, ><(i40,

Pr,,u¡ I
Irig. l.-lia.¡rtrttr,r¡' glanci of fenralo in ¿l¡lvanccrl prc¡lnaüc)'. . .lvetili well clevelgpe¿, ¡ricloi

cnlorgccl atrtl. r.esicul¿lL. No seclcrLion ili lrr¿r.io¡it), of ¿r.[,eoli, but, occ¿¡.sionalh, a s¡:tool,ll
aciclr¡rhílio ¡:ecretiorr (u.ppcr r igh.t).

Fig. 9.-trIarrrÙrr.-y gltltrcl of ft¡rlr¿le iu ¿¡clr'¿ncctl l)regn&rlcv, Aivr:oli ç,ell clerrcl<;l¡ecl, rr¡ciei
ir:regtrlal aucl tìarlilv st¡iirin¿1. ;\l¡uncla.nù gr:anular baso.¡rhilic ser:l'ct,ic¡n in alvooli,

?llrn 2

Irig. l.--Ovalies of a fema,lo l;illed shorllr ¿¡Írr¡r,¡to,rtulitiorr ancl l<no-,vn to bo sucltling ¿ call.
Rccenti¡'functional cor.Pns lutcunr (g5 b¡' Zt) br, TT ¡rm, rr,eighN 30iì g) eixterrcling fì,on tclt r.rf
riglrt ovarv' ìies'l)' fot'rrl'tl colpus luteunr (59 by 5ã l¡r, Ã5 mnr- ou ]orver. riglLi or,àry.
Gr¿¿r'fian folli¡:lcs rvell clc'r"elo¡recl, to 22 rnrn in cliameler, orre 3.1 mn'r, maturing. 1LÍa¡r¡rar.y
glancl tissue fi.c¡m this lcnr¿r.le shonn in l)Ìate 3, I¡iS. l.)

lrig' 2.-Oval'it-'s of a fc¡nalc liilÌ,:tl shortl¡'aftor,rrritnrition ¿rrr<1 consideretl (but not lrlçve¡) to
be sucl<ìirrg a 1'ouùg calf. l.tr:ccntlJ'iit¿ctio,lal colpps lutegr¡ (ltt4 ìr¡, gl b¡, SÌ(i nirn. rv¡þÌrt
555 g) cxterrclitrg fI'om lefl ovnr¡. G¡aafì¿¡n folliclcs rvcll tlôr-r:lopecl, to 2l nrrn jn cliamctcr.
I{ist,ologica,l cran¡.ilation shorvecl th¿t_thr¡ ìì'ì¿ìrìl1lÌ¿¡,ry gla¡{s rvcr.o ¿r,c¡ir.cl.l, sc¡retirrg r¡ill<,

Pr-lrn J

Iiig. l,-Âotil'clY sec'eùi¡rg nì¿ì.rììrn&rv glarcl of a fcmalc l<illcil shor'{lv aftc¡ P¿r,rtur,itir¡n ¡urcl
k'loÑ,lt to l:c sÙcìiling û, )îutì{{ (ì¿ì.1f.

l¡i8.2.-Aotively sccr'oting rìrâmrÌ-ìÍrry gìand of ¿i, lbm¿le irr h¡te lncta1,ion, lciiletl or Jr¡ue lÍ].
Lalgosü corpus albicans in thr¡ ovalies <¡f t,ìris ferrraìo r.nc,asurcd 0l l.r')' õ2 l.¡¡, 4,ll rlrn.

Pr,.r.r¡q 4
llig. l.-Ilamr'¡larr,' glanrl of fotnaìo l<illerl orr rlu¡;ust, l0 soo¡r aftc¡ u,eariirg tho calf in tìro ¡or¡r¿¡l

lrla'ralrer. 'l'hich l'hito "rriilli" (5:t'5 per ccrr.t. fat,) present iu thc duot.s, br¡ü a,lveoli lcgressirg
erìd not, secretor.y. Lulgcst cx.rrpus a,lbicarrs l¡l¡:¡tsured 4,g b¡, ,17 ,¡rr.r,

l'ig. 2.-ìlalnmar:.1' glaucì of f'cm¿rle rvl.rich hacl rccently givcer l,:ir'bìr but hnd lost, lllo c¿¡,If. ìlich
rvhitt'¡ ¡.ill< pr':se.t, i;r ducts l¡ut ah'er¡li .r:sorbi'g arcl 

'ot, 
sieu'clor.¡,. lìccertly fu'crtio'aì

corpus lutcurtr (92-b¡' 8l l:v 7T tnrn, rvcighl BT0 g) htrr,rgin¿¡ front ono ovary, ancl enla,r,¡¡r,tl
uLeli iudicate recent 1;alturilion.

pr,¡r.l¡ 5

rfig. l.-Norrr-r¿ìo'r''m(92¡rrlia'cter') s'ithi'¿5¡'rnfoìlielcfi.orn¿'rnr.¿r'vofaf'r¡rnaìoirr*ch.rlr.ct¡<l
pt'cgtr¡t)ìc\'.

Fig. 2'-l¡ragnrctrtirtg ovurn rçithin ¿¡n atrelic fblliclo fi'orn Lhc s¿r,lne ov&r,y ns tJiat, çf tig, l.
Notc zona ¡reilìucitln s{ill ¡rresolt but a}¡sclcn rtf, grantilosa <r:lls.
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Â ll JtIAl, Oll¿l lll ì l \,' ;\'jlì O¡ì-S ON TIJE ] l{-r}i Pll¿},CIi lV Il.¿\ l,ll,
iv,IÍtlG.4PtL'-titÍ¿/i N{}}}{is,\ Clûi.iN.A'illl]]llÌE), \\¡ITi-t t{ûîi:tli Ol'i

ûïll"EIÌ tit'ucilis
lly R. G. Cnl'rri,irìl0noi-'cÌ-r*

(ll'Ia.rutscri,¡tt recci.t'<:rI AI G?J :!,7 , ltJ:):))

Sttirtiittti"y

-Acrial obseli-¿rtions of bumirb;:.cli u'lialcs jn the leqion of lroì¡t Clloatcs.
\\¡cstel.l Austlalìer, rit¡r'ing I f)52 ale i'ecolded. 'lllre ûrst souLllrr'¿rlt'l-lloving
hntlpìrack rvhale rvas sighiecl ori July 21. rrhile clcclcasi;ig nul.nl-¡els 1\.cl'c sccrÌ
mor,irrg nolthrralrìs tnrtil eall¡, (Jctc¡ber'. In 1,952 the cìrange ft'orn a pi'er<lomi-
nant.ly noi'Lht'ard rriglation of humpbar:Ì< rvh¿lles to a sr¡udrrvald nrir¡:¡:ation
occulled cl<jse to :hrgust Z.tr. Thc s¡recd of mì¡çr'atiou of a nulnircl of these
u'hales is recolded, tllc nrean value Ìrcing 4,j3 lit. A fcl' hrimpback t'bale
calt'es urer:e sightetl car'1¡r ill July arrd ar ¡;eaìi in tlrr:ir: occuLrerìce il August
suggcsts ntalilrttiln fileqlrc'rcy of paltulition cally in August. A r-el'¡' great
jlrcle¿rst¡ in tlie occul'tcncc of cah-cs in the alr:a late ill tlre scr¿rson suggests
that feniale hnntpb:rcli x'hales leraliug calvcs r.nor¡e sorttlirvalrls latcl than c'i.l-rel
indivitlnals. Sorlc eviilence is pïcseììtccl tìrat Exrlouth Gulf is a nulsel.'J' alea.

'Jlhc plcsence of sorne liiller', lirr, blnc:, ancl nlinlie l'hales ir: the areâ is
lrotctì.

I. IxrnonucrroN
1'he Nolrvcst \\¡haling Conlpanr', oilel'atiÌìg from a sliolc statlorl at

Point Cloatc¡; on tììe Western Austi'¿ilian coâst, eïigâges a piiot llf inU
å,1ì Aris{,er aircraft fo:.' the Jlìr'p()se o.f locating sriitablc humpbacli whales
to be talien l:y thc catci.Ling \ressels.

Uncler' rlornral conditions åt ån ¿rltitucle of 800-1000 ft it is possii,rle
to distiuguish uot onl)' the specics cif u'hale and rvhether a cålf is preserit
l:ut also, aftcr somc e;{periencc, \\'hetheï a }mmp}:aclc rvhale is large etlougll
to J:c taliclr i¡y the catcirilg vesscls.

Fr.oiri Juh'to eir.rl5r [¿¡o¡er ]$ij/, by the r.eâcì.¡, coopel:atiou oll ]{r.. J.
F. IÌekiu, the piiot of the ailclafit, rìunlerous aeì'iâl obsen'ations \ve]'e rracle
on \vh¿ìles aucl tireii: rìlovements in the regiorl of Point Cloal;es. 'Ihe autìror
accoin¡rzttticcl tìre piìot on a rìurìrbc'i' t,f the liights.

The obselvations obtainecl aïc r.'ecoldccl ancl cliscrisscci in iJle plreserlt
repoft. I\{ost of the recolcls ale or"ì the hnmpbaclç u,hale (Xf eçluptet'an.dos(L
Bonnaterre) ancl concern the clirection ancl slrcecl of mig;ration, the llreserlce
of net'-bolrl calves, and the possibility that llxmouUr Gulf is a "nlrrsery"
åreâ for tlie species.

Thc aerial pirotogr:ilpìrs of hninlrbacli .lr hales uscd in fhis lepolt rvere
talccn sorìle yeaL's rìgo ofJ. the \\¡est Australian coast b}r an offìccr of this
I)ivision, 1\{r. S. Itowier, rvhile cìlìgâgecl upon fisJref ies expiolation fiigirts.

* I)ivision of Fislrcries, C.S.I.R,O., Cror.rulla, N.S.\\¡,
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F'-onr a }:tr¡¡e rrunlii,:it'of pilcit.o,,'t':i¡.rlrs lltcit ob{.:Littt-'<l, i;hcse h:ru'c: }rer:n

selec{;cd ¿r,.; sliclri'ir.lg 1,¡,1tic:.il-v tlrr::i¡;pcar'årìces lipon ri'lrich lltc iittcis 1-rle-

seutecl iri t;ìtir,l ll:rltOt ¿li'c ba¡r:tl. llil.]c lth0tOg|ltplts r'''ere 1;:tkcn a1" ioÏ-cr
albitur:lcs tit¿Ln tlicrse mnjittaitrcrl rhiliüg tlre lligh1-:,, t¡'hclt t.1ie l¡rcseiit
o[rsclvatio¡.is \ye]'e irr¿tcìc.

{t, }l u}tJ'rì,\(ìt( \\'¡l.tl-tis

{u} Ðirr:cf ir:rt cf il'íì¡li"al.iotz

In çrclci' to linil llle time n.]ren the migr:ation of thc iturtLlrJ:ecli n'hales
in flte al'c¿r chan5,lecl .[,-:oin a nor"tl¡-rv:il'd to a sotttlt$':rÏc1 rnovettletit, ¿ì .recorcl

r¡'ås m.:lclc as often as possible rf thc cljrection of itot'etlLcnt of rvhaics

'l'.r¡¡-o 1

IIUnll'B.r,Ci{ \trrI1ÁLllS C.Fi.' POINT Cl,O..\l'lls: 1)I1ÌIìCTION OI¡ lrrQRATIíJti

Ser.en-I)al' Per:iori
En.ling

l\{oving Nort}r l\{or,ing Sott}r

Ìirunbel Pelcentage Nultll¡er Pclccntage

B.r'iii.52
15.viii.52
22.vüi.52
29.i.iii.52

5.ix.ü2
12.ix.52
19.ix.52
26.ix.52

3.x.52
10.x.52

12

21

5B
61
11

ôo o

75.0
81.7
43.0
21.2
00ry

10.7
7.9
2.ß

7.7
25.0
18.3
\',r.4
?B.B
1 1,,3
aoQ

92.1
97.4
97.3

1

'l
1a)

8l
41
51
67

38
36

15
8
ò

1

1

sightecl from the ai::craft. This rças notecl foi: 5'60 humpbaclis in the
neighbourhoocl of Point Cloates bel.t'een June and Octuber 1952. f¡. alniost
eveï)¡ c¿rse the cìi|ection $'as rvithin a ferv clegrees of north or sqnth.

In June and J'üh' almost everlr humpbac.lt s4lale ol¡serveil from the alr:
rvâs r¡.ovjng- noúlÌwal'cls. Torvarcls the cncl of Jul¡' the fit's1; southrsar'ú-
movitlg brirrrpl:achs t\rete sightecì, thc first one on Jul¡r 21, elucl t.'¡o ntcl'e
o1 July 30. From thc beginning of August soutlrn'¿rld-moving hrrmpl:acks
weïe seen rvith increasing fÏequency.

In Table 1 the pronortions moving noltir ancl south ãre shorvn for
u'eehl)" pei.'iocls from -A.ugtist to earl5. CctoÌ¡er. The lveekiy t,c'tais do :rot
indicatc the tota.l nurnber of Ìrumpbaclc rçhalis sighte<l, as $¡Ìliìles \Yel'e

oftcn seetr to blorv too far distant to obselve ihe clii'ection the)' tt'ere
travelli-ng;, ancl tllese corilcl not alwa¡'s be examined as nealer $4Ìâ1es ï'ere
uncle:: observation at the time. llott'ever, the series shorvn in Table 1

may Ìre legarcled as a i:andotn samirle.

þ-r,om Table 1 the e,urves in Figure I lÌa\:J been dra*'n to indicate
the tlencls in humpbaclc rvhale lno\ienrents off Point Cioates in 1952. 'Ihis
figule shorvs tirat the change flour a predominarltl¡' rrnt¡1lt'ard miglation
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to a soii{.hw:{r'al oiÌri û{ï1l1l'recl ckrsc to Á.rig;'-rsl, 2'.i, }-.ru.i; that this cìi*tio';i: rr'âs
not ::.1:;::¡-rlri. ?lLc:'e n'r:r'e ¡;tili (¡ccir.sjci:.¿iJ. hrinrpi.rlLc1i r','h:rle¡¡ lilov;rl9-j i.ir-.;r'th-
x'¡:ril-r; i:a.r:l¡' i1i C'cí.t;itcl.'. Oilc rvir¿:ic; obscr:','r:iì fll.cll tÌ:e;iir rnovirr¿i noi:Lil-
w¿rlris :.le¿r åroin'i'. Cloates on {)clo}.:er l-, ti}i;1, \ïírs Íi iargt:, vr,.r.y rol;riltd
inciiviril¡¡.l tlavelÌíirg' ¿llilìlc and 1.,'¿r:r cron¡iicle:r'ecrr 

'b5r 
i.lr.c i:iiot to ì:c a fell¡.ile

iil h,1,,: l)r'c!ïjl¿tticlr.

{"

109

tJ0
+

-6o

e40

fovrNc NoRlt{ (}

MOVTRG SOUTI 'þ

o

ÂUGUSI SEPÍËM8TR OCTOBCR

Fig. 1,*-IJunpbach 'r,i,.halcs off Poínt Cloatc.s, 1ObZ. Propor-
. tions moving nortir and south.

In his account of earlicr opcrations at Point CLoates Dakin (l"g34)
refers to t'he time of onset of the southerly migration. He observes
1p. 1?6) that ofl l.)oint Cloates in 191.2 the hr.unpbacll rvhales Ì:eg;an retru"Ìr-
ing south about A.ugnst 24, rvhiic jn 1913 (p. 195) the south.rvard rnovement
began early in August, reaching its pealr by August 1?.

Although the time of chauge f::om nbrtinvarci to southn'arcl rnigration
miglrt \iãryr '¿ iittle fi'om yeal to ]'eâ.r, the observatious mâcle in 1,952 shorv
that this change Ís splead over 10 i.r'ì< and that in 19ií2 equai unmbers tvere
moving northrvald and southrvard close to .A.ugust 24 (Fig. 1).

(b) Hu.tttltl¡u,al; TYlza,le S7teeds

As far âs carÌ be ascertainecl, no recolcls hzr,ve pr"eviousiy been pub-
lishecl of the speccls at lvhich irumpbacir rvh.ales srvim in the unclisturbed
state. It is geucrall}' ¿...t ted that they travel ¿t ¿ slorver rate l;han other
spee.ies such as lin ancl blne rvhales. Glnnther (1949) states that fil n'hales
(Rulo,enoptet"u"'pl4¡sahi.s Linné) at tines keep al:reast of a ship trayelli¡g
at l0-12lct and occasionally tlavel for short clist¡,nces al; an esbin¡atecl
16-J.B içt. I{orvever, these rrdrales \\¡ele not on ¿rir undisturlted mig¡ratio¡.

.In the legion of Point Cloates it t'as possible at times to fix the
position of a sclcctecl hum¡rbacli u'hale or Efirorip oÌrservecl fror¡ tire aii'

?o
+

o
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alC to checii tlrc llcrriticil of ihe s¿-,lne ri'lutìe üi: p,i"'út-tli so¡le ]rouls iåt',r.
I'rol¡ ¡¡iicli rrrcorcls thr: sltecds of rnigral,ia¡r of lhcsei hrtrrrlll:¡¿rciç r"'ir:iles \i:cj,'t:i

ealcr¡J;rtet.l, rvith tllt: r'¿s;i:lts sJrori¡¡ iri 'f ¿illle 2'

Thc ::etCoi:tlS ale separittccl irlt,o lrr",¡ set'ieli, thcsc u'hel:e a calí: lïas

¡:resc¡t ;rn{ those rviL}Lout ctlves. Gcnerir}l.i' ¿r n'haÌc lvit}r ¿¿ c¿llf tl'avelled
mc,i.e slcrvlJ' th¿r1 rvilale:i rvithor¡t ¿r celf. Ln tu'o r:ases the ci:.li hacì oni;

. T'lsi,n 2

I{LI lîPl}..\CjIt \1' II ¡\I,l! filril}rìDS, POI N T CLO,\1 ;jS

.Date
Obsclved

Ty¡rt' of (Jloup
Times 0bsclvecl

r -'-tt--t
l,'r¡rt¡t 'l'o

Ii¿;r¡t,ical
l\Iilcs

l'r'av':lÌetl

I)irectìoii S¡ned
(kr)To{;ai

ITour:s

14.r'ii.52 Con calf

3 Corv-calf p:Lils'r
Cos*i'ely young

calf
Corv-calf

2 Adults-1 calf
2 Ädulüs-l calf

Corv-c¿rlf

Co\\r-\,er]' y0ung
calf

Corl-calf
Corv-calf

Cou-c:rif
Col-caif
Cox-ca1f
Co.,r-ca1f
Cog'-calf

15.r'iii.52
1t).ix.52

6.x.51
6.x.51

29.r'iii.52
1.B.r,iii.52

21.vii.52

28.viii.52
27.vä.52

1030
1:Ì50

0"tii5
0815
0930
1 100
0930

161 5

101 5

11 00
1100
1515
_L;) -L ¿)

10:10

1210
1210
1 520
1520
1515
10.10

1?00
1210

-l.t 30

2,4.25

11
12.5

0s00 l2;10

1i.40

4.5

1.1.7

11.5 'A
.)a

3.0
3.0
3.0

¡r. O

.i. il
Dd

3.Bl;
4.0
3.8
:i.9
4.4
4..5

5.15
6.,1

r,I

N

l\

2.ri
2.6'l
2.?i;
1.5
4.25
5.7 5
I

ò. LiJ

Õ,.1 I

5.42

0.67
1..17

1.8â
3,5

't.5
B

I
r

*
N
ì\T

N
1\

N
l\
N
N
\l
c

N
\T
TT

2ó

72

6

11.8
2"r

r
{
t

15

11.x.51
1.ix.52

15.r'ii.52
7.r'iii.52
6.viii.52

0?rl0
0855

f0e55
I1210
[ 0e55
0800
1000
1550
1020
0800

3,viii.52
30.r'ii.52
16.r'ii.52
15.r'ii.52
11.vii.52
l-7.i'ii.52

2 AcÌulis
2 Aclults
3 .Aciults
I Adulü (1ai'ge)
1 Aclult
1 Ac1u1t

1130
0930
0950
0845
1215
0915

l.i¡5õ
1 015

I 430
10,15

1 535
1.020

4.42
0.?5
4,(;7
2.0
ú.öó
1.08

16
oo

20
10.15
19

7

ó.o
4,26
Åo
trt

ir. I

(].i)

N
N
N
N
L\
\T

{"fhr.ee ¡;airs f¡om l, to tl¿ rniles apalt; ritaintained ihei'- ::elati¡-e ¡rositions over
4),. br.

recently been boru, as inclicateil b5' its very light coloru allcl smalJ sjze
(Plate 1, Ii'ig. 1). In both cåsêÍi th"e co\v alld yoilllg calf ri'er'e tlavelling
slon'l5', at aveïåge slleecls o'f 2.8 aiicl .3.5 kt. r'espectivell'. It has Jreeir fonnrl
by the authol.'tha{, near'-i;ertn foctuses âlwå)¡s }rilve vely lig;htiy pigmented
shin, this charactcl persisting fc,r'a sholt time aftei'bilth. As t,tre calf
gro\ts jt clalkens âs shown in Piate 1, Figure 2. Such con'ancl caif pâirs
then tlavel slii¡htli' fastei'. The aver:rge sÌ)eecl of tlie hurtrpbach s'lialcs
in ll'able 2 r.vas 4.3 lit.
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l¡ig. 2._Occulrence 
", n,,ïf;ri:,ç rvhates ofi t,ojnt Clcates,

*^_1 small proportion of calves r,¿mence'rent oi ,r"-n"îi_i-";::,i iïf p"T"nt ear.ty in Jut¡, at ilrc com_pariuritioü iï ;'f 
aerial obse'vations. rro¡n ili t; rvourd seen¡ üratearrier. --- * re\4'cases lnust have tarien pl".-'i.t" in June or. even

Itt ..August calvns \tr¡nr.^ ^€ ..^r^r.
rie-uì; ä"i,;';ir:'i,,";il;*o|j|fï"1ì: "^:"il:'"1 occriÌ'r.c,,cc, as shorv,r.in
bii'rhs ca'r¡' i¡ a us'¡1. r,, i* .ï,, r,*; iìi; rö:i.t' iå.+ i :*1.fi :n;:H,.",i;åå,".iär':îigïä,îlffi'::i,.,iï:åî;'T:,;#. f,,\,lTå'Ji,,'.,,,,",. *".i,i"iä

1,,*ti,ïi1",,îïi"ïianrl 
the first halr of septembcr., lvrren tire majo'jt.]. of

'eniainccì ".,-il,.",,Iüi,Jii,iJi-o,ii",1l' ,lI;, : l, ir-.L 
'i"'ãi,,,.rin,, 

or carr.c.s

"qii:Ëq'äiÏïì,:t;ii:,:,..l;iriï,t,,:iräii:ü?ï:î;t":îåtr"rîfîilinruch ctar'riut' ..,,,i ,,iig.t, r,r' lìu.eo*,.î;_,,1iÏ:'st_all 
thc cat'cs ïror, ,.",., ;;;lros() seen .qlt.r'll.v aftei, biilii: C;;
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\¡cl")i hifîh:i:ise lit the proll{}irtion of thc$c c;.}li'¿:s l¿itc in thc seå¿sor} sugy;esi,s
tila,i; iìre mirjot"it¡'of cor'¡s r:e:ri-'irig; c¿ìlvrjs begin l,herir soril.ìrw;tir.!. rrrig¡a'r,;r_in
latc.r i;han, othe:: inrlividuals.

{ti} ÍItt nqtli¿cl; I.V |¿c\es,ín }j; ç:tttoztl,lt Ci ult
Jtrxmouth Gulf is a l;lrge, r'elati'.'el:* sli¿Jlorv giilf a feti'rtrifu:s nortii of

Poirrt Cl:¿ltes. \t/]rile rvhalc-s;;ottiug rlulirig the .tg5l c¿rtching seår*o¡,
Mi:. J. ileliiil noteil that in ÍJcptclrÌ:er theric u,ert: I:u'¡¡e nur:ibers of ¡:elult
hullit'I:ach rvhalcs li'ith cal¡,'es jn this gu1f, incìicating tha'i; jt x'as a, nlrj..-qety

T,r¡:r,n 3

p*opoR!''}o N S 
:å-üJ.i:ìi.,iü:i.:Ji,.iïi,il:ï.";il$''Ly 

o's''ììv,,¡,

Seven-I)ay Period
Ilnding

Total Aclults
Clieclied for

C¿rh'es

Calves Siglrtecl

Nunrber Percentzrge

11.r'ii.52
18.vii.52
25.vä.52
1.viii.52
8.r,iii.52

1o.viii.52
22.,-üi.52
29.r'iii.52

5.ix.52
12.ix.52
19.ix.52
2ß.ix.52

o--Ëo

10.x.52

.)

I

4
13
20
14
12
1D

14
8

19
22

47
122
10tl
69
75
64
72
79
t:o

56
48
40
39
od

4.9

'l,4
5.0
5.8

1'1,3
a1 Ð

79.4
75.2
23.t
25.0
16.7
4't.5
56;4
62.2

area for this species. It lvas hopcd that in 1g5z aeyíal surveys could i:e
macle of this gulf at intervals tluough the ivinter ancl spr.ing, ùut no such
flights coulcl be macle ulrtil iate September'. The results of three ssi:.velrs
are Llumnlarizcd in Table 4.

Tanr,s 4
ÄERIÂI, SUNVÐYS OF I-I1JÀTPD,.\CK \1/IIÂLNS IN DXN{OUTII CUT,r, J.952

Ilumpback Whales flightecl

Date
Glonps of
3 AduÌts

Pclccrntage of
Adrilts rvith

Calves
SinpJe

A dults
Cn'n--calf

?ails
Aclult
Pairs

24.ix.52
30.ix.52

9.x.1¡2

17
8

1'.¡
100
74

.I
6

\\/hile 'Iabie 4 shox's that a Ìiigh pr:oporlion of the lLrrmpì:acii u'h;tlcs
in this gulf n'ere accompaniecl by cahzes, these surveys \\¡cl:c nråcle toc)
late in the se¿rson to shorv that 1ar:ge nrlnlbrr].'s of fernales gather here ri.hcn
i'earing calves,
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III. Orsnl¡ Íìi.,¡rcrns or Wr'l¿i.us iN Tr-rTt lì,acloi* oil poi¡t'r. C¡.o,trtTs
(rL) IiiLlet'trVlta\es (Orcinus otca .l,irmíJ

Schools o.f this species rvcle sip,'hted oir ¿l nnmi:er cf occ¿sioni; rrll Poillt
Cloates cluling 1952. The recoi'cls år'e surrrÌl't zlizetl in Ta]¡le i-r.

Jl¡\BLE 5

KILLIIR }\'II,\LDS SIGIIT¡]D OTF POIN'f CI,O,l]]I,]S i¡¡ 19A2

Date Numbel Dii'ectiou lìcrnarks

L?.viii.52
27.vüi.52

f .ix.52
11.ix.52

5

c. 5û-60

Sevelal
c, 40

Over 30

s
S

N

:

ArnongsL a strearn of sor¡lhl'al:c1-moviug humpbacks
u'hich al.l¡reared to be chatrging <ìilection rnole than
rrsu al
Close to six ìruni¡rbaclis moving south
Close to threc aduìt }rurnirb:rclis moviug soutìr
Appealed to be cornitrg in flom s'est, closing in on
ser.elal humpb:rcks

In aclclition to these, large numbers of hiller x'lì-ales, estimatecì by lVh'.
J. Pekin âs at least 150, rvere seen in Exmouth Gulf dur"ing a suÌ'\¡ey flight
on September 24. A1:art from hunting by man, tlìe ;rortality rate amongst

l'a¡¡,lr 6

!'IN rtND BI;UE \I'I{ALES OBSERYITIJ OFF POI}iT CLO,\TDS, 19i:2

Date Species
Distance

Number' Off Shore Direction
(niiles)

Relnalks

12.ix.õ2
1?.ix.52

1.x.52
3.x.õ2
4.x.52
5.x.52

Illue
lllue or' fin?

Irin
Fin
Fin
Fin
Fin
Fin
Fin
Fin
Blue
Fin
Irin

6.x.52
I0.x.52

L

1

1

2

1

2

2
1

1

1

2
,
.)

5

8-9
í)

10
20

10-1 I
6

S
e

s
s
S

S

S
S
C

s
S

S
S

Length applox. 70 ft.
Cos' and calf

Cot' alld calf

humpbacl< $'hâ.Ìes is pi:obably highest imineciiatel)' after bilth and at this
stage liillel whales lr1ay 111¿]¡s successful attaclçs. In Octobelr 19õ1, Mr'.
J. Peliin ol:servecl in Exmouth Gulf four or' fir.e hilJcr rvh¿les attar:liinp; a
groull of hunrpbacl< r.r,hales consisting of trvo acìnlts and a calf. Onc aclult
hur"npback (presntnaÌ:l)' the co$') hept the calf vdrr- closc, s'hile the ottrrei'
aclult (possibl¡' ¿ bull) charged tÌ:e lijller rvhales, beating them off rvith its
flulçes. A very similar inciclent occnrred off Poilit Cloates in tlie 1952
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season. In neitlier câ.se \l¡ere the killer whales seen to be suceessful in
thcir attaclis.

$\ Irin, þ\¡ñ,aZes (Balaeroptera physalus Li,nnéj antl Bhte Whs,Ies
(Balaenoptera musculvs Linnél

Tliese rvere sighterl only in Septcinber and October and were all
travelling; south. Tal:le 6 gives details of those sighted.

(c) XÍinke WlLe,Ies (Balaeno¡rtera acntorostrata Lacépède)
Orr Augtist 2ó, L952, thi'ee minke ryhales rvere closely observecl by the

author fi:orn the aircra.ft. These whales, åpprox. 25-30 ft in length, hac{
the characteristir: rvhite baltcl across the flilrpers. 'lhey were in shallory
rvater very close to the reef aird ï'ere moving south. Another minhe
whale was sighted off Point Cioates on A.ugust 30.
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The author rvishes to express iris gratitucìe to Mr'. J. F. Pehin, pilot
of the spotting aireraft, for his enthusiastic cooperation in the collection
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cooperation and for the use of facilities at their station.
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Fig;.4.- Äer-i:rÌ 1rhr.,.'ogla¡rìr of trvo hurl¡rbacì< n.hales sounrìing', 11¡esl.clll ,\ustlalian
coast.





i

2.

"å Review of llVhale ffTarking and sorrre

Trials of a modified VHhale $rlark
by

R. G. Chittleborough & K. Godfrey

Paper 6

Commonuealth af ,lustralio.
CO MTTONïT'EALT H SCIENTI FTC .ANI)
I]VDUS?]ì I ÅL RESE, ARCH OR.G.4NI ZATTON.

Reprinted frorn <The Norwegiøn
Tl'hoting Gøzette>, l;ol.46, -lfo. 5,

Pages .ft'os. 238-248, Møy 7957,

c.. $. I s
A USì

?3 0

,rÉÉ*1tt9 
å Õg

o$

/. ccÌ::c, 
RE 

pr



/t Revicw of VV ilaic JVIi:r:. klr ig i;-:" rr-i sünlL] :ll"r'¿:is.l .;f a

nrr:,Jihed" Whale,' l'{ia ¡:i<
l:y

R, G, Chjttleklc;:ror:qh arrd I{. Gi.'rlfrey
Di vi sion ol Ï: ishe r Ìe 

" Oï,_Xr",irJan 
ocrra ¡:Ìrir, C. í-;. 1' lì. O.

I¡rtrodttctiott'.

rjn the Austlalian coäst, the markiug of lrump-
back whales (MeçSaptera nodosa) is ca::riecl out as

part of tire proglrulme of lesealch on this species'

Ihe planiring, of this marking lras plomptec'l a re-
considelation of the objectives in malking whales.
'W.hen cliscussiug these aims atrd the nalkiug; tech-
niques wideJy used at plesent, it'uvas felt that solne
implovement is desirable. DÍscussicns r¡:ith rvhale le-
searcl'r wolhers in othel cotrtrtries lta.t'e shotl¡u tirat
this oplnian is shered l:y others. l-t is intenclccl ]rele
to review br;efty tire aims aud plcg;ress ol rvhale
mar]cing, aud to desclibe a modifjecl mal'k and its
behaviour under test.

Aints of tt:ltale m,arkittg.

Idealiy, the aims of wirale marJ<ing ale to ob-

t¿rin diler:t inforrnation on tire follor¡¿iup, aspects:---
( i) A,ligration ancl dispersal. T'hcse are the sim-

plest objectives since wlrales of ariY agc may
be used and even a low pelcentage of mai'ks
Lecovered will yield very u-sefuÌ itifortnation.
Mar'ì<ing has alreacly addecl cottsiclerairly tc
our knowledge of whale nto\¡ell:ettts (RaYner,
1948; Brorvn, 1"954, 1956) , hut inore detailecl
infolrnation is being sor"rghf iu cellain c¿j,ses,

fol exarnple the cìispelsa] of humplracli whales
in South Pacific r,vaters (Dawl:iir, 1956).

( n) Age anci growth late, If rvhales of lçnou¡lr. 4.8;c:

can be mar'hecJ, recoveries itr latel yeals wili
enable us to obtain nrorc pt'ecisc inform¿rtion
upon t;ire gror,v{,ir rabe of rvh¿rles and t}tcr ltg;e

at; v,,hic.h bt'ecciinç,-l cornrìic1ìccs. l(lrcrvi:.i g tht:
ag;e of tirese ln.arl<ecl whales rvhen icillcd, it

rvill Lre possii:ie to cireci< u¡ron "l,he valious i¡:r-

ciileci; ¡rretliocls of irge clcr:ei'mination wlrjrh
arL- rrow in use,
Iì:itc oÍ bleeclitrg Cur plcsent ei'iilence upr,r,
this is ral,hel ci''ctrLlsLanti:1. l,atci: exanina.-
tion of fernales r-virich herd beilil trlat'l';etl wiretr
they were in a- r'ecognizaÌ¡lr: phase of tire
br:cecìin¡¡ cJ¡cie, rviti givc very tlesirable e'¿i-

clence of the bleer-lÍr-rg l¿rte of inciividual
wh¿rles.
Poprilirtiou size. rf the iimits of. anc'l the rnove-
inents .witliin, a pa.r't,icttlal v¡llale 1:opnlatiotl
ale kuoi,vn ar¡d iI ar-l efficieni ':"irale niark is
used on a sufftcientl¡,' Iai:g;e sc¿rlil, it is po.ssibll
tr-t piern a ma.rhing progr'tlÌì-i1llc r,vhich r,i'ill
allorv the pe::centaige of rcccveiies to i:e t.rsc'd

in obtaining a roliaÌ-rle estirrat", of the size of
tlrat populatiou.

(ur)

(w)

. A reuiezo of 1:reuious tnurltirtg.

The rnalk at pi:eserit useci jü rr'ha.le resealch
consists of a ni;.rnloeled, stainless steel tube, 23 ct:ts.
Long, urith. ¿r leacl point; antelicrì..y. lrirecl floirr a
stlougly built shct g^un, tlte malk is intenclecl lt,
loclge ir: the ilclsiii muscles oil lÌ:Le rvhale. 'f iris
meiho d rva,s d evelop ccl l:y <<l)isr:or.,eiv l; tvesii gati,: :is ;:

in 1.926, and ult to 1939 about 5,3|iÛ t'li;Lìes ha'¿e ilccn
lnarked. in this r'¡¿ry (Iìa)¡ner, 1940, 19'13). Á. toial of
lil,tle ovcr:: 300 of t,irese ;ni¿lks h¿',.s so fal l-rer,rtt 1c.r-

crveiccl, Slnce the last war', rl'hali: niitli<in¡; ll¿lr; licclr
r:onl.iir,u¿cl c;n a snl¿iLiet' scale, using i.hel :;an:c i,i'1-rc

of trt:r.Lk, Ì;y scicuiists r:f at leas1, clS.ltl cj(-¡t:t.lh.ic¡i.

-Ìil'or¡icl.ccl, tir.¿rt if I-rr-ttctlate¡.; cotll:Ìt:1,,':i;ri l:);' j' î:[::"!l'i

t lrc l:.hrirber', ii--ris ;ilar'l< cÌ11 l'clìl i:iìl l llrllii-rì:.llac.,i ¡-i"r r i:



1,irc t'.'il¡.il:. {,i.rir¡ i¡tai'ii ii.'Lto'r'cl'i::ii it¡ 1l}irii ll¿ici l;i:iri
r:ai'r'ici,l Ì:.1.r :r í itt \\'i'r:lÌo lol' 1J I .\'(:ìÍll';'i {1t]:.''.-'tl'tr, .! !liiíj) .

(i,4alJis tt'i:iclr loiì1;c u.i.tl-V it:. 'il-¡t: l-riil ill,:Lrt , r;"ifì-tou.1,

full ¡reirr,:1.l:ai,ir:n, ¡ì1.,1-)rr::i1.' to laìl ori{" itr ¿ì t'eìiìl,iYilj-}'

shoct lille.) '11ìiis tvìr,¡ of ÌltAtli it;,irr 1-¡i:en cai:i.:it:!ì'/
test;erl ulion dearì ilncl livilrg; wir¡rl-es (lì.i.ri;tL, ¡rjÌt.rlie

arrci .Totrs;.,;Érltì, 1ÍìiiiJ, il.liucì a.r.rd iã)rnes, I É]ii4), sliou,..
ing that \¡itil adeqriat.c cil'e', tht'r tiÏlt'k i:etrc1¡r 1o11¡ìcs

in a pc;sil,ion like1;r to be cli'utgci'rLt,;.s l.o 1,1-'¿ wcLl-
being cf fhc r'¡hale.

Flol.¡¡evcL, wirile this nlu^tlloil ]ras \'ielcTeri valu.-
able inîolnr.'rl,ion conccìr.'nirÌp; thc rnot¡etnerrfs alrcl
inig;laticius of ther lalgt:i spocics of \','1ia,lc,"i, it }:as
supplitril rir:¡11igible tesrilts upon a8,cì, ¡;-lcirvth ::ai,e,

bleedin¡¡ ancì popnlation size. \tr¡iil-rolll; unclcrlat,ing
the value of the results so f¿rl ob{,a"ineti, tlvo iini:or-
lant deficicncies in this teclrnir¡ue lnust be con*
siclerecl.

Fii:stly, the marl< is suitaì:le oirl'y fol the lalg;er
individu¿rls. Becausc of the lelatir¡elJ' ttrin bluÌ:bel
in calves, ancl tile size aircl pr:netrirting, llower of the
maLk, there is a consideraÌ:ìe cl¡rngler of causing
serious injury ol even cleath to calves. This mcans
that genela.lly only ther lalger s¡tecimens are inark-
ed. With these lve have no knorvlecìge of the age of
individual.r when rnar:kecl. This is a \/ely selious fattlt
in any blanding or tagging schelne rvirich aims at
anything rnore than infolri-iation upon ciispelsal and
migrations. 'Ihose rvho u.se tiris type of m¿rrk are
fuliy awale of tlris cleficiencv. Mac].ijntosh (1952)
says, <<Onc of the most iirgent needsi of all is to mark
youllg whales and l:reecìing whaìes. If sorne marks
can be recoveLed (ivith adequate palliculars) after
short and longel periocls frorn whales rvhich. at the
time of marking, were youTrg calves ol were ín ob-
selved stag^es of the breeding cycle, a great stimulus
could be given to nearly all investigations on the
breeding, growth and age of whales.>

Off the Western Australian coast $'e have at-
ternpted to marlç rvhales of known age by malking
<<yearling> Ìrurnpbacks rvhich retuln to tr'.is coast
cluring June in cornllarly with theit' rnothers. Da';-
bin (1956), has aiso marked <<)/eat'lin8;> hrtrnpbacl<s
in Neu' Zealarrci rvaters. Ho\',/eveL, ttre jclentification
of yeat'lings at sea is not iirfaliible, ¿rs it was found
that even experiencecl pelsons sornetjmes mistal<e
a trvo .yeal olcl fol a yearling. This w¿rs delnonstlated
in one case r¡¿Ìrcn a <<yealiing>> v,/r.s to be killecl fol
research purposes (r:nclel special ìicence). Tire speci-
men obtailred prol,ecl to be a.lmost two years of age.
Ihe most rehaJ:le methocl of rna"l'king r.rhales of
knorvn age Ís to marli the calves.

At tile meetiug in Lonclon, "lll56, 1,ìre Scieutific
lommjttce of the ltrl.ernatiorial 'Wiraling Comtlis-
;ion urg;ecÌ tha.t <<rnoLe attetttion sj-tcttlrl ìre ¡:trid to
;he possiblc marì<ing of citlvcs>>.

¡

T'hc Si:ri.ra-rlì.(i r;r:;'iou;; rlt'Lv,tJ-i¡t,r:ì.1 Ìrr i,iir: .¡:i-)i¡1ç¡¡r.'¡¡¡'1'¡

rnirfiiïs js t.itat, Itein¡:; t:i,;tllir1t:ti'J ',r c:¡rli-;¡:tltic:r'ì il'i 't,1rt:

l.;t;il'1., ílrci, :ii'r,: i.r'cr1i.ir:lllit' l;ri¡,-ri:iì at, ilie J:iì(tl-{-ì}'ï.

Itå_r,,','^ra,.' {ÌgC. i:it.i i"i¿r:; rii'tri Éj,LtrrJ-ìi"i(.)ìl iC í,iri¡; ¿i;:r'l-reCt.

Olr l,irc J.lirsis of t;.'irilr t:¡Lt'ltifìal, cili, it: 1,ire ;1.nta¡:ci.ir-:,

lluucl ilitd !,li¡'lcs i1f,r5,1:) c:ilìn.r¿ltt:ii tlt.r,1, 5ü 1i, of i.iis
rti;rLks r',,11ìcIr colirt a,l"i,o:ri'd l.a"r:i,oi.,t shil:s p¿1ss

thl'otr5;h t ire f ar:t;oiv u'l i,ho ul i:ein g cii:rt.:ot'ci'ed. T hr,:¡:

also fourLcl that, a¡;plo>:íl¡latel.,' oiter tirit'd oI the le-
co\/eled ¡r¿lr'l<s \À¡ei'o rlot r-1ls{"tovr.i'ccl t:iitil iìre resiclt"ti':s

wel.'c njtnovccì J'l'or:r tjtr,: cor-'jrels. 1it tliis stage it is
of coulsc ¿ìlrlcstì im¡:ossi.i-'1c ta re-}ate tl:c ¡:lark to
orre parl,icrila;,'rvhale. and- evcr: if ôirjs li'clc r:cca,sion-

all;,r pcssriblc il r'¿or:lcL l:c i.r:u l¿rte to uiitain thr: ncc-
{rss:ìr'}' rn¿ri;eria.l suci: ¡rs ;;cinatls, b¿:.ieen, eat' ¡:lt:9,s,
ctc. from l;ire v¡h¡ile.

IJ'the irer-centa¡;e of whale rna¡:Js l'ec.ovelerl is to
l:e used. a.s a means oÍ ci;.iculatin¡1 ;hc si:¿e of thc
po¡:ruia.1,ion. the cffir:ierlclr of reri0vet'Y neecÌs tc be
much implcvecl.

Vfitir the aim of increasing tire efficiency of
Ì'ecovely of. maLl<s, P¡:ofessor Ruud (see Iì.uucl,
Clarke ancl Jonsgíilci, 1953) adapt;ecì Lhe <D;.scovely>
malk iry attachlng cgú)ourcd nylon streamels.
These dic.t not appeal' tdaffect thc tr;ijectoly of the
maLk, and tests (upon clea.cl whales) showecl that
the stleanlers hung flom tire side of the r','irale, con-
sideiably incleasing tìre possibilitr¡ of rliscovering
the malk. 'Ihe plompt location of mari<s l--ly external
signs allorvs a cletailed exarnination of the malked
rvhale to be made. Ho\,ve\¡er', <<streanler> ntatks le-
coveLecL siuce 1953 geirelally had little or l1one of the
nylon stleamers stiii att¿rchecl. in Japanese tlials
with stleamer rnarks, Omula anci Kawaka:li (L956)
found that if lhe stleamers \vere benea.th tite ca::-
cass as it was haulecl np the slipway, they r',rel'e

casily toln off.
Even jf the stt'eamer nlall( had a higher rate of

recovery r"han the origìrrai ntaLl<, thele iras ireen r:o
adaption of the marl< itself for tìse oll calves.

The important point iu mai:king' calves is that
lecovr:ries'in later yeaì:s wiii pi:t.ri'icìe us with r:rate-
rial from rvh'.¿les of }<norvn ages. From this matelial
it wiil be possible to clalify trtuch of the pleserrt
u'ol}< upon age, grotvth rate, sexu¿t1 matulity, l:r'eed-

ing etc. Various tnethocls, such as l-.oc1.v Jength, nuûr-
bers of or¡çlatjons, epipþVsial {usion in I'erteblae,
variation jn Liaieen thickrress, ar:cì inost lecentiy,
tire laminatj.ons witirin eat' pluP.s, l"iave lleen u-qcd,

eithei singìy or in vâriotls coml:inations, fol age

determinalions. Btt.f none of U¿ese nt.etJtoíshat;eber:¡t
stan,cla¡'cli::eil cL¡lct,ittst tttllttles oJ ktzttzt:ir age. tJntil.

this has been cione ¿rll the presr:nt methocis of age

rletelrr¡inai;ion wjll cie¡rcncl trol'e or less upon tlte
intelplt.:tatirln fa,¡culeci b;¡ intiivicittal scieutists.

fn orri-er {,o rn¿rri: t}re ca}r'es of tl:e ialger spe-
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Figure 1. Modified whale marks. Upper rnark as fired, lorver nlark separated to show

components. In atl later marks, the collar was centr¿lly placed on the stopper.
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Figure 2. Stopper of modified mãrk number 11949, as if lodged in the blubber when

tired into humpback body. The sloppers of the other three modilied rnarlcs penetratecl deep-

er into the blubber.



c;cs oi' v,¡lt.: ie:;,' ¡'-r stllitlicr-' i¡'lr'tili <ll los,'; ;-;lil.ci,t':Liiit¡;

llo\i¡c1ì irrigìri. l-;c ÍrlLÌt:';il;,ìi,itii. ili'. i,). !ri. f"li::'¡;L:lLiiÌ,

(J,risllrlir,:i; iitr,s':¡i¡cì:. iii;i¡.i <.1 o i ()iiilÍ1rl¡'i ) j:; i.çrr':,i.iltll

stil¡tliCi rr-r:;l'kS Cj l,ltc ¡;;,r"i]]C i,5'i;i: :,Us :.1 i.Ìl¡;i1¡irg¡ii>;

il:r¿ìr.'liij. {oi.'irle r.tixr::l -ììlli,ìÌir:l: s¡lei.:ics Ðí (:i'i.:,,tll:l Lil,ltrll

irs pil'rt .ivila,le.,; ( ü:k,'Iticeitlt ti!a nt.alr¡ e'¡tir) llLri wiiii,<:

wlr:rles (Ì-iel.p!ti.n.a.pteriLs !c:t¿<:tts ). IIo\ri'ar"¡cL', \"¡iLil(:

sm¿rllel rn¿iLl<s n:ìpJrt, be usefi¡.I fol t.irc sl-¡Ì:ìlleï si.'ir'-

cier¡i, r.i'ilen u-sec1 u1:on hu.;l1tÌ::icì:c airri ol,'lic'¡ lalQ;r:l:

ri¡ha1ûs, t,J.re t'eccvelJ' r';:l,e lol si--illll li.t:'"1.']is -il¡oulrl

¡rlobably be cì\¡en l.eirs 1,li¿in t,1:¿'"i of i,i:c .:rj.]iscol¡olir>

mark, Omnla" e,ncl Kiiw¡r.Ìrarni (liiirt), ìriirre tcstetcl

shot'í, ;¡¡¿r'lis in ccuju-ticii,rr¡r -'.,,¡il,h ¿ij,t¿ii:.1tr,:ci nylon
stlearneLs, bul Llave nLrw le\¡et'i,ed i,c¡ t'lrc 1c::g-nr

mi-r.r'l<.

'I'o ir:'r¡liove the cir:inces of l'oco\¡ely, some in.di-
:ation sLlorilcl len:ain a.t or neäl' tlle suif¿''cr: of the
,vhale when n:all;ecl. Ði'. N. "4.. i''4aclEinlosh {ueLscna.l
:om.munic.¡-tioir) h:rs suggestecl l;ìie use of a liquicl
;1;¿rin itr a plastic capsule rr¿]rlch is l-ri:itctulcd i.u im-
ract;. Ii hi,.s eveì'l ì:een sLtggester-i thal if ¿'. diÍlele:rt
:olouled c11'e rva.s i,ised eacli year for' cah'es ottl¡r, att
nternal mark irray }:e urlnr:ceìssary. Doan and
)ouglas (1953) expelititentecl rvith ra. <<tattoo,> malk
nvolving thc injection of ¡r distinctive dye patteln
reneath the slçin of rphite rvhales. llire results of
,hesc tests wele inconclusive arrci the woik has not
leen contiuuecl.

M o dif icatiotz of tlz e <<I) is cou er'¿/ >>'tnel'lc.

In an effort to oveLcorne the two major clefi-
iencies in the <<Discovely>> mai:k,tile foliorvìng mocli-
ication, shor'¿n in Figure 1, iras been tested. The
riginal malk v¡as cnt into two palts of eqnal
:ngth. Bel,r,veen these tlvo tubes r,vas insel'ted a

stopper> consisting of a smaller tube, 2.5 cms. long
,nd closeci at one end. Alound tire rliilclle of this
topper a projectìng coiìar, 3llm.rvicle,increasecì. ihe
iametel to 1.85 cms. (just fitting fleelSr in bo the Ì:ar-
eI of the malking gun). Ti-ris stopper fitterl ratìrer
irml5r into the trvo she-fts of the nark, rvith th;
pen encl of the stopper at the front, ancl only the
lojecting collal visrl:le extelnalLy (uppel rnark in
'igute 1). The stopper u'as joined to the an'l;erior
traft of the malk by mea.ns of a stainless ..iteei
ingle sti-'ancl rÃ'iLe, otra msl,re long; coi.led into a
rring of B rnm. cliarneter'. T'lleie \\¡âs ncì difficulty
r fitting tlrls lenglh of u¡ile into the anleliol shaft,
s a metle of the wile may i¡e coilecl iirto a spling
nly 4 cnts. long. T'he iviles usecl in the tcsts lvele
rusic wii'r:s of cliametel'¡; 0.38 rlrn. (a¡:pi'o:<imatcl-/
3 gau¡3-e S.W.G.), 0.51 mnr. (25 garige"S.\.&,G.), :i.nd
56 mm. (2.i gauge S.'W.{}.)

li-or test.s uiron dc..rcì. u'hales, l;lre stopper wa"s

racie flom l¡rass loci. Tlhe stol:rper ancl u'iLe inc:'crrs-

r'iì. l.hrt ir,,ci¡,;1r l, ol {.llr,r .¡tlal'ii i,5t 13 l,f iìiriri t.,i' ¡.;i;pl'i,ti*
ii-1:.r.,ciV 

.iL1 ,,; 
.

If is j.)1'o¡li-ìseci tir¿tl, l,iie ¿:licriol' sh¡,:,f 't, attcl s1,o1,l-

pci"nr: ijlli:i-i r','it,ìr e l:::ill.Lr.ni ¡.i,,üirl. ll iir': si,:rilr.is iir
tì-¡l di"',', 1:o'.i'ricrr'rr,Ì jolrii, l,hr: wci[,,]rt of t,ire tnäl'1"
wol¡jcl ì-rlr inc:r'ciil;c;il as ]it,t1c :rs ¡:osr;i l--ile.

Siu.r:ìr a. i.nodi.f icd- nr¡,1;:ii i:l cìr:srgtrcd i,c ope: üte it-t
tlie foìlowin!;- n-l¡.ni1e¡.'. ;lis tlic rnalli ltl'c:cs thloliglr
tire fib¡-'c¡us 'L,h;.i;i:ci', thc iu:ojcctiii¡1 cit1lar halts 'i,lre

stcll:rpel neai: iire ¡rhin rr.'liilt: 1;he ilntclit.rl' sir¡,rlt (i,he

r"nar:ii ploÌlcr) conlinue¡; itrto i.lit: t¡uscic, ì:ut is
sloi:,'ecl clo\Ä¿rr Ì:¡, ¡1r* tissues r:lciir:g ovr:r the 1_tat'tla.l1y
.r:':j-]Ðnded r¡'ire toiì. lr,fucir cf the stain rvou]cl be

irr"rlierl fl'our tLre a",':tei'io¡.' shaf1, l:y the cx^tension of
tlie wile c;oil, zr,ncl be distt'iÌ:r;tell a,loirg tire ]ine of
r:l.tl¡r. The staiir leu-iaitriitg ìu tirc stopl)el r.voillrl
s.l owl.v colour' 1;h er su llorincl i u g, 

'l:iul:Lrer'. 
1l'1.r e postelit'rt:

siralt (oui)¡ llÉìúijssÐ.].'y to eirsiile a st,t':iight fiíg;ht o{
il-re mali<) rnig-irt rern¡-iir. attachecl to the stoppel
arnd project from tiie surfa.ce of l,lre }:ocly, bttf shou"lcl

soon work flec ancl fa_ll ¿r\-./i1Y, ìe:tving tìrc sto¡rperiirr
the l:lu.Ì:irel close io t,Ìre skin. Iire antcr'.iol sl:aft,
being; embeciclcC jn the nuscìe, woulc1 help to anchor
tlre stopl:ei: i;r the bl.ubber. Being still partially
coiied, the r:,¡ire sirouLd liot intelfele too gleatly in
the fleeclorn of movemelrt oI muscles beneath the
blubÌ:er'.

Ihe potenfjal aclr'airtages oi such a modified
rnark are that the penetratlon of the sholtelred
mar'l< should be less than the oliginal one (an aci-
vantage when inar'Ì<ing calves), and tbat the blub-
bel is riistinctivelv colourecl a.t the point of entrv,
thus increasing tire chances of the lrrarl< being dis-
cc','elecl at some latel date. T-'he sbainccl blubber may
not be reaclil¡r visiþie externa"ÌÌy bccause the dolsal
skiir of rl'hales is generally black, irut u'hen Tlensing
the stainecl are¿r. shoulä be obvicus on the under'-
sirLfAce of tire blubber'.

Trials zoitlt th.e morlilied 'ntrt't'lc.

In preliminary ti'ials, fout' rnodified marks and
firree stanclarcl <<I)iscovely> rtar'l:s rvere fired into
cleaeì huirrirback rvhales at the Calnalvon rvhaling
staiion (Nor' West Whaling Comparty), duling Sep-

temì:er, 195ô. l{o stain was placed in the modifiecl
rnalks as it was intencled onll¡ to test the Jrehavicul
cf the rnoclification in opelation, at a lange sirnil¿rr
tc that usecl rvli.en uralki.ng at sea.

Duling .rìecemì:er, l;rvc mcclifiecl marks and two
s'¡¿rnclard ln¿l:l<s r,vere filecl into speltl. rvhaie car-
casses at thc All:au¡r wlraling statj.on (Che)¡nes
Beach \"/haling Compau,v). On t.tris occp.sion' the
anterior shaf ts ancl stopircr',q of tlie rüoclifjeil m¿Lr'lis
r¡,ere fi]lecl r,i':th stain. ?his consistecl of equal p;lr:ts
of <Iamp-hlacì<>> (carbon) :-rncl waxoline rhodalriine
B.$., botì.r in thr,l iit'y, 1ti,r\Ã,¡isled foi'm. llach mark
helcl apl:r'orirnate)y 11- gr:ams of the rni:<tt-lr'e.



\1¡lrrlrr ilu. jvf a: ll I{¿;. 'l') l)c oi: i'liìr ì' ìL{ilr l;irt:1
disf.rllc| irì)

i)oinf rrî l-tr1l.r' ]-ì,t-rr I I ¡,

9?rJ I 1946 Standarcì iii 1 lrretlc l.rclow
dr-'r.'¡¡¿il .lin.

ì,'ul.l i¡,:rreti::-r1.io¡ but. ¡i-rli,,lr'ir'r: ¡irritri of rrr.:ri<
fl cins. il-tio ¡nttsr:lc"

(ltt ¿. 11949 Mcrd.if ictl:
usitrg 2Íi gau¡:;t:

rvire.

1B 11â mctl'es bclolr Ol.rliqutr t-'r:tr'-;'; posl-t':i:cr'l- ::l¡:'ili r-lf :rl¡rLl' f icr"'

ancl bebjr-:d dor'* ofI í.ìt jrìrìlact; s{o1r¡:e| i¡l Irjnirl¡er', pr.oj'c'Liirtr'

sal fi¡. 0.4 crris. ¿rl¡cycr shi¡; rvli,- ¡¡ji ;ral'tl}' ex1.t:lriier.',.

l¡ot Ì¡r'¡¡kerl; lloiní o1l '''¿ti')':- :)1/z cl-lìs. jlri'tr

nltlscl.c.

9?6 71944 Stanclarcl 1B I 1.,/r, lnc'L¡1¡s l¡clor.,t It'lt).1 pertlr':tl:ai.io¡r i¡tit olriìi1ue eilil'y. l\{al".l' l-'t:

ancl jn frout ol tr'veett blul-rbcl allr] trtusr:lc ra,'i1.h i:oint ¡¡f ¡;'1¡1r

dorsal fil-1. 12 crrrs. into rni,scìe.

978 11950 I\¡liodif ied:
using 25 ÉJ¿Luge

rvire.

]B 30 cr¡s. l:ehirlcl
r¡ar:k 1.[944.

Oblique cnti'y; postcrior s1'ra{t ft':11 au'¿r)', i.yii,iì
Itt-'c Lrn vrhille; stcllpet' crnl;:cJ.decl .itr Lrlubller.
j'.rst rrisil-rle fi'om exÏ.crilt ; u'i;:c coil r'->;ierldi:c1

15 cms. o't o{ antcl'iol: sl''af'r, not brol{ell; }ioillt
of nr¿rl'l< 5 clns. into mtiscle.

9SB I 1945 S lan clat d T2 2 metl'es belorv
ancÌ in flortt of
dorsal fin.

l¡ni1 pcnetralion l¡rif obliclrrc etrtl¡¡'. Passed lB
ciì1s. intu r¡luscle.

998 1:947 l.¡Iodi{ied:
using 28 gauge
wire.

rÔ 45 cms. behind
malk 11945.

Oblique entr-y: poster'ior sh¿itL letrair:eti at-
tachecl to stopper, i/ cms. pl:otrudiL'9, f t cITr

\\'onnd; stoppcr in centrc o1ì oh.rbbel; rvi.l'e c'¡i.l

in Ìralf-cilcle through l:1'.rllber Lo muscle, r,r'i-'u-

detached frorn stop¡:er: antelior shait co¡"-
pleteì;z ernbeddecL in mtlscle.

1 000 11948 Modified:
using 28 gauge
'wil'e.

1 metle belo*t
dorsal fin.

to \{alk entered at ri.gtrl angles to bocl5' sltrîace;
posteriol shaft fell off ; sto;:¡rel er¡rbeticleri in
blubber but coulC be toucheii by inseltitlg fiu-
ger into \\'ound; rvit'e coil still altachecl anC
not fult¡' extencì.ed, coil pass;itr¡¡ thr:ough ìrltlb-
ber in altr-rost half circle; anterior shait be-
tween blubber ât'ìcì muscle (tip 5 cms. into
muscle), and lying at lisbt angles to .line oJ

ently.

The iesutts of these tests are summarized in
'Iables 1 and 2. It was perhaps unfortunate tirat the
penetration both of standard and moclified marks
was not greater, so that a betteÏ colnparison of
depth could ire marle. In the tests upon humpl:ack
\Mhales the relatively low penetratiotl was probably
largely due to the oì:lique angle at which tlre marks
\¡/ere fired. The coustruction of tire whaiing station
macle it difficult to effect shots at riglrt angles to
ttre body surface at these lranges. When fit'ed into
sperm rvhales, at right angles tcl the body sulface,
the penetr:ation of ffiarks was aga,in not very great,
in spite of the tnucll closer lr¿ìt1p;e. Tlhis selves to
emphasize the toughness of spcrlll whale bltlbbet'.
Omura and Kawakatni (1oc. cit.) remark upon 1;he

toup;her biuÌ:ber of sperm \¡/halcs in relation to
mall<ing.

The fliglrt of the mârl(s was iittie affecfecl- i:y
the ¡nodification; rnodified malk.s erniredded aJong-

sicle .stanclarcl marks at a ta.nge of LB metres' The
posteriol shaft of tlre rnoclified iïarlis (onlv neces-

sary to ensure stlaight fiight or the rnark) dislotigeC
from the stc,pper on ij.\/e riecasioÏls as the Ìflarks
enteled the rvhales. Altirough this rnily llot iJe es-

sential to the final success of 'Lile nìodified rriark, it
is preferai:ìe not to have a siraft pt'cject,ing from l,he

Ì:ody as v/ater fiorv upon this might 1611d 16 tnollT

the stopper olrt of the bhrhbel:. ,41so a. plroiecfilìg
object tencl-s to be scraped nr.wâ¡r ¿5 the wilale is
pullecl up the slipwaSr.

The stopper remeined itr tire l-'ìuì:ber in each of
the six ìnoclifjecì mariis tested, rvhile ihe anl;eliol:
shaft penetlatecl rnole deepiv. 'ihe stopper flom
mark nulxber 11949 is shorr¡r in Figrtle :l as it
lodgecl i;:. the l¡hr'bi:er': the stopi:ers of tlie otilet.'

nlarl{s tesied. lvel'e completely eml]eddcr:]. iu bittilÌ:er
bene¿rt,h the skin.

In onc modifiecì ìxali{ the i¡¡i;:e Ìi¡Lri tr¿irted l't'uri



lf'ttl:ie 2,It,p.stt!.ts r,rt' ,!'¡tr:r'rt þitt:.Ì,t: in.crl:.i.tty7 t¡"i.uís r:-! Å"lbon.y.l)t'::cr,:.¡:t)!¡::.r.'f !:tili

l;¡lc i{r;. :\{¡rrii l.ir¡. '.ly¡:e <rf ìViirr'}t
.l\'1.íìrli iliit

cÌist:Ìicc íra)
Ì)oirt of irìntl'"v Ii:r:iiì i'

56 11íÌ40 Sr,anclarcì. I 1)1 ntcl.r'es bit- litco;rt1:lc'ir-,r 1ic11et.r'stjoli ¿rLil,rir<ii iÌ1¿ì¡1r- i]1Ìliji-
1¡incì jre-'acl. clor- r:cl at Ìjtrnf ;ti'r:,:ics 1,r-' bcil¡r sur.'fucr:, Iri¡int cf
,sallv. iiraik pi't:il;t:d throu¡,ì'r 1'1 r'r:ils. n{ irit.li:j-;cl;:, ìl¡r.-ll"

ítr¡J irr ltttlscJ¡,¡ 
"1'ilir 

g c:ntsr. llf s)rüft still pt'o-
tnrcling fronr l.r¡;rjY. Íjh¡.rît J:rclt '.:i¡iot"iiiir iJ{! (ìc-
gr{:iíìs a.i. ;ì tì ì'{íìce o jl i:;l r ¡.L,}: ct-.

56 11941. .i\,loclifiecl:
using 24 g¿[Ur;c

rvire: carrying;
stain.

i..) 2 f! metres irc*
Lrincl head.

Antelici slr:r.ft penci.t'atcd 1.1, cr-r-rs. of biubi.'er
and Locig(-'d ci.li-rlpictel-i in lnt,:rcle \\rith 1,Ì1e

l)oi11t of r-rr:¡r,'k 44 cnts. frorìì '{.lrtr sliirr. (sit) l

\¡er:tic;1 i,o l:od;y sut:{acc-), Stoirp,,r:' elnÌ¡ecldcti
in bluJ:ìrerr. the lrostcritil' :ir.¡r'.lace 1 ci.¡r. belor.''
skin. Wile coii extelìdcd ZPr cms. oì11 of irrtcri-
or shaft, llot Llrclkerl. l--,cr;ir::Lir:r shafi, I'l:ce of
stop¡icr, 2 cms. of its lelgtlr lcrose:.lr' lrau¡ling
in v;ounci., arrd lerri¿rinir:g i1 t:r:;s. protruditrg,
bent thlor.rgh 4S clegrees. $t¡rin clistr"ibutetl
fmm stc¡:per to antelior shaft, alilng ¡rassagc
of rna-r-k.

6tì 1l 939 Standard 4.5 2 metres in flont Mall< entcred at lig-ht angles to body sìrrface.
of an<l below Full pene'tlation, bul: end of shaft only 5 nrrn.
dorsal fin, below suri¿rce of skin ¿rucl visibk i¡r rvouucl.

Illubber thicl¡ness 11 cms. Lr4ark sJighti-rz benl;
at jnncl.ion of Ì¡lul¡ber and ixuscle.

60 11542 l\{odified:
using 24 gauge
wire: carrying
stain.

3û cnrs. behind
marl< 11939.

4.5 Mark entei'ed at righl an.gles ttr bocl.;,- -curfacc.
Anteliol shaft pencl;rated 10.5 cms. of blub-
ber and lodgecl compleieiy iir. ;nuscle r'¡ith
point of ¡nar'h 41.5 cms. fro¡r. ihc skin. Stcrp-
per embedcled in hiubber, the ¡rorterior .sur'-
face 2 cms. belo'ø skin. 'l{¡rle coil e:;tenciecì
aplrr-oxirnately 27 crns. r,¡ut of anteriol shaft,
not brol<eu. Posterio¡: sliaflt free of stol:per',
!1þ cns. of its length hanging l.oosely il
wound, ancl ¡:emainilg 1i'-/2 er:'s. pr.'otrucling,
bent throiigh 40 degler:s. Siain disti'ibuteci
fro:n stoppel to anteritir shrft, along passage
of rnark.

stopper. In this ca.se the tlrinner (28 gauge)
) had been used. In future, str:onger wire (24
ge S.W.G.) will be used.

Discussion.

In these trials the performance of the modified
'ks was corlsidered satisfactory, and fulther
llopment of this rnark is planned.
It is possible that in a successfully markeci

.le the continual rllovement of muscles J:cneath
blubber duling srvimming motion.s might fa-
e the wire so tirat ít breaks at the ju.nction of
rl:er and muscle, resulting later in the loss of
stopper. 1'he coiiing of the wire, aì.lorving some
Lchir:g with the rrusclles, shoulcl help to ûlir'ri-
: tiris. In any case, loss of the stopper aftel sotrre
) would not lle so seliorrs if the dye has stai¡recl
surrounding blul:Trer. Also the bleaking of tlre

wire cioes not mr:an that the all-int¡:u;:tant matk
itself will be lost.

Obviously brass stoppers coulC nct he used cìrl
living -rvhaies, owing to the i,oxicil¡' crf copper. Tlre
stopper can 'be ploduced !n qua.ntitlz flcm miicl
steel, at relatively lorv cost. A greater prtrpoltion of
rnalks recovered, and the rnore valì,iaL:le clata ob-
taineri by marking whalrls of knorr¡n age. wollld far:
outweigh the increased cost orî such a modifieci
ntark.

T'he choiee of ã suiiable stain preserlts some
difficulties. Ttre stain shorild be brilli:int anrl pcr-
manei-ìt, ]:ut shoulcl not spread too far frorn the pas-
sage of the ma,rli. Colloiciai calhcn lernajns ]oc¿ilised
very satisfactori)y, so it is intelrclr:C tc use this rviilr
a brilliant stain of siiglrt solul-ri11l,;r, such ¿r.s -',vasa-

Iine p;l:ccn G.S.
In coi:.junc:üon with tl:e develc¡plnenl; oî i,his



il.rii l'k, $.-) lltc rll û tíif ic aliotl of the rna rl';i u¡'; ì:'r"oc¡:d l.rr'¿

is rr,rriuìreci. Iilslcaci of in¡l.l:lii¡r¡; wha'lcs ¿rlrltos;f itl*
clisc::imín¿r,tc1¡¡, it is srtgg*sterl tTi:it fil! ut'e rriir.rÌtirig
Ì:e ccnlineei wiiele ¡:ractic;tl tn thc fûIlc.¡-"qit:g, in
olCel of 1:rioiity:*-
(a) Calves. .ê,.s stl'essecl eiu'iiet, tlte ¡rtalking of ihese

r'¡ill yielcl invaluable in{orlnation upon thc
grorvtlr tate, age, pubert3r, rnortality, ctc. as

well as the usuat data upori miglatiort.
(b) Laciating. females (parenbs of tire above).

1'herse ean be nlarkecl at the sarne t'ir¡ie as the
calves, anci, could consicìelably increa.se our
hnowleclge of the rate of breed.iug in whales'

(c) <Yearling> wh.ales still in company with their

luothi:r's. ft ii¡ri; rii¡ci:-il,3r i;,ct:r:. i:i$itrLi;¡i ctiii, ih;-1.,

lhcle nr:r\¡ soilc:1,ilrtes i.re rloitl;t; :r; i,¡:t vJll¡riirr.:i.' :,1

srnail lvìra.lr; in comD:tn)' 1¡,'itir a ìaiget' t-'Lit is ¡l
)teallillg r)L a {,t¡io )¡eat: oltl.

A"c l ç¡toule <L.rS en rcr;'t s.

Tlhe reac'ly coc;peiration of íìrc i'Io¡:'West Whali:r¡';
Company anct the CÌ:eynes T3e¡,ch Wha.lirt¡¡ tl*i;r-
parw iu these nial'Ìçin¿1 trials is ap¡;::eciated.

1Ve are grrrteftrl tn It{r'. trry'. icncs (Instruneut;
ma,ker lo the Depa.rf,ment of ãcology, lJtriversit¡' trll
'\47estern australia) for carr'¡ring out the moilific¡:-
tions to tire inai"ks
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.A,ustralian Marking of Humpback Whales
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". "n,T,Lborough
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I.INTRODUCTION
The objects and importance of whaie marking

in general are wellknown (Mackintosh 1952;
Chittleborough and Godfrey 1957), and Dawbin
(1956ø) has stressed the importance of marking
humpback whales, Megaptera nod.osa (Bonnaterre)
in the southern Pacific Ocean.

Since whale marking on the Australian Coast
was commenced on a small scale in Lg49 a consider-
able number of humpback whales have been marked
and some useful recoveries made. In this report the
resuits up to 1958 are summarized. This marking,
which forms part of the programme of research
upon the humpback whale, is being continued.

rtrith the exception of five fin whales, Baløen-
opterø physalus (L), and one pilot whale, Globi-
cephalø mela,ena (Traill), which have been marked,
whales marked in Australian waters are humpback
whales.

II. HUMPBACK WHALES MARKED
After excluding ail marks which either missed

or ricochetted off whales, and also duplicate hits
into the same whale, the numbers of humpback
whales marked each year are recorded in Table 1.

\Mhales from which the mark was recorded as pro-
truding should not be regarded as successfuliy
marked, as these marks would probably fall out
within a short time. Marks recorded as <<possible

hits> have been recovered from whaies in iater
years, and even one recorded as ricochet and one
as missing the target, have later been found in
whales. For this reason it is proposed to consider
that one third of the possible hits resulted in suc-
cessfully marked whales. By this means it is esti-
mated from the results given in Table 1 that up to
1958 a total of 1019 humpback whales have been
marked. Of these 786 were marked off the east coast

of Australia, 16 off Norfolk Island, and 277 off the
west coast of Australia.

When marking whales, it has been the practice
to record an estimated length for each whale mark-
ed. However, from the lengths measured at the time
of recapture (Table 2) it is evident that estimates
of length at sea are of little real value unless the
individual was especiaily small when marked.

At least 90 humpback whales were marked on
the east coast of Australia with marks modified as
described by Chittleborough and Godfrey (1957).
Whenever possible females with young calves were
marked; at least 67 iactating females and 37 caives
have been marked. It was hoped that modified
marks would prove less harmful to calves than the
standard marks, but one calf marked with a modi-
fied mark was found dead some days later, approxi-
mateiy 250 miles south of the position when mark-
ed. From information supplied by the fishermen
who returned this mark, it appeared that the mark
had entered rather low in the body and pierced the
intestines. It is expected that this woutd occur
rarely.

Young calves proved difficult to mark, having
surprising endurance, presenting a relatively small
target for a shorter time than adults, and frequent-
iy surfacing on the side of the femate away from the
vessel.

When possible, preference was given to the
marking of young whales, especiàIty <<yearlings>>
which reach Australian coasts in June (Chitfle-
borough 1958). However, other work often made it
necessary to defer marking untit later in the year.

ÏII. MARKS RECOVERED
Table 2 shows details of alt marks recovered

from humpback whates taken in Austratian waters
from 1951 to 1958. In 67 per cent. of these recoveries
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Fig. 1. Migrations of humpback whales.



it has been possible to identify the whaie which had
carried the mark, while the remainder of the marks
were recovered from the cookers or in other parts
of the factory. Ruud and @ynes (1954) atso found
that approximately one third of recovered marks
were found in the cookers. One whale on the east
coast of Australia was marked three times and shot
by a catching vessel later in the same day. The
mark which had been recorded as protruding was
recovered during flensing operations, but the two
marks which had penetrated deeper were found
some days later when residues were being moved
from the cookers.

In addition to the recoveries listed in Table 2,
two Australian marks have been recovered in other
regions. Mark No. 4188 was fired into a humpback
whale off the west coast of Australia and recovered
six months later in Area IV of the Antarctic (Brown
1956), while mark No. 16471 was fired off the east
coast of Australia and recovered tweive months
later in New Zealand (Dawbin 1959).

Table 3 shows the intervals which had elapsed
between firing and recovery of Australian marks.
Although the number of marks recovered is not yet
very large, similar numbers were taken after one,
two, and three years, indicating that the whales
make the winter migration every year. Recoveries
have been very erratic; for example, although far
more humpback whales were marked in 19b6 than
in 1955 (Table 1), the annual recovery rate has
been lower from the former group than from
the latter.

IV. MIGRATIONS OF MARKED WHALES

Figure 1 shows the migrations of humpback
whales as indicated from recent recoveries of marks
in Australian waters and of one Australian mark
recovered in the Antarctic. The four Russian marks
recovered at Carnarvon in 1958 are not shown as
details of their firing have not yet been received.
Migrations are indicated by straight lines: obvi-
ously the actual paths would have been influenced
by coastlines and food supply. The probable migra-
tions of individuals marked in temperate waters
and recaptured one or more years later in temperate
waters are shown by broken lines.

It can be seen from Figure 1 that no inter-
change between the Group IV (longitude 70' E. to
130' E.) and the Group V (longitude 130" E. to
170" W.) populations has yet been recorded.

The movements of marked whales between the
west coast of Australia and Antarctic Area IV con-
firm the known migration of humpback whales in
this population (Raynor 1940).

Another link between humpback whales of
Antarctic Area IV and the west coast of Australia

was estabiished in a unique manner. On January
29, 7954, a member of a whaling expedition threw
into the Southern Ocean a dentifrice tin contain-
ing a message bearing his name and address. The
position of the vessel was then close to 64y2" 5.,
92o E. On June 27,7954, this tin and message was
recovered from the intestines of a humpback whale
which was being processed at the land station near
Albany, Western Australia.

The recovery in June, 1958, from the east coast
of Australia of a mark from a humpback whale
marked in Antarctic ,A,rea V gives the first confir-
mation of the postulated migrations of humpback
whales within the Group V stock (see Mackintosh
1942).

Nineteen marks recovered on the east coast of
Australia had been fired into humpback whales
along the same coastline one to three years earlier,
while one whale marked in Foveaux Strait, New
Zealand, during a southward migration rñ¡as killed
nine months later on the east coast of Australia.
It would appear that within the Group V popuia-
tion individuals tend to follow the same migration
path each year, but that after mingling in the one
Antarctic feeding area, some individuals change
from one migration route to another.

Further information upon the migrations and
dispersal of humpback whales of the Group V popu-
Iation has been obtained from the widespread mark-
ing programme organized by \M. H. Dawbin (1959).
More detailed information upon this aspect may be
anticipated as increasing numbers of marks are
recovered from this population.

V. OTHER INFORMATION FROM MARKED
WHALES

Atthough short-term recoveries of marks with-
in a few days of marking are usually of little value,
they may sometimes yield information upon the
rate of movement of whales. For exampie, mark No.
4137 was fired into a humpback whale on the east
coast of Australia in 1953 during the northward
migration, and when recovered six days later had
traveiled at least 520 nautical miles, giving an
average speed of 3.6 knots. Mark No. 4236 was fired
into another humpback whale in similar circum-
stances in 1,958 and recovered seven days later after
travelling at least 430 n. miles northward, giving
an average speed of just over 2.5 knots. These rates
of travel are similar to those reported by Chittle-
borough (1953) for humpback whales kept under
direct observation for short periods during undis-
turbed northward migrations. However Dawbin
(1956b) by comparing the times when the buik of
the humpback whales pass separate points on a
migration route, has indicated that the average

3



rate of progression of migrating humpback whales
is ciose to 1.3 knots.

Nine humpback whales marked on the east

coast of Australia during June and early July (dur-
ing the northbound migration) of either 1955 or
1956, were killed in the same locality in 1958 in the
same months, but in all cases the dates of killing
\Ã¡ere a few days iater than the dates of marking in
the earlier years. The differences between the dates

varied from five to fifteen days, with a mean of
8.8 days. This could indicate that the northward
migration in 1958 was slightly later than in 1955

or 1956. Dawbin (1956b, Fig. a) has clearly shown
annual variations in the time of the northward mi-
gration of humpback whales passing through Cook

Strait, New Zealand.
Recoveries of marks from female whales which

had been marked in previous years when accom-

panied by a calf can yield useful information upon
the rate of ovulation and breeding of females if the
whales have been adequately examined when the
marks were recovered. T"vo such recoveries have

been made on the Australian coast and are de-

scribed elsewhere (Chittleborough 1959).
It is hoped that later recoveries of marks from

whales marked when young will enable present
methods of age determination to be checked. Some

such recoveries have been reported from New Zea-

Iand (see Dawbin 1959).
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Table 7.
Humpback Whales mørked in Australia,n Wa'ters 1949/1958

East Coast West Coast Norfolk Island

Fully Possible Mark Fully Possible Mark Fully Possible

Marked Mark Protruding Marked Mark Protruding Marked Mark

151949
i 950
1951
1 952
1953
1954
1955
1956
1957
1958

4
I4
59

161
364

51
109

41

4

1

16

10
7

2

4
3

1,1

3

4

7

19

L2
t2
I

1

I

4
2

t4 J
2

4

20
53

6

70
4t

1



Ta,ble 2. I

Marks recoaered lrom Humpback uhales in Austrøliq.n Wøters 1951-1958

Recovery

Date Position
Mark

Number

415

A20
A32
A.99

A120

A'137
A236
5136

5202
1 1690

11692

1 1730
1 1738
1L746
LL?52
LL77O
1t774
i rzso
1 1788
iiso+
1 1808
1 1834
1 1835
I 1 840'

2.8.49
16.7.55
17.8.54

7.7.53
4.7.68

29.1.36

22"37',5.
24'40'S.
35"0,2's.

35 " 10¡s.
340 0's.
60'01's.

off
off
off
off
off
off
off
off
off
off
off
off
off

113'27'8.

113 " 36'E.
113'25'8.
119'0,9'8.

150'45tE.
15 1 " 16'8.

88 " 5,5'E.

5.10'.51
18.7.55
22.9.56

6.8.56

13.7.53
11.7.58
26.7.53

8.10.51
23.7.55

18.10.54

7.7.55
10.8.56

1.8.58
24.7.55

Aug.1955
Aug.1955

22"387/z'S
25'00's.
25'59'S.

Moreton I.
27' 11'S.
27"00_'s.
27'0,5'S,
22'38'S.

Carnarvon
27'0'8's.

Carnarvon
24'53'S.
26'59',S.
26'57'S.

Moreton f.
Moreton f.

113'3 glE.

1 13 " 23'E.
113'00'8.

153"24',8.
153 " 26'E.
153 " 29'8.
113 " 3 9'E.

153"28'8.

153'38',E.
153'29'E.
153 " 29'8.
153'33'8.
153 " 28',8.

153'26'8.
153 " 30'8.

153" 42',8.
153'29'8.
153 " 30'E.
153'41'8.

L53"24',8.
153 " 30'E.

113 " 3g'8.
153'26'E.
153'30¡8.

1.8.49 23'31'S

11.6.53 35'20"S. 150'30'8.

Female with calf

Adult
Female with y,oung calf

Approx. 39 ft

Recorded as ricochet
Approx. 38 tt

Approx. 42 ft

Approx.
Approx.
Approx.
Approx.
Approx.
Approx.
Approx.
Approx.
Appr,ox.
Approx.
Approx.
Approx.
Aþproi.
Recorded as possible hit
Approx. 39 ft
Approx. 40 ft

Approx. 40 ft

113 " 03'8. Approx. 34 ft

Approx
Approx

Same whale as 11986
Same whale as 11987

5.7.58 25'31'S. ll2" 45',F.

Remarks

Female 43 ft 6 in.
10 corpora albicantia
Female 42 ft 3 in.
Male 40' ft
Female 40 ft
3 corpora albicantia
Found in grax pump

Male 43 ft
Female 45 ft 8 in.
? Female 46 ft 7 in.
1.4 corpora albicantia
Found in cooker
Female 41 ft

Found in cookers

1.1.36
6.10.54

6.10.54

7.10t.54
8.10.54
23.6.55
23.6.55
27.6.55
27.6.55
28.6.55
28.6.55
28.6.55
29.6.55

5.7.55
5.7.55
5.7.55

7.7.55
14.7.55

24.7.55
24.7.55

Moreton f.
Moreton I.
Moreton f.
Moreton f.
Moreton f.
Morqton tr .

Moreton I.
Moreton f.
Moreton I.
Moreton I.
Moreton ï.
Moreton I.
Moreton I.

19.6.56
13.6.56
16.6.56
28.6.58

7.8.58
6.7.57
4.7.58

Aug.1958
13.7.58
4.7.58

20.6.56
r2.7.58
18.?.58

Byron Bay
2B'37'S.
27'05'S.
27"04'S.
27 " 15'S.
26'59's.'
Moreton I.
26"59'S.
27"06'5.
Moreton f.
28'38'S.
27'01'S.
27'03'S.
2g'37'S.
Moreton I.
27' 1 1'S.
27'02',S.
Moreton f.

61'00PS. g0'32'8.
Off Moreton I.
approx. 27"5. lí3yz"E.
Off Moreton I.

40'|t
38 ft
40 ft
38 ft
40 ft
40 ft
36 ft
4t ft
40 ft
40 ft
38 ft
40 ft
35' ft

Male 39 ft
Female 39 ft 10 in.
Male 38 ft I in.
MaIe 40 ft ":

Found in separator tank
Male 38 ft 9 in.
Male 40 ft 10 in.
Found in cooker
Male 45 ft B in.
Male 39 ft 6 in.
Male 39 ft 5 in.
MaIe 40' ft 10 in.
!'ound in cookers

1190 3

r"1909

11853
1 1884

11963
1 1986

151" 56'8.
1 13 ' 17'E.

Off MoÍêton I.
Off Heron I.

20.10.58 Carnarvon

14.6.57

Male 39 ft
Male 40 ft 7 in.

Found in cooker at end of
season

Male 38 ft

Male 43 ft 8 in.
Female 37 ft 8 in.
Mark protruding
Found in cookers
Found in cookers

27.7.55
23"30's.
24"54',5.

2.8.5'5 25'30'S

18.7.55
24.7.55

Off Moreton L
Off Moreton I.

Off Moreton I.
Off Moreton I.

ft
ft

40
37

RemarksPosition

Release

Date

g¡¡

1 1987
1 1988



o\ Mark
Number

Off Moreton I.
63" 14'S. , 98'10'E.
Off Norfolk I.
25 " S. 167'95'8.
Shark Bay c.
25' S. 113'15',8.
Off Moreton I.
Off Moreton I.
Foveaux Str. N.Z.
47"S. 1687/2"8.
Off Moreton J.

65'49'S 179'45',8.

Approx. 40'ft

Approx. 38 ft

Adult with calf

Approx. 38 ft
Recorded as miss
Approx. 40 ft

Calf under 20 ft

8.9.58 Carnarvon

27"09's.
Moreton I.
27'0 6'S.

31"49'S.
2g'38'S.

Carnarvon

Carnarvon

24'3g',s. 112'5?',E.

Carnarvon

Recovery

Remarks

113'15'E
Found in cooker
Male 38 ft
Male 36 ft 5 in.

Found in co,oker

153 " 31'E. Male 46 ft 2 in.
Found in cooker

153'29'8. Female 42 ft 10 in.

152'45'8. 'Washed ashore
153'43'8. Male 43 ft 6 in.

L2t27
13781
14309

16392

L6729
1 6866
t7236

26.7.55
Feb.1955

13.9.56

2L.9.57

3.7.5 6

9.7.56
5.11.57

18.9.57
27.L2.57

Date

31.7.55
24.6.57
13.9.56

Position

Byron Bay
25'35'S.
Norfolk I.

10.7.58
16.7.58

5.8.58

19504
19934

c.1.10.57
27.6.58

4.9.58

Interval until Recorded

1007
U.S.S.R.

t027
U.S.S.R.

1030
U.S.S.R.

1165
U.S.S.R.

Infbrmation not yet available
8.9.58

4.9.58

8.9.58

Table 3.

Interoals between Release and Recoaery ol Mørks
Humpbøck Whales 'mørked in Austra\ian Wøters.

Found in cooker

Found in cooker

Female 40 ft 9 in.
1 corpus albicans
Found in cooker

Year

Marked

1 949
1950
1951
1952
1 953
1954
1955
1 956
1 957
1958

0 yrs lz lr I yr 2 yrs 3 yrs I yrs.

1 1

1

3

1

1

1

1

6

1

1

1

1

3

2

2

1

10

68 1

Date Position

Release

Remarks

Total 11 1 11
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Interminqling of two Populations of Humpback Whales

By R. G, Chittleborough*)

I. Introduction.
Catches and observations of humpback whales,

Megøptera nodosø (Bonnaterre), in Antarctic wa-
ters show that these whales tend to gather in re-
Iatively distinct feeding concentrations during the
summer months (Mackintosh 1942). The areas
within which these concentrations occur have been
delineated: those whales occurring between longi-
tude 70"8. and 130'E. are known as Group IV,
while humpbacks located between the longitude of
130"E. and 170"\M. are known as the Group V popu-
lation. The corresponding sectors of Antarctic wa-
ters are known as Antarctic Areas IV and V re-
spectively.

Mackintosh and others have shown that within
Antarctic Area IV the greatest concentration of
humpback whales occurs (during the summer)
between B0oE. and. 100"8. Whale marking (Rayner
1940; Chittleborough t959a) has shown conclusive*
ly that these whales migrate to the west coast of
Australia during the winter.

Recent recoveries of whale marks (Chittle-
borough L959a; Dawbin 1959) have verified earlier
assumptions that humpback whales which feed in
Antarctic Area V during the summer migrate to
the east coast of Australia and to the south-west
Pacific islands during the winter.

Until this year no evidence had been found of
any interchange between the Group IV and Group
V populations of humpback whales and it has
become customary (see Chittleborough 1958) to
regard catches from either Area as being composed
entirely of individuals from that particular popula-
tion. Analysis of catch returns of humpback whales
taken in Antarctic Areas IV and V during February
1959, supplemented by recoveries of whale marks

during the same period, shows that this assumption
must now be revised.

II. Analgsis of Co,tches made in Antarctic Areøs IV
and, V d.uring 1959.

During the Antarctic whaling season in the
summer of L9SB/19, the hunting of humpback
whales was permitted only during the first four
days of February. Details of catches forwarded to
the Bureau of International Whaling Statistics
show that a total of 1796 humpback whales was
taken from Antarctic Area IV and 502 from Ant-
arctic Area V during this period. The distribution
of these catches, grouped in 5' intervals of longi-
tude, is shown in Figure 1. It is seen that a large
sample (1029 individuals) was taken from the
western portion of Antarctic Area IV (from 75"8.
to 99"E. Iongitude), another sample (76? individu-
als) from the eastern portion of this sector (from
110'8. to 130'E. longitude), while a slightly smaller
sample (502 individuals) was obtained from almost
the centre of Antarctic Area V (from 155'8. to
169'8.). For convenience these three samples will
be referred to as A, B, and C, respectively.

It is realized that the sizes and distribution of
these samples may be largely due to the location of
factory ships during the short catching period and
the catches are therefore not necessarily a proper
indication of the distribution and relative abun-
dance of humpback whales at that time. However,
these three geographically separated samples are
sufficiently large to be analysed separately in order
to compare the composition of the catches made in
each region.

Figure 2 shows the length frequency distribu-
tion for the males in each of the three samples. The

*) C.S.I.R.O. Division of Fisheries and Oceanography, Cronulla, Sydney
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catch of males within sample A differed greatly
from that in sample C, the form'er being composed
of smaller individuals than the latter. The lengths
of the males taken from the intermediate region
(sample B) were distributed between those of the
two adjacent samples.

The mean tengths and percentages of sexually
immature individuals for the male humpback

rsooE

whales taken in the three regions are given in
Table 1. The percentages of immature males were
estimated by classing all males of less than 37 feet
in length as immature (see Chittieborough 1958).
Table 1 shows that in these three samples the mean
lengths of the males increased progressively from
west to east, while the percentage of immature
males decreased from west to east.
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Fig. 1. - Location of catches of humpback whales taken from Antarctic Areas IV and V during February,
1959, in 5o intervals of longitude. Heights of each column indicate relative numbers taken.
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Figure 3 shows the length frequency distribu-
tion for the females in each of the three samples.
This shows that the catch of females within sample
A was composed of smaller individuals than in
either sample B or C. The mean lengths and per-
centages of immature individuals for the females
taken in the three Iocalities are given in Table 1.

The percentages of immature females were estimat-

comparison of the females in sample B with those
females in sample C the mean lengths of both males
and females differed significantly (L % level) from
one region to another. Thus it is highty improbable
that the differences shown between the three
samples could have resulted from random sampling
within one uniformly distributed population of
humpback whales.
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Fig. 2. 
- Length frequency distribution of male

hunr.pback whales taken in three regions of the Antarctic
during February, 1959.

ed by classing all females of less than 39 feet in
length as immature (see Chittleborough 1958).
Table 1 shows that while the mean lengths of
females in samples B and C were similar, the mean
length of the females taken from sample A was
considerably less than in the two former samples.
The percentages of immature femaies decreased
progressively in the samples from west to east, as
in the case of the immature rnales.

Table 2 summarizes the results of comparisons
of the mean lengths of samples of humpback whales
taken during February 1959 from the three locali-
ties under discussion. This shows that except in the

III. Mørks recusqed from Humpback WhøIes
in Groups IV and V.

Rayner (1948) has given the positions of ap-
proximately 400 whale marks fired into humpback
whales from 1934 to 1937 in Antarctic Area IV.
This marking was carried out in the western part
of Area IV, from 75"E. to 102"8. longitude, the
majority of the whales being marked in the region
from 85'E. to 99"8. longitude where a concentration
of humpback whales was reported. Up to 1938, Ray-
ner (1940) recorded the recovery of 22 of these
marks from humpbacks taken on the west coast of
Australia. Two more of these marks have been re-

3



covered on the west coast of Austraiia in recent
years (Chittleborough 1959ø). Another mark, fired
into a humpback whale in the western portion of
Antarctic Area IV (98"10'8.) during February 1955,

has also been recovered on the west coast of Austra-
lia (see Chittleborough 1959ø).

In addition to the above, details now received

ary 1956 (see Brown 1956) Iinked the humpback
whales found in the eastern portion of Antarctic
Area IV with those spending the winter months off
the west coast of Australia.

The recovery on the east coast of Australia of
a mark fired into a humpback whale in Antarctic
Area V (Chittleborough 1959ø), and the recovery at

¡6
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show that four Russian whale marks recovered on
the rvest coast of Australia in September 1958 (see

Chittleborough 19594) had been fired into hump-
back whales during February 1958 near 63o5. 95'E.

These recoveries of whale marks demonstrate
conclusively that the concentration of humpback
whaies which spent the summer in the western
portion of Antarctic Area IV migrated to the west
coast of Australia for the winter months.

Less is known of the movements of humpback
whales which have been found in the eastern por-
tion of Antarctic Area IV during the summer, but
the recovery of a mark, fired into a humpback off
the west coast of Australia, from a whale shot at
LL4"32'E.longitude in the Antarctic during Febru-
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Fig. 3. - Length frequency distribution of female
humpback whales taken in three regions at the Ant-
arctic during February, 1959.

Tonga of two marks also fired into a humpback in
Antarctic Ar,ea V (Dawbin 1959) showed that
humpbacks found in Antarctic Area V during the
summer migrated to the east coast of Australia and
to the south-west Pacific islands during the winter.

The recoveries of marks from humpback
whales taken in Antarctic Areas IV and V during
February 1959 yield fresh information on the move-
ments of humpback whales and this information is
relevant to the analysis of the catches made in
those areas at that time. The National Institute of
Oceanography has notified that eleven Australian
whale marks, one New Zealand mark, and four
marks fired in Antarctic Area V, were recovered
from humpback whales taken in the Antarctic dur'
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ing February 1959. The catch of humpbacks made

in the western part of Antarctic Area IV (75'E. -99'E. Iongitude) resulted in the recovery of one
mark which had been fired off the west coast of
Australia. The humpbacks taken in the eastern por-
tion of Antarctic Arg4 IV (110'E: -: _l-3Q:E.) yielded
one mark fired off the west coast of Australia, six
marks fired off the east coast of Australia, and two

likely that the catches in the three regions were
representative of the whales available within each
locaiity at that time.

In each of the features consider,ed the catches
of both males and femaies taken in the western
portion of Antarctic Area IV (75"E. to 99'E. longi-
tude) differed markedly from the sample taken in
Antarctic Area V (in the region from 155"E. to

Table 7.

Anølgses of Catches of Humpback Wl¿øIes taken in Antarctic
Areøs IV o,nd V during February 7959.

Males

Location
(Longitude)

Number
taken

Mean
length

(fr)

Standard
deviation
of mean

fmmature
Yo

75:- 99'E.
110'-130'E.
155'-169'E.

488
314
301

37.98
39.52
40.28

0.24
0.51
0.34

26.8
15.6

8.0

Females

75"- 99'E.
110'-130 "E.
155'-169'E.

0.50
0.61
0.57

37.5
22.7
t6.4

54L
453
201

39.65
41.45
47.26

Table 2.

Com.parison of meøn Lengths of Samples of HumpbøckWl¿a\es
takeninFebruarE 1959 from Regions A (75"-99o8.), B (110"

-730"8.), 
and, C (155'-769"8.).

Males Females
Samples
compared

Degrees of
freedom

Samples
compared

Degrees of
freedom

740
992
652

..t-
value value

A,C
A,B
B,C

A,C
A,B
B,C

73.42
8.20
3.44

787
800
613

5.95
8.09
0.68

marks fired in previous years in Antarctic Area V.
From the catch made near the centre of Antarctic
Area V (155'E. - 169"q.) six marks \Mere recovered.
Three of these had been fired off the east coast of
Australia, one off the coast of New Zealand, and
two in Antarctic Area V.

IV. Discussion.
The catches of humpback whales taken in the

three separate regions within Antarctic Areas IV
and V during 1959 were eaeh taken during the same
short period (of four days duration) and were of
sufficient magnitude to assume that selection by
gunners was at a minimum. Therefore it is highl¡r

169"8.). The catch in the former region (sample A)
had significantly lower mean lengths and higher
percentages of immature individuals than sample C
(from 155"E. to 169"E.). These differences are con-
sistent with previous evidence (Chittieborough
1958, 1959b, c) of a recent decline in that popula-
tion of humpback whales which migrates to the
west coast of Australia each winter.

In size composition and percentages of im-
mature individuals, the catch of humpbaek whales
taken between 110'8. and 130"E. was intermediate
between the catches made in the adjacent regions
(75'-99"8. and 155"-169'E.). From this it is in-
ferred that the sample taken between 110"8. and

5



Longitude

TøbIe 3.

Recent Catches of Humpbøck Wha,Ies from the Antarctic from
Longitude 70'8. to 750"W.

Numbers of Humpback Whales Taken

1958-59 1955-56 1953-54 1952-53 195t-52 1950-51 1949-50

70- 74"8
75- 7g'E
80- 84"8
85- 89'E
90- 94"E
95- 99'E

100-104'E
105-10I " E
110-114'E
115-119'E
1,20-124"8
125-129"8
130-134"E
135-139 "E
t40-r44'E
L45-749"8
150-154"E
155-15I " E
160-164'E
165-169'E
170-r74"8
175-179"8
180-176"W
175-171" W
170-166'W
165-161'W
160-156'W
155-151" W

76
534
295

50

74

118
2L4

56

103

191
219
13?

134

72 37

60
207

5

37
313

31
482
4l

2

258
2

262
180

597
160 22

48
t2
18

I

730
r32

4

78
429
225

42
71

81
197
224

169
232

40
105

49

161
68

L4I

70

38
2

36

L48
110

15

L4
lt4,,

84
15
63

2

64

2
8

61

130'8. rÍas composed of a mixture of the Group IV
and Group V populations. This is confirmed by the
recovery within this region of whale marks from
both the west and east coasts of Australia. It may
be only by chance that the ratio of Australian
marks recovered in this mixed sample was one west
coast to six east coast marks, but from the com-
parison of the catches made in the three regions
of the Antarctic (Figs. 2 and 3, Tables L and 2), it
is probable that more than half of the whales
sampled in the region from 110'E. to 130'8. were
from the Group V stock of humpback whales.

In the comparison of the composition of the
catches made in the three regions of the Antarctic
during 1959, the evidence of intermingling of the
two populations is clearer in the case of the males
than in the females. This is because, as previously
shown (Chittleborough 1959b), within the Group
IV stock the males have been more severely depleted
than the femaies.

Since there was a considerable movement of
humpback whales from the Group V population
into the eastern portion of Antarctic Area IV during

the summer of 1958/59, the catches of earlier years
were examined for similar evidence. Table 3 gives
the distribution of catehes of humpbacks taken in
the Antarctic from 70'E. longitude eastwards to
150"W. for each year since 1949, the catches being
shown as totals within each 5o interval of longitude.
Once again it should be stressed that the location
of catches tends to reflect the positions of factory
ships in the limited catching periods allowed for
humpback whales, rather than being a true indica-
tion of the distribution and relative abundance of
this species.

Tabte 3 shows that within Antarctic Area IV
catches of humpbacks in recent years have tended
to be higher toward the western part of ttrts area.
In the summer of. 1949/50 catehes of humpbacks
were distributed almost continuousiy from 80"E. to
154o8., but the relatively low numbers taken from
90"E. to 145'8. might indicate that no concentra-
tion of humpback whales was found in this region
at that time.

Catches of humpbacks in Antarctic Area IV
during February 1956 were similarly distributed

6



(but of smaller magnitude) to those made in Feb-
ruary 1959, but the mean lengths of both males
and females taken from 75"E. to 99"E. in February
1956 did not differ significantly from the mean
Iengths of males and females taken from 110'8. to
120"E. during the same period. It may be signifi-
cant that the oniy Australian whale mark recovered
from the eastern part of Antarctic Area IV during
1956 was from the west coast of Australia.

Although the material is inadequate for a com-
plete investigation of this aspect, the available data
show no evidence of any significant mingling of
Group IV and Group V populations of humpback
whales prior to 1959.

At present there is no information to explain
why there should have been an apparently large
influx of Group V humpback whales into the east-
ern portion of Antarctic Area IV during the summer
of. L95B/59, but it seems reasonable to suggest that
an environmental change (possibly of a temporary
nature) resulted in some change in the distribu-
tion of euphausiids, enabling the humpback whales
in the Group V population to feed farther west
than usual.

It does not follow that humpback whales from
the Group V population may be expected to be

taken during the winter of 1959 on the west coast
of Australia, as those from the Group V stock which
fed in the eastern part of Antarctic Area IV might
well have returned to Antarctic Area V before
migrating northwards in the autumn. However, the
Iarge scale intermingling of two populations of
humpback whales in the Antarctic during the sum-
mer of L9SB/59 shows that catches within one of
the somewhat arbitrarily defined areas of the Ant-
arctic can no longer be automatically regarded as

typifying a particular population of humpback
whales.
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DETER,MINATION OX' AGE IN TEE HIIMPBACK WHALE, MÐGAPTERA

NODOSA (BONNATERRE)

By R. G. Cmrrr,pnonouçE*

lM a,nuscri'pt recø'i'aeil E ebrua'ry f 0, I 959]

Sum'm'alY

Tho uso of baleen, oar plugs, and ovarios in tho dotorminaùion of ago in
humpback whales is describod.

From tho ovidenco of baloon, ùho majority of humpback r¡¡halos roach puborty

aü 4 or õ yoars of ago.

Tho rate of accumulation of laminations in oar plugs is üwo laminations per

year. Tho mean rate of owulation in sexually maturo fomalos is l.l per year. ago
dotermination upon tho same samplo of maturo fomalos by these two methods gives

very similar disùribution of ages.

The age distribution within soparate soxos from samples of maturo humpbaok

whalos examinod on the west and east coasts of Ausùralia in 19õ7 aro comparod.

The rosulùs ind.ioate ùhat the population migrating along the wost coast is at present

composed of younger individuals than that on the oasü coagt of Australia'

L fnrnonucmoN

In a study of whale populations it is necessary to determine the eges of
individuals end so obtain the age distribution ïvithin sa,mples of these popula,tions.

One of the methods of age determination which showed promise in earlier

investigations was the uumber of ovulations in mature femalo whales. Mackintosh

and Wheeler (f929) pointed. out that corpora albicantia appeal to persist for a
considera,ble time in the ovaries of whales, the numbers of corpora, albicantia being

much higher in large physicaþ matule females than in sma,ller females. It has

since been shown (Laws 1958) that corpora albicantia, after some involution, remain

in the ovaries of whales as recognizâble bodies. Then if the age at puberty and

the mean ra,te of ovulation have been determined for a particulâr species of whale,

the approximate ages of mature females ca,n be calculated.

Various estimates havo been mad.e of the rate of ovulation in blue and fin
whales (see NishiwakiLgS2; Laws 1958) but this method has not yet been studied

intensively in the ca,se of the humpback whale, Megøptera' no¿l,osa, (Bonnaterre).

From limited data, Matthews (1937) suggested an average of five ovulations for each

2-year breeding cycle (succeeding the first sexual oycle) in the female humpback

whale, but more recent work (Chittleborough 1954) showed this estimate to be

too high.
Another useful method. of age determination in the Mysticeti was discovered

by Ruud (1940) of Norway and independ.ently by Tomilin in Russia (see Ruud

lg50). This is based upon period.ic growth of the cortical layers in tho baleen, as

*Division of Fisheries and Ocoanography' C.S.I'R.O., Cronulla, N.S'W.
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shown by seasonal variations in the total thickness of the baleen plate. Age deter-
mination from baleen plates has been stud"ied extensively in blue and fin whales
(Ruud 1945, 1950, 1955; Ruud, Jonsgård, and Ottestad 1950; Nishiwaki lg52;
Hylen, Jonsgård, Pike, and Ruud 1955) but has not yet been applied to humpback
whales although seasonal variations in thickness of baleen plates have been d.emon-
strated in this species.

An advantage in using baleen rather than ovaries is that the former method is
applicu,l-rle l,o Lrubh sexes. rJnfortunateþ wear at, the free end of baleen plates
restricts this tecbnique to the younger individuals.

The recent discovery by Purves (1955) of laminations within the core of ear
plugs affords a, very promising method of age determination in the Mysticeti,
applicable to both sexes and individuals of all ages. This method has been applied
to small samples of fin whales (Laws and Purves Ig56; Nishiwaki lgST) and hump-
back whales (Symons and" Weston 1958). Assuming two laminations to be laid
down in the ear plugs each year, fair agreement was found in ages estimated from
ear plugs and. from baleen.

rn this paper ovulation counts, baleen traces, and ear plug laminations are
used for the determination of ag9 in humpback whales. The relationships between
these methods are investigated. Mortality culves obtained from samples of two
populations of the humpback whale are compared.

II. M¡.rpnr¡r,

Baleen traces were obtained from 629 humpback whales (238 males, 391 females)
and ear plugs from 657 individuals (370 males, 287 females). rn each case the gonads
were collected and examined. Some additional baleen samples and ear plugs were
colleoted but not used owing to damage or because of doubtful interpretation.
Baleen or eå,r plugs collected without corresponding gonad data have also been
rejected. The material was collected at shore-based. whaling stations on the west
and east coasts ofAustralia.

III. fnrnnrnnT.llroN on MErnnrer,

(ø) Oaa,ries

The examination of ovaries has already been described (Chittleborough Ig54).
As previously stated (Chittleborough f955ð) mature female humpback whales tal<en
in Australian waters may have recently ovulated or may be killed during prooestrus.
In order to apply a uniform standard in age determination from ovarian data it is
intend.ed to consider only the ovulations which had occuned. in seasons prior to
that of killing. These previous ovulaúions may be represented either by corpora
albicantia alone or may include the corpus graviditatum of females in very advanced
pregnâncy (as this body represents an ovulation in the previous winter).

(b) Bølean

Traces were obtained from strips of baleen passed through a recording apparatus
constructed from the description given by Ruud (1940). one of the longest baleen
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plates from each whale was used. and care was taken to ensure that the trace was

ã¡t*irrua from the gum to the tip of the plate, following a line parallel to the

longitudinal fi.bres within the plate. The portion of baleen which is embedded in
the gum is not shown bY this method.

fn the interpretation of baleen traces from humpback whales it was found

that the majority of the traces could be separated into seven typical patterns which

are illustrated in X'igure l, the examples given being copies of actual baleen traces.

lVhen consid.ering individuals in each of these groups, ovarian and ea,r plug data

showed thaú the sixth and seventh group wore not each ofone age class but contained

individ.uals of widely varying ages. For this reason these two baleen groups have

been morged into one age group (6f).

6

4

tt
ot
o
o
o

AGE (YEARS)

n'ig. l.-Examplos of actual tracos from baleon platos of humpback whalos grouped according
üo a,go.

'Wear at the tip of baleen plates makes age determination from baleen traces

unreliable for individuals more than 6 years of age, so that although a few traces

showed four or even f.ve complete growth zones, all whales classified. from the baleen

as of 6 or more years of age were placed in tho 6f ago group.

The example given of a l-year old individual was taken from a small humpback

whale killed under special licence. This female, 28 ft 9 in. long when killed on

June 14, was in company with a lactating female and was still suckling, so wâs

estimated to be approximately l0| months of age.

The remaining a,ge groups illustrated in X'igure I have been spaced at yearly
intervals in accordance with the ovidence of Ruud and his co-workers that each

growth zone in the baleen ropresents a, spân of I year.

(c) Eør Plugs

Ear plugs were stored in t0 per cent,. formalin, then bisected longitudinally
with a hand. razor after orientating so that the cut surface exposed the widest face
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of the core of tho plug. The face of each surface was then smoothed on a water
stone. After cutti.g, the core of some plugs showed lines of fracture parallel to the
laminations. In older'(mature) individuals these "fracture lines" were generally
regularþ spaced, one between each dark band, but in younger (especially immature)
whales fracture lines were often irregularly spaced, sometimes in groups, with little
relationship to the laminations.

,.EMÄLri HuMpBÄcK. *r^orr, ^-rIää 

l",o"r.*¡ 
o.ND ovar,rÂn, coNDrrroN

Baleon Age Group (Years)

Stato of
Dovolopmont

Soxually immaturo

At puberüy

Soxually mature
Ovulations prior to

soason of killing

q
3 4 5 6(+)

No. (%) No (%) No No (%) No (%) No. (%)

5.9

6.3

87.9

I
.)

3

4
Ð

6

8

I
l0
II
t2
r3
t4
l5

>15

Total 4 239

fn most of the mature individuals the laminations in the core of the ear plug
were clea,rly visible ås a, succession of dark bands which were nanower and more
oloseþ packed towards the base of the ear plug. rn the course of this work it was
noticed that while tho laminations in mature males were al¡nost always regularþ
spaced and of uniformly decreasing width (seo Plate l), the laminations in mature
females frequentþ (but not always) showed irregularities in width, spaoing, or
pigmentation (seo Plate 2). After a regular series of bands in the upper part of an
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ear plug, there may be a distinct but narrower, less pigmented lamination, followed
by further bands of the earlier t¡re. Sometimes a nârrower lamination occurred
again after two wider ones. It is suggested that increased. nutritional demands in
part of the female breeding cycle (pregnancy or lactation) may sometimes coincide
with a poorer feeding season, the period of suboptimal nutrition being reflected
in tho ear plugs. From the available evidence it is suggested that this is more likely
to occur in younger mature females (which are still growing) than in older females.

Similar irregularities in the laminations were found in both ear plugs from the same
individual.

roo

o

I
o
z
U)
o
Uc
L

BALEEN AGE (YEARS) 
T

Fig. 2.-Age distribuüion of sexually immaúuro, puberal, and young
mature fomale humpbaok whalos as deüermined fromlaleen plaüos.

fn some ear plugs (less than l0 per cent. of those examined) the laminations
were partþ or completely obscured by longitudinal striations giving a fibrous
a,ppoara,nce to the core of the ear plug (Plate 3). In such cases the ear plugs have
been rejected.

The laminations in younger (generally immature) whales were often poorly
defined and lacking in pigment (Plate 4, X'ig. f). Sometimes the dark bands could
be subdivided into two or three smaller bands placed close together (Plate 4,ßig.2).
In counting the laminations of these ear plugs only the wide, more regularþ spaced

bands have been used.

Attempts wero made to dissect out the ear plugs from near-term foetuses,

but only the seeretory membranes wero found.

IV. Puspnrv
(ø) Age øt Puberty

Since baleen traces obtained from samples collected on the west and east

coasts of Australia gave similar ages at puberty, tho data from the two areas are

considered together in this rogard.
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Table I shows the ages (as determined from baleen) and ovarian condition of
391 female humpback whales. The proportions of sexuaþ immature, puberal, and
soxually maturo females in each age group are plotted in I'igure 2. The majority
of females reach puberby at 4 or 5 yoars of age, while the upper limit of the age

at puberty is close to 7 years.

T¡,sr,r 2
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Table 2 and X'igure 3 show tho ages (from baleen) and. sexual condition in 238

malo humpback whales, classing males with total testes weight exceeding 4 kg as

SEXUALLY

BALEEN AGE (YEARS)

Fig, 3,-Ago dietribuùion of sexua,lly irnmaúu¡o and young maturo male
humpbaok whaleg ag dotormined from baloen platos.

soxually ma,true (Chittleborough 1955ø). fn males the mean age ab puberty lies
between 4 and 5 yea,rs; it is probable that slightly more males reach puberty at
5 years than at 4 years of age.

No.No,
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(b) Eat Plugs øt Puberty

Table 3 shows the distribution of the numbers of ear plug laminations from
290 female humpback rrhales classified. according to ovarian condition. This shows

that at puberty the ear plugs may contain from five to 14 laminations with & mea,n

of close to nine laminations.

n'igure 4 shows the distribution of the numbers of ear plug laminations from
166 humpback whales grouped according to age (from baleen). In each year class

the modal number of ear plug laminations lies at (or very close to) twice the number

T¡sr,E 3

DISTRIBUTION O¡' NI'MBERS Or. I|A.R PLIIG IÄMINATIONS

rRoM 290 rgu¡,rp [trMpBÄcK wsalEs crrassrFrnD
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of yea,rs of age. Since most humpback whalos reach puberty at 4 and 5 years of age,

the mean number of laminations in the ear plugs at puberty is between eight and
ten laminations.

Much of the variation in the numbors of ear plug laminations within a,ny one

yea,r cla,ss shown in X'igure 4 rrray be attributed to poorly defined laminations often
found in ear plugs of young whales (see Section III(c)).

Y. R¿.rn oI' Ovur,arroN rN MâTURE TEMALES

'Jho only direct method for determining the rate of ovulation in female whales
is to mark calves or yearlings and examine the ovaries of the females when marked
individuals are killed in later years. Little information of this t¡re is available
to date. One female humpback whale marked on the west coast of Australia when
it rvas ¿ùccompa,nied by a calf was killed and examined I years later. The ovaries

2

3
q

;
2

2
I

I
3

6

6

2

+

I

I



190 B. G, CEITTI,EBOROUGII

then contained ten corporâ, albicantia, so that if this female had been marhed at the
end of its first pregna,ncy, the average rate of ovulation would have been I .0

ovulation per year.
20
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EAR PLUG I.ÁMINATIONS

X'ig. 4.-Rolationship boüwoen ago as detormined from baleen plates and numbors
of oar plug laminaüions in young humpback whales.

More precise information is available from another female which was also

marked and later killed on the west coa,st of Australia. This female was accompanied
by a small calf when marked in August 1954, so must have ovulated at least once

in the winter of 1953. When killecl in September 1956, the ovaries contained three
corpore albicantia and one newly formed coqpus luteum, while the ear plugs contained

Tesr¡ 4
rNron'Ml.,rroN coLLEcr¡rD aND rNrEriBED lrrou MÄRK 499, rrnro rNTo À l'l:MÄLE ìÀ/rru sMALL

cÀLx' oN Ärrcrtsr L7, lÐrò4, R¡rcovEB,ED oN sEpIEMBER 22, 1956

Possible Soquencos
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1 954 1955 I95{i
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Variatiol (ø)

Variation (ó)

Variation (c)

Variation (d) I ovulation

Numbor of oar plng
laminaúions 10 t2 l4

14 laminations. Table 4 shows four variations in the possible sequerÌce of ovulations
in this female. It is probablo that one of the first three variations actua,lly occurted,
in which case this female matured at 4 years of age (becoming pregnant) and had an
¿ùverage of ono ovulation per yea,r up to the time of killing.
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In female hurnpback whales breeding cycles are of 2 years' duration and so

extend over two winter periods when ovulation normally occurs (Chittleborough
1958ø, X'ig. a). It is proposed hele to estimate the total number of ovulations which
occur in 100 females in the course of 2 years, considering the possible variations
"rvithin the breeding cycle.

Ovulations occurring in sexually mature, non-pregnânt females entering the
first ovulatory period" of a breeding cycle have already been studied (Chittleborough
1954). X'rorn [his altl furlher lr¿üeri¿l il is esüilr¿üecl ühaü i.rr ühis periud 100 ¡uaûure
females ovulate as given in part (A) of Table 5. The average number of ovulations
per female in úhe first winter of a breeding cycle is then 1.2 ovulations.

a2 74 76
NUMBER OF LAMINATIONS

Fig, 5,-Iielalionship betweon numbors of provious owulaùions and numbors of laminationg in
the oar plugs, for 287 female humpback whalos.

X'ull details of ovarian activity in the second winter of the breeding cycle are
difficult to obtain owing to the regulation prohibiting the killing of females accom-
panied by calves. The various conditions shown in part (B) of Table 5 have been
found and described (Chittleborough 1958ø), but the relative proportions given for
each are largely speculative. Although post-partum ovulation does occur in the
humpback whale (sometimes resulting in a female being sirnultaneously pregnant
and lactating), it is not possible to determine by direct observation how often this
occurs.

From the data given in Table 5, if post-partum ovulation is of inflequeut
occurrence, the total number of ovulations from 100 mature females in a 2-year
breeding cycle is 148, while ifpost-partum ovulation is ofregular occurrence the total
number of ovulations is 223. Then the ¿Iverâge rate of ovulation for mature female
humpback whales lies bett'een 0'74 and 1.12 ovulatious per year.
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VL Rnr,¡.rroN BETwEEN Ov¿¡r¡,r trvo Ee¡ Pruo D¡r¿' rnorvr Ï'nrt¿r,ns

In X'igure 5 the number of ear plug laminations is plotted against the number
of previous ovulations for each of 287 female humpback whales. The regression

T¡nlr 6
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line calculated by the method of least squares is also sho'wn. A few of the points lie
very consideïably above or belorü the regression line. This might be the result of
unusually fast or slow rates of ovulation which may sometimes occur in individual
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females. It is also possible that one or trvo of the points well above the regression
line might represent females whose ear plugs were of fibrous âppearance (though
uot as fibrous as shown in Plate 3), so that laminations were partially obscured;
this would result in much lower counts of laminations than were actually present.

The slope of the regression line (y:0.558ø-3'635) gives the relationship
of two ear plug laminations as equal to I.l2 ovulations. X'rom this relationship
it is possible to compare the mortality curves obtained from the same sample of
mature females using the laminations in ear plugs and numbers of previous ovula-
tions as independent methods of age d.etermination. Table 6 shows the d.istribution

.--.----. PRSV|OUS OVULATTONS
¡-_-¡ EAR PLUG LAMINATIONS
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X'ig' 6'-Morüality curves dorived from üho numborg of provious ovulations and. from üho numbors
of oar plug laminations, for üho samo samplo of 158 sexually maüure fomalo humpback whalos.

of ovulation counts and numbers of ear plug laminations, with corresponding survival
values, from 158 sexually mature female humpback whales sampled. at rand.om from
tho catch made at Carnarvon in 1957. The mortality curves derived from the two
sets of data are shown in X'igure 6, the scales on the abscissa axis being in the ratio
of 2 ear plug laminations to I'1 ovulations. The two curves are almost identical,
showing good agreement between the two method.s as applied.

vrr. corwrenrsoN ox' s¿.urr,ps FRoM Two popur,¡,rrous or HuMpBAcK wHAr, ls
Shore-based whaling stations on the west ând ea,st coasts of Australia operate

upon separate populations of humpback whales known as Group rv and Group v
respectively (see Mackintosh 1942). Using the methods described. above it is possìbte
to compare the age disúribution within samples tal<en from these two populations.
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Testn 7
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It is proposed here to consider only the sexually rnature individuals. By doing
so possible differences in gunner selection between the t'rvo areas would be minimized.
Also by considering only mature whales the results are compa,reble with rnortality
curves calculatecl for samples of othel species from Antarctic waters, using only
preguant females (see the r:eports to the Inteurational Whaling Commission fbr
1955 and 1958).

The sarnples compared lvere taken from Caurarvon ('rvest coast) iurd Moreton
Island (east coast) h 1957.

Table 7 shows the distribution of the numbers of ear plug laminations from
the two samples. n'igure ? shows the percentage frequency distribution of the ear plug
larninations for the fernales from the two samples, shorving a,lso the leugth frequency
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WEST COASÍ OF AUSTRALIA I957
NUMBER IN SAMPLE I5A
MEAN LENGTH A2.9OFT

EAST COAST OF AUSTRALIA I957
NUMBER IN SAMPLE 73
MEAN LENGTH 43'29Ff

37 3A 39 40 4t 4? 43 44 45 46 47 4A 49

BOÞY LENGTH (NI
rO 12 14 16 ,A 20 22 24 2ô 28 30 32 34 36 38 40 42 44t46 48 50 52 y 56 >56

EAR PLUG LAMINATIONS

X'ig. 7.-Mean leugúhs, longth frequoncy distributions, and distribution of ages (from ear plug
lami¡ations) for samples of sexually maturo fornales frorn tho wost ancl easü coostg of Ausùralio

in 1957.

distribution ând mean lengths of the same females. Although there is little difference

between either the mean lengths or the length frequency distribution in the two
samples, the distribution of ages (from the ear plugs) is quite different, there being

more young females and less of the older individuals in the sample of females from
the rvest co¿ùst then in that from the eest coast of Australia.

n'igure 8 shows the corresponding information for the . males sampled in the

two areas. In this case there is some difference in the mean lengths, considerable

difference in the length frequency distribution, and a great difference in the distribu-
tion of ages (from the ear plugs), the sample from the west coast containing far
more young ma,ture males.

Figure 9 shows mortality curves constructed from the data in Table 7. The

va,riations in the curve representing the females sampled on the e¿ùst, coast of Australia
are probably the result of the smaller s¿ùmple, but, the curve generally follows that

I
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of the males sampled in the same locality, The mortality curve d"erived for the
mature males examined on the west coast is steeper than that, of the corresponding
sample of females, and both are much steeper than the mortality curves of either males
or females from the easú coast, of Australia.

VIfI. Drscussror

Seasonal variations in the thickness of the cortical layers of the baleen afford
a useful method of age determination in both sexes for the first 5 years of life (up
to puberty) but wear at the tip of baleen plates prevents their use for determining
the age of older (mature) individuals. Baleen traces from the younger individuals
have proved most useful in establishing the rate of accumulation of laminations
within the core of ear plugs.
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Fig. 8.-Mean lengths, lengúh frequoncy disüributions, and clisürit¡ution of ages (from ear plug
laminations) for samples of soxually maturo malos from tho west and east coasts of Australja

in 1957.

From the examination of the auditory meaúus of near-term foetuses it would.
a,ppeer that the first lamination of the ear plug is laid dou'n soon after birth.
Thereafber two laminations are formed ea,ch year. At puberty a mean of nine lam-
inations are present.

It has been pointed out that the laminations within the ear plugs of young
(immature) whales are often poorly defined and lacking in pigment. As úhese earlier
laminations become compressed at the top of the ear plug core during later years
of life they may become more difficult to distinguish so that counts of the lamina-
tions in the ear plugs of mature individuals may be slightly below the actual number
laid d.own. X'or this reason the ages of mature whales as determined from the ear
plugs should be regarded as minimum ages. However, assuming the possible error
to be slight and relatively constant, the ear plugs afford the best method available
at present for age determination in the Mysticeti.
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The regression line representing the relationship between numbers of ear

plug laminations and numbers of previous ovulations (n'ig. 5) passes through the

abscissa axis at 6'5 ear plug laminations instead of between 8 and l0 laminations

as shown by other methods. This is the result of the tend.ency for the counts of
laminations within the ear plugs of mature individuals to be slightly below the

actual number present. Most of the data used in the calculation of this regression

line were obtained from mature females.

Since the possible error in counts of ear plug laminations is considered to be

fairly constant in the mature females, the slope of this regression line is close to the
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Fig. 9.-Molüality curves for maturo malo and femalo humpback whales sampled in l9õ7 on tho
oast coa,sü at Tangalooma amd on tho wost coest at Calnarvon.

true relationship, so that after attainment of puberty two ear plug laminations are

equivalent to an average of I'l ovulations. This is circumstantial evidence in
support of the theory that post-partum ovulation is of common occunence (although

perhaps not often successful) in the female hurnpback whale, as it has been shown

from the examination of ovaries (Section Y) that if post-partum ovulation is of regular
occur.rence the mean rate of ovulation would be 1'12 ovulations per yeal.

The regression line representing the relationship between numbers of ear plug
laminations and numbers of previous ovulations (y :0'558r-3'635) is similar to
that obtained by Symons and 'Weston (1958) for approximately 30 female humpback
whales taken in Antarctic waters (y : 0' 59r-3 '4). In this case two ear plug lamina-
tions would be equivalent to I'18 ovulations.
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Since the mortality curves derived separately for the same females using
ear plug laminations and numbers of previous ovulations are the same when plotted
on the scale ear plug laminations : previous ovulations : 2 : l 'l, the two methods
rnay replace each other in samples of mature females where complete data 'lvere

obtained from only one of these organs.

When determining the age of a single whale by the three methods studied
in this pâper, the method using baleen plates is considered to be the most accurate
for a whale of up to 5 years of age, while for an older female the number of lamina-
tions within the ear plugs gives a much more reliable index of age than the number
of previous ovulations. X'igure 5 shows that if the rate of accumulation of ear plug
laminations is constant throughout life, then the rate of ovulation may vary con-

siderably from one female to another. The rate of ovulation may also vary between
puberty and old age within each individual. n'or these reasons the age of a mature
fema,le as estina{,er:l from the number of previous ovulations (usilrg an average of
l.l ovulations per year, and" a mean age of 4 or 5 years at puberty) gives only a
"mean age" of that female. Although this may be less accurate than the age as

determined from ear plug laminations, the method using numbers of previous
ovulations gives a, useful iltlex of ühe age distlibution within a large sample of
mature females.

In the comparison of age distribution and mortality curves obtained from
collections of ear plugs from sexually ma,ture individuals from the west and east

coasts of Australia in 1957, it has been shown that the sample from the west coast
contained a far higher proportion of young individuals than present in the sample
collected on the east coast.

This difference cannot, be attributed to differenoes in the times of passage of
various age groups past the sampling points in the two localities, as the samples

were collected in similar latitudes and throughout the northward migration of
the humpbaek whales on the west and east coast, of Australia.

Assuming that the samples ìüere representative of the mature individuals in
the populations passing along these coasts in that year, the evidence from age

distribution and mortality curves strengthens the previous evidence (Chittleborough
1958ó) of a decline in the Group IV stock of humpback whales. n'urther, the steeper
mortality curve for males than for females sampled on the west coast indicates that
the mature malos in that stock have been affected more than the mature females.
The explanation ofthis is based on the faclthal males reach puberty at considerably
shorter lengths than females. fn earlier years (from 1949) the intense catching from
the Group IV stock has been concentrated upon mature individuals in the case of
the males, but spread over a wider range of age gioups, including more immature
individuals, in the case of the females. As a result of this, by lg57 fewer older males

than females remained in this population.

When comparing the age distribution in'the samples from the two stocks it
might be argued that more careful selection on the east coast resulted in more of
the older individuals being taken in this area than in the catch made on the west
coast. As stressed earlier, in the comparison of samples from the two areas

(Section VII) only mature individuals have been used. This minimizes possible
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differences in the degree of selection because after sexual maturity has been attained
the rate of growth is less and decreases fairly rapidly in succeeding years.

Although it is not possible to measure and compare the "selection factor" as

applied by individual gunners or by gunners in different localities, it is considered
that the evidence based upon age distribution as determined from ear plugs shou's

that at present there are real differences in the age distribuúion ofthe two populations
of humpback whales which migrate along the west and east coasts of Australia
respectively.

It is well known from population studies upon other animals that commercial
operations (or other sampling by man) upon an accumulated population initially
cause â, reduction in the proportion of old individuals in that population, which may
then stabilize at a lower meân age (Nicholson 1954). However, frorn the comparisorr
of the age d,istribution (over several years) in samples of humpback whales from
the wost and east coasts of Ausúralia it would. appea,r that the population migrating
along the west coast has not stabilized during several years of commercial catching,
but is continuing to decline.
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DDTDRMINÁ.TION OF AGD IN HUMPBACK WHALDS

Ifig, l.-Ear ¡rlug frorn a rnature male humpbaok whale: 95 regular lamilrations (very crowclecl
at the base).

Fig. 2.-I!ar ¡;lugs fi'om a nal;ure male hurnpbacl< rvhale: 36 reguìal larninations,

2

Attst. J. fuIcn'. Freshan. Res,, Vol. 10, .tYo. ?,
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DETERMINÀTION ON'AGE IN HUMPRACK WHALES

Ear plugs of fibrous appe¿ùrallce, rejectecl as rro reliable coult of larninatioirs was possible

Aust. J. Mar. Frethlu. Res., Vol. 10, lVo. 2
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So üho indirecù rnothocls using b¿ùloon plato tracos and
oal plrrg l¿nrin¿¡úions give csùirnates of' argo in good
agleemcnt s'jth the linorvn age.
. The tesl,cs each g'eigired 1.0 þrn., I'hich inclicatess
that this rvhalo v'¿rs sexually inunal,ur.c, ¿-¡nd that
puborúy 'rvould probablr. have beou aüüained at
7 years of age. 'I'his is abor.o tho ago at v'hich rnost
rìla,lo hurnpbacli,s have been esùim¿ted to leach
puberby ; but iü is not an isoiatecl ox€unlrls sinee, of
ll8 n-rales (filom the rves¿ coåsú of Australia) the ear 

"plugs of n'hich cont¡rinccl 12 latnina{,ious, 0 per cent "

. were súiJl soxuall¡. ir¡tlnatur.o.' 'Iho bocly-leng{,tr of tlris ¡yhalo u.as tocor.dsd as
36 fl,. I in., rvlriclr is. r'elat,ively shorl, for. a nalo of
6 years but u.ithin tho rango of lengl,hs recor.clod for
males of that, age. In 164 males frorl Ausüralian
rvhaling st,ations cst,imatecì on tho eviclenco frorn ear
plugs ùo bo 6 years olcl, the boclv-lengths ra,ngocl frorn. 34 fi. 7 in, to 43 lt. 3 in. wjth & nle¿ì,lr lengùh of
39'11 ft., starulard cloviatiou 1.62 ft., ancl a el,anclar.d
euol of rne¿ur 0.13 ft. It is l,irolefolo probablo that
this ',,r'â,s ¡, slou'-gr.orvr'ng inclividual relat,ivcly late in
maturing.

The recovory of t.his r-narh is also of inteÌosi; becarlso
it is the first recovery on the $¡est coasû of a marh
fir'ed into a.çvhale on the casù coast of Äusûralia. 'Ihis. chango of miglation path follorvecl the rningling
during tho su¡nmor of l95B-59 of sorno of ùho group V
(130'E.-170'\4r.)'rvith tho groul:.IV (70" E.-130. E.)
clopulation of humpback r'hales ¡r'hich I a havo shown
in the region of i;ho Antarctic from 110'Il. to I30. Ii,

R. G. Curyrr,¡rBor{oucrrr
Division of Fislieries and Oceanographyn
Commonwealth Scientilic and Indusl,rial' 
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,4,n Änalysis of Recent catches of Humpback whales from
the Stocks in Groups IV and V

Prepared for
the International Whaling CommissÍon

By
R. G, Chittleborough *

SUMMARY
Recent catches (from Ig49/50 to 19b5l56) of

humpback whales from the southern stocks known
as Groups IV and V are analysed.

The composition of catches from the Group IV
stock (Western Australia and Antarctic region be-
tween longitude 70" E. to 130" E.) progressively
declined from 1949 to 19b4. Following a reduction
in the quotas alotted on the Western ,A,ustralian
coast, the composition of the lgbb and. 1gb6 catches
in this region improved very considerably. This was
largely due to the more stringent selection of larger
whales in those years. The catch of humpback
whales from Antarctic Area IV in 1gb6 showed
slight improvement in some (but not alt) aspects.

In the Group V stock, (Iongitude 180. E. to
160" rW.), the composition of catches on the eastern
Australian coast was reasonably stable from 1gb2
to 1953, but showed some less favourable trends in
1954. The improved composition of catches on the
eastern Australian coast in lgbb and 1g56, follow-
ing immediately upon the reduction of 'Western

Australian quotas, might indicate that the cut in
the west stimulated more careful selection on the
east coast.

In contrast, the composition of catches in Ant_
arctic Area V declined in lgbb and 1g56. Assuming
the selection factor had remained at about the same
level, this suggests a slight decline in the condition
of the Group V stock.

The analyses of the material available from
recent catches in the Groups IV and V stocks of
humpback whales suggest that the stocks will not
withstand continuous fishing above the present
(1956) intensity.

In a comparison of humpback whaling in Ant_
arctic and temperate waters, it appears that better
utilization and management of these stocks is at
present possible in temperate rather than Antarctic
waters.

I. INTRODUCTION

The Group IV stock of humpback whales is
that fished in Antarctic waters between tongitudes
70" E. and 130o E. during the southern summer,
and on the Western Australian coast in the winter.

In the Antarctic the open season for the taking
of humpback whales is confined to the first four
days of February in each year. This has been done
in order to restrict the total catch of humpback
whales from Antarctic waters to approximately
1250 per year. In the 19b6 season a total of. l4B2
humpback whales was taken in this four day season
in the Antarctic.

On the Western Australian coast, the three sta_
tions which operated up to 19bb (at point Cloates,
Carnarvon, and Albany) were aliotted separate
annual quotas. Until 19b4, the annual quotas were
as follows - 1951, 1250; 1952, L250; 19b8, 1800;

*) An officer of the Division of Fisheries and oceanography, c.s.r.R.o., cronulla, sydney.



1954, L320. Prior to the 1955 season the quotas at
the two larger stations (at Point Cloates and Car-

narvon) were reduced by 100 humpbacks each, so

that the total catch allowed on the'Western Austra-
Iian coast in 1955 and 1956 was 1120 humpback
whales. This reduction was made þeiause of evi-

dence of some deterioration in the Group IV stock.

In 1956 the station at Carnarvon, previously
operated by the Australian \Mha1ing Commission,
was sold to the Nor' West Whaling Company. This
company did not operate its station at Point Cloates
(22'35'S, 133o E.) during the 1956 season, þut com'
bined the quotas of the two stations (each of 500

humpback whales) and concentrated catching ves-

sels and equipment at Carnarvon'
The Group V stock of humpback whales is that

fished in Antarctic waters between longitudes
130" E. and 160o W. during the southern summer'
and on the coasts of New Zealand, eastern Australia,
and Norfolk Island in the winter.

The two whaling stations on the eastern coast

of Australia (at Tangalooma and Byron Bay) have

been allotted annual quotas of 600 and 120 hump-
back whales respectively. The small whaling station
on Norfolk Island, some 800 miles east of Australia,
was opened in 1956. A quota of 150 humpback
whales was granted to this station for its first sea-

son, and in subsequent seasons 120 humpbacks or
such other number as the Minister may determine
in the light of scientific evidence regarding the
stocks of whales and the need for the conservation

of resources.
The five whaling stations operated by Australia

filled their quotas in the 1956 season. The individual
catches at each station were: -
Western Coøst

Carnarvon (24'53' S, 113'38' E.) Nor' 'rffest

Whaiing Company Ltd. 1000 humpback whales.

Albany (35'05' S, 11?'56' E.) Cheynes Beach

\Mhaling Co. Pty. 119 humpback whales, 1 fin whale'

Eastern Coøst
Tangalooma (27"LlYz' S, 153o23y2'E.) rühale

Products Pty. Limited 600 humpback whales.

Byron Bay (28"37y2' S, 153'38' E') Norfolk
Is. and Byron Bay Whaling Co. Ltd. 120 humpback

whales.

East of AustrøIia
Norfolk Island (25o S, 167o58' E.) Norfolk Is'

and Byron Bay \Mhaling Co. Ltd. 150 humpback
whales.

The analysis of the catch returns of these whal-

ing stations (as well as those of the station at Point
Cloates) up to the end of the 1956 season' are pre-
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sented in this report. Catches of humpback whales
from Areas IV and V of the Antarctic from 1950 to
1956 are also anaiysed, so that the effects of the
total fishing effort upon the two populations may
be examined.

II. GROUP IV
(a) GenerøL.

The closing of the station at Point Cloates and
the transfer of its humpback quota, catching ves-
sels, and certain machinery to the Station at Car-
narvon, has meant that in the 1956 season there
has been some change in the fishing effort on the
'Western Australian coast. This must be considered
when studying the results of that season.

The increased capacity of the Carnarvon fac-
tory enabled that station to process a greater num-
ber of whales per day (Fig. 1) in 1956 than in pre-
vious years. Whilst the average number of whales
taken per day increased over previous years the
average rate per catcher day compares with the
1955 figure for the Point Cloates Station. This is
demonstrated in Table 1 where the average catch
per catcher day at Carnarvon and Point Cloates is
shown for each season from 1950.

The gunners of the catchers operating from
Carnarvon in 1956 were required as in 19b5 to select
carefully the largest whales available. The greater
concentration of catching power might be expected
to allow the selection of larger whales to be applied
more effectively.

(b) Ser Ratio.
Table 2 shows the numbers and percentages of

females in the seasonal catches of humpback whales
for individual coast stations, the combined catches
of Western Australian coast stations, ând for Ant-
arctic Area IV, from 1949 to 1956.

In a comparison between the two areas, it is

seen that in earlier seasons (1949-19b1), females
dominated catches in .{,ntarctic Area IV, while
males were predominant in catches from the'warm-
er waters of the \Mestern Australian coast. This has
been accepted as the normal condition found in
stocks of h.umpback whales which have not been
over exploited.

fn more recent years (1952-19b5), the pro-
portion of females in the catches declined in Ant-
arctic Area IV, and rose on the Western Australian
coast, so that in both areas the catches contained
almost the same numbers of males and females.
Whatever the reason for the marked disparity
normally found between the sex ratios in catches
from Antarctic and temperate waters, its disappear-
ance in recent years within the Group IV stock
suggests that this population has been adversely
affected.

In 1956 the proportion of females in the catch
has increased in Antarctic Area IV and decreased
in the total catch on the W'estern Australian coast.

The rise in the percentage of females in the
1956 catch from Antarctic Area IV is difficult to
interpret on the information avaitable. It might
be suggested that it resulted from a more careful
seiection of larger individuats, but this is not con-
firmed by an examination of the catch.

The fall in the percentage of females taken on
the Western Australian coast during 1gb6 is simply
due to the change in the catching conditions in that
year. In 1956 the quota previously taken at point
Cloates was transferred to Carnarvon (where the
proportion of females has always been lower than
in catches at Point Cloates, as shown in Tabte 2).
At Carnarvon 1000 humpback whales were taken
in 1956 compared with 500 humpbacks in 19b5. This
extended the catching period in 1956 for four weeks
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longer than in 1955, and in this month (Septem-

ber) the proportion of females in that region is
always Iow. This is evident in Figure 2 which shows

the percentages of females in weekiy catches at
Carnarvon during 1955 and 1956. Over the same
period of operations in these years, the proportions
of females were almost identical.

(c) Mean Lengths.
Table 3 lists the mean lengths of males and

femaies for the annual catches of individual and
combined stations.on the Western Australian coast,

as well as those for Antarctic Area IV from the
7949/50 season to that o1 7955/56.

At Carnarvon, the mean lengths of both males
and females rwere almost the same in 1956 as in
1955, considerably higher than in previous seasons.

'When the catches for ail Western Australian coastal
stations are combined, the mean lengths of both
males and females were higher in 1956 than in 1955.

This is mainly due to the fact that in the 1955 sea-

son when the Point Cloates station was operating,
the mean lengths of both the males and females at
that station were lower than at Carnarvon, tending
to depress the mean lengths of the combined catch
in that season.

Figure 3 shows the mean lengths of ali males
and females taken each year from 1949 on the
'Western Australian coast and from Antarctic Area
IV. The total catches of humpback whales from this
Group IV stock (Antarctic Area IV plus 'Western

Austraiian coast) for each year from 1949 to 1956

are also set out in Figure 3. This figure shows that
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with a total catch exceeding 2,000 humpback
whales both in 1951 and 19b2 and only slightly
lower catches in succeeding years, the mean lengths
of males and females taken both on the Western
Australian coast and in the Antarctic, declined
from 1951 until 1954. As far as is known, the degree
of selection of whales for killing rvas approximately
constant over these years.

On the Western Australian coast, since the re-
duction of the quotas (prior to the 1g5b season),
the mean Iengths of both males and females have
returned to the levels of earlier years; in fact the
mean length of the females is norv considerably
higher than ever before. In cohtrast the mean
Iengths of males and females taken in Antarctic
Area IV during 1956, while showing some increase
in the case of the females, remained well below the
means for earlier seasons (1949/50 and 1gb0/b1).
This emphasises that in the last two seasons there
has generally been far more stringent selection of
the larger humpback whales on the Western Austra-
lian coast.

( d) Length Frequencies.
The length frequency distribution of the maie

humpback whales taken each year by combined
stations on the Western Australian coast and also
for corresponding seasons in Antarctic Area IV is

shown in Table 4. From this table it can be seen
that up to 1954 there has been a marked swing
towards the iower length ranges in the catches
both from the rtfestern Australian coast and also
from Antarctic Area IV.

In the catches of males on the Western Austra-
Iian coast during 1955 and 1956, the length fre-
quency distribution improved considerably, return-
ing in 1956 to a similar distribution as in 1951. On
the other hand, the length frequency distribution
of males taken in Antarctic Area IV in 1956 showed
iittle improvement upon that of the 1954 cateh in
Antarctic Area IV.

Table 5 shows the length frequency distribu-
tion of the femaies in the same seasons and regions
as for the males in Table 4. In the case of the
femaies (Table 5) there has also been a swing, up
to 1954, towards the lower length ranges. However,
with the females, although the numbers in the
lower length groups increased, the drop in the
higher length groups was less marked than in the
males.

In 1955 and 1956, the length frequency dis-
tribution of the females taken on the Western
Australian coast improved greatly, in fact in 1956
it was þetter than in any previous year. However,
although there was some improvement in the length

ao

!ô

EF ¡USÌRALh¡ COSÌ 

-

uÂLES a
FUALE! 

'

'l¡'

20

ro

tc5? IBgtrcSrrcþ tc55 ú3ó

Fig. lr-.- Percentages of se:nrally i¡¡¡ature
mâles and fenales in yearly catches of com-
bined Westerrn .&,ustralian stations ancl of

Antarctic Area IV.

5



frequency distribution of females taken in Antarctic
Area IV during 1956, the distribution remained
Iower than that in 1950 and 1951 catches in the
same region.

(e) Serua'l'IY Immature Whales-
It has been demonstrated that on the Western

Australian coast male humpback whales reach
puberty at a mean tength of 36 feet 9 inches
(Chittleborough 1955q') and the females reach
puberty at a mean length of 38 feet 6 inches
(Chittleborough 1955b). In this report it is pro-
posed for convenience to consider those males at or
less than 36 feet 6 inches and females at or less

than 38 feet 6 inches in length as sexually im-
mature individuals. On this basis the percentages

of immature males and females within a commercial
catch may be calculated with reasonabie accuracy'

Table 6 lists the numbers and percentages of

immature males and. females in the catches of indi-
viduat and combined stations on the 'Western

Australian coast, and in the catches from Antarctic
Area IV, for each season of operation from 1949 to

1956. Figure 4 shows the percentages of immature

males and females in the yearly catches of each

sex from the \Mestern Australian coast and from
Antarctic Area IV.

In the case of males, the proportion of im-
mature individuals in the Western Australian catch
(FiS. a) increased from 1949 to a maximum in 1954'

After 1954 the quotas at the two larger stations
were reduced and in 1955 and 1956 the percentage

of immature males in the \Mestern Australian catch
d.ecreased. very considerably. In Antarctic Area IV,
the percentage of immature males, generally higher
than in the \Mestern Australian catches, rose to a
high peak in 1953, fell in 1954, and in 1956 remain-
ed at a similar level to that in the 1954 catch.

In the case of the females, Figure 4 shows that
from 1949 to 1"954 the proportion of immature in-
dividuais in the catches of females rose very con-

siderably both on the Western Australian coast and
also in Antarctic Area IV. However, on the 'Western

Australian coast, following the reduction in the
humpback quota, the percentage of immature
females decreased sharpiy in 1955 to a lower leve1

than in any previous years. In 1956 the proportion
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of immature individuals in the catch of females
from the Western Australian coast decreased even
further. This was mainly the result of the closing
of the station at Point Cloates and the concentra-
tion of catching effort at Carnarvon. In Antarctic
Area IV, the percentage of immature females was
Iower in 1956 than in 1954, but was still well above
the level of earlier seasons and almost three times
that of the 1956 catch on the Western Australian
coast.

(f ) Ouulation counts as a.n inder of the re\atiae age
distribution in catches of females.

It is known that corpora albicantia persist in
the ovaries of whales for very long periods, if not
throughout the life of each femaie (see Mackintosh
1942). Thus the number of ovulations that has oc-
curred in a female may be counted. Such counts
have been used as an index of relative age (Pike
1953; Chittleborough 1955b). If the number of ovu-
lations is recorded for each individual in a large
sample of females, the frequency distribution of
these ovulation counts may be used as a measure
of the age distribution within that sample.

This has been applied to the female humpback
whales taken in Australian waters. Table 7 sum-
marizes the distribution of the numbers of ovula-
tions that occurred in females sampled at random
from catches on the Western Australian coast. For
convenience the ovulation counts have been arbi-
trarily grouped, generally in units of three. No at-
tempt wiII be made here to fix the absolute age
within each of these groups, but the frequency dis-
tributions given in Table 7 do give a measure of the
relative age distribution of the females sampled
from season to season.

Figure 5 shows these results in histogram form.
Assuming that the samples v/ere representative of
the females taken in each year, the following de*
ductions can be made. In 1951 and 1952, the
younger age groups amongst the sexually mature
females (i.e., 1-6 ovulations) d<lminated the
catches of females. In 1953 and 1954 there was a
decline in the relative age distribution so that im-
mature (0 group) and recentiy mature (1-3 ovu-
lations) females were predominant while the pro-
portions of slightly older whales (4-9 ovulations)
decreased. Relatively old females (16-18 ovula-
tions and those with over 18 ovulations) were never
abundant and showed little change over these four
years.

This evidence of a decline in the relative age
distribution as indicated by ovulation counts is
quite independent of the evidence from the anal'

ysis of catch returns kept by whaling inspectors,
and confirms that up to 1954 there had been a de-
ciine in the composition of the catch.

In 1956 the frequency distribution of ovulation
counts showed a marked improvement. The pro-
portions of relatively old females (16-18 ovulations
and those with over 18 ovulations) remained almost
unchanged, but the youngest group of whales (0
group) decreased very considerably while the
middle age classes (4-15 ovulations) increased.
This can be interpreted as the result of the more
stringent selection of larger individuals which is
known to have been applied in 1956.

(g) PregnancE.

Table B shows the number and percentages of
females in advanced pregnancy amongst the sexu-
ally mature females taken in yearly catches of indi-
vidual stations on the Western Australian coast and
also amongst the sexually mature females in sea-
sonal catches from Antarctic Area IV over the cor-
responding period. It is immediately obvious that
fewer females in advanced pregnancy are taken in
\l/armer waters than in Antarctic regions (see also
Table 15 for the Group V stock). This is because
pregnant females in the Antarctic are in approxi-
mately mid-pregnancy, while those along the
Australian coast carry near-term foetuses and a
considerable number of calves are born before the
females reach the"northern whaling areas.

fn some females taken at Western Australian
coastal stations, conception has only recently oc-
curred, but the early embryos are seldom located
and few of these females are recorded as pregnant.
For this reason there has been no attempt to in-
clude females in early pregnancy in Table B.

There have been fairly consistent differences
in the frequency of advanced pregnancy in the
catches at each of the three areas on the 'Western

Australian coast where humpback whaling has been
carried out. The southern-most station (near
Albany) operating upon whales which have most
recently arrived from Antarctic waters, generally
takes the highest percentage of late-pregnant
females. However, as this station has a small annual
quota, the actual number of late-pregnant females
taken is not disturbing when compared with Ant-
arctic catches of pregnant females.

In the more northerly regions of Carnarvon
and Point Cloates, relativeiy fewer females in ad-
vanced pregnancy are taken. A lower proportion of
late-pregnant females is taken off Carnarvon than
at Point Cloates, apparently due to differences in
the iocal conditions.
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(h) Discussion and Conclusions regarding the
Group IV Stock of HumPback Whales.

There is considerable evidence both from the
'Western Australian coast and from Antarctic Area
IV that from 1949 to 1954 there was a decline in the
composition of the catches of humpback whales.
Since the degree of selection had remained at com-
parable levels from year to year, this decline in the
composition of the catches may logicatly be inter-
preted as reflecting a deterioration in the condition
of this stock of humpback whales.

In 1955, afíer a reduction of the quotas on the
\Mestern Australian coast, the composition of the
catch in that region improved very considerably.
There can be tittle doubt that this improvement
was mainly due to the much higher degree of selec-

tion that is known to have been applied in that
year.

In 1956 the constitution of the catch on the
Western Australian coast was more,favourable than
that of the 1955 season. There was a similar strin-
gent selection of larger whales in 1956 as in 1955.

As a result of the closing of the station at Point
Cloates in 1956 and the transfer of that station's
quota, catching vessels, and some factory equip-
ment to the Carnarvon station, the selection factor
could be applied more effectively. Further, local
conditions in the Carnarvon area afford more ad-
vantages for whaling than Point Cloates (for ex-
ample, the lower proportion of females and lower
percentage of mature females in advanced preg-
nancy).

The composition of the catch in Antarctic Area
IV during 1956 showed a little improvement in some
(but not all) aspects when compared with the catch
in 1954, but the 1956 catch does not compare favour-
abiy with the composition of the corresponding
catch on the Western Australian coast. This sug-
gests that the Group IV stock as a whole has not
yet recovered from its earlier decline.

The success of the more careful selection of
larger individuals, applied on the Western .Austra-
Iian coast in the last two seasons, suggests that the
Group IV stock is capable of being conserved at an
economic level if the total annual catch is not in-
creased and if selection is maintained at a high
levei.

III. GROUP V.

(a) GenerøL.
In the following sections when considering

trends within the recent catches of humpback
whales from Antarctic Area V, the illegai catch re-
ported to have been taken by the factory ship

<Olympic Challenger> in 1955 has been omitted.
Between January 5 and March 7, 1955, this factory
ship apparently took a total of 1L25 humpback
whales in Antarctic waters. Of these, 1097 were
taken in Antarctic Area V and 28 from Area IV.
But oniy 170 humpback whales (from Antarctic
Area V) rrvere reported to the International \Mhaling
Statistics (see The Norwegian Whaling Gazette,
August 1955, p. 446). These 170 whales are included
in the statistics of Tables 9-13 and Table 15 of the
present report. Although the remainder of this ves-

sel's catch for 1955 is not shown in the following
analyses, the possible effects of this large catch of
poorly selected whales should be noted when con-
sidering the state of the Group V stock in relation
to fishing intensity.

In the analysis of catch returns of humpback
whates taken in warmer regions of the Group V
stock, the records from the station on Norfolk
Island have been kept separate from those of the
stations on the eastern coast of Australia (at Tan-
galooma and Byron Bay). This is being done while
the movements and dispersal of humpback whales
in the south-west Pacific region are being investi-
gated. Although humpback whales considered as
the Group V stock may presumably mingle in Ant-
arctic waters, it is possibie (but not proven) that
individual whales follow fairly similar courses each
year in their northward migration. For example,
some may return to the eastern coast of Australia
each winter and so be isolated to some extent from
those which pass New Zealand and the islands to
the north. The small station at Norfolk Island
affords an excellent opportunity to study this point.

(b) Seæ Ra.tio.
The sex ratio in the yearly catches of individual

and combined stations on the eastern Australian
coast, of Norfolk Island, and of seasonal catches in
Antarctic Area V (from the 7949/50 season) is
shown in Table 9. In this stock of humpback whales
females continue to predominate in Antarctic
catches while males constitute the greater part of
catches made in warmer waters.

On the eastern Australian coast, the proportion
of females in the catch has increased slightly but
fairly regularly from 1952 to 1956. In some years
this increase may be related to a change in the
period of whaling operations (for example the ear-
lier catching at Byron Bay in 1955 than in 1954),
but in addition this steady increase in the per-
centage of females might be due to an increase in
the selection of larger whales (females generaily
being larger than males).

I



(c) Mean Lengths.
Table 10 iists the mean lengths of males and

females in yeariy eatches of individual and com-
bined stations on the eastern Australian coast, of
Norfolk Island, and of seasonal catches in Antarctic
Area V from 1950. The mean lengths for both sexes
in yearly catches from the eastern Australian coast
and from Antarctic Area V are plotted in Figure 6.
Also shown in Figure 6 are the totai numbers of
males and females taken from the Group V stock
in each year from 1950 to 1956. These totals include
catches from the eastern Australian coast, Norfolk
Island, New Zealand, and Antarctic Area V, indicat-
ing also the catch of.927 humpback whales reported
to have been taken illegally from this stock in 1955.

In the case of the males, Figure 6 shows that

from 1952 to 1954 the mean lengths of the males
from the eastern Australian coast were similar to
those from Antarctic Area V. In 1955 and 1956 the
mean lengths of the males from Antarctic Area V
feII considerably, yet in these years on the eastern
Australian coast the mean lengths of the males
increased.

With the females the change in recent years
has been even more marked. Figure 6 shows that
from 1952 to 1954 the mean lengths of the females
taken on the eastern Australian coast were con-
siderabiy below those from Antarctic Area V. But
from 1"955 to 1956 this condition was reversed. as
the mean length of females from the eastern
Australian coast increased and that from Antarctic
Arèa V declined.
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( d) Length Frequencies.
Table 11 shows the length frequency distribu-

tion of males in yearly catches on the eastern
Australian coast from 1952 to 1956, on Norfolk
Island in 1956, and from Antarctic Area V from
1950 to 1956. It also shows that in 1955 and 1956

there was a siight improvement in the length fre-
quency distribution of males taken on the eastern
Australian coast, the proportions of males ín the
smaller length ranges decreasing. At the same time
catches of males from Antarctic Area V showed an
increase in the proportions of maies in the lower
length groups.

Table 12 shows corresponding records for the
females in the catches. This table shows that for
females on the eastern Austraiian coast there was

a slightly poorer length frequency distribution in
1954, some improvement in 1955, and a definite

the Group IV humpback whales, Table 13 shows

the numbers and percentages of sexually immature
males and females in the yearly catches from indi-
vidual and combined catches on the eastern Austra-
lian coast, from Norfolk Island, and from Antarctic
Area V from 1950 to 1956. Figure 7 shows the per-

centages of immature males and females in the
annual catches from the eastern Australian coast
and from Antarctic Area V.

Considering first the males, Figure 7 shows

that on the eastern Australian coast the percentage
of immature males in the yearly catch has remained
very low, with relatively slight fluctuations, from
1952 to 1956. In catches from Antarctic Area V the
percentage of immature males has been higher and
fluctuated more, but reached its highest level in
1955, falling slightly in 1956. In general the per-
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trend towards the upper iength ranges in 1956' In
Antarctic Area V the length frequency distribution
of females in the catches showed relatively minor
fluctuations up to 1954, but swung towards the
Iower length ranges in 1955 and 1956.

( e ) S eæuallg Immature Whales'

Using the same criteria for immaturity as for

centages of immature males in catches from Ant-
arctic Area V have been lower than from cor-
responding catches in Antarctic Area IV (cf. Figs.
4 Ez,7).

In the case of the females, Figure 7 shows that
on the eastern Australian coast the percentage of
immature females rose to a peak in 1954 but de-

creased considerabty in 1955 and continued to fall
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slightly in 1956. In Antarctic Area V the percentage
of immature females, initially lower than on the
eastern Australian coast, increased greatly in 1956.
These recent changes in the percentages of im-
mature females in catches from the eastern Austra-
lian coast and from Antarctic Area V are recip-
rocal to the changes in the mean lengths of fe-
males in the same catches (cf. Figs. 6 e T.

(f ) Oauløtion counts as o,n indeæ of the relatbe age
distribution in the catches of temales.

On the same basis as described for the Group
IV stock (Section II (f)), Table 14 summarizes the
distribution of the numbers of ovulations that had
occurred in females sampled at random from the
catches at the Tangalooma station. Figure B shows
these results in histogram form. Assuming that the
samples were representative of the females taken
on the eastern Australian coast each year, they
afford some measure of changes in the age distri-
bution within the catches. On this evidence Figure
B indicates that in 1952 and 1953 the age distribu-

tion of the females taken on the eastern Australian
coast was similar, except that fewer old females
(16-18 ovulations and those with more than 18
ovulations) were taken in 1953 (and in succeeding
years).

In 1954 there \üas a marked swing towards
younger females in the cateh, the group 0 (im-
mature) and 1-3 ovulations (recently matured)
increasing at the expense of the slightly older fe-
males (groups with 4-6 and 7-9 ovulations). This
is consistent with the poorer Iength frequency dis-
tribution in females from the eastern Australian
coast in 1954 (Table t2), and the higher proportion
of immature females (fig. 7).

In 1955 the age composition of the females (as
indicated by ovulation counts) improved, but had
not returned to the condition of earlier years (1952
and 1953). The distribution of ovuiation counts for
1956 indicated that the age distribution of the fe-
males in the catch on the eastern Australian coast
improved considerably, being more favourable than
in any previous year. Younger whales (group 0)
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were sti[ evident, but relatively older whales
(groups with 4-6 and 7-9 ovulations) dominated
the catch. This improvement in the age distribu-
tion would be consistent with a more careful selec-

tion of larger individuals.

(g) Pregnancg.
Table 15 shows the numbers and percentages of

females in advanced pregnancy amongst the sexu-
ally mature females in yearly catches at individual
stations on the eastern Australian coast from 1952

to 1956, and from Antarctic Area V from 1950 to
1956. No females in advanced pregnancy were taken
at Norfolk Island in 1956.

As discussed earlier in the case of the Group IV
stock, more pregnant females were taken in the
Antarctic than in the warmer northern waters, but
in the tatter region additional females (not included
in Table 15) would be in very early stages of preg-
nancy. In the catches on the eastern coast of Au-
stralia the percentages of females in advanced preg-
nancy fiuctuate each year, but about different
levels at each station. Similar differences between
the percentages of pregnant femaies at individual
stations are found on the Western Australian coast
(Table B).

(h) Discussion and Conclusions Regarding the
Group V Stock of Humpback Whales.

In its first season of operation, the catch taken
by the station on Norfolk Island compared very
favourably with the 1956 catch on the eastern coast
of Australia. Some aspects, for example the mean
length of the males and the length frequency dis-
tribution of the males, were better than on the east-
ern coast of Australia. The percentage of females
was slightly higher at Norfolk Island, as was the
percentage of immature females, but neither of
these features was very adverse.

On the eastern Australian coast, the 1954 catch
of females contained some unfavourable trends, i.e.,
from the evidence of iengths, a slightly poorer
Iength frequency distribution and more immature
individuais, and on the evidence of ovulation
counts, a marked swing towards young individuals.
Increased mean lengths of both males and females,
rnore favourabie length frequency distribution in
both sexes, the taking of fewer immature females,
the improvement in the age distribution of females
based on evidence from ovulation counts indicate a
considerable improvement in the cateh composi-
tion of whales taken in 1955 and 1956 on the eastern
Australian coast. It may be remembered that, just
prior to the 1955 season, there was a reduction in

the quota of whales to be taken on the western
Austraiian coast. It is suggested that this reduction
in the \Mest has stimulated a more careful selection
of larger individuals on the east coast in 1955

and 1956.
In contrast, the composition of the catches in

Antarctic Area V considerably declined in 1955 and
1956; the mean lengths of both males and females
decreased, the length frequency distribution swung
towards the lower length ranges in both sexes, and
the proportion of immature females rose greatly.
Unless it can be proved that there was far less selec-

tion of whales in Antarctic Area V during the
7954/55 and, L955/56 seasons tlran in previous sea-

sons, these trends in thê catches of the last two
years may be interpreted as reflecting a siight de-
cline in the condition of the Group V stock of
humpback whales. The large catch reported to have
been taken iliegally during 1955 in Antarctic Area
V by the factory ship <Olympic Challenger>, when
superimposed upon aII other humpback whales
taken in that year from the Group V stock (see

Fig. 6) could have played a part in causing this
apparent decline.

Although more evidence is required from
catches in the immediate future, it appears that the
Group V stock will not withstand continuous fish-
ing at any higher level than that ailowed at present.

IV. COMPARISON OF HUMPBACK IMHALING IN
ANTARCTIC AND TEMPERATE \MATERS.

From the analyses of recent catches from the
Group IV and V stocks of humpback whales as give'n

in this report, the following comparison is made
between the composition of catches in Antarctic
and Australian waters.

(L) Seæ ratio. - Catches on the \Mestern Aus-
tralian coast generally contain a lower proportion
of females than catches in Antarctic Area IV (Table
2). Catches on the eastern Australian coast always
contain far lower proportions of females than in
Antarctic Area V (Table 9).

(2) Meøn length._of males. - The m9¿n lengths
of the maies in the catches are generally higher
on the Western Australian coast than in Antarctic
Area IV (Fig. 3), and in recent years (1955 and
1956) higher on the eastern Australian coast than
in Antarctic Area V (Fig. 6).

(3) Mean length of fem.ales. - The mean
lengths of the females in the catches are usually
higher on the TVestern Austraiian coast than in
Antarctic Area IV (FiS. 3), but lower on the eastern
Australian coast than in Antarctic Area V, except
for the 1956 catches (Fig. 6).
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(4) Percentøge ol immature males. - There
are generaily considerably lower proportions of im-
mature males in Australian catches than in Ant-
arctic catches (Figs. 4 e,7).

(5) Percentage of imtnature females. - The
percentages of immature females are lower in
catches on the Western Austraiian coast than in
Antarctic Area IV (Fig. a), but higher in catches on
the eastern Australian coast than in Antarctic Area
V, except for the 1956 catches (Fig. 7).

(6) Pregnancg. - Catches from the Antarctic
contain far higher proportions of females in ad-
vanced pregnancy than catches in Australian
waters (Tables B and 15). Two points should be
stressed here. Firstly, some females taken in Austra-
lian waters having recently conceived may not have
been recorded as pregnant. Secondly, the propor-
tions of pregnant femaies recorded in Antarctic
catches (e.g. in Tables I and 15) should be re-
garded as minimal, since much higher proportions
of mature females in Antarctic waters were found
to be pregnant when carefully examined by Nor-
wegian observers (Chittleborough 1957).

In an evaluation of the aspects given above, it

would appear more favourable (from the point of
the conservation of the humpback stocks) to take
these whales in temperate regions rather than in
Antarctic waters. It may be argued that the whales
are fatter in the southern feeding grounds, but this
is compensated for by the efficiency and lower
running costs of shore stations; storage space is
available for more complete extraction of whale
meal and dehydrated whale solubles.

Some of the aspects of the catch composition
which are more favourable on the Australian coast
may be largely due to the more careful selection of
the larger whaies. The fixed quotas allotted to in-
dividual stations on the Australian coast reduce the
competition between stations, encouraging more
careful selection to be applied and also more effi-
cient treatment, so that production per whale may
approach an optimum. In contrast, for the Ant-
arctic factory ship, speed of catching and process-
ing is vital under the present system to ensure the
highest proportion of the Antarctic catch. These
factors do not lead to the best utilization of the
remaining stocks of whales.

TABLE 1

W estern Austrølian C oast.
Auerage Catching Rates at Point Cloates & Carnaraon

in seasonal Catches.

POINT CLOATES

Year Date of
Opening

Date of
Closing

Total
days

Total Avge. no. No.
catch whales catchers

per day

No. of Avge. no.
catcher of whales/
days catcher/

day

1 950
1951
1952
1953
1954
1955

103
116
i09

98
94
85

348
574
536
600
600
500

3.38
4.95
4.92
6.r2
6.38
5.88

t62
2tl
232
269
282
255

2.t5
2.72
2.3r
2.23
2.t3
1.96

June 29
June 21

June 23
June 10

June 14
,Iune 27

Oct. I
Oct. 14

Oct. I
Sept. 15
Sept. 15

Sept. 19

o*

9*

3*
9*

3

3

CARNARVON

1 951
L952
1 953
1954
1 955
1956

I
1

6

31
26
22

650
600
600
600
500

1000

6.07
6.52
6.59
7.06
6.25
9.71

286
196
t43
170
160
508

2.27
3.06
4.19
3.53
3.t2
1.97

June
June
June
June
June
June

Oct.
Sept.
Sept.
Aug.
Aug.
Sept.

107
92

85
80

103

25

2
ô

o

Õ

t2

91

Ð*
9*

3*
2
2

+ One or more catchers not used for full season.

5*

13



TABLE 2.

Humpbøck WhøLes: Group IV.
Ser, Ratio in seøsonøL Catches 1949-1956.

ÏIIESTERN AUSTRALIAN COAST

Station Yeer Total
Catch unknorvn

No.
Males

oloNo,Sex
FemaleS Females

Point Cloates 1949
1950
1951
7952
1953
1954
1955

135
2r2
386
283
306
27t
228

28.9
38.8
32.3
46.7
48.2
54.0
54.2

190
348
574
536
600x
600
500

55
135
184
248
289
318
270

1

4
5

5

11
2

Carnarvon 1950
1951
19õ2
1953
1954
1955
1956

40
650
600
600
600
500

1000

,
L26
240
233
247
228
383

5.0
19.5
40.0
38.8
4r.2
45.6
38.3

38
52t
360
367
353
272
617

3

Albany 1952
1953
1954
1955
1956

51
100
120
120*
119

28
4t
52
40
60

23
53
68

80
59

54.9
47.0
43.3
33.3
50.43

All Western
Australian
Coast Stations

135
250
907
666
726
692
580
676

55
137
310
516
569
6L7
538
443

28.9
34.9
25.5
43.7
43.9
47.l
48.1
39.6

1949
1950
1951
1952
1953
1954
1955
1956

190
388

L224
1187
1300x
1320
1 120*
1119

1

7

5

5

11
2

ANTARCTIC
AREA IV

1949/50
1950/51
L95L/52
1952/53
L953/54
1954/55
1955/56

779
1112
1L27

193
258

0

824

354
468
546
103
133

425
644
581

90

125

54.6
57.9
51.6
46.6
48.4

320 504 6L.2

x Excluding three taken under special licence for research purposes'
* Excluding six taken under special licence for research purposes'
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TABLE 3.

Humpback Whales: Group IV.
Mean Lengths (Feet) of Males and Fema,les in seasonøl Catches

1949-1956.

\ryESTERN AUSTRALIAN COAST

Station Year Males Females
No. Mean No.

length

Point Cloates

Mean
length

1 949
1 950
1 951
1952
1953
1954
1 955

135
2L2
386
283
306
27L
228

40.36
39.86
39.99
39.94
39.14
38.90
39.33

55
135
L84
248
289
318
270

4L.43
41.13
40.89
4t.26
40.73
40.15
41.19

Carnarvon 1950
1951
1952
1953
1954
1955
1956

38
52L
360
367
353
272
617

41.50
40.16
39,44
38.90
38.54
40.37
40.52

2
726
240
233
247
228
383

41.00
40.92
4L.25
40.68
40.75
42.45
42,38

Albany 1952
1953
1954
1955
1956

23
53
68
80
59

40.74
39.52
39.43
39.73
38.53

28
47
52
40
60

43.L7
40.25
4t.44
41.14
41.95

All'Western
Australian
Coast Stations

1949
1950
1951
1952
1953
1954
1955
1956

135
2õ0
907
666
726
692
580
676

40.36
40.1 0
40.1 1

39.48
39.05
38.77
39.88
40.35

55
137
310
516
569.

617
538
443

4L.43
41.15
40.92
41.35
40.67
40.50
4L.72
42.32

ANTARCTIC AREA ry

L949/50
1950/51
l95L/52
r9õ2/53
1953/54
1954/55
1955/56

39.48
39.44
39.00
38.11
38.83

425
644
581

90
t25

4L.14
4L.22
40.72
40.26
39.72

354
468
546
103
133

0

320 38.78 504 40.52
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TABLE 4.
Humpbøck WhøIes: GrouP

Length Frequencies in seasono,L
Males.

rv.
Cøtches

\üESTERN AUSTRALIAN COAST ANTARCTIC AREA IV

1949 1950 1951 7952 1953 1954 1955

l5o l'L 152 153 164 155 156

1950 1951 1952 1953 1954 1955 1956

Length

(feet)

2-

2327
11 1

2571
410135-
842-1

19 11 68 10 11 14

313846t2sv35
34 57 40 L4 19 v, 53

22 40 43 19 24 trf 48

3655631324ß42
586274919ñ58
40606258834
46565261116
253328438
161521238
817131-2
2-5-1 -11311 -

1-

,

11

28
30
55
78

131

27
28
29
30
31
32
33
34
35
36
37
38
39
40
4l
42
43
44
45
46
47
48
49
50

r27
113
84
61
51
23
18

6

3

LL4
702

72
29
18

2
3
1

1

16
27
35
60

98
133

63
69
42
19
72
4
1

1

46
l¿
87

1-
1-
2-t4

534
51

5t73849
10 38 36 62
15 64 71 84
16 81 72 LLz
38 133 106 111
51 167 97 96
41 167 88 66

4L 108 66 68

L7 72 52 28
837182L
415816
1334

1-

250 90? 666 726 652 580 676 354 468 546 103 133 0 320

16



TABLE 5.
Humpback Wha,Ies: Group IV.

Length Frequencies in seasonal Ca,tches
FemøIes.

Length

(feet)

\ryESTERN AUSTRALIAN COAST ANTARCTIC AREA IV
1949 1950 1951 1952 1953 1954 1955

150 lãr 152 /53 154 /55 /56

1950 19sl 1952 1953 19s4 1955 1956

2-

211-
111-2-

15 1

454-L2
6983
343-

11155271115
1326323543
1828247Ltv37
27 50 2s 10 18 u, 40
3847488138146
454858e18Ë63
36695210t2h65
62e?5413sÐ60
4179545839
497L433538
3235404424
1528373523
1118181-7
41010421
r22*

2-1 _
2-

:,l
L2
11.

11 1

11 321
1-

L217364276
92733481311

25314146207
26 21 58 62 37 13
27 43 51 53 48 33
38 48 47 63 70 58
33 61 53 42 54 37
36 62 55 53 58 48
38 62 51 61 60 53
29 53 57 57 54 68
17 36 27 33 39 43
10 27 29 32 38 26
4t4L792320
2787910
111337
i:

1

27
28
29
30
31

32
33
34
35
36
,4

38
39
40
4t
42
43
44
45
46
47
48
49
50
51
52

1

4
I
8
n
I

10

16
L2
21

15
I

11
I
2

2

1

137 310 516 569 6L7 538 443 425 644 581 90 r25 0 504
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TABLE 6.
Humpback Whales: GrouP IV.

SeæuaIIy imma,ture in seasonal Catcl¿es
1949 - 1956

V¡ESTERN A.USTRAI-IAN COAST

Station Year Males
fmmature

No. olo

Females
Immature

No. olo
Total Total

No.No.

Point Cloates 1949
1 950
1951
1 952
1 953
1954
1955

135
2L2
386
283
306
27L
228

2.95
8.49
7.25

r2.72
r4.7L
20.30
t4.04

55
135
184
248
289
318
270

13

30
46
56
Òt

t27
64

23.64
22.22
25.00
22.58
30.10
39.94
23.70

4
18
ooAO

36
45
55
32

0
28
42
70
7t
12
35

38
52I
360
367
353
272
617

Carnarvon 1 950
1951
L952
1 953
1954
1955
1956

32
45
81
68

6

33

0

6.i4
12.50
22.0I
19.26

2.2L
5.35

2
L26
240
233
247
228
383

0

22.22
17.50
30.04
28.74

5.26
9.14

Albany 1952
1953
1 954
1955
1956

23
53

68
80
59

1

10

13
1i
13

4.35
18.87
19.12
13.75
22.03

28
47
52
40
60

0

18

11
t2
10

0

38.30
21.15
30.00
16.67

AlL Western
AustraLian
Coast Stations

1949
1950
1 951
1952
1953
1954
1955
1956

135
250
907
666
726
692
580
676

2.95
7,20
6.62

t2.3L
18.73
19.65
8.45
6.80

55
137
310
516
569
617
538
443

23.64
21.90
23.87
18.99
30.76
33.87
16.36
10.16

4
18
60

82
136
136
49
46

13
30
74
98

L75
209

88
45

ANTAR,CTIC AREA IV

1949/50
1950/5 1

L95t/52
1952/53
1953/54
1954/55
1955/56

354
468
546
103
133

0

320

66
72

141
29
20

18.64
15.38
25.82
28.1 6

15.04

425
644
581

90
L25

0

504

85
140
161

30
48

20.00
2t.75
27.7L
33.33
38.40

51 15.94 138 27.38

TABLE 7.
F r equencE Distribution ol Oauløtion C oun t s lronx .F ema\e 

- 
HuT npbdck' 

Wltales in recent Catches on the Western Australian Coast-

Year 1951 1952 1953 1954 1955 1956

No. of pairs of
ovaries examined 92 274 244 122 * 279

I
I

øqr.å
çv
?>,õH
É9..:*õ

€Y.åcd9e
',.¡ +¡ =al
6òRE

0

1-3
4-6
7-9

10-12
13-15
16-18
)18

L7.4
31.5
20.7
13.0

7.6
2.2
4.3
3.3

1?.9
24.5
22.6
13.9

6.2
2.6
3.3
9.1

29.1
28.7
L2.3
12.3
4.r
3.3
2.5
r .41

27.9
25.4
L4.8

8.2
9.8
4.L
1.6
8.2

8.6
28.1
19.4
10.4
11.8
10.4

2.9
7.9

18

| 1955 Sample selected: not representative.



TABLE 8.
Humpback WhøLes: Group IV

Femøles in adaønced Pregnøncy from seasonal Catches.
WESTERN AUSTRALIAN COAST
Station Year No. of mature

females
Females in

advanced pregnancy

No. Percentage

Point Cloates 1949
1950
1951
L952
1953
1954
1955

42
105
i38
L92
202
191
206

3

23
13
38
49
27
14

7.L
21.9

9.4
19.8
24.3
L4.7

6.8

Carnarvon 1951
7952
1953
1954
1955
1956

98
198
163
176
2t6
348

5

a

16

11
1

25

5.1
3.5
9.8
6.3
0.5
7.2

Albany 1952
1953
1954
1955
1956

11
L2
18

1

13

39.3
42,9
43.9

3.6
26.0

28
28
4L
28
50

Total 1949-1956 2450 287 TL.7

ANTARCTIC ABEA IV
7949/50
1950/51
L95t/52
1952/53
1953/54
t954/55
1 955/56

169
303
L52
40
32

49.7
60.1
36.2
66.7
4L.6

340
504
420
60
77

0

366 155 42.3

Total 1950-1956 L767 851 48.2
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TABLE 9.
Humpback Whal,es: Group Y.
Ser Ratio in seasonal Cøtches

EASTERN AUSTRAIiAN COAST

Station Year Total
Catch

Sex
unknown

oloNo.No.
Males Females Females

Tangalooma t952
1953
1954
1955
1956

449
509
420
429
407

150
191
178
L7L
193

25.r
27.3
29.8
28.5
32.2

600
700
598
600
600

1

Byron Bay L954
1955
1956

L20
L20
t20

91
65
78

24.2
45.5
35.0

29
55
42

AII Eastern
Australian
Coast Stations

1952
1953
1 954
1955
1956

600
700
718
720
720

449
509
511
494
485

25.I
27.3
28.8
37.4
32.6

1 150
191
207
226
235

Norfolk Is. 1956 150 92 58 38.7

ANTARCTIC ARE.q. V

1949/50
1 950/51
L95L/52
1952/53
1953/54
L954/55
L95õ/56

903
228
183
516
150
348
467

44t
105

67
2Lõ

75
724
222

462
723
116
301

75
224
245

51.2
53.9
63.4
58.3
50.0
64.4
52.5

TABLE 10.
Humpbøck Wha\es: Group V.

Meo,n Length (Feet) of Males and Fernales in sea'sonal Cøtches
EASTERN AUSTRALIAN COAST

Station Year Males Females
No. Mean

length
Mean

le¡rgth

Tangalooma L952
1953
1954
1955
1956

448
509
420
429
407

40.25
40.25
40.13
40.46
40.63

150
191
178
171
193

41.06
40.66
40.57
41.30
4L.73

Byron Bay 1954
1955
1956

40.34
4L.54
40.74

29
55
42

91
65

78

41.84
42.77
42.40

AII Eastern
Australian
Coast Stations

L952
1953
t954
1955
1956

40.25
40.25
40.L7
40.59
40.65

150
191
207
226
235

41.06
40.66
40.74
41.66
41.85

448
509
511
494
485

Norfolk Is. 1956 92 41.31 58 42.09

ANTARCTIC AREA V
1949/50
1950/51
L95L/52
t952/53
t953/54
1954/55*
1955/56

44r
105

67
2t5

75

t24
222

40.01
41.00
39.86
40.27
40.46
39.29
39.25

462
1.23

116
301

7õ
224
246

41.00
42.4t
42.4L
42.19
42.23
4L.77
40.80

20

r Excluding 92? humpback whales reported to have been taken illegally



TABLE 11.
Humpbøck Whales: Group V.

Length Frequencies in seøsonøI Cøtches.
Ma\es.

ANTARCTIC AREA VNorfolk
Island

EASTERN AUSTRALIA
Coastal

1952 1953 1954 1955 1956 1956

Length

(feet) 1949 1950 1951 1952 1953 1954 1955

/60 l6t 152 153 154 165 156

11

2033L266
274318511
269620416
554320314
73 13 11 33 11 2r
60 22 11 24 13 I
6216639917
38 8 3 11 11 I
2L1371664
1776812

4 | 1-
11

1-

325
26
27
28
29
30
31
32
33
34

35
36
37
38
39
40
4l
42
43
44
45
46
47
48
49
50

1

11
1-1
1-1
I2
6918

15913
20 31 18
42 50 59
65 75 75

77 76 89
B6 94 78

71 89 78
40 56 47
15 14 19

6 3 11

1-3

5-111
7 L 3- 1

3 - 1- 1

162643t2

1

22

1

10
13
2l
32
55

92
79
82
66
30

I

3
1

2

4
4
3

6

8

16

T7

15
11

3

2
1

1

4
11
15
24
37
25
36
28
19
11

6

4
31121-

7

11
22
25
56

97
82
81
51
¿t
15

6

1

1

448 509 511 494 485 92 44t 105 67 215 75 L24 222

2L



TABLE 12.
Hurnpbøck Who.les: Group V.

Lengtlt. Frequencies in seøsonal Cøtches
Females.

ANTARC"TIC AREA VNorfolk
Island

EASTERN AUSTRALIA
Coastal

1952 1953 1954 1955 1956 1956

Length

(feet) 1949 1950 1951 1952 1953 1954 1955

/so lãr /52 153 154 165 /s0

1-
2
I

235
2614
31617
41027
t2221
72328
92125

13 31 23
10 23 31
41620
52L18

10t45
396
27

=i:

j
1

;
11

13
10
t3
29
t7
48
32
34
32
25

1

27
28
29
30
31
32
33
34
35
36
37
38
39
40
4L
42
43
44
45
46
47
48
49
50
51
52

25
43
44
38
53

104
L79
15 t2
11 16
23 15
12 16

10 11

34
34
11

11
5

I
6
5

6

3
19
t7
11

33
26
48
54
61
57
50
28
20

4
1

4
3
3
6

4
5

5

4
4
6
4
5

t ,;
24 1

1-1
57973
511 434

1176t215
611201310

15 2L 28 2L 11

14 11 16 27 22

20 29 31 22 23
22 34 24 27 30

21 32 19 27 42
t4 L2 17 23 34
10582220
11L299
43598

132
1-
1-

1-
1-

11
7

3
2
1

150 191 207 226 235 58 462 123 116 301 75 224 245

22



TABLE 13.
Humpbøck Whales: Group V.

SeruøIlg im,mature ì.n seasonøL Catches
1949-1956.

EASTERN AUSTRALIAN COASÎ
Station Year Males

Immature
No. o/o

Females
Immature

No. olo
Total Total

No.No.

Tangalooma 7952
1953
1954
1955
1956

448
509
420
425
407

150
191
178
171
193

28
40
46
31

32

18.67
20.94
25.84
18.12
16.58

26
2L

30
2t
22

5.80
4.13
7.L4
4.90
5.4L

Byron Bay 1954
1955
1956

4.40
6.15
1.28

29
55
42

6.90
10.91
7.t4

2
6
3

4
4
1

91
65
78

All. Eastern
Australian
Coast Stations

t952
1953
1954
1955
1956

448
509
511
494
485

5.80
4.13
6.65
5.06
4.74

150
191
207
226
235

28
40
48
37
35

26
2L
34
25
23

18.67
20.94
23.19
16.37
14.89

Norfolk Island 1956 92 6 6.52 58 13 22.41

ANTARCTIC AREA V
L949/50
1950/51
t95t/52
t952/53
1953/54
1954/55
1955/56

55
7

10
2t
r0
21

31

12.47
6.67

14.93
9.77

13.33
16.94
13.96

22.08
10.57
18.10
15.61
t4.67
16.07
26.94

462
123
116
301

75
224
245

44t
105

67
2L5

75
t24
222

1 02
13
2t
47
11
36
66

TABLE 14.

FrequøncE Dßtribution ol Oaulation Counts from FemøIe Humpbøek
Whales in Catches at TøngøIoorn& - Eastern Austrøli.a.

Year 1952 1953 1954 1955 1956

No. of pairs of
ovaries examined

105 122 148 115 97

l-
4-
7-

10-

I
å
É
5oào9É
rl-iOã 95
Ë Fë5üi¡> ^Øo è\ä

0

3

6

I
12

13.3
31.4
21.0
L2.4

1.0
1.9
3.8

15.2

15.6
32.8
19.7
15.6

3.3
5.7
1.6
5.7

25.7
37.2
12.8

9.5
4.t
4.7
2.0
4.1

18.3
32.2
14.8
13.9

6.1
6.1
3.5
5.2

17.5
16.5
28.9
20.6

9.3
4.L

0
3.1

13-15
16-18

>18

'?.3



TABLE 15.

Humpback WhøIes: Group V.
lemales in adaanced PregnancE from seøsonal Catches

EASTERN AUSTRALIAN COAST
No. of mature

females
Station Year Females in

advanced pregnancy

No. Percentage

Tangalooma 1952
1953
1954
1955
i956

t22
151
r32
140
161

I
11
19

xL2

I

6.6
7.3

t4.4
8.6
5.0

Byron Bay 1954
1955
1956

18.5
16.3
L2.8

27
49
39

5

8
5

Total 1952-1956 821 76 9.3

* Including one case of twins.

ANTARCTIC AREA V
L949/50
1950/51
LgSt/52
1952/5ts
1953/54
t954/55
i955/56

360
110

95
254

64
188
179

L42
49
53
94
46

726
87

39.4
44.5
55.8
37.0
71.9
67.0
48.6

Tota1 1950-1956 1250 597 47.8
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A,pparent Variations in the Mean Length of Female
Humpback Whales at Puberty
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"n,tlooroush

I. Introductinn.

Catches of humpback whales taken at Austra-
lian whaling stations each year during the winter
and early spring commonly include individuals
which have just reached puberty. rtilhile puberal
males can be distinguished only by histological
examination of the testes, puberal females are
readily identified from macroscopic examination of
the ovaries. Since puberal females either have just
ovulated, or are about to ovulate, for the first time,
their oyaries contain a newly developed corpus
luteum, a burst follicle, or a mature follicle exceed-
ing 30 mm in diameter (Chittleborough 1955), with
no corpora aibicantia.

From 1949 to 1959, 313 puberal female hump-
back whales have, been examined at Australian
whaiing stations. In this paper the lengths of these
females are analysed and the results discussed.

II. Mean length of puberal female humpback
whales.

a) Søm,ples from the west coast of Australia.

Chittleborough (1955) found the mean length
of puberal female humpbacks to be 38.50 ft. This
estimate was obtained from a sample of 77 pube,ral
females examined on the west coast of Australia
between 1949 and 1954. During this period the num-
bers of puberal females obtained each year were
barely adequate to enable the mean lengths to be
compared from one ¡rear to another, but apparenily
the mean length of the puberal females varied very
little during these years. .

Chitttrerborough (1955) showed that the mean
lengfh at puberty of 38.50 ft. afforded a reliable

method of calculating the percentage of immature
females in a commercial catch during the period
from 1949 to 1954. However, the application of this
length to the catches of more recent years, gave
results which were seldom consistent with the per-
centages of immature females as determined by
examination of the ovaries (Chittleborough 1960,
Table B). Because of this it would appear that there
had been some change during recent years in the
mean length of females at puberty

The mean lengths of the samples of puberal
females taken on the west coast each year from
1956 to 1959 are shown in Table 1. In 1956, at-
though the sample of puberat females was relatively
small, the mean length was considerably greater
than that of the sample aceumulated from 1949 to
1954. Table 1 shows that since 1956 the mean tength
of the puberal females has decreased each year
until in 1959 the mean was below that of those
examined between 1949 and 1954.

Table 2 shows the results of compar_isons of
mean lengths of the samples shown in Table 1,
using the <<t> test.In 1956, 1957, and lgb8 the mean
Iengths of the samples of puberai females from the
west coast were significantly higher than that of
the sample gathered from 1949 to 1954. Atthough
there was a significant differencerbetween the mean
length of the sample from 1959 compared with that
of 1"958, the mean tength of the former did. not dif-
fer significantly (at the 5 /o tevet) from that of the
combined west coast sampie from 1g4g to 1g54.

b) Samples from the east coast of Austratia.

On the east coast the mean length of puberal
females sampled from 1952 to 1954 varied insignifi-



Table 1.

tVIea,n lengths of samples of pubera| female hum'pback whales
from Australia'n coast s.

Sample No. Range (ft) Mean (ft) S.D. S.E.

West Ooast

1949-54
195 6

t957
19 58
195I

East Coast
L952-54
1956-59

35.25--43.50
35.25-45.50
35.75-44.50
35.00-43.25
35.00-40.50

34.50-42.r7
36.33-43.00

1.73
1.81

22
47

77
I7
42
59
+ó

38.50
40.15
39.49
39.08
37.96

1.66
3.04
2.t8
1.11
1.45

18

74
34
t4
22

60
15

38.51
39.38

Table 2.

Comparison of mean lengths of samples of puberal female- 
h.umpback whales from Austra'Iian coa.sts bE means of

<<t>> test.

Samples compared

West coast
7949-54
1949-54
1949-54
1 958
1949-54

East coast

1952-54 vs 1956-59

\/S
VS

VS

VS

vs

1 956
1957
1958
195I
1959

92
tt7
134
100
118

<.01
<.01

02> p>.0J-
<.01

10> p> .05

tò 10 > p> .05

..1" value Degrees of
freedom

p.

3.245
2.874
2.415
4.414
1.869

1.?36

cantly from year to year, the variations being well
within those which might be expected in small
samples taken at random from a population. Tab1e

1 shows that the mean length of 60 puberal females
taken on the east coast from 1952 to 1954 was
practically the same as that of puberal females
taken on the' west coast from 1949 to 1954.

Since 1956 only small numbers of puberal
females have been taken on the east coast of Aus-

tralia. This has been due mainly to the shorter
period of catching in recent years, quotas on that
coast being filled by the beginning of August, com-

pared with longer seasons extending to the end of
September or the beginning of October in earlier
years.

Table 1 shows that the mean length of puberai
females taken on the east coast from 1956 to 1959

was greater than that of those taken in the same

region from 1952 to 7954, but as shown in Table 2,

the comparison of these mean lengths by the <t>>

test was inconclusive.

III. Discussion.
When considering the evidence available up to

L95?, Chittleborough (1958b) suggested that linked
with the decrease in numbers of whales in the
Group IV (70"8.-130'8.) population, the younger
whales were then growing more rapidly than in
earlier years, resuiting in an increase in the mean
length at puberty during 1956 and 1957. The de-

clining mean length of puberal females from the
west coast each year from 1956 to 1959 shows that
this theory was incorrect.

Figure 1 shows the graphical comparison of
these samples of puberal females using the method
of Hubbs and Hubbs (1953). The changes in these

means can be related to known changes in mefhods

of whaling operations in Australian waters during
these years.

From 1949 to 1954 Australian whaling stations
generally did not attempt particularly stringest
selection of the largest whal'es, most individuals
exceeding the minimum legal length (35 ft.) being

2
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exposed to hunting. During these years the mean
length of puberal females was 38.5 ft. both on the
west and east coasts of Australia.

In 1955 quotas of humpback whales allotted on
the west coast of Australia were raduced, following
evidence of some deterioration in the condition of
that stock (Chittleborough 1958a). The reduction
in quotas stimulated the whaling companies to
encourage more careful selection by gunners of the
larger whales. By more stringest selection the com-
position of the catch improved in 1955 and 1956,
not only on the west coast but also on the east coast
(ChitUerborough 1958a) .

On the west coast the higher degree of selection
applied in 1956 resulted in a biased sample of
puberal females, the relatively small number taken
consisting mainly of the larger individuals. The
mean length of puberal females taken on the west
coast in 1956 was thus much higher than that of
those sampled in earlier years.

Selection of large whales was continued after
1956, but on the west coast the decline in the size
of that stock meant that sel,ection was less success-

42 43 44 45

ful each year (Chittleborough 1959, 1960). Thus
more puberal females were taken in recent years
and these were less restricted to the larger individu-
als with the result that the mean length of samples
of puberal females decreased each year from 1956
to 1959 (Fig. 1). During this period considerable
numbers of immature whales were taken (Chittle-
borough 1960). Since by selection the immature
whales killed represented the larger individuals in
the immature year classes, by 1959 the larger
puberal females were under-represented in the
catch. As a result the mean length of puberal
females sampled on the west coast in 1959 was
slightly less than the true mean length of puberat
females in the original stock.

The effect of selection of large whales was also
reflected to some extent in an apparent increase in
the mean length of puberal females taken on the
east coast of Australia frpm 1956 to 1959 (Fig. 1).
Ho'wever, the population which frequents the east
coast is sufficiently large to enable quotas in recent
years to be filled before many puberal females have
been captured.

40 4t
BoDY LENCTH (rrrr)

4ô

Fig. 1.- Comparison of body lengths of puberal female humpback whales in samples taken in various years
in the west and east coasts of Australia. Heavy line shows observed range; arrow gives mean length; black bar
extends 2 standard errors of the mean on either side of mean; hollow bar ends one standard deviation on
either side of mean

3



IV. Conchtsions.
On the Australian coast, the mean length of

puberal females varied with the degree of selection
applied by gunners and was also influenced by the
size of the stock remaining after intensive com-
mercial operations.

Aithough none of the samples discussed in this

report were completely random samples of puberal
females taken from an undisturbed population,
those taken between 1949 and 1954 are considered
to be more representative than the samples ob-
tained since 1954. The mean length of female
humpback whales reaching puberty on the Austra-
lian coast is then very close to 38.50 ft.
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TOPIC 1

Ð(PERIENCE PAPER: "IICENCE IIMITATION AS APPITED 10 YfIIALING'l

-By R.G. Chittleborough

T. HISTORY OF CONTROIS

In its early historyr whaling was not subJect to
l-imitation of either eateh or effort and, as a result, the
industry went through the same cycle of rise and. fal-I as
each new whaling area was d.iseovered; catches .rose as vessel-s
inereased in number, reached" a peak and. then declined. itespite
high l-evels of effort. Record.s of catches are generally available
for the era of sailing ships but the only neasure of effort is
an approximate estimate of the number of ships operating. In
"Arctic whaling, for example, probably 300-400 ships Tvere operat-
ing in 1680 ( tfre height of Duteh partieipation) and the
average catch is reported to have been five to six whales per
ship'ã cru.ise. One hundred years later (when British whalers
had.- taken the l-eading position) apparently as many ships were
whaline. but the catches had. d.ecl-ined to tv¡o or three whales
per sirié (Ruud 1952).

Although the fishing pon¡er of these whaling ships was
meagre in comparison
of large numbers of f
the North Atlantic ri
Greenland riEht whale
whal-e (8. auãtral-is).

with modern whaling fleets, the operations
ishine units al-most sueceeded. in eliminating
ght whal-e (Bal-aena glacialis), the-(¡. nystic@thern right

Tñõ-ËFãrnffiró ( Physe ter rnacrocephãlus )
ïvas l-ess severely redueed, being saved
by-produets whieh supplanted. the marke
same time, the Australian go1d. rush dr
whaling so that fewer ships il¡ere able
sperm oil dropped from 582 doll-ars per
d ol-l-ars in 1 900.

by petroler¡¡n oil and its
ts of sperm oil. At the
ew crews from sperm
to operate. the price of
long ton in 1860 to 164

Modern whaling, which began at the turn of the eentury
with the introduction of harpoon gun, steam chaser, and floating
faetory ship, greatly increased the catching power of the fishing
units. No l-imitation of catch or effort was applied until a
d.ramatic inerease in eatch from 1928 to 1930 culminated in 1931
with the capture of 431129 whales from which 3.7 nillion
barrels of oil- were produced.
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Fail-ure of the market for whal-e oil l-ed to l-imitation of
Antarctic catch from 1932/33, at first by volrrntary agreements
between whal-ing eompanies, an.d since 1937 by international agreements

lhe aim of the l-imitation was primarily to prevent a
repetition of overproduction of oil-, rather than eoneerv.ation
of individual- speeies of whales or eeonomy of fishing effort. Catch
was expfessed. in terms of blue whale units, on the experieneg
that a blue whal-e yield.s approximately the salne amount of oil as
two fin whales, or'2È hr.mpbäcks or 6 äei whales (Ruud 1956).
A delayed opening date for the Antarctic whaling season restrieteä
the fishing effort somewhat, but the purpose of the deiay was
to ensure tfiat the whal-es \ivere able to feed. and fatten after
returning from the breeding grounds in l-ower latitud.es.

The catch l-imit (in blue whale units) applied to the
whole of the Antarctie region did nothing to encourage economy
of effort. 0n the contrary, more catching vessels of greater
fishing po\r/er lvere attached. to each factory ship, eaeh,exped.itiofl
endeavóuring to take the highest possible proportion of the total
cateh permitteA" An early attempt to restrict the number of
fishing units was included in the bil-ateral agreement between
Englanõ and Norway for the season 1936/37 in which the numbers of
caÍehing vessels io each expedition were limited to 5,6, or'l
accordiñg to tonnage and" production capacity of !h" factories"
I{owever, irr the same season, one German and two Japanese expedi-
tions operated without restrietions.

In reeent years, the countries engaged. in pelagie
whaling in Antarctie waters have negotiated to divid.e the overall-
catch iimit between themselves Ín a step towards more national
use of the resoureeg.

The restriction of catch in terms of bl-ue whal-e units
had no foundation of sound conservational practice, sinee it
iþnored the fact that several speeies differing in abundanee
ïvere represented in the catch" the history of whaling records
many instances where ind.ividual species have been recluceä to
the verge of extinction because the industry has been sustained.
by the simultaneous exploitation of more numerous species.
Fór example, the presence of larger stocks of fin whal-es enabled
pelagic operations in the Antarctie during postwar years to be
õontlnued. on bl-ue whales long after this species would. not itself
sustain eommereial- operatiolts.
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In recent years the rate of exploitation of bl-ue and.
humpbaek whales iras been separately regula-ted. in Antarctic whaling
by specific provisions eoncerning dates of open season" In
the case of humpback whales, an overal-l- Äntarctic catch linit
of 1250 humpbacÈs ïvas appliód each sunmer from 1949/50 to that of
1951/52, and thereafter'the cateh was lÍnited by the brevity of
the open season ( generalJ-y of f our d.ays only) , lhe fact that
that there u/ere five separate stocks of hunpback whales, differing
in Ínitial- size and history of exploitation, ï/as largely ignoredt
as ï\ra.s the fact that some of these stocks v,,'ere being hunted.
simultaneously in lower latitudes.

t¡Yhen postwar whaling began in Australian coastal
waters, the Government allotted separate quotas of humpback
whales to each whaling companJr" This method of catch l-imitation
had. the obvious ad.vantage that each company could set its
fishing effort at an economic l-evel instead. of eompeting against
other companies to secure the highest proportion of an overal-l
linit, Competition between companies was then for the highest
efficiency of oil extraction"

No information is avail-able indicating the basis upon
which these quotas Tvere originally selectço, but in the llght
of subsequent events (Chittleborough 1963) there ean be no d.oubt
that the quotas iÃ/ere too large, even if there had been no fishing
upon these populai;ions in Antarctic waters"

TI. TTIE I\JTEASUREMENT AND USE OF EFFORT SÎATISTICS TN M{AITNG

1 lhe Nature of tr'ishing Power. Físhing Sffort. and.

A considerabl-e, and obvious, d.Ífference lies between
the operatlons of whaiing and those of fishing with trawl-s and
gi1l nets. The appearanee of whal-es at the surfaee, irr areas
they are known to frequent, and the manner of killing them,
make each whalÍng operation, more purposively d.irected to its
objective than the dragging of a trawl over the sea-floor to
gather fish from a guessed.-at density in a distribution assumed
from past experience" As a basis to discussionr ]et us assume
that the fishing power of a catcher is represented by the ratio
of the area it õañ search eff eetivel-y in ã unit time ( say, one
hour) to the total area occupied by the stoek being fishecl, anil
that the eatchability of a single whal-e (its vulnerability) in
that area in that interval ís a function of ( I ) its risk of
being contaeted. ( seen) by the catcher, (2) its risk of being
approaehed cl-ose enough, by the catcher, for the harpoon to be
flred and. for the harpooner to make a hit. The eonverse of
each of these probabilitÍes, from the whal-ers viewpoint, isl
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( I ) its chanee of being submerged "!^?f1 times that observers on

iftã chasers look in itã d.irectlon, (2) its chance of outpaeing
the catcher .ttO of diving to avoið the firred harpoon and of
changing directiorL successfully und'erwater'

Measurement of these quantities may be approached
raora steri and by a combination of these. Thus,

r a rio pproach Tve may estimate fishing Powera
by measuring t spe ed at which a ve ssel can nove in searching
and we may measure the spaÌ1t from one sid.e of the shiP to the
other, ove r which its observe rs can reliablY search; we also
may refine these measures by allowing for differences in sea
cond.itions which affect the speed. of movement and visibiJ-itY.
ïn attemp ting sn estimate of catchabilitY we would make use of
1nf ornati on on the behaviour of the whale s in alternatelY
surfacing and submergingr and" of estimates of the ProbabilitY of
contact a. t various fevels of d"ensitY. A prlori estimate of a

catcherrs chanees of making a capture after having made a contact
is unl-ike1y to be possibler al-though the means of increasing such
ehances ( e. 8. increased manoeuvrabil itY) could be id"entified..
Ana ost eriori approach to this matter will take sone data of
fis ng opera ions, such as days of oPeration, hours of
steaming or hours of huntingr and will- amive at estimates of
catchability bY reference to estima tes of stock densitY and. of
total and fishi ng instantaneous mortalitY. If unadjusted
op erational data are used for this purposet some of the effects
of faetors which infl-uence eatchability will- be inelud.ed. in the
measure of what is here defined' as fishing power. A combination
of the two method.s circumvents some of the practical- dffficultY
of the a nriori approach and increases the rigour of the a
posteriori approach"

2. M asurement fEf or Hum bac ïtha1

The unit of effort used. in earl-ier whale research was

the tch rls I s work introclueed. bY Hjort t T,ie and. Ruud.
, cl.ays l-ost( is un t d refer193 cal- f ailure tby ind ividuat catchers d.ue to ad-

etc " shoul-d. not be lncl-uded as fishing effort. irj ort t I,le and
Ruud \ryere well- aï\¡are that the catcherrs d'ayrs work was not of
con.stant value t but at that time theY considered. that the
variabilitY of this unit ïvas of mino ortance in eomParisonr imp

k.Hwith change s in the size of the stoe o\ryevert subsequent
events showed that in using this measure of effort for stock
assessment purposes some of its variabÍlity had to be removed.

The importance of some of the variable el-ements of this
unit ean be Aemoirstrated from data obtained in recent years from
whaling operations along Australian coasts'

only to hunting daYsl
verse weather, mechani
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strietly speaking the unit was a eatcher's working day
and that which was record.ed. was siroply the number of d.ays on
which eaeh catcher did any work. However, the proportion of
each such working d.ay spent in actual whale hunting varies for
three d.ifferent sets-of-reasons¡ 1) capacity of processing plantt
2) weather eonditionsr 3) ineidental effects.

In the earl_ier years of operation of the Australian
whaling stations, the daily catching power of the vessel-s was
general-l-y greater than the daily processing eapaeity of the
faetory.- Because of this, catching vessels $'ere very often
all-otted. a fixed number of humpback whales to be killed" in a
day. In suecessive years the àverage catch per catcherrs d.ayrs
wolk increased (Figure 5) because whal-es r^/ere processed more
rapfídly as a result of improvements in factory capagity and_
efficióncy. But this inciease in catch per d.ay was obtained by
increased expenditure of efforto .

The number of hours per 'day spent in whaling during a
season at one locality ean,vary_inversely to changes in density-_
of whales passing thai point. -For example, ât Tangalooma in 1960t
there v\¡as ã mean of 10.35 hunting hotrs per eateher day from
June 6 to 15, a mean of 7.95 hunting hours per eatcher day
from July 6'io 15 (ireignt oi migratiõn past tn:-s station) -anda mean oi 10.68 huntinã hours per catehãr day from August 6 to
15 (enA of northward migration). Presumably these differences
ilerive largely from limits set by pl-ant capaeity.

The number of hours spent in whaling during each cat.cher
d.ay may vary from one station tó another ( during the same year).
Fol" example, throughout the 1959 season the eatcher at Syron 

-
Bay naintained an áverage of 8. B hours of steaming^p9r dayr while
in the same year, eatchérs at Carnarvon averaged. 12.7 hoUrs of
stgaming per- d"ay. At thê sane time, eatcher$ operating-ol these
populatloñs of hr¡mpback whal-es in Antarctie Areas IV and. V
*"i'e presir.mably stäaning (and. huntine) for almost the whole
of each 24 hours beeause of the prolonged. period. of itaylight'

The hours spent hunting in a particular day may be
reduced. because of adverse weather, yet in the original definltion
of this unit of effort, sueh a d.ay is rateil as of equivalent
fishing effort as a d.ay when a catcher could. stay on the whaling
ground.s throughout d.aylight hours. This effect of weather upolL
the hours spent whaling might be expected to oceur at random,
so that it lnight-hot be important when comparing rates of
catching over long period.s of time. Horrever, whal-ers themsel-ves
have cl-aimed. that adverse weather conäitions have affected
the success of their operations anit whil-e their cl-aims that this
effeet had been the rea]- cause of the appearance that the density
of whales fel-l- from one year to another (Chittleborough 1960)
coul-d. not be accepted., their evid.ence on this effeet of weather
is important in this work.
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The examples given above show that the catcher day
cannot be a constant unit of time. In an attempt to obtaln a
more preeise rrnit in tems of which to measure fishing .{{o¡!
and. one which woul-d more closely conforn to the idea of fishing
power given above, all available ships' logs fIoT Austral-ian
iryfraf1nã companies were examined.. Where a 1og had been kept in
detaill the- different operations of each day, and the time
devoteéi to them, could be assigned to various categoríes, viz:

(a) Total steamlng time. All the time absent
from moorings, irrespective of d.utles"

(¡) Steaming tine of each dayts whaling. This
excludes tlme spent away from moorings when
engaged in bunkering, victuallingr moving
wfrãtés moored. from the previous dayrs eatcht
and. other transport duties.

(c) Steaming time hunting (and kil-ling) whal-es.
This excludes time spent steaming out to
whaling grounds from the previous nightIs
anchorage, and also excl-ud'es time gpelt
towing whales baek to the station (and-
returñing to the whalíng ground.s)"
Obviousl-i nunting. is restrieted. to daylight
hours, whereas (b) may include several-
hours of darkness.

Catcher I hour category (u) r is a more
the cateherts dayts work,
d.oes not require more

The
precise measu
sinee time at

nge ort
t

re

whales) is omitted.. This r¡¡it also omits parts of d.ays lost
beeause of minor repairs, refuelling, adverse weather, elc:
Hours spent towing the eatch baek to the station are included
Ín this-unit of effort, which woul-d not matter if it were a
eonstant el-ement. Howéver, the nr¡mber of whales that some catchers
can tow is smal-ler than that whieh other catehers can tow anð tbeir
towing speed is l-ower. Consequentlyr even though they may be as
effeeiivã as other vessels in hunting, these sl-ower towing
ve.ssels lose time and. in a given period of steamÍng time woulil
spenil a smal-l-er proportion in aetual- hunting. Tleir.catch per
hõurts steaming wout¿ be lower. Again a catcherrs steaming
hour at Tangalõoma was not the sane as a catcherrs steaming hour
at other státions, because at langalooma one of the whaling
vessels was statióned on the whaling grounds eaeh day to act
solely as a towing vessel. Ihus although the eatching vessels
roight tow some wháles to the station, their steaming time
inõluded a much l-ower proportion of towing time than did the
stea.ming time of catehers at other stations"

anchor ( when the faetory
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the Catcher's hunting hour, (category (e) above) ls
in theory tne f whatiñS äffort2since it
measures only that effort which directly d.etermines the capture
of whales. However, many shipsr logs carried insufficient detail
to pe:mit identification of hunting time in eaeh dayts operatiôns.
thus, the c"atcherrs steaming hours have been used as neasure of
the effort expended. by vessels operating at Point tloates,
Carnarvon, and. Albany. At Tangalooma and Byron 3ay, however,
catchers I hunting hours could. be assessed.

The effective effort of the catcherrs day has al-so been
Íncreased by mooring the catchers closer to the whaling gfounds,
and by the use of spottlng aircraft. The inereased" effort aehievecl
by these means has been caleulated. in teims of catcher hours
(Chittleborough 1962) .

fn the conversion of aircraft flying hours into equivalent
catcher hour units, 1 aircraft flying hour was shown to be equal
to about 5 catcher steaming hours. This relation was calcul-ated
where sighting records were made simultaneously from catchers
and aircraft operating in the same area at the såme time. For
example, off Albany in the winter of 1961, two eatchers sighted.
226 humpbaek whal-es in a total of 605 steaming hours; that is,
2.68 hours of steaming ï/ere required to slght one humpback whaie.
fn the same perlod., the spotting aircraft sighted 241 humpback
whal-es in 144.6 flying hours, i.e. 0.60 flying hours for each
humpback sighted. In this instanee, 2.68 eatcher steaming
hours Ìrere equivalent to 0.60 aircraft flying hours, or 4.'l
cateher steaming hours u¡ere equivalent to 1 flying hour.

The relation between the catcherr s steaming hour and.
the aircraft I s flying hour would. no doubt vary for different
aircraft, eatchers, personnel, and. localities, but where the
ratio could be caleulated., the resul-t was close to the value of
5 catcher steaming hours = 1 aircraft ftying hour and. this ratio
has been useil in calibrating fishing effort.

The physical basis of this ratio is thought to be as
fol-lows. lhe áircraft travels at about 10 times tñe speed of
the eatehers; experience has shown that an observer iü. an aircraft
can effeetively scan about the same width of water as an observer
on a ship. ïlou/ever, the aircraft searching is apparently half
as effective as ship searehing, presumably beeause of the relatlon
between aircraft speed and. the rhythm of whale exposure at the
surface. Îhus, thé aireraftrs 10 times greater sõareh area is
reduced. to 5 tjmes.

*7*



In the measurement of fishing effort, variations in the
"catching power" of whaling vessels present more difficulties
than the units of tine. lhe Australian whal-ing industry has
employed. as wide a range of types of vessel-s for hunting whales
as could be found. engaged in whaling in most othercountries.
Vessels differed very greatly in sÍze, âger speed., manoeuverability,
towing power, and. ability to operate successfully in heavy seas.
Two small-r spêedy launehes, working together as one i¿nit in
coastal- whaling, and the 1arge, steel 'rAntarctic'r type ehaser,
were not equivalent fishing units, nor would effieier¡cy of one
type have maintained the sa.me relation to the other under varied.
oþerating conditions ( such as weather, or configuration of the
coastl-ine ) .

Table 7 shorn¡s that simil-ar vessels, operated in the same
locality, at the sarne time, by gunners of similar experience,
achieved" similar rates of catching. ÌVhen dissimilar vessels,
operating in one local-ity at the same timer are compared
(Figure 6), their contrasting rates of catching reflect their
various efficieneies, during a period. vrhen whales lr/ere plentiful.
However, when the population had been d-epleted., rates of catching
converged upon a single 1ow leve1, indicating that d.ifferences in
eatehing power lvere l-ess important when whal-es Yrere scaree.
That is, a, eapture in any interval of time was a ehance event
whose probability was about equal for eaeh eateher and was so
smal-l as to be only little affected by differences of area
searched..

Some catchers have operated. in al-l of the past seasons
on their part of the Austral-ian coast. This simplifies the
analysis of fishing effort, because, as pointed out by Hiort,
I,ie and Ruud ( lg¡¡), operations by the sane vessels ean be
compared. directly from one season to another. For present
purposes, four catchers which hunted every year on the west coast,
and. two which hunted every year on the east coast, have been
used. as stand.arcl units of catching power. lhe steaming or hunt-
ing hours of these catehers worklng in the sane loeal-ities
eaõh year, and over the sare period of time (Ouring the north-
ward roigration) have been assessed.. Ad.justments have been macle
to the effort in these years where the effective hou¡:s were
increased by the introiluction of spotting aircraft or a change
of moorings. These adjustments have been mad.e in terms of
equivalent steaming or huntlng hours by the catehers used as
the stand.ard.
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T¡IBLE 7

OPIñÅlItliS 0f C.å,ÎCEÌRS Äf î.ANG¡riLC(Bf;l DILI}JIIG }'Ï:RIOD JUNII 10 t0 Ât0tl$f 5 0F. 
E.lì,cs sEÂsol{ - 1953-1962

Yea¡ Vessel Tote.l.
d.sys
huntín6:

Total
hours
huntin¡;

To'ü¿rl
hurn¡t-
backs
hilled

iìverage
hunting
hours
per day

.Èverage
vrhal.es per
cetcher I s
C.ayrs vrork

Avera6e
lshales
per bunt-
Íng hour

Á'rerage
hout"s
per
whale

1953

Lgr4

195'

Lg5(,

l-957

1958

I q6e

Kas I 55

Kos VIï 50

247

29Lt

312å-
3?-6
63så

t7L r. to

5.83

6.67
6. eo
6.7t+

7.Orl
?.33
7.L9

9.34
9.27
9.3r

3.11

3.14

4.82
4.67
4,75

5.30
5.35
5.32

o.69

4.54

0.70
0.7¡
0.?r

a.75
0.7¡
o,74

t.44

1. 86

1.34
L.24
L.28

1 .34
1.33
1. J3

1. -ì3
1.37
i..35

12. 86
\6,67
7.4,54

t57

fios $
Eos 1rIï
TotaI

llos Iï
Kos lïï_
TotaL

Kos !
Kos $lotal

îotal

\ /-ètjL, i

374
74r

3B?å.
.t t3ã
76L

:s9ßL
29ùt
76e

4oLÈ
418
fr19å

^q
56

l-oL

55
55

110

55
55

110

55
54

109

57
57

114

56
57

t.l 3

47
lt'i.?f

94

5
q

1061

?"34

263
497

270
?74
544

119
r3r
250

6

5
6

75
B1

78

72
69
70

0
0
0

0
0
0

?0
70
o,

94
82
)a
-.) L.

5
Å

4

5
5
5

265
257
522

?()1

300
59t

302
305
6a7

2?O
?e4
554

3?+¿
2*¿

0.75
o.75
0,75

29
56
42

4.9L
4.98
4.9'

7.45
6.lg
6.92

1
1
I

I
1
1

L

1
t
Á

4
A

3B
46
42

44
36
40

97
86
o9

49
20
34

?.08
?.38
7.23

Kos !
Kos ïï

57
57

r14

Kos !
Kos Jf
Tota.1

f960 Kos I 
,

Kos Itr
Totaf

rg6r. Kos I
Kos !!
Total

Locme. l!
Loo¡ra 1Iï
llotal

fi4'-
55W
roB5.å

/tîrR+

500
qnnÍ

9.55
9.66
g.6a

10.40
10.64
ro.52

la
30
68

4
4
4

2
2

2

0
0
0

74
9B
s6

r3
30
2L

BI
6q

72

CI

0
0

0
0
0

0
0
0

q1

54
52

L¿

24
23

08
06
o7

Lq62



,1
to.a

30.2¡,a

o

t,t

o--'o-

\.../

t
t
t
t
t
t
I
I

cA9COYilE

-- 
Pt CLO^183
r{A€FErat 31rn

-.. 

_.._ vlcl|.Altl
PGnþO 2tþ 1O 16/r ercx vere

¡tt
I
I

t
I
¡
t
t
ttt
¡
t
I

o.t

C)
ot

02
¡
I
I
Þt

t3¡,
3
l,
Þ
a
U

/
/

/
/

/

o.

aT(,
aa¡¡
Ða

¡l
o
I¡,

aøøa_aaoa_aaaaa

ì aa -l \\ ../ ...--).,aa

'\,..-

r95¿ r95t r9ta t033 r9tó t957

FIG. ó. CATCH PEN, UNIT EFFORT BY FOUR CATCHERS OPERATING ON THE
AUSTRAIIA DURING THE SAME PERIOD EACI{ YEAR. (FIG. 22 OF REVISED

POPULATION PAPER.}

1950

wEsT coAsl 0F
MANUSCRIPT OF

r950 r95t re39 r960



The unit of effort used for the -Australran seasons
prior to 1955 was not preclsely the sarne as that from 1955
õnwards. Qwing to a ied.uction in quotar a more vigorous
management policy mad.e the unit fishing time more effective
fron 1955. [he nortality coefficient of 1954-55 can be taken
to have been the nean of the 1913-5+ and. the 1955-56 mortalitiest
and 1f this i,?ere so then the effort units in 1954 and. earlier
years have to be red.uced. by a factor of 0.7 to eqüate them with
the effort units of 1955 and later years"

Stocks

In the preced"k:g sectlon, a demonstratlon has been
given of the intrinsic and nisleading variability_of^catcherfs
ñorking d.ay as a unit of eff ort. If this unit of eff ort had
been tãt<en- to be constant in the early years of Austral-Ían
operations (Figure 5) the increase in catch per d.ay.would have
bðen interpreted as representing an increase in availability
of whal-es"

0n the other hand ¡ üse of the catcher day as a unit
of effort can mask a decrease in the availability o! whales.
For example, Table 7 shows that at Tangaloona in 1960ethe catch
pã" oãt"å*"ís ùay.Bwork was only slightly less than in previous
ji"r"", but consläerably nore hôurs were,s.pent hgnting ea.ch-:day. in
igAO if,.ttt in prevlous lears. In other wordsr a greater effort
nàO to ¡e expðnded each d.ay.in 1960 in order to maintain a
daily rate oi catchlng similar to that in previous yearse

tr'rom the adjusted effort, in standard. units, applied
by the same catchers óperating in the sane J-ocality over the
ãäne periodcf tinoe, anã the cãtch of hunpback-whales^taken by
these same vessels under those conc!.itions, i-ndices of relative
*bood.tt"" (catcb. per unÍt effort) have been calculated- for
each year (ta¡te 8).

TVh.en using the catch per unit eff ort to conpare. !h"
abundance of whales-fron oae yeár to another, tfie calculations
had. to be made with respect to the same perlod of each year
because r âs shovrn by Cfrittleborough (19øZ) , theebundance of
whales changes durúg the season, as the northward and. southward'
migrating slreams pass each shore station.. The opening d?!"
ánõ f""eãn of se.sõn has fl-uctuated at eacb- Àustral-ian wh'al1ng
stationl ¡ut 1n nost cases the stations were operated throughout
the greater part of the northward nigration"
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rADTE B

AÐJIISTED EF'FORT, gItIfPBACK CÄTCS, AND CATCE PAR UITIT ff'FoRT.

BY CÅTCMNS ADOPTTÐ ÀS SîA$DÅRD TOR OPER"ATTOI{S ON GROÜP W

At¡Ð v PolttÄ'rroNs

Sti:ndard Cetchers* fronn Gro'¡Þ IV
I'opu)-a ticn

Standard Catchers** from GrouP Y
PopulatÍon

ïear
tr-djusted
Effort
(Steaming
hours)

Hurnpback
catch
(tto.)

L62

422

541

,L7

650

580

467

489

35c

)'t1

245

358

2i)4

Catch
r€r
unit
Effort

Àc[justecl
Effcr:t
(nunting
hours)

r76

208

6¡o

q 11
l.Ì r

76r

7BB

820

1061

1OB5

989

Ilr:miiback
catch
(ro.)

u1

r57

497

c,rD

544

591

60?

154

2ro

68

Catch
per
unit
Effort

.972

,755

,779

.?04

,7L4

,75Q

.740

qt)

.210

.069

L950

t95r

l oq2

I OEl

tgStt

l-955

rg56

L957

1958

t979

1960

1góL

Lg62

34L

995

r56s

l.465

1852

237e

2611

1351

?s47

3015

i957

6lst

5524

.475

,42!,

.347

.353

. _ì51

.244

.uB

.L46

.123

.o9o

.062

,ofi

.051

* tha eame fc¡ur catchers o¡:err.ting on the west coast of Âustralia
frc¡n June 25 to .irugust 26 each yea¡'

$*o catcireril opere-ting o4 tþe east coast of Austral-j.a fron June

lC, to Augrrst 5 eac!. ;¡ear.
#l+



.A,t Carnarvon.the relative abund.ance (catch per unit
effort) of humpbacks wás measurecl each year frou June 25 to
Äugust 26 (tnis being the only period ryh?n catching was in
prõg""ss in every yeãr fron 1951 to 1962). At Tangaloona, the
ietãtive abundanèe- of hunpbacks ïras measured each year fron
June 10 to August 5.

Estimates of the total annual effort on the west coast
of Australia were obtaj¡red, for each winter seasoil. by nultiplylng
the ad.justed effort of the standaril. west coast catchers by t4e
ratio õf the total west coast catch to the catch by the standard.
catchers" Th.e Antaretic (Area fV) effort was estirnated by
dividing the catch in each sumner by the mea l catch per unit
effort of tire stand.arä west coast catchers d.uring the two
ad.jacent winters. Correspond.ing estimates of total annual
efiort exerted. to take the catches from the Group V popt"llati-on
were made using the data from the catehers taken as stand.ard. on
the east coast of Australia.

Humpback fishing effort in Antarctic areas IV and V
had. to be estimated. in terms of the Australian unitsr partly
because full d.etails of the effort data were not avai-lable from
these areas, and also because a variety of species wa$ being
hunted. simuitaneously in these southern feeding ground.sr naking
it extremely difficuit to separate from the overall- Antarctic
effort, thaî portion which hãd been applied to humpback whales.

IIl . CAÎCH AND LICH\TCE ITIMIîATION

As alread.y discussed., attempts to conserve hunpback
whales by means of catch and llcence timitation were lrnsuceessfult
partly bäcause each unit stock was not given separate consideration'
än¿ aiso because of a l-ack of inforrnatlon upon stock size and
sustainable yields. the Groups IV and V (west and east coasts
of Australia) breeiling stocks éf hunpUacks have each been reiluced
to a few hundred.s. Ín July 1963, the Inter::.ationa1 Ïllhaling
Commission passed a resolution prohibiting the capture of h'ump-
back whal-es ín the southern henisphêrê.

The naximun-sustainable catch fron the Group IV
population (tOop.-13OoE.) would prgbably be taken from a stock
ðoåtaining 1O'O0O hunpback whales (which was about the level in
1g4g) " Íhe best estimate of the period of protection need.ecl
for the remnants of thÍs populatlon to recover to that level 15

49 years, the most optinistic estinate (using^the higþest possible
váfäe foi r, and a võry low vaLue for M) is 28 years. lbe
naximum susiainable yield if the population were allowecl to
recover¡ has been estinated. to be l$O b.unpbacks per year
(crrittteborough, 1963) .
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Coruesponding estimates for the Group V population
(130og. - 1?OoW.) are T¡.at the maximun sustainable catch of
:¡õ f1.rpback wnaies could be taken from a stock level of ,81500
hñp6*kÀ after a- recovery perio¿ of more than 36 years (best
estimate 63 years)

The naximum sustainable catches from these populations
are so low that at nost each population might support one nodest
shore station or two sna;Ll stãtions. The effort required'.to
take the naximum sustainabLe catch each. year can be estinated'
fron the d.ata gathered during recent whaling operationso

Chittleborough (tg0¡) calculated that the average
catchlng polver of the four catching vessels ad'opted -as a
standarã ior the Group IV populati.on was 0.1 hunpbacks per
cateher steaming hour-for evéry 21000 humpback whales in the
catchable stockl 'When the Group IV population has recovered.
to the level where the maximum sustainable catch can be taken
(ã"iäñ"¡r"-ãtoãa 10,000 hunpbacks) !h" stand.ard, catchers could'
àoã""ã" 0.5 rrumpbacks per steaming hour. Thus the sustainable
catch"of 390 h;ñpbacks'would requlre the expend.iture of a total
ãiiãît-ãr"íéo ståamins hours. if a catchei steamed. for thiiteen
hours per day, the total cãicfr of 390 whales wou1¿ be taken in 60

*nafinå aays- át a rate of 6.5 per d?y:_ This rate is somewhat
above the average towing capaci-ty of- t4e catchers used as the
standard.. Theiefore two cátchers woul¿ be requlred'.or on'e

eatcher could-be operated over a longer period..but-steaning
fewer hours per aajr. Two catchers, each steamlng 6.5 hours
p"" d"y, atr¿-éãc¡. iakine 3.25 hgqlúack-whales E9r-dt{rrI::}*---
taAe tÍre sustalnable caãch of 39O-hunpback in 60 d'ays (assuning
oà d"t.ys clue to weather). Îþege estinates are based on
operations on the west coast of austral-ia d.uri-ng the northwarcl
mlgration" Operating costs would. no doubt determine the number
of catehing veäse1s tõ ¡e used in order to naxínlse the net economic
galn from ã catch limit based on maximum sustalnable yiglds'

The foregoing foreeast is, of course, of the operation.of
catchers similar to those fron whose operations are representeil i*
the ciata from-*ñich the forecast was mad.e. 0ver the indicateô tine
;ñ";;-(zS tã o¡ years) f9r recovery, signiflcant changes are
fit"fy io take-ifä"" iá whal-ing -eguipmen{". Ao * p-riori approach
to the vessels of the futurãr--iaai-ïg'advantage ol ffis such as

those referreá to here, shouÍd provlde a soux.d. basis f or decisiong
to be macle at, that time.
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34 R. G, CHITTLEBOROUGH

Summary

Results of studies of the structure and dynamics of two humpback whale stocks
of the southern hemisphere (group IV, ?0"E.-130"8.; group V, 130'E.-170'W.)
are drawn together. Estimates are made of recruitment and mortality rates, and an

assessment is made of the yields to be taken from these stocks under various conditions.
The two stocks are shown to be, in the main, independent of one another although

there is a negligible sporadic exchange between them. The group V stock is shown to
fragment, but probably randomly, in its northern migration.

Reproduction, nutrition, and growth are described. Birth rate of females is

estimated to be 0 . 1 86, and since the sex ratio is approximately I, the total birth rate is

about0'37. Parameters (vonBertalanffy) forgrowth areL*42'58 ftformales,43'2lft
for females; k6 :0'266, k9:0'205.

The history of exploitation is reported.
Population structure is described from evidence drawn from examination of

commercial catches; substantial changes in recent years (reduction of the numbers in
older groups) are described.

Measurement of effort, and an analysis of variations in selectivity of the killings
are reported in detail.

Decline in the abundance of these groups, group IV steadily since 1954 and
group V sharply since 1959, is described.

Total mortality, natural mortality, fishing mortality, and recruitment rates

are estimated and are used in estimating stock numbers and sustainable yields. The
group IV stock probably consisted of 12,000-17,000 individuals in its unfished state,

of about 10,000 individuals in 1949, and no more than 800 in 1962. The group V stock
probably contained about 10,000 individuals in its unfished state, but only 500 or less

in 1962. In its present state, group IV could give a sustainable yield of 18 (range 4-32)
whales, and group V of 12 (range 3-21) whales. The maximum yields these stocks could
sustain in completely regenerated state are :-group IV, 390 whales per year; group V, 330

whales per year. Group IV would require 28-49 years to reach that state, group V
would require 36-63 years.

I. INrRooucrroN

(a) Objectives

rWhen postwar whaling was re-opened on the Australian coast, in 1949 on the

west coast, and in 1952 on the east coast, a programme of rese.arch was commenced

upon the two populations of humpback whales being fished. While the ultimate
objectives of this research were the estimation of population size and assessment of
maximum yields under various exploitation regimes, the parameters of the populations
flrst had to be determined. Information concerning some of these parameters, i.e.

migration, reproduction, age, growth, and population structure, has already appeared
in various publications to which réference will be made in the relevant sections.

The present paper brings together all the available data (both published and

unpublished) relating to these two populations, to measure the parameters more
precisely, and to assess stock sizes and maximum yields at various levels of fishing.

(b) Material
(i) Commercial Catches

Apart from a few specimens killed under special licence for research purposes,
rnaterial for the study of these populations has been obtained from humpback
whales killed during commercial whaling operations. These operations were centred
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around shore-based whaling stations at Point Cloates, Carnarvon, and Albany on the
west coast, at Tangalooma (Moreton I.), and Byron Bay on the east coast of Australia,
at Norfolk I., and in Cook Strait, N.2., the locality of each station being shown in
Figure l. Catches of humpback whales were also taken by whaling fleets operating
in Antarctic waters to the south of Australia and New Zealand.

I 1ooE. 1 300E. 1 600E.
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Fig. l.-Individual movements (simplified) by 27 marked whales whose recapture provided

evidence of migrating behaviour in 1958-59. Rectangles indicate location of Antarctic
humpback whale catch in February 1959'

Commercial catches of whales are seldom (if ever) random samples of the

populations from which they were drawn; in this case the following factors were of
importance in the relationship between the commercial catch and the population.

The minimum legal length (35 fÐ renders the young whales invulnerable to
commercial operations. This regulation does not impose a knife-edge selection of
the whales to be killed. Varying degrees of selectivity are applied by individual
gunners. The level of selection may vary with the abundance of whales. When

whales are plentiful, individuals of approximately 36 or 37 ft may be approached

but passed by in favour of larger specimens.
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The method and level of catch limitation may influence the degree of selection
applied by gunners. In waters south of 40'S., where an overall catch limit has been
applied, the competition for catch in the short season perrnitted has left little time
for discriminating between whales, with the result that there has been very little
selection of large whales. Each expedition has competed for the greatest proportion
of the total limit. The allocation of separate quotas to each Australian station
reduced the competition between these stations so that they could afford to be selec-
tive. Gunners were encouraged to take large whales so that thc highest possible
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Fig, 2.-Abundance (at weekly intervals) of various categories of
humpback whales during northward migration past Albany (35'05'S.).

yield of oil could be obtained from the allotted quota. In some instances, gunners
were offered bonus payments based on the lengths of the whales killed. On occasion,
gunners have been instructed to take (where possible) only whales exceeding 40 ft
in length. The allocation of separate quotas to each Australian station led to some
competition between stations for the highest average oil yield per whale killed.

A change in the quota can result in a change in the level of selection; for example,
a reduction in the quota is likely to lead to the average size of the catch being some-
what higher than it would have been if the quota had remained unchanged, provided
there are sufficient whales from which to select.

The protection of female whales accompanied by calves imposes another
type of selection, a considerable proportion of the mature females being invulnerable
at most times since lactation continues for nearly 11 months. Calves are weaned
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in June and early July (Chittleborough 1958c), such females and their "yearling"
offspring being amongst the flrst to reach the Australian coast during the northward
migration (Fig. 2). Although there is little doubt that the'o yearling" offspring could
survive even if its parent was killed just prior to, or during weaning, interpretation
of the regulation protecting lactating females has varied from station to station
and from year to year. At some stations, gunners have spared females accompanied
by yearlings, or have taken these females only when no other whales could be found.
Lactating fenales would then be absent,.or under-represented in the commercial catch.

nontu eouNoffi

o
Uþ0IG03
úO loT
S.r)z

3l
vroo<_ 54r9u¿È
l
T

SOUTH BOUND

JU LY AUG,

CALV

SEPTJUNE OCT

Fig. 3.-Average weekly density (sightings per unit effort) of humpback whales migrating
north and south on the east coast of Australia in the vicinity of 28 "S. latitude during 196l,

At Australian whaling stations the availability of whales changes as the migrat-
ing stream passes during the northward and southward migrations (Figs. 3 and 4).

Within the migrating stream there is some segregation of the various categories of
humpback whales (Fig. 2). The period of commercial operations is then of importance
to the question of whether the commercial catch samples the population fully. A
whaling station with a small quota might filI its quota rapidly by operating only
during the height of the migration past that station, and in consequence the beginning
and end of the migrating stream might not be sampled.

On {.he other hand, an increase in the quota could extend the season so that
a much more intensive effort would be required in order to locate sufficient whales.
The station in Cook Strait, N.2., has not been limited by a quota, and operated
throughout the period of (northward) migration every year, so that its catch could
be expected to have been more representative of the accessible population than the

catches taken by stations operating under more restrictive conditions.

Commercial catches may vary in composition from one locality to another.
For example, during the northward migration, pregnant females are carrying near-

term foetuses, and the majority give birth soon after reaching the vicinity of 35'S.
Thus the catches at the more southerly stations, such as that at Albany, Western
Australia, and at Cook Strait, N.2., include high proportions of pregnant females
in their catches. By the time these females pass the more northerly whaling stations,
most are lactating and are, therefore, protected.
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Since all factory ships and shore stations are required to send details of their
catches to the Bureau of International Whaling Statistics, the records of humpback
whales taken from these populations in recent years should be complete. However,
there is evidence that not all catches of humpback whales taken in recent years have
been reported to International Whaling Statistics.

During the summer of 1954-55, the factory ship Olympic Challenger apparently
slaughtered humpback whales in the Antarctic without regard for the time of open
season, or the minimum legal length. The Panamanian whaling inspectors on board
attempted to cover these infringements by submitting falsified statistics of catches
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Fig. 4.-Relative abundance (catch per unit effort) of catchable
humpback whales each week offÄlbany (35'S.); northbound migration.

to the Bureau of International \Mhaling Statistics (Ruud 1956). In atl, 1097 hump-
back whales were taken from the group V population, but 170 were reported to
International Whaling Statistics, and 28 were taken from the group IV population
although none was reported. These illegal catches are included in the total catches
listed in Tables I and 2. There are grounds, reported later, for believing the records
to be incomplete in other respects.

(ä) Samplíng of Catch

Whaling inspectors on each shore station and Antarctic factory ship are required
to record, with respect to each whale in the catch, the date and location of killing, the
sex and total length, and in the case of females, the presence or absence of rnilk, and
the sex and length of foetuses. These data are available for all humpback whales
reported to the Burean of International V/haling Statistics as having been taken
from the group IV and V populations since 1949.
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At Australian whaling stations further material and data were collected from

humpback whales by the author, other members of CSIRO, and the whaling inspec-

tors. The most important of these items were the gonads and ear plugs required for
studies of reproduction and age determination. The numbers of these collected in

each year, and the percentage of the catch sampled for these organs, are showr\ in

Table 3. Efforts were made to avoid bias in the sampling of the catches. During the

earlier years most of the collections were made by a few research staff, seldom more

Tnsrr 1

HUMIBAcK wHALEs oF THE cRouP rv (70'E.-130"E.) rorurnrrou
Catches rePorted from 1949 to 1962

Year

Total
Recorded

Catch

1949
1950
1951

1952
1953
1954
1955
1956
1957
1 958
1959
1960
t96t
1962

190
1167
2336
2314
1496
1 578
1154
1951

t120
967

2tt3
611

584
599

Total West coast of Australia, 12,312 5868 18,180

*Reported as being killed illegally by F. F' Olympic Chøllenger.

t Redistributed after considering intermingling of populations IV and v (chittle-

borough 1959).

than one member at a particular whaling station, so that it was not possible to examine

all whales. Generally, whales processed during daylight and early evening were

examined, without any preference being given to any particular category of whale.

In recent years, the close cooperation of whaling inspectors has made it possible to

examine the majority of the whales caught.

The length frequency distribution of the whales examined generally did not

differ significantly from the length frequency distribution of the catch from which

the sample was taken, indicating that a representative sample of the catch had been

taken. The ear plugs of the small whales were often soft and more difficult to remove

intact than those of large whales. Consequently, the samples of ear plugs were less

(600)
(650)
(600)
(600)
(600)
(500)

(1000)
(1000)
(1000)
(1000)

(750)
(47s)
(540)

40
650
600
600
600
500

1000
l0t8
885
s4t
440
475
503

190
348
574
s36
603
600
500

Transferred

I

to
l

Carnarvon

0
0

141 3t
66

4
56

0
779

1112
1127

193

258
28*

832

Antarctic
(pelagic)

5l
100
120
126
119
toz
82

159
105
105

40

Albany
35' 05'S.,
117" 56',8.

(50)
(100)
(120)
(126)
(120)
(r20)
(t20)
(175)
(120)
(10s)
(100)

Australian Shore Stations
(quotas in parentheses)

Carnarvon
/ 24" 53',S.. \
(rr¡" ¡s'E./

Point Cloates

(ii;.';.h)

(600)
(600)
(600)
(600)
(603)
(600)
(500)
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representative of the small whales (those less than 39 ft in length) as shown in Figure 5.
This bias did not reach significant levels, except for the male ear plugs sampled on the
east coast of Australia during 1961 (Fig. 5). In this case the length frequency dis-
tribution of the sample aged from ear plugs differed at the lo/olevel from that of the
total catch of males.

Because of the difficulty of collecting ear plugs from the small (young) whales,
the distribution of ages in the sample should not be stepped up by a constant ratio
(total catch : number in sample) in order to obtain the distribution of ages in the

Tasrp 2
HUMeBAcK wHALEs oF THE cRoup v (130"E.-170oW.) loeura.rroN

Catches reported from 1949 to 1962

Year

1949
1950
1951

1952
1953
1954
1955

1956
1957
1958
1959
1960
1961
1962

Total 5115 15,577

*Reported as being killed illegally by F. F. Olympic Challenger.
f Redistributed after considering intermingling of populations IV and V (Chittleborough

1959).

whole catch. The best estimate of age distribution of the whole catch is obtained
by applying the age to length key, derived from the sample, to the length frequency
distribution of the whole catch. This technique has been applied in the estimation
of age distribution of all catches from these populations (see Section V (c)).

(äi) Treatment of Material

Accounts have already been given of the methods used for the examination
and interpretation of ovaries (Chittleborough 1954), testes, vertebral epiphyses
(Chittleborough 1955), ear plugs, and baleen (Chittleborough 1959c).

Antarctic
(pelagic)

Total
Recorded

Catch

141
982
273
868

1313
898

1,929

1207
102s
1023
2t63
2272
1274
209

0
903
162
146
504

0
7097*
194

0
0

88sT
931
293

0

2155

Australian Stations (quotas in parentheses)

(600)
(700)
(6oo)
(600)
(6oo)
(600)
(6oo)
(660)
(660)
(660)
(600)

600
700
598
600
600
600
600
660
660
591

68

New
Zealand

Norfolk I.
29'01's.,
167" sq',F..

Tangalooma

(i;;.T;:Ë)

Australia, 8307
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In the description of ovarian changes, chittleborough (195a) sÞted, with

little supporting evidence, that Graafian follicles exceeding 30 mm in diameter

were approaching ovulation. As this is an important criterion in distinguishing

phases within the reproductive cycle, further corroboration is given in Figure 6

Trsrp 3

SAMPLES OF GONADS AND EAR PLUGS COLLECTED FROM AUSTRALIAN HUMPBACK Iù/HALE CATCHES

West coast o.f Australia (group IV population)

Males Females

Ear Plugs

Year Per-
centageNumber

Catch

1949
1950
1951

1952
1953
1954
1955
1956
1957
1958
1959
1960
1,961

1962

2
34
47
59
56
7l
56

Total

East coast of Australia and Norfolk I. (group V population)

1952
19s3
1954
l 955
1956
1957
19s8
1959
1960
1961
1962

36.7
2t.4
38'2
51 '0
59 .9

7t.6

Total 724

which shows the diameter of the largest follicle in 938 female humpback whales

taken off the west coast of Australia from June to October. The modal diameter

of 20 mm, characteristic of immature females, as well as of those in dnoestrus and

lt23

0
0
0
0
0
0
0

12
187
2t9
22r
155

195
r34

49.1
23.4
29.7
s3 .9

43 .0

24-3
t.5

63.0
97.2
95.6
95.7
96.0
96.7
96.2

27
32
92

278
246
150

I
279
521
438
353
263
263
230

55

137
310
516
572
617

543
443
536
458
369
274
272
239

Number

Ovaries

Total
Catch

Per-
centage

i 
s:+r | 3r8o 

I

4.7
31.2
45.8
54.1,

5l .3

70.9
61.2

Per-
centage
of Catch

I 168

Number

0
0
0
0
0
0
0

32
t82
233
179
t39
2t7
186

Ear Plugs

43.6
24'2
15 .3

1.0

16

83

86
76
76
95
92

J

7
2
7

8

I
I

Per-
centage
of Catch

2744

0
0

395
161

111

7

0
110
488
439
254
208
291
280

Testis Weight

Number

6937

135

250
907
666
726
692
581

676
583
509
331

271
306
304

Total
Catch

t9t6

104
t2t
148

118

195

198
12r
252
282
304

t5

69.3
63.4
71.5
52.2
66.6

45.5
77-1
72.7
92.4
98.6

94
57

l2s
198
197

53

2707

150
191

207
226
293
256
266
327
388
329

'74

34.9
16'2
37.3
46'6
66.3
76.7

51 .

39
58

7

18

45
35

43
53

99
100

9
3

3

5

0
6
7
I
9

5

0

^o93
236
276
379
79

12672698

233
200
298

JI

190
267
205
273
3t9
569
103

5599

449
509
511
494
577
585
574
633
592
572
103
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metoestrus is clearly illustrated. A second peak at a follicle diameter of 4245 mm
which is shown in the results from mature (non-pregnant) females which did not
caûy ù newly ruptured follicle nor a recentþ formed corpus luetum, \ryas not present
in the histoþram for females which had recently ovulated. Maturation of a follicle
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Fig. 5.-Male humpback whales from the east coast of Australia,
1959-61. Length frequency distribution of catch and of sample aged

from ear plugs.

from the resting (anoestrous) phase is apparently a rapid process, as there are few
follicles from2l to 36 mm in diameter (Fig. 6å). Females carrying a follicle exceeding
30 mm in diameter are approaching ovulation. On this basis, some of those females
included in Figure 6a as immature, \ryere in fact diagnosed as pubertal females killed
during their first pro-oestrus.
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II. IoBNrlrv or Popul¡.tIoNs

(a) Geographic Limits, Ranges, and Migrations

As reviewed by Mackintosh (1942), five more or less self-contained populations

of humpback whales have been recognized in the southern hemisphere. Two of
these are accessible to Australian shore-based whaling stations.
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Fig. 6.-Diameter of largest Graafìan follicle in each of 938 female

humpback whales taken on the west coast of Australia between June
and October.

Humpback whales which spend the winter months off the west coast of Aus-

tralia, and the summer months concentrated in Antarctic waters in the vicinity of
80'8.-1 l0'8. are known as the group IV population. The migration of these whales

between the summer feeding grounds and the winter breeding grounds has been

amply demonstrated by recapture of marked whales (Rayner 1940; Chittleborough

I959a). The meridional limits of this population are given as 70"8. and 130'E.,

but these cannot be regarded as rigid boundaries.

Humpback whales which in the summer months are concentrated in the

Antarctic in the vicinity of 150'E.-180oE., and which migrate in the autumn to the

east coast of Australia (Chittleborough 1959ø) and the islands in the south-west
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Pacific Ocean (Dawbin 1959), comprise the group V population. The meridional
limits of this population are given as 130'E and 170"w., but there is some doubt as

to the eastern limit of this range.

During the winter (breeding) season the majority of these humpback whales
reach 20oS. latitude; Dawbin (1956) considers that most of the group V population
reach 15'S. However, there is no particular latitude along the west and east coasts
of Australia where migration ceases and breeding commences. Some individuals
may migrate north of 10'S., while a few (late in their northward migration) may
not reach 30'S. Parturition has been recorded as far south as Albany (35'S.);
such females continue to move northwards during the first few weeks of lactation.
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Fig. 7.-Proportions of southbound humpback whales in weekly sightings
fromthespotting aircraft operating from Point Cloates in 1953.

A few of those in the extreme vanguard of the northward migration may
reach the Australian coast in April but the main part of the north-bound stream arrives
in June. Figure 3 shows that on the east coast of Australia (in 1961) most of the north-
bound humpback whales passed 28 "S. latitude during June and July, while a few
stragglers were still making their way northwards as late as october. The south-
ward migration took place mainly from the latter part of August until mid-October.
The mid-point (in time) between the northward and southward migration (in that
year) was close to August 15.

The group IV population migrates along the west coast of Australia at times
similar to those at which migration occurs on the east coast. The northward migration
past Albany (35'S.) is shown in Figure 4 (humpback whales do not pass Albany
on their southward migration). At Point Cloates (22+"5.), the point in time mid-way
between the northward and southward migration was close to August 24 in 1952
(Chittleborough 1953), and August 20 in 7953, as shown in Figure 7.

The time at which the migrating stream of humpback whales passes a particular
locality varies slightly from year to year, as shown by Dawbin (1956) who compared
the times at which the peak of the northward migration passed through Cook Strait,
N.2., in each of 35 years. The difference between the earliest of these (June 21 in
1947 and 1950) and the latest (July 29 in 1933) was 38 days. In the northward
migration of group IV humpback whales past Albany (Fig. 4), the peak density
was approximately 3 weeks earlier in 1959 than in 1956. Annual variation in the
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availability of food in the Antarctic (either by behaviour of the Euphausia them-
selves, or by climatic changes such as the formation of sea ice making the Euphøusia

inaccessible) might be responsible for these annual variations in the time of the
northward migration, but there are no precise data concerning these conditions in the
Antarctic.

The speeds at which individual humpback whales travel during undisturbed
migration have been measured by direct (aerial) observations over periods of a few
hours, giving speeds from 2'6 to 7'7 knots (Chittleborough i953), the mean of the
values being 4'3 knots. Similar speeds have been maintained for longer periods by
humpback whales marked during their migration along the Australian coast; one
travelled a minimum of 520 nautical miles during 6 days subsequent to marking
(average speed 3.6 knots), while another travelled at least 430 nautical miles in 7
days (average speed 2'5 knots). That these speeds can be maintained over very
considerable distances was demonstrated by a humpback whale marked when
passing through Cook Strait, N.2., on June 15, 1960, and shot 20 days later off
Moreton I., on the east coast of Australia. The shortest distance between these

points is 1350 nautical miles, so that this whale must have averaged at least 2'8
knots.

In contrast to these relatively rapid movements by individual whales are those
of whales seen idling or playing with little active migration. Some whales may spend

several days in one locality before continuing their migration. For example, a

humpback whale marked on July 30, 1960, close to Norfolk I., was killed 10 days later
in the same locality.

Dawbin (1956) calculated the average rate of progression of the whole popu-
lation during migration from the times at which the maximum density of the north-
bound whales passed widely separated observation points. His ûgure of I '3 knots
is the rate of progression of the whole population in the course of its northward
migration. Individuals may vary their speed from time to time, and sometimes

change their direction temporarily. Some of the individuals shown in Figure 3 as

migrating northwards during September and October may actually have been south-

bound whales which were milling around at the time observed.

Although most humpback whales have left the Australian coast by the end of
October, some have been sighted in these waters in November and December.

Three separate females seen migrating southwards along the west coast during Decem-

ber had probably been late in making the northward migration, each being accom-
panied by a calf (see Section II (d). The appearance of such whales, late in
making their way south, and of others exceptionally early in migrating from the
southern feeding grounds, might have been what led Mackintosh to suggest (Mackin-
tosh 1942, p. 238) that a few humpback whales remain in subtropical waters through-
out the summer.

During the summer the group IV population feeds in the Antarctic between
56'5. and 66'5. latitude, and the group V population from 59'S. to 68'S. (Omura
1953).
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(b) Disøeteness of Populations

Very few humpback whales winter off the south coast of Australia. Occasionally
an individual may terminate its northward migration at the head of the Great
Australian Bight. Calaby (personal communication) sighted a humpback whale
there (at 130' 30'8.) on August 3, 1952. A female humpback whale and its new-
born calf were reported in St. Vincent Gulf, South Australia (138+'8.) during the
winter of 1961. On the western side of Australia some humpback whales meet

the south coast during their northward migration, but they then follow the coastline
to the west and south-west (passing the whaling station at Albany) until they can con-
tinue their northward migration up the west coast. Humpback whales do not pass the
station at Albany at the time of the southward migration.

Since almost all members of these populations are distributed along the coast-
lines to the north of 30'S. during the winter (breeding) season, there is complete
reproductive isolation, as the two populations are separated at that time by the
Australian continent.

The geographic distribution of catches from these populations during the
summer (feeding) season (Omura 1953, fig.9; Chittleborough 1959å, Table 3)

would indicate that there is generally little exchange of individuals between these
populations in Antarctic waters. Humpback whales are seldom captured in the
region from 1 20 "E. to 140 "E. A reservation which must be made here is that in recent
years the period of open season for hurnpback whales in the Antarctic has been so

brief (4 days) that the location ofcatches reflects the positions offactory ships at that
time. V/haling masters endeavour to place their vessels in regions of greatest density
of whales, and if already operating successfully on fin whales, they would not move
the fleet for the short season on humpback whales.

The composition of the catches taken from the group IV and V populations
from 1949 to 1954 affords evidence that there was little interchange between these
populations. During this period the lengths of males and females taken each year

decreased both in the catches from the northern (west coast of Australia) and
southern (Antarctic area IV) ranges of the group IV population (Chittleborough
1958ø). On the other hand, the sizes of whales taken from both the east coast of
Australia and from Antarctic area V remained at similar high levels during those
years.

The migrations by individuals from these populations are demonstrated from
the subsequent recapture of humpback whales marked off the Australian coast
(Table 4, and also Chittleborough 1959a), near islands in the south-west Pacific
Ocean (Dawbin 1959), and in Antarctic waters (Rayner 1940). The intervals be-

tween marking and recapture ofthese whales ranged from a few days up to 17f years.

Only those killed 6 months or more after marking can be considered to have had an
opportunity to move from one population to another.

Of the hurnpback whales marked when within the territory of the group IV
population (70"8.-130"E.),56 have been recaptured after 6 months or more. Of
these, 54 (96'4%) had remained in the group IV population, while the remaining
two had entered the confines of the group V population.
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Of the humpback whales marked when within the territory of the group V
population (130'E.-170'V/.), 84 have been recaptured after 6 months or more. Of

TasL¡ 4

HUMpBAcK wHALEs MARKED oFF AUsTRALIÄ AND ALL KNowN REcApruREs FRoM THEsE up ro 1962

Marked Whales Recaptured Whales (number of years after marking)

Year
Number
Marked Locality 6 9

1950
19s2
1953
1954

I 955 180

1956 376

(A) Humpback whales marked off east coast of Australia (group V population)

4
4

14

66
Eastern Australia
Eâstern Australia
Antarctic Area V
Western Australia
Eâstern Australia
New Zealand
Antarctic Area V
Antarctic Area IV
Western Australia
Eastern Australia
New Zealand
Antarctic Area V
Antarctic Area IV
Eastern Australia
New Zealand
Eastern Australia
Antarctic Area IV
Eastern Australia
Antarctic Area V
Eastern Australia
,A.ntarctic Area V
Eastern Australia
Eastern Australia

2

J J93

2

2
I
3J2

2

3

1957

1 958

1959

1960

t96l
1962

61

123

57

116

I
I

1

2

1

34
4

1949
t9s4
1955

16

2t
69

6

80

46
12

20
17

(B) Humpback whales marked off west coast of Australía (group IV population)

Western Australia
Western Australia
Western Australia
Antarctic Area IV
Western Aust¡alia
Western Australia
Antarctic Area IV
Western Australia

I
I
1 1

I1956
1957

2
1

I1958
1960
t96t
1962

these, 73 (86.9%) had remained in the group V population, l0 (11.9%) had moved
into the area of the group IV population, while one had joined the group I population
(120'w.-60'w.).

76+5+54t43+3ol*ì,1,*1,1,*t"lt"tt"
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During the period of study the exchange between the group IV and group V
population took place mainly in the summer feeding season of 1958-59. Chittle-
borough (1959b) has shown that catches ofhumpback whales taken during February
1959 from the eastern portion of the Antarctic feeding grounds of the group IV
population (i.e. from 110"8. to 130'8.), comprised approximately equal numbers
of individuals from the group IV and group V populations. That there had been

an expansion of the feeding area of the group V population in that summer was
confirmed by the capture in the eastern part of the group IV sector, of eight hump-
back whales marked when in the normal range of the group V population.

The movement between these two populations during the summer of 1958*59

has been further clarified by the results from the recoveries of marks fired during
that summer. Figure 1 illustrates the movements of marked whales which were
either marked or killed in the summer of 1958-59 or the following winter. During
the summer of 1958-59 the group V population extended its feeding range to overlap
the feeding area of the group IV population (which apparently had not been dispersed
any more widely than usual). During the autumn, the majority of the members of
the group V population which had penetrated the eastern part of the feeding grounds
ofthe group IV population, returned to the normal range ofthe group V population,
migrating to the east coast of Australia. However, some (at least two) of the group V
population remained with the group IV population and migrated to the west coast
of Australia (Fig. l). The differences in abundance of whales, and in the composition
of catches on the west and east coasts of Australia during the winter of 1959

(Chittleborough 1960), suggest that very few individuals from the group V population
had remained with the group IV population during the autumn northward
migration.

The evidence of humpback whale sightings, catches, catch composition, and
of movements of marked whales, indicates that these populations remain separate
in most years. Intermingling occurs occasionally in the southern feeding grounds,
but this does not lead to much permanent exchange between the populations
(perhaps because of some inherent instinct of individuals to return to the locality
where they were born).

Little is known of the factors responsible for maintaining the discreteness of
southern humpback whale population in Antarctic waters during the summer
feeding season. Beklemishev (1960, 1961) has postulated that humpback whales
gather to feed on concentrations of Euphausia superba brought to the surface in
centres of upwelling induced in the Antarctic Divergence by atmospheric
cyclones. These cyclones are reputed to be quasi-stationary and to re-form in the
same localities, concentrations of krill being brought to the surface in the centres of
upwelling so produced. If this is the mechanism by which populations of
humpback whales remain separated during the feeding season, we might interpret
the wider dispersion of the group V population during the summer of 1958-59 as

having been caused by poor development of the system of quasi-stationary cyclones
in the vicinity of the Balleny Is. (160'E.) at that time.



POPULATION DYNÄ.MICS OF THE HUMPBACK \ryHALE 49

(c) Morphologicøl Dffirences

Lillie (1915) distinguished seven colour patterns (four main and three
intermediate groups) in humpback whales, these patterns ranging from completely
black bodies (given as group 4) to individuals having white skin on the abdomen
and sides (group l). By comparing the frequency of occurrence of the various
colour patterns, Matthews (1938) showed that humpback whales from South
Georgia and South Africa (populations II and III) were predominantly of the darker
patterns, while those from new Zealand (population V) were generally less
pigmented. Using these seven colour patterns, Omura (1953) produced further
evidence of a progressive decrease in pigmentation amongst Antarctic humpback
whales from the South Atlantic eastwards towards the Ross Sea.

T¡srn 5

FREQUENCY OF OCCURRENCE OF FOUR COLOUR PATTERNS IN HUMPBACK WHÄLES

SAMPLED FROM VARIOUS LOCALITIES

Locality
Frequency of Colour Pattern (%,)

3 4

S. Georgia and S. Africa
(Matthews 1938)

Male
Female

16'0
17.9

68.0
78-6

16.9
18.0

19.9
15.1

13-7
14'4

1,2.0
3.6

25
28

599
428

West coast of Australia Male
Female

Male
Female

34
36

36

39

1

2

9
9

32,9
32.0

East coast of Australia 6t9
281

Because observers differed in their interpretation of the ill-defined intermediate
patterns, only the four main colour patterns figured by Lillie and Matthews are used in
comparison of Australian samples (Table 5). Figure 8 shows that although the
complete range of colour patterns is found in each population, the less pigmented
individuals are more plentiful in the group V population (east coast of Australia)
than in the group IV population (west coast of Australia), while in the South
Atlantic Ocean (group II and III populations) most individuals are heavily
pigmented ventrally as well as dorsally.

Measurements were made of various parts of the bodies of humpback whales

killed on the west and east coast of Australia, in order to determine whether
members of these two populations differed significantly in body form. Statistical
analysis of these measurements showed greater differences between the measurements
taken by two observers measuîing whales from the same population than between
measurements from whales of the two populations.

Although these two populations of humpback whales are separate entities,
there is apparently sufficient interchange between them to prevent genetic differences
from reaching significant levels. Thus there is little justiflcation for the separation
of races or subspecies of humpback whales within the southern hemisphere, as

has been done by Ivashin (1958).

2

4.0
0.0

t6.2
13 '8

29.4
30. 5

Number

Sample

Sex
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(d) Segregation within Populations

(i) Sub-division of Breeding Grounds

While the group IV population has only one breeding area (along the west
coast of Australia), the group V population is widely dispersed during the
breeding season. A large portion of the group V population breeds along the east
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Fig. 8.-Frequency distribution of four colour patterns amongst humpback
whales sampled from populations II-[I (South Atlantic), IV (west coast of

Australia), and V (east coast ofAustralia).

coast of Australia, but other members gather around island groups of the
south-west Pacific Ocean. Dawbin (1959) postulated from the movements of marked
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whales recaptured up to 1958, that this population of humpback whales did not disperse
at random across the width ofthe tropical breeding zone, but that individuals generally
returned to the same coastline or island group year after year. From these results,
Dawbin suggested that the population was segregated to some extent into a number
of breeding units and that the individuals usually returned to breed in the locality
where they had been born and weaned.

The total numbers of humpback whales marked (up to 1960) in the northern
area of distribution of this population were 946 on the east coast of Australia and
875 off the south-west Pacific islands. If these whales returned to the locality of
marking (after mingling freely in the Antarctic feeding area), then whaling on the
east coast of Australia should recover only marks implanted off that coast.
However, if the whales remained randomly dispersed in their northward migration,
whaling on the east coast of Australia should yield marks from both the east coast
of Australia and the south-west Paciflc islands, in the proportion946:875. Table 6

shows the recoveries of marks on the east coast of Australia in recent years and
compares their origins, as observed, with what would be expected by the hypothesis
that the marks from the two regions would be randomly distributed. Recoveries
on the east coast of Australia during 1959 would support the theory of segregation
of breeding grounds within this population, whereas the recoveries on this coast in
1960 and 1961 support the hypothesis of random distribution during the breeding
season.

From the recoveries of marks up to 1959 there may have been partial
segregation of breeding grounds within the group V population, but this appears to
have broken down in 1960 and 1961.

(1i) Segregation during Migrøtion

Chittleborough (1958ó) and Dawbin (1960) showed that during the northward
migration the whales of certain categories within the population travel ahead of
others. These authors were not able to measure the abundance of one category
relative to another throughout the migration past the particular points. This is now
shown in Figure 2for the population passing Albany (35"05'5.) on the south-west
coast of Australia during the combined northbound migrations from 1952 to 1961.

As set out in Table 7, the mean catch per 10 steaming hours within 7-day periods is
used as an index of the abundance of each category. Because of the minimum
legal length (35 fÐ, the immature groups are not fully vulnerable, so that the values

shown in Figure 2 and Table 7 for immature groups are instead the abundance of
those exceeding 35 ft.

Figure 2 shows that sexually immature individuals and mature females

terminating lactation are in the vanguard of the northward migration. Non-pregnant
rnature females (those which had been in non-lactation anoestrus, and others which
had completed lactation) continue to pass throughout the period of the northward
migration, while pregnant females (carrying near-term foetuses) are in the rear of the
northward migration. Adult males are most abundant in the centre of the migration,
and continue to be relatively plentiful in the latter portion of the migrating stream.
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Segregation of the various categories during the northward migration may
be the result of each leaving the Antarctic feeding grounds at a different time. There
is no indication that individuals within a particular category travel at a higher average
speed than those in any other.

Partial segregation of the various categories of hurnpback whales is
apparently continued during the southward migration, those which were first to
arrive in temperate and tropical waters being the first to depart on the southward
migration. The pregnant females, which were amongst the last to migrate
northwards (Fig. 2), gave birth on reaching warmer waters (Chittleborough 1958c),
and were then amongst the last to migrate southwards (Chittleborough 1953, and also
Fig. 3 above).

Tesrn 6
RECENT RECOVERIES ON THE EAST COAST OF AUSTRALIA OF MARKS FIRED ON OR NEAR

THE BREEDING GROUNDS OF THIS ?OPULATION

Origin of Marks

Year of
Capture East Coast of Australia S.W. Pacific Is.

Expected* Expected*

1959

1960

1961

8

9

7

4.16

4.68

3.64

3.84

4.32

3.36

* On the hypothesis olrandom distribution.

The main stream of humpback whales migrating past Australian shore
stations passes within 10 miles of the coast; few humpback whales are seen or
captured more than 20 miles from land in the vicinity of these stations, in spite
of much wider ranging of searching aircraft and vessels operating from these stations
in recent years. The various categories of humpback whales listed in Table 7 are
dispersed across the width of the migrating stream, no group being confined either
inshore or staying further offshore than any other group.

III. Lmr Hrsronv

(ø) Reproduction
(i) Puberty

From the histological examination of testes, Chittleborough (1955a) showed
that the length of the males at puberty ranged from 33'3 to 40'8 ft with a mean of
36.75 ft. The average weight of the paired testes at this stage was 4'0 kg.

From the ages determined from baleen traces of 238 male humpback whales,
Chittleborough (1959c) showed that the mean age of males at puberty was between
4 and 5 years, more males reaching puberty at 5 than at 4 years of age. Further
evidence upon the ages of males at puberty is given in Figure 9 which shows the growth
of testes (by weight), based on the data from 1067 males. Using the testes weight

Observed

0

4

3

Observed

I

5

4

Total
Marks

Recovered
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RELATTW ABTJNÞANCE, AS INDTCATED By CATCH pER UNIT EFFORT, OF VARIOUS CATEGORTES OF HUMPBACK WHALES THROUGHOUT TrrE NORTHWARD MTGRATION

PAsr ALBANY (35'05'S.)

Combined data from 1064 humpback whales taken from 1952to 1961

Catch Cagetory

Mature
Males

Week
Ending:

Hours

May 28 0
0.05
0.05
0.11
0.33
0. 53

0.73
0-66
0.58
0'50
0.40
o-29
0.31
0-47
0.16

July

23

Aug.

Sept.

Catch
per
l0

H

lr
È

z

z
z
o(t

Ft

H
e2
E

o
ñ
¿

E

June
11

18

(,t
(JJ

961064 1.75 16798 1.651481 .841.781.18 142 4t3

0
0
2
6
7

4
12

32

25
2t
20

6
6
0
I

0.11
0.05
0. 19

o-21
o-23
0.15
0.13
0. 10

0.01
0
0
0
0
0
0

I
I

11

l9
24
t4
l4
ll
I
0
0
0
0
0
0

0.lt
0.24
0.51
o.7t
1 .09

I'19
1.62
1'60
1.36
1.15
0.94
0.84
0.75
0.75
0.48

1

5

30
65

lt3
115
170
t74
120
109
80
40
31

8

J

87 .5

204.2
584.8
915.2

1038 .2

962.8
1051.2
1090.2

883 .2

946.2
854.0
477.2
413.2
106.2
62.s

0
0
0
0
0
0
0
0
0
0
0
0

0
05
l4
20
29
2l
28
22
l5
18

04
06
02
0
0

0
I
8

18

30
20

29
24
t3
17

J

3

1

0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
02
08
06
l7
19

23
34
22
28
l6

0
0
0
0
0
2

8

6

15

18

20
t6
9
J

1

0
I
J

10

34
51
1a

72
5l
47
34
l4
t3

5

I

0
0
0
0
0
0
0
0
0
0
0
0

0
t0
10
l3
l7
25

29
27
l7
06
04
02
05
0
0

0
2
6

12
t8
24
30
29
l5

6

J

I
2
0
0

0
0

0.03
0.07
0.07
0.04
0.1I
0.29
0.28
0.22
o-23
0.13
0.15

0
0. 16

Number
Killed

Hours HoursHours HoursHours

Mature Females

Non-pregnant

Post-lactation

Number
Killed

Number
Killed

Number
Killed

Pregnant
(near-term)

Immature
Males

Immature
Females

Catch
per

10

Catch
per

10

Catch
per
10Number

Killed
Number
Killed

Catch
per
10

Catch
per
10

Terminating
Lactation

Hours

Total
Catch

(hump-
back

whales)

Total
Effort

(steam-
ing

hours)

Catch
per
10

Tot¿l 5.17
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of 4'0 kg as a criterion, puberty can be said to be reached at 3-6 years of age, Il .8%
being mature at 3 years, 33'0o/o at 4 years, 85.4o/o at 5 years, and 95.00/" at
6 years.

From an examination of females captured during their first oestrous cycle,
Chittleborough (1955ó) found that females at puberty ranged in size from 35.2 ft
to 43.5 ft, with a mean length of 38.50 ft. Subsequently, Chittleborough (1960b)
showed that the mean length of pubertal females taken in the catch varied with the
degree of selection applied by gunners, and that after a periotl of intensive ancl
selective killing, the capture of the slower growing individuals remaining in the
population, resulted in an apparent decrease in the mean length at puberty.
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Fig. 9.-Distribution of testes weights and mean of each age group (x) in 1067 male
humpback whales fron-r Australia. Ages by ear plugs.

ln New Zealand, under conditions of minimurn selectivity, Dawbin (1960)
estimated the average length at the attainment of sexual maturity to be 38 ft for
males and 39'5 ft for females. These whales were killed early in the northward
migration, so that pubertal whales were not available for study. Chittleborough
(1955b, p. 318) showed that the mean length of females reaching sexual maturity
(l year after puberty), on the west coast of Australia, was 39.66 ft.

From the ages determined from the baleen traces of 391 female humpback whales,
Chittleborough (1959c) showed that the majority of females reach puberty at 4 and
5 years ofage. Further evidence upon the ages offemales at puberty is given in Figure
10, which is based upon the data from 1603 females whose ovaries and ear plugs
were examined at Australian stations. While the ages at puberty range from 2 years
to a (doubtful) extreme of l2 years, the majority of individuals (70o/") attain puberty
zt 4 and 5 years of age. No indication has been found of any significant variation
in age at puberty from year to year or between the group IV and group V
populations.
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(ä) Breeding Season

Male humpback whales undergo a seasonal sexual cycle, as evidenced by changes

in testes weight and spermatogenesis. Chittleborough (1955a), Symons and Weston

(1958), and Nishiwaki (1959) have shown that testes weights are lower in males taken

in polar waters during the summer (feeding season) than in those captured in

temperate and subtropical waters during winter months (breeding season)'

Matthews (1938) and also Symons and Weston found very little testicular activity

during sumrter tno¡ths when the malcs wcre in Antarctic waters, while spermatozoa

were plentiful both in testes tubules and in vasa deferentia of adult males taken off

the Australian coast from June to october (chittleborough 1955ø).
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Fig. l0.-Percentages of sexually immature, pubertal, and mature females in
each age group; data from 1603 female humpback whales from Australian stations.

Because of this seasonal activity of testes, the relationship between testes weight

and age, shown in Figure 9, is valid only for the duration of the breeding season.

The mean testes weight of 4'0 kg at puberty may not be applicable to males taken

in polar waters, or even in New Zealand during the early part of the northward

migration. This may account for the somewhat higher lengths of males at maturity

estimated by Dawbin (1960) in New Zealand and by Omura (1953) in the Antarctic

both of whom used the testes weight of 4 kg as the criterion of maturity.

Contrary to Harvey's (1963) interpretation of the evidence given by

Chittleborough (1954), female humpback whales are seasonally polyoestrus. Most

oestrous cycles occur during the winter and early spring (June-October in the

southern hemisphere) when the whales are in temperate and subtropical waters.

There may be one or several successive cycles, terminated when conception succeeds

or when the female migrates to the polar feeding grounds. In each oestrous cycle

there is generally a single ovulation but multiple ovulations (seldom involving more

than two follicles) occur occasionally.
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The average rate of ovulation is I '1 ovulations per year (Chittleborough 1959c),
but the distribution (in time) of ovulations during the 2-year breeding cycle has
not been fully elucidated. Chittleborough (1959c, Table 5) estimated that during the
first ovulatory season of the 2-year breeding cycle, there was an average of 1.2
ovulations per mature female. If this were so, a very high percentage of females
should have a post-partum ovulation in order to achieve an average annual rate of
1 '1 ovulations per year. However, Dawbin (personal communication) who has
examined the ovaries of female humpback whales killed (by Tongan natives) soon
after parturition, found no evidence that post-partum ovulation is of frequent
occurrence in this species. Because of this, the actual rate of ovulation at the comm-
encement of a2-year breeding cycle maybehigher than 1.2 olulationsperfemale.
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Fig' 11.-Distribution in time of 432 pubertal females killed (a) shortly before,
(å) soon after the first ovulation, during operations throughout the Australian

season.

Re-examination of ovarian material collected during the ovulatory period has
led to the conclusion that in the ovaries of a female killed during the second or third
successive oestrous cycle of a season, involution of the first corpus luteum had in
many cases proceeded to the extent that it was classed as a corpus albicans (of an
ovulation in a previous season). Robins (1960) presented evidence that an average
of I '48 ovulations occurred in females during the breeding season at the comm-
encements of the 2-year breeding cycle, but he then regarded this as the average
annual rate of ovulation.

Laws (1961) suggested (from indirect evidence) that oestrus and pairing in the fin
whale took place later in the season for primiparous females than for multiparous
females. This can be checked by direct observation in the case of humpback whales
taken at Australian shore stations. Although immature females (of all sizes) are
present in Australian catches during June (Fig. 2), very few have the rnaturing
follicle which would indicate prooestrus of the first oestrous cycle. Females in this
condition (approaching their first ovulation) are taken more frequently during July
and in early August (Fig. 11). Most of the pubertal females had ovulated by mid-
August, although a few did not ovulate until October. From this evidence, obtained
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from 432 pubertal females, the first ovulation can occur between June and October,

but most ovulate early in August. This is almost the same result as that obtained by

Chittleborough (1956) for multiparous female humpback whales.

The timing of the first ovulation did not vary from year to year, nor did it
differ in the two breeding regions under study (west and east coasts of Australia).

(äi) Pregnøncy ønd Lactation

The gestation period is of approximately 1l$ months, conception generally

occurring early in August, and parturition at the end of the following July or the

beginning of August (Chittleborough 1958c), both conception and parturition

taking place along the coasts of Australia. Embryonic and early foetal stages have

been described by Stump, Robins, and Garde (1960). A foetal growth curve for
this species is given by Laws (1959). Generally a single foetus is carried;

Chittleborough (1958c) recorded twins in 0'28% of pregnancies. The modal length

at birth is 14 ft (a.3 m) (Chittleborough 1958c). Caudal presentation at birth has

been described by Dunstan (1957).

Lactation extends over 10$-11 months (Chittleborough 1958c), weaning taking
place during June and early July as the whales reach temperate latitudes (Fig. 2 of
this paper). During their first Antarctic summef, calves from 6 to 9 months of age

might supplement their milk diet with euphausiids, but there is no defrnite evidence

of this.

Sharks and killer whales are probable causes of mortality among calves

(Chittleborough 1953). If the calf is lost at or close to the time of parturition, oestrous

cycles recommence (Chittleborough 1958c). Oestrus can follow parturition while the

female is suckling a calf but, as discussed in the previous section, post-partum

ovulation is probably not of regular occurrence in this species.

(iv) Rare of Reproduction

The breeding cycle of the female humpback whale is basically a 2-year one

(Chittleborough 1958c), variations of which can result in either one or two calves

being born in that time. However, successive breeding cycles do not necessarily

follow immediately one after another; a resting year (when a female is neither pregnant

nor lactating) may intervene between two cycles.

The reproductive rate could be measured if the corpora albicantia derived

from previous pregnancies could be distinguished from those of ovulations which

did not lead to pregnancy. Various attempts have been made to separate corpora

albicantia into these two categories. Robins (1954) suggested that corpora albicantia
from an earlier pregnancy are characterized by a central cavity or capsule ofconnective

tissue. However, Laws (1958) and Ivashin (1957) do not accept this theory. Ivashin

claimed that the two types of corpora albicantia could be distinguished by size,

density, texture, and content of connective tissue, but his descriptions are very similar

to the "young" and "old" stages ofcorpora albicantia involution described by Laws.

To date, there is no reliable method by which corpora albicantia can be separated

into those derived from pregnancy and those from unsuccessful ovulations.
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A direct rreasure of the birth rate is the percentage of mature females found
to be pregnant among those killed just prior to the period when parturition occurs.
The whaling station at Albany is suitably located for such observations, as the
population passes shortly before parturition occurs. The fishing effort expended has
fluctuated from week to week during a season, and also from one season to another,
operations sometimes terminating before the pregnant females had passed. These
difficulties were resolved by expressing the abundance of pregnant and non-pregnant
mature females in weekly periods throughout the season, in terms of catch per unit
of effort, as shown in Table 7. From these values, the total relative abundance
of non-pregnant mature females was 2.96 units, and that of pregnant females was
1 '75 units. Then, 1 .75 : 4.71 or 37.2o/o of the mature females give birth each year,
i.e. the average annual birth rate is 0.37 in this species.

(b) Nutrition
(i) Food and Feeding

The most important item in the diet of humpback whales is Euphausia superba
which is taken in large quantities in Antarctic waters during summer and autumn
(Matthews 1938; Mackintosh 1942; Mizue and Murata 1951; Nemoto 1959).

Nemoto and Nasu (1958) found that Thysanoessa macrurq was of some importance
in the diet of humpback whales in Antarctic waters between 130'V/. and 100'\ù/.

According to Beklemishev (1960, 1961) humpback whales gather to feed upon
late larval and adolescent Euphausia superba which are concentrated in regions of
upwelling along the Antarctic Divergence. These centres of upwelling are considered
to be produced by quasi-stationary cyclonic depressions which re-form in the same
localities. Klumov (1961) estimated that humpback whales feeding in polar waters
consume 1-1 '5 tons of euphausiids per day. He postulated that dense concentrations
(exceeding 2000 mg/m3) of these organisms are actively sought by the whales using
echolocation, vision, and touch.

Fish have been recorded occasionally in the stomachs of humpback whales
(Matthews 1937; Nishiwaki 1959; Nemoto 1959) but in these instances the fish
may have been swallowed accidentally by the whale while both fish and whale were
feeding on the plankton.

In somewhat warmer waters, the pelagic Grimothea post-larvae of Munida
gregaria are eaten while humpback whales are migrating along the coast of Patagonia
(Matthews 1932) and New Zealand (Dawbin and Falla 1949;Dawbin 1956). Dawbin
points out that.off New Zealand the humpback whales could feed on Grimothea
only during the southward migration of the whales, as shoaling of these post-larvae
does not commence until late in the spring. During their northward migration past
New Zealand, humpback whales occasionally take Nyctiphanes australis.

Humpback whales seldom find sufficiently dense swarms of plankton off the
Australian coast to stimulate feeding. Dall and Dunstan (1951) recorded food present
in only one of over 2000 humpback whales examined at Tangalooma. However,
the stomachs of these whales were exalrined rather superficially; when only small
amounts of foods are present, the remnants of this food may escape recognition
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unless the stomach contents are strained and the residues examined minutely. Close
examination of the stomach contents from 197 humpback whales sampled at
Carnarvon and Point Cloates (west coast of Australia) showed food remains in five
ofthose taken offPoint Cloates. In each ofthese whales the quantity offood ingested

was small (probably less than 2 kg before decomposition began). Several species of
food organisms were present in each case indicating that a small swarm of mixed
plankton had been eaten. The most common species werc Euphausia hemigibbø and
Pseudeuphausia latifrons. Othcr organisms noted were alima larvae of.a stomatopod,
probably Gonodactylus sp., megalopaTawae, a large caridean larva, and salps-Ghalia
democratica.
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Fig. |2.-Average weekly oil yield per whale at Carnarvon in the 1958 season.

A female humpback whale taken offAlbany in July, 1955, carried approximately
10 kg of Euphøsia spínifera in very fresh condition.

The discovery of a large mass of semi-digested Euphausia superbø in the
stomachof ahumpbackwhaleatTangalooma(27"5.)inJuly, 1956(DallandDunstan
1957), stimulated some debate (Jonsgård 1957; Marr 1957) as to whether the
bathypelagic range of this Antarctic euphausiid should be extended, or whether the
whale had carried this large sample 2400 miles from the Antarctic feeding grounds (the

latter possibility appears to be the more favoured).

Humpback whales may occasionally ingest some plankton during their winter
migration to temperate and subtropical waters but the total food intake is negligible

for at least 4 months of each year. During this period the whales subsist on stored

fat reserves, with the result that oil yields decline progressively at whaling stations in
low latitudes, as demonstrated in Figure 12.
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(ä) oil Yield

The quantity of oil which can be extracted from each whale is influenced by the
following factors:

(1) The efficiency of the factory. Factory efficiency varies not only from one
shore station or factory ship to another but may also vary at a particular
factory from one season to another, due to changes in equipment (e.g.
depreciation on the one hand, or more skilful operation of the plant, or
addition and replacement of machinery on the other).
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Fig. 13.-Oil yield and body length of individual humpback whales processed at Albany during
1953 and 1954.

(2) The size of the whale. Larger whales obviously carry more oil, as shown
in Figure 13.

(3) Time and place of capture. The highest oil yields could be expected from
whales killed when they have spent the summer feeding in the Antarctic,
just before they depart on the northward migration. In temperate regions,
whales are fatter as they pass a station on their northward migration, than
when returning southwards at the end of a breeding season, as shown
in Figure 12.

(4) Sex or phase of breeding cycle. Female humpback whales grow to larger size,

and hence yield more oil, than males of similar ages. Mature females carrying
near-term foetuses have been considered by whalers to yield more oil than
other mature females.
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(5) Availability of food. Humpback whales feeding in one area of the Antarctic
may have access to more food (Euphøusia more abundant, or less

intraspecifrc or interspecific competition for food) thàn is the case in an

adjacent population of humpback whales. Food supply may fluctuate from
one year to another, so that whales from a particular population may be fatter
in one season than in another.

The effects of these variables could only be measured if the oil yield had been

recorded for each whale processed, together with details of the size, sex, breeding
phase, date, and locality when killed. However, processing of whales at most factories
has been rapid and continuous, so that the yield could not be measured for each whale.

T¡nrp 8

MEAN LENGTH AND AVERAGE OIL YIELD PER WHALE TROM'ANNUAL CATCHES OF HUMPBACK WHALES AT

VARIOUS WHÄLING STATIONS

(N.2.)
oil

(barrels
per

whalÐ

1951

1961

* Only four humpback whales taken.

t Data not available.

The station at Albany was unique in this regard. Having a small quota of humpback
whales and very limited factory capacity (at least in the early years of operations),
approximate quantities of oil extracted from individual whales were sometimes esti-
mated at this station. Oil yield ( Ia) plotted against length of whale (la), as shown
in Figure 13, gave the relation:

Yr:3 '30 Ir-78'8.

For the reasons discussed above, this result is applicable only to humpback whales
taken by that station (35'05'S.) during the northward migration of the group IV popu-
lation in 1953 and 1954. Most of the pregnant females represented in Figure 13 would
have given birth (and hence become protected by law) before migrating much
further north. With those females no longer vulnerable, and assuming that there had
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been no other change in the catch or factory efficiency, the relation between oil yield
and length would then have been:

Y¡-:2'85 Lt-60'5.
At other whaling stations, oil yields from individual whales could not be

determined. From the total oil produced each season, the mean production per whale
could be estimated (Table 8). At most stations the average oil production per whale
was less in the first season of operation than in the second, and thereafter varied with
the mean length of the catch. other factors, such as length of catching period,
sex ratio, breeding season, fluctuations in food supply, etc., appear to have been of
less importance, but the degree of influence of these factors could not be measured.
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Fig. l4.-Regression of oil yield on body length for average seasonal values at Tangalooma
(?"), Byron Bay (B), and Carnarvon (C) stations (data for fi¡st season omitted).

The regressions of average annual oil yield per whale against mean body length
ofthat season's catch, calculated by least squares, differed from one station to another
(Fig. 1a). Similar slopes of the regressions estimated from catch data at Byron Bay
(28" 37'S.) and Tangalo oma (27o 11'S.) indicate that these stations differed in only the
first two of the five variables listed above as affecting oil yield. Less steeply inclined
regressions derived from data collected at whaling stations on the west coast than the
regressions from data on the east coast of Australia result from the influence of some
factor or factors operating in addition to factory efficiency and sizes of whales killed.
The group IV and V populations of humpback whales appear to differ in oil yield to
body length relation, quite apart from any differences in factory efficiency or the time
and location of commercial operations. There may be a difference in the availability
of food to individual humpback whales within Antarctic areas IV and V. At present
these possibilities cannot be explored orving to lack of data.
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(c) Growth

Chittleborough (1955ó) studied the growth of mature female humpback whales

taken on the west coast of Australia from 1949 to 1954, using numbers of previous

ovulations as an index of age. Although the numbers of ovulations did not give an

absolute measure of age, the shape of the growth curve was shown. The data showed

that growth ceased at an average length of a little over 45 ft.
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Fig. 15,-Mean lengths of females in age groups 3-8 years sampled

off the west coast of Australia, 1957-61; ages from ear plugs.

Chittleborough (1958å) gave evidence of an apparent increase in the growth

rate of pubertal and young mature females taken on the west coast of Australia in

1956 and 1957, compared with that measured in females of similar ages taken in the

period 1949-1954. Although he noted the possibility that this was the result of more

stringent selection of large whales by the gunners in 1956 and 1957, Chittleborough
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suggested that young whales were actually growing faster than previously, as a result
of the decrease in numbers of baleen whales competing for food in Antarctic waters.

However, the growth rate (as determined from the age-length relationship in
the catch) of young females from the west coast of Australia has apparently decreased
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Fig. 16(ø).-Distribution of lengths in annual samples of females
aged,3,4 anp 5 years (aged from ear plugs).

since 1957, this being most marked from 1959, as shown in Figures 15 and 16. From
the length frequency distribution within age groups 3-6 years (Fig. 16), there was
also an apparent decrease from 1960 to 1961 in the growth rate of females sampled
by the gunners on the east coast of Australia.
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This appearance of change in growth rates has resulted from changes in the
level of selection of the catch by Australian gunners. Chittleborough (1960å) has

shown that the mean length of pubertal females in annual catches varied with the level

of selection applied by gunners in each year. The full series of samples of pubertal
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Fig. 16(å).-Distribution of lengths in annual samples of females
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females is shown in Table 9. The more careful selection of large whales applied since

1955 following the slight reduction of quotas (see Table l) resulted in the capture of
only the largest (and fastest growing) pubertal females in the following seasons, so

that the mean length of pubertal females was higher in 1956 and 1957 than in the period

1949-54. However, as the populations decreased in size, gunners were obliged to
take smaller whales, with the result that the mean length of the pubertal females in
the catch decreased. The juvenile (immaturç) section of the population also had been
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subject to selective hunting, only the largest being killed. Hence, when these young
whales reached puberty in following years, the faster growing individuals had already
been eliminated so that the mean length of the pubertal females captured was lower
than that of the pubertal females of the original (unfished) population of whales.

Table 9 shows that the fall in the level of selection, brought about by the decline
of that population, occurred earlier in the case of the group IV than in the group V
PoPulation' 

TABLE 9

LENGTHS OF PUBERTAL FEMALE HUMPBACK WHALES FROM CATCHES ON.AUSTRALIAN

coAsrs

Year

1952-54
1,956-59

1960
1961

35.2543.50
35 .25-45 . 50
35'7544.50
35 .00-43 .25

35 '00-40. 50
35 .75-40. 50
34'50-40'50
35 .00-40. 50

Itrest coast (group IV populaÍion)

S.D S.E.

1.66
3.04
2.18
1'tl
l.4s
1.29
1.43
1.17

1949-s4
1956
l9s7
1 958
1 959
1 960
1961
1962

77
l7
42
59

43

33

44

38.50
40.1s
39.49
39 '08
37.96
38 .00

37.29
37.75

18

74
34
t4
22
23

22
18

0
0
0
0
0
0
0
0

60
15

11

39

0.22
0.47
0.38
o.24

East coast (group V population)

1 34.so42 1'7 I ¡s.sl ì
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II 37.1740.67 1 39.21
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The evidence given above shows that no growth curve constructed from data on
the age and length of whales in the commercial catches will accurately represent the
growth of the younger year classes. If the samples obtained in the various years are
pooled, some of the errors might cancel out. For example, if the large 6-year-old
females taken on the west coast of Australia in 1957 and 1958 (Fig. 16ó) repre-
sented the fast growing section of that population, and the small 6-year-o1d females
taken on the same coast in 1959, 1960, and 1961 represented the slower growing
section of that population, then the mean length of the pooled samples from 1957 to
1961 might be close to the true mean length of 6-year-old females in the original
population.

While pooling of samples might improve the reliability of the estimated growth
curve to some extent, the curve derived from the commercial catches will always be
biassed against those age groups whose length range extends below 35 ft (the minimum
legal length). This applies to the males below 5 years of age (Table 10, Fig. 17), and
to females below 4 years (Table 10, Fig. 18). For these age groups there may be
another source of bias in addition to the selection applied by gunners. From time to
time some whaling inspectors have recorded lengths of 35 ft or 36 ft (or even more)
for small whales which were in fact below the minimum legal length. If the ages of
such whales were determined accurately, they would appear in the growth data as

Mean (ft)Range (ft)
Number
Sampled
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unusually large young whales. When there have been few individuals in a particular
age group (e.g. at2 years), the mean length of that age group could be greatly distorted
by a few instances of measuring bias.

Tenle 10

LnNcrlrs* oBsÉRvED AND ESTTMATED IN EAcH AGE cRouP

Determined from ear plugs of 2031 maleand 1605 female humpback whales taken on the Australian
coast

Males Females

Observed Observed

Range Esti-
mated
CurveNumber

2
3

4
5

6

7
8

9

10

1l
l2
13

1,4

15

16

t7
18

19

20

20r 2.84

*Lengths in feet.

For the reasons given above, data from males of less than 6 years and from
females of less than 5 years were not included in the calculation of the growth curves.

The parameters of the growth curves were estimated for the von Bertalanffy growth

equation as given by Beverton and Holt (1957), the fitted curves being shown in
Figure 19. The form ofthese curves is:

Lt : L* [1 - e-r(ü-úo)]'

For the males, L- : 42'58 ft,
lc :0'226,
to : -5 '348 Years;

and for the females, L* : 45'21 ft,
k : 0.205,
ts : -4'936 Years.

1.49
1 .51

1.73
2.70
2.22
2'03
2.68
3.02
3.63
2.05
t'26
2.s4
2.72
2.49
1.87
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3.76
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35.80
37.07
38 .6s
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Lû
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3.32
3 .05
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I .95

4.88
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43.46
43.23
43 '80
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Yar-
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mated
Curve
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Lengthvin. ivax.

LenethlLensth
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241
297
281
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1,27
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81
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28
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34
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2l
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The growth curves have been fitted using data from whales ranging from
5 to 19 years of age, aîd represent the best estimates of growth during these years.
Since there are reliable data at certain other points in the life span, the growth cutves
can be extended to cover most ages.

If the von Bertalanffy curves were extrapolated to age 0 years (r :0), i.e. the
time of birth, the mean length of males would then have been 29.87 ft and that of the
females 28'78 ft. However, the length of males and females at birth has already
been shown to be 14 ft (from measurement of near-term foetuses, which were not
subjected to selection or measuring bias).

From the calculated curves the mean length at I year of age would be 32.44 ft
for males and 3l '82 ft for females. The author has examined and measured five small
humpback whales identified (from baleen traces and in some cases by the presence of
milk in the stomachs) as yearlings, and whose capture was not the result of gunner

4e

46

^44F
It
t42
F
(}

lt 40
J
o3a
U

Éu36
0
mos¿

32

3C

itr!l!l

+7 9
ace (verns)

Fig. l7.-Observed lengths within each age group of males. Vertical line shows
recorded range; horizontal line gives mean length; black bar extends two standard
errors ofmean on either side of mean; hollow bar ends one standard deviation on

either side of mean, Data from Australian samples aged from ear plugs.

selection. Two of these yearlings, 28 ft 9 in. and 3I ft 4 in. in length were taken
under special licence for research purposes. The other three specimens, 29 ft 3 in.,
30 ft 0 in., and 30 ft 3 in. in length, were struck by harpoons intended for their
mothers, so that these yearlings might be regarded as random samples of l-year-old
whales. The mean length of these five specimens is 29.92 ft, well below the estimates
for the mean length of this age group obtained from the calculated growth curves.

Obviously the slope of the growth curves drawn from data from the commercial
catches is not sufficiently steep where it represents the early years of growth. The
broken lines in Figure 19 represent more closely the growth during these years.

As shown in Table 10, in both sexes the estimated maximum length, L-, is
very close to the mean length of individuals over 20 years of age. The length Z- is
then equivalent to the mean length at physical maturity. The value of Z- for each
sex, being unaffected by changes in the level of selection, should represent very
closely the real values for these populations of whales. The mean lengths of males
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and females of ages exceeding 20 years in the group IV population did not differ
significantly from those in the group V population. There did not appear to be any

difference between the two populations under study in respect of rates of growth.

Nishiwaki (1959) gave growth curves (fitted by eye) for humpback whales

sampled from catches in the North Pacific Ocean. In his samples the mean length
of females at physical maturity was approximately 45 '0 ft, while that of the males

was close to 43 .8 ft. The data do not indicate any real difference in rate of growth
of humpback whales in the northern and southern hemispheres.

The largest individual whales of each sex examined by the author were a male

of 47 ft, and a female of 51 ft. The latter was not yet physically mature, as the fusion
ofthe posterior vertebral epiphyses had not extended further forwards than the sixth
lumbar vertebra, so that this female had not completed its growth.

The oldest humpback whale (based on the examination of ear plugs) examined

by the author was 48 years of age (95 ear plug laminations).
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Australian stations. Key as for Figure 17.

IV. Hnronv oF ExPLoITATIoN

The group IV population was hunted along the west coast of Australia froml9l2
ro 1916, from 1925 to 1928, and from 1936 to 1938 (Ruud 1952) and, in the latest cycle,

from 1949 to 1963. Insignificant catches were obtained from this population in the

Antarctic prior to 1934,but hunting there was intensifred from the summer season of
1934-35 to that of 1938-39 (Jonsgård, Ruud, and Øynes 1957).

Ruud indicated that the severely depleted condition of the group IV population

in 1938 was caused by the slaughter along the west coast of Australia of 7244 hump-
back whales from 1936 to 1938. However, the killing of 5429 humpback whales

from the same population in the Antarctic from 1934*35 to 1938-39 must also

have contributed to the condition of the population in 1938.
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From 1935 to 1939 at least 12,673 humpback whales (6804 males and 5869
females) were taken from the group IV population. The catch per unit effort declined
towards the end of this period (Ruud 1952) and catching was concentrated
upon small whales (see Tables 11 and l2), indicating that the population had been
severely depleted.

45 FEMALES
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MINIMLII¡ LEGAL LENG'IH

F

T
ts(J30
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z
U

25

BrRrH 2 4 6 I tooo.'TuoJl, 16 1a zo 22 24 25

Fig. I9.-Growth curves for group IV and V humpback whales. Solid line
estimated from samples of commercial catch; broken line approximate position

for natural population.

Individuals of 35 ft in length were highly vulnerable from 1935 to 1939, as

shown in Figure 20. Most humpback whales of 35 ft are 3 and 4 years of age (see

Section III(c) ). Therefore, in 1938, humpback whales aged from 3 years and above
were greatly reduced in numbers. This means that the year class of 1935, and all
earlier year classes, were much reduced by the exploitation of this population from
1935 to 1938. Year classes subsequent to that of 1935 must also have been smaller
than year classes in an unfished population, because of the smaller numbers of
mature females in the reduced breeding stock.

Humpback whales were fully protected in the Antarctic from 1939 to 1949
except for a temporary relaxation in 1940-41. There was no coastal whaling from
Australia during this period.
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When commercial operations were re-opened in 1949, the group lV population

had apparently recovered in numbers from the depletion induced between 1935 and

1939, but it would still have been deficient in old whales (especially those over 14 years

of age) as a result of the operations prior to 1939.
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LEN6TH FREeuENcy DrsrRrBUTroN oF HUMIBAcK wHÄLEs rAKEN FRoM ANTARcTIc AREA lv, 1934-39

Males Females
Body

Length
(fÐ

t934- 1935- 1936- 1937- 1934- 1936-1935- 1937- I 938-

35 36 37 38 35 It) 38 39
1938-

39

Total
Males

I rotut

lnemates

24
25
26
27
28
29
30
3l
JZ
JJ

34
35

36
3'7

38

39

40
41

42
43
44
45
46
47
48
49
50
5l
52
53

54
55

56
57

I
I
J

7

6
3

68

JJ

50
40
2f
69
48
59
54
22
54
27
22
1t

4

3

1

9

5

62
30
23

36
7

30
14

l1
11

J

6

I
1

1

1

I
2
6

l9
32
22
21

26
45
29
18

18

5

5

2

2

I
2
J

8

17

22
43

5l
57

48
46
77
60
68

54
44
32
12

14

.J

1

I
)

l4
t7
18

32
34
36
30
22
18

19

9

11

5

3

I

1

J

J
'.,

6

8

18

18

26
31

50
46
48
35

73

52
t)
47
27
23

l5
8

5

1

3

4
4
9

15

28
47
6l

169
180
166
185
148

26t
185
192
148

9B

75
41

28
I3
2
I

2
1

3

5

2
6

9

16

23

37

26
29
34

55

45
89
66
60
56

51

37

.JJ

10

l0
2
2

1

J

3

5

9

11

26
35

35

174
161

176
158

152
316
255
343
334
265
338
216
151

102
34

44
9

7

1

Total 621 272 663 255 255 2066 l',
I

666 611 603 3363

Catches from this population since 1949 (listed in Table 1) have been limited

in various ways. Australian whaling stations have been allotted separate quotas

of humpback whales each year by the Australian Government. Catching of humpback

1

I
1

4
I
4

24
20
¿)
24
23
53

60
78
78
50
7l
36
32
15

4
8

2
5

8

18

12

37
39

4s
43
40
83

45
67
62
63

65

52
28
26
12
1l

5

2

1

2

22
32
32
22
34
56
57

50
74
70
92
50
32
1'.l

8

l1
2
3

1

1
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whales in the Antarctic (south of 40'S.) was limited to 1250 humpback whales each
summer ftom 1949-50 to l95l-52. This quota applied to the whole of the Antarctic
region with the exception of the area from 70"w. to 160'w. which was declared a
sanctuary. since the summer season of 1952-53,limitation of the humpback whale
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LENGTHFREQUENCYDISTRIBUTIONOFHUMPBACKWHALESTAKENFRoMWESTcoAsToFÀUSTRALIa,1936-38

Body
Length

(fÐ

Males Females

1937 193 8
Total
Males 1936

24
25
26
27
28

29
30
3l
32
33

34
35

36
37

38

39

40
4t
42
43
44
45
46
47
48
49
50
5l
52

1936 1937 1 938

1

3

6

20
31

4l
49
52

217
151

135

215
188

280
246
191

153

85

45
l8

5

4
I

2
5

2

4

Total
Females

4
4
4

32
28
42
52
36

270
22s
193
186
147
230
140
217
193
138

\49
104
60
34
11

3

I
')

I
8
'7

32
45
JI
'70

58

501

400
363
459
401

698
423
488
328
215
101

56
14

5

1

I
4
5
.I

1

63

60
50

5l
58

52

39

35

2l
6

4

2

2
2

13

19

30
35

26
t29
84

78

82
54
'12

49
47
60
40
43

32
l5
l0

5

I
1

2

2
2
1

16

9

9

12

9

101

108

86

76
65

127

57

129
93

63

85

57

38

18

5

2

I
3

3

5

I
40
33

29
28
28
3l
34
4t
40
35

2t
15

1

6

I

Total 2143 2080 515 4738 933 117 I 402 2506

catch has been affected by setting a limit to the time of taking humpback whales
(generally a period of 4 days) instead of a direct limit on the number of humpback
whales to be taken. The area south of 40's. from 70'w. to 160'w. remained a
sanctuary until the summer of 1955-56. From the summer of 1954-55, waters
south of 40"s. between 0" and 70'vy'. have also been closed to humpback whaling.
In 1958-59, the western boundary of this closed sector was changed to 60'w.

4
1

ll
10

11

14

5

221

189

178
187

t62
360
125
258
140
109

50
34

9

I
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In 1960 the International Whaling Commission proposed to amend the

Schedule to the Convention by closing Antarctic area IV (70'E,.-130'8.) to humpback

whaling for a period of 3 years, and reducing the open season for humpback whaling

in Antarctic area V (130'E.-170'W.) from 4 days to 3 days in each of the following
three seasons. However, objections lodged by the governments of Japan, Norway,
U.S.S.R., and the United Kingdom (most of the countries engaged in pelagic whaling

south of 40'S.) rendered these amendments ineffective, so that the regulations for
humpback whaling in 1960-61 revertcd Lo a A-day seasoll for the whole of Antarctic
waters (south of 40'S.), with the exception of the area between 0' and 60'W. which

remained closed to humpback whaling.
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Fig. 20.-Frequency distribution of length in total catch of humpback
whales taken from the group IV population, 1935-39.

The group V population was fished only lightly in the years prior to 1950.

In the feeding area of this population (130'E.-170'W.), 24 humpback whales were

recorded in International Whaling Statistics as killed during the summer of 1938-39,

and Omura (1953) referred to 201humpback whales which were killed in this area

during the summer of 1940-41. For some years small catches had been taken in New

Zealand (Dawbin 1956); and prior to 1930 a few humpback whales were taken at

Twofold Bay on the east coast of Australia (Dakin 1934).

Hunting of the group v population was re-opened in the Antarctic in 1949-50,

and on the east coast of Australia in 1952, as shown in Table 2. Cafch limits in these

localities have been the same as those described above for the corresponding regions

of the group IV population.
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V. Popur¡.rloN SrnucruRn

(a) Sex Ratio

chittleborough (1958c) recorded 5l'9% males amongst 1448 humpback whale
foetuses taken during mid-pregnancy from Antarctic areas IV and V. At Australian
whaling stations,615 near-term foetuses have been recorded in the catches from
1949 to 1962;52'2o/o of these were males. As foetuses are not subject to the sampling
bias which is found in most commercial çatçhes, the sex ralio at birth may be taken
to be inclined towards males.

The sex ratio within the juvenile and adult portions of the population is less
easily determined, because of varying kinds and intensity of selection applied in
commercial whaling. Matthews (1938) has shown that females predominate in
Antarctic (area II) catches, while males are in excess of females in catches from
temperate waters (South Africa). Table t3 shows that this also occurs in catches
from the group IV and group V populations of humpback whales.

The cause of the excess of females in Antarctic catches is obscure. There is l-ro

evidence of any segregation of the sexes during the summer feeding period.

The reasons for the excess of males in most catches from temperate and
tropical regions are less obscure. Some 37o/o of the mature fernales give birth each
year (Section III(ø)(iv)), and pregnant females are late in the northward migration
(Section II(dXiÐ), giving birth soon after reaching temperate waters, so that in
subtropical waters at least one-third of the mature females are protected. Catches in
warm waters would then be expected to have a preponderance of males.

The area in which chasers from the whaling station near Albany (Western Aus-
tralia) operate is one of the few in which mature males and females are equally vulner-
able, pregnant females being killed when they first reach 35"S. latitude, and before
parturition occurs. The relative abundance of mature males and females can be
measured by the catch per unit effort within weekly periods throughout the
northward migration past this station (Table 7). From these data, the ratio of
abundance of mature males to mature females for the whole of the northward
migration was 5 . 17 : 4.71 or 52'3o/o males. This is in close agreement with the per-
centage of males at birth.

Table l3 shows that on both the west and east coasts of Australia, the percentage
of rnales in the annual catch tended to decrease in successive years. Budker (1953)
showed a similar trend within catches off the coast of Gabon, the percentages of males
killed being:

Year Total Catch Males (%)

1949 1356 64.6
1950 1404 57.6
1951 1105 49.1
1952 246 41.6

Because ol differences in the times of migration of various categories (Section lI
(dxiÐ), the sex ratio within the catches will change as the humpback migratory
stream moves past the shore stations. Thus, a change in the sex ratio of the total catch
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from one year to another could be caused by the whaling operations having taken

place over different periods of the 2 years. However, Chittleborough (1960a, Fig. l0)
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PERCENTAGES OF MALES IN CATCHES FROM THÉ GROUP IV AND V POPULATIONS OF HUMPBACK WHALES

Year

Total

Nurnber
of Males

lI/est coctsÍ of Australia
0

2t43
2080

515
0

6936

East coast of Australia
0
0

598
700
718
720
720
721

720
810
810
731
177

Percentage
of Males

Total
Catch

Antarctic area IV
621

272
663
255
255

Antarrtic area V

Percentage
of Males

38. I

4s.4

45'6
42.4

42.9

45.0

1935
1936
1937
r938
1939

0
3076
3251
9t7

0

1331

938
1436
866
858

69
64
56

7

0
)

I 935
1936
t937
1938
1939

46
29
46
29
29

42
48

53

51

42
38

7

0
2
4
7

1949
1 950
1951

1,952

1953
1954
1 955
1956
1957
1958
1959
1960
t96t
1962

74.
72.
71.
68.
67'
68.
71.
67.
61.
61 .

58.

135

250
907
666
726
692
580
6"16

583

509
331

27t
306
304

0
0

448
509
5ll
494
485
492
s11

543
496
448
103

1

4
4
6

9

8

Total

1 950
l95 t
1952
1952
1954
I 955
1956
1957
I 958
1959
1960
1961
1962

1950
1951

1952
1953
1954
1 955
1956
1957
1958
1959
1960
1961
1962

903
162
146
504

0
1097

194
0
0

885
931
293

0

41.7
46.9

441
79
51

212
0

457

91

0
0

458
407

135

0

48
48
34
42

51

43
46

8

8

9

I
9

7

2
6

4
2
0
0
2
3

2

8

7

1

Total 45.6

showed that when the same (weekly) periods at the same locality are compared, there

has been a regular increase in the percentage of females in the catches of recent years.

2331

2636

2066

0
354
468
546
103

133

12

320
0
0

645
28

3

24

Number
of Males

5115

s429

0
779

tt12
1,127

193

258
28

824
0
0

1413
66
4

56

5860

Total

Total

Total

1949
1950
1951

1952
1953
1954
I 955
1956
1957
1 958
1959
1960
1961
1962

Year

56. 5

65.4

7l
64
74
56
56
52
5t
60
52
52
47
49
52
56

1

6

5

3

0
9

6

4
1

6

3

7

9

0

67.950407425

47387244

190
387

1217
1 182
1297
I 309
1123
il19
1119
967
700
545
578
543

12,276

Total
Catch
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The decline in the percentage of males in the catch is linked with the rate.of
exploitation of the population in lower latitudes. Intensive fishing in warm waters
reduces the lnale portion of the population faster than the female portion. This effect
is even greater over the range of mature individuals because commercial catches
initially contain more immature females than immature males (see Section v(d)).
Since the stock of mature males is reduced faster than that of the rnature females,
the percentage of males in the total catch decreases from year to year. This trend
can occur only when thc grcatcr part of the total catch is taken from lower latitudes
(temperate and subtropical waters), rather than from Antarctic waters.

of the total overall catch of humpback whales from the whole of the group
IV population from 1949 to 1962, 52.8% of the 1g,136 humpback whales killed were
males. This is very close to the percentage of males at birth and the estimate of the
percentage of males in the stock of adults passing Albany during the northward
migration.

(b) Size Composition

(i) Relation between Size Composition of Catch and of population

As stressed in section I (ó) (Ð, commercial catches of whales may be far from
random samples of the populations from which they were drawn. The size composition
of a particular catch depends on the following factors:

(l) Rate of growth of individuals;
(2) Natural mortality;
(3) Time and place of sampling;
(4) Level of selection by gunners;

(5) Effects of previous hunting (fishing mortality).

There is no evidence that either the first or second of these has changed
appreciably during recent years, and variations in the time and place of sampling
have had only slight effect upon the size composition of catches. Changes in the size
composition of the catches have therefore been the result primarily of variations in
the level of selection by gunners and the effects of previous fishing mortality.

The level of selection by gunners has not been simply the observation of the
minimum legal length of 35 ft. selection (by size) has varied from one gunner to
another, from one whaling station to another, and from one time to another. Selectivity
has been influenced greatly by the type of incentive payments made to gunners. Bonuses
based upon numbers of whales killed tend to discourage selection, because under those
conditions gunners take whatever appears to be safely over 35 ft in length. on the
other hand, bonuses based on oil yield or directly upon the length of each whale,
lead gunners to look for bigger whales. Chittleborough (1960å) has shown that the
mean length of pubertal females taken each year orì the Australian coast has varied
with the degree ofselection applied by gunners and has also been influenced by previous
selective killing of a diminishing stock.

In the Antarctic, limitation of the pelagic catch by lirniting either the period of
open season, or the total number of whales to be caught, had resulted in strong
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competition between the various expeditions for the highest proportion of the overall
catch, so that selection there was at a minimum.

(ä) Catches from the Group IV Humpback Whøle Population

The size composition of the catches recorded from the group IV population
of humpback whales from 1949 to 1962 is shown in Tables 14-17. The majority
of these data arc from catch returns forwarded to the Bureau of International rilhaling

Statistics in Sandefjord, Norway. The data for Antarctic catches of 1959 have been

adjusted in accordance with the evidence (Chittleborough 1959å) of intermingling
of the group IV and V populations of humpback whales in the eastern portion of
Antarctic area IV during the summer of 1958-59.
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Fig. 2|.-Mean lengths of annual catches of male and female humpback
whales from the west coast of Australia, 1949-62,

There was little change in selectivity on the west coast of Australia from 1949

to 1954, but the mean lengths of both males and females in the catch declined during
this period (Tables 14 atd 15, Fig. 2l). Mature males were more heavily fished than
the mature females, with the result that the mean length of the males decreased more
rapidly than that of the females.

Reduction of quotas prior to the 1955 whaling season (Table 1) stimulated
more careful selection of large whales. At one station on the west coast the gunners

were instructed to shoot, where possible, only those whales that appeared to be 40 ft
or more in length, while another station introduced a new bonus system whereby

the catchers were paid a bonus for every whale exceeding the average length in the
previous season of 39'58 ft.

With the closing of one station on the west coast in 1956 (Table 1) and the

concentration of catching power at Carnarvon, the level of selection was raised still
higher, and the mean lengths of males and females in the catch rose to maxima in
that year (Fig. 21). The increased selection from 1954 to 1956 caused the mean
length of the females to rise more than that of the more heavily fished males.

Although attempts were made to maintain a high degree of selection after 1956,

large whales became less abundant each year, so that gunners were obliged to accept
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GROI'P IV POPULÄTION OF HUMPBÀCK WHALES

Distribution of lengths within catches from the rvest coast of Australia-Males

Leneth (ft)

Total

Mean length (ft)
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38
39
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4l
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È
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6
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2
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J
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I
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4

I
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5
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GROUP IV POPULÄTION OF HIJMPBACK WHALES

Distribution of lengths within catches from the \¡/est coast of Australia-Females

Lensth (fÐ

Total
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smaller whales, with the result that the mean lengths of males and females in the
catch progressively declined, as shown in Figure 21.

In 1961 selectivity was changed again by a variation in whaling tactics. At the
larger of the two remaining humpback whaling stations on the west coast of Australia
(i.e. that at Carnarvon) the bonus system, previously based on the sizes of whales
çaptured, reverted to one based on numbers captured. This stimulated the rate of

Tasln 16

GROUP IV POPULATION OF HUMPBACK WHALES

Distribution of lengths within catches from the Antarctic - Males

Length
1950 19s9 1962

Total 24

Mean length
(ft) 39.48

xAfter adjustment of numbers reported to International Whaling Statistics.

capture of whales, and selection of large individuals was abandoned, so that the mean
lengths of catches fell to the lowest level in 13 years (Fig. 21), catches being con-
centrated upon whales at or very close to the minimum legal length (Tables 14 and l5).

Because of the numbers of small humpback whales very close to the minimum
legal length taken in 1961, the Australian companies were reminded prior to the 1962
humpback whaling season that the minirnum legal length would be enforced strictly.
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The mean length of males and females captured on the west coast in 1962 increased

slightly from the values of the previous year (Fig. 21). This was achieved by sparing

slightþ higher proportions of individuals close to the minimum legal length; in other
respects the length freq.uency distribution of the catches in 1962 was similar to that of
1961 (Tables 14 and l5).

Tanl¿ 17

GROUP IV POPULÄTION OF HUMPBACK WHALES

Distribution of lengths within catches tïom the Antarctic - Females

Length
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Total

Mean length
(fÐ 39

*After adjustment of numbers reported to International Whaling Statistics.

(äi) Catches from the Group V Humpback Whqle Population

The size composition of the catches recorded from the group V population of
humpback whales from 1949 to l962is shown in Tables 18-24. These records are from
catch returns forwarded to the Bureau of International Whaling Statistics, with the

exception that the data for Antarctic catches of 1955 (the summer of 195ê55) include

the original records from the factory ship Olympic Challenger, instead of the amended

returns supplied by that expedition to the Bureau of International Whaling Statistics.
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The data for Antarctic catches of 1959 have been adjusted in accordance with the
evidence of intermingling of the group IV and group V populations in that summer,
as already discussed.

The size composition of catches taken on the east coast of Australia reflected
changes in selectivity induced mainly by events on the west coast. Although the size

composition ofthecatches onthe east coast had not changed appreciably from 1952to
1954,the slight reduction of quotas on the west coast prior to the 1955 whaling season,

T¡.sr¡ 18

GROUP V POPULATION OF HUMPBACK WHALES

Distribution of lengths within catches from the east coast of Australia - Males

Length
(fÐ 1952 1953 1954 1962
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caused more stringent selection of large whales to be applied on the east coast from
that year onwards. The mean lengths of both males and females in the catches
increased in 1955 and remained high until 1959 (Fig. 22). The mean length of males
and females decreased slightly from 1959 to 1960, and in the following years fell dras-
tically (Fig. 22), the mean length of the females taken on the east coast in 1962 being
less than that of the females taken on the west coast of Australia in the same year
(Tables 19 and 15, respectively),

The small catches taken off Norfolk I. were generally composed of humpback
whales larger than those in the catches from other localities within this population
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very stringent selection of large whales successfully applied by the small station at

Norfolk I., rather than to real differences in the size composition of the whales passing

the various sampling points.

In the decline in size composition of catches from the two populations the
mean length of the males from the group IV population decreased more rapidly
than that of the females, whereas in the group V population the mean length of the

T¡srs 19

GROUP V POPULÄTION OF HUM?BÄCK WHALES

Distribution of lengths within catches from the east coast of Australia - Females

Length
(fÐ 1952 1962
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females decreased far more rapidly than that of the males. These differences resulted

from higher fishing mortality in males than in females of the group IY population,

and the reverse in the case ofthe group V population, as discussed in Section VIL

The maintenance of the size composition of catches from the east coast up
to 1959, contrasted with the declining sizes of whales taken on the west coast during
the same period (Figs. 22 and 21, respectively), is further evidence of the lack of
regular exchange between these two populations of humpback whales, as discussed in

Section ll(ö).
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84 R. G. CHITTLEBOROUGH

(c) Age Composition

Ages were determined from collections of ear plugs and ovaries obtained from
catches at Australian rilhaling stations. Two laminations in the ear plugs were taken
as representing I year, as shown by Chittleborough (1959c) and later verified by the
evidence from two marked whales (Chittleborough 1960c, 1962). A,ge was estimated
from the ovaries by dividing the total number of previous ovulations by I .1 (the
average annual rate of ovulation), and adding 5 years for the age at maturity
(Chittleborough 1959c).

Tasrn 20

DISTRIBUTION OF LENGTHS IN CATCHES ÄT NORFOLK I,

Length
Males Females
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The sizes of these age samples in relation to the catches are shown in Table 3.

Ear plugs were collected only from 1956 onwards. Collections of ovaries were always
larger than those of ear plugs obtained from females.

Although the la.rger collections obtained in recent years may be taken as direct
measures of the age composition of the corresponding commercial catches
(Chittleborough 1962), the best estimate of the age distribution within the catch is
obtained by applying the age-length key derived from the age sample to the length
frequency distribution of the commercial catch (as discussed in Section I(åXÐ).
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For a catch from which the age sample was small or not obtained, the most suitable
age-length key should be applied to the length frequency distribution of that catch.
Some care is required in the choice of the age-length key most applicable in such
instances, because the age-length reiation has been shown to vary from one catch
to another from the same population as detailed in Section III(c). Selection of large
whales may take the older whales almost at random, but from each of the younger
age groups will take only the largest individuals. When most of the large whales
have been removed by prolonged selective killing, only small individuals remain to
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GROUP V POPULATION OF HUMPBACK WHALES

Distribution of lengths within catches from New Zealand, 1949-62-Males*
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be taken from the younger age groups. The few large whales in the catches will then
be relatively young (fast growing) individuals which had escaped the catches for a

time.

In estimating the age composition of the catches of males, the age-length
key from each age sample was applied to the length frequency distribution of the cor-
responding catch, for each of the annual catches of males from the west coast from
1957 to 1962 (Table 25), and from the east coast in 1957, and from 1959 to 1962
(Table 26). For the catch of males taken on the east coast in 1958, a combined age-
length key for all males aged on the east coast from 1957 to 1961 was applied to the
length frequency distribution of the 1958 catch.
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The size composition of catches of males from the east coast was fairly constant
from 1952 to 1960 (Fig.22) and there was little evidence of change in the age-length
relation in collections of ear plugs obtained from 1951 to 1961. Therefore, a single

age-length key, prepared from all males aged on thç east coast from 1957 to 1961,

was applied to the length frequency distribution of the east coast catches of males

in each year from 1952 to 1956, to establish the age composition within catches of
east coast males of those years.

'l¡srn 22

GROUP V ?OPULATION OF HUMPBÄCK WHALES

Distribution of lengths within catches from New Zealand, 1949-62-Fen.rales*

Body
Length

(fÐ
1961 1962

Total

Mean
length (ft) 41 .58 44

* Data from lnternational Whaling Statistics

Catches of males from the east coast from 1957 to 196l appeared to be from a

stock still containing a greater accumulation of old males than found in catches of
the same years from the west coast of Australia (Chittleborough 1962). The lengths

ofthe males taken on the west coast in earlier years (1949-1956) were generally greater

than those of more recent years (Table 14). In the earlier years the group IV poptt-
lation probably contained an accumulation of old whales, although because of its
previous history of exploitation (Section IV), the group IV population would not
have contained, in the 1950's, as great an accumulation of old whales as the group V
population.
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The size composition of the catches of males from the west coast in the early

1950's was intermediate between the size composition of aged samples of males taken

on the west and east coasts from 1957 to 196I (Fig. 23). The age composition of

Tr¡¡n 23

GROUP V POPULATION OF HUMPBACK WHALES

Distribution of lengths within catches from the Antarctic - Males*

Length (ft) 1951 1952 t96t 1962
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catches of males from the west coast each year from 1949 to 1956 was estimated by

applying to the length frequency distribution of each of these years a pooled age-

length key obtained from all males aged on the west and east coasts in the period

1957 to 1961 (Table 25).
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The age composition of catches of males at Norfolk I. was determined by
applying an age-length key obtained from ear plugs collected there from 7957 Io 1961,
to the length frequency distribution of each year's catch, with the results shown in
Table 27.

Trs-n 24
GROUP V POPULATION OF HUMPBACK WHALES

Distribution of lengths within catches from the Antarctic - Females

Length (ft) 1962

Total

Mean length (ft)

* From original records of F.F. Olympic Challenger.

f Adjusted values.

In the case of the females, ovaries were used for assessing the age composition
of catches, since the samples of ovaries were far larger than those of ear plugs. An
age-length key based on ovarian data does not separate immature and pubertal
females (ovary group "O") into age groups: this was done by means of collections
of ear plugs from immature and pubertal females.

From the discussion of selectivity in Sections I(å)(;) and V(ó), the sequence of
recent whaling on the west coast of Australia can be divided into three broad periods.
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From 1949 to 1954 selection was at a low level; from 1955 to 1958 selection was high

and effective; while from 1959 io 1962 selection was ineffective as the large whales

had been removed from the population. An age-length key was pfepaled from the

ovarian data collected on the west coast in each of these periods, and applied to the

length frequency distribution of the annual catches within the respective periods,

with the results shown in Table 28.

There have also been changes in selection ofcatch on the east coast ofAustralia,

but not of quite the same magnitude, and though there has been a shift in the sizes

and ages ofwhales taken, this has not resulted in a significant change in the age-length

relation. Hence, the age composition of each year's catch of females from the east

coast was determined by applying the length frequency distribution of that year's

catch to a pooled age-length key containing all the ovarian data collected on that

coast from l952to 1962,withthe results shown inTabte29'
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Fig.22.-Mean lengths of annual catches of male and female hump-

back whales from the east coast ofAustralia, 1952-62.

The age composition of catches of females at Norfolk I. was estimated by

applying an age-length key obtained from ovarian data collected there from i956

to 1961, to the length frequency distribution of each year's catch, with the results

shown in Table 30.

The age composition of these catches reflect the changes in size composition

already discussed. The mean age of the adult males captured from the group IV
population, was initially lower, and declined more rapidly, than that of the females

ifutt. 31). The mean age of adults captured from the group V population remained

at a relatively high level, falling abruptþ in the last 2 years, the mean age of the

females falling to a lower level than that of the males.

(d) Physiological Condition

(i) Immature Fraction

Because of the application of the minimum legal length, the immature individuals

will always be a smaller proportion of the commercial catch than they are of the

whole population. Since the mean length at puberty of females is greater than that
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of males, i.e. 38 ft 6 in. for females (chittleborough 1955å), and 36 ft 9 in. for males
(chittleborough 1955a), commercial catches will contain higher percentages of
immature females than of immature males. Nevertheless, the proportions of im-
mature males and females in the catches at a particular locality should remain con-
stant from year to year if the level of selection and the composition of the population
do not change. Tables 32 and 33 show that the percentages of immature males
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GROUP IV POPULATION OF HUMPBÀCK WHALES

Estimated distribution of age in annual catches of males from the west coast of Australia, 1949-62*

Age
(vr) 1949 I 950 1951 t9s2 t9s4 1 955 I 956 1957 1 9s8 I 959 1960 1961 1962
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1960, 1961, and 1962. For period 1949-56 using combined age-length key; west coast plus east
coast,1956-61.

and females in samples of the catches from the west and east coasts of Australia
have not remained constant during the last decade. Percentages of immature whales
generally increased from 1951 to 1954, decreased for a time when the level of selec-
tion was raised from 1955, then increased as the mature stock decreased in size.
The recent increase in the percentage of immature whales captured from the group v
population (Table 33) was far more abrupt than the change in catches from the
group IV population (Table 32).

(ä) Pregnant Females

As discussed by Chittleborough (1958a), pregnant individuals constitute a
greater proportion of the catch of mature females in the Antarctic (summer rnonths)
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than of the catches of mature females from lower latitudes (winter months). This is

because females carrying near-term foetuses are later than other females in their

northward migration (Section II(dXiÐ), and give birth very soon after reaching

temperate regions. On the other hand, as most conceptions take place during August,

catches in September and October (also from temperate and subtropical regions)

will include females in the very early stages of pregnancy. These small embryos afe

not easy to locate, and so are not always recorded.
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Fig,23.-Size composition of males in the catch from the west coast of Australia

in 1951 compared with size composition of east and west coast samples of males

aged bY means of ear Plugs.

As shown in Section III(aXÐ, the average annual birth rate for this species

is 0'37, there being 37 '2% of the mature females pregnant at one time. No evidence

has been found of any variation in the birth rate which might be related to changes

in population size brought about by commercial exploitation'

VI. Popur¡.rloN DENslrY

(a) Fßhing Effort and Catch per Unit Effort

The abundance of whales at one time or place relative to another can be com-

pared using measurements of catch per unit effort, provided that effort is expressÞd

in terms of a unit which has the same value at all times and places. The unit of

effort might be defined as the operation of a vessel, gunnel, and crew of standard

efficiency or "catching power" in unit area of ocean for unit time. Units of time or

afea afe simple enough, but the catching power is a complex thing, combining the
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abilities of the vessel, crew, and gunner, to locate, chase, and kill whales. The catch-
ing powers of whaling vessels'are variable and have been increased over the years
as vessels have increased in size, range, speed, and power; as navigational and whale
flnding aids have been installed; and as gunneïs and crews have gained in experience.

while all would agree that the unit of effort should be based upon a vessel
(and crew) of standard catching power, as yet no one has succeeded in calibrating
all the factors affecting the catching power ofvessels, so enabling the catching powers
of whaling vcsscls to be measured in temrs of a stanclarci unit.
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GROUP V POPULATION OF HUMPBACK WHÄLES

Estimated distribution of age in annual catches ol males from the east coast of Australia, 1952-62*

Age (yr) I 960 1961 1962
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* Using separate ear plug age-length keys of individual samples in each of 1,957, 1g5g, 1960,
1961, and 7962' For 1958, and period 1952-56, using the combined age-length key of all east coast
male samples 1957-61.

The unit of effort used so far in whale research is the "catcher's day's work,,,
introduced by Hjort, Lie, and Ruud (1933). This unit refers only to days when
hunting was in progress: days lost by individual catchers due to adverse weather,
mechanical failure, etc., should not be included as fishing effort. Hjort, Lie, and
Ruud were well aware that the catcher's day's work was not a constant unit of effort,
but at that time they considered that the variable factors were of minor importance
in relation to changes in the size of the stock.

The importance of some of these variable factors can be demonstrated fron-r
data obtained in recent years from whaling operations along Australian coasts.
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The catcher's day's work is based on a 24'hr period, a variable portion of
which is spent in actual whale hunting. In their earlier years of operations, Australian
whaling stations generally had greater daily catching power (of the vessels) than
the daily processing capacity (of the factory). Because of this, catching vessels

were very often allotted a limited number of humpback whales to be killed in a day.

In successive years the average catch per catcher's day's work increased (Fig. 2a)
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GROUP V POPULÄTION OF HUMPBACK WHALES

Estimated distribution of age within catches from Norfolk I. - Males*
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* Applying age-length key from Norfolk I. ear plugs, 1957'61, to length
frequency distribution of catches.

as the improved factory capacity and efficiency enabled whales to be processed (and

hence killed) more rapidly. If the unit of effort (the catcher day) had been constant,

such an increase in the rate of catching might well have been interpreted as the

result of an increase in availability of whales.

On the other hand, the use of the catcher day as a unit of effort can mask a

decrease in the availability of whales. For example, Table 34 shows that at Tanga-

looma in 1960 the catch per catcher's day's work was only slightly less than in previous

years, but considerably more hours were spent hunting each day in 1960 than in
previous years. In other words, a greater effort had to be expended each day in 1960

in order to maintain a daily rate of catching similar to that in previous years.
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The number of hours spent in whaling during each catcher day may vary from
one station to another (during the same year). For exalnple, throughout the 1959
season the catcher at Byron Bay maintained an average of 8 .8 hr of steaming per
day, while in the same year, catchers at Carnarvon averaged 12..7 hr of steaming
per day. Catchers operating on these populations of humpback whales in Antarctic
areas IV and V were presumably steaming (and hunting) for almost the whole of
each24 hr because of the prolongecl period of daylight.
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GROUP IV POPULÀTION OF HUMPBACK WHALES

Estimated distribution ofage in annual catches offemales from the west coast ofAustralia, 1949-62*
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catches. Ovary group "O" converted to age on ear plug data.

The number of hours per day spent in whaling can vary, during a season at one
locality, inversely to changes in density of whales passing that point. For example, at
Tangalooma in 1960, from June 6 to 15 there was a mean of 10.35 hunting hours
per catcher day. From July 6 to 15 (height of migration past this station) a mean of
7'95 hunting hours per catcher day, and from August 6 to 15 (end of northward
migration) a mean of 10.68 hunting hours per catcher day.

The hours spent hunting on a particular day might be reduced because of
adverse weather, yet the unit of effort, the catcher's day's work, rates such a day as

of equivalent fishing effort as a day when it was possible to stay on the whaling
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grounds throughout daylight hours. This effect of weather upon the hours spent

whaling might be expected to occur at random, so that it might not be important
when comparing rates of catching over long periods of time. Nevertheless, whalers

have claimed that adverse weather conditions have been the real cause of an apparent

decrease in density of whales from one year to another (Chittleborough 19604).
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GROUP V POPULATION OF HUMPBACK WHALES

Estimated distribution ofage in annual catches offemales from the east coast ofAustralia, 1952-62*

Aee (yr) I ßsz 1 953 1,954 1 960 1961 1962

2
3

4
5

6

7

8

9

10

11

12

1,3

14
15

l6
17

18

l9
20

5

18

12

11

10

4
)
I
2
2
2
I
0
0
0
0
0
1

0
220+

Total catch 73

* Applying age-length key for combined ovary samples east coast 1952-61, to length frequency

distribution of each year's catch. Ovulation group "O" distributed on ear plug data.

The examples given above show that the catcher day is not a constant unit of
time. In an attempt to obtain a more precise unit within which to measure fishing
effort, all available ships' logs from Australian whaling companies were examined.

Where a log had been kept in detail, it was generally possible to dissect each day's

operations into various categories, namely:

(1) Total steaming time; all the time absent from moorings, irrespective of
duties.

(2) Steaming time on that day's whaling; this excludes time spent away from
moorings when engaged in bunkering, victualling, moving whales moored
from the previous day's catch, and other transport duties.

(3) Steaming time hunting (and killing) whales; this excludes time spent steam-
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excludes time spent towing whales back to the station (and returning to
the whaling grounds). Obviously the hunting time is restricted to daylight
hours, whereas (2) may include several hours of darkness.

The "catcher's steaming hour", from category (2), is a more precise measure

of whaling effort than the catcher's day's work, as any time at anchor when the
factory does not require more whales, is omitted. It also eliminates parts of days
lost due to minor repairs, refuelling, adverse weather, etc. Hours spent towing the
catch back to the station are incluðed in this unit of ellbrt. Certain vessels can to\ry

fewer whales, and at slower speeds, than others, so that their average catch per
steaming hour may be depressed below that of other vessels of equal hunting efficiency
but more suited to towing whales.
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GROUP V POPULÄTION OF HUMPBACK WHALES

Estimated distribution of age within catches from Norfolk L - Females*
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The "catcher's hunting hour", derived from category (3) above, is in theory the
most precise measure of whaling effort. However, many ships' logs had not been

entered in sufficient detail for this to be extracted for each day's operations, and
consequently the catcher's steaming hours had to be taken as rneasure of effort for
vessels operating at Point Cloates, Carnarvon, and Albany.

At Tangalooma and Byron Bay, catchers' hunting hours could be tallied. A
catcher's steaming hour at the former station was not equal to a catcher's steaming
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hour at other stations, because at Tangalooma one of the whaling vessels was stationed
on the whaling grounds each day to act solely as a towing vessel. Thus, although
the catching vessels might tow some whales to the station, their steaming time included
a much lower proportion of towing time than did the steaming time of catchers at
other stations.

The effective length of the catcher day has also been increased by mooring
the catchers closer to the whaling grounds, and by the use of spotting'aircraft. The
increased effort achieved by these means has been calculated in terms of catcher
hours (Chittleborough 1962).

Tesl-n 3l
MEÀN AcEs oF ADULT HUMrBAcK wHALEs (ovnn 5 yEARs oLD) IN cATcHEs FRoM THE wnsr AND EÄsr

COASTS OF ÀUSTRALIA
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11.52
I1.04
tt.72
11, .47

1l'37
11.20
11.65
10.96
10. 66
10.I3

109
133
t4l
t7t
186
170
170
2t7
250
137
27

357
408
403
409
405
405
441
470
416
260

36

l1'48
ll'52
ll. 52
12.01
11 .99

12.87
12.32
12.20

10.24
9.22
9.00

In the conversion of aircraft flying hours into equivalent catcher hour units,
a rather arbitrary relation was assumed, i.e. I aircraft flying hour equals 5 catcher
steaming hours. This relation can be calculated where sighting records were made
simultaneously from catchers and aircraft operating in the same area at the same

time. For example, off Albany in the winter of 1961, two catchers sighted 226 hump-
back whales in a total of 605 steaming hours. Then 2'68 hours of steaming were

required to sight one humpback whale. In the same period, the spotting airuaft
sighted 241 humpback whales 1n 144'6 flying hours, i.e. 0'60 flying hours for each

humpback whale sighted. In this instance, 2'68 catcher steaming hours were equiva-
lent to 0'60 aircraft flying hours, or 4'7 catcher steaming hours were equivalent to I
flying hour.

The relation between the catcher's steaming hour and the aircraft's flying hour
would no doubt vary for different aircraft, catchers, personnel, and localities, but

Mean
Age
(vr)

Males

Number
Taken

YearMean
Age
(yr)

Number
Taken

Mean
Age
(vr)
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in the case where the ratio could be calculated, the result was close to the value of
5 catcher steaming hours is equivalent to I aircraft flying hour, which has been

used in calibrating fishing effort.

T¡srs 32

GROUP IV POPULATION OF HUMPBACK WHALES

Immature whales in samples of catches from the west coast of Australia

Males Females

Year Total Number
Percentage
Immature

and
Pubertal

Catch Examined

1951

1952
t 953
1954
1955
1956
1957
1958
1959
1960
1961
1962

1952
I 953
1954
1955
1956
1957

1958
1959
1960
196t
1962

395
161
11t

36
35

37

*
79
88

54
t37
142

*
439
254
208
291
280

907
666
726
692
580
676
583

509

331

271
306
304

22
2l
5t
29

2
2
8

J

12
25
26
35

45
59

56

2
7

0
2
6

7

1

*Testes weights at or less than 4 kg.
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GROUP V POPULÀTION ON HUMPBACK WHALES

Immature whales in samples of catches from the east coast of Australia

Males Females

Year Number
Examined

Number
fmmature

Percentage
Immature

23.5
30. 8

33. I
2t.l
18.0
26.8

24
37

49
24
25
49
29
46
44

l4?
39

102
120
148
tl4
139
183

t2l
205
212
263

73

150
191

207
226
235
229
209
267
314
283

73

24.0
22'4
20.8
54.4
53.4

* Testes weights at or less than 4 kg.

When using the catch per unit effort to compare the abundance of whales from
one year to another, it is important that the effort was applied during the same

310
516
569
617

538
443
536
458
369
274
272
239

90
278
246
150

279
521
438
352
263
263
230

9

-t -t

2t

5

0
6

0
1

7

I
7

3

13.
18.
34.
26'
47.
50.

NumberTotal
ExaminedCatch

20
59

93

44

34
134
114
124
120
157

129

Number
Immature

and
Pubertal

Percentage
Immature*

Number
Immature*

Total
Catch

Percentage
Immature*

Number
Immature*

t3'7
12.5
12.1

J'J

6'l
8.3
2.9
't .5

33.9
44.0

448
509
511

494
48s
492
511

543
496
448
100

233
200
298

60
215
205
273
293
446
100

t
l3
l7
I

22
151

44

32
25
36

Number
Examined

Total
Catch
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period of time in those years, because as shown by Chittleborough (1962, Figs. 4, 5,

and 12;1963 Fig. 6; and Figs. 3 and 4 in the present paper), the abundance ofwhales
changes during the season, as the northward and southward migrating streams pass

each shore station. The opening date and length of season has fluctuated at each
Australian whaling station, but in most cases the stations were operated throughout
the greater part of the northward migration. At Carnarvon the relative abundance
(catch per unit effort) of humpback whales was measured each year from June 25 to
August 26 (this being the only catching period common to every year from 1951

to 1962). At Tangalooma the relative abundance of humpback whales was measured
each year from June 10 to August 5.

r-X ALBANY
o- --o CARNARVON
'-------. POTNT CLOATES
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o
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1.O

o
r949 tgso 195r 1952 I953 1954 t955 1956 1957 195a 1959

Fig. 24.-Average annual catch (humpback whales) per catcher's day's
work at shore stations on the west coast of Australia.

In the measurement of fishing effort, variations in the "catching power" of
whaling vessels present more difficulties than the units of time. The Australian
whaling industry has employed as wide a range of types of vessels for hunting whales
(Table 35), as could be found engaged in whaling in most other countries. Vessels

differed very greatly in size, age, speed, manoeuvrability, towing power, and ability
to operate successfully in heavy seas. Two small speedy launches, working together
as one unit in coastal whaling, and the large steel 'oAntarctic"-type chaser, were
not equivalent units of effort, nor would the relative efficiency of one type to the
other, have remained the same under varied operating conditions (such as weather,
or configuration of the coastline).

Table 34 shows that similar vessels, operated in the same locality, at the same

time, by gunners of similar experience, achieved similar rates of catching. When
dissimilar vessels, operating in one locality at the same time, are compared (Fig. 25),

their contrasting rates of catching reflect their various efficiencies, during a period
when whales were plentiful. Llowever, when the population had been depleted, rates

of catching converged to similar low levels, indicating that differences in catching
power were of little importance when whales were scarce.

A number of the catchers have operated in each of the past 12 seasons on the
Australian coast. This simplifies the analysis of fishing effort, because as pointed out
by Hjort, Lie, and Ruud (1933), operations by the same vessels can be compared
directly from one season to another. For present purposes, four catchers which



Looma II
LoomaIlI

Total

47
47
94

488*
500
988å

0
0
0

22
24
23

2.13
2.30
2.21

55

66

60

9

9

9

119

t3t
250

534*
550å

1085å

56
57

113

Kos f
Kos lI

Total

0. 51

0.54
o.52

4.74
4.98
4.86

270
284
554

s32+
s28l.

1061

57
57

tt4

Kos I
Kos II

Total

4Ot¡.
418

819+

Kos I
Kos lI

Total

75

t5
74

0
0
0

9
9

9

34
27
31

7

7

7

04
JJ

19

302
305
607

57

57

t14

30
35

32

5

5

5

29t
300
591

389+
398+
788

55

54
109

Kos I
Kos II

Total

75
75
75

0
0
0

7

7

7

08
38

23

387+
373ï
761

0
0
0

70
IJ

7t

5

5

5

29
56
42

4.91,
4.98
4.95

05
79
92

7

6
6

270
274
544

55

55

r10

Kos I
Kos II

Total

367
374
741

55
55

ll0

Kos II
Kos VII

Total

72
69
70

0
0
0

82
67
75

4
4
4

67
80
74

6

6

6

94
82
32

6

5

6

26s
257
522

234
263
497

312¡,
326
638å

45
56

101

Kos II
Kos VIf

Total

0
0
0

75

8l
78

20
70
92

5

4
4

3.145. 831572e1+50 o.54

t7t24755

Kos YII

Kos I 0.693.114.49

Total
Humpback

Whales Killed

Total
Hours

Hunting

Total
Days

Hunting

Average
Hunting Hours

per Day
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oPERATIONS OF CATCHERS AT TANGALOOMA DURINC PERIOD JUNE lo-ÄUGUST 5 Or ¡lCn S¡¡SON, 1953-62

Average
Whales per
Catcher's

Day's Work

Äverage
Whales per

Hunting Hour

Average
Hours

per Whale

1.44

1 .86

Year Vessel

1953

19s4

1955

1956

1957

1958

1959

1960

l96l

34
24
28

F

;
È
Ê
5
lú

o

38

46
42

44
36
40

34
JJ

-tt

33
37

35

97
86

92

81

64
72

0
0
0

38

30
68

10.40
1o.64
10.52

0
0
0

08
06
07

4.49
4.20
4-34

1,2.86
16.67
14.54

1962
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hunted each year on the west coast, and two which hunted each year on the east coast,

have been used as standard units of catching power. The steaming or hunting hours
of these catchers working in the same localities each year, and over the same period
of time (during the northward migration), have been assessed. Adjustments have

been made to the effort in those years where the effective hours were increased by
the introduction of spotting aircraft or a change of moorings. These adjustments
have been made in terms of equivalent steaming or hunting hours by the catchers

used as the standard.

Tasrr 35

SOME WHALE CATCHINO VESSELS USED BY ÄUSTRALIAN COMPANIES

Vessel
Tonnage

Engine
Gross Net

Carnarvon
Tangalooma*
Robert Moore
Gascoyne
Kos I
Kos II
Kos VII
Minilya
Cheynes
Haeremai Star
Point Cloates
Vigilant
Norþlk llthaler
Byrond I
Cascade

Steam
Steam
Steam
Steam
Steam
Steam
Steam
Steam
Steam
Twin diesel
Twin diesel
Twin diesel
Twin diesel
Twin diesel
Petrol

Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel
Wood
Wood
Steel
Wood
Wood
Wood

Kingston Wood Petrol

* Used for towing only

The unit of effort used for the Australian seasons prior to 1955 was not precisely

the same as that from 1955 onwards. Owing to a reduction in quota, a more vigorous
management policy made the unit fishing time more effective from 1955. Assuming
that the mortality coemcient of 1954-55 was the mean of the 1953-54 and the 1955-56
mortalities, then the effort units in 1954 and earlier years have to be reduced by a
factor of 0.7 to equate them with the effort units of 1955 and later years.

From the adjusted effort, in standard units, applied each year by the same

catçhers operating in the same locality over the same period of time, and the catch of
humpback whales taken by these same vessels under those conditions, indices of
relative abundance (catch per unit effort) have been calculated for each year (Table 36).

Estimates of the total annual effort on the west coast of Australia were obtained
for each winter season by multiplying the adjusted effort of the standard west coast

catchers by the ratio ofthe total west coast catch to the catch by the standard catchers.

The Antarctic (area IV) effort was estimated by dividing the catch in each summer

Length (ft)

160
147

138

137

125
12s
125
tt6
l12
tt2
t12
98

119

109

36

36

598
392
374
344
254
254
253
248
248
120
118

101

217
113

216
294
155
123
97
97

108

118

approx.80
78
80
26
9t
90

Approx. 5 tons (dead
weight) |

Approx. 5 tons (dead
weight) 

|

Hul1
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by the mean catch per unit effort of the standard west coast catchers during the
two adjacent winters (Table 37). Corresponding estimates of total annual effort
applied within the group V population were made using the data from the catchers
used as a standard on the east coast of Australia, and the annual catches from the
various localities within the group V population (Table 38).

Humpback whale fishing effort in Antarctic areas IV and V had to be estimated
in terms of the Australian units, partly because full details of the effort data were
not available from these areas, and also because a variety of species was being hunted
simultaneously in these southern feeding grounds, making it extremely difficult to
separate from the overall Antarctic effort, that portion which had been applied to
humpback whales.

o4
GASCOYNE
POINT CLOATES
HAEREMAI STAR
VIGILANf

PERIOD JUNE 25.AUG.26 EACH YEARU
I

r=c
vQor
MY
ùa

t<
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oø
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ú(
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È
U

o.3

o2

o.t

o
1952 1953 1954 1955 1956 1957 r 959 I 960

Fig. 25.-Catch per unit effort by four catchers operating on the west coast of
Australia during the same period each year.

The total effort expended within a particular population of humpback whales
and responsible for the estimated fishing mortality from a particular pair of years
(Section VII), was estimated as the mean effort from the temperate regions in the
winters of those 2 years, plus the corresponding Antarctic effort in the intervening
summer.

(b) Changes in Abundance

Using the well-documented operations ofl certain Australian catchers, and
after eliminating or adding weighted çomponents for factors which varied the fishing
effort in a particular year (where some measure could be made of such factors),
the estimated catch per unit effort gives an index of abundance of humpback whales
from one season to another (Table 36). The values from the west coast of Australia
cannot be compared directly with those from the east coast of Australia as the catch-
ing power of the vessels used as standards in the two localities were not the same,
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and the unit of effort used on the west coast (catcher's steaming hour) was not the
same as that used on the west coast (catcher's hunting hour). These differences

cannot be resolved entirely, but the approximate relation would be that I standard

unit of effort for the west coast was equivalent to 0'5 standard units for the east coast.

The indices of abundance (catch per unit effort) are plotted in Figure 26 using this
relation.

The two populations appear from Figure 26 to have been initially of similar
size. Although there was some decline in numbers soon after post-war whaling began,

the abundance of humpback whales in the group IV population continued to be

relatively high until 1954, whereas the group V population was relatively abundant
until 1959. Since those years the populations have declined in numbers, the group V
population decreasing more rapidly than the group IV population.

T¡.sLr 36

ÄDJUsTED EFFoRT, HUMIBACK WHALÉ cATcH, and c¿.rcn pER UNIT EFFoRT, BY cATcHERS ADoPTED As

STANDARD FOR OPERATIONS ON GROUP IV ÂND V POPULATIONS

Standard Catchers* from Group IV
Population

Standard Catcherst from Group V
Population

AdjustedYear Adjusted
Effort

hours)

1950
1951

1952
1953
1954
1955
1956
1957
1 958
1959
1960
196r
1962

Effort (hunting
hours)

Humpback
Whale Catch

(number)

Catch pe r
Unit

Effort

t7l
157

497

522
544
591

60'l
554
250

68

o'972
0 .755

o.779
0.704
o'714
0.750
o.748
0.522
0.230
0.069

* The same four catchers operating on the west coast of Australia from June 25 to August 26

each year.

tTwo catchers operating on the east coast ofAustralia from June 10 to August 5 each year.

In 1962 the group V population was apparently smaller than the group IV
population. This difference may have been even greater than indicated by the data

in Figure 26, because in 1962 the two catchers previously used as the standard for
the east coast data were replaced by two more modern catchers of considerably
greater catching power. However, no adjustment was made to the data in order to
allow for this change in catching power, because it has been shown above (Fig. 25)

that when the abundance of whales has been reduced to a low level, differences in
catching power of individual catchers are of minor importance.

Catch per
Unit

Effort

Humpback
Whale Catch

(number)

162
422
s44
517

650
580
467
489
350
27t
245
358
284

0.475
0.424
o.347
0. 353
0. 351

o.244
0. t78
o.146
0.123
0'090
o.062
0.055
0.051

t76
208
638
741
'761

788
820

1061

1085
989

341
995

1 568
1465
t852
2378
2631
3351
2847
301 5

3957
6557
5524
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Jonsgård, Ruud, and Øynes (1957) claimed that in the Antarctic during the
period from 1950 to 1956, the group IV and V populations of humpback whales had
increased in abundance relative to the stocks of blue and fin whafes. 'Ihis has little
meaning, for if blue and fin whale stocks were declining at faster rates than the
humpback whale stocks, the humpback whales could appear to be relatively more
abundant than the other species, yet decreasing themselves.

T¿,sr¿ 37

TorAL BFFoRTTN TERMS oF STANDARD CATCHERS EXPENDED oN THE dRoup Iv popuLÄTIoN oF HUMPBÄCK

wHALEs EÄcrr YEAR rnou 1949 ro 1962

Effort on Females

Year Totalx
Effort

1949

1950

195r

1952

1953

1954

1 955

1956

1957

1958

1959

1960

196l

1962

278

526

2138

1920

2057

1972

2378

3808

3994

4140

3682

4376

5604

591 3

745

1040

l4l5

294

378

40

1517

0

0

6028

368

5l

453

ll47

2172

3444

2282

2393

2215

4610

3901

4067

9939

4398

5041

6212

ll3

288

731

1487

1618

1758

2226

2501

3673

3727

4106

4424

4982

4651

1096

1940

2615

1809

2043

2046

4753

3087

3700

11,094

4765

4720

5421

* Catcher steaming hours.

(c) Changes ín Distribution

As humpback whales have decreased in numbers from year to year, the catches
at each Australian shore station have been dispersed over wider areas. This has not
been caused by a change in the behaviour of the migrating humpback whales, but
because of the lowered density of.the whales, forcing the catchers to scour larger
areas of ocean in order to locate humpback whales of legal size-

895

1431

1 50s

257

355

54

2389

0

0

7 178

500

17

604

Antarctic
Area IV

West Coast
Australia

Antarctic
Area IV

Effort on Males

Total*
Effort

West Coast
Australia
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A typical example of the increased dispersion of catches is given in Figures 27

and28, showing the distribution of the catches by the Carnarvon station in 1951 and

1962, respectively. By 1962 the catch was dispersed farther offshore as well as for a
greater distance along the coast than in 1951, increasing accessibility and vulner-
ability, respectively.

In the 1951 season, the whales were captured within 40 miles of the coast,

almost all within Shark Bay. Other whales which passed this latitude outside of
Shark Bay were not exposed to hunting at that time, i.e. they were not accessible to

T¡sLp 38

TOTÄL EFFORT IN TERMS OF STANDARD CATCHERS EXPENDED ON THE GROUP V POPULÄTION OF HUMPBACK

wHALEs EAcH YEAR rnorr¡ 1952 ro 1962

Effort on Males Effort on Females

Year Total*
Effort

1952

1953

1954

I 955

1956

t957

1958

1959

1960

1961

1962

218

0

596

123

0

0

615

645

359

0

523

309

I 196

564

489

461

t1t2

1645

t70t

1 381

*Catcher hunting hours.

the whaling operations of that year. By 1962 the catchers (assisted by spotting

aircraft) had extended their operations up to 70 miles west of the whaling station,

stretching right across the coastal migration path. The whole of this population was

then exposed to hunting.

In 1951, the extreme range of the catch from north to south was less than

60 miles (Fie. 27). A whale swimming at 2j knots would then take less than 24 ht to
pass through the whaling area. Since half of the distance would have been travelled

during darkness, some individuals could have passed through the whaling grounds

Area V

300

0

834

139

0

0

573

830

420

0

49

45

102

53

90

113

95

185

258

130

129

New
Zealand

ffj, lNorrolk
Australial I'

154

197

274

290

334

321

279

361

602

1230

1058

82

38

76

81

142

200

t4

782

702

1365

953

948

938

1,628

1980

2496

2265

Area V Effort
TotalNew

Zealand

75

67

136

9l

114

143

t49

24s

435

217

313

åä:, iNorrork
Australial l'

46t

524

677

634

689

689

681

734

950

1948

1449

131

130

84

t22

184

s39

43
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without having been sighted. Thus vulnerability would have been relatively low
within the whaling area occupied in 1951.

In 1962, the extreme range of the catch from north to south extended over
160 miles. A whale travelling at 2$ knots would in that year, take some 64 hr to
migrate through the whaling area, so being exposed to hunting on 3 successive days.
Vulnerability would then be very high during favourable weather.
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Fig. 26.-Relative abundance (catch per unit effort) of humpback whales in
group IV and V populations as measu¡ed each winter on the west and east coasts

of Australia.

Similar changes in the distribution of the catches have been recorded for the
whaling stations at Albany, Tangalooma, Byron Bay, and Norfolk L (chittleborough
1962).

VII. Monrar,lry
(a) Instantøneous Total Mortality Cofficients

Estimates of total mortality have been made from the age composition of
Australian catches (Tables 25-30), weighted according to the total effort (Tables 37
and 38) expended in making these catches. The catch in each season from each
age group was divided by the value for total effort expended in the corresponding
season, so that each of the Tables 25-30 was converted to age composition per unit
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of effort. This gives an index of abundance of whales in each age group at that time

and locality, with the exception of some of the juvenile age groups which were not

fully recruited into the catchable stock.

It3 oE. I 3" 30'

24

250
s.

26o

Fig. 2|.-Area off Carnarvon whaling station marked in squares, 10 X 10 nautical

miles, showing in each square the number of humpback whales killed in 1951.

Let U,¿ be the catch per unit of effort at age i in a specified season and locality,

and (J¡,+t the catch per unit effort at age lf 1 in the same locality but one year later.

Then:
U¿+tlUi,:S*e-2,

wherc Z is the total mortality coefficient. The survival rate (S) was calculated for

each fully recruited age group in pairs of successive years, separate calculations

being made for males and females on both the west and east coasts of Australia. For
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the older age groups (those exceeding 15 years of age) the numbers recorded in the
catches were so few that the individual estimates of S were unreliable. For these
age groups a mean survival rate was calculated by the ratio of the total catch per unit
of effort for all age groups from 15 years and over in year ifl, to the total catch per
unit effort for all age groups from 14 years and over in year i.
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The instantaneous mortality coefficient (z) was obtained for each age group
from the value of s using the tables prepared by Ricker (1958). This gives a number
of estimates or Z for each sex, locality, and pair of years. A mean value of Z for
each sex, locality, and pair of years was obtained, weighting the individual estimates
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of Z for each age group by the number of whales upon which the estimate was based.

Total mortality from 1954 to 1955 was not calculated, owing to the change in the

application of effort between these years, as described in Section VI (ø).

Trsln 39

rNsrÀNTANEous MoRTALrry coEFFrcrENTs (Z) cttcvttrnD rRoM cATcH AT AGE AND EFFoRT DÀTA oN

WEST ÄND EAST COÀSTS OF AUSTRALIÄ

Year 1949- 1953- 1955- 1956- 1957- 1958- 1959- 1960- 1961-
54 56 5't 58 59 60 6l 62

Group IV population

50

Males

Females

0.232

0.226

0. 369

0. 318

0. 600

0. 315

0. 390

0.283

0. 803

0. 391

0.657

0. 366

I '091

0.803

0. 876

0.670

0.847

0. 802

0'900

0. 539

ì o.¡az I o.+zs I

io t,,lo,uoI

Group V population

o.441 0.264 0. 198 -0'010 0. 194 o.476 r.562 r. 577Males

Females

o-254

0.325 0. 507 0.1,67 0.233 -0.014 0.139 o-512 I .561 1.753

The mortality coefficients derived from these calculations (Table 39) apply to
the adult portion of the relevant stock, since the juvenile age groups in most cases

had not been fully recruited.

Table 39 shows that in the group IV population, total mortality was initially
about the same in the two sexes, but as whaling progressed, total mortality of males

increased to much higher levels than that of females. This is consistent with the

earlier changes in the composition of catches of the more heavily fished males (see

Section V).

T¡sLr 40

PROVISIONAL ESTIMÄTES OF TOTAL MORTÁLITY COEFFICIENTS FROM NEW ZEALAND CÄTCHES

Year t96l-62

Males 0.79 r'77

Fernales 0. 36 2.15

Mean 0. 58 1.96

On the east coast of Australia (group V population) total mortality rose moder-

ately in 1959-60, then became very high in 1960-61 and 196l*62 (Table 39), even

though the catches in these years had not been unusually high (Table 2).

An independent estimate of mortality in 1961-62 can be made from the fre-
quency of sightings of humpback whales off the east coast of Australia during the two
winter seasons. At Tangalooma 88'2 humpback whales were sighted per 100 catcher

1952-1 951-1950-
53525l

1'60

1.62

I .61

1960-611959-60

0. 81

0'09

0.45

1958-591957-58

1'02

0.3t

0.67

0.22

0.14

0.18

195Ç57

0'14

0.16

0.15

1 955-56
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hunting hours in 1961, and 38'6 per 100 catcher hunting hours in 1962, both values
being for the same period (June l2-August 6). These values give a survival rate (S)
of 0'44, which is equivalent to a total mortality coefficient (Z) of 0 '83. 't'he mortality
calculated from the sighting records is lower than the corresponding estimates of
mortality from the catch data, but this is to be expected, since the former refers to
the whole population (most of the members of which were, in those years of obser-
vation, below the minimum legal length), while the latter refer only to the adult
(highly exploited) part of it.
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Fig. 29.-Mortality and effort, group IV male humpback whales; broken
line regression on all points, solid line regression excluding 1958-59 value.

Further estimates of Z for the group V population can be derived from the
catches in Cook Strait, N.2., making certain assurnptions, mainly with regard to
effort. Assuming that the growth rate of humpback whales in New Zealand was the
same as for Australian specimens, estimates were made of the age composition of
New Zealand catches from 1955 to 1962, by applying to the length frequency distr!
bution of males and females killed in New Zealand (records from International
Whaling Statistics), the age-length keys derived from the Australian material.

There were no records of measurement of effort expended in taking the New
Zealand catches which were made throughout the whole of the northward migration
each year, searching being conducted from an elevated position on the shore. The



POPULÀTION DYNAMICS OF THE HUMPBACK WHALE ll1

increase in the annual catch from 1955 to 1960 (Table 2) was due to better searching

and improved plant efficiency rather than to an increase in the stock-

The catch per unit effort of each age group was calculated a.ssuming that the

total ca-tch per unit effort had been constant from 1955 to 1960 (i.e. the stock did not
increase), and that the effort in i961 was the same as that in 1960. In 1962, two
sighting lookouts were operated and approximately half of the sightings were made

from the new lookout, so that the effort expended |n 1962 was taken to be double

that of 1960.
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Fig. 30.-Mortality and effort: group IV female humpback whales; broken
line regressionon all points, solid line regression excluding 1958-59 value.

Total mortality coefficients were then estimated between pairs of years, using

only those age groups which were fully recruited, following the same procedures as

for the data from the Australian coasts. The mean values (Table 40) were more

variable than the estimates of Z ftom the data collected on the east coast of Australia
but the values derived from the data from both localities rose to similar high levels

in 1960-61 and 196l-62.

The results from two widely separated localities (east coast of Australia and

New Zealand) show a very sharp rise in total mortality within the group V population

from 1960 to 1962. The evidence ofat least partial segregation into separate breeding

units within this population during the winter (breeding season) suggests that the

similar and high mortalities recorded at the same time in different localities were not
due entirely to the fishing in those regions, but had a common origin. Recent catches

reported from Antarctic area V (included in the total effort recorded in Table 38)

have not been sufrciently large to account for these very high mortality coefficients.
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There are three possible explanations:
(l) That the group v stock of humpback whales has recently changed its long

established migration paths. This hypothesis is contradicted by widely
scattered and independent observers throughout the South Pacific islands,
on ships, and on the Australian coast, all reporting a great reduction in the
number of humpback whales during the winter seasons of 1961 and 1962.

(2) That there was increased natural mortality (of epidemic proportions) due
to disease, parasitic inlèctions, or starvation. This also has no supporting
evidence, as the few humpback whales captured were in good health, and
had a norrnal thickness of blubber, and gave a normal oil yield.

(3) That substantial catches of humpback whales had recently been taken from
this stock in addition to those shown in the available records, in a region
where the humpback whales from New Zealand and the east coast of
Australia can both be fished simultaneously, i.e. Antarctic area V.

There is some evidence supporting the last hypothesis. Although no humpback
whales were reported to have been taken from Antarctic area V in the summer of
196l-62 (Table 2), two marks, previously fired into humpback whales, were recovered
from whales killed within Antarctic area V during that summer. The information
reported with respect to these marks is shom in the following tabulation:

Mark No.

I 5898

Release Recapture

21815

Date
Locality
Species
Size

Date
Locality
Species
Size

October 12, 1959
East coast of Australia; 27'S., 153'30'E.
Humpback whale
Calf ,2-3 months old with cow

June 2, 1961
Cook Strait, N.Z.
Humpback whale

December 19, 1961
62"21'5., r66"1o',E.
Sperm whale
43 ft 8 in. (13.3 m), rnale

February 24,1962
66'50',S., 162"59',8.
Fin whale
65 ft 4 in. (19 ' 9 m), female

There is no likelihood that there could have been any confusion as to the
species at the time that these marks were fired into the whales. Some error must
have been made with regard to the whales from which the marks were recovered,
but whatever the explanation of the obviously erroneous. recovery data, the.evidence
is clear that at least two marked humpback whales were killed in Antarctic area V
during the summer of 196l-62. Since marked whales represent only a small fraction
of the total catch (in 1959, Australian marks were recovered from o.9o/. of the total
catch of 2163 humpback whales taken from the group V population), one can infer
that a considerable catch (possibly of some hundreds) of humpback whales was
taken from Antarctic area V during the summer season of ß6162.

(b) Nøtural Mortality and Fishing Mortality Cofficients
(i) Group IV Population

The total mortality coefficient (Z) can be divided into its components, natural
rnortality (M) and fishing mortality (l.), by relating the total mortality to the corres-



113

ponding fishing effort (/). The total effort was taken as the mean Australian effor't in
the particular pair of seasons from which the estimate of Z was made, plus the

'.{
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Antarctic effort in the intervening summer (Table 37). The estimates of total mortality
(Z) were plotted against the estimated effort (/) for each sex separately (Figs. 29 and 30).
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Fig. 32.-Mortality and effort: group V female humpback whales;
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In each plot the point for 1958-59 was anomalous, the estimated effort being far higher
than for any other point, but the total mortality, while high, was not as high as might
be expected from the regression. The high effort values derive from very large
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Antarctic catches during the summer of 1958*59. If some of these whales did not in
fact belong to the group IV population (as indicated by Chittleborough 1959b), then
the effort as computed would be too high; if 4Oo/, of these catches were from outsitle
group IV, then the 1958 59 point would fit closely on the regression line through the
other points. For these reasons there appears to be justification in omitting the
1958-59 point from the calculations.

The regressions fitted by least squares, omitting the mortality and effort recorded
for 1958-59 gave intercepts on the y axis of 0'086 for males and 0'087 fbr f'emales

(standard error 0'140 and 0'129, respectively). These are estimates of the natural
mortality coefficient of adult humpback whales from the group IV population.
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Fig. 33.-Stock-recruitment relationship for group IV humpback whales.

Another approach to the estimation of natural mortality in humpback whales
can be made if the age composition has been assessed from a random sample of the
virgin stock. This cannot be done in the case of the group IV population because of
its previous history of exploitation.

The total mortality in the most recent seasons has ranged from 0'85 to 1'09
for the males and from 0'54 to 0'80 for the females (Table 39). After deducting
natural mortality of 0 '09, the corresponding fishing mortality coefficients were 0.76-
1.00 for males and 0'46-0'71 for females. The difference between males and
females is due to the fact that all mature males can be taken by the fishery, while
females with calves (35-40% of the total number of mature females) cannot be taken.

400tooo
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(ä) Group V Population

The estimat es of Z from the data obtained from the east coast of Australia
(Table 39) have been plotted against corresponding total effort (Table 38) for each

sex separately (Figs. 3l and 32). The regressions fitted by least squares to these

points gave intercepts on the y axis of -0'437 for males and -0'128 for females.

These anomalous values for M were caused by the points for 1960-61 and 196I-62,
in which the estimates of effort (based on total reported catch) were far too low in
relation to the very high values of Z (the latter being confirmed by independent

assessments of mortality from New Zealand catches).

Tasln 4l
REcRUrrs suRvrvrNc FRoM FEMALES BoRN ANNUALLY psn 100 ADULT FEMALES

Female Births
(per 100 adult

females)

Assumed
Natural

Mortality
in 4th and
5th Years

Recruits,
Survivors to

5 Years (maturity)

0'07

0.07

0.07

If the points for the pairs of years 1960-61 and 1961-62 werc omitted from the

data shown in Figures 31 and 32, significant regression lines could not be fitted to
the remaining points as neither total mortality nor effort had changed sufficiently

from 1 952 to 1959. Then in this case the method of the regres sion of Z upon / could
not be used to separate total mortality into its components (natural and fishing

mortality).
Chittleborough (1960ø) assumed that his estimate of total mortality for adult

male humpback whales of the group V population ln 1957 and 1958 (based upon

samples of ear plugs) was almost unaffected at that time by commercial operations.

Then the total mortality coefficient derived from that sample of adult males (0'097)

consisted mainly of natural mortality. The estimate of 0'09 for natural mortality
for the group IV population should then be regarded as the upper limit for the

estirnate of rl1.

If the regression lines of total mortality on total effort for adult males and

females in the group V population, are to intercept the y axis at a value of 0'09,
approximations can be made for the true positions of the points for 1960-61 and

196l-62 (Figs. 31 and32). From the difference between the postulated and recorded

values of total effort, the additional (unreported) catches in these years can be esti-

mated. On this basis additional mortality within Antarctic area V of some 3700

humpback whales in the summer of 1960-61 and of approximately 1300 humpback

whales in 196l-62, would (when added to all other known catches) explain the recent

abrupt increase in the total mortality within this stock.

18.6

18.6

18'6

0.15

0. 11

0.07

10. 3

11 .6

13.1

11.9

13.4

15't

Survivors
to 3 Years

of Age

Possible
Juvenile
Natural

Mortality
(M)
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VIII. RncnurrMENr

(a) S tock- Recruitment Re lationship

One approach to the task of estimating recruitment makes use of data on the
catch per unit effort from each female age group. The abundance of adult females in
each year (from 1949 onwards) on the west coast of Australia has been estimated as

the sum of the catches per unit effort of female humpback whales above 5 years of age.

'lrørn 42

CÄTCHABLE STOCK OF GROUP IV HUMPBACK WHALES ESTIMATED FROM CÀTCH ÁND FISHING MORTALITY

Aus-
Year

1950

l 951

t952

I 953

1954

1955

1956

1957

I 958

1959

1960

I 961

1962

Catch

Males

Ant-
arctic
Catch

F
(M:o

Esti-
mated
Stock

3775

4320

3335

5530

2980

3690

1625

177 5

I 66s

620

385

635

Females
2s0

907

666

726

692

580

676

583

509

331

271

306

304

468

s46

103

133

12

320

0

0

645

28

3

24

1047

1333

799

842

648

948

630

546

1065

329

291

329

88

85

90

0.28

0.51

0. 30

0.29

0. 31

0. 34

0.71

0. 57

1.00

0.79

0.76

0. 8l

3740

2615

2665

2905

2095

2790

890

960

1065

415

385

405

137

310

s16

571

617

543

443

536

458

369

274

272

239

644

581

90

t25

16

504

0

0

768

38

1

32

868

994

634

7t9

596

997

488

497

1l 81

360

274

287

0.23

0.23

0.19

0.13

0. 20

0.27

0. 30

0.28

0.7r

0. 58

0.71

0'45

'3t

.60

.39

.38

.40

.43

.80

.66

28

37

1.09

Recruitment to the fishery was taken to occur at 4 years, but since whales were not
fully recruited at this age the catches per unit effort of 3-year-old females cannot be

used directly, and an indirect method had to be used. This was done for each year
class by taking the catches per unit effort at the fully recruited ages, and converting
these to actual numbers in the population using the relation IhaL a catch per unit
effort of 0'1 is equivalent to a population of 2000 whales (see Section IX (a)). The
numbers of 3-year-old females was then estimated by adding the known catches of
females in the year class, and the estimated deaths by natural mortality (assuming
M : 0 '1, but this value is not a critical one).

zMean
Catch

Aus-
tralian
Catch

Esti-
mated
Stock

F
(M:0.09)zMean

Catch

Ant-
arctic
Catch
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The estimated number of recruits (3 years old) in each year was then plotted

against the number of females in the parent generation, i.e. the number of adult

females 4 years earlier (i.e., the pregnant females of 1950 give birth in 1951 and these

are the 3-year-old recruits in 1954). The result is shown in Figure 33, giving the

relationship R (recruits) :0'12 x mature stock. Annual recruitment (of 3-year-old

whales) as measured by this method is then 12 females per 100 adult females.
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Fig. 34.-Relationship between catch per unit eflort and catchable stock
size as estimated from catch and fishing mortality; group IV population.

(b) Estimates of Recruitment from Pregnancy Data

A more direct measure of recruitment can be made by applying juvenile mor-

tality to the birth rate, if these values can be determined. In order to measure the

latter, attempts have been made to distinguish in the ovaries, corpora albicantia of
previous pregnancies from those of ovulations which had not resulted in pregnancy,

but as discussed in Section III (¿XÐ, these attempts have been unsuccessful.

Since there is a seasonal breeding cycle, and the gestation period is almost

12 months long, the proportion of mature females carrying near-term foetuses during
the northward migration (when all mature females are equally vulnerable), gives a

measure of the birth rate in this population. Using this method with the data from
the whaling station at Albany, the average annual birth rate was found tobe0'372
(Section III (a)(iv)).

Nishiwaki (1959) used a somewhat similar method to estimate the birth rate of
humpback whales in Aleutian waters. He found that approximately 650/o of the

mature female humpback whales available for catching were pregnant. Since lac-

tating females were not vulnerable, and as equal numbers of lactating and pregnant

females could be expected, the composition of the mature female stock feeding in
Aleutian waters during the summer should be 65 pregnant : 65 lactating: 35 resting

females. This is equivalent to an average annual birth rate of 0'39.

The estimate from the data collected at Albany is more precise than that of
Nishiwaki, as the former was based on samples of all categories of mature females,
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\4/eighted according to the fishing effort applied throughout the northward migration
past that sampling point.

If the birth rate is 0.372 and the sex ratio at birth is 0.5, then 100 mature
females will give birth to 18.6 female calves per year. The number of 3-year-old
female recruits is therefore: 18 .6e-BM where M is the average natural mortality in the
first 3 years. Natural mortality of juveniles has not been measured but it is almost
certainly greater than adult natural mortality. A likely range of values for juvenile
mortality and the resultant survivors to 3 years of age are shown in 'l'able 41. t rom
the estimate of recruitment at 3 years of age derived from the stock-recruitment
relation in the previous section (12 per 100 adults) juvenile mortality would apparently
1ie in the upper part of the range given in Table 41.

Tasrn 43

ESTIMATES OF POPULATION SIZE OF GROUP IV HUMPBACK WHALES BY VARIOUS METHODS

Year

1930's
1950
1951

1952
1953

1954
I 955
1956
1957
1958

1959
1960
1961
1962

Estimated
Catchable
Population

(from
mortality

rates)

7225
6450
7220
6755
s775
449s
2625
2730
1 880
905
905

Estimated
Total

Population
(sightings)

10,200
0.47
0.42
0. 35

0.35
0. 35

o.24
0.18
0.15
0.12
0'09
0.06
0.055
0.05

9400
8400
7000
7000
7000
4800
3600
3000
2400
1800
1200
1 100
1000

9800
7800
6700
5600
3700
2900
2400
1 800

Although some whales are taken by the catchers when 3 years of age, females
are not mature until, on the average they are 5 years old. Assuming natural mortality
during their fourth and fifth years to be 0.07 (though 0.09 has little effect on the
result), recruitment (to maturity) may range from 0.10 to 0'13 (Table 4l).

IX. Popur¡.rroN SrzE

(a) Group IV Population

A first approximation of population size can be derived from data of sightings
of baleen whales in the southern hemisphere in 1933-39. From these records Mackin-
tosh and Brown (1956) estimated a total baleen whale stock of 220,000-340,000,
the larger figure being the more likely. Mackintosh (1942) had previously estimated

Fstinrated
Catchable
Population
(Del-ury)

Estimated
Catchable
Population

(from
catch per unit

effort)

Catch
per
Unit

Effort
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that l0o/o of the larger baleen whales in the southern hemisphere were humpbacks so

that in the 1930's the southern humpback whale populations may have contained some

22,000_34,000 individuals. These have to be apportioned between the five distinct

populations. Following the guide given by Mackintosh (1951), a fair measure of the

relative abundance within the populations during the 1930's is as follows:

Group I Group II Group III Group IV Group V

Thus, if the group IV population included 30o/" of the total southern stocks of this

species in the 1930's this population contained from 6600 to 10'200 humpback

whales, the larger figure being probably the more likeþ.
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Fig. 35.-Delury method on group IV population of humpback whales.

. The average population size during each recent season can be estimated directl-rr

from the catch data and the estimates of fishing mortality (F), as shown in'lable 42.

The upper limit of M (0 '09) has been used ; lower values for natural mortality decrease

the estimates of stock size only slightly. These estimates refer to catchable stocks of
males and females.

The regression of catch per unit effort (best estimate) on total catchable stock

is a straight line (Fig. 34) on which a catch per unit effort of 0'1 is equivalent to
2000 humpback whales in the catchable stock. The population sizes estimated from
this relation are shown in Table 43.

Another independent estimate of stock size has been obtained from the Delury
(1947) method of plotting catch per unit effort against accumulated catch. This gives

a very good relation for the data since 1955 (Fig. 35), with an intercept on the x axis

of 9800 + 1100, whichis an estimate of the catchable stockin 1955. However, this
method gives biassed estimates because no allowances have been made for recruitment,
natural mortality, the effects of migration, etc. The errors resulting from neglect of
these factors leads to an overestimate of the population size.

'1958.
1957.

1 956

2469A

1 961
1960
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The various estimates of group IV population size are shown together in
Table 43. Unfortunately, the estimate from sightings cannot be compared directly
with those by other methods because the period covered by the sighting records does
not overlap that to which the other data refer. The history of whaling on this stock
(Section IV) is of few catches before 1934, very heavy catches (12,673 in all) from
1934to 1939, and no whaling from 1939 to 1949. Thus, the stock in 1939 was probably
considerably less than the 1950 stock, and the populatio n in 1934 much more than that
in 1939 (by an tmount lcss than 12,000 whales). If the population size hacl beel 9400
in 1950, and if over the previous 1l years (when there had been no fishing mortality)
the rate of increase (, - M) had been within the range of values given in section
X(ø), the 1939 population was somewhere in the range of 4000-8000. The 1934
population would then have been in the range of 12,000-16,000. The sighting estimate
of 10,000 humpback whales in this population during the period 1933_39 fits well
inside this range.

T¡sLs 44
MEAN CATCHABLE STOCK OF GROUP V HUMPBÄCK WHALES ESTIMATED FROM CATCH

AND FISHING MORTALITY

Period 1961-62

Mean total mortality (Z)
Fishing mortalitv @)(M - 0.09)
Annual catch (C)

0.224
0'134
1329*

0'50
0.41
2241*

I .56

l'47
1456*
s156t
990*

3s10t

1.67
1 .58

595x
1 8951
380*

1200t

Mean population size (C/F) 9920* 5470*

*Total reported catches.

tAssuming additional mortality of 3700 humpback whales in 1960-61 and
of 1300 in 1.961-62.

The best estimate of the mean catchable stock in 1962 ]s that it consisted of
1000 whales. In order to determine the number left at the end of 1962,the estimate
of mean stock size should be reduced by approximately half the catch taken on the
west coast of Australia during the winter season of 1962. Even allowing for some
recruitment, the total number of catchable whales remaining in the group IV popu-
lation at the end of 1962 would not exceed 800.

(b) Group V Population

The population estimates from sightings (described in the previous section)
suggest that the group v humpback whale population contained approximately
10,000 individuals in the period 1935-39. Since there had been little previous
exploitation of this population, this estimate is of the size of the population in the
virgin state.

Estimates of the size of the catchable stock in recent years, made fron-r fishing
mortality coefficients and total catch data (Table 44), suggest that its meau size
between 1952and 1959 was similar to that of the population between 1933 and 1939

1960-611952-s9 I 959-60
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as calculated from sightings. There had been little fishing of this population from
1939 to 1950, and the population had apparentþ remained stabilized'

Since 1959 the population has diminished rapidly. If the total catches were as

reporfed to the Bureau of International Whaling Statistics, the catchable stock

remaining at the end of 1962 was less than 200 humpback whales' However, if as

suggested in Section VII (å), the catches were understated by 3700 humpbacks in

1960-61 and by 1300 in 196l-62, the catchable stock left at the end of 1962 was

close to 500 whales.

The method of Delury was used to obtain independent estimates of the upper

limits of population size in recent years. From the regression of catch per unit effort
on the accumulated catch from all known records, fitted to the data from 1959, 1960,
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Fig. 36.-Group V population: catch per unit effort and cumulative catch.

1961, and 1962 (Fie.36), the upper limit of the population size in 1959 would have

been 4600 humpback whales. Since the Delury method must overestimate the

population size (especially when used with data such as are available here) this estimate

for 1959, being less than the estimate from catch and fishing mortality data (Table 44),

is unacceptable.

If in Figure 36 the regression line is taken only through the values for 1959 and

1960, the intercept on the x axis gives an estimate of the population size in 1959 of
7600 humpback whales. This second regression would require that approximately
4900 more humpback whales had been taken in 1961 and 1962: this value is very

close to the estimate that 5000 more humpback whales must have been killed in the

summers of 1960-61 and 196l-62, to account for the very high mortality coefficients

in those years (Section VII (å)(ii)).

X. Srocr Ass¡ssMrNr

(a) Group IV Population

The net rate of change of the population is the difference between r (the recruit-
ment coefficient) and the sum of F (the frshing mortality coefficient) and M (the
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natural mortality coefficient). The population will be in balance, neither increasing
nordecreasingif F - r - M,and thecatchtakenis F x P:(r-M)P, wherePis
the mean population size. Either, or both, M and r will change with population size,
r}1 increasing and r decreasing, or M remaining stable and r decreasing, or 1ì1 in-
creasing and r remaining unchanged as the population increases, and when the
population is at its maximum, in the unfished state, M : r. The exact relation of
M and r is difficult to determine but some reasonable assurnptions can be made, and
hcncc thc form of thc curve ¿ -(r-M)P giving the steady yield determined, andin
particular the position and height of the maximum estimated.

For the stock sizes of recent years, r has been estimated (Table 41) as 0.116,
and the reasonable limits given as 0.10 and 0.13. The upper limit of rt1 was found
to be 0'09 (Section VII (å), the best estimate being 0.07, while the data are also
consistent with a value of 0.05.

A range ofvalues of r-M can now be given as follows:

Best estimate 0. 1 16 - 0.07 - 0.046,

Highestimate 0.13 -0'05 : 0.08,

Low estimate 0'10 -0.09 : 0.01.

The total (catchable) population rernaining at the end of 1962 was around
800 whales of which not more than half were adults (Table 32). Taking the mature
population as 400 whales, the catches that could be taken from this population
without causing a further decline are:

Best estimate

High estimate

Low estimate

400x0'046:18,
400 x 0.08 -32,
400x0.01 :4.

Therefore, some l8 whales could be taken per year, and the stock would main-
tain itself at the present level. Almost certainly if more fhan 32 whales were taken
the stock would decline.

The size of the stock of humpback whales in the unfished state is not known
accurately but before 1949 |he catches taken from it were 5800 in 1912-16,3400 in
1925-28, and 12,800 in 193Ç39. Assuming that the stock had recovered to some
extent between these periods of whaling, the unfished population was probably
between 12,000 and 17,000. In this presumably stable population r-M:0, so that
as the stock approaches its maximum size there must be a critical reduction in r, or
an increase in M, or bolh.

The maximum sustainable catch therefore probably comes frorn a stock level
of around 10,000 humpback whales, which is about the level in 1949. In this popu-
lation 85o/o were mature, so that the maximum sustainable yield is estimated as

follows:
Best estimate 8500 x 0.046 - 391,

High estimate 8500 x 0.08 : 680,

Low estimate 8500 X 0.01 : 85.
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The calculation of these permissible catches has been based on data relating to
the mature stock, with the assumption that the catch would be taken only from the

mature segment of the population. The result would have been much the same if
the assumption were made that the catch would be drawn from both mature and

immature whales. Catches of immature whales would tend to reduce the net rate of
recruitment to the mature part of the stock, and hence the sustainable catch from
mature whales. However, allowing for the fact that under this regime, some of the

whales that would die from natural causes before reaching maturity are oaptured, tlìe

sustainable catch in numbers would be very slightly increased by fishing both mature

and immature segments of the population. On the other hand, the sustainable catch in
weight will be slightly less if both mature and immature whales are taken.

If the populations were to be conserved by operating each year on the maximum
sustainable yield, the minimum legal length could be abolished. As suggested by
Ruud (1954) the application of size limits in whaling may have done more harm
than good.

The time taken for the stock to build up to the optimum level can be estimated

from the potential net rate of increase, r - M. If whaling on the group IV population
had been stopped at the end of 1962 there would have been an initial rather rapid
increase in the mature stock because of recruitment from the larger mature stocks

present in 1958 and 1959 (which now form the dom.inant immature stock). The

mature stock in 1964 would therefore have been about 900 (allowing for some loss,

because of natural mortality, of whales now in the stock). These 900 would then

increase atarate of r-M, and reach the 8500 level after Zyears, where

s(r*M).r : 8500/900,

i.e. (r- M)T : 2.25. Using the best estimate of r - M (0'046), T :49 years; using

the high estimate of r- M (0'08), Z : 28 years.

The length of this delay period is critically dependent upon the level to which
the population is reduced before whaling is stopped. If whaling had been stopped

in 1959, when the catchable stock was about 1800, then the mature stock after 2years
would have been about 1620, and

g(r-M)T I

i.e. (r - M)T : l'66, T : 36 years (best estimate), or 21 years (high estimate of r - M).
Conversely, if whaling continued at the present level, the mature stock would

decline at the rate of F - (r - M), which is about 0 '7. That is, each year that whaling
continued at the present level in terms of fishing mortality rate (the actual numbers

taken would decline proportionately to the stock) would increase the delay, until the

stock can recover to its optimum level, by at least 0'7/0'08 : 8'8 years, and pro-

bably by 0.710'046: 15 years. In terms of catch lost at the optimum level these

delays are equivalent to 8'8 x 680 :5984 whales, or 15 x 391 :5865 whales.

The actual estimate is therefore very little affected by the precise estimate oî r - M: a

620,s00/



124 R. G. CHITTLEBOROUGH

long delay period, due to a low value of r-M, corresponds to a lower catch at the
optimum stock level. This figure of the net loss of 6000 from the potential catch for
each year that operations are continued, may be compared with the actual catch in
1962 of 543 whales.

(b) Group V PopulaÍion

Pregnancy rates recorded from Cook Strait, N.2., from 1948 to 1962 were
almost identical with those recorded in recent years from Albany (west coast of
Australia), so a similar value for recruitinent applies to both populations. Natural
mortality also appears to be the same in the two populations, so that the range of
values for r - M given for the group IV population will be applied to the assessments
upon the group V stock.

The total catchable stock remaining at the end of 1962 was close to 500 hump-
back whales. The mature population, therefore, was about 260 (52% of the 1962
catch were mature). The catches that could be taken from this population without
causing a further decline were:

Best estimate 260 x 0.046 : 12,

High estimate 260 x 0.08 :21,
Low estimate 260 x 0.01 3.

Virtually any commercial catches from this population would reduce the stock
below the present extremely low level. Hunting of this population in temperate
latitudes has now ceased, so that provided these whales are not molested in Antarctic
area V, the population rnay recover at the rate of P.e\,'-M).r.

The size of the original population was in the region of 10,000 humpback
whales, whereas the maximum sustainable catch probably comes frorn a stock level
of about 8500, and if 85% were mature, this means an adult stock of 7225 whales.
The maximum sustainable yield would then have been:

Best estimate 7225 X 0.046 :332,
High estimate 7225 x 0.08 : 578,

Low estimate 7225 x 0'01 72.

If there is no further hunting of this population the mature stock size will be
increased initially by the recruits from the larger population present in 1958 and 1959.
However, the paucity of sightings during the 1962 season suggests that these juveniles
had also suffered heavy mortality, so that the mature stock cannot be expected to
gain greatly from these recruits. The mature stock in 1964 may be no more than
400 whales. This stock would rcach7225 after T years, so that:

s(r-M)r :72251400,

(r- M)T : 2.89.

lf r-M - 0'046, then 7:63 years; if r-M:0.08, then Z - 36 years.

The best estimate of the period of protection necessary for the population to
lecover to the level required for the maximum sustainable yield is then 65 years, and
the most optimistic figure at least 38 years.
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As the period needed for full recovery is so great, a whaling station might desire

to operate on a smaller scale after a shorter period of protection. An annual catch of
say 150 humpback whales would require a mature stock of 3260 whales. If the
mature stock size was 400 in 1964, the time taken to reach a level of 3260 adults

would be 46 years if r-M:0'046 (best estimate) or 19 years if r-M : O'08.

XI. PnnsrNr Sr¡rus op FIssnRv

The group IV and V populations of humpback whales are now so depleted

that neither will support commercial operations relying solely on this species.

After the failure of the humpback whale fishery in 1962, the whaling stations at

Tangalooma, Byron Bay, and Norfolk I., were closed down indefrnitely, while the

station in Cook Strait, N.2., has turned to sperm whaling. Thus the group V popu-

lation of humpback whales was afforded some measure of protection, at least in the

northern part of its range.

On the west coast of Australia the station at Albany has depended mainly on

sperm whales for several years, although some humpback whales continue to be taken.

The station at Carnarvon has entered into other fishing as well as exploring the pros-

pects of sperm whaling, while continuing to hunt humpback whales. In 1963 the

Australian Government issued quotas of 450 humpback whales to the station at

Carnarvon, and 100 to the station at Albany. Both stations discontinued hunting
humpback whales in August owing to scarcity of whales; total catches were 68

humpback whales at Carnarvon, and 19 at Albany.

In July, 1963, the International Whaling Commission passed a resolution
that humpback whaling should cease in the southern hemisphere. If this resolution
can be put into effect, the group IV and V populations of humpback whales will recover

within the range of rates set out above.
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Suntmary

Total catch of Pønulirus cygnus in Western Australia rose from 0 . 6 million lb in
1944-45 to 27 . 4 million lb in 1962-63. Fishing effort increased rapidly with the result
that the catch per unit effort declined progressively. Effort has been limited by regula-
tion since 1963.

From records of catch and eflort from specifiecl areas at intervals of one month
throughout each season, estimates were made of mortality coefficients (21, F, and M1)
and catchability coefficient (4). Stock size, recruitment, and exploitation rates were
then estimated. As the seasonal catch per unit effort followed the same trend througl-r-
out all fishing areas, the detailed results from the selected areas have been applied to the
whole fishery.

The fishable stock, originally of approximately 140 million lb, had declined to
some 35 million lb by 1963. Exploitation rate rose as effort was increased, and then
levelled off(generally at above 6O\),furtht increase in fishing effort resulting in a fall
in the catchability coefficient rather than a change ir-r the exploitation rate. Because of
the high exploitation rate in recent years, the fishable stock available on the grounds at
the opening of a season is largely dependent on recruitment (by growth) of juveniles
during the preceding closed period. This recruitment has been diminishing from year
to year, apparently because of mortality of undersize (pre-recruit) crayfish handled in
fishing pots. Provision of escape gaps in all fishing pots is recommended.

A sustainable level of catch might be 16,000,000+2,000,000 lb per year if
recruitment can be stabilized. Some further restriction of fishing effort might be
necessary,

I. INrnooucrroN

The Western Australian crayfish, Panulirus cygnus, occurs on the west coast
of Australia from North West Cape (21"45'5.) to Cape Leeuwin (34"22'5.), being
concentrated on coastal reefs. Some are taken down to 80 fm. Formerly regarded
as a discrete population of P.longipe.ç, it was described as a new species by George
(1e62).

The commercial fishery can be divided into two major al'eas (Fig. 1); the coastal
area, from 28 to 33"S., is opened on November 15 each year and remaills open until
August 15 of the following year; the Abrolhos area has an open season extending
from March 15 to August 15. There have been some variations of the period of open
season in earlier years as reviewed by Sheard (1962).

* Department of Fisheries and Fauna, Perth.

t Division of Fisheries and Oceanography, CSIRO, Nedlands, W.A.

Aust. I. Mar. Freshw. Res., 1966, 17,93-121
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Figure 2 illustrates the development of the fishery ilt post-war years, the total
conrmercial catch rising from 0 . 6 million lb in 194Ç45 fo 2l' 4 million lb in 1962-63 .

Until 1963 there were no restl'ictioÍts on fishing effort, the number of men, boats, and
pots per boat increasing steadily each year as given in detail by Sheard (1962). During

rtso

il5

roo ¡

zg" 29
s.s.

3t

30

3t

33

2

Fig. 1.-Map showing crayfishing areas of Westeru Australia.

1963 the Vy'estern Australian Government limited the number of boats operating in
the crayfish industry, and the number of pots per boat. Since March l, 1963, the

luumber of crayboat licenses available has remained constant, and from Novernber 15,

1963, the number of pots per boat was limited to three per registered foot of boat
length with a maximum of 200 pots. Some of the larger vessels were not affected by
the regulation, whereas many of the smaller boats had to reduce their number of pots
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by as much as 50\. As a result, the total number of pots fishing in 1963-64 was
approximately 781of that of the previous season.

These restrictions were imposed upon fishing effort because of the very rapid
increase in the number of pots used in this fishery during recent years, without a
corresponding increase in catch. Indications of decline in catch rate in some areas,
supported by reports from fishermen, showed that a detailed assessment of the crayfish
stock and of the effects of the present level of exploitation, was urgently needed.

oo
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!:
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z
o
- to
>

z8
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lÕ6
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zz

22

t8
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t4
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2

PRODUC'TION

,.t

/
I
I

./tLsHERt''1EN

6r94 r95

Fig. 2.-Anr-rual production of crayfish in Western Australia 1¡-¡), a¡d
number of fishermen operating (O- - -O).

Reasonably complete records of catch and effort are available since the early years of
the fishery (though not always in as much detail as one would wish). However,
quantitative biological data upon reproduction, growth, natural mortality, migration,
'etc., were very limited, indeed sometimes non-existent.

Preliminary assessments of stock, recruitment, and exploitatiou rates were
derived from the catch and effort data so that conservation measures could be reviewed
as early as possible. The ecological and other biological studies required for a proper
understanding of the processes within this population are being carried out so that
more precise estimates can be made of stock size and sustainable yield.
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T¡.sL¡ 1

coMMERcIAL CATCH AND EFFoRT FoR EACH MoNTH AT THE EASTER GRoUP (rNurn a.nnn, anrol-Hos)
1950-64

Catches (c) are given in thousands of pounds weight and effort (Sr) in thousands of pot-nights

Year Statistic March April May June July August

1950

1951

195 3

1954

I 955

1958

1959

1960

1961

Catch (c)
Effort (,s)

cls

Catch (c)

Effort (e)
clc

Catch (c)

Effort (s')

clc

Catch (c)
Effort (g)
clc

Catch (c)
Effort (s')

clc

Catch (c)

Effort (g)
clc

Catch (c)

Effort (g)
clc

Catch (c)

Effort (sr)

clc

217.1
21.2
10.24

279.8
42'9
6.52

260.1
36'2

7 .18

309.6
61.6
s'03

199.0
67'7
2.94

154.9
22'7

6.82

122.8
24.8

5.00

63.0

109'0
18.7
s.84

t02.1
28.4
3.60

86. 6

14.7
5.90

(c)
(g)

Catch
Effort
clc

174.0
18.2
9.5

153'5
18.8
8'2

70.2
14'6
4.8

100.7
23.3
4.3

88.5
15.8
5.60

2t9 .1

34.7
6.31

t43.2
36.7

3 .90

66'9
2't-4
2.44

96.0
33.4
2.90

34.2
14.0
2.45

82.0
14'6
5.6

65'8
16.2
4'l

88 .0

25'6
3.4

9

8

6

45
24

5

1952 163

24
6

0
9

8

16s.4
48'2
3.43

82'2
21.8
3.8

t56'4
19.5

8 .02

178'8
36.1
4.96

185 .7

40.6
4.58

95 .0

37 .0

2'56

96.0
37.9
2.53

37.7
10.4
3'62

62.9
30.8
2.04

46.'7
29.8

1.57

57.0
4t.o
1'40

53.9
46.9
1'15

34.7
t0. 8

3.22

(c)
(c)

1956 Catch
Effort
cls

86.2
16.2
5.31

41 .8

28.4
1.47

76.0
28.9
2.63

156. 5

24.6
6.36

305.2
80'0
3.82

159.5
52'5
3.04

111.8
70.2

1 .60

1957 170.4
25.9

6. 60

262.',|
49.0
5.40

166.1
50.6
3.30

39.2
31.7

1.24

106. 5

36.2
3 .00

19'3
10.2
I .90

181 .3

27.0
6.'71

30. 3

13.8
2.20

l7 5.7
28-4
6.19

133'1
59'2
2.2s

18.2
9.5
1'91

262.9
7l .5

3.68

21.4
22.7
0.94

(c)
(c)

Catch
Effort
cle

85 .9

49."1

1.73

61 .7

43.1
1.43

45.6
54.7
0. 83

Catch (¿)

Effort (s.)

clc

299.7
91 .5

3.28

56'5
| .12

40.6
44.O
o.92

29'6
28.2
I '05

* Records not available.

166'1
66.5
2.50

86'9
54.4

1 .60

11 '6
t2'3

1 .00
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Year Statistic August

1962 18.4
15.9
1.16

1963 31.6
23.6

1.34

1964

* Records not available.

IL Souncr oF DÀrA

The catch and effort data have been taken from the Western Australian Depart-

ment of Fisheries and Fauna records. Some of these data have been listed by

Sheard (1962).

At the Abrolhos area the catch has been recorded for each of the three major

island groups, i.e. Pelsart, Easter, and Wallabi (including North I.). Each group has

been further divided to give the catch on the shallow grounds within the reef system

(inner areas), and on the deep water grounds outside the reefs (outer areas). The total
catches (in pounds weight) from these areas have been recorded for each month of
fishing.

Information upon fishing effort expended has been variously recorded in terms

of the number of boats, men, or pots, or both operating in each block or area during
each month. The most satisfactory unit of effort is the craytsh pot fishing for one

unit of time. Since pots are normally pulled each day, the ideal unit of effort is a pot
fishing for one night. However, before 1964 the statistical returns submitted by fisher-

men did not indicate the number of days during the month on which they actually
pulled their gear. For the purpose of the present analysis it has been assumed that all
pots were pulled each day of the month. Since in practice the weather conditions do

not allow the gear to be pulled daily, total effort (pot-nights) will be an overestimate

and the catch per pot-night correspondingly underestimated. However, these errors

should be of the same order of magnitude each year and any trends in the catch per

pot-night will reflect actual trends in the density of crayfish.

Tables 1-3 show the catch and effort for each month of the fishing seasolt from
1950 to 1964, at the inner areas of the three island groups at the 

'{brolhos. 
No

record was made of the number of pots fished prior to 1950. For the earlier years,

gross estimates of total effort expended during each season were made using the

recorded number of men or boats fishing, the average number of pots operated per

man or boat, and the number of days in the season. Table 4 shows the total catch and

effort expended each year on the outer areas of the three island groups since fishing
extended outside the reefs from 1955.

July

54.8
58.0
o-94

s4.2
79.7
0. 68

40.2
s2.9
0.76

MayAprilMarch June

92.5
73-6

1.27

79.4
99.6
0. 80

98.3
64.2

1 .53

38.7
51.7
o.75

37.1
71.7
0.52

39.L
s0.4
0. 78

196.9
78.8
2.50

157.3
111.2

1.41

225.0
84-4
2.67

316.9
gg:4

3.22

294'9
134.0

2'20

135.8
42.9

3.17

Catch (c)

Effort (s')

clc

Catch (c)
Effort (g)
clc

Catch (c)
Effort (g)
clc
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T¡sr¡ 2

CoMMERCTAL CATCH AND RFFORT FOR EACH MONTH AT THE PELSART cROUp (tNNrn enrn), ABRoLHOS
1950_64

Catches (c) are given iu thousands of pounds weight and effort (g') in thousands of pot-nights

Year April May June July August

1950 127 .1

20.3
6.28

Catch (c)

Effort (s')

clc

1951

102.1
23.7
4.32

(c)
(g)

Catch
Effort
cle

65.8
19.9
3'38

s0.2
?

1952

1953

1954

I 955

1 956

1957

I 958

1960

77 .s

2l .6
3.58

Catch (c)
Effort (s')

cle

Catch (c)
Effort (g)
clc

Catch (c)
Effort (s')

clc

Catch (c)

Effort (É')

clc

Catch (c)

Effort (s')

clc

Catch (c)
Effort (g)
cls

Catch (c)

Effort (s')

clc

Catch (c)
Effort (g)
clc

193.5
28.2
6'87

136.7
19'3

7 .10

170'0
24.2
7.03

44.3
2t.0
2.11

1t4.9
23.3

4'94

52.1
18.8
2.78

4l .8
12.4
3.38

44.4
1.1

5.'77

72.4
19.8
3.67

17.7
12's
1'42

11 .7

5.2
2'28

10'7
2.6
4'12

I07.5
18.4
5.86

38.3
12.3
3'12

51.4
12'2
4.23

15 "7
4.1
3.80

74.9
16.9
4.43

3l .5
19. l
t'66

63.4
33 .9

1 .87

13.8
, 4.6
3'01

116.5
42.O
2.78

88'9
12.7
2.72

60. 8

21.7
2.80

39 '0
27 .5

1.42

24.3
13.7

1.7',7

33.0
7'0
4.74

(c)

k)

(c,

k)

Catch
Effort
clc

Catch
Effort
clc

15.8
10. 8
1.47

36.5
21 .0

1.74

3t.2
14.4
2'17

27'0
12.9
2'01

5.0
3.3
I .50

I 959 14.2
1s'3
0. 93

10.0
4'1
2.45

5t '7
22.2
¿'53

32.O
22.4

1.43

12'9
8.9
t.44

60.0
23.8
2.52

34.2
t6.3
2.10

3.3
3.5
0.95

5

0
41

27.9
20.7

1.3.5

8

6

1

105

2l
4

1

7

85

248'9
24.2
10.25

171 .8

25.2
6'82

5.91

107.3
30.7
3.50

97 .s

22.6
4'3t

133.1
24.8
5'36

101 .8

23.4
4.3s

131.9
27'9
4.73

126.0
30.7
4.1r

142.1
22.5
6.32

129'9
21 '6
6'0t

127.7
18.1
7.07

132.8
22.5

51 .6

9'3
5.54

72.2
8.2
8.77

65.7
10.2
6.43

66'4
lt-2
5.91

56. 5

10. 6
5'32

42.8
t'+
5.77

'17.9

26.2
2'97

166.9
30.7
5.43

MarchStatistic

1961 14'8
14'1
l .05

16.2
l3 .0

1.25
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Year Statistic

1962 Catch (c)
Effort (s')

clc

I 963 Catch (c)
Effort (g)
clc

115.6
33.7
3.43

156.9
44.r
3.56

r03.0

2.18

64-3
l7'7
3.63

109.7
30. 1

3.65

58.3
26.3
2.22

August

147.2
40.9
3'60

9.6
11.7
o.82

54.9
29.0
I .90

47.0
48.5
0. 91

t6'2
tt.2
1.44

1964 Catch (c)
Effort (g)
clc

* Records not available.

For the coastal fishery catch and effort have been recorded in statistical blocks
measuring I degree of latitude by I degree of longitude as shown in Figure 1. The
coastal fishery is composed of two distinct parts; the oored" fishery from January to
August (Table 5), and the "white" fishery upon newly moulted immature crayfish in
November-December (Table 6).

Ideally, the catch and effort data for each period of time should relate to small
areas where the density of crayfish is uniform and the whole area has been accessible
throughout the period of commercial fishing. This is probably more or less the situa-
tion in the inner areas of the Abrolhos island groups but it does not apply to the
outer areas or to the coastal statistical blocks. There is little doubt that considerable
expansion has taken place over the years in any one block. Therefore, the average
catch per unit of effort per block from one year to the next does not necessarily apply
to the same area of ground. This may not be as serious as it may first appear because

it is likely that fishermen expanded into new areas only when the catch per pot-night
was reduced to approximately the same level as the ground into which they expanded.

Both the fishing power and the catchability coefficient of the øayfish pot may
alter during the history of a fishery, thereby altering the effect of a unit of effort. The
catchability has decreased in recent years as a result of an increase in the number of
pots used. This could be manifest in several ways. Firstly, as each fisherman endeavours
to use more and more pots, his efficiency in setting each pot decreases. He may even
set pots on sand, when fishing for red crayfish, because he does not have sufficient time
to ûnd suitable ground, or he may allow legal-size crayfish to escape by neglecting to
repair damaged battens on his pots. Secondly, the density of pots per unit ateamay
create inter-pot competition, which reduces the effectiveness of each pot. Thirdly, a
fisherman operating alarge number of pots may, by being unable to pull all pots every
day, again reduce the effectiveness of each unit of effort.

IlI. AsnolHos, INNER Anp¡.s

(a) Treatment of Data

The only reasonably well-circumscribed areas, where fishing does not spread
progressively through regions of different density of crayfish (and depth of water),

*

June July

27.4
25.8
I '06

27.9
26.2

1'07

12.5
14.6
0.86

19.6
25.0
o.75

13.2
26.5
0.50

8.3
14.6
0.57

AprilMarch
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T.rst,p 3

coMMERcIAL cATcH ÀND EFFoRT FoR EACH MoNTH AT THE WALLABI cRoup AND nonru r. (tNNnn
ÄREAs, ÀBRoLHos) 1950-64

Catches (c) are given in thousands of pounds weight and effort (Á¡) in thousands of pot-nights

Year Statistic March April August

1950

1951

19.O
21.7
3.64

(c)
(c)

Catch
Effort
cls

79.5
19.9
4.00

79.0
22.7

3.49

107.2
36.7
2.92

26
6

4

(c)
(g)

1957 Catch
Effort
cle

43.3
36'2
1.20

(c)

k)
1959 Catch

Effort
cle

24.1
34. 8
0.70

205.9
26.2
7.87

88' I
19.9
4.43

112.1
14.9
7.52

178.3
24.4
7.32

175.8
23.9
7.35

75.9
23.1
3.28

129.4
2s'4

s .09

164.2
32.8
5.01

94.4Catch (c)
Efort (sr)

clc

Catch (c)
Efort (s')

cle

Catch (c)
Effo¡t (g)
clc

Catch (c)
Etrort (t¡)
clc

Catch (c)
Effort (s')

clc

Catch (c)
Effort (s')

clc

88.3
13.1
6.76

193.4
18.7
lo'32

160.2
2l-6
'7'43

159.9
20.6
7'80

245.4
a1 .a

9.02

235.1
33 .8

6-96

262.6
46-9
5.60

391 .8

71.6
5.47

246.7
85.6

2. 88

153'7
70'2
2.20

190.0
41.7
4.56

155.4
38.1
4.08

179.3
49.8
3.60

221.3
60.2

3 .68

124.3
79'4

1,.s'7

75.6
20.1
3.75

93.6
30.0
3.12

95.6
54.0

1.77

37.9
45 .0

0. 84

96.1

38.8
11.4
2.22

23.3
17.9

1 .30

,l

1952

1953

1954

1956

1961

161.4
19'9
8.12

76.1,
17.2
4-43

84
24

J

(c)
(c)

(c)
(g)

Catch
Effort
clc

Catch
Effort
clc

266.9
42.1
6'34

109'5
37.1
2.96

55. 1

tl-7
4'69

1

9

at

63'5
28.1
a.aa

1955 33.2
8.8
3 .78

100.6
22.2
4.53

165.9
24.1
6.90

249-0
3t .6

7.88

179.4
36. I
5'00

307.7
97.6
3.15

246.8
89.2
2.77

343.3
56-2
6.11

246.4
81 .8

3 .01

196.4
72.3
2.72

67.1
14.6
4.58

90.1
64.4
r.40

39.4
26.5

1.49

72.1
31.2
2.3t

87.4
40'0
2.18

54.9
39.5
1.39

32.1
9.7
3.23

6

4
14

1 958

1960

176.4
83 .4

2.12

79.6
58.1

1.37

76.O
65.2
1.17

Catch (c)
Effort (sr)

clc

JulyJuneMay

* Records not available.

81.7
44.5

1 '84

62.6
60. 8
I .03

31 .8

16'2
2.OO
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Year

1962

1963

1964

235.4
67 .5

3.49

56'5
39.9

1.42

69.9
79.6
0. 88

20.3
25.6
0. 80

16.7
27.2
0. 61

Catch
Effort
clc

Catch
Effort
clc

Catch
Effort
clg

(c)
(e)

(c)
(c)

(c)
(g)

149'0
58 .4

2'56

138.9
88.8

I .56

z3J' 3

67.7
3.45

108 .7

56. I
r.94

15.4
57.3
0.27

14.5
18.1
0. 80

July August

19.6
27.6
o.7l

22.6
33'7
o'67

32.7
32.0
r.02

8'1
8.7
0. 93

289.7
100. 8

2. 88

154.4
41.5
3.72

*

* Records not available.

are the inner areas ofthe Abrolhos island groups. The data from these inner areas are
therefore best suited for estimates of crayfish population and recruitment levels.

The exponential decrease in the catch per pot-night (index of abundance) as the
season (March-August) progresses, is the result of fishing mortality (,F) and a factor
Mt which is the resultant of natural mortality, growth, and migration. If logarithms
(to base e) of the catch per pot-night are plotted against time (corresponding months),
the slope of the line provides an estimate of FlMr. Both f'and Mr arc instantaneous
coefficients and when added equal a factor:

ZL: F+ML. (l)

T¡sLr 4

TOTAL CATCH, EFFORT, AND CATCH PER UNIT EFFORT FROM OUTER GROUNDS AT THREE REGIONS OF

THE ABROLHOS AREA

Catches (c) are given in thousands of pounds weight and effort (g) in thousands of pot-nights

Wallabi and North I.

Year
Effort

(c) cle

1.9ss

t956
1957
1 958
19s9
1960
1961
1962
1963
1964

253.4
137'7
314.9
260.O
463.7
334.1
403.3
655.3
429.3
502.6

22

17

2
0
6

5

5

8

2
1

0
5

8.3
7.5
6.3
6.2
5.1
J. J

3.3
2'7
2.0
2'4

221

215
462
492
799
886

1431
I 395
970
675

9
8

2
6

J

J

4
1

7

0

30
38

80
98

191
299
479
s34
560
293

0
4
3

2
9

4
0
3

8

J

7.4
5'6
5.8
5'0
4.2
3.0
3.0
2.6
1.7
2.3

44
52
82

113

1s9
188

238
1,26

JuneMayAprilMarchStatistic

(c)
Catch

185

127

279
322
418
418
532
512
477
305

2
6

0
9

5

5
,7

5

9
4

4'9
4'3
5.0
4.5
4.5
3.1
2.5
2'2
2'O
2'4

5l
31

62
58

104
108
159
302
217
213

'4

"7.8
.t
'3
,3
.4
.J

.1

.0

Easter GroupPelsart Group

clcclc
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TOTAL CATCH, EFFORT, ANÞ CATCH PER rrNrT EFFORT OF RED CRAYFTSH EACH YEAR (r.l,NUanV-ernrr,) WrrrrN STATTSTTCAL BLOCKS

Catches (c) are given in thousands of pounds weight and effort (g) in thousands of pot-nights

Blocks 29 and 36 Block 38 Block 39 Block 44 Block 45

Year

1948
1949
1950
1951
1952
1953
1954
1955

1956
1957
1958
1959
1960
1961
1962
1963
1.964

Catch
(c)

Effort
(g)

Catch

*

140.
246.
234.
292.
28L.
230.
266.

587.
497.
461.
842.
701.

Effort
(g)

84. 8
99'8

L40.6
1,44.0
1,t7.3
163.1
204-3

clc
Catch

5.7

Effort
(e) clc

tr
F
tú

{lí
z

z

ç̂l

ô
F
F
Èt-
Lrt

c
Fl

(c)

1211.4
1789.7
2418.2
32t1.9
2014.2
1905.3
2104.7
1688.6
1,169.4
925.7

1812.7
1388 .7

730.L
870-2
779.2
364.8

(c)

489.7

603.6
1,062.0
1352.3
1423.3
1489.2
1273-4
1731.7
1319.r
1486. 8

1829.6
2628'3
2162.6
2529.4
3181.0
2241.1

5.1
6.1
5.0
3.9
3.4
3.5
3.6
2.1
2.2
2.1
1'6
1.0
1.4
1.4
1.2

155
290
330
468
396
404
488
579
s60

484
626
4s9
439
556
693
295

0
J

0
7

9
I
J

7

7

7

8

8

8

5

5

2

4.8
5.4
4.1
3.9
2.7
3.2
3'0
2.1
1.5
1.4
1.1

7.8
6.2
t'3
6-9
5.1
4.7
4.3
2.9
2.1,

2.0
2.9
3.0
1.7
1.6
1.1
1.2

919.7
1298.1
919. 5

1378.9
1339.6
1674.2
1653.4
1337 .4

1132.1
1s48.4
969.4

191-4
236.2
225.1
3s7.2
s00.2
s29.2
555 .0

653-6
772-9

1077-0
856. 8

246.1
30.0
47.3
21.9
5t'3

615.3
996.4

1271-9
1624.8
1326.8
2577.2
1916-7

7.1
44.1
17.1
20.7
19.6
22.5

122.1
244'6
457.2
584. 5

602.9
1592.6
1391.1

8.9 1.3
5.6
1.8
2.3
1.1
1-7
5.0
4.1
2.8
2-8
2.2
1.6
1.4

I
I
9

8

I
7

1

2
9

0
9

9

1.7
2.5
1.6
2.0
2.4
1.4
1.3

464
413

273
775
716

J

2

7

1

0

J

7

J

8

0

* Records not available.

120
174
270
368
443
362
484
615
672
870

1603
2130
1837
2266
1933

5

2
5

1

9

7

8

6
0
4
2
3

3

7

0

86' l

clc(e)G)

EffortCatch
clck)(c)

EffortCatch
clc



Year

1952
1953

1954
1955
1956
1957
1958
t9s9
r960
1961
1962
1963

T¿.srr 6

TorAL cATcH, EFFoRT, AND cATcH pER uNrr EFFoRT oF wHrrË cRAyFIsH EACH sn.lsoN (NovErrlBER-DËcEMBER) wrrnrN srATIsrIcAL BLocKs

Catches (c) are given in thousands of pounds weight and effort (Él') in thousands of pot-nights

Blocks 29 and 36 Block 44 Block 45

Catch Effort clc
Catch Catch

811.5
809 .6

1.142.8
1230-7
104r .5

12s6.4
1155.6

T

14s6.6
1701'6
1442.2
2007.9

* Incomplete totals. t Records not available.

clc
Effort

(g) clc

€
lfl
v)a
ll

z

U)
:ì

-
z
O

U)

(t)
i
o

^U)

(c)(e)(c) (c)

t
t

50
14

47
189

4
6

3

0
1,99.2

I

224.9
267.9
388. 6
279.2

4.5
3.4
3.9
5.5
4.4
4-9
2.3
2.7
2.5
J.J

2-8
3-4

5.8
6.8
5.9
3.8
3.1
3-9
3.0

I

I

296.L
76.7

268'4
904's
791-9
f

799.6
1L42.7
1234-0
1405 .6

i
2.3
2.8
2.0
4.1

108

89

157
195

264

t82
195

I

131

143

206
58

0
I
5

0
6
J

6

1

5

8

8

622.9
606.5
923-2
735.6
808.3

714.4
585.3

T

305 .3

398.5
406.7
239.O

7'5
5.2
7.4
6.3
4.6
4.8
1'-t

T

2.6
2.4
2.2
5't

108.8
155.1
153.9
196.0
228-9
263'3
352.8

I

567.2
705'2
663.7
545.6

217-6
228.7
283.7
441.2
639. 8

870' 1

l2l-2*
894.6
603.7

1355.7

8.3
6.9
5.2
4.2
5.8
3.5
4.4 307.4

6
3*
I
5

5

6

146.2
177

53

326
238
411
4011 114.1

1049-4

3-4
4.6
4-8
6-4
2.2

48.9
66.3
72.2
79.8

12

10

17

29
24
43
41.

1,87

353
286
698

6s9

3

I
4
0
1

3

5*
J

2
7

7

8

t
i

5.
5.
5.
4.
4.

I

3.
4.
J'

5.

4t
46
83

184
53

375
284
977

1,476

1665
2414
2922

J

7

4
9

5

5

3*
0
5

8

0
4

9

3

7

8

0

6

3

2
0

(c)
Catch

(g)
Effort

(c)
Catch Effo¡t

(s)clc(g)
Effort

Block 38 Block 39

cle
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The fishing mortality is generated by the sum of the units of effort and related
to the effective total effort (/) by a factor q, fhe catchability coefficient (Holt 1960),
in the form:

F: sf. Q)
Equation (l) may then be written:

zt: MrlQf, (3)

which is a standard linear equation with variables ZL and f. The symbol / signifies
that the total effective effort is known. However, when using gross commercial
statistics the true effective effort is not known and therefore the symbol g is used
denoting the total recorded effort for the period of time under discussion. The symbol
g then replaces/in equations (2) and (3).

3

2

o
MAR APR JUNE JULY AUG.

Fig. 3.-Logarithms (to base e) of monthly catches per pot-
night (c/g') at the Wallabi (including North I.) Group,

Inner Area, Abrolhos, 1955.

Tlre best estimates of Zr wlll be obtained if g is constant throughout the season.

Since in practice g varies, a source of error is introduced into the analysis. However,
the decline in the indices of abundance is sufficiently steady to permit the use of the
seasonal estimates of ZL fo show trends in the population and recruitment levels.

Certainly, during the first 3 months of a normal season the catch per pot-night falls
steadily as shown in Figure 3. In June the index of abundance appears to be lower than
the actual abundance because some adult crayfish are moulting and are not vulnerable
as they do not feed immediately before and after moulting. This is balanced in July
when there is an increase in the index because the newly moulted crayfish, slightly
increased in size, are now commencing to feed. The catch per unit effort rises further
in August because the newly moulted crayfish are feeding, and also because of recruit-
ment by growth and migration. However, since the season closes on August 15, and
the effort expended (and therefore -F') during this month is very small (approximately
5/"), rhe total mortality coefficient (Zr) has been calculated over the period from
March to July, and the slight increase in abundance during August has been

incorporated in the off-season recruitment.

By calculating the line of best fit for plots of Zr againsf g for a number of years

(i.e. equation (3)) estimates are obtained for the average values of ML and q during those
years. The intercept of the regression line on the y axis (i.e. no fishing effort) is the
estimate of M|, while the slope of the line is q (catchability coefficient).
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Having obtained values for ZL in each season, and values for ML and q, the

fishing mortality (F) can be calculated either from equation (1), which assumes natural

mortality, migration, and growth components to be constant from one year to another,

or from equation (2), which is more realistic since Ml is likely to fluctuate annually.

The calculation of Ffrom the multiple 4g has been applied except where there has been

evidence of a change in the value of4'

For the years in which monthly recorcls of pots fished were not available (i.e.

before 1950), the total effort in terms of pot-nights has been calculated from the

average number of men operating and an estimate of the average number of pots per

man. Since ZL could not be calculated directly for these years, the catchability

coefficient (q), calculated from the years in which monthly pot data were available,

was multiplied by the seasonal effort to give estimates of F (equation (2)).

Po'

Pon*1

F+M1

Rn+1

Pan

FISHING SEASON N CLOSEO P€RIOD SEASON N+ 1- FIVE MONTHS SEVEN MONTHS

Fig. 4,-Diagram showing the fall in crayfish abundance from the beginning of
the seasonPf to the end ofthe fishing seasonPf and to the end oftheclosed period

fi. ffre aUuäAance of crayfish at the beginningìf the next season is given by Pi*t'

These estimates of F then provide information on the average population levels

(F) for each season from:
C:PF (4)

where C: the catch for a season'

Catchable stock at the beginning of the season (Po) and at the close of the

season (Pr) can then be calculated from:

M,Pt,=il/--z' (5)

and
Pt : Po exp(-Zr). (6)

The level to which Pr would have fallen by the beginning of the following season

(Pz), if there had been no recruitment, çan also be calculated from:

Pz : Pt exP(-1 M l5), (7)

where M: natural mortality for the 5-month fishing season.
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' During the period closed to fishing (7 months), natural mortality may not be
atthesamerateas ML,buttestsusingvariousvaluesforMfortheclosedperiodshowed
that the precise value makes little difference when f is high.

Although the catchable stock present at the beginning of year z (p|) would have
fallen to P| by the encl of that year, the catchable stock at the beginning of the following
year (n{l) has recovered to the level of potz+l). The repleíishment which took place
during the closed period is then:

Rtn+7) : Po(n+u_pn (g)

Figure 4 illustrates this model showing the various levels of the population
during ayear. The replenishment during the 7 months when the areas are closed to
fishing may result from (1) growth of the undersize crayfish already present on the
grounds; (2) migration from waters outside the fishing areas; or (3) a combination
of (l) and (2).

2.O x t9óo

x t9ó2

x 1963
l.ô

t'2

o.8

o,4

x loót
a

z

a

. l950 - 1959

x toóo - t0ó3

o
o too 200 300 400 500

NUMBER oF por-NtcHTs (g) x ro-3

Fig. 5.-Relation between total mortality (21) and, effort (g) for Easter Group,
Inner Area, Abrolhos, 1950_59.

The exploitation rate (E) is obtained from the ratio of the catch in a particular
season (C) to the catchable stock present at the commencement of that season (p6), si¡ce

C: Epo (9)

(b) Parameters Estimated for Inner Areas

Tables 7, 8, and 9 show the values derived by the method outlined above, for
the inner areas of the Easter, Pelsart, and wallabi (including North I.) groups of the
Abrolhos, respectively. In each set of data the values of Zr generally increase with g.

(ì) Easter Group

Figure 5 shows that the relation between total mortality (zr) and effort (g) was
linear from 1950 to 1959, but from 1960 to 1963 fishing effort increased without a



T¡sL¡ 7

EASTER GRoup (rNNrn ,lnrn), ABRoLHos

Commercial catches (c), mean population March-July (P), initial population at opening of season (Po), population at close of season (Pr), population

at end of year, assuming no growth or migration (Pz), and recruitment (iR) are given in thousands of pounds weight. Effort (gll is given in thousands

of pot-nights. Other statistics are ZT, total mortality coefficient; F, fishing mortality coefficient; and E, exploitation rate

Year
Catch

March-July
tcJ

145.8
147.4
141 .8

229.9
428.1
M8.5
566.9
603.8
475'3
497.6
6t3.7
780.0
579.9
629.5
744-9
793-3
687.3
724.6
622-9
699.8
622.9
538.4

(2209)
(2233)
(2026)
(2190)
(1e28)
(t'712)
(1277)

971
982
707
582
694
478
559
540
480
387
406
Ml
43s
427
296

(2s44)
(2s7t)
(2336)
(2568)
(2388)
(2160)
(r74e)
1410
1498
992
980

r275
891

1088
1045
1098

891

941
896

949
882
694

(1e07)
(te28)
(1745)
(1852)

(1532)
(1 331)

(8ee)

OJJ

s96
483
307
328

220
235
231
152
123
127

175
152
164
90

(1 398)
(141 3)
(127e)

(1 358)
(1123)
(e76)
(6se)
493
324

473
267
234
168

134
193
97
92
93

128
111

120

66

(1 173)
(e23)

(1289)
(1030)
(1037)
(773)
751

1005

668
507

1008

657
920
911
905
794
849
803
821

771

574

rn
v)
-l
IrJ

z

c
(D
-t

-
z
ô

ï
rJ)

U)
-ì
ô
2(
(-f)

6

6

6

9

18

2l
32
43

32
50
63

61

65
s8

7l
72
77
77
70

74
7l
78

PoP

800

919
720
i56
364
404
s26
508
976
984
005
635
830
680
039

Pt Pz
E

(%)

1943
1944
194s

1946
1947
1948

t949
I 950
1951

1952
1 953
1954
1 955
l9s6
1957

1958

t959
1960
1961
1962
1963
1964

(r5.8)
(16.0)
(14. 5)
(15.6)
(13-7)
(12.2)

(e'2)
(e'2)
(e'8)

(14.7)
(Jr-2)
(36.7)
(62-3)
87.3
67'9
98'7

148.0

6.9
7.0
5.0
4.2
4.9
J'4
4.0
3-9
3.4
2'8
2'2
2.2
1.9
1.3
1.8

(e' 1)

.066)

.066)

'070)
'105)
.222)
-262)
.444)
.622
.484
-704
.055
.124
.212
.127
.379
.653
.776
.783
.413
.608
.458
.817

(0
(0
(0
(0
(0
(0
(0
0
0
0

I
I
I
I
1

1

1

1

1

1

I
1

157.7
170.0
158,0
193. 4
231.8
249.1
328.9
284.5
360'5
496.3
294-8

0
0

0
1

I
I
1

I

1

1

2
I
1

1

2

Effort
March-July

(g)
F*zt l?

*From 1943-61,q:7.13x10-6used togetF,(F:qÐ; îrcm1962-64,¡,tt:O.ZZZusedto getF,(F:7r-¡¡r¡ {
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eELSART cnour (rNNrn anrl), lnnouros

Commercial catches (c), mean population March-July iF;, initiat population at opening of season (Po), population at close of season (Pr), population
at end of year, assuming no growth or migration (Pz), and, recruitment (.R) are given in thousands of pounds weight. Effort (g) is given in thousands

of pot-nights. Other statistics are 27, total mortality coefficient; .F, fishing mortality coemcient; and d exploitation rate

Year
Catch

March-July
(c)

Effort
March-July

(c)

122.1.

lo4-7
154.4
192.4
103.3

P PO Pt Pz
n

l¡J
z
Þz

Q̂)

o

È-lF
UJ

F
U

l¿J

E
(%)

(4)
(3)
(4)
(7)

(17)
(27)
45
38

38
26
32
43
42
44
35

31

52
34
54
53

63

R

1943
1944
1945
1,946

1947
1948
1949
1950
1951

1.952

1953
1954
1 955
19s6
1957
1 958
1959
1960
1961
1962
1963
1964

20
36
35

43
100

314
620
671

451
350
283

397
407
390
555

287
275
314
339
364
348
253

1

I
0
1

I
1

1

I
1

1

1

2
1

1

2

9
6

1

7

2
9

6

6

9

9

3

1

7

8

7

0
8

9

5

7

0
I

(4.8)
(5 .0)

(5'8)
(5.5)
(7.8)
(8.e)

(10'4)
7.0
5.0
4-6
4.2
5.8
3.6
3'1
J'J

3.5
3.2
2.6
3.2
2.4
1.8
2.5

(4.4)
(7.3)
(6' 1)

(7.e)
(12.e)
(3s-2)
(56.e)
96.3
90.2
76.9
68.3
69-1

114.0
125'6
99.8
83 .0

87.3

(0
(0
(0
(0
(0
(0
(0
0
0

0
0
0
0
0
0
0
0
0
0
1

I
1

076
346
984
629
121
638
953
238
332
791
320
070
960
94s
400

(40e)
(432)
(4e3)
(470)
(64e)
(680)
(707)
503

310

349
215

406
183

131

221

216
148
162
126
95
93

36

034)
056)
'047)
061)
099)
270)
458)
740
693
591

525
531

876
96s
766
637

670
938
804
229
214
669

(61 5)
(6s4)
(747)
(716)

(1012)
(l r 66)
(1 355)

908
652
s94
s40
748
465
405
436
451
4t2
336

^aa
297
287
152

(87e)
(e46)

(1074)
(1037)
(1489)
(1847)
(2318)
1480
l 188

933

1095
1,245

945
922
761

817
886
606

1000
677
651

400

(147)
(156)
(L77)
(16e)
(234)
(24s)

Qss)
314
124
201
46

1,78

63

JJ

L1,4

82
3l
9s
21

34
35

13

(7ee)
(el 8)
(860)

(132O)
(1613)
(2O73)

1,225

874
809
894

11,99

767
859
728
703
804
575
905
656
617

367

*From1943-61,5:7'68x10-6usedtoget,F', (F:qò; from1.962,64,Ml :0.731, usedto getF,(F:21-M1).
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wALLABT cRouP AND NoRTH I. (rNNEn .mras), ABRoLHoS

Commercial catches (c), mean population March-July (F), initlat population at opening of season (Po), population at close of season (Pr), population

at end of year, assuming no growth or migration (Ps), and recruitment (-R) are given in thousands of pounds weight. Effort (¡r) is given in thousands

of pot-nights. Other statistics arei Zt, total mortality coefÊcient; 4 fishing mortality coefficient; and .8, exploitation rate

Year
Catch

March-July
(c)

40.3
117.8

89 .8

242.6
396.7
296-8
499.7
498.4
505.6
477.O
661.O
833.6
741-L
826-l
719.3

1004.4
725.5
792.3
567-8
480.8
536. 5

545.7

Effort
March-July

(c)

120.7
179.1
149.3
269.0
178.5
243.0
299.3
368 .9

299.5
21.9.1

360.2
224.6

(3664)
(3272)
(re11)
(re4r)
(3306)

(2105)
(2282)
131s

1 355

1sl4
1346
ll43
l2l9
754
991

1016
s96
781
580
345
345
397

(5304)
(478e)
(2810)
(29sl)
(5016)
(3222)
(3610)

2064
22s6
2434
230s
2047
2552
1.577

2089
249s
1.260

168r
1.233

847
892
968

(2402)
(2tt6)
(1228)
(1192)
(m37)
(r281)
(1328)

770
733
864
701
555
457
284
368
282
219
279
21,2

96
86

112

(3984)
(2r01)

Qs40)
(4617)

Qsn)
(31 8l)
t619
1926
2177
t99l
1784
2304
1481

1970
2406
1.207

1576
1140
776
860

939

P Po PzPt

(805)
(70e)
(411)
(39e)
(682)
(42e)
(44s)
330
257
314
263
248
96

119

89

53

105

93
7l
32
29
38

{
ln
v)-l
E

z
Þ
e
Øi

|-

z
a
Þ

v)
F

U)-loo

^U)

E
(%)

1

J

3

8

8

9

t4
24

22
20
29
4L

29
52
34
40
58

47
46
57

60
56

R

1943
t9M
t94s
1946
1947
1948
1949
1950
1951

1952
I 953
1,954

1955
1956
1957
1958
1,959

1960
1961
1962
1963
1964

(0
(0
(0
(0
(0
(0
(0
0
0
0
0
0
0
1

0
0
1

I
0
1

1,

1

(15.s)
(13-2)
(7'8)
(7'e)

(13.5)
(8'6)
(e.3)
5.4
5.5
6.1
5.5
4.7
5.0
3.1
4.0
4.1
2.4
2.2
1.9
2.2
1'5
2.4

Q.6)
(8'e)

(11.s)
(30. 8)
(2e.4)
(34-7)
(s3 .e)

93.2
91-6
77.5

0.984
r.124
1.037
t-1,92
1 .305

1.719
1.'715
1.737
2.1.78
1.746
t-795
t-760
2-175
2.335
2.155

011)
'036)
'047)
.tzs)
.120)
.141)
.219)
.379
.J/J

.315

.491

.729

.608

.095

.726

.989

.218

.014

.979

.394
-554
.374

s

clc F*z1

*From1.943-59,s:4.07x10-6usedtogetF,(F:qò; from1960-64. Mt:O.l8l usedtogetF,(F:21-M1).
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correspolldil.tg l'ise ill total mortality. ln recent years the effect of the increasing number
of pots fished has beer.r to cause a decline in catchability (4) rather than an increase in
total mortality. For the period from 1950 Io 1959, the regression of total mortality
on effort was:

zr : t. 13 x 10_69*0.222.
Therefore,

MI :0'222 (s.d. 0.13) and q :7.13 x t0 6.

Estirrates of 4 in receut years, obtained from,È': qg, were:

1960 - 5.42x10 6; 1961 :4.98 x 10-6;

1962:4.46x19-o; 1963 - 2'94 x l0-6.

Belore the fishing seasorl of 1964, the effort was restricted by limiting the
uuruber of pots to tliree per registered foot length of boat with a maximum of 200 pots
per boat. This reduction in the nuntber of pots fishing during 1964 had the immediate
effect ol iucreasitrg the catchability (q¡ to 6. l6 x l0 {i, restoring it alnrost to the level
of 1950-59.

(it) Pelsart Group

Altltough total mortality (Zt) generally increased with fishing ell'olt (g), this
relation was not as clear at the Pelsart (Table 8) as at the Easter Group (Table 7).
The regression of total mortality on effort for the years 1950-1961 at the Pelsart
Group was:

Zr :1.68 x 10-69+0.731,
so that

Mr :0'731(s.d. 0'5) and q :7.68 x 10 6.

Itt 1963 the fishing effort increased without a correspollding rise in total
mortality, inclicating a decline in catchability (q) similar to that shown at the Easter
Group.

(äi) Wallabi Group ancl North L (Table 9)

The line of best fìt for the reglession of ZL ot"t g calculated for the period front
1950 to 1959 was:

21 _ 4.01 ,. 1g_aga0.781.
Therefore,

Mr - 0'781(s.cl. =: 0'20) and q : 4.07 x l0 6.

The reasorl for the lower value of 4 for this area compared with corresponding
values for the Easter and Pelsart groups is not apparent; possibly there was a slight
difference in fishing practice from one area to another. The estimate of catchability
at the Wallabi (including North I.) Gronp clropped to 2.75 Xl0-6 in 1960 when the
fishing effort reachecl a lnaximurn (Table 9). In 1964, when the effort was reduced,
the estimate of catchability rose to 6' 12 x 10 6, similar to the values for the Eastel and
Pelsart groups up to 1960.

Tables 7-9 show that in 1964 tofal n'rortality (21) was lelatively high at each
locality in spite of the decrease in effort. One contributing factol to this may have been
poorer recruitmettt during the 1964 season owing to heavy pre-recruit ntortality cluling
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the previous season when fishing effort was particularly high. Another factor may
have been the adverse weathel in the latter portion of the 1964 season which may
have lessened the effective effort at that time, because pots were pulled less frequently.
Since the effort may then have been overestimated, the catch per unit effort would
have been less during the latter part of the season, and the total mortality (Zt) would
have to be set at a higher value. The more detailed records collected since 1964 will
enable the influence of weather conditions to be eliminated from future estimates of
abundance (catch per unit effort).
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(c) Population and Recruifment Levels

(i) Easter Group

Figure 6 shows that the population level at the cornmencement of each season

(P6), initially fairly stable, fell rapidly _between 1948 and 1952 and thereafter showed
only a slight downward trend. In recent years (1959-63) the population level appeared
to have stabilized, but at the opening of the fishing season in 1964 the population level
was lower than at the corresponding time in any previous year.

Figure 7 shows that over the past 20 yr there has been a relatively slight down-
ward trend in recruitment (R) which appeared to have stabilized iu recent years but
fell again from 1963 I"o 1964.
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Table 7 shows that the exploitation rate (E) increased with effort (g) until 1957
and then remained steady although the fishing effort increased by more than lO0%.
Although the effort expended within the Easter Group in 1964 was only 59\ of tinat
in 1963, the exploitation rate remained at the same high level.

(ä) Pelsart Group

The results of the calculations summarized in Table 8 show an apparent increase
in the population level in the early years of the fishery (194349), but the estimates for
this period are likely to be inaccurate. Since the fishermen at the Pelsart Group are
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r96J 1964

known to have been less dependent on crayfish than upon other fish during the early
years, their catches of crayfish were much lower than at the other island groups.
However, as the effort has been recorded on the assumption that pots were pulled
daily, the estimated effort is too high in these years. This has resulted in estimates of
population level which are too low.

Since 1948, when thç estimates of fishing effort expended each year al Pelsart
Group are more realistic, the estimate of population size (P6) has followed a similar
downward trend to that of the Easter Group (Fig. 6), the population reaching its
lowest level in 1964. Recruitment, initially high at the Pelsart Group, is now lower
than at the Easter Group as shown in Figure 7. Exploitation rate did not rise at high
levels of effort (Table 8). Although the fishing effort within the Pelsart Group decreased
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by a6\ from 1963 to 1964 the exploitation rate was higher in 1964 than in any
previous seasou. This again indicates that much of the high level of effort expended

in recent seasons has been ineffective.

(i1r) Wallabi Group and North L

Figure 6 indicates that the population present at the commencement of each

season (Po) was at a high level from 1943 to 1949, fluctuated about a lower level from
1950 to 1958, and has since declined to a relatively low level which has been maintainetl
since 1962. Figure 7 shows a similar decline in recruitment.

Exploitation rate (E) generally increased with effort, except at the particularly
high levels of effort in 1960 and 1963 (Table 9). In 1964the fishing effort in this area

was reduced to 62'l of that expended in 1963, but the exploitation rate remained

substantially the same.
4

40 120 200 260 3óO 40 s20 600

NUMBER oF Por-Nrcars (g) r lo-3

Fig. 8.-Relation between mortality (21) and. effort (g), Wallabi
(including North I.) Group, Outer Area, Abrolhos, 1955-63.

IV. Annor,sos, OUrER Anr¡s

For the analysis of data from the inner areas, the assumption had to be made

that the density of crayfish was relatively uniform and also that the effort was spread

over the grounds throughout the season. However, in the outer areas these conditions
certainly did not apply. Early in the season the weather conditions permit the

fishermen to work west of the island groups in exposed areas which cannot be worked
in June and July. Also, fishermen are able to move their gear greater distances than
those men confined to the inner areas. As a result the rate of decrease in the catch per

unit of effort during a season has very little correlation with the fishing effort expended.

Attempts were made to derive the total mortality coefficient for each season from
the slope of the regression of the logarithm of the catch per unit of effort for each

month against time, but the resultant values for Zr were very high and had no relation
to the effort expended, as shown in Figure 8. Consequently estimates of ML, F, and q

could not be determined. However, as the fishermen tend to follow a similar routine
each year the trends in the annual catch per unit of effort can be followed from the

commencement of the fishery and compared with the inner areas. The catch per unit
ofeffort has been calculated for the outer areas using the total catch and total number
of pot-nights for each season (Table 4).
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Table 4 shows that since fishing cornmenced on the outer grounds (in 1955) the
seasonal catch per pot-night has decreased considerably in each area. This decline in
the average catch per unit of effort reflects the drop in abundance on the grounds.
One fishermau who fishes in the outer area of the Pelsart Group remalked recently
that when he first fished the outside waters it was profitable to rnove his crayfish pots
across a reef area and then to re-pot the same reef. However, the abundance has now
been reduced to a point which makes it no longer profitable to pot a reef a second time
during the first few weeks of the seasolt.

The level of abundar.rce on the outer reefs at the Pelsart Group was çonstant
during the period from 1955 to 1958 when the effort was low. The effort increased
sharply from 1959 and the fishing mortality generated by this effort has apparently
been sufficient to reduce the average abundance year by year.

At the Easter Group (Table 4) the density of crayfish on the outer reefs appears
to have been higher initially than on the reefs outside the Pelsart Group. Yet, with
the expenditure of relatively little effort, the density around the Easter Group declined.
This could be interpreted as the result of a smaller area of outer reefs around the
Easter Group than around the Pelsart Group.

The density of crayfish on the outer reefs of Wallabi and North I. is now much
the same as around the other island groups, but the area fished is apparently greatet
than either the Pelsart or Easter grollps.

V. Coasr¡.r FlsnrRy

(a) The Red Crayfisltery

The "red" crayfish taken on the mainland coast from January to August are of
size and çolour range similar to those at the Abrolhos area. The fishely is concentrated
mainly in the waters south of Geraldton because most of the Geraldton fishermen
cease fishing the coastal areas at the end of January to prepare for the Abrolhos
fishery. Although the season does not close untì1 August 15, inclement weather pre-
vents many of the fishermen from operating after April or May. Li 1963 for example,
the catch during the period January to April represented 95/, of the red crayfish
production. Therefore, the catch and effort data for this period have been selected
for analysis.

Although for each area (block) along the coast, the catch and effort data are
recorded for each month, the variation in average catch per unit effort from one montir
to another does not necessarily reflect changes in abundance in this instance. During
January and February many of the crayfish entering pots have eggs attached to the
pleopods and, by law, have to be retufned to the sea. However, January is regarded
as the month of maximum larval release and shortly after most of the mature females
undergo a moult. As many crayfish are, thelefore, either not vulnerable to the clayfish
pot or must be leturned to the sea, the catch per unit of effort is depressed dr"rring
January and February. Consequently, estimates of mortality could not be made from
the data for the coastal fishery because the catch per unit effort dicl not fall from
month to month as a result of fishing (Fig. 9). However, the average catches per unit
of effort for the 4-month period have been calculated (Table 5) and do give indices of
abundance within each block from year to year'.
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Table 5 shows that, with the exception of block 45, the catches per pot-night for
the coastal areas have decreased in a manner similar to the outer areas oftheAbrolhos.
In block 45 the indices of abundance have been uniformly low. This may reflect a
low level of abundance. However, it may be due to the fact that Geraldton fishermen
may have worked their gear spasmodically during February and March of each year
while preparing for the season at the Abrolhos area. This would cause the effort figure
to be greatly overestitnated and the indices of abundance to be low. The indices are
also low in block 44 during the years of low effort but in 1958, when the intensive
fishing commenced, the index was comparable with the southern areas.

o,ó

o,4

Fig. 9.-Logarithms (to base e)
of monthly catches
per pot+right (c/g)
in block 39, 1963.
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The general trend in the indices indicates that the state of the coastal fishery is
very similar to the Abrolhos fishery; that is to say, the abundar.rce is declini¡g and the
exploitation rate is high.

(b) The White Crayfshery

As shown by George (1958), the pale-coloured "white" crayfish represent a
recently moulted immature phase. Soon after moulting these white crayfish are
captured as they move away from coastal reefs. Differences in behaviour enable them
to be fished to the exclusion of red crayfish af thaltime. Although the season opens on
November 15, white crayfish ate seldom ready to feed then, and are not vulnerable to
the fishing gear until the last week of the month. Production reaches a peak during
the first and second weeks of December and then falls away during the last week. It
has been estimated that the fishermen operate for about 30 days on the white crayfish
and this value has been used to transform the total number of pots into pot-nights,
assuming as before, that pots are pulled daily. The trends of the annual indices of
abundance (clÐin each block for recent years are shown in Table 6.

The white crayfish production represents approximately 33\ of the annual
catch of P. cygnus and therefore is olconsiderable economic importa¡ce. The catch
of white crayfish is also of biological importance because the majority of these had
attained legal size only a few weeks before (at the last moult) and so were being
subject to exploitation for the first time. Consequently the white crayfish afford somã
measure of recruitment.
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Figure 10 shows the average catch of white crayfish per pot-night for each year,

the coasìal data being separated into areas south and north of 30"S. The values

obtained before 1947 cannot be used as indices of abundance, mainly because the

effort has been over-estimated by the assumption that all the pots used were fished

every day of the season, and also because the number of pots per man had to be

estimated by extraPolation.

South of 30"S., the abundance of white crayfish has declined considerably since

1949. In 1963 the catch per pot-night rose to the level of 1959. This could reflect

improved recruitment during 1963 compared with that in the years 1960-62. However,
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Fig. l0.-Annual catch per pot-niehl (c/c)ofor the white crayfishery north and

there were changes in the statistics because of pot restrictions introduced before the

white crayfish season of 1963. Limitation of the number of pots per foot of boat has

had two effects. Firstly, because some fishermen used about l0o/o more pots than

recorded in their statistical fetutns, the catch per unit of effort was slightly over-

estimated. Secondly, the reduction in the number of pots has probably restored the

catchability coefficient (4) which was depressed from 1960 to 1962 as the density of
pots increased.

The general impression of the 1963 season gained from information supplied by

fishermen, is that the actual abundance of crayfish had not increased but that the higher

index was due to a slight increase in the catchability coefficient of the pot and to fisher-

men using more pots than the number recorded on their returns. The abundance of
white crayfish, therefore, has not fallen to the extent indicated by the values for 1960-62

in Figure 10 although there has been a downward trend.

The trends for each block (Table 6) follow closely the trend for the whole area.

However, the indices of abundance for the Jurien Bay area (block 39) are higher tharr

the other areas for the same Years.

North of 30"s., the indices of abundance (Fig. 10) were relatively high during

the years lg47-50, although not as high as those for south of 30'S' From 1951 to 1963

the level has fluctuated with little suggestion of a downward trend. However, an
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examination of the two main blocks (44 and 45 in Table 6) shows that one area has

tended to bias the indices in the other. Before about 1955, block 45 produced more

fhan 9O/" of the crayfish taken north of 30'S. (Sheard 1962, table 6). It seems highly

likely, therefore, that before 1955 block 45 produced about90\ of the white crayfish.

Therefore, the indices ofabundance for the years 1944-51 in Figure 10 can be regarded

as the indices for block 45. Thus the indices of abundance were 5'4-5'8 within the

period from 1947 to 1950 and have declined in recent years (Table 5) in a similar trend
to that in the southern areas.

Btock 44 has been intensively fished only during the last 8 yr. During this time

the indices of abundance have fallen from approximately I lb per pot-night to 4lb
per pot-night.

VI. DlscussloN

(a) Abrolhos Area

The crayfish stocks in the inner areas of the Abrolhos each reacted to fish-

ing pressure in a similar manner. The population level at the commencement of
each season was high in the early years of the fishery but gradually fell as the effort

increased each year. Exploitation rates rose to high levels and then remained steady

over the past few years, in spite of further iucrease in effort. The high levels of effort

depressed catchability rather than increased fishing mortality. Regulations which were

introduced towards the end of 1963 and which limit the number of boats and the

number of pots per boat, have reduced the recorded effort to some extent, and

restored the value of 4 without lessening the effective effort.

The high exploitation rate in recent years has decreased the abundance of
crayfish remaining on the grounds at the end of each season to a very low level. As a

consequence, the major portion of the population available at the commençement of
each season must result from replenishment of the fishing grounds during the preceding

closed period. However, this has declined steadily as the fishing effort has increasecl.

There are two sources of replenishment:
(l) By movement of crayfish of all sizes from adjacent areas (including the

outer grounds); and

(2) By growth of undersize crayfish present on the inner grounds into legal-

size fish.

Since information upon the movement of crayfish into the int-rer areas is not
available it is not possible to measure the extent to which these areas are dependent

upon the outer grounds. However, the extent of any such replenishment from the

outer grounds must have been reduced in recent years because of the development of
the fishery on these grounds since 1955.

There is a high density of undersize crayfish in the inner areas and the growth

of these during the closed period must contribute greatly to the availability of legal

size crayfish. The selectivity of the crayfish pots being used is such that very large

numbers of undersize crayfish are caught by the fishermen each day. One of the

authors (B.K.B.) has seen as many as 40 undersize crayfish caught in one pot. Many
of these juveniles may not survive when returned to the sea. McKay (personal
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con'ìmutlication) has observed Abrolhos groper (Choeroclon cyanoclus (Richardson))
taking crayfish thrown overboard from a fishing boat operating in the inner area of
the Easter Group. Such fishing mortality would increase with the number of pots in
llse. Fish traps were also operated at the Abrolhos area until 1964 and undersize
crayfish were further depleted by their illegal use as bait for these traps.

The fall in the catch per unit of effort for the outer areas of the Abrolhos closely
follows the reduction in this statistic for the inuer areas. This indicates that the
flshing pressure in the outer areas is reducing the population level during each season
to the same level of abundance as that in the inner areas, i.e. that the exploitation rate
is at a similar high level. If this is true, each island gloup of the Abrolhos area can be
regarded as au integral area which is being heavily fished and which is largely dependent
upon replel.rishment by gtowth for each season's fishery. In the outer grounds some
new reefs with high initial yields will no doubt be discovered occasionally, but the
few which have been discovered in recent years have not mair.rtained high production
rates, ir.rdicating that density of crayfish and rate of recruitment to these deeper reefs
are both lelatively low.

(b) Coastal Fishery

Sheard (1962) gives a general description of the development of the coastal
fishery. Before 1954 very little fishing was carried out in the area between Dongara
and Cervantes. Since then the Fremantle boats have gradually explored and opened
up the shallow and deep-water aleas between Cervantes and Beagle I. In recent years
Geraldton and Dongara fishermen have moved south of Dongara with the result that
all the grounds between Frernantle and Geraldton are now being worked.

The pattern of development has enabled high catch rates to be maintained by
those fishermen who have explored the new grounds, and the total production to rise
steadily. However, as the area of exploitation has increasecl the total accumulated
stock has been reduced in both the fished and unfished areas. A reduction of density
in the unfished areas would occur as crayfish from these areas intermingled with those
in the exploited areas during periods of random wanderìng.

A reduction in the accumulated stock has been manifest by a decrease in the
catch per unit of effort which is now at a level similar to that for the Abrolhos area.
The flshery has passed through the developmental phase and rnay now be regarded as
being fully exploited with very few new areas of high productivity likely to be found.
The exploitation rate is probably very high and the fishery is now largely clependent
upor.r the level of recruitment into the legal size fraction of the population during the
preceding close seasort. The principal source of replenishment for the coastal fishery
is the undersize crayfish preserìt in large numbers along the shallow-water (up to 15 frn)
coastal reefs. Inaccessible areas provide some replenishment but the fraction from this
source must be small as the catch per unit effort is now very low on all fishing grounds.

Estimates of recruitment cannot be obtained from the statistical data for the
coastal red fishely. However, the statistics from the white crayfishery can be used to
study trends in the level of recruitment. The modal length of the white crayfish stock
is close to the legal minimum length (3-in. carapace), and current studies of growth
tate have showl't that this length is attained dr-rring the closed period irnmediately
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before their capture. Since this is the first time that the juvenile crayfish have bee¡
fully exposed to commercial exploitation, the relative abundance of white crayfish
may be regarded as an index of the level of recruitment for that season.

In each statistical block the catch per pot-night has steadily declined (Table 6)
thereby indicating a fall in the number of crayfish reaching legal size. Although the
introduction ofpot restrictions before the 1963 season resulted in an increase in the
recorded catch per unit of effort, this does not necessarily indicate a real increase il.r
abundauce during that year. White crayfìsh are caught over a restricted area compared
with the red crayfish grounds and the reduced effort in 1963 has apparently caused an
improvement in the catchability coefficient of the craypot similar to that demor.rstrated
at the inner areas of the Abrolhos area in 1964. Also, there are indications that sone
fishermen used a greater number of pots than were recorded on their statistical returns.
These two factors would iucrease the catch per unit of recorded effort without an
increase in abundance.

The general reduction in the abundance of white crayfish strongly indicates a
decline in the annual level of recruitment. One explanation might be that the mature
stock remaining is insufficient to maintain the level of recruitment. Direct evider.rce
on this point is not yet available. However, discussions with fishermen indicate that
the number of undersize crayfish caught per pot at the beginning of each season has
not changed appreciably. The more obvious cause of the decline in recruitment is an
increasing mortality amongst undersize crayfish as the fishing effort has i¡creased.
This aspect has already been discussed with reference to the decline in recruitment at
the Abrolhos area.

(c) Total Population

The evidence from each of the areas at the Abrolhos, supported by the data
from each of the coastal blocks, confirms that the exploitation rate has increased to a
high level throughout the population, that the accumulated stock has been reduced
very considerably, and that the ìndustry is now largely dependent each season upon
recruitment by growth into the fishable stock during the preceding closed period. the
level of recruitment has decreased, probably due to mortality of undersize crayfish
caused either directly or indirectly by their capture in crayfish pots.

The effect of a high exploitation rate on the size composition of the crayfish
population should be manifest by a reduction in the relative numbers of large crayfish
caught. Some idea of the size composition over the last l0 yr can be obtained from an
examination of the number of boxes of crayfish tails in each of the export weight
categories received into cold store (see sheard 1962, for the period 1954-61). These
values show no appreciable change but, as sheard has pointed out, as the fishery has
developed the whole stock has not been fished at random but rather with a definite
bias. Fishermen initially worked the shallow-water leefs having a high density of
relatively small crayfish and later moved into deeper water. where larger crayfish
predominate. As the fishing pressure increased, fishermen were forced to explore
more and more the deep-water reefs and by so doing caught sufficient numbers of
large crayfish to maintain the grade category percentages at a steady level, even though
the absolute abundance has fallen.
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Now that the fishery has passed through the developmental phase expanding

the area fished, the high exploitation rate is expected to cause a change in the length

freque¡cy of the catch which should be reflected ir.r the percentage compositior-r of the

¡umber of boxes of claytails ir.r each grade category. Contittuous tests carried out by

Sheard (1954) and George (1957) have shown that this does oçcur if the area of opera-

tiorr remait.rs unchanged. L.r a test afea at the Southern Group, Abrolhos area, Qom-

rnercial fishing during the years 1g4g-52 reduced the numbers of large crayfish. This

is show¡ by the steepening of the slope of the right hand limb of the 1953 catch curve'

(George 1957, figs. 3 and 4).

Taki¡g the catch per unit of effort to be a measure of abundance, we lnust

consider that the fishable stock has now decreased to approximately a quarter of that

present some 20 y[ ago. If the average exploitatiou rate for the irrner areas of the

Àbrolhos area in 1963 (62%) is applied to the whole catch of red crayfish in that

season, and a lower exploitation rate of 40f assumed for the previous white crayfish

seasou, then the total fishable stock at the commetlcement of that season was

35'5x106lb of legal-size crayfish. This being so, the original stock (20yr ago) was

of the order of 140 x 106 lb.

From the data shown in Tables 1-9, there is some indication that in those areas

which have beer-r heavily fished for some years, the catch per unit effort may be

approaching a relatively stable condition where the rate of relnoval by fishing is

approximately in balance with the rate of recruitment. If, for the preser-rt level of
fishi¡g effort, the stable levels were 1.2lb per pot-night for the coastal red fishery,

3'0lb per pot-night for the white fishery, and2'4lb per pot-night for the Abrolhos

fishery, then the equilibrium catch for the whole fishery might be of the order of

16 million lb [2 million lb.

A prerequisite to the establishment of some stable level of fìshing is that the

pre-recruits should be subject to as little fishing mortality as possible. One approach

io this is to keep the fishing effort at a minimum. Recent regulations limiting the

¡umber of boats and pots per boat will reduce the mortality of undelsize crayfish to

some extent. However, still further reduction is needed. The introductiol.r of escape

gaps in crayfish pots is corrsidered the best method of achieving this. The protection

of the young by means of escape gaps has been applied in the lobster fishery of the

souther¡ Gr.rlf of St. Lawrence since 1949 (Wilder 1954). Bowen (1963) has shown that

the use of escape gaps reduces the number of undersize red crayfish caught on the

shallow-water reefs. Pots with a 2-in. escape gap caught between 50 and 60f less

crayfish tha¡ a normal pot set on the same grouttds. Screerting tests have shown that

legal-size crayfìsh canuot be passed through a gap of this size. More recent work
(Bowen, unpublished data) has confirmed the results obtained. However, tests rnade

dr,rr.ing the white crayfish season resulted in approximately equal trumbers of white

crayfish being caught in ltormal ancl 2-in. escape gap pots. The reason for this was

that the length frequency of the undersize fraction of the white populatiou was

sirrilar to the length frequency of undersize red crayfish caught in pots rvith a 2-in'

escape gap.

Pots with a 2,!-in. gap caught SO-90% less undersize red crayfish and 40 1less
u¡clersize white crayfìsh than the non.nal pots. In a screeuing test, crayfisl1 of the legal



WESTERN AUSTRALIAN CRAYFISH STOCKS t2t

minimum length could be passed through a 2f-in. gap, but the field experiments
showed that these small but legal-size crayfish seldom pass through voluntarily. The
catches of legal-size crayfish by pots having an escape gap of 2$-in. were as high as
(sometimes higher than) the pots with no escape gaps.

Catch and effort statistics now being collected from this fishery are being
tabulated for speciûed areas and depths with sufficient detail to enable more precise
assessments of the stock to be made. At the same time, growth, dispersal and recruit-
ment are being studied so that the assumptions inherent in the present model can be
checked, and if possible, some prognosis made each year of the level of recruitment
which can be anticipated. These studies may reveal that, in spite of the conservation
measures adopted and proposed, the fishing pressure is causing the catch per unit
effort to continue on a downward trend. If this eventuates a further reduction in the
total effort will be required to lower the exploitation rate and consequently the catch.
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Summary

The Western Australian marine crayfish is now regarded as panulirus longipes
cygnus (George). Larvae could not be distinguished morphologically from those of
tropical subspecies. The identity of the various stages of phyllosoma and puerulus
larvae of the species has been established, and an outline is given of the seasonal
occurrence and growth of larvae. The eggs of P. longipes cygnus hatch during summer,
larvae being released along the coast into water of relatively high salinity (generally
exceeding 35.4%.). Offshore surface wind drift during summer is proposed as the
means by which the newly hatched phyllosoma larvae are transported away from the
coast. rt is not clear how late-stage larvae return to the coast; there is some evidence
that their behaviour might change with regard to depth of occurrence and also diurnal
vertical movements. The timing of the larval cycle varies from year to year; final-stage
larvae probably cannot return to settle on the coast until the disappearance of the low
salinity tropical water which extends down the west coast of Australia each winter.

The importance of larval surveys as a nreans of estimating the size of the brood
stock and to forecast the strength of a year class is discussed.

Other species represented in the plankton of this area as phyllosoma larvae
are listed, and some information given on the morphology, distribution, and dispersal of
phyllosoma larvae tentatively identified as P. penicillatus.

I. INrnotucuou

The marine crayfish or spiny lobster of Western Australia, at present known as
Panulirus cygnus George, supports a large fishery which exerts a high level of exploita-
tion upon the population (sheard 1962; Bowen and chittleborough 1966). Brief
descriptions of some larval stages have been given by George (1962), while further
stages and times of occurrençe of larvae were studied by George and cawthorn
(unpublished data).

In recent years the larval phase has received attention as part of a comprehensive
ecological study of this species. The success with which larvae return to settle on the
coast at the end of larval life is one of the most important factors in determining the
strength of recruitment into the flshable stock. However, little has been known of the
extent oflarval dispersal, and knowledge ofthe circulation ofwater offthe west coast
of Australia is still being clarified (Rochford 1969), so that the fate of larvae hatching
in coastal waters has not been determined.

* Division of Fisheries and Oceanography, CSIRO, Western Australian Marine Research
Laboratories, North Beach, Perth, W.A. 6020. (Reprint No. 637.)

Aust. L mar, Freshwat. Res.,1969,20,199-223
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II. M¡.rpru¿,L AND Mnrnols

The material discussed in this paper was collected from 1962 to 1968, mainly

on the oceanographic cruises of H.M.A.S. Diømanlina, although some plankton was

collected from the eastern Indian Ocean by H.M.A.S, Gøscoyne ln 1962 and 1963,

and phyllosoma larvae from two plankton stations worked by the oceanographic

vessel Vitiøz of the U.S.S.R. were kindly made available.

The larvae were collected from a total of 326 plankton stations which were

spread from 9'00'5. to 44o36'5., and from the west coast of Australia out to 100"39'E..

most of the stations being concentrated nearer to the coast of rüestern Australia, i.e'

from 22'S. to 32"S. and out to 110"8.

The sampling specifically planned for collecting panulirid larvae was either

by a 5 ft Isaacs-Kidd midwater trawl or N70 plankton net. Larvae were also obtained

from time to time from plankton collected by various other nets used in other

programmes.
Depth gauges were attached to the midwater trawls and N70 plankton nets

when sampling below the surface. Flowmeters were not used with the midwater

trawls, but an estimate has been made of the volume of water flltered during an

oblique haul of this net (CSIRO Aust. 1966). During recent cruises the N70 nets were

fitted with flowmeters, the readings of which ranged from 10,800 to 35,610 rev. in

the standard 30min hauls at 2-3kf. The mean of 22,500rev. is equivalent to

approximately 1000 m3 of water filtered'

III. PaNurmID SPECIES oF rHE AREA

Breeding populations of seven species of Pqnulirus have been recorded in the

eastern Indian Ocean (Sheard 1949; De Btuin 1962; George and Holthuis 1965)'

six of these (P. homarus, P. longipes, P. ornatus, P. penicílløtus, P. polypltagus, and

P. versícolor) inhabit tropical regions. A1l except P. longipes have been taken on the

north-west coast of Australia, some extending down to North West Cape (22"5')

but rarely further south, though Bowen (personal communication) has recorded

occasional specimens of P. penicillatusbeing taken by trap on the coast at27"40'3'
p.longipes has been recorded from some of the islands of Indonesia and from

Christmas Island, but is is not clear whether this region is occupied solely by P'

longipes longipes (A. Milne-Edwards) or wheth er P . longipes femoristriga (Von Martens)

occurs in some areas. The species may ocÇur around islands off the north-west coast

of Australia such as Ashmore Reef, Scott Reef, and Rowley Shoals but there has been

no opportunity to verify this.

The panulirid which inhabits the western coast of Australia from 22'S. to 34"S.-

supporting alargefishery in the central part ofits lange, was for many years regarded

as â population of panulirus longipes (Milne-Edwards) (Sheard 1949, 1954, 1962;

George 1gsl, tgsgo; Hodgkin, Marsh, and Smith 1959). In 1962, after comparing

specimens from the west coast of Australia with material from other localities in

Indo-Pacific waters, George described this Western Australian crayfish as a new

species, P. cygnus. However, after studying the descriptions of P. cygrtus and P.

longipe's given by George (1962) and George and Holthuis (1965), and examining
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fresh and preserved specimens, both of adults and juveniles, from various localities
in the Indian and Pacifrc Oceans, we consider the morphological differences to be very
slight and often inconsistent. Differences in colour pattern are more clearly defined,
but P. Iongipes femoristrigø contrasts in colour pattern much more sharply with
P. Iongipes longipes than with P. cygnus. Accordingly we propose that the panulirid
of the west coast of Australia should be known as p. Iongipes cygnus (George), being
an allopatric form close to P. longipes femoristriga.

In colour pattern, the pale stripes along the legs ofP. longipes cygnus are usually
less sharply defined than those along the legs of p. longipes femoristriga. In early
juvenile P. langipes cygnus the legs have large pale spots similar to those present on
the legs of P. longipes longipes.

One morphological feature in which these subspecies appear to differ is that
in the adult female P. longipes cygnus the pair of spines on the posterior margin of the
thoracic sternum (present in juveniles of both sexes and in adult males) are almost
worn away, whereas the adult female P. longìpes femoristrigø retains well-developed
spines. Although only a few specimens of mated female p. Iongipes femoristiiga
have been examined, this difference in the spines on the thoracic sternum (of adult
females only) may be linked with the positioning of the sperm packets on the thoracic
sternum of the female. In P. longipes femoristrigø the few sperm packets examined
had been deposited on either side of the midventral line, whereas in P. Iongipes cygnus
the pair of sperm packets overlap, covering the pair of spines which then become
eroded either by the enzymes from the sperm máss or the mechanical abrasion
applied by the female during spawning.

This apparent difference between the subspecies in the placement of the sperm
packets on the thoracic sternum of the female may indicate some genetic difference
between the subspecies, but such a difference would not necessarily preclude cross
matings. As yet no attempts have been made to compare the viability of eggs
fertilized in matings between subspecies.

IV. Lenv¡.r oF THE wBsrnnN Ausrnelu,N cn¡vprsn p. roNcrprs cycNUS

(a) Identity and Morphology

Although the stage I phyllosoma larvae described by George (1962) were
hatched from captive egg-bearing females, the late-stage phyllosoma and puerulus
larvae were obtained from plankton samples taken off the western coast of Australia,
so their identity was inferred from the locality of capture.

During recent oceanographic cruises confirmation of the identity of advanced
phyllosoma larvae and of the puerulus phase was obtained by holding live specimens
until moulting occurred. Although facilities for holding live specimens on board
ship were far from ideal, late stage phyllosoma larvae survived for up to l5 days after
capture and appeared to feed when offered living euphausiids, grasping these and
holding them to the mouth with the maxillipeds. Freshly dead euphausiids were not
accepted by phyllosoma lawae of P. Iongipes cygnus. Two phyllosoma larvae held
on the ship moulted to the puerulus phase (11 and 15 days after capture). Although
both died immediately after moulting, these moults have enabled late-stage phyllosoma
larvae to be linked directly with the puerulus phase.
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Two other puerulus larvae of the same species were brought ashore and held in
aquaria which contained pieces of limestone reef and its associated benthos. These

puerulus larvae, completely transparent when taken by plankton net at the surface

at night, sheltered in the algae on the reef fragment throughout captivity, seldom

being seen swimming. Feeding was not observed, but after a few days the hepato-

pancreas became opaque. These specimens became pigmented before moulting, but

on moulting (15 and 18 days after capture) the exuviae of the puerulus phase were

completely transparent so that the pigment appeafing before the moull was beiug

laid down in juvenile cuticle beneath the puerulus exoskeleton. Although the specimens

died at the moult, the first juvenile stage could be identified as that of P. longipes.

As the colour pattern of the adult form was not yet developed in these first-stage

juveniles, they could not be assigned to a subspecies'

T¡nr-r 1

SUMMARIZED KEY TO THE IDENTIFICATION OF PHYLLOSOMA STAGES

OF PANULIRUS LONGIPES CYGNUS

Character Stage

l. Eyes unstalked
Eyes stalked

2. Exopod of 3rd pereiopod not setose

Exopod of 3rd pereioPod setose

3. 4th pereiopod not segmented
4th pereiopod segmented

4. Exopod of 4th pereiopod not setose

Exopod of 4th pereioPod setose

5. Antennule segments incomPlete
Antennule segments complete 2-1-1

6. Uropods not bifid
Uropods bifid

7. Abdomen not segmented; pleopods not bifid
Abdomen segmented; Pleopods bifid

8. Uropods without lateral sPines

Uropods with lateral sPines

9. Gills present; pleopods with appendix

interna

Stage I
2

Stage II
J

Stage III
4

Stage IV
5

Stage V
6

Stage VI
7

Stage VII
I
Stage VIII
9

Stage IX

Mid-stage phyllosoma larvae taken at sea died soon after capture so that it has

not been possiblÀ to ünk each stage by an observed series of moults. However, of the

graded seìies of developmental stages obtained from the plankton, the first and last

iarval stages have now been linked to the adult form, so that the specific identity of
these larvae is well defined.

Eleven morphological stages of phyllosoma larvae have been described for

Panulirus ørgus (Lewis 1951), ancl P. interruptus (Johnson 1956), and indicated also

for P. penicillatzs (Prasad and Tampi 1959). At the commencement of this project
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an attempt was made to apply a similar ll-stage key developed by George and
Cawthorn (unpublished data) for phyllosoma of P. bngipes cygnus. However,
because of individual variations in the sequence in which certain morphological
features appear, and in the rate of development of some appendages, difficulty was

Fig. 1.-Locations of
net stations
at which larvae of
P. longipes were taken (x)
or absent (O)
on oceanographical cruises
during 1962-68.

often experienced in assigning specimens to a particular stage. After examining
several hundred phyllosoma larvae of this species a simplified nine-stage key was

produced (Table 1), based on very clearly defined morphological features which
appear in sequence during larval development.
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Although these stages succeed each other in the order given, they should not
be regarded as single instars. Johnson and Knight (1966) and Saisho (1966a) have
emphasized this, pointing out that "stages",, while useful for ecological studies of
phyllosoma larvae, represent only the more obvious morphological changes which
occur during a relatively rapid series of moults. Thus during any one stage there
could be several moults (and not necessarily a constant number of moults), each of
which involves little morphological change, as demonstrated by the aquarium studies
of Inoue and Nonaka (1963) upon phyllosoma larvae of P. japonicus. ln the develop-
ment of blue crab larvae, Costlow (1965) observed that moulting of a Tarva may
result in (l) no perceptible morphological change, (2) missing of a stage previously
described, (3) a combination of morphological characteristics previously described
for two separate larval stages.

lo
s.

Fig. 2.-Relative abundance of
phyllosoma of P. longipes

and P, penicillatus
along 110"E. meridian
during 1962 and 1963.

JÔ roo

Although the nine stages of phyllosoma larvae of p. longipes cygnus described
here are somewhat arbitrary, and the average duration of each stage has not been
determined, they do enable an approximate time sequence to be applied to the
collections of larvae of this species.

(b) Distribution

The distribution of larvae of P. longipes recorded from the plankton stations
considered in this report is shown in Figure l. Some of these larvae were far to the
north of the adult stock or P. bngipes cygnus. The relative abundance of phyllosoma
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larvae of P. longipes along the 110'E. meridian from 9'S. to 33'S. is indicated from a

series of oblique hauls of a midwater trawl made at the same time each night, from
200 m to surface (Fig. 2). Although this was a relatively inefficient method of sampling
these larvae (which are usually concentrated at the surface during the night), the
catch rates illustrated in Figure 2 for P. longipes show a peak from 27"S. to 31"S.,

due west of the adult population of P. longipes cygnus, and a small secondary peak

round 12'S., in the region of the South Equatorial Current (Rochford 1962). Although
these phyllosoma larvae from tropical waters were not distinguishable from thc larvac
of P. longipes cygnus, they are most unlikely to have come from the breeding stock
on the lower west coast of Australia. They are more likely to be larvae of the tropical
subspecies of P. longipes from the islands of Indonesia. If this was so, it would bring
the total number of panulirid species represented as phyllosoma in the tropical
stations to six, which is consistent with the six species known to inhabit that region
(Section III).

Fig. 3.-Plankton stations
at which early larvae of P. longípes cygnus
were present (f) and absent (O)
during Diamantina cruise 1164

of January 29-February 18,1964.
Surface salinity levels shown (.......).

As a prerequisite to a study of the ecology of larvae of P. longipes cygnus, it
is necessary to separate these from the larvae of the tropical subspecies. The larvae

could not be distinguished morphologically, but might be separated on the basis

of the characteristics of the water in which they occur.
Larvae of P. longipes cygnus hatch during the summer (George 1958ó) along the

west coast of Australia between 22'S. and 34"S. At the time of larval release, the
salinity of coastal water increases with latitude (Fig. 3). At the northern part of the
range of the subspecies (22"S.), some larvae are released into water of salinity of
35.2%". There is no doubt that these newly hatched phyllosoma found close to the
coast at 22"5. are P. longipes cygnus, the nearest known occurrence of tropical sub-
species of P. longipes being at Christmas Island (10'30'5., 105"40'E.)' Most of the

zoo
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adult stock of P. bngípes cygnus is concentrated between latitudes 27"S. and 32'S.,
so that in 1964 (Fig. 3) most of the larvae of this subspecies would have been released
into waters whose salinity ranged from 35.6 to 35.8"1". Because of variations in
salinity along this coast from one summer to another (Rochford 1969, Fig. l), the
majority of the larvae of this subspecies are released into waters having a salinity
range from 35.4 to 36.0%".

Larvae of the tropical subspecies of P. bngipes are released into water having
a salinity of 35'0"1" or less, specimens having been taken in waters whose salinity
was as low as 34.2%" (Fig. a).
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Fig. 4.-Surface salinity at each plankton station in the eastern Indian Ocean, showing those at
which (a) P. longipes larvae, (å) other panulirid larvae, were present or absent.

While mixing of low salinity tropical water and high salinity subtropical water
might make the identity of larvae within such mixed water less certain, there is very
little doubt that all larvae of P. longipes taken in water whose salinity exceeded
35'4%" were of the subspecies P. longipes cygnus. On this basis the present material
includes 9250 larvae of the Western Australian crayfish and 83 speçimens predomin-
antly of a tropical form. The latter group might well include a few individuals of
P. longipes cygnus, but for present purposes this is not important.

The developmental stages ofthe larvae ofP. longipes cygnus have been recorded
in each month (Table 2). Although these are pooled results from a variety of gear
sampling at different times of the year over seven years, there is a general trend from
first-stage phyllosoma larvae at the beginning of the year to final stages towards the
end of the year.

(c) Dispersal

Q) Offihore Movement of Larvae.-Due to absence of oceanographical vessels,
no sampling of plankton was made from mid November to the end of January, so

the full season oflarval release of P. longipes cygnus was not covered by these cruises.
In most years, larvae are still hatching along the west coast of Australia towards the
end of summer (e.g. Fig. 3). By autumn these phyllosoma larvae are displaced further
offshore. The flow of low salinity tropical water shown by Rochford (1969) to extend
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down the west coast of Australia during the latter part of autumn each year might
help to displace the larvae away from the coast. However, offshore movement of
larvae takes place during summer and autumn before the coastal influx of tropical
water. This offshore movement of phyllosomalawae is now considered to be brought
about by surface wind drift.

- Tsn¡-n 2
NUMBERS oF LARvaE oF P. LoNGIpEs cycNus FRoM S^LINITTES 

^BovE 
35-4:/oo, TAKEN IN EAcH MoNTH

(1962-1e68)

Month
Phyllosoma Stage
IVVVI vII VIII IX Puerulus

t5

I ll lll

Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

2
144

J

t44
85

2
18

418

4
651

2652
J

t1

96
173

1497
2395

t6
304

2
83

7

I

7

6

8

4
I

27
t2
4
8

79

t
2

5

2
1

3

I
1

I
l5
64

I
J

2

l9
4
I

l7
119

J

25
2
5

A typical feature of the summer weather pattern in this region is a low pressure
trough extending down the western coapt, associated with an anticyclone to the
south of Australia (Fig. 5). This pattern maintains an offshore airflow to the west

Fig. S.-Meteorological chart
showing typical
summer pattern

resulting in
an offshore flow of air

along the western coast
of Australia.

of Australia, temporarily replaced by a more southerly air stream when the low
pressure trough crosses the western coast.

L
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On the coast at Fremantle, the daily wind pattern during summer generally

consists of a wind from the south-south-east during the early hours (Table 3), becoming

Tasn 3

FREeuENcy oF occuRRENcE oF wrND DrREcrroN TuRoucuour rHE DÁy AT FREMANTLE (32'03'5.,
115"44'8.) FoR EAcH oE rnr 31 DAys oF o¡c¡vsrn 1967

From hourly records maintained by the Fremantle Port Authority

Wind
Direction

N.
NNE.
NE.
ENE.
E.
ESE.
SE.
SSE.
S.

ssw.
sw.
wsw.

wNw.
NW.
NNW.

Total days

Hour of Day
I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

11 2

121 11111
I
3

4

6*
5

4
3

1

I
2
1

31

11222354433111
2 4 2 6x7+6*7*6*4 3 3 1 1 2 2 2 3 4 4
537*6*542211121
12222222212111 2

8*6+6 5 4 4 5 3 1 1 1 3 4

4 5 2 3 1 3 3 4 2 1 1 1 1 1 I 6 910*9*
3 3 3 2 3 2 2 3 8+ 9+ 9* 9 9 14*14*16*17*17*16t13*lO+ 7 5

2 2 2 2 2 I 1 1 2 5 6 10*10*10 9 7 6 4 2 2 1 1 I
11 132242211111222

11 31 122323111
221 I 221 1 12223 1 321 1 21 22 1

22321121 11212111 112
23211

31 etc.

* Wind direction occur¡ing most frequently at that hour, during December 1967

more easterly from sunrise, then swinging to south-south-west and south-west rather
abruptly late in the morning. This sea breeze usually continues quite strongly during
the afternoon (ranging from 7 to 28 kt, mean 17 kt), swinging in the evening through
south (12-33 kt with a mean of 19 kt), becoming south-south-east by about midnight.
rù/hen the weather pattern typified by Figure 5 is strongly developed, the coastal sea

breeze fails to develop in the afternoon, so that an easterly (offshore) air flow is

maintained for several days.
Newly hatched larvae, present at the surface throughout the night, are exposed

to the effects of winds mainly from the east and south. Although a southerly wind in
the early part of the night is blowing parallel to the coast, this would generate an

offshore surface drift owing to the Coriolis force deflecting surface water up to 45'
to the left in the southern hemisphere (Sverdrup, Johnson, and Fleming 1942).

If the western coast of Australia is taken as a straight line extending north and
south, then winds from the south-west and north-east will generate surface wind drift
parallel to the coast, while a south-east wind will generate an offshore surface wind
drift at right angles to the coast. The wind records maintained hourly at Fremantle
record the wind direction as one of 16 points of the compass, so that the component
producing an offshore surface wind drift has been calculated by multiplying the wind
velocity in each hour by the following vectors:

SV/. SSV/. S. SSE. SE. ESE. E. ENE.

0'0 +0.3s +0.70 +0.92 +1'0 +0.92 +0.70 +0'38
NE. NNE. N. NNW. NW. WNV/. W. WSV/.

c.0 -0'38 -0.70 -0.92 -1.0 -0.92 -0.70 -0'38
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Using this method, Figure 6 shows that for December the total offshore wind
component is relatively high throughout the hours of darkness, falling almost to zero
round midday. Such a consistent offshore wind component would be sufficient
to produce an offshore drift of surface water. If a conversion factor of 5 | is applied

Fig. 6.-Total nautical miles
of offshore (westward)
wind effect
hour by hour
for the whole of
December 1967
at Fremantle
(32'03',S., tl 5' 44', E.).

2000
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to the tqtal offshore wind component from 2100 hr to 0400 hr of each night during
December 1967, the wind data shown in Figure 6 would have caused an offshore
surface drift of 73 nattical miles during that month (for the hours of darkness). This
represents the maximum distance that newly hatched phyllosoma larvae could have
moved offshore during that month if the larvae were at the surface each night, and
were below the depth of wind induced movement during daylight.

Table 4 shows that the offshore surface wind drift at night increases during the
spring and is generally high throughout the summer, being strongest in January.
The values calculated for october are low; in fact, the offshore wind components
for each hour are so small (sometimes being onshore) that it is doubtful whether an
offshore drift of surface water would be generated in that month. This also applies
to November 1965, when the offshore drift as calculated was again very low (Table 4).

T¡srs 4

ESTIMATEs oF TorAL oFFsHoRB (wlsrwlno) suRFAcE wrND DRIFT
(Naurrcar" unrs) lr wrcnr (2100-0400 nn) TnRoucHour SELEcTED

MONTHS ,A.T FREMANTLE

Oct. Nov. Dec. Jan. Feb.

1967-68
1965-66
1963-64

73
35
51

23
9

2l

60
17

47

92
95
67

58
7t
67

Plankton hauls taken near the edge of the continental shelf in late summer col-
lected early phyllosoma larvae of P. longipes cygnus, stations a few miles further
offshore showing slightly more developed stages (Table 5). At this time of the year
the larvae have generally not drifted far offshore. Horilever, in February 1968, the
phyllosoma larvae of this species were in far more advanced stages of development
than at the same time in previous years (Table 6). Also the larvae were dispersed

Sunset
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T¡srn 5

LARVAE OF P. LONGIPES CYGNUS TAKEN IN THREE

coNsECUTIVE pLANKToN tows* Nren rHE EDGE oF TrrE

coNTTNENTAL sHELF oN rHE NIcHT or r¡s. 15-16, 1966,

ar 32's.

Miles West
of Shelf Edge

Phyllosoma Stages

I II III IV

3

6

9

17

28
2t

43
20
11

I
15

t4

* 30 min horizontal surface hauls of N70 net at
2l-3 kt.

much further offshore in February of 1968 than at the same time in previous years,

stations near the edge of the continental shelf generally producing few or no larvae

in February 1968 (Fig. 7). One area not far from the shelf contained relatively high

densities of larvae, but again these larvae were of more advanced stages than those

found at the same period in previous years.

Tlsrs 6

LARVAE OF P. LONGIPES CYGNUS TAKEN OFF WESTERN ÄUSTRALIA DURING FEBRUARY IN RECENT

Year

YEARS

Phyllosoma Stage

I

Puerulus

IIIilIIVVVIVIIVIIIIX
1964
1966
1968

695620214
7470301
1 18 46 56 647

During the spring of 1967 the monthly mean temperature of coastal water in
this region was consistently above corresponding values in earlier years (Table 7)'

Aldrich (1967) showed that the incubation period of marine crayfish eggs is shortened

at higher temperatures. Then the hatching of larvae would have been earlier in
1967-68 than in previous seasons, so that by February of 1968 the larvae would have

reached more advanced stages than attained in the same month during previous years.

Teslr 7

rFAcE wÀTER TrIr¿ptn¡runn ('c)* lr rwrN,qN¡, cocKBURN

SOUND, IN SPECIFIED MONTHS

1496 7 s 15

Month 1963 1964 1965 1966 1967

Sept.
Oct.
Nov.
Dec.

t6
18

20
22

2
5

2
5

16.8
17.2
19.1
20.6

16.6
18.0
19.1
22.8

17.5
19.7
2t.l
22.5

t6
t7
20
21

0
0
I
8

daily

* From maximum and minimum temperature recorded
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lf inl967,larvae of P.longipes cygnus had begun hatching at the beginning of
November, they would have been exposed to nearly four months of relatively strong
offshore surface wind drift by the time they were sampled towards the end of February
1968. From the estimates of surface drift given in Table 4, larvae could have been

carried up to 280 miles westward during that time. This is consistent with the
distribution of larvae shown in Figure 7.

Fig. 7.-Relative densities of larvae of P. longipes cygnus in surface water at night dwing Diamantina
Cruise 1/68 (Feb. l9-March 10, 1968). Numbers of larvae taken in consecutive half-hour horizontal
tows of N70 plankton net converted to catch per 22,5N rev. of flowmeter (: ¿Op.otimately 1000 m3

water filtered). Upper figures, first haul; lower figures, second haul.

During Diqmantina Cruise 1/68, winds were strong, continuous, and mainly
from the south-south-east and south, even out at 109'E., so that the offshore surface
wind was continuing to operate during February and March 1968 at over 250 miles
from the west coast of Australia.

Relatively few of the plankton stations were situated to the west of 109'E., so

thatlittleisknownof theextentof offshoredispersalof larvae of P. longipescygnus.
A line of stations extending westward from the coast along 32'S. during May 1966
(Table 8) showed at that latitude a concentration of phyllosoma lawae at 110'07'E.,
and relatively few to the west of that station. However, further north (at 26'5.), larvae
of this species were relatively common at the same time (May 14, 1966) at a station
on 100'39'E., 700 miles from the coast of Australia, successive plankton tows (made
under the same conditions as those in Table 8) taking 27 and 10 phyllosoma larvae of
P. longipes cygnus.
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T¡sr¡ 8

NUMBERS OF P. LONGIPES CYGNUS PHYLLOSOMÄ TÀKEN ALONG 32'S. SV 30 VTN TTONTZONTÄL SURFÀCE

HAULS oF N70 NEr (3 rr) rr Nrcnr, MAy 9-12, 1966

Longitude: 113'48'E. 112"56'8. 110'07'8. 109"08'E. 105'53'8. 105'00'8. l0z'lO'E. 101'05'8.

Miles
ofshore: 100

Cetch per
haul:
Haul 1

Haul 2

4

1

145

0-70
Miles

No.

290 340 7to

0

760

2 76

1s4

03

1

4

520

140-210
Miles

565

210-280
Miles

0

(ä) Return of Larvae to Coast.-Little is known of the means by which larvae
of this species return to the coast. The small quantity of data obtained during the
spring indicated that the phyllosoma larvae are moving (or being moved) back towards
the west coast of Australia, but the mode of transport is not known. During the
spring the larvae nearer the coast tend to be slightly more advanced in their develop-
ment than larvae further offshore (Table 9). This contrasts with the situation during
the offshore movement earlier in the year when the larvae furthest from the coast

were the more advanced in their development.

Ttnr¡ 9

DEVELOPMENTAL STAGES AND DISTANCE OFFSHORE OF LARVÀE OF P. LONGIPES CYGNUS

TAKEN By rLÄNKToN NET FRoM ocroBER 30 ro Nov¡N¡srn 13, 1967

Larval
Stage

Phyllosoma
Stage VI
Stage VII
Stage VIII
Stage IX

Puerulus

70-1,40
Miles

I 1.7

I 1.7

28 48'3

27 46.6

1 1.'1

280-330
Miles*

No. % No. % No. % No. %

0

J

0

2

1

I 2.6

10 26.3

20 52.6

5 13.2

2 5.3

13 .5

t6-2
35.1

32.4

2.7

16.3

45.2

31.7

6'7
-0'

5

6

13

12

I

t7
47

JJ

7

0

* Distance offshore.

(d) Díurnøl Vertical Movement

During two cruises diurnal vertical migrations were studied by means of stratified
horizontal sampling at various depths throughout at least 24hr at the one locality,
An N70 plankton net was used for the surface sampling, and 5 ft Isaacs-Kidd midwater
trawls for the subsurface sampling. Two midwater trawls, attached at different points
to the one warp, were closed at the end of each tow by messengers releasing the
upper bridle of each net. This closing mechanism sometimes failed on one or both
nets, so that the resulting oblique hauls had to be deleted from the series.
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The first of the 24 hr stations was in March 1966 at 29"5., llz"E, where mid-
stage (IV-VI) phyllosoma larvae were relatively abundant. Figure 8 shows that these

Time ol day (hr)
1600 2000

o

1200 t600 2000 2400 0400

30 33 l8 97

Fig. 8.-Distribution of phyllosoma
of P. longipes cygnus
with time and depth,

at 29"5., ll2"E.
on March 18-20, 1966.

Catches converted to
approximate densities

(number per 1000 ms).

1 0 ,_---
tnelmocXnê

I
-----t- -

.! 80

oo foo

120

0

larvae were relatively dense at the surface during the night and that a few were still
present at the surface during daylight hours. Subsurface sampling (from 40 to 190 m)
indicated that phyllosoma larvae were of low density both night and day. The
thermocline at 50-70 m did not appear to act as a barrier to vertical diurnal movements;
aggregations of phyllosoma lawae were not found immediately above or below it
during the 24 hr period.

Time of day (hr)
2000 2200 2400 0200 0400 0600

00 12 6 109 I 4

0

0

1400 1600 1800 2000

^ao

4 1zo
Àaâ

160

,

8 00 00 0 0 0.0 00 0 0

0 2

Fig, 9.-Distribution of
phyllosoma of
P. longipes cygnus
with time and depth,
at 30"S., 109"30'8.
on November 4-5, 1967.
Catches converted to
approximate density
(number per 1000 ms).0 0

0
0

Figure 9 summarizes the results for the second of the 24 hr stations, occupied
at 30's., 109"30'E. in November 1967, when later stages (vI-IX) of phyllosoma larvae
were present. In the absence of a thermocline in the upper 300 m of water, subsurface
hauls were made at greater depths than in the series of March 1966. Larvae were
again present in surface water at night, though not in high concentrations. During
daylight hours no larvae were caught at the surface, in contrast with the finding
of some earlier stages at the surface in daylight during March. Apparently the more
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advanced phyllosoma larvae of this species ars more strongly negatively phototropic
than the earlier stages. Subsurface sampling showed very low densities, but there

were indications of slightly more phyllosoma at 100-180 m during daylight hours
than at night. Very few larvae were taken in the deeper hauls (180-240 m).

From the rather limited data available, there appears to be some difference

between the mid and late stages of phyllosoma larvae of this species in their diurnal
vertical migrations. Of the mid-stage larvae taken in March, the frequency of occur-

rencc of thc diffcrcnt stages lvas the same for surface (N70 plankton net) and sub-

surface (midwater trawl) samples (Fig. 10(a)): x?:0'9068 (P > 5%). However,

(o) (b)

Fig. 10.-Distribution of stages

of P. longipes cygnøs phyllosoma
taken at the surface (by N70 plankton net)

and subsurface net (by midwater trawl):
(a)24hr station, Ì|¡lar.19-20, 1966;

(b) 24hr station, Nov. 4-5, 1967.
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Phyllosoma stage

from the catches of late-stage larvae taken in November (Fig. 10(å), final-stage

phyllosoma larvae were less well represented at the surface than in subsurface samples,

x?: 5.32, P < 5\, indícating that towards the end of the phyllosoma phase there

is a difference in the frequency of occurrence of the stages between surface and sub-

surface samples. This could be of importance to the return of phyllosoma larvae

towards the west coast of Australia, the final stages moving more often at some

subsurface level. However, eastward moYement of subsurface water, at a speed

sufficient to return these late-stage larvae to the coast, has yet to be demonstrated.

To test an hypothesis that late-stage larvae returned to the coast in relatively

deep water and settled on the outer part of the shelf, and the early juveniles then

walked into shallow waters, several cruises were made along the edge of the shelf

sampling the water just above the continental slope and shelf (by midwater trawl)
and also sampling the benthos (by beam trawl and dredge). No larvae or early
juveniles of P. longipes cygnus were obtained, but some puelulus phase were taken

by plankton net in the sllrface water.
When the Stage IX plyllosoma larva moults into the puerulus phase, the latter

apparently returns to the surface, as collectors buoyed along the coast gather puerulus

larvae much more effectively when at the surface than collectors only 3 m below the

surface (Phillips, personal communication). Sheard (1949) stated that the puerulus

phase of this species is positively phototropic, staying in surface water layers.

(e) Growth

The duration of larval life extends over approximately 11 months (Table 2),

most of which is occupied by a succession of moults through the phyllosoma phase.
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Growth through the nine rather arbitrary stages of phyllosoma larvae is shown in
Figure 11. Since the morphological stages do not necessarily represent equal units

+

ú^^

o
co

+

Fig, 11.-Total body length
of each stage of phyllosoma
of P. longipes cygnus,
Vertical line shows observed range;
horizontal gives mean length;
black bar extends two standard errors
on each side of mean;
hollow bar ends one standard deviation
on each side of mean.

I
ÅÏ
T

+l
+l

+

10

Date

Mar.6

Mar.9

Long.
Surf.

Temp.
fc)

22.5

22.6

Surf.
Salin.
(%")

35 .89

35.72

tililr lvvvt
Phyllosoma stage

oftime, a growth curve cannot be derived from these data. Progression through these
stages is relatively rapid to Stage v, generally being achieved in some three months,
after which morphological changes are much slower.

On some occasions, wide differences in stage of development of phyllosoma
larvae have been recorded from two stations sampled within a few days of each
other (e.9. Table 10). This probably reflects different times of hatching rather than
differing rates of growth.

TAsrr 10

NUMBERS oF PHYLLosor\4Ä' 

lJ í;"l?å'^ii""i i::ìi"i'#ii :äTJ.ä:äJTAGE' 
.BTAINED Ar rwo

Phyllosoma Stages

E.
Lat,

S.

Stn.
No. IIIIIIryVVI

t5

29

30"21,'

26"58'

tl4"tl'
112"43',

0

I

163082
7746151

2l

0

Quite distinct from this are differences which have been observed in the sizes
attained at particular stages. These were most marked in the case of Stage VI phyllo-
soma larvae, the mean length of specimens at this stage being lower early in the
year than of those reaching this stage later in the year (Table I l).

As the hatching of larvae is virtually completed by the end of February, there
is no doubt that the Stage VI phyllosoma larvae taken in November had a much
slower rate of development (though reaching greater size) than those reaching the
same stage in February or March.
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T¡nre 11

LENGTHS OF STAGE VI PHYLLOSOMA OF P, LONGIPES CYGNUS SAMPLED IN VARIOUS

MONTHS OFF THÉ WEST COAST OF AUSTRÄLIA

Body Length (mm)
Month

Measured Min. Max Mean S.D

No

Feb.
Mar

May
July
Nov

1968
1966
1968
1966
1965
1967

316
30

298
92
30
23

8.3
9.3
8.3
8.4

13.3
il.9

15.0
15.5
15.0
18.1
17.8
17.9

10.4
11.8
to.7
13.8
15.8
l5 .8

3

9

3

8

3

4

At full development, phyllosoma larvae of P. longipes cygnus ranged from
31.5mm to 35.9mm with a mean length of 33.9mm, standard error 0.3mm
(17 specimens measured).

V. L¿.nvaa oF P. PENIcILLATUS

(ø) Identity ønd Morphology

Amongst the material collected were 122 phyllosoma larvae of the same species

as those larvae listed by Prasad and Tampi (1959) as P. penìcillatus. The identity

of these larvae has not yet been verifi.ed by direct observations such as the hatching

of eggs from the female or observing the frnal stage phyllosoma larva to moult to the

puerulus phase and first juvenile phase. In fact, Michel (personal communication)

questions the identification given by Prasad and Tampi, having found that at New

Caledonia and also around the Tuamotu Archipelago (near Tahiti), where P.

penicillatus is the most plentiful panulirid species as adults, the phyllosoma larvae

abundant in the plankton are not what was described by Prasad and Tampi as larvae

of P. penicillatus.
Although there is this uncertainty, the name P. penÌcillatus will be retained for

present purposes as we wish to add to the description of morphological stages given

by Prasad and Tampi.
In their morphological stages for phyllosoma larvae of P. penicillatus, Prasad

and Tampi noted that they did not have specimens of Stage VIII. Fourteen specimens

of this missing stage were found in the present series. In addition, 15 specimens

were more advanced than Stage X of Prasad and Tampi, so have been assigned to an

additional Stage XI. Brief descriptions of these two stages ale as follows:

stage vIil.--Total body length 11.7-14.1 mm, mean 13.4 mm (14 specimens).

The exopod bud of the second maxilliped is segmented at the base and has become

setose. The uropods are bifid. The pleopods appear as low crescentic buds. The

hindbody is a little wider than the forebody. Ventrally on the hindbody there is a
small spine adjacent to the coxa of each periopod and of the third maxilliped. The

abdomen has increased in length and is widest at the base. On the antennule the

endopod bud is extended but not articulated. The second maxilla has expanded to a
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leaf-like appearance. The fifth pereiopod is half the length of the abdomen. There
is a ventral coxal spine on the first pereiopod and third maxilliped only. Dorsal
coxal spines are present on pereiopods 2, 3, and 4, but are rudimentary or absent
on I and 5. One to three small spines are irregularly spaced dorso-ventrally along
the merus of each pereiopod.

Stage XL-lotal body length 22.2-30.2mm, mean 25'5mm (15 specimens).
Forebocly wicler than hinclbocly; hinclbody with a spine ventrally adjacent to the
coxa of each pereiopod and of the third maxilliped. Antennae one and a half times
the length of eyestalk and eye. Antennule half the length of the antenna. First maxilli-
ped has become trilobed; second maxilliped with a setose exopod; third maxilliped
has three spines equally spaced along the merus dorso-ventrally; pereiopods 1,2, and
3 usually have two or three spines similarly placed. Dorsal and ventral coxal spines
present on all pereiopods and a large curved spine on the terminal joint of the merus.
Pleopods have an appendix interna. Uropods have a lateral spine. The fifth segment
of the abdomen has a pair of large spines posterio-laterally, directed rearwards
horizontally. Gills are present on the third maxillipeds and all pereiopods.

During the growth of these phyllosoma larvae, the sequence of appearance of
various morphological features is quite variable so that there can be considerable
overlap from one of these somewhat arbitrary stages to another. However, the
determining features for Stage VIII are quite constant. These are the segmentation
of the exopod on the second maxilliped and the bifid appearance of the uropods.
For Stage XI the characteristic features are the appendix interna on each pleopod
and the gills present on maxillipeds and legs. The Tateral spines on the uropods may be
rudimentary in some specimens.

(b) Distribution and Dispersal

Most of the phyllosoma of P. penicillatø^r were found north of 20'S. (Fig. 2).
Only two isolated specimens were found well offshore off the west coast of Australia.
Inshore, seven specimens were taken close to North West Cape (at22"34'5.,113"32'8.),
close to the southernmost point on this coast where adults of tropical panulirids are
commonly found. Five specimens found close to the coast at 32"S. during May, July,
and August might well have been swept southwards by the coastal current known to
move down the coast during winter months.

Figure 2 shows Ihat laruae of P. penicillatus were of highest density in the
vicinity of 10"5.-15"S., in which region the South Equatorial Current carried surface
water westward (Rochford 1962). On this basis, it might be suggested that phyllosoma
larvae of this species are carried westward on the South Equatorial Current, returning
via the Equatorial Counter Current along the coast of Java. However, further
westward, in the region of 78'8. to 98"E., Saisho (1966b) found phyllosoma larvae
of the same species to be common in the vicinity of the equator but none south of
10oS., so that they were absent from the South Equatorial Current in that region.
Lawae of this species present near the 110"E. meridian appear then to be largely
independent of the prevailing surface current, perhaps by spending a considerable
portion of each day below the thermocline.
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(c) Seasonal Cycle and Growth

Table 12 shows no indication of a seasonal cycle in the appearance of early-

stage phyllosoma larvae of P. penicilløtus and subsequent progression during following
months to late-stage larvae. This indicates that spawning can occur throughout the

year as would be expected for a tropical species.

Tsøru, 12

NUMBBRS OF P. PENICILLATUS PHT'I.LOSOMA IN STAGES TAKEN IN EACH MONTH

Stage

Month
III w V

3

VI VII VIII IX

2

X XI

Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

Total
(122)

2 2

I
J

J

5

1

I

I
2
2
1

4
I
1

6

3

4
7

2
5

4

)
I
I

5

7

I
I 25

2

2

13

J

2
I
I

18

4
2

3

2t

4
I
2
I

l5 12 19 20

Along the 110'E. meridian, while a wide range of larval stages are present near

Java, i.e. at 9oS., the range of stages narrows so that only late-stage phyllosomalarvae

are present further south (Table 13).

T¿.sre 13

NUMBERS oF p. pENrcrLLATUs pHyLLosoM.A oF EAcH srAcE TAKEN ar,o¡qc 1l0oE. MERTDTAN

Phyllosoma Stages

Latitude
w V X XIVI VII VIII IX

9'S.
l0's.
l1's.
12'S.
13"S.
14"S.
15'S.
16'S.
l?'s.
1 8'S.

1

2

5

4

I
3

6
2

6
I
4
I

4
I

4

4
5

3

5

2
4

-1 J

I
7

5

1

I

4

J

3

1,

I

Although the evidence is somewhat circumstantial, it might be inferred from

Figure 2 and Table 13 that there is a relatively large breeding stock of this panulirid

species around the islands of Indonesia.
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VI. OrHsn Spscrps Rppnnsmqrn¡ nv Psvr.rosorvl¡.

Phyllosoma larvae of four other species of Pqnulirus, including species A and
B of Gurney (1936), were taken from these stations, mainly from low salinity tropical
waters as was anticipated since the other panulirid species of the aÍea are tropical
(see Section II).

In addition, the following genera were represented by phyllosoma larvae:

Pølinurus, two species; Thenus, two species;

Palinurellus, one species; Scyllørus, five species;

Parribacus, one species; Scyllarides, two species;

Jasus, one species; Phyllamphion, one species.

There is also one specimen from a genus not described by Gurney.

Some of these larvae were quite restricted in their raîge, apparently reflecting
the range of the adult population of that species. In some cases large numbers of
specimens were present, spanning several growth stages. Each stage is being described
and figured in the hope that later it will be possible to link early stages with early
larvae hatched from egg-bearing females held in aquaria, so that the species can be
identified with certainty.

Some late-stage scyllarid larvae held in aquaria moulted, but not into juveniles
which could be identified. A mid-stage phyllosoma lawa moulted to a later stage

after being held and fed for 25 days. Several late-stage phyllosoma larvae moulted
only four days after capture, remaining in the phyllosoma phase. Scyllarid phyllosoma
larvae accepted freshly killed as well as living euphausiids offered as food, in contrast
to the larvae of P. longipes cygnus which would only accept living material. Two
late-stage phyllosoma larvae of scyllarids moulted into the puerulus phase, 9 and
I 5 days after capture, but both died within 3 days of moulting. Measurements of total
body length made before (20'8 mm) and after moulting (13'1mm) of one of these
illustrated the degree of shortening by folding from the phyllosoma phase to the
puerulus phase. The puerulus larvae of scyllarids did not appear to feed in captivity,
specimens dying ll25 days after capture not having moulted.

The large numbers of scyllarid phyllosoma larvae taken off the west coast of
Australia indicate relatively large breeding stocks about which very little is known.

VII. DrscussloN

While much of the larval ecology of P. longipes cygnus has yet to be studied,
these results have enabled more detailed and quantitative studies to be planned
with the aim of linking up with concurrent research upon juvenile and adult segments
of the population.

The relatively long period of larval development with high but possibly very
variable mortality taking place between the time of hatching of larvae and the return
of survivors to settle on the coast, has two important applications to studies of the
population of P. longipes cygnus.
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The first is to survey the larvae immediately after hatching in order to estimate
the size of the brood stock. This would afford an independent check on the estimate
of adult stock based upon detailed statistics of catch and effort obtained from the
commerical fishery as used by Bowen and Chittleborough (1966). High catch rates
of early phyllosoma larvae taken from inshore waters at night indicate that quantitative
sampling might well be used to estimate the size of the brood stock, as has been
done by egg and larval surveys for herring (Parrish et al. 1959) and pilchard (South-
ward 1963). In the lobster Hontarus anlericønus, Scarratt (1964) found a rclation
between density of flrst stage larvae and abundance of parent stock. In the planning
of surveys of early larvae care is needed if there are variations from year to year in
the time of hatching of eggs, as has been indicated for P. longipes cygnus (Section
IV(c)).

The second important application of studies of larval ecology in this species

is to attempt to forecast the strength of a year class by determining the success with
which larvae return to settle along the coast. In Pqnulirus ínterruptus, Johnson (1960)
found differences in relative abundance of phyllosoma larvae from year to year during
a seven-year study, but he did not relate these apparent variations in year class
strength with subsequent abundance as juvenile or adult crayfish. Scarratt (1964)
found that the survival of lobster larvae varied from year to year but he could not
find a conclusive relation between larvae and the subsequent stock.

This raises the question of the precise age or stage in the lile history at which
the strength of a year-class is decided. It is generally accepted that in highly fecund
frsh, larval mortality is very high and subject to wide fluctuations; but actual measure-
ments of survival through this phase (under natural conditions) are very few. Sette
(1943) estimated that in the Atlantic mackerel (scomber scombrus) total mortality
through the larval phase, over the first 70 days of life, was 99-9996%.

Neither the extent nor the causes of larval mortality in marine crayfish are well
understood. As the larvae travel far offshore, one of the causes of mortality could
be losses {ue to adverse current systems. This would act independently of iarval
density. Crayfish larvae appear to have some ability to maintain position offthe same
part of the coast-despite a prevailing current along that coast (Johnson 1960), but
unusual water movements can displace larvae, cansing high losses.

Predation is a source of larval mortality which may be density-dependent.
From time to time, fishermen off the Australian coast have reported finding phyllo-
soma larvae in the stomachs of mackerel and tuna. Baisre (1964) has reported 101

phyllosoma larvae of P. ørgus from the stomachs of skipjack (Katsuwonus pelamis)
and blackfin tluna (Thunnus atlanticus) off the coast of Cuba.

While it may not be possible to measure the cause and extent of larval mortality
in P. loingipes cygnus, if the density of late-stage larvae returning to the coast can be
measured, fluctuations in survival can be assessed and the strength of the O-group
compared with measurements being made of year classes passing through juvenile
age groups. There may be difficulties here in the quantitative sampling of late-stage
larvae of this species. Further ecological studies are required, including the diurnal
vertical movements of the late phyllosoma phase and the puerulus phase, so that
these can be sampled effectively.
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The average duration of the phyllosoma phase, approximately 11 months, is
much longer than that recorded for other species of marine crayfish, Johnson (1960)

recording 7$ months for phyllosoma of P. interruptus and Olsen (personal communica-
tion) suggesting 4-6 months in the case of Jasus laløndü. The prolonged period of
larval development in P. longipes cygnus might well have a genetic basis, but in
addition the phyllosoma larvae spend considerable time far offshore in waters having
a very low zooplankton biomass (Tranter 1962) so that food supply might then be

limiting the growth rate.

The estimates presented for the wind-generated offshore drift of surface water
during summer months are consistent with the observed spread of phyllosoma
Iarvae of P. longipes cygnus away from the western coast of Australia. In order to be

swept offshore, the early larvae must be close to the surface at least throughout the
night, as has been observed. The surface drift induced by the wind extends to a
depth proportional to the wind strength. At a depth of 5 m the wind induced current
would be approximately one-quarter of that aI the surface. Therefore, the precise
depth of the maximum concentration of larvae at night is highly important. The
surface sampling reported here was mainly in the upper 3 m of the ocean while
subsurface sampling was generally taken at depths exceeding 50 m. Future sampling
of newly hatched phyllosoma should be taken at small intervals of depth close to
the surface in order to find the extent to which these larvae are stratified at the
surface at night.

While surface wind drift may play an important role in the offshore movement
of early phyllosoma larvae during summer, the method by which late-stage phyllosoma
larvae return to the coast is not yet known. The tendency of final-stage phyllosoma
larvae not to make diurnal vertical migrations, possibly staying more in subsurface
water, may be linked with an onshore movement, but this has not yet been dqmonstrated.

Those phyllosoma larvae which drift farthest from the coast are no doubt lost,
but the maximum distance offshore from which larvae can return successfully is not
known. From the sampling which has been carried out so far, it is evident that in
late autumn and throughout winter the densities of larvae found within 100 miles of
the coast are so low (Table 8) that larvae would need to come in from a greater
distance in order to maintain the population.

The phyllosoma larvae of this species apparentþ cannot return to the coast
until the disappearance of the winter wedge of tropical water extending down the coast.

In that case it is interesting to speculate on the fate of the larvae in 1956 when the
winter low salinity water persisted along the coast through the spring and early
summer (Rochford 1969). This could have resulted in the complete failure of that
year class to settle on the coast, but no sampling of larvae or juveniles was being
carried out at that time.
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Summary

Density of juveniles on shallow coastal reefs was measured by a single census

mark-recaptnre method, samples being taken by baited traps. Verification that marked

and unn-rarked individuals were equally vulnerable to trapping was obtained by double

marking and direct underwater checking. Very little dispersal or migration of the
juveniles occurred from January to october, but in November and December the

larger specimens moved to deeper water while smaller juveniles (age group 2f years)

appear.ed on the reefs by January. In a test area away from the centre of the coastal

range ofthis species, density ofjuveniles at the beginning ofeach ofthe past five years

flnctuated greatly from one yeaf to another (ranging from 5385 per ha in Januaty 1967,

fo 1212 per ha in January 1969). Natural mortality of juveniles varied with density
(M:O.499Doxl0 s), shelter possibly limiting the carrying capacity of a reef. In
aqnaria, cannibalism of newly n-roulted rock lobsters has been shown to increase with
crowding, despite surplus feeding.

Density-independent factors operating upon planktonic larvae and density-

dependent factors limiting survival of juveniles play con'rplenrentary roles in deterrnining
the level of recruitment to the adult stock. In the centre of the population range, the

second set of factors is of major importance; towards the periphery of the range, the

first set of factors is the more important'
catchability declined with water temperature in autumn and incfeased in spring.

In January of five successive years (temperature 22.2-23'2"C) catch per unit effort was

directly proportional to population density (c/g:5'05Dx10-3). However, catch-

ability rose from 2'5x10-B in January t966 to 15'8x10-3 in January 1969, possibly

due to a decline in the availability of natural food.

I. INrnooucrIoN

P. longipes cygnus George is confined to the western coast of Australia, from
Northwest Cape to Cape Naturaliste (Fig. 1). The majority of the commercial catch

is taken between 28'S. and 32'S. (Sheard1962). Thejuveniles are concentrated mainly

on shallow coastal limestone reefs (to depths of 9 m or 5 fm, with some larger juveniles

to 18 m or 10 fm), while the adults are generally confined to deeper waters (27-155 m,

or 15-85 fm). During the prolonged larval phase, the planktonic larvae are carried

some hundreds of miles from the coast (Chittleborough and Thomas 1969).

Chittleborough and Thomas suggested that the strength of a year class is

dependent initially upon the effectiveness of ocean currents in returning the final-

stage larvae to the coast. However, as yet, a quantitative method of measuring

settlement along the coast (towards the end of the first year of life) has not been

devised.

* Division of Fisheries and Oceanography, CSIRO, Western Australian Marinè Research

Laboratories, North Beach, W.A. 6020.

Aust. J. mar. Freshwst. Res.1970,21, l3l-48
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Juveniles from age group 2f years are concentrated on shallow coastal reefs
and enter baited traps readily, so that the density can be measured by mark and
recapture techniques, provided that certain assumptions are satisfied. In this paper
a method of measuring the density of these juveniles is described, and changes in
density and natural mortality within aî aÍea of natural reefs are followed over
successive years. These results, supplemented by data from other points along the
coast, give some insight into the factors controlling recruitment in this population.
Data upon growth will be presented in a later paper.
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Fig. l.-Locations mentioned in the text.

Most of the research was sited on the western side of Garden Island (Fig. 1)

in an area 2 km long and extending 400 m from the shore, closed to both amateur
and commercial fishing. In this area a series of limestone reef platforms, similar in
structure and in plant and animal communities to the reef platforms at nearby
Rottnest Island (described by Hodgkin, Marsh, and Smith 1959; Phillips 1969)
extended from the shore. Other reefs, 50-250 m off the coastal platform, dampenecl
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the force of wave action, which can be severe on the exposed side of this island.
Three separate sections of reef (0'2-0.5 ha in area) in water up to 5 m deep, were
selected for intensive study.

Some sampling was also carried out at Lancelin and at Seven Mile Beach
(Fig. l), on reefs of similar structure and depth to those in the main test area at Garden
Island.

On each of these shallow coastal reefs, all the rock lobsters were sexually
immature.

- IL MB¡.sunruENT oF Popur¿,rroN DnNsny

A single census method was used to measure the density of pre-recruits on each
section of reef. Marking was carried out for several successive days, the population
then being left undisturbed for at least three weeks before trapping again in the
recapture phase. The traps were of rectangular "parlour-and-bedroom" design
(collapsible for ease of transport in small boats as used by De Bruin (1960). For
uniformity, fish heads or whole f,sh were used as bait, stale fish being discarded as this
is less attractive to rock lobsters (Fielder 1965). To maximize the catch, each trap
was set in a hole or under a rock ledge by a diver.

After one night, the traps were raised and each rock lobster was sexed, measured,
and marked, then released at the point of capture. Marking was either by the clipping
of a pleopod, cutting one of the lateral spines on the abdomen, or by punching a hole
3 mm in diameter into telson or uropods. Animals from adjacent reefs were marked
distinctively so that dispersal from one reef to another could be checked.

Because fishermen have observed that catchability is depressed at times of full
moon, trapping for marking and recapture was carried out round the time of new
moon to maintain a large sample size.

Various formulae, reviewed by Jones (1964), were applied to estimate numbers
present in each reef. Similar results were obtained from the formulae, as a high pro-
portion of the population of each reef was marked and recaptured. Because weather
conditions often restricted work at sea, direct sampling was used rather than inverse,
i.e. sampling was continued until a predetermined sample size was obtained, rather
than until a predetermined number of marked rock lobsters had been recaptured.
The estimate used for the population size (,û) and its variance was that of Bailey
(1951), i.e.

¡ _T(n-ll) var(ñ) _72(n*'l)(n-m) .
mi|'"'\"/ (m!l)z(m|2)'

where Z is the total number marked and m is the number of marked individuals in
a subsequent sample of n rock lobsters.

The reliability of the population estimates depends on the following assumptions:

(i) That the marked individuals are distributed at random throughout the
population on that reef;

(ii) that the marking itself does not increase mortality significantly;

(iii) that all marked individuals recaptured are recognized and reported;
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(iv) that marked and unmarked individuals are equally likely to be captured

during the second (recapture) phase of each experiment;

(v) tliat dispersal and migration are not taking place during the interval between

marking and recapture.

Each of these assumptions will now be examined.

(i) Randont Distribution of Marked Individuals Within Eaclt Reef Population,-
By re-setting traps progressively across the reef each day and releasing at the point of
capture, marked individuals were distributed across that reef. In the period before

the first recapture phase of each experiment, further intermingling of marked and

unmarked rock lobsters occurred during nightly foraging so that, when trapping was

recommenced, the marked specimens appeared to have been well dispersed through
the population upon that reef.

(ii) Marking Mortalíty.-Each of the methods of marking was tested in aquaria
against unmarked controls and had no effect upon subsequent survival or growth of
juvenile rock lobsters. Rock lobsters released above a reef generally regained shelter

without further losses. Although they were removed from the water only for a short

time for measuring and marking, and quite active when released, some were slow to
seek complete shelter within the reef. Rock lobsters could be observed easily when

released onto these very shallow reefs and only once was one seen to be taken by a

predator (an octopus).

(äi) Incontplete Reporfing.-This was not a problem as recoveries were obtained

from our own trapping in an area closed to commerçial or amateur fishing. Marks

could be distinguished after several successive moults, the scar tissue being distinctive
even if the appendage had regenerated completely.

(iv) Marked qnd Unmarked Equally Liable to Capture.-This is a most important
pre-requisite to any population estimate. In order to test this assumption, a double-

marking experiment was carried out on an isolated reef which had limited cover,

so that many of the rock lobsters could be checked visually nnderwater. A small

reef in shallow water (4 m) at Lancelin was selected for this purpose. As well as the

clipping of a pleopod, rock lobsters were marked across the carapace with an epoxy-

resin paint which was clearly visible to divers dr.rring underwater inspection. The

epoxy resin was highly effective as it could be applied to the wet surface of the carapace

(even applied underwater), hardening after the rock lobster was released and having
good adhesion to the spiny surface. Some specimens held in aquaria until moulting

showed no adverse effects from marking with epoxy resin.

ln this experiment, 198 juvenile rock lobsters were double-marked during two

successive nights of trapping. One week later, an underwater check was made by two

divers who counted the more exposed individuals, recording those which carried the

epoxy resin. Traps were then set and the proportion of marked individuals were

recorded in the catches for the next two nights. The rock lobsters were released on the

reef immediately after examination. The operation of direct underwater check followed
by trapping was repeated four weeks after the original marking had been carried out.

By that time, 36'8L of the double-marked rock lobsters recaptured in the traps had

moulted, discarding the epoxy resin. The proportion of marked rock lobsters seetl

underwater at that time was adjusted to allow for this loss by moulting.
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The estimates of population size obtained from these data (Table l) show that
one week after marking, the marked individuals are more likely to enter baited traps

than unmarked specimens, resulting in the population size being underestimated.

However, trap returns four weeks after marking gave results consistent with those

obtained by the more direct (but more difficult) method of underwater observation.

T'herefore, in the single census method involving marking at the time of new moon,
followed by retrapping at the next period of new moon, sampling from the marked and

unmarked populations is equally likely during the second period'

Tlsl-n .l

ESTIMATES OF ROCK LOBSTER POPULATION ON ISOLATED REEF USING DOUBLE MARKED INDIVIDUAI^S

Total of 198 double-marked initially. Subsequent results from visual examination underwater
(marked with epoxy resin) compared with recaptures by baited traps (marked by clipping a pleopod)

Underwater Examination Results frorn Trapping
Interval after

Marking

I week
4 weeks

Number
Examined

Marked

No. %

Estimated
Population

Total
Catch

Marked
r--^-
No. %

38 29.5
38 17.9

Estimated
Population

660+171
1127 +324

129
221

* After adjustment for loss of epoxy resin by moulting'

(v) Dispersøt and Migration.-Ideally, the population on a partictllar reef
should be a closed one for the period within which a single census estimate of popula-
tion size is being made.
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Fig. 2.-Percentage of marked rock lobsters in catches from Reef A after
marking 1611 in January 1965.

Rock lobsters taken at the same time from several adjacent reefs were of almost
identical size composition so that any interchange during normal foraging movements
could not be distinguished by changes in size distribution, If there was random
interchange between adjacent reefs, the marking of a large number on one reef would

146
160

23
22*

15.8
13.8

t2t3*446
1386+524
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be followed by the appearance of increasing numbers of these marked individuals on
adjacent reefs and a progressive diminution in the percentage of marked rock lobsters
remaining in the population on the original reef. However, in practice it was found
that there was very little movement of marked rock lobsters from one reef to another.
After marking in a reef population during January, the percentage of marked rock
lobsters in subsequent catches each month from that reef remained almost constant
until the following October (Fig. 2), showing that there was negligible dispersal from
one reef to another during that time. During November and December the percentage
of marked individuals in the reef population declined abruptly, indicating that th'e
population was not closed atthat time of the year.
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Fig. 3.-Length frequency distribution of male and female rock lobsters in the Garden Island
test area from November 1965, to December 1967.

Figure 3 shows that within the test afea at Garden Island there was an influx
in January 1966, of small juveniles into the catches. These small juveniles, having a
modal carapace length of 36-37 mm, are considered to be the 2l age group. During
succeeding months, growth of the various age groups of rock lobsters was reflected
in a progressive shift to the right of the various modal size groups. In October, just
before the spring moult, a considerable proportion of the males and females was
approaching the legal minimum size (carapace 3 in. or 76 mm).
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Figure 3 shows an abrupt change in the composition of the population in Decem-

ber 1966. The larger males and females disappeared from the shallow reefs, while

the 2I age group (modal size now 45 mm) had become fully vulnerable to trapping.

By October 1967, a further portion of the males and females had grown to near legal

size, and in December 1967, these larger rock lobsters had disappeared from the test

area.
Each year, the disappearance of the larger juveniles from the shallow reefs

coincides with a sharp increase in catch rale at the beginning of December by fisher'

men operating just outside the coastal reefs. These commercial catches consist of pale

newly moulted immature rock lobsters. Examination of frshermen's catches taken

close to the test area resulted in the recapture of some of the larger specimens previously

marked on the test reefs.

TeeL¡ 2

DENsIry (uurranrn rrn Hnctenr) .A.ND MoRrALIrt "r.Jrti::itìn:;_Hil"" P' LoNGTPES cYGNUS

Initial Density Density in Spring
Morlality

Year Reef 
Date

Total
Stock

Residual
Stock

Total
StockRecruits Date

Coeff.
Time

(weeks)
t

Mortality/
Week
(1o'M)

2.44
0. 69

3.13
2.58
o.69
0.96
1.72
1.24
o'22
0.05

M1

1965
1966
1967

1968

1969

Ä,
B
AC
B
A
B
c
.A

B
c

Jan. 19

Jan. 20
Jan. 7
Jan. 7
Ian.25
Jaî.25
Jan. 25

Jan. 19

Jan. 19

Jan.19

887
I 196
1925
949

1670
1574
800

1 161

lo49

Sept.
Aug.
Sept.
Sept.
Sept.
Sept.
Sept.
Aug.
Aug.
Aug.

o.782
0.206
1 .095

0.903
0.234
o.327
0.586
o.471
0.066
0.016

5144L237
2834+3O4
5421 +445
5350 +445
t46s -L173
1941+143
t846t247
1460+ 156

1433 + 106

f137+104

1947
4225
3425

516
277
272
660
2',12

88

2
17

7
7

19

19

t9
17

t7
l'l

2352+252
2305 + 304

tsll +282
2t67 +284
1159 +203
1403 + 190

1025 + 190

912+195
1342+222
rt19f168

32
30
35

35
34
34
34

30
30
30

* Not possible to separate new recruits from residual stock.

Thus the population of immature rock lobsters on the shallow coastal reefs

is static on each reef from January to October, followed by emigration of the larger

(older) individuals towards deeper water in November and December. As the larger

roÇk lobsters move out, younger ones (3f age group) become more vulnerable to

trapping, and very young rock lobsters (2f age group) are recruited on to the reefs.

Most of the pre-requisites for reliable estimate of population size using the

single census method are thus fulfilled if the mark-recapture data are gathered as

described during the first 10 months of each calendar year.

III. DBNsllEs RECoRDED oN TEsr REEFS

Estimates of population size were made on one or several adjacent reefs in the

test area at Garden Island at the beginning of each year and again during the following

spring, before emigration occurred. At any one time the populations of adjacent

reefs were of similar density (Table 2) and size composition' From the carry-over

of marked individuals from one year to the next, it was possible to distinguish at the

beginning of each year the segment of the population remaining for the second suc-

cessive year from those which had just been recruited.
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Table 2 shows that the initial population density varied widely from year to
year, due to considerable variations in recruitment. When these initial densities are
considered in terms of size distribution (Fig. 4), a clearer picture of the success of
various year classes begins to emerge. The group of small juveniles (modal length
36 mm) which appeared on the reefs at the beginning of 1966 were of the 2l age
group and hence were representatives of the crop of larvae hatched in the spring and
summer of 1963-64. This year class of 1963-64 appeared in the catches in January
1966, but at that time was not as vulnerable as older age groups, since the density of
this year class apparently increased in January 1967 (Fig. 4). This highly successlul
year class was present in the test area lor four successive years, the modes shown in
Figure 4 being linked by progressive shifts evident in catches made at short intervals
during each year (as illustrated in Fig. 3) and also by the growth of marked
individuals.

Males F-emales

--r'l I , I lfflr,,

1965

1966

1967

>-

õci
^É

r3OO

f,..
f ,..
L.

1968

1969

30 40 so 60 70 ao 30 40 50 6ñ- Eo

Carapace length (mm)

Fig. 4. Density and size composition of rock lobster population in the Garden
Island test area dr-rring January of each year from 1965 to 1969.

Figure 4 shows that in each of the three years since the first appearance of the
successful 1963-64 year class, subsequetrt year classes have been poorly represented
in the catches. The population structure in January 1969 shows only low numbers of
the21' and 3* age groups. Even allowing for the possibility that the 2J, age group
may be slightly under-representecl in these estimates, there can be no doubt that very
few of the members of the year classes of 1964-65, 1965-66, and 1966_67 survived
through larval and early postlarval life in this locality.

IV. N¡.run¡,L MoRTALtry oF JuvENTLES

As the population on a reef is virtr"rally closed to migration and dispersal between
January and October, and as the test area is not open to fishing, any decrease in
density during that period will be due to natural mortality. The coefficient of natural
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mortality for that period (Mù can then be determined from the change in density

with time, i.e.
D¡

fi: exv? Mù.

Table 2 shows that the natural mortality coefficient (M) is highest during years

when the initial density is greatest. In fact, there may be a direct relation between

initial density (D0) in a particular year and subsequent mortality (M) during that year,

the regression, shown in Figure 5, being

M : O'499Dox 10-4.

The standard error of the regression coefficient is 0'047X10-3. This regression

accounted for 92'6/" of the variation about the origin'

2000 3000 5000 6000

o.o3

I
Ð

5

oo

o
Ê
?

z

o.

o

Population density (no'/ha) at beginning ol year

Fig.5.-Relationbetweennaturalmortalitycoefficient(perweek)duringa
year to population density at the beginning of that year'

one explanation of the apparently high mortality during years of high initial

population dånsity might be that in such years there is premature emigration of larger

irrálui¿rrut* (4* and j+ ug. groups) to deeper waters, resulting in an unduly high

estimate of natural mortality. The movements of marked rock lobsters did not

support this hypothesis. A further check was possible using the data from the test area

h- igel, where the 3* age group could be separated from the older juveniles. In

January of that year, the 3* age group was at a density of 3514 per ha, while at the

beginning of Ociober (35 weeks later) the density of this age group was 1300 per ha.

Then,
13oo 

- exp(-Mt) and M: o'028'
3st4

This is almost identical with the estimates of the natural mortality coefficient for the

total population present in the test area during 1967 (0'026 and 0'031, see Table 2),

supporting the original conclusion that natural mortality on these reefs is being

determined by a density-dependent factor'
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The density of the survivors on the test reefs in the spring was almost the same
in 1965, 1966, and 1967, irrespecrive of the initial density at the beginning of these
years. Thus the carrying capacity of these reefs may be limited to a density well
below that at which they are sometimes seeded with postJarvae of successfnl year
classes.

Juvenile rock lobsters held in aquaria under crowded conditions (groups of five
with 450 cmz floor area each, or groups of l6 with 250 cnrz floor area each) tinded to
moult more frequently than individuals of the same age group held in isolation
(900 cmz or 4000 cmz floor area) as shown in Figure 6. However, under crowded

Feb. Ma¡. Apt Muy June July Aug. Sept. Oct.

Fig. 6'-Times of ecdysis (E) and death (D) of individual rock lobsters aged 2 |
yr held in aq'aria dr"rring 1969, (a) singly and (ó) crowded together; all supplied
with excess food.

conditions the newly moulted rock lobsters were often killed by their fellows, despite
the availability of excess food. Mortality associated with crowding occurred irrespec-
tive of whether age groups were mixed or members of only one age group were present.
under less crowded conditions an animal about to moult can move away from the
rest of the group so that this type of mortality did not occur. These observations
afford a possible explanation of the relation between natural mortality and population
density on the coastal reefs.

V. Erurcn¡,NTS To FrsHrNG GRouNDS

Because both emigtation and irnmigration are occurring during November
and December, it is not possible to estimate population density on the reefs of the
test area in that period, nor to measure directly the quantity of rock lobsters moving
out into the adjacent fishing gronnds. Some index of the potential level of emigration
from the test area can be obtained from the size and composition of the population

(o)

EEE
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E

E
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D
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present in September or October, if the sizes of emigrants are known. This can be
obtained from the examination of fishermen's catches taken at depths of 7-l4m
just outside the test arca late in November and early in December. At that time the
fishermen's catches consist of pale-shelled, newly moulted juveniles, locally called
'owhite" rock lobsters (George 1958), together with some normal coloured "red"
rock lobsters which are generally smaller than the "whites". Figure 7 shows that the
size range of the "white" rock lobsters taken just outside the test area corresponds
to that part of the population disappearing from the test area between October and
December. The smaller "red" rock lobsters in fishermen's catches were mainly from
the resident stock on those grounds. Careful examination of the rock lobsters taken
by tshermen at this time resulted in the recovery of some which had been marked
previously in the test area.

Test area

1. x.1967

Test area
2 1. xii.1967\q

aq
f! Adjacent fishing grounds

2 1. xi.1967
(Commercial pots rvith escape gups)

"whitu"

"R"d"

:t
50 60 70

Carapace length (mm)
ao

Fig. 7.-Size composition of rock lobsters in Garden Island test area
(0-4 m) in October and December 1967, cotnpared with catch by
fishermen's pots (escape gap fitted) on adjacent fishing grounds (7-14 m)
in November. Minirnum legal length (76 mm)

Although fishermen's traps are frtted with escape gaps (by regulation), the
"whiteo' rock lobsters are fully sampled as shown by Figure 7, smaller "red" rock
lobsters also being captured (and subsequently rejected from the commercial catch).

Because of annual fluctuations in growth rates, the size composition of "whiteo'
rock lobsters varies from year to year (Table 3). The annual variations in mean
length are consistent in both sexes. By subtracting 5 mm (approximately two standard
deviations of the mean), a lower limit of size is obtained for the emigrants of each

sex. In each case, the value derived in this way from Table 3 corresponds to the size

of rock lobsters which have left the test area by December (Fig. 3). A further 5 mm
subtracted from this length yields the lower limit of the size of potential emigrants
in September immediately before the spring moult, since marked individuals of this
size range gained a mean of 5 mm in carapace length per moult.
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By applying lengths derived in this way to the density and size composition of
the population present in the test area in September, an estimate of the potential
level of emigration from the shallow coastal reefs at the end of each year is obtained
(Table 4). While the level of emigration to the fishing grounds has varied to some

T¡sLr 3

"wllt¡" RocK LoBsrERs sAMpLED FRoM FTsHING cRouNDs ÄDJACENT To cARDEN TSLAND TEsr AREA

IN LATE NovEMBER AND EARLy DEcEMBER AT DEprH or 7-16 m

Carapace
Length (mm)

Females

1965 1966 1967 1968 1969

<64
64
65
66
67
68
69
70
7l
72
73
74
75
76*
77
78
79
80
8l
82
83

84
85

86
87
88

89
90
9l
92
93
94

Total
Mean Length

I
I

I
J

3

I
4
)
J

1

1

I

I
2

I

I

I
J

2
J

5

12
21

7
25
l4
20

9
13

t4
13

10

5

6

I
J

5

I
J

4
5

9

7

9
12
6
9
I
7
7
4
2
2

I
2
3

5

8

13

74
18

t7
8

21

16

1t
1t
7
5

5

2
2
lt
7

ll
l6
2t
t4
27
18

11

10

12

4
1

5

3

1

2
2

5

J

10

l1
10
20
t6
28
l4
10

19

l0
9
2
9
J

4
4
I

4

1

1

5

7

4
J

2
4
I
J

2
5

I

J

J

I
I
I
I
I

2
3

2
2
5

5

8

9

1t
11

6

5

12
4
4
4
5

5

I
1

I
3

2
11

12
16

25
26
31

18

26
20
14

l1
1l

5

4
3

2
2
J

I
I
I
4
9

t9
40
23
41

JJ

24
30
l9
13

I
9

9
4
3

2

I
I
I

1

4
I
I

I
97
80

50
t5

JJ

76
188

78
t72
76

I
I

192
81

180
75

105

77
250
77

293
IJ

* Minimum length for commercial catch.

extent from year to year, Table 4 shows that wider variations in recruitment to the
fishable stock have occurred owing to differences from year to year in the proportion
of the emigrants which have attained the legal size. In some years (e.9. 1967 and 1969)

1965 1966 1967 1968 1969

Males
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the majority of the emigrants from shallow coastal reefs are of legal size and are

exposed immediately to ûshing pressure at the opening of the fishing season, while
in other years (especially 1965) few of the emigrants are vulnerable, requiring at
least one or even two further moults'before reaching the legal minimum size.

In theory, the estimates derived from the test aÍeaat Garden Island for the annual
levels of recruitment to the fishable stock, should bear a direct relation to the catch
rates achieved by fishermen operating close to the test area at the opening of the
fishing season. Two problems have been encountered here. On the one hand, there

were not suffi.ciently detailed data upon commercial fishing operations (this is being
rectified), and on the other hand, the question arises as to whether the fishable stock
was equally vulnerable to the fishing gear (baited traps) in each year, i.e. whether
"catchability" was constant.

Tesrs 4
DENSITY OF POTENTIAL EMIGRÄNTS FROM GARDEN ISLAND TEST AREA

AT END OF EACH YEAR AND PROPORTION OF THESE WHICH WILL HÀVE

ÀTTAINED LECAL SIZE AT OPENING OF FISHING SEASON

Density of Potential Emigrants
(No./ha) Per cent of

Emigrants
Fishable

Year

Total
Legal Size

in Nov.-Dec.

1,965

1966
1967
1 968
1969

99
413
299
230
388

504
756
400
586
502

19

54
74
39
77

6

6

7

2
3

VI. C¡rcslBrLITy: TtrB RnlarloN BETwEEN DsNsIrv AND CArcH PER UNIT Epronr

In the analysis of catch statistics from commercial fisheries, one of the basic
assumptions has been that catch per unit effort is directly proportional to population
density (Ricker 1940; Gulland1964; Bowen and Chittleborough 1966), i.e.

clf : qD.

The constant q, the catchability coefficient, is then the proportion of those fish present

within unit area which is captured by the operation of one unit of effort.
On fishing grounds it is rarely possible to test this assumption since the actual

density is not known. F{owever, within the test area at Garden Island the mean

catch per unit effort was measured independently at the same time as each estimate

of density was made.
The pattern shown in Figure 8 for 1965 was typical of the seasonal changes

recorded in several successive years. During the year there is a relation between

catch per unit effort and population density upon that reef system, but factors other
than availability of rock lobsters (density) are causing variations in catch per unit
effort. Catchability is slightly depressed during January but relatively high in February
and March. This is consistent with reef and aquarium observations that considerable
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numbers of juveniles moult during January, and are less vulnerable to capture. Food
intake is highest immediately after moulting, increasing the probability of capture
by baited traps.

From April to June, the catch per unit effort fell rather steeply, catchability
apparently declining with water temperature, as shown by Mcleese and Wilder
(1958) for the lobster Homqrus americønus Milne Edwards. V/ith increasing tempera-
tures in the spring, catchability rose considerably (Fig. 8). If there had been no
precise evidence of population density and structure, the increase in catch per unit
effort recorded from July to October might have been wrongly interpretecl as indicating
immigration into the shallow coastal reefs early in the spring.

20

AB

10

4000

3000

1000

Jan. Feb. Ma¡. Apr. Muy June July Aug. Sept. Oct.

c)

À

F7

Fig. 8. Changes in population density (no./ha) (.- . . 
-o ) (B), catch

perunit effort (no./trap-night) (x----x) (A), and water temperature
(a 

- 
o) on reefs of Garden Island test area during 1965.

To determine the relation between catch per unit effort and population density
without the added complication of ternperature-induced variation in catchability,
data obtained from the test area in January of each of the past five years have been
examined. Mean water temperatures in this month did not differ significantly from
one year to another, ranging from 23.2"C in January 1967,lo 22'2"C in January
1969. The regression coefficient (regression through the origin) with its standard
error, for the data shown in Figure 9, is 5'05X10-B (0.521 x10-3). The regression
was highly signiflcant (P < 0'001), accounting for 7l .2\ of the variation about
the origin. The regression coemcient provides a measure of the mean catchability
coefficient (4) for unit area (one hectare) during January of those years. However,
estimates of 4 lor January of individual years (Table 5) varied considerably. Catch-
ability was at a similar low level in 1965 and 1966 (although population density
differed greatly in those two years); then from 1967 to 1969 catchability increased
greatly.

Some other factor not related directly to population density or to water tem-
perature at the time of fishing is apparently affecting catchability. Since catches
are taken by baited traps, this lactor might operate through feeding behaviour. If
the rock lobsters were "hringrier" in one year than another, they would be more
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likely to enter baited traps, i.e. catchability would increase. This implies that the
food available to the rock lobsters on these reefs is limited at times, either due to a

tl
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Population density (no./ha)
5000

Fig. 9.-Catch per unit effort and population density recorded on reefs in
Garden Island test area during January of each year from 1965 to 1969.

Tanrp 5

MEAN CATCH PER UNIT EFFORT, POPULATION DENSITY, AND CATCHABILITY OF

ROCK LOBSTERS ON REEFS IN GARDEN ISLAND TEST AREA DURING JANUÀRY OF

EAcH YEAR 1965-1969

o

1965
1966
1967

Year Reef
Mean Catch

per Trap-Night
(n)

14.93
7.14

37.11
37.68
14.96
18.63
21.o7
24-90
18.69

Density
(No./ha)

(D)

5145
2834
5421
5350
l 656
1947
1460
1433
1137

Catchability
Coefficient

nl D : q(xlO2\

A
B
AC
B
AC
B
A
B
c

29
25
68
70
90
96
44
74
64

0
0
0
0
0
0
1

1

1

1968

1969

direct decline in food material present, or by increased competition (from other
species) for the same food. So far it has not been possible to check either of these

hypotheses.
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VII. S¡,rr.rpr-tNc tN OrHBn Ansas

The same gear was used to examine juvenile rock lobsters present on shallow
coastal reefs at other localities along the western coast ol Australia but sampling was
less regular and no marking was carried out for estimates of density.

In general, catch rates indicated an increase in mean density ofjuveniles as one
moved north from Garclen Island towarcls the centre ol the north-south geographic
range of this species. At Seven Mile Beach (29"08'5., I14"53'8.), close to the centre
of the range, catch rates were relatively high and less variable than at Garden Island
during corresponding months (Table 6). Unfortunately, samples were Rot taken at
Seven Mile Beach at the beginning of 1967 when the catch rate and population density
at Garden Island were maximal (Table 2). Although catchability has been shown to
vary from month to month at a particular locality and may also differ between locali-
ties at the same period of time, Table 6 indicates that population density on reefs at
Seven Mile Beach is at a higher mean level than at Garden Island and less sr.rbject to
oscillations from one year to another. This may indicate that settlement of larvae
in the centre of the coastal range varies around a higher mean level than on the part
of the coast nearer to the periphery of the population. Conlìrmation of this has

been obtained by Phillips (personal communication).

Tanra 6

CATCH PER UNIT EFFORT FOR JUVENILES IN TWO SIMILAR

HABITATS

Mean nur¡ber of rock lobsters per trap per night recorded
near the centre of range (Seven Mile Beach, 29"10'S.), and

towards the periphery (Garden Island, 32'10'S.)

Month Garden Island Seven Mile Beach

Nov
Jan.
Feb.
Oct.
Feb.

196s
1967
I 968
I 968
1969

9.7
39. I
14.7
13.4
12.'7

40.5
no sample

35 .9

34.6
38.8

The structure of the juvenile population present on shallow reefs at Seven Mile
Beach was similar to that at Garden Island. The same size (age) groups were present
and there appearecl to be some fluctuations in year class strength, though not of the
same magnitude as at Garden Island. The pattern of emigration of larger individuals
towards the end of the year, followed by the appearance of small juveniles (age

groups 2I and 3f years), also occllrred at Seven Mile Beach, but there were indica-
tions that this occurred slightly earlier than at Garden Island which is nearly 370 km
(200 nautical miles) to the south.

VIIL DrscussroN

Much remains to be clarified before a comprehensive picture can be presented
of the oscillations in success of individual year classes of rock lobsters through the
juvenile phase, and of the limiting factors involved. In particular, more data are
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needed from the centre ofthe north-south range ofthe population (e.g. in the vicinity
of Seven Mile Beach). However, from the data presented, an outline can be given of
the probable sequence of events through the pre-rgcruit phase in this species.

Settlement of final stage larvae (the puerulus stage) along the coast fluctuates
very greatly in abundance from year to year, apparently aq a result of density-
independent factors such as current systems operating upon the planktonic larvae,
as suggested by Chittleborough and Thomas (1969). Settlement in the centre of the
coastal range varies around a higher mean level than on that part of the coast which
is nearer the periphery of the population.

The holding capacity of the coastal reefs in which the post-larvae spend several

years as juveniles is limited by the shelter (ancl possibly food) available. The limita-
tions of shelter introduce a de¡sity-dependent factor restricting the survival of
juveniles. At moderate levels of density, juveniles tend to aggregate together under a
ledge with few or none.in adjacent shelter, In that situation, an individual in pre-

moult can leave the group and moult in the isolation of an adjacent shelter. But
at high levels of density, there will be other aggregations ofjuveniles in the nearby
shelter so that moulting animals must either stay with others and risk attack by
members of the same species (which occurs even when food supply is not restricted),
or moult away from shelter, being exposed to predation by other species.

Although the holding capacities of the various reefs have not been measured,
the coastal reefs near the centre of the rock lobster population are of similar structure
and contain similar flora and fauna to the reefs located towards the southern part
of the range, so that for present purposes the reefs from the various sections of this
coastline will be assumed to afford similar resources (food and shelter). If the holding
capacity of reefs was determined mainly by the amount of shelter afforded, rather
than variations in food material available, then the holding capacity of a particular
reef would tend to be constant from one year to another. However, from the evidence
presented in Section VI, the pgssibility of long-term changes in availability of food
warrants further investigation.

At the centre of the population, settlement of postlarvae, though highly variable,
is generally in excess of the holding capacity of the coastal reefs so that density-
dependent mortality of juveniles limits recruitment to the adult stock (in deeper

water) to much the same level each year.
On the other hand, towards the periphery of the population, settlement of

postlarvae is seldom in excess of the holding capacity of the coastal reefs, so that
density-dependent mortality becomes effective only when a year class has been parti
cularly successful in settling in that region. Recruitment out to the adult stock would
then reflect the fluctuations of year classes produced by the density-independent
factors operating on larvae, dampened to some extent by density-dependent factors
removing excess juveniles in certain years, The mean level of recruitment to the adult
stock would thus be lower in the periphery than at the centre of the population.

These two separate controls (density-independent mortality of larvae, and
density-dependent mortality of juveniles) are then complementary. When the former
is only mildly effective, so that a large crop of postlarvae settle on the coastal reefs,

the latter becomes effective in limiting the level of recruitment. Since neither of these

controls is operating upon the adult section of the population, the level of recruitment
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must be independent of the size of the brood stock, at least over a wide range of adult
stock size.

From this model, the prospects for raising the level of recruitment by direct
intervention can be explored. In theory, seeding the coastal reefs away fi'om the centre
of the population, with puerulus larvae or early postlarvae, would increase the level
of recruitment, as in most years the natural settlement of larvae is below the holding
capacity of the reefs. On the other hand, seeding of reefs near the centre of the
population would almost always be wasteful because natural settlement of larvae is
usually more than adequate. The question of seeding reefs is largely academic at
present, since the prospects for mass culture through the long larval life are pool'
in this species.

A more practical approach to raising the level of recmitment might be to
distribute artificial shelters along the coast. In the centre of the population range,.
an artificial increase in the holding capacity of coastal reefs would be likely to reduce
the wastage of postlarvae and so increase recruitment in most years. On the other
hand, erection ofartificial reefs along the coast towards the periphery ofthe population
would generally be ineffective in aiding recruitment.

Trials of artificial shelters are now being carried out at various points along the
coast.
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DEVELOPMENT OF A TAG FOR THE WESTERN ROCK LOBSTER i

by R.G. ChittLeborough

Sutmary

Several types of tags were tested on the west-
ern rock Lobster PanuLirus Longipes eAgnus George,
seeking a muJ.ti-purpose tag having high retention
through successive noults, low nortality due to
tag, and no inhibition of either growth or mobility

The Western Rock Lobster Tag was developed by
conbining the nost suitable features of the Gunder-
sen Tag and the Sphyrion Tag. Field trials have
shown that this tag fulfi1led most of the require-
nents although tag rnutilation (owing to gregarious
behaviour of this species) has not been eliminated
entirely.

INTRODUCTION

uJting or tagging of crustacea which undergo regular ecdyses
Presents problems. Tests leading to the developnent of a multi-purpose
tag, highly effective for the western rock lobster, panuLíyus Longiþes
eagnus George, are described here. rt should be noted that a nethod
satisfactory for one species may be less effective for even a closely
reLated species, due to sLight differences in anatomy, behaviour, or
habitat.

For short-terrn identification of individual rock lobsters held in
aquaria, numbers painted on the carapace with epoxy-resin ("Vepoxrr

f,owelling resin) have been used. This epoxy-resin is effective as it
cän be applied to damp surfaces, adheres well to the rough spiny shell
of this species, and hardens underwater so that the rock lobsters can
be returned to their tanks innediately after marking. The mark can be
re-applied to the new shell a few days after each noult (at the tirne
of neasuring for growth studies).

In the field, considerable use has been made of tail punching or
clipping appendages (chittleborough 1970). This is effective when
dispersion is minimal and the research tean relies on its own efforts
to recapture (and identify) ¡narked individuals. A coded series of small
holes punched into telson and uropods recorded the carapace length (to
the nearest nilli¡netre) at that tine, while the clipping of a particular
abdoninal spine or pleopod identified the tine of tnäif.iñg. Suctr speci-
nens were useful both for short-tern growth studies (up to one yeai) and
al.so for nark-recapture estimates of population density. Even when the
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holes in the telson or uropods were healed after tlvo or three moults,
the scars couLd stilL be recognized through several nore noults.

Clipping or punching has lirnited uses since individuals cannot be
distinguished and fishermen cannot be expected to recognize such narks.
A tag carrying its own seriaL number is needed for long-term studies,
especially when nigration is expected.

Ideally, an effective tag should have the following character-
istics:

(a) It should be retained through successíve noults for uP to
three years. Sone slight losses might be acceptable but these
nust be neasured if the tag is to be used in quantitetíve studies.

(b) It should not increase nortality. LoSses at the tine of
tagging should be distinguished fron subsequent deaths (e.g. at
noulting).

(c) It shoul.d not depress the growth rate (eíther by delaying
noulting or by reducing the growth increment at the moult).

(d) It should not impair mobility or behavíour. Any such effect
could lower survivaL (e.g. by increased predation), reduce the
likelíhood of recapture, or change the pattern of nígration or
dispersal.

(e) It should be recognized easily by fishermen. Not only is it
necessary to have al.J. tagged rock lobsters reported, but also it
is inportant that they be identÍfied at sea (so that locality and
depth can be recorded) rather than at the processing plant.

Tags were tested initially in aquaria and íf showing Pronise,
field trials were camied out upon readily accessible reefs in a test
area, In the earlíer tests (1964-68), the closed-circuít seawater
system situated some kílonetres fron the sea díd not afford ideal con-
ditions, but the nain effects of the tags could be gauged by the use of
untagged controls. Fron 1969, an open-circuit seawater systen was
avail.abl.e at the new Laboratory on the coast.

TAG TESTS

1. Tag cut fron rigíd plastic sheet

This t¡1pe of tag (see Figure 1) has been used to some*extent In
South Africa vpon Jaeue LaLandí.zl (Milne-Edwards) by Heydor/ (personel
connunication) and also in Cuba upon PanuTírue a?gue (Letr,). Sanples
obtained fron South Africa were tested on aquarium held wesfern roek"
lobsters. Eighteen juveníles were tagged by inserting the barbs lnto
the dorso-lateral muscles between the second and third abdoninel seg-
ment, and held with eighteen untagged controls.
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TAG CUT FROM RIGID PLASTTC SHEET

FLOY TAG TMs

MODIFTED FMs

FLOY TAG FA6C ...

WIRE LOOP ....

FLOY TAG FD67 .

SPHYRION TAG ......

GUNDERSEN TAG

WTSTERN ROCK LOBSTER TAG

Fig. 1 Some of the tags teStçd for use on the western
rock lobstu" (àult"al size) .
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There was much bleeding as the tags htere inserted and the area
around the tag often became severely infected, although only one speci-
nen died as a result. The rigidity of this tag vÍas a disadvantage,
rock lobsters backing rapidl"y in a fright reaction often striking the
protruding end of the tag on a rock or the tank wall. This tended to
re-open the wound, and in two cases, broke the tag leaving the barbed
head in the muscles. 0n1y three of the tagged rock lobsters noulted
during the three nonths of this test. Tags were held in each case but
the growth increnents (1.0, t.4, 1.7 nm) were rnuch less than those of
controls (5.0 - 4.7 nn).

Rock lobsters carrying this tag did not extend the tail as often
or as fully as the controls. There appeared to be sone loss of mobility
which wouLd be undesirable in the field as migration night be restricted
and both survival and recapture of tagged individuals diminished.

2. Floy Tag FMS

This was one of a series of tags nade by Floy Tag and Manufacturing
Inc., 4616 Union Bay Place NE, Seattle, Washington 98L05, U.S.A. This
tag (Figure 1) has been used in Hawaii on P. iaponicus von Siebold by
Morris (personal conmunication) apparently with some success (recoveries
up to L7 per cent).

Eighteen juvenile westeln rock lobsters were tagged with this tag
and held with the 18 untagged controls. There was extensive bleeding
as the tags were inserted. Six tagged aninals died from four to nine
days after tagging, the muscle around the tag being dark and necrotic.
During the next few weeks, the nunbered plastic tubing broke away from
the head of three of the tags, rnaking these ineffective.

When the test was terninated after t37 days, the renaining nine
tagged rock lobsters had rnoulted once, seven shedding the tag (and one
aninal dying after moulting), so that only two of the original 18 tagged
rock lobsters succeeded in carrying the tag through a rnoult. During the
same period the controls all noulted successfully.

Once again, the tagged rock lobsters appeared to have difficulty in
straightening the tai1, a slight hump being evident at the point of
insertion of the tag, even at the end of the test period.

3. Modified FMS

In an atternpt to nake the multibarb tag nore effective, the last
five pairs of barbs were rernoved, in the expectation that the wound
would heal better behind the front three barbs. Thirty rock lobsters
hrere tagged, half being first treated with antiseptic on the surface of
the site of tagging.

Neither the removal of barbs nor the treatment with antiseptic
made any improvenent. Seven aninals died three to four days after
tagging, nine tags lost the numbered plastic tubing, seven tags were
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shed during the first noult, three held the tag through the noult but
died within 48 hours, leaving four fro¡n the original 30 surviving with
the tag intact after one moult. The growth incrernent at noulting of
the tagged specinens was less than that of the untagged controls.

4. Floy Tag FA6C

This single barb tag has a long shaft specified by olsen (personal
comrnunication) for use on the southern rock lobster Janus nouaehoLlandiae
Holthius. In a test of this tag, 18 juvenile rock lobsters were tagged
and held with untagged controls of the sa¡ne size range. Two tagged
aninals died after tagging (at four and eight days), the muscle around
the tag being severely infected. By the 105th day after tagging, the
renaining 16 tagged rock lobsters had alL moulted but 1i had either
shed the whole tag or lost the nunbered plastic tubing. Three retained
the tag through the moult, but two died.within a few days, apparently
as a result of infection through the re-opened tagging wound. Thus
only one of the 18 survived a noult with tag intact. The untagged
controls ¡noulted without any deaths.

During 1964, B.K. Bowen (personal corrununication) carried out a field
trial of this tag (FA6C) at the Abrolhos Islands. A total of 119g west-
ern rock lobsters were tagged and also narked with an amor{-shaped tail
punch, while 912 received a heart-shaped punch nark on the telson but
were not tagged.o comparison of recovely rates from the two groups (with-
in the same reel area) indicated that in two months at least 64 per cent
of the tagged rock lobsters had either died or lost their tags. Mutil-
ation of tags was higher in the field than in aquarium tests. In one
series of 90 tags recaptured approxinately two months after tagging,
the plastic tubing of 32 was so bitten that the tag number could not be
identified.

5. Wire loop

This was modified fron the Suture Tag of Edwards (1965). In a
prelininary trial (carried out in the closed-circuit system during 1965),
a loop of suture wire 0.2 mm dianeter was inserted through the dorsal
muscles between the carapace and the first abdoninal segment using a
curved needle. A short length of plastic tubing over the exposed
portion of the loop carried the number identification. The splitting of
the menbrane imnedíateLy behind the carapace at ecdysis was expected to
favour retention of this type of tag.

Ten juvenile rock lobsters tagged in September all survived the
initial tagging and moulted during the following eight weeks. Onry two
tags were shed at the moult. Growth increments may have been depressed
but loss of controls prevented a proper conparison. The prelininary
trial was sufficiently encouraging to r,rrarrant further tests.

Early in 1966, a further test of the wire loop tag was commenced,
the stainless steel wire being 0.6 mn in dianeter, rigid enough to be
inserted without using a needle yet soft enough for the free end to
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close the loop easily (Figure 1). Fifteen juvenile rock lobsters were
tagged inrnediately behind the carapace as before and held in the closed-
circuit aquarium. Little bleeding occurred during tagging and little
infection occurred subsequently.

One rock lobster died four days after tagging and the tag was torn
from another specinen within one month of tagging (not having moulted).
The remaining 1S held the loop tag through the first moult but three
aninals died soon after nouLting. At least one of these deaths was due

to a tenporary failure in water circulation (noulting rock lobsters be-
ing highly sensitive to a decreased oxygen supply). The remaining ten
tagged specinens all survived a second noult, only one shedding the tag.
Growth increments (nean 2.8010.34 mm at first nou1t,2.35!0.76 run at
second moult) ktele not particularly good, but comparisons could not be

nade owing to circulation problems in different tanks. However, the
relativeLy good retention of the loop tag led to a field trial on one

of the test reefs.

In February L967, a total of 146 juvenile rock lobsters were tagged
with loop tags and rçturned to p snal1 section of te$ in the test area
at Garden Island (32010'S., 115039.5'8.). Other iuveîi1es were tail
punched and pleopod clipped on adjacent segnents of reef for growth and

census neasurements.

During Septenber, 501 rock lobsters were trapped on the section of
reef where the tagging had been carried out. 0f these, 38 carried loop
tags and four more carried scars or remnants of wire showing that they
haá been tagged. Many other rock lobsters (1329 aninals) were trapped
on adjacent segments of reef during Septenber and October, none of these
carried loop tags, showing that there had been practically no dispersal
of tagged in¿i-vi¿uals away from original reef site during that period.

The total population of rock lobsters inhabiting the tagging site
in September wai êstinated to be 382!78 animals. This was calculated
by thè singLe census nethod, marking (pleopod clipping) independently of
tire loop tãgs. Assuming tinat 38/301 of this reef population carried
loop tags, ihe total nunbers of tagged rock lobsters surviving to that
date woufd be 48. The natural mortality coefficient of juvenile rock
iobsters in this area, measured as described by Chittleborough (1970),
on an adjacent segment of reef between January and Septenber 1967, was

.026 per week. Then in the 29 weeks between tagging and recapture, the
group of tagged rock lobsters would have been expected to decrease from
lq1 io 69 by natural mortality. The number calculated to have survíved
was 48 tagged rock lobsters, so that the estimated tagging mortality
was 2t/69 or 30.4 per cent over the period of 29 weeks.

From the condition of tags and tagging scars at the tine of re-
capture, loss of tags could be expected to continue, and also further
deäths would occur as tearing during noulting had resulted in sone tag
sites becoming re-infected. The rigidity of the wire had caused dis-
tortion of the posterior margin of the carapace during moulting of sorne

specimens, the buekling sonetimes interfering with the precise measure-
nent of carapace length.
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Growth (increase in carapace length) of 24 rock lobsters which
carried the loop tag intact for the 29 weeks ranged from 0 to 4 nm with
a nean of 2.2 mn. This represented poorer growth than that of 108 rock
lobsters recaptured at the same tine, after tail punching at the beginn-
ing of the year. In these, growth ranged from 1 to 11 mm with a mean
of 6.6 mn.

Despite so¡ne initial pronise, the wire loop tag did not prove to
be sufficiently good to warrant further developnent.

6. Floy Tae FD67

This type of tag has been used to tag teleost fish (Lenanton,
personal conmunication) and also prawns (Lucas, Young and Brundritt,
1972; Penn, personal conmunication).

Twelve juvenile rock lobsters were tagged in February, 1968. The
anchor bar of the tag was injected into the dorso-1ateral muscles between
the carapace and the first abdominal segnent. No deaths occurred immed-
iately after tagging, but four died when the circulation failed five
weeks later. Dissection of the dead specimens showed that two of the
tags would have been lost shortly. 0f the surviving eight tagged rock
lobsters, one lost the tag without moulting, six shed the tag during the
first noult, while the last renaining aninal held the tag through the
noult but died next day when the water circulation failed.

This type of tag appeared quite unsuitable for the western rock
lobster.

7. Gundersen Tag

This was first used by Gundersen (L962) on the crab Caneer pa/gurus
(L.) and later on the Lobster Homarus uuLgaris (L.). Mohaned and George
(1968) have also used this tag on PanuLírus homarws (L.) with sone
success.

Twelve juveniLe western rock lobsters were tagged by inserting the
anchoring toggle into the nuscle dorso-lateraIly between the carapace
and first abdoninal segment. This test was commenced during February
1968, in the cLosed-circuit seahrater system using tags obtained fron
Norway. Two aninals died without having moulted. The renaining ten all
retained the tag successfully through the first mou1t. Seven moulted
again before the test was terminated, each retaining the tag. The
untagged controls were lost due to a circuit fialure early in the test,
but the mean growth increment per noult of the tagged animals (3.04 mn)
conpared favourably with that of controls fron tests in previous years
in the same searr¡ater systen.

Early in 1969, another test of this type of tag was con¡nenced (in
the new open-circuit seawater systen). 0n this occasion, the tags were
made 1ocally so that the test was partly to check the effectiveness of
the sheet plastic fron which the tags were nade.
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Twelve juveniLe western rock lobsters (carapace lengths ranging
from 42-52 nm in an attenpt to use a single age group) were tagged as
before, and held with twelve untagged controls of si¡nilar size. Because
they were also part of another experiment on feeding rates, both groups
were fed three tirnes a week. This has sorne bearing on the interpretation
of the results.

During the 44 weeks of this test, alL the rock lobsters moulted,
most moulting twice, some three tines. The twelve tagged animals under-
went a total of 25 noults without any deaths occurring. 0n1y one tag
was shed (at that individualrs second noult). The twelve controls also
achieved a total of 25 nouLts with no deaths occurring. Tagging did not
depress the frequency of moulting. The growth increnent per noult of
the tagged rock lobsters (range 0.1 - 5.3 nm, mean 2.7 mm) did not
differ significantly from that of the controls (0.0 - 4.9 mm; 2.7 nn).
However, in both groups, the noult increments wére less than in other
rock lobsters which had been fed daily.

The aquarium tests were sufficiently encouraging to warrant a field
trial of this type of tag. In January, t970, a total of 207 juveniles
(carapace lengths ranging fron 40-80 run) were tagged and released in one
segment of reef in the test area at Garden Island. Each was given a
secondary nark by clipping one of the abdorninal spines. 0n an adjacent
reef, narking (by clipping another spine) was carried out in order to
co¡npare mortality on the two reefs and tail punching was also carried
out to cornpare growth rates.

Recaptures after four weeks showed the tags to be holding well and
in good condition but this was to be expected as nost aninals had not
yet noulted since tagging. One defect was that on some tags, the print-
ing was lifting fron the plastic. This was nore serious after twelve
weeks (Table 1), but by that time, a nuch greater problem was beeoning
evident. The external portions of nany of the tags apparently had been
chewed by other rock lobsters, obLiterating the printing and even cutt-
ing off the plastic plate conpletely. This problem increased with tine
so that after 42 weeks, less than 8 per cent of the recaptured tagged
animals could be identified. However, Table 1 shows that the field
trial confirns the low losses by shedding of the whole tag (nainly at
noul"ting) , already indicated in the aquariun tests.

This test underlines the need for field trials of tags, rather than
to rely completely on aquariun tests. In the aquariun tests, tagged
rock lobsters were held in smalL groups furnished with individual shelt-
ers so that nutilation of the tags was not a serious problen. However,
in wil.d populations, the gregarious behaviour of these rock lobsters
led to much more nutiLation of tags by biting and chewing. This appeared
to increase further under stress conditions when a group was confined
in a trap.

At the first noult after the trial co¡runenced, the mean growth
increment of the tagged rock lobsters did not differ significantly from
that of the tail punched aninals.
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The natural mortality coefficient measured (as described by
chittleborougþ, L970) during 1970 on a reef adjacent to that of tagging
was 0.09 x 10 ' per week. Then at 34 weeks after tagging, natural
losses would have reduced the tagged group ftom 207 to 200 individuals.
The total stock on the tagging reef at 34 weeks (neasured by single
census nethod not using the tags) was estinated to be 410148 rock lob-
sters. As 7L/192 of these had been tagged (Table 1) , the total number
of the tagged group surviving after 34 weeks was 152 animals. Thus, of
55 deaths occurring in the tagged group over the s4 week period, 48 were
caused by the tag. This represents a tagging mortality of 24.0 per cent.

The most serious defect in using the Gundersen Tag on western rock
lobsters was the mutilation of the external segment of the tag. In an
attempt to overcome this, the flat plate was replaced with plastic tubing
canying the identification nunber. Tests of these modified Gundersen
Tags were carried out at the sane tine as the field trial of the Sphyrion
Tag reported below.

8. Sphyrion Tag

This tag was developed by scanatt and Elson (196s) for use on
salnon and lobsters and later applied in research upon Homamts omericanus
(cooper L970, scarratt 1970). It was used by Little (1972) on panuLitus
angus though recaptures in this species were 1ow and did not extend over
a long period.

After the high loss rate of Floy Tag FD67 from western rock lobster,
it was thought unlikely that the Sphyrion Tag would be satisfactory for
this species as the anchoring toggle was no larger than that of Floy Tag
FD67. A relatively smal1 test was set up in constant temperature aquar-
ia (at 260C), eight juvenile rock lobsters being tagged dorso-lateraIly
innediately behind the carapace using the sphyrion Tag. Three animals
died a few days later, but this was apparently due to oxygen deficiency
because of poor circulation of water, rather than fron infection at the
site of tagging. The renaining five tagged aninals achieved a total of
ten moults without shedding a tag, a better result than had been
anticipated.

Accordingly, a field trial was set up, in which the effectiveness
of the sphyrion Tag was conpared with a modified Gundersen Tag (toggle
of flat plastic, L4 x 3 x 0.6 nm, as before, but external flat section
replaced with plastic tubing carrying identifying nunber). The anchor-
ing ability of the Gundersen Tag had been verified, but the nodification
was aimed at lessening nutilation of the external portion by other
rock lobsters.

During January, L971, in the test area at Garden Island, 195
juvenile rock lobsters were tagged with the Sphyrion Tag and 183 others
with the nodified Gundersen Tag. During the same nonth, s14 juveniles
urere tagged on a test reef at seven Mile Beach (29'0grs., 114'5srE.)
using the rnodified Gundersen Tag. As a means of checking on tag loss,
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TABLE 1

TRIAL OF GIJNDERSEN TAG ON TEST REEF AT GARDEN TSLAND.
RECAPTURES SUBSEQUENT TO TAGGING 207 JUVENTLE WESTERN

ROCK LOBSTERS IN JAIIUARY 1970.

Tags illegibleWeeks
since
tagged

4

t2

34

58

Total
catch

139

131

L92

202

160

Total
tagged
recap rd

Tags
still
intact

Tags
shed Printing

lifted Chewed

65

54

7L

73

55

60 4 1

16

59

63

49

28

5 weeks 15 weeks 31 weeks 35 weeks 39 weeks

0

0

3

0

0

7

8

4

10

.,

2

042

Tag type

Modified Gunder-
sen Tag

27 28.1 37

27 29.0 33

TABLE 2

COMPARISON OF RECAPTURES FROM TWO TYPES OF TAGS TESTED
ON REEF C AT GARDEN TSLAND DURING 1971

Tine lapse to recapture
Numbers
Tagged
Initial 1y

No. 9o No. 9o No. 9o No . 9o No. 9o

Sphyrion Tag 96

93

38.5 38

35.5 34

39.6 20

36.6 19

20.8 20

20.4 L8

20.8

t9.4



Tag -
recapture
interval
(weeks)

13

31

35

39

52

Tag -
Recapture
interval
(weeks)

l3

3t

35

59

Total
recap.

Tag lost
o,.o

Total
recap

Tag lost Total
recap.

11

Tag lost

No. 9o

TABLE 3

LOSSES FROM Tl^lO TAG TYPES AT SUCCESSIVE INTERVALS DURING

FIELD TRIALS ON JUVENILE WESTERN ROCK LOBSTERS

Test at Garden Island At Seven Mile Beach

Sphyrion Tag Mod. Gundersen Tag Mod. Gundersen Tag

No

t5

No. 90

67

99 L2

80 t2

388

336

1.5

12.t

15 .0

21.0

L8.2

26.8

5700

57 6 10.5

76 0 0

56 15

Total
tags
lecap.

L23

138

L30

67

55

95

Chewed beyond
identification

1 1.6

o,
'o

Chewed beyond
identification

No 90

0

7.4

8.5

L3.4

9.1

13.7

61

67 5 7.5 1.17 2 7.7

4t 4 9.8

31. 3 9.7

62 8 L2.9

4200

5900

7t 4 s.6

TABLE 4

PROPORTIONS OF RECAPTURED TAGS WHOSE EXTERNAL PLASTIC TUBING

HAD BEEN MUTILATED BEYOND RECOGNITION OF TAG NIJMBER

Garden Island Seven Mile Beach

Total
tags
recap

76

60

115

No

5 0

2

1.3

6.1

00

11 7

29

5

42 4.8

59 6 L0.2

52 t3 67 t2 77 .9
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each individual tagged was given a secondary mark by clipping a spine,
distinguishing the type of tag used and reef upon which released.

Mortality due to tag: In this case, it is only possible to conpare the
recaptures of the two types of tags and assune that the mortality
generated by the nodified Gundersen Tag was the same as that recorded
in the previous section for the Gundersen Tag. Table 2 shows that very
sinilar proportions of the rock lobsters originally tagged with the two
different types of tags were recaptured each tirne re-trapping was carr-
ied out. Intense fishing over the whole test area twelve months after
tagging resulted in the recapture of 28.7 per cent of those originally
tagged with Sphyrion Tags and 33.9 per cent of those originally tagged
with modified Gundersen Tags. This shows that the mortality generated
on this species by the Sphyrion Tag was practically the sa¡ne as that
generated by the Gundersen Tag. (For this comparison, the retention
or condition of the tag at the tine of recapturé was not considered.)

Tag loss: From the narked ani¡nals recaptured throughout the year
following tagging, the proportion which had shed the entire tag was
recorded (Table 3). After five weeks of freedorn, very few tags had been
lost because few of the rock lobsters had moulted in that time. After
13 weeks, when all of the juvenile rock lobsters had noulted once, L2.7
per cent of the Sphyrion Tags had been shed. This is the same loss per
moult as recorded by Cooper (1970) from Homavus Ønenieanus tagged with
the Sphyrion Tag. Losses of Sphyrion Tags continued at subsequent noults
though at a slightly lower rate (7-8 per cent per ¡noult) so that at the
end of a yeat (during which these juveniles would have had an average of
close to three moults each) , 27 pet cent of the Sphyrion Tags had been
lost.

Losses of the nodified Gundersen Tag also occurred during the
first noult after tagging, but few were shed throughout the rest of the
year (Table 3). This type of tag then has a distinct advantage over the
Sphyrion Tag for use on the western rock lobster.

Table 5 shows that there was a clear difference in the loss rate
of modified Gundersen Tags between the two reef areas in which it was
tested. The same research staff applied the sane tagging technique to
juveniles of similar size in the two areas. There are differences
between the two localities, both in habitat and in population density.
If either of these cause the Loss rate of tags to vary significantly, it
will not be possible to apply a single measurement of loss rate to all
localities .

Tag nutilation: As the nunbered plastic tubing of the external portion
of the Sphyrion and modified Gundersen Tags were the sane, recoveries of
the two types were pooled when considering mutilation (biting or chewing)
by other rock lobsters. Marked ani¡nals which had shed the whole tag h¡ere
not included for consideration here.

Table 4 shows that loss of identity of tags increased throughout
the year, the problen being of sinilar nagnitude at both localities.
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Fig. 2. Tagged juvenile l{estern rock Lobster.
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.':

Fig. 3. Western rock Lobster tags and applicator.
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However, conparison of Tables 1 and 4 shows that the plastic tubing
suffered far less ¡nutilation than the flat plastic of the original type
of Gundersen Tag.

Tagging and Growth: If tagging depressed growth, the effect is likely
!o be nore pronounced at the first noult than at subsequent moults.
Table 5 shows that the growth incrernent at first moult after inserting
the Sphyrion Tag was slightly less than that after applyì-ng the nodified
Gundersen Tag, but this difference was not significant (p>0.05). Tail
punching was not carried out at Garden Island during 197L, but the growth
increments at first moult after tagging were only siigittry less than
!h9se tail punched in previous years. However, direct comparisons aredifficult owing to variation in noult increments from ott" y""r to another.
These variations will be consídered in detail in a separate study.

9. Western Rock Lobster Tae

The tag now in use for research on the western rock lobster (Figure
2) was developed from the tests described above. Because it was thoughtthat the relatively long anchoring toggle (14x5x0.6 nm) might contributeto the rnortality due to tagging (see section 7 above), the toggle length
was reduced from 14 nn to l-1 mm. In order to overcome (at least partiaily)
the problem of loss of tag identity due to nutilation of the external
plastic tubing, the nurnber was printed on the internal toggle as well as
on the plastic tubing.

The flat toggle piece was nade and nunbered by Howitt Plastics Co.
(Mo1a11a, Oregor, u.s.A.), the nunbered plastic tuùing obtained from
Floy Tag & Manufacturing (seattle, washington, u.s.A.), and the tags
assernbled at this laboratory. Polypropylene filament (dia. 0.s nm) was
selected to join the two sections as polypropylene melts back from a
heat source to give a locking mass at the end of the filament without
loss of strength. rn assenbling a tag, a double knot was first tied in
the polypropylene filanent and this knot pulled down inside the plastic
tubing to the mid-point. This knot heLped to lock the filament into theplastic tubing. The free end of the thread away from the numbered end
of the plastic tubing was then cut leaving 2 mn of filament extending
beyond the tubing. This free end was then hetd close to a heat source
unitl the polypropylene melted back to form a lurnp just inside the
tubing. The end of the plastíc tubing also becane swollen from the
heat. This could be an advantage, making it nore difficult for other
rock lobsters to pass the free end of a tag between their mandibles.
The filament hras then cut 30 nm from the plastic tubing, and inserted
through the central hole of the toggle section. By apprying heat to
the free end of the filanent, a rocking lump rnelted ¡àct, léaving the
filament between the two numbered sections at approxinately 27 nm.

These tags were inserted using an applicator (Figure 3) having a
hol1ow, sharpened blade. The toggle was injected intò the muscle to
one side of the mid-dorsal 1ine, between the carapace and the first
abdominal segrnent. The plunger then ejected the toggle from the
applicator. In practice, it was not found necessary to insert the
toggle very deeply into the muscles.
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Mod. Gundersen 22
Tag

TABLE 5

INCREASE IN CARAPACE LENGTH (rnrn) oF JUVENTLE ROCK LOBSTERS AT
FIRST MOULT AFTER TAGGING AT GARDEN ISLAND IN JANUARY, 1977

Tag type Males Females

No. Range Mean s.d. No. Range Mean s.d

Sphyrion Tag SL 50

TABLE 6

INCREASE IN CARAPACE LENGTH (nm) OF JUVENILE ROCK LoBSTERS AFTER
TAGGING AND TAIL PUNCHING AT GARDEN ISLAND IN JANUARY Lg72

A. Growth increnent at next moult

Males Females

No. Range Mean s.d. No. Range Mean s.d.

Tail punch 2t

2.6-6.5

2.0-6.6

2-7

2.6-7 .7

5-17

4.3-L8.7

4.2s

4.43

5 .52

5.29

10 .07

10.28

0.95

1.19

1 .33

L.44

3.29

s.19

0.5-5 .5

2 .0-5 .9

6- 15

5.5-14.5

1 .08

1.11

t.s7

1 .45

3.62

3.8726

19 1-7 4.42

4.1.4W. rock
lobster tag

W. rock
lobster tag

B. Growth over 12 nonths

Tail punch L4

11

No. Range Mean s.d. No. Range Mean s.d

15 0.8-6. 1

9 10.22 3.67

9 .73 2.8311 L7
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During January, L972, tags of this type were inserted into 157
juvenile rock lobsters on a test reef at Garden Island. Another 135
juveniles on the sarne reef were marked by tail punching. Because of a
residue of previous narking and tagging trials in the test area, it
proved difficult in this instance to separate nortality due to the tag,
shedding of tags (at noult), and those whose nunbered plastic tubing had
been chewed beyond recognition. However, an estinate could be made of
the survival of tagged rock lobsters through all three forms of losses
by comparing the ratio of those tagged and tail punched in January
(157:135), with the corresponding ratio in the catch taken in October,
39 weeks later (36 intact tags:40 punched). Had there been no deaths
due to tagging, loss of tags at mouLting, or chewing of numbered plastic
tubing, 47 tagged aninals should have been recaptured in October to main-
tain the original ratio. This represents an overall tag loss of 23 per
cent over the period of 39 weeks. Corresponding tag loss of the modified
Gundersen Tag over a perioii of 34 weeks was estimated to have been 41 per
cent (24 per cent dying as a result of tagging, approximately 10 per cent
of the survivors shedding the tag and sorne 11 per cent of the rernaining
tags mutilated). 0n this basis, the western rock lobster tag represents
an inprovement on the modified Gundersen Tag.

This field trial enabled the effect of the western rock lobster tag
on growth rate to be checked. At the first moult, the mean increments
of the tagged males and fenales were both slightly below those of the
tail punched controls (Table 6), but the differences were not significant
(P>0.05). After one year of freedon on the test reef, the total growth
of those tagged and tail punched (Tab1e 6) again did not differ signif-
icantly. Thus the western rock Lobster tag can be used reliably for
studies of growth in this species.

It is of interest to note that the nean growth increments pel
noult recorded in Table 6 are higher than those of Table 5. In some
cases, for exampre, the sphyrion Tag test of 1971 vs. those tail punched
in L972, the differences were significant (for nales, P<0.001; for
fenales 0.01<P<0.05). However, it is not clear whether such differences
can be attributed to irnprovenents in narking technique or to real diff-
erences in growth of rock lobsters at Garden Island from L971 to L972.
This underlines the need for uniforn controls in all such trials.

DISCUSSION

Most of the tags tested on the western rock lobster failed to
neet one or more of the requirenents listed in Section I.

In the development of an efficient tag for use in research upon
this species, it soon became clear that the abdoninal tergites of this
species fitted too closely together to pernit tagging between then.
The dorso-1ateral muscles imnediately behind the carapace afford a
suitable tagging site, but in this species, a relatively large anchoring
toggle is required.

The shaft of the tag needs to be thin and flexible, otherwise the
rear edge of the carapace becornes buckled at ecdysis.
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The western rock Lobster is highly gregarious, and individuals
apparently clean off raised epiphytes growing on the exoskeletons of
tñäir fellows, leading to a problen of nutilation of tags by chewing'
Tags having fíat external seðtions are nore vulnerable than those having
plãstic tubing; flexible shafts to the tags nay also keep the external
iection down ãgainst the body, and thus less likely to be chewed by
other rock lobsters.

Colour preferences lltere not tested in the tagging trials. - -Most of
the tags tes'ted were orange in colour. It nay have been coincidence
that the worst chewed tagi were white (locally made Gundersen Tags).

The tag described here as the Western Rock Lobster Tag is the nost
effective available at present for this species. It has a high reliab-
ility for studies upon growth and movenents of rock lobsters. For
q.r"ntit.tive studiei (nárk-recapture estinations of population density),
sorne further calibration of tagging nortality and loss rate at noulting
is desirable. This would entail tagging (with a secondary nark such as

spine or pleopod clipping) on a reef and a set of untagged controls
distinctiîe1y-marked iby-another clipping or tail punch). This should
be set up at the beginning of a year and conparative survival lates
followed through suðcessive re-trapping (releasing again after examin-
ation) .

Because of possible differences in loss rates from one locality to
another (Table 3J, quantitative tests could well' be carried out in
several localities. 

- 
When using the lllestern Rock Lobster Tag on breeding

fenales at Abrolhos Islands, G. Morgan (personal com¡nunication) observed
that tag losses were apparently higher than recorded in the tests on

juveniles in shallow coastal reefs.

These tags are now being used in studies upon growth_ and movenents

of juvenile rõck lobsters. Over 2300 juveniles have now been tagged'
gwing to the size of the toggle used (11x3 nm) only those rock lobsters
having a carapace length ot-¿O nm oï more were tagged. By co_ncentrating
the tágging in test areas closed to cornmercial rock lobster fishing, sone

indiviáuati have been re-trapped, exanined and released up to 13 tines
since being tagged 31 nonths previously. Others have travelled up to
several kilonetres and recaptured by connercial fishermen.

REFERENCES

Chittleborough, R.G. (1970).- Studies on recruitment in the Western
Australian rock lobster PanuLít.us Longipes eygnezs George :

Density and natural nortality of juveniles, Aust. J, ma!"
Freshuat. Res, 2t : 131-48.

Cooper, R.A. (1970).- Retention of marks and their effects on growth,
behaviour, and nigrations of the Anerican lobster, Homatas

amerieavtus. Trans. Amer, Físh. Soe. 1970, (2) z 409-L7 '



19

Edwards, E. (1965).- Observations on growth of the edible crab (Caneer
pagumts). Rapp. Cons. EæpLor. Mer." 156 : 62-70.

Gundersen, K.R. (1962).- undersdkelser av krabbe (caneer pagurus L.)
i farvannene ved Bergen i årene 1959-60. Fisken og Haoet,
2 : L2-L7.

Little, E.J. (7972).- Tagging of lobsters (panuLirus a.r,gus) in the
Fl.orida Keys, 1967-1969. Spee. Seíent. Rep. mar. Res Lab.
FLorida Dept. Nat. Resources, 31 : L-25.

Lucas, C., Young, P.C. Ê Brundritt, J.K. (Lg7Z).- prelirninary mortality
rates of ¡narked king prawns Penaeus pLebejus, in laboratory
tanks. Aust. J. may. Freshuat. Res. 23 : 143-g.

Mohaned, K.H. G George, M.J. (1968).- Results of the tagging experinents
on the Indian spiny lobster, Panulí.rus homarus (Linnaeus) -
movernent and growth. Indian J. Físh. 15 : tS-26.

Scarratt, D.J. (1970).- Laboratory and field tests of modified Sphyrion
Tags on lobsters (Homarus ø¡terieanus). J. Fish. Res. Bd.
Canada. 27 z 257-64.

scarratt, D.J. and Elson, P.J. (1964).- Prelininary trials of a tag for
salmon and lobsters. J. Fish. Res. Bd. Canada, 22 : 421-5.









v

Paper 1 9

Aust, f. mar, Freshwat. Res.,1974,25,221-5

Western Rock Lobster Reared to Maturity

R. G. Chittleborough
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Abstract

Yotng of Panulirus longipes cygnus have been reared in captivity from the puerulus phase to adult-
hood. Improved growth rate in captivity resulted in larger size at maturity and eliminated differences
in growth between juvenile males and females evident in the feral population, but did not result in
earlier maturity. Ages at first breeding ranged from 4. 9 years to 5.7 years.

When held at 25"C, repetitive breeding occurred, in contrast to seasonal breeding in the wild
population. Ecdysis did not always occur between each breeding cycle, but a fresh mating was
required for the fertilization of each batch of eggs spawned,

Introduction

As far as is known from the literature, no species of the Palinuridae has been
reared in captivity to maturity, so enabling the age at first maturity to be determined
with precision. In the case of the western rock lobster, Pønulirus longipes cygnus
George, indirect evidence indicated that the age at maturity is in the vicinity of at
least 5 years. This was mainly based on the progression of modal size from a strong
year class through suçcessive years within a shallow nursery area (Chittleborough
r970).

In October 1968, a group ofpuerulus larvae ofthe western rock lobster taken from
artificial seaweed collectors (Phillips 1972) was brought into the aquaria at the
Western Australian Marine Research Laboratories. As the wild population of the
western rock lobster has a clearly defined breeding season (Chittleborough and
Thomas 1969), the time of hatching of these specimens can be taken as the midpoint
of the breeding season prior to their settlement on the artificial seaweed collectors.
On this basis, the birth date of these specimens was taken as 1 January 1968, and the
newly settled larvae were 0'8 years of age when collected. The mean carapace length
of puerulus larvae is 8 . 3 mm (Phillips 1972).

Most of these larvae moulted within a few days of their capture, from the trans-
parent puerulus to the pigmented post-larval phase. Individual records were not kept
during the first post-larval year, some 30 specimens from the same source being held
in the one tank and fed liberally on mussels, abalone, or fish pieces. At that time,
the water in the open circuit seawater system was not heated, temperatures varying
with the adjacent inshore seawater, ranging from24"C in summer to 16"C in winter.

Later, these were used as part of a stock of juveniles for various experiments
designed to measure the effects of different environmental conditions upon growth
and survival. The results of these experiments are being described separately.
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During the second post-larval year, specimens were held at various constant
temperatures (20, 23, 26, 29'C). Detailed records including the date of each moult
and the carapace length after moulting, were kept for each rock lobster from the

commencement of that experiment. In subsequent years they were maintained at
25"C, the optimum temperature for this population (Chittleborough, unpublished
data).

Six of the original group of larvae were retained to maturity, being held together
in one large tank (still at25"C) since March 1972. As the case history of each is known
in detail, they afford the ûrst direct measurements of age at maturity.
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Fig. 1. Size at each moult of male ( x ) and female ( o ) western rock lobsters reared from puerulus
larvae ( + ) to breeding (flat solid rectangles). Individual moults not recorded in first post-larval year.

Growth

At this stage, only a general outline of the growth of these animals will be given for
comparative purposes. The growth of the six specimens is summarized in Fig. 1.

Both the frequency of moulting and the growth increment per moult decreased from
the age of2+ years to 5+ years (Table 1).

The growth of these aquarium held specimens differed from that of reef dwelling
rock lobsters in several respects. Not only was the growth more rapid than in the
wild population, but also under the more favourable conditions (abundant food
supply; higher temperature), there has not yet been any significant difference in
growth rate between the sexes. In the wild population, growth rate of males has been

shown to be significantly greater than that of females from as early as 3 years of age

(Chittleborough, unpublished data).



Western Rock Lobster Reared to Maturity 223

As the data shown in Fig. 1 were from specimens held at constant temperature,
there was no seasonal variation in growth rates. Four of the lobsters experienced a

temporary diminution of growth tate at just over 3 years of age. This followed
immediately after their transfer from one tank to another, and perhaps more
important, placing together specimens which had not been associated during the
previous 12 months.

Table 1. Moulting frequency and growth per moult (carapace increment)
by age groups for western rock lobsters reareil in captivity

Growth (mm) per moult
Range Mean

Age
(vr)

)L

3+
4+
5+

3*6
3-4
3-4
2-3

8

8

5

6

4.
-l'

J'

2.

3.6J.6
t.t-7.3
1.8-5.6
1. 1-3.8

5.29+0.33
4.66+0.68
3.83 + 0.43
2.31+0.56

Size and Ä,ge at Maturity

For the males, sexual maturation cannot be diagnosed properly unless specimens

are killed. Behavioural changes in the males were not sharply defined, and in any
case, probably reflected pheromone production from maturing females. It can be

inferred that males mature at the same time or earlier than the females, since all
individuals were the same age and the females were mated as soon as receptive.

Maturation of females might be taken as either (1) extension of the setae on the
endopodites of the pleopods (necessary for carrying eggs), (2) mating (deposition of
sperm mass on sternum of female), or (3) spawning. The inner segments of the
pleopods became more setose at each moult during the fifth year of life, setae increas-
ing from approximately 10 to 15 mm in length at the moult preceding mating of two
of the females. However, while the setae of the third female reached i5 mm in length
at about the same age, two further moults occurred before mating took place.

The time of first mating is the clearest indication of maturity, as spawning followed
soon after. On this basis, one female matured at4'9 years of age, the second at5'4
years and the third at 5'7 years.

Because of the more rapid growth rate achieved by these specimens in captivity,
the size at first maturity (97-106 mm) was considerably greater than the mean size of
76 mmrecorded by George (1958) for the first breeding in the wild stock.

Breeding

As the females matured, the largest of the three males was the more aggressive and

carried out the first mating. After his death (from injury during handling), the smaller
of the two remaining males showed the greater sexual activity. This male was slightly
smaller than the females with which it was mating (Fig. 1).

Since the sperm masses are deposited externally (on the sternum), there is no
necessity for mating to be synchronized with moulting of the female in this crustacean.

The shortest interval between moulting and subsequent mating was 14 days; other
intervals range to more than 35 days.

Number of moults
Range Mean
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Spawning occurred a few days after mating (under these aquarium conditions),
but precise data arc not available because females were only examined at weekly
intervals in order to disturb as little as possible. In several cases, spawning occurred
2-3 weeks after mating.

As the breeding group was being disturbed as little as possible, incubation periods
were not recorded exactly but appeared to occupy 20-30 days at this temperature
(25'C). Incubation periods measured more precisely for three other adult females
(of unknown age) held in aquaria at ambient sea temperature, were 58, 46 and 25 days
respectively, the duration diminishing as the seawater temperature rose in spring from
18'5 to 23"C. These are similar to the findings of Berry (1971) for Pqnulirus homarus.

Eggs in each batch all hatched within the space of a few hours. Newly hatched
larvae concentrated at the surface of the water. Because of the long larval period in
this species (10-11 months) and the difficulties experienced by those attempting to
rear larvae of other panulirids, no attempt was made to rear these larvae.

Under the conditions in which they were reared at this laboratory, the female
western rock lobsters have bred repeatedly since reaching maturity. The first to
mature has siltce completed seven breeding cycles in a period of l5 months, the second
has completed five cycles in l1 months, while the third has completed three cycles in
the 7 months since maturing.

A moult generally intervened between each breeding cycle, but on several occasions
there were two cycles within one intermoult period. In most of these cases, a fresh
mating occurred a few days after the hatching of the previous batch of eggs, but in
two instances, the second spawning was not preceded by a mating. The old eroded
sperm mass remaining from the earlier breeding cycle was inadequate for a second
cycle as the eggs were infertile and were lost after about 3 weeks. Normal breeding
cycles continued after a further moult.

At each moult following the hatching of larvae, the endopodites of the pleopods
of these aquarium held females were as setose as during the previous breeding cycle.
This is consistent with repetitive breeding and contrasts with the marked seasonal
cycle in the wild population, whose females moult in the autumn to a non-breeding
phase having non-setose pleopods.

The more active of the two males in this group of rock lobsters continued to show
interest in females after they had spawned. However, ovigerous females always
rejected such advances.

Discussion

Under favourable conditions in captivity (abundant food; optimum temperature),
growth rate of juvenile western rock lobsters was enhanced, but this did not cause
sexual maturity to be attained earlier than in the wild population. From this, it can
be inferred that the relatively small mature females found on certain reefs are more
likely to be stunted in growth than having matured at an early age.

It would appear that in the feral population, more intense competition for food
causes an earlier divergence in growth rate between the sexes (from an age of 3 years)
than in those afforded an abundant supply of food.

Repetitive breeding has already been demonstrated in natural populations of at
least one of the tropical rock lobsters (Berry 1971). In that species (Panulirus
homarus), repetitive breeding was more likely to occur in older (larger) individuals
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than in those recently matured. The ease with which young adults of Panulirus
longipes cygnus reverted to repetitive breedingwhen held at relatively high temperature
(25"C) may reflect relatively recent evolution from a tropical stock (George and
Main 1967).
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Abstract

Home ranges of juvenile western rock lobsters (Panulirus longipes cygnus Geotge), measured on a

relatively rircrowáed reef over a period of one year, did not exceed a radius of 15 m. Tagged juveniles

transferred to similar. reefs seldom remaincd on the new sites. Some found their way back to the

home reef (from distances of up to 400 m), while many dispersed at random, traveliing up to 8'3 km

in 9 weeks. Dominance for food is displayed amongst juveniles (aeed 2-5 years), especially under

crowded conditions.
The significance of these behaviour patterns is discussed in relation to research and management

problems.

Introduction

As described by Chittleborough (19?0), juveniles (aged 2-5 years) of the western

rock lobster are concentrated mainly on shallow coastal reefs. Throughout most of
the year there is little movement of juveniles from one reef to another. During the

lattei part of November and early in December (soon after the spring moult), the

largerluveniles move out flom the coastal reefs into deeper water, many of these

being pale shelled juveniles locally called 'white' rock lobsters'

W¡it. tn"t" is minimal exchange of juveniles between reefs, little is known of the

total area within which an individual forages, and whether each feeds randomly

over the whole of a reef or establishes a definite home range. Also, it is not known

whether those juveniles displaced away from their original reef, settle readily on

another reef or make efforts to return to their original homesite, as has been described

by Creaser and Travis (1950) for P. ørgus (transplanted individuals walking up to

9 km along the coast to return to the original reef).

The development of an efficient tag for the western rock lobster (Chittleborough

1974)has utrubl.d experiments on home range and homing behaviour to be carried

out in populations on natural reefs.

Chittleborough (1970) found when trapping juvenile rock lobsters for single census

estimates of population density, that those aged 2+ years appeared to be less

vulnerable to baited traps than older animals. At that time, it was not clear whether

the younger individuals were dispersed in other habitats (e'g. the sea-grass beds), or

were prevented from entering the traps because of some degree of dominance amongst

juveniles. This has now been checked experimentally.

Home Range

During January 1971, when setting up a field trial at Garden Island of two

different types of tag (Sphyrion Tag and modified Gundersen Tag; see Chittleborough
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(1974)), it happenecl that on one of the test reefs, one type of tag was apptied mainly
to rock lobsters at one end of the reef and the other tag used mainly at the other end
of that reef. At the time this was not thought to be particularly important. As the
reef isrelativelysmall fiust over 100 m long and 25 m wide at the widest point),
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Fig. 1. Location of 21 trap sites
on test reef at Garden Island,
and numbers ôfjuvenile rock lobsters
taken at each site,
tagged and released, in January 1.972.

random foraging movements were expected to disperse the two types of tags
over the reef. However, in subsequent re-trappings throughout the next 12 months,
the pattern of distribution of the two types of tags remained much the same, indicating
thal a juvenile rock lobster may have a restricted home range while a resident of
the shallow 'nursery' grounds. (Garden I., 32"10'5.)

Following this observation, a more precise experiment was carried out during 1972
on the same segment of reef. Trap sites approximately 10 m apart were marked out
using 2l cement blocks, each identified by a white plastic number on the upper
surface. Because of the distribution of suitable sites for traps, and varying depth of
water (0-15 m), the grid pattern established was not particularly regular (Fig. l).
During January 1972,723 juveniles (mainly 3-5 years of age) taken from these sites
were tagged with the western rock lobster tag (Chittleborough 1974), care being taken
to release each animal as close as possible to the site of capture. The numbers tagged
at each site varied considerably (Fig. 1), partly due to the presence of octopus in some
of the traps.

During subsequent re-trappings after 1, 4,8,9 and 12 months from the time of
tagging, the site of recapture was recorded in each case, and the tagged animals
released (after re-measuring) on the site of recapture.
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At the first re-trapping (4 weeks after tagging), othef work limited traps to only

seven of the2I trap sites. Tagged individuals tended to move in from adjacent sites

to the traps (Fig. 2). If it was assumed that the tagged animals had not strayed from

Fig. 2. Movements of
juvenile rock lobsters
on test reef
at Garden Island
after tagging
ìnJanuary 1972,
Recaptures after
4 weeks (left)
and 17 weeks (right).

the sites upon which they had been released 4 weeks earlier, then the radius of effect

of a baiteá ffap would be some 20 m. Because of this, traps should be placed simul-

taneously on all sites on the grid in order to demonstrate the usual home range

ofjuvenile western rock lobsters.

At the second re-trapping (17 weeks after tagging), the presence of octopus in

eight of the traps may have diverted rock lobsters to adjacent traps. However, of

Ñ ZZ Øggeó rõck lobsters rccaptured (Fig. 2), the maximum movement from the

tagging site was 16 m.*Orriitrg 
subsequent recaptures over 12 months, there was little dispersion of rock

lobsters over this reef. Table 1 shows that the degree of dispersion did not increase

with time, a high proportion of the individuals remaining on the site of original

capture. The greatest distance moved by any one animal was 30 m'

Some individuals were recaptured and released again several times throughout

the year, enabling the area of their home ranges to be plotted' Fig' 3 shows the home

rung., of 10 juveniles whose locations were recorded on 5 or more months during
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the year of this experiment. The maximum radius of the home range for any individual
was 15 m.

Homing Behaviour

At the same time that the extent of home range was being measured, an experiment
was carried out in the test area at Garden Island to dctcrmine whether flre juveniles
of this species display a homing instinct. Juveniles (aged 3-5 years) trapped on a

Table 1. Juvenile rock lobsters tagged and released on marked sites of test reef in January 1972.
Distances travelled when recaptured up to 1 year later

Dispersion Time (weeks) since
originally tagged:

417343951
(m)

0

7
8

9
10

1l
12

13

14

15

16

17

18

2

11

37 32 34 34 15

reef adjacent to the gridded reef described in the previous section were tagged using
the western rock lobster tag and released in batches on similar reefs at various dis-
tances along the coast away from the original homesite. Fifty tagged juveniles were
transplanted 140 m south, 49 were released 400 m south, while groups of 50 were
moved 400 m and 800 m north of the homesite. This was commenced early in 1972.
Subsequent re-trapping was carried out throughout the test area to see whether the
transplanted juveniles settled where released or moved in a particular direction.
Fishermen operating slightly further offshore along the island were also alerted to
watch for tagged rock lobsters.

Recaptures of transplanted tagged rock lobsters vvere much fewer than of those
tagged and released on the reef of original capture. From the 199 juveniles tra¡s-
ferred to other reefs, 20 have been recaptured. only one had remained on the reef
to which it had been transplanted (400 m south ofthe original reef), being recaptured
8 months later. Within 2 months of being transferred, four tagged individuals were
recaptured back on their original homesite. Two of these had been released 400 m
north, one 400 m south, and the other 140 m south of the original reef. Two more
had moved towards their home reef; one released 800 m north was recaptured only
60m north of the home reef (5 weeks later); the other released 140m south was
recaptured 4 weeks later 70 m north-west of the home reef.

(m)
Dispersion

19

20
2l
22
z-)

24
25
26
27
28
29
30

Total

Time (weeks) since
originally tagged:

417343951

141016115

6

2

2
J

1

2
2
2

1,

5

2
2
2
1

2
1

1

2
4

2
3

5

1

2

2
2
2

1

2

I

)

4
1

I
1

3

1

3

3

3
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The remaining 13 recaptures wete all taken by tshermen operating off Garden

Island, from 2-13 months after tagging. These juvenile rock lobsters had dispersed

to the north, west and south respectively, following their transplanting to reefs

relatively close to their home reef. Some individuals wandered rather quickly after

being moved; one which had been moved 400 m to the north was recaptured 9 weeks

later 8.3 km south-west of the home reef.

Fig. 3. Home ranges of 10 tagged
juvenile rock lobsters trapped on test reef
of five or mote occasions throughout 1972.

These results indicate that juvenile western rock lobsters have a much poorer

homing ability than Panulirus argus (Creaser and Travis 1950).

At the same time that these experiments were being carried out in the test area

at Garden Island, another experimental transplant of juvenile rock lobsters was

carried out further north along the coast. At Seven Mile Beach (29"08'5.), 299

juveniles (aged 3-5 years) were trapped, tagged, then moved 42km south to Cliff
1g.ead (29"32'5.), where they were released on a group of 52 artificial shelters set in

sea-grass beds several hundred metres away from natural reef. These shelters (hollow

truncated pyramids made from asbestos cement) were readily occupied by rock

lobsters when placed close to crowded reefs, so it was planned to establish a discrete

population of known size, for other experimental work.- 
Ho*"u"r, an underwater check of the whole group of artiflcial shelters carried

out only 4 weeks after release showed that none of the tagged rock lobsters had
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remained in the shelters. During the 16 months following the release of these tagged
rock lobsters, 26 have been recaptured by tshermen operating from cliff Head.

These results show that when juvenile rock lobsters are moved away from their
homesites, they do not readily settle, even on natural reefs comparable with the
home reef, but disperse rapidly.

Dominance

An experiment giving some information on feeding dominance amongst juvenile
western rock lobsters was carried out on the crowded test reefs at Seven Mile Beach
in December 1972. Semi-circular screens were placed in front of both entrances of
some of the baited traps. These screens consisted of wire mesh sold as 2 in. chicken
wire. The width of the mesh varied from 43 to 6l mm. Aquarium tests showed that
while 2-year-old rock lobsters could move through this mesh easily, many of the
larger (older) juveniles could not.

Six traps carrying these screens and six unscreened traps were set out at random
over the same segment of shallow reef, the test being conducted over one night only.
Next morning, one of the screened traps contained an octopus, so was deleted from
the test.

The size compositions of the catches taken by the screened and unscreened traps
(converted to equal units of effort) are shown in Fig. 4. The catches taken by the
unscreened traps were polymodal but the smallest size group (aged 2f yr) was poorly
represented. The catch rate ofthis age group was considerably higher in the screened
traps, especially for the smaller individuals in the group (i.e, those under 34 mm in
carapace length). The screens placed around the entrances of the screened traps
selected against animals over 50 mm in carapace length.

Taking males under 42 mm and females under 40 mm in aarapace length as the
2-year-old group (see Fig. 4), the mean catch per unit effort of 2-year-old rock
lobsters in the screened traps (13'8 per trap-night) was significantly higher than that
of the unscreened traps (6.5 per trap-night).

These results show that, although the smaller and younger individuals were
abundant on the reefs in thal area, competition for food resulted in a dominance of
the larger juveniles preventing the smaller ones from entering the baited traps.

Discussion

The rapid dispersion of juvenile rock lobsters moved to other reefs shows that
there was little inhibition of mobility as a result of tagging. Thus the very restricted
movements of tagged animals replaced on their home sites cannot be attributed to
loss of activity as a result of tagging.

The relatively small home range (maximum radius 15 m) measured on a reef in
the test aÍea at Garden Island during 1972 is not necessarily applicable to juvenile
rock lobsters at other localities or in other years. At the time of the experiment, the
density of the population in the test area was relatively low (1286f 115 animals per
ha in January 1972) in comparison with previous years (chittleborough 1970). rwith
less competition for food, individuals may not have found it necessary to forage
over a very large area. On the more crowded reefs in the test area aI Seven Mile
Beach (population density 9374t1442 in January 1972), home ranges appeared to
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be larger, some marked individuals crossing the 50 m of sand and sea-grasses separ-

ating adjacent reefs.

Since none of the reefs in the test area at Garden Island were crowded during
1972, the failure of transplants to settle on the reefs to which they had been trans-

ferred cannot be attributed to competition for food or shelter'
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Fig. 4. catch per unit effort for male and female rock lobsters taken in seven Mile

Beach test area by baited traps with and without screens (50 mm mesh) over entrances.

The rapid dispersion of these transplants has important implications both for

research and for management of the fishery. When tagging for studies of migration,

it is important that rock lobsters be returned to their original reef. Displacement

beyond the normal home range is highly likely to result in abnormal movements of

rock lobsters. This may have been overlooked in studies of migrations of other

species.

Another aspect is that the wanderings of displaced rock lobsters could be expected

to result in increased mortality, owing to greater exposure to predators. The lower

returns of tags from transplanted groups when compared with returns from those

released on the home reef might be due only to lower probability of capture after

dispersion, but the high fishing pressures in surrounding waters indicate that the lower

recapture rates are partly due to higher mortality. This underlines the value of the

reguiation requiring 
"r"áp" 

gaps to be fitted to all rock lobster pots and the need to

encourage fi.shermen to return any undersized rock lobsters remaining in the pots to

the reef of capture rather than to other reefs further along their lines of pots.

Because of feeding dominance amongst juvenile rock lobsters, estimates of popu-

lation density by mark-recapture techniques relying upon baited traps tend to

understimate the numbers of smaller animals (2 years of age). The effect of this

probably varies with the relative proportions of the various age groups present at

Females
Sc¡eened

30
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the time. Dominance would also intensify when the level of food supply was
depressed. shortage of food may be relative (depending on the density of rock
lobsters) or absolute (reflecting fluctuations in the populations of food species).
These aspects warrant further study.
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Review of prospects for rearing rock lobsters

WHEN the possibilities of culturing
rock lobsters were last considered
(Chittleborough 1968), mass culture
of larvae was thought to be
impracticable.

Rearing of juveniles was
technically possible, but the slow
growth rate under natural
conditions and the large quantitY
of food required then made this
unattractive economicallY.

Because of the long and comPlex
larval life, no attempts have been
made since then to rear larvae of
the western rock lobster
(Panulirus longípes cygnus), As
yet, no panulirid has been reared
from egg to post larvae anYwhere
in the world, so thât prospects

for this form of culture remain
extremely remote. However since
the report of 1968, studies carried
out at the Western Australian
Marine Research Laboratories have
resulted in greatly accelerated
growth rate of juvenile \ryestern

rock lobsters. The main purpose of
these experiments, carried out in
aquaria under controlled
environmental conditions, was to
gain a better understanding of the

ccology of reef-dwelling natural
populations, but the results also
enable a fresh appraisal to be
made of the prospects for pond
raising juveniles of this species.

Optimum condit¡ons for
growth and surv¡val

Temperature: Incoming sea water
to the laboratory ranged from a

*Dr Chittleborough is a Senior
Principal Research Scientist with
CSIRO Division of Fisheries and
Oceanography in Western
Austral¡a.

maximum o1 25,9'C in summer
to 14,9"C in winter, resulting in a
marked seasonal variation in growth
rate of rock lobsters. When grouPs

of juveniles were held at difierent
levels of constant temperature
throughout the year, growth rate
increased with temperature uP to
26"C, declining at higher
temperatures. The main imPact of
temperature was upon the
frequency of moulting rather than
on growth per moult. Survival
declined from 26oC, deaths usuallY
occurring at the approach of or
during a moult.

It was considered that a water
temperature of 25"C was the
optimum for growth and survival
in this species.
Food: Although accepting a wide
range of animals as food, the
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western rock lobster is a selective
feeder, preferring shellfish to scale
fish and the latter in preference
to mammalian tissue. When offered
pieces of both abalone and whiting,
rock lobsters consumed over four
times more abalone (weight) than
whiting. Fresh food was preferred
to stale.

When seeking an economical
source of food for rock lobsters,
a local pest species, the banded
blowfish, was used in a feeding
trial. When first offered pieces of
blowfish, rock lobsters accepted
eagerly, as had been observed
when other species were offered as

a va¡iation to the diet, However,
the rock lobsters soon lost interest
in blowfish and in fact refused to
eat it. Growth rate slowed down,
and some individuals died of

by R. G. Chittleborough*

Studies al the Western Austral¡an Marine Research Laborator¡es at
Walerman near Perlh show that there is no techn¡cal barr¡er to mass

rear¡ng of juvenile rock ¡obsters. Under optimal environmenlal Gond¡l¡ons

two-year-old western rock ¡obsters were reared to market size in an

aquar¡um in less than half the time it would have taken in the wild
state. However, before commerc¡al pond farm¡ng of rock lobster is
possible cerla¡n economic and legal barriers need to be overcome.

Juvenile western rock lobsters being reared in the aquarium at the

Waterman Laboratories. (Photo by Mike Brown, Australian lnformation
Service, Perth).

I



Adult western rock lobsters (six years of age) reared f rom puerulus larvae in a tank at the Western Australian
Marine Research Laboratories. These specimens are now breeding actively.

starvation even though fresh pieces
of blowfish were supplied daily.
This test demonstrated that the
effectiveness of a species as bait is
not necessarily an indication of its
suitability as food for rock lobsters.

The mqin diet fed durine
aquarium experiments was mussels
and abaloie, held alive in tanks
until cut up for feeding. Small
fish from local trawling were held
frozen as an alternative food when
needed. The general feeding
procedure was to give a little more
than would be eaièr during one
night and then to remove ì:neaten
residues next morning,

The amount of food eaten each
night varied with the size (age)
of the animal and the temperature
at which it was held. There was
also a cyclic variation between
moults. Feeding ceased two to six
days before a moult and
recommenced within two days
after moulting, food intake then
rising rapidly to a peak on the

fourth or fifth day, thereafter
declining slowly. For the two-year-
old juvenile held at 26"C, the peak
intake was 10 gm of food (abalone
meat) in one night, while the mean
intake over several successive
moults was 2J gm per day per
animal.

For optimum growth and
survival, daily feeding was found
to be necessary. When fed three
times a week, the frequency of
moulting was depressed significantly
When fed only once each week,
not only was moulting much
delayed, but also the animals did
not gain much in size or weight
when they eventually moulted.
Whenever food was insufficient,
rock lobsters began to attack
and kill those helpless at the time
of moulting.

Isolated rock lobsters have been
held for many weeks without food
though the quality of the product
and the yield no doubt decline as
muscle proteins are metabolised.

Survival times in complete
starvation depend on temperature,
juveniles living for at least 24
weeks when held at 16'C but for
little more than 14 weeks at 25'C.
Crowding: Western rock lobsters
are generally gregarious. Not only
does this have survival value against
predators in the wild, but also the
stimulus of living together in
groups promotes feeding and
growth rate (when food is
plentiful). Juveniles held in
isolation moulted far less frequently
and so had a slower growth rate
than crowded juveniles of the same
age. Survival was not directly
affected by crowding provided that
each animal had sufficient food.
Competition for food was
alleviated by holding a single age
group in each experiment,
Oxygen: Dissolved oxygen was
normally kept as close as possible
to saturation by maintaining a
fairly rapid flow of sea water
through tanks. Aeration by

)



compressed air wâs added as a

safeguard against any failure of
the water circulation. No problems
were experienced in this species
with super-saturation of oxygen.

When dissolved oxygen fell to
60-67 per cent saturation, survival
and moulting were not affected but
the growth increment per moult
was less, slowing down the overall
rate of growth. Depression of
oxygen levels to 47-55 per cent
saturation resulted in deaths of
most of those which were moulting.
Light cycle: As this species is
generally a nocturnal feeder, it was
thought that tì,vo regular periods
of darkness every 24 hours might
stimulate feeding and growth.
However, an aquarium test showed
no difference in growth rate between
groups held under continuous light,
those exposed to a 12-hour li13ht-

dark cycle, and those given a six-
hour cycle. Rock lobsters held in
continuous darkness actually grew
significantly less than the other
groups.

Dusk periods may be more
efiective than full darkness, but
this aspect has not been tested as

)'et.
Shelter: When all other conclitions
were optimal, juveniles supplied
with shelter had a higher rate of
food intake and better growth
than those deprived of shelter.
Group shelters (made from PVC
or asbestos-cement) were generally
preferred to single shelters (sections
of plastic or terracotta pipes).

Handling: Experience has shown
that handling rock lobsters within
two weeks prior to a moult tends
to depress the growth increment at
that moult. Flandling newly-moulted
animals should be avoided for two
reasons. First, legs are muclt more
likely to be shed at this stage
(discussed below), and second, the
soft-shelled animals are more prone
to internal damage, resulting in
lower food intake and depressed
growth even when no limbs have
been shed.

Limb loss: The western rock lobster
autotomises limbs readily urrder
conditions of stress or fright and
also when extremities of limbs
become caught inside the old shell
during moulting. Missing limbs
¡re replaced at the next moult.

Loss of a large number of legs,

or the repeated removal of only
two or three legs, stimulated
earlier moulting but the advantage
of more frequent moulting was
generally more than outweighed
by the lower growth increment per
moult, so that the ovelall growth
rate rüas reduced as a result of
limb loss.

Prospects for mass rearing
juveniles

Final stage (puerulus) larvae
brought into this laboratory have
now been reared to adulthood
(Figure 1), as described by
Chittleborou.gh (1974a). The
practical problems of long-term
rearing have been ¡esolved and the
optimum conditions are known.

If commeicial rearing of juvenile
western rock lobsters was to be
carried out, the first problem would
be the soL¡rce of juveniles. The
Western Australian regulation
making it illegal to take rock
lobsters of less than 76 mm

carapâce length is aimed at
maintaining the level of recruitment
into the fishery. Because of the
relatively poor settlement of larvae
in recent years on the southe¡n
portion of the coastal range of this
population, protection of small
juveniles must be maintained.

Towards the centre of the
coastal range (approx. 29'S,),
higher settlement of la¡vae has
resulted from time to time in
some of the shallow reefs being
overcrowded, with competition for'
food and shelter limiting gro\ryth

and survival. In such a situation,
strictly lirnited cropping of young
rock lobsters for rearing in
capitivity might be carried out
without reducing recruitment to
the existing fishery. If juveniles
aged two years were sought for
pond rearing, selective fishing using
traps with screened entrances
would be necessary bccausc of
feeding dominance by larger (older)
rock lobsters (Chittleborough
1974b). Such selective fishing
would safegua¡d the survival of

Dr. Chittleborough and laboratory assistant exam¡ne juveniles in a tank
at the Waterman Laboratories. (Photo by Mike Brown, Australian
lnformation Service, Perth),
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older juveniles required to
maintain recruitment to the ûshery.

The next question is to what
extent can the growth rate be
accelerated under ideal conditions.
Juveniles two years of age
(carapace length 30-40 mm, mean
35 mm), can be raised to
commercial size (carapace 76 mm)
in 57-80 weeks (mean 68 weeks).
In the wild population on reefs,
those aged two years take 150-200
weeks to reach the legal minimum
size (Chittleborotgh 197 4a).

Under optimal conditions in
tanks, survival of more than 95
per cent could be expected, In the
open-circuit sea water system at
this laboratory, infections were few,
seldom lethal and not highly
contagious. However in a small
closed-circuit system set up in
the University of Western Australia
some years ago, there was one
occasion when a fungal infection
spread rapidly through the rock
lobsters killing almost 50 per cent
and leaving the remainder so
weakened that feeding and growth
were severely reduced,

If growth in mass rearing and
survival was also high, the next
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Dr. Chittleborough displays síx-year-old western rock lobster reared in
an aquarium from a juvenile. (Photo by Mike Brown, Australian
lnformation Service, Perth).
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question is how much food would
be required. Feeding trials have
achieved a mean gross conversion
ratio of 3.6 for this species. This
was measured with isolated
individuals held at the optimum
temperature (25'C); better
conversion could be expected when
held in groups as the juveniles are
then stimulated to moult more
frequently. This conversion ratio
means that the feeding of 360
grams of wet flesh produces a gain
of 100 grams of rock lobster total
weight. Then to rear a two-year-old
rock lobster (mean weight 42 gm)
to legal size (mean weight 387 gm)
would require a total food intake of
1.240 gm over the period of some
68 weeks. A relatively cheap
source of food would have to be
found before this was an economical
proposition.

Trash fish from commercial
trawling might be inexpensive
although continuity of supply
could be a difficulty, However
rock lobsters have a strong
preference towards molluscs and
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Growth achieved by juvenile western rock lobsters brought into aquaria
at age two yrs. and held under optímum environmental conditions.



it remains to be verified whether
a satisfactory growth rate can be
achieved on a diet of scale-ûsh
only. The mussel Mylilus edulit has
proved satisfactory as a food for
the western rock lobster and is
common locally. If raft culture
of mussels could be developed
at a sufficiently low cost as in
Spain (Ryther 1968), mussels
could bo converted to the higher
priced rock lobster. If a food
source was located some distance
away from the rock lobster
population, it might be more
economical to move the two-year-old
rock lobster (weighing 42 gm)
rather than transport the 1.2 kg
of food needed to grow this rock
lobster to commercial size.

The need to maintain sea water
temperature at a relatively high
level (25"C) also presents
problems.'fwo heat sources which
might be economical are solar heat
and waste heat from industry.
Because of the high toxicity of
copper to rock lobsters, conventional
solar heaters canot be used. Heat
absorbers of black plastic are
available but those with narrow
water passages could present

problems of blockage by growths of
marino fouling organisms.

The use of heat from industry
is being investigated in other
countries for aquaculture. In
Cockburn Sound, close to the
western rock lobster fishery, more
than 12 million gallons of heated
sea water is discharged every hour
by industry, and the quantity is
inøeasing (Chittleborough 1970).
Apart from capital costs of
equipment such as heat exchangers,
this presents an economical
method of maintaining juvenile
rock lobsters close to the optimum
temperature (25"C).

The quality of the product from
pond raising rock lobsters needs
to be considered. During aquarium
experiments, the shells of rock
lobsters held through several
moults were generally paler than
those from natural reefs, similar in
appearance to the 'white' rock
lobsters taken commercially in
November and December each year.
Taste panels at the end of aquarium
experiments agreed that the product
compared favourably with wild
stock. In fact, the flesh of well fed,
fast growing rock lobsters from

the aquaria appeared to be more
tender than that of the wild stock.
Improved quality might be stressed
if developing local restaurant trade
featuring live hand-reared rock
lobsters. A similar development in
Japan has enabled live cultured
prawns (for'tempura) to attract
a higher price than prawns taken
by trawling, thus offsetting the cost
of production (Ryther 1968).

Conclusions
There is no technical barrier to

the mass rearing of juvenile rock
lobsters. Under optimal environ-
mental conditions*, the growth
rate can be improved greatly,
reducing the time taken by those
aged two years to reach market
size to a factor of 0.4 times that
required by the wild stock. The
total quantity of food required has
been deterrnined.

The real barriers are economic
and legal. A potential pond
farmer would first need to assess

whether the capital outlay,
maintenance and feeding costs
could be offset by a market price
acceptable to the consumer. If
after making such an assessment,
he was still attracted to the
prospect, the legal barrier to
catching and holding undersize
rock lobsters would have to be
negotiated.

*The condilions described here
apply to the western rock lobster
and are not necessar¡ly identical
for other spec¡es.

Commonwealth of Australia
Gommonwealth Scientific and
lndustrial Research Organisation

Division of Fisherles and
Oceanography Reprint No. 8f2
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Environmental Factors Äffecting Growth and Survival
of Juvenile Western Rock Lobsters
Pønulìru s longíp e s* (Milne-Erlwards)

R. G. Chittleborough

Division of Fisheries and Oceanography, CSIRO, P.O. Box 20,

North Beach, W.A. 6020.

Abstract

The effects of temperature, photoperiod, oxygen, food supply, crowding, and autotomy of limbs
have been measured under controlled conditions in aquaria. Growth rate increased with temperature
to a maximum 26oC above which both growth rate and survival declined. Varying the length of photo-
period did not affect gtowth rate or survival, except that the growth rate was depressed significantly in
continuous darkness, Ä mild deficiency of oxygen (60-67% saturation) resulted in a smaller size
increment at a moult; depression to 4l-55\saturation caused deaths at ecdysis. Daily feeding was

necessary to maintain maximum rate of growth. The first response to decreased food supply was a
reduction in frequency of moulting. More severe shortage of food also depressed growth increment
per moult. Feeding rates and conversion ratios have been measured. Frequency of moulting (and
hence growth rate) was depressed markedly when juveniles were held in isolation. At a moult replac-
ing two lost limbs, the growth rate was not affected; replacement of four limbs reduced that moult
increment. Single loss of up to four limbs did not result in an earlier moult, but repetitive loss of two
or more limbs at or immediately after each ecdysis led to precocious moulting.

The impact of these and other components of the environment (shelter, salinity, turbidity, com-
petitors and predators) uponjuveniles during the 4 years spent on shallow coastal reefs is discussed.
Food supply is emerging as the dominant factor determining growth and survival in thc wild
population.

fnfioduction

The western rock lobster is confined to the western coast of Australia from the
vicinity of North West Cape down to Cape Naturaliste (Fig. 1). Within this range,
juveniles spend 4-5 years concentraied mainly upon shallow reefs before moving out
into deeper water towards the breeding stock. rühile resident on coastal reefs,
juveniles remain 'within a relâtively small home range (Chittleborough 1974a) with
little dispersion unless displaced outside that range by fishermen.

In studying recruitment, it is necessary not only to measure the density and natural
mortality ofjuveniles on these reefs (Chittleborough 1970), but also to understand the
environmental pressures operating upon them to vary survival and/or growth,
Measurements of growth and survival rates made at selected reef sites reflect the
interaction of a variety of environmental facto¡s. Befo¡e these interactions can be

interpreted properly, the effect of each component of the environment should be

measured separately under controlled conditions. The environmental factors selected

for study in aquaria at the Western Australian Marine Research Laboratories were
those considered likely to have impact mainly upon growth of the juveniles, although
survival was also measured where possible.

* Described as a new species P. cygnus by George (1962), but relegated to subspeciûc status
P. longipes cygnus, by Chittleborough and Thomas (1969).
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It is proposed to discuss here all of the environmental factors likely to affect
juvenile western rock lobsters during their period of resid'ence on shallow coastal
reefs, together with aquarium observations designed to assist in their evaluation.

il50 t

Fig. 1. Western coast
of Australia
showing Iocations
mentioned in the text.
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Methods

Areas of shallow (0-5 m) coastal reefs at Garden Island, Jurien Bay and Seven
Mile Beach (see Fig. 1) have been set aside for research upon natural populations of
juvenile western rock lobsters. Within these areas, juveniles have been regularly
trapped and released after marking by spine clipping, tail punching or tagging
(Chittleboro ugh 197 4b).

Samples from selected age groups ofjuveniles have been taken from these research
areas and held in aquarium tanks under controlled environmental conditions. The
seawater supply at the laboratory is an open-circuit system, the incoming seawater
being pumped through sand-gravel filters of grain size down to 0.3 mm. As the
laboratory is sited on an exposed part of the coastline some 22km from the nearest
estuary and its associated harbour and industry, the seawater is relatively uncon-
taminated by land run-off and pollutants. Temperature of incoming seawater ranged
from 25'9o in summer to 14.9'C in winter. Corresponding salinities ranged from
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36.7%" to 34-8"1". Incoming seawater was generally close to full saturation with
oxygen.

Size of individuals was recorded as carapace length measured (to 0' I mm)
mid-dorsally from the leading edge in front of and between the rostral horns (at the
base of the eyes) to the rear of the carapace. Body weight of live animals was

measured after removing free water by wrapping the rock lobster in a towel and

swinging briskly in an arc 10 times (while supporting the animal between the hands).

With practice, repeated weighings of an individual were within 0'5 g. Western rock
lobsters were little affected by this treatment, provided that it was deferred for several

days after a moult to enable the exoskeleton to harden. Exuviae were also weighed

while wet but in this case, the limbs and tail were separated and each portion of the

exuviae shaken to remove free water. The various segments of the old shell were then

weighed together.

Table 1. Temperature ("C) of water pumped from adjacent reef through the seawater systen of
Western Australian Marine Research f ,aborafories

Annual meanYear Annual range

15.u24.2
15.3-25.6
14.9-25.9
1s'6-25.4

Summer mean
(Dec.-Feb.)

Winter mean
(June-Aug.)

16.71970
l97l
1972
1973

t9'4
19.5
20.1
I9 .5

22.
22.
23.
22'

6
7
J

5

7.t
7.0
6.9

Components of the Environment

Climatic Influences

Temperature

Amongst the shallow reefs of the research afea at Garden Island, the water
temperature ranged from a minimum of 15'9'C in winter to a maximum of 24'7'C
in summer. The area was not visited sufficiently regularly to record the temperature

cycle in detail, but temperatures related closely with those taken at the same time in
the incoming seawater at the laboratory (Table l) situated on the open coast 32km
north of Garden Island. Further north along the coast, water temperatures tended

to be slightly higher. In the shallow research area at Seven Mile Beach, close to the

centre of the coastal range of the western rock lobster, seawater temperature ranged

from 15'8' to 27'6"C.
In order to measute the effect of temperature upon survival and growth, 32 rcef'

caught juvenile western rock lobsters, all 2 years of age, were divided into four
groups of eight specimens, each group being held at a different temperature, i e. 20o,

23",26",29'C. Aquaria having a floor arca of 2200 cm2 and water depth of 30 cm
each housed four animals. Compartmented shelters made of PVC were provided.

Individuals in each aquarium were identified by marking the carapace with epoxy

resin. Al1 were fed daily with a slight excess of food (freshly cut mussels, abalone, or
fish), the amount required being gauged when cleaning out the uneaten residue from
the previous day.

The date of each moult was recorded, and after allowing the new exoskeleton to
harden for a few days, the moulted animal lyas measured and re-marked, noting any
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loss of limbs. The date of any death was recorded. This experiment was commenced
in January 1970 and terminated in February 1971, so that survival and growth at
each of the four temperatures could be recorded throughout a full year.

Suruiual. As only eight individuals were held at each temperature, a precise
measurement of survival rates could not be made. During the 12 months of the
experiment, four deaths occurred at 29oC, two at 26oC, none died at 23'C, and two
died at 20'C. survival was apparently reduced at 29'c. where death occurred it
was usually at or immediately prior to ecdysis, which is similar to the observation by
Mcleese (1956) that lobsters (Homarus americønus) were less resistant to high tem-
peratures at the time of ecdysis.

During preliminary tests of the temperature control unit, four other juvenile
western rock lobsters (in the intermoult phase) acclimated to 29"C survived a 6 h
exposure to 34"C.

Growth. In crustaceans, increase of size is a stepped process, length and weight
increasing abruptly at each of a succession of moults. Therefore environmental
factors affecting growth rate might operate upon the growth increment per moult
and/or upon the frequency of ecdysis.

The increment (in carapace length) at the first moult after commencing an experi-
ment was almost always less than at succeeding moults, due either to previous en-
vironmental conditions or to stress imposed when capturing and handling during
the setting up of the experiment. The first moult increment was therefore not con-
sidered when comparing growth increments in these experiments. The size increment
at a moult where more than two limbs were being replaced was also depressed (dis-
cussed below), so that these moult increments were also excluded. With careful
handling, few limbs were autotomized during the experiment.

For these young western rock lobsters in their third year of life, the growth
increment per moult did not differ significantly between the sexes. For example,
aI 23"C, the mean moult increment of females was 5.04+0.41 mm and that of males
was 4'87+0.24 mm (P > 0.05). Those held at a particular temperature showed no
trend in growth increment per moult over several successive moults during the year,
so that the data (with the exception of those noted above) could be pooled when
comparing moult increments at different temperatures. In this experiment, the mean
increment per moult tended to vary inversely with water temperature (Table 2), but
variability was high. For those held at 20"C, the mean increment per moult was
significantly greater than for those held at29"C (0'05 > P > 0.01).

At a given temperature, the duration of the intermoult period did not differ
significantly between the sexes (for well-fed juveniles in their third year of life),
The duration of the intermoult period decreased as the temperature rose from 20'C
to 26"C, then increased at 29'C (Table 2). Thus the frequency of moulting increased
with temperature to a maximurn or 26"C. However, at a particular temperature the
duration of the intermoult period increased with successive moults throughout the
year. This has been represented by linear regressions relating the duration ofan inter-
moult (1days) to successive intermoult periods (p : çe).

At20"C,
23"C,
26"C,
29"C,

Izo : 62'8 +
Izz:41 '6+
Iza : 35'9 +
Izs : 38'6 +

ß'9p
7 '4p
5'3p
8.2p.
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By applying the mean increment per moult at a particular temperature (Table 2)

to the corresponding regression given above, mean growth for those juveniles used in

this experiment can be represented (Table 3). Those held at 26'C completed 6 moults

Table 2. Growth increment per moult and intervals between moults for western rock lobsters

(aged 2* yr) held at selected temperatures throughout 1970

No. of moults
Increment range (mm)
Mean (mm)

First intermoult
Second
Third
Fourth
Fifth
Sixth

Successive 2O'C
moult Time CaraPace

(days) (mm)

20'c
Water temperâture

23" 26"

Moult increment (caraPace)

22 37 37

3.7-7-6 2.4-6'3 3'0-6'7
5.10+0.40 4'96+O'24 4'74+O'28

Mean duration of intermoult period (days)

29"

2t
2'7-6.
.63+04

5

'43

69.9
87.1

101 .6

49'8 5

7
6
7
J

8

50.4
53.2
58 .7

69.0
85 .7

40
46
56
51

61

70

54.3
63-4
74'l
78.0

0
46

101

165
236
316

35

39

44
49
54
58

63

'8
'8
'0
'4
.0

2
7

5

6
0
7

in the year, while five moults occurred at both 23o and29"C, and four moults at20'C,
Mean annual growth (in carapace length) was alrrrost linearly related to temperature

up to a peak close to 26'C, above which growth was depressed.

Table 3. Mean growth of luvenile rock lobsters aged 2* yr held in aquaria at constant temperature

for 1 year (excess food available)

29'C
Time Carapacn
(days) (mm)

First
Second
Third
Fourth
Fifth
Sixth
Annual
growth

0
73.7

158.3
253.8
360.2

35

40
45
50
55

2
I
1

0
0
0

2
J

4
5

6

23"C
Time Carapace
(days) (mm)

0
49.O

105 .4

t69.2
240.4
319 .0

26'C
Time Carapace
(days) (mm)

35

40
45
50
55
60

0
4l
87

139
196.
252
326

2
9
6
4
I
9

6

35.2
39.9
44.4
49'l
53.7
58.3

20'4 24.8 28.4 23.1

Growth of the same age group (2+ yr) remaining on the reefs in the Garden Island

test area (from which the juveniles used in this experiment were obtained) was

measured by the shift in modal length over the same 12 months. In the natural popu-

lation, the growth increment over that year was 12' 5 mm, far lower than that of the

group in controlled environmental conditions held at the equivalent mean annual

iempirature (20"C group of Table 3). Other environmental factors superimposed in

the natural population apparently restrict the growth rate in addition to temperature.

Light Cycle

The feeding behaviour of the western rock lobster appears to be similar to that of
panulirus japonicus (v. Siebold), which is a nocturnal forager having a bimodal feeding
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activity with peaks corresponding to dusk and pre-dawn (Kubo 1962). This feeding
pattern continued for a time in a darkened room (Kubo and Masuda 1964). If pro-
longed exposure to another light cycle (e.g. two darkened periods of 6 h each ãay)
could be used to establish a new feedin g,pattern, it might be possible to increase food
intake and hence the growth rate.

Accordingly, 48 juvenile western rock lobsters, all aged 3 + years, were divided into
four groups. one group was held under continuous light in a tank holding four
animals in each of three compartments; another group was held similarly in a tank
equipped to give l2 h alternating periods of dark anJlight; the third group was exposed
to a cycle of 6 h of dark and light; while the fourth group was held under continuous
darkness (apart from a red light of low intensity used for a few minutes when feeding
and checking for moults). Individuals were iclentified using epoxy resin on the cara-
pace, marks being replaced a few days after each moult. shelter was not provided, as
this would have shielded the animals. Transparent shelters were offered initially in
case there was a thigmotactic response, but these shelters were ignored. All groups
were fed daily with a slight excess of mussels, abalone, or fish.

Table 4. Growth (carapace) increments per moult for western rock
lobsters aged 3* yr held in aquaria under various light regimes

Light condition No. of
moultsa

Moult increment (mm)
Range Mean

Continuous light
12 hr light-dark
6 hr light-dark
Continuous dark

32
28
32
23

7-7
2-6
9-6
8*6

2
3

2
2

0
4
6
4

4.75+0.29
4.67 +O'37
4.54+ 0.32
4'72+0.44

A Excluding first moult and moults replacing two or more limbs.

At the time of the experiment (1970), facilities were not available for heating the
seawater, so that the water temperature in these tanks ranged from a maximum of
24'2"C in summer to a minimum of l5 '0'C in winter. The experiment was maintained
for just over l2 months so that growth could be compared throughout a full year.

The absence ol'temperature control increased variability of moulting frequency,
making it difficult to compare groups, especially when,the frequency of moulting was
much reduced during winter. However, during the first 95 days of this experiment
(before the temperature of incoming seawater had fallen to winter levels), the frequency
of moulting did not differ significantly in the groups held under continuous light,IZh
light cycles, or 6 h cycles. For those held in continuous darkness, moulting frequency
was significantly less than for those under fhe 12 h light cycles (X2 : g.57,
0.001 <P<0.01).

The mean growth increment per moult did not differ signiflcantly between the
sexes nor did it vary seasonally, so the data from within a group could'be pooled
(apart from excluding the first moult after commencing the experiment, and moults
replacing two or more limbs, as described earlier). Table 4 shows that the mean
growth increment per moult did not vary signiflcantly from one light regime to another.

Total growth through the whole year of the experiment (Table 5) did not differ
significantly for those held under continuous light, l2h light-dark cycles, or 6 h
cycles. However, those held under continuous darkness grew significantly less
(0'05 > P > 0.01) owing to some reduction in the frequency of moulting.
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Since the western rock lobsters in this experiment were held at virtually the same

sea temperature as those remaining in the test area at Garden Island, total annual

growth òf th" ruttre age group can be compared directly (Table 5). Marked individuals

ãged 3* years at Garden Island grew signifrcantly less than those held in aquaria

under similar conditions of temperature and light. Other comp9nents of the envjron-

ment of the natural population were again depressing growth rate'

From this experiment, it was concluded that varying day length did not enhance

the growth of thã western rock lobster. Growth was inhibited by continuous darkness ;

this is in direct contrast to the findings of Cobb (1970) for Homarus americanus and of

Forster (1970) for Palaemon serratus that growth rates were increased in continuous

darkness.

Table 5. Total growth in one year of iuvenile rock lobsters aged 3 * yr exposed

to different light periotlicity, compared with those on natural reef

Light condition

Continrous light
12 hr light-dark
6 hr light-dark
Continuous dark
Garden Is. reef

lt.3-19'2
7.9-19.4

10.3-19.2
7.9-17'6

8-1 8

15.161 1 .36

14'10+ 1'87¡ts
I5.48+1'66xs
12.4ttt.70*
I1.4 t1'8

No. of
animals

Total calapace growth (mm) in onc ycar

Range Mean

12
12

12
12
10

* 0'01 <P< 0'05. Ns,P> 0'05.

Oxygen

Living in shallow waters well mixed by wave and wind action and supported by

photosynthesis of abundant algae and seagrasses, juvenile western rock lobsters

would not be expected to experience serious deficiencies in oxygen. From the

relatively few measurements taken in the study areas (during daylight), the dissolved

oxygen concentration ranged from 76 to 115 f safuration'-In 
aquarium experiments, dissolved oxygen concentration was normally kept as

close as possible to full saturation. The effects of oxygen deficiency were not measured

in separate experiments under controlled environmental conditions, but as an un-

planned complication in other experiments. In an experiment varying the density of

ãnimals (desõribed below), temporary restrictions at times in flow rate of heated

seawater resulted in steeply falling oxygen gradients across compartmented tanks

(e.g. from lo4/o salwation by the inlet ro 47 ft at the outlet end of a tank).' 
bepression of oxygen levels to 47-55%saturation did not affect survival or feeding

activity of animals in intermoult phase and did not appear to delay moulting. However,

at ecdysis there was a much increased risk of death, and those surviving had a depressed

growth increment at moult, as shown in Table 6. Mcleese (1956) noted that the lobster

Homarus americanus was less resistant to low oxygen Çoncentration when moulting.

Aquarium held animals exposed to oxygen levels of 60-.67 \saturation while moult-

ing suìvived, but the growth increment per moult was depressed. Thus a mild deficiency

oio*yg"o at the time of ecdysis results in a slower rate of growth of juvenile rock

lobsters.
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Salinity

within the shallow reef areas under study, salinity ranged from34. ofofollowing
winter rains to an occasional peak of 37.1%"with high evaporation during summer. 

-
Dall (1974) measured the tolerance of juvenile western rock lobsters to changes of

salinity. Because of the relatively wide tolerance observed (25=4s%") compareJwith
the small variability in salinity experienced in the natural population, no experiments
were carried out uuder controlled environmental conditions to examine possible
effects on growth rate of varying salinity.

Table 6. Moult increments and deaths in groups of rock lobsters aged 3 yr helil at 25"C for 1 year at
four successive distances from water inflow (oxygen supply)

Position
in tank

No. of Total no.
animals of moultsA

Growth increment per moult (mm)A
Range Mean

Deaths
No. (t1)

(1) Water inflow
(2)
(3)
(4) Water outlet
A Excluding fust moult.

Turbulence

The more exposed of the shallow coastal reefs are frequently subjected to strong
wave action. Western rock lobsters are well adapted to such conditions and have been
observed foraging at night over reefs within the surf zone. Severe storms could cause
some mortality ofjuveniles if rocks were dislodged. On the other hand, storm action
might improve the food supply by dislodging or killing individuals of other species.
Fishermen claim that catch rates decline during periods of very calm weather and
improve immediately after a storm, suggesting that turbulent conditions stimulate
feeding activity.

Although there may be some effects on survival and growth, this component is
probably a random variable in the environment and of less importance than other
factors.

Turbidity

This may be linked with turbulence, but in addition some portions of the coastline
may have finer material which stays in suspension longer. For example, within the
research area at Seven Mile Beach, underwater visibility is restricted to a few centi-
metres at times. This could have survival value against predators relying upon vision
to locate prey.

Measurements of turbidity have not yet been made in the various research areas
along this coast.

Resoutces

Food

Although a detailed study has not yet been made of food and feeding on the reefs,
experiments in aquaria have given some indication of the food preferences of this
species' Like the southern rock lobster (Fielder 1965), the western rock lobster prefers

17

18

21

7

25
27
27
84

o-7
2-6
8-6
6-4

4
6

5

6

J

2
0
0

46
59

68
10

4.92+0
4.00+ 0
3'95+0
2.73+0

I
2
2
5

5.9
11.1
9'5

71.4
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molluscs and fish rather than mammalian flesh, and fresh food is preferred rather than
stale. Western rock lobsters held in aquaria fed readily on abalone (Haliotis roei),
mussels (Mytilus edulis planulatus), and Octopus sp. flesh, various teleosts, crabs

(Plagusia chabrus), and less readily on sea urchins (Heliocidaris sp.). The main diet fed

during aquarium experiments was abalone and mussels, held alive in separate tanks
at the laboratory until cut up for feeding. Small teleosts from local trawling were held

frozen to supplement the diet when needed.

To test for preference towards either fish or abalone, L2 aquaria each holding four
juvenile western rock lobsters were supplied daily with weighed quantities of fish and

abalone in equal numbers of pieces. Uneaten pieces were removed next day, drained

and weighed. Over three nights, the 48 rock lobsters consumed a toial of 401 g of
abalone muscle and 87 g of flsh (i.e. a ratio of 4' 611). In spite of such a preference for
abalone, fish flesh is highly effective as bait in rock lobster pots.

In examining other prospects for an economical source of food for captive western

rock lobsters, a feeding trial was carried out offering as a food the banded blowfish
Sphaeroides pleurogrammu (Regan), a pest species prevalent in the region at present.

Ten juvenile western rock lobsters, all 3 * years of age, were divided into two groups of
five, one group being fed pieces of blowfish daily, while the control group was given

mussels and abalone. Details of survival and growth of each animal were recorded.

When first offered pieces of blowfish, the rock lobsters accepted eagerly, as had been

observed on other occasions when the diet was varied. However, they quickly lost
interest in blowfish and refused to eat it. Moulting was delayed, growth increments at

moult were depressed below those of the controls, and two animals died. After the

experiment had continued for 23 weeks, analysis of gastric fluid taken from the three

surviving rock lobsters indicated that they were in extreme starvation (Dall, personal

communication). The survivors were then placed back on the normal diet of mussels

and abalone but recovery was slow, one dying 4 weeks later'
Although reef-dwelling western rock lobsters can be trapped using blowfish as bait,

it is evident that they reject this species as a regular food, to the point of starving to
death. Thus neither the effectiveness of a bait nor the initial response of a rock lobster
in a feeding trial can be used as an index ofthe acceptability ofa given species as a food
for rock lobsters.

It was not known whether well-fed western rock lobsters forage each night or
whether satiation is followed by a period of inactivity. Also it was not known whether
a food shortage affects growth primarily through the frequency of moulting or the
growth increment per moult. To answer these questions, 30 juveniles aged 2 + years

were held in groups of five animals per tank at a constant temperature of 25'C. Indi-
viduals were identiûed by tail punching so that growth and survival of each could be

recorded. Ten of these young western rock lobsters were fed daily with a slight excess

of food, uneaten residues being removed next morning. Ten were given excess food
three times per week, while the remaining 10 were fed only once per week. The experi-

ment was maintained for 6 months.
It was quickly evident that feeding occurred each night despite satiation the previous

night, the food intake of the group fed excess daily being maintained with minor
fluctuations as individuals within the group moulted. Those offered excess food less

frequently could therefore be expected to experience a food shortage.

The mean growth increment per moult (excluding the first moult, as explained

earlier) of those fed three times per week did not differ significantly from that of those
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fed daily (Table 7). of those fed once each week, the growth increment per moult was
depressed significantly (P < 0'001). Table 7 shows that in those fed three times per
week, the frequency of moulting was reduced, the intermoult period being significantly
longer than that of those fed daily (0'05 > P > 0'01). Those fed only once per week
showed considerable lengthening of the intermoult period (p < 0'001).

In this experiment, a shortage of food also affected survival, some individuals being
attacked and killed during or immediately after moulting. In most instances only a
small quantity of the victim was actually consumed. Fresh animals of the same age
group were added to maintain a constant density. During the 6 months, no deaths
occurred amongst those fed daily, one death occurred amongst those fed three times
each week, while seven deaths occurred amongst those fed only once per week.

Table 7. Growth per moult and intervals between moults for groups of 10 juveniles (aged 2 * yr) helrt
at 25"C for 6 months under various rates of feeding

Daily
Excess food fed
3 days per wk I day per wk

No. of moults
Increment range (mm)
Mean (mm)

lst intermoult
2nd intermoult

Moult increment (carapace)

.2922
3.6-6.1 3,4-6.6

5.15+0'25 Ns 5.24+O'i4
Mean duration of intermoult period (days)

42.O * 50.7
47'7 59.2

11

1.2-s.6
3.78+O.75

79
84

0
5

NsP>0'05. *0.01<P<0.05. **'FP<0.001

These results show that the ûrst effect of a mild shortage of food is a decreased
frequency of moulting. At a more severe shortage of food, not only is moulting delayed
further, but also the growth increment at moulting is depressed and mortality in-
creased by intraspecific aggression.

In a survival test, seven juveniles aged 2+ years were isolated in separate aquaria
and, after feeding excess food daily for 1 week, were held in complete starvation.
Temperature was not controlled in this case, being at the ambient sea temperature
(23'5"c initially, falling to 16'3"c during the next 6 months). Two animals which
were close to moulting at the commencement of the test succeeded in moulting, after
which no further moults occurred. The first death occurred during the 24th week of
starvation. One animal remained alive after 43 weeks.

Foodintqke. The quantity of food eaten was determined by holding juvenile western
rock lobsters in isolation, supplying a weighed piece of abalone foot muscle each day,
and weighing the uneaten residue remaining next morning (afteî draining on absorbent
paper). As well as being a favoured food, abalone muscle did not fragment easily,
making weighings more reliable than would be possible with other food.

Fig. 2 shows typical feeding patterns of two individual juvenile rock lobsters aged
2 + years offered excess food daily. The longer interval between moults for an individual
held below the optimum temperature (discussed earlier) is evident. Feeding recom-
menced within 2 days of moulting, food intake rising rapidly to a peak on the fourth or
fifth day. Thereafter, the daily food intake followed a downward trend though
fluctuating very considerably. After an initial period of intense feeding, those held at
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the lower temperature did not feed every day (Fig. 2), but there was not a regular pattern

of feeding activity. Feeding ceased 2-6 days before the next moult.
Owing to the pattern of variption in amount of food eaten each day, it is difficult

to compare feeding rates at different water temperatures. However, if the mean daily
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Fig. 2. Daily food intake of two juvenile rock lobsters aged 2* years, through successive

moults (arrowed): (a) specimen held in aquarium at constant 26"C; (b) specimen held

at 23'C.

intake of food throughout each intermoult period is compared, the feeding rate for
2-year-old juveniles held at 26"C (2'67 + 0'20 g per day) was significantly higher than

at 23"C (2'06t0'20 g per day) (P < 0'001).
Food conuersion. In order to assess the efficiency of conversion of food to body

tissue, the relation between weight offood eaten in a given period and the corresponding

gain in body weight should be measured. The body weight of a rock lobster increases

in a series of steps with rapid intake of water at each ecdysis. During an intermoult
period, tissue growth replaces \üater taken up at the previous moult. If it is assumed

that an individual does not moult again until the water taken up at the previous moult
is replaced by tissue growth, then the ratio of total food eaten during an intermoult
period to the total water uptake at the moult prior to that period gives a measure of
the efficiency of food conversion.

Total water uptake at a moult was taken as the difference in live body weight before

and after moulting, plus the weight of the exuviae. Animals were weighed several days

after moulting in order to avoid internal damage and limb loss which can result if
handled while soft shelled. Despite careful handling, it was often observed that on

the night following weighing an animal, food consumption was temporarily depressed.

Fig. 3 shows the relation between water uptake at moult and total food consumed at

intermoult for juvenile western rock lobsters aged 2 + years held in isolation at constant

temperatures of either 26"C or 23"C and fed daily with abalone foot muscle. Linear
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regressions were considered sufficient to represent relationships for these individuals.
Extrapolation to older or younger animals may be unreliable, Gerking (1962) having
shown that the efficiency of food conversion declined with age in the bluegill sunfish.
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Fig. 3. Relation between water uptake at moult and total food
consumed at subsequent intermoult, for weste¡n rock lobsters aged
2* years. Held at 26"C (o) and 23"C (o).

Using the total food consumed during an intermoult period and the total water
uptake at the moult initiating that period as an index of food conversion, Fig. 3 indicates
that the overall conversion in western rock lobsters differs with water temperature.
The regressions for each of the temperatures did not differ significantly in slope but their
positions differed significantly (P < 0.05), so that the intercept for those held at 23"c
was higher than that of those held at 26'C. If the intercept was taken as representing
the maintenance requirement for food (as applied by Allen (1951) in the case of trout),
the results summarized in Fig. 3 would appear to indicate a higher maintenance re-
quirement for rock lobsters held at the lower temperature, apparently in contradiction
to metabolic rate increasing with temperature.

However, these data are for full intermoult periods, and as shown previously
(Table 2) the intermoult periods at23'Care longer than at 26'C. When the total food
intake and the gain in body weight (as estimated from water uptake at moult) were
both divided by the duration of the intermoult period, the resultant data (Fig. 4) for
individuals held at 23"C and 26'C did not differ significantly in either slope or position
ofregression. On this basis there is no difference in conversion ratio offood to body
tissue in juvenile rock lobsters at the two temperatures tested, except for the indirect
effect of the lower temperature delaying moulting and so increasing the total amount of
food utilized foi maintenance requirements.

For the data shown in Fig. 4 the relation between mean daily food intake (f) and
estimated growth in flesh weight gained per day (w) was

f : l'035 -t 2.096w
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with a correlation coefficient of 0.866. The slope of this regression (2'096) is then an

estimate of the net conversion ratio for the conversion of food to additional body

tissues by juvenile western rock lobsters in their third year of life when held under these

conditions.
For practical purposes in estimating the total food requirements of western rock

lobsters the gross conversion ratio is needed. Using the data shown in Fig' 3 for the

temperature of 26"C, the mean gross conversion ratio for rock lobsters aged 2 + years

held at near-optimum conditions was 3 . 57 + 0' 30. This value combines requirements

for maintenance as well as growth'

Fig. 4. Relation between
mean daily food intake

and estimated growth
in tissue weight per daY

for western rock lobsters
aged 2* Years.

Held at 26"C (.)
and 23'C (o).
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Shelter

Unless storm action breaks part of the reef or removes sediment to expose more

rock, the total quantity of shelter present on a given reef is virtually constant. However,

the amount of shelter available to rock lobsters may vary from time to time if a portion

of the total shelter is occupied by predators or competitors. Evidence for this came

from the Garden Island research area. On a reef which was marked out with numbered

trap sites, there were occasions when octopus took up residence near a particular site.

Weìtern rock lobsters were rarely present in shelter adjacent to a hole occupied by an

octopus. 'When diving to hand-set traps on numbered sites, it was sometimes found

that an octopus had already left its shelter and entered a Irap. The octopus was

removed, killed and placed in the boat and the trap still set on that site. On such

occasions, the trap seldom took rock lobsters, but they could be captured at that site

when trapping a month later. This indicates that on relatively uncrowded reefs, the

presence of other species such as octopus reduces the amount of shelter available to

rock lobsters.

Members of the Same SPecies

Chittleborough (1970) showed that in reef populations, natural mortality increased

with density ofjuvenile western rock lobsters. Increased aggression resulting from a
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Fig. 5. Crowding experiment:
relation between intermoult period
and density of rock lobsters.
First intermoult period (o).
Second intermoult period ( x ).

shortage ofshelter and possibly food supply were suggested as factors responsible for
this. An aquarium experiment carried out during 1969 was cited as evidence that
mortality increased with density despite an excess of food being supplied. However,
in that experiment, food (in excess) was given only twice p"ri."t. A subsequent
experiment (see Table 7) showed that the earlier feeding regime had been inadequate.

Another experiment designed to measure the effects of crowding under conditions
of constant (optimum) temperature and excess food supply *ur 

"urii"d 
out in aquaria

during 1971. Juveniles aged 3 + years were held in compartments of equal area- (4140
cm2¡, either singly or in groups of four, eight, or l6 animals. Incoming seawater was
maintained at25"C. All were fed daily with a slight excess of mussels, abalone or fish,
uneaten residues being removed the following morning. Details of moulting, growth
and survival were recorded for each individual.
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The increased mortality under crowded conditions recorded in the earlier experi-
ment did not occur when a daily feeding pattern was maintained, indicating thai the
previously recorded mortality had been due to lack of food rather than to behavioural
stress imposed by crowding. Growth increment per moult was not affected by crowding
while food supply was in excess. However, frequency of moulting was affecteã
markedly by crowding, those held in isolation experiencing particularly long intermoult
periods (Fig. 5), despite the fact that the perforated partitions separating compart-
ments allowed some degree of contact between an individual and an adjoining group.
This result is in direct contrast to the response of the land crab Gecarcinus which has a
shortening of the intermoult period when isolated (skinner and Graham 1972).

Members of Other Species

Other species constitute an important part of the rock lobster's environrnent if they
compete for a share of a resource or constitute a threat to survival (by predation or
disease). As a full study had not been made of these aspects, only general observations
can be noted here.

The possible role ofoctopus as a competitor for shelter on reefs has been discussed
earlier. various species of fish and crabs compete with rock lobsters for food. on
some of the more exposed reefs, the frequency with which the crab Plagusia chabrus is
taken in rock lobster traps indicates that this species may compete strongly for food.

o1 4 a 12
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Western rock lobsters have been observed to eat dead P. chabrus, but were unable to

capture live (fully grown) individuals in aquaria.

The octopus is regarded by fishermen as a serious predator upon rock lobsters.

While it is undeniable that an octopus within a rock lobster pot will often kill and eat

a western rock lobster and cause others to autotomize legs, it is not clear whether the

octopus was initially attracted to the pot by the bait or by the captive rock lobsters.
'Western rock lobsters dropped back on to a reef after tagging have at times been ob-

served to be taken by an octopus, but here again the rock lobsters were under

conditions of stress.

On one occasion the author observed an encounter between an octopus and western

rock lobsters under natural conditions on a reef. As the octopus swam past the

sheltered hollow containing several juvenile western rock lobsters, the latter moved

forward in the aggressive posture, antennae directed towards the octopus, which paused

and then continued along the reef face. Levels of predation by octopus on undisturbed

populations of western rock lobsters remain undetermined'
Various fish such as the bald-chin groper (Choerodon paynei), westralian jewfish

(Glaucosoma hebraicum), snapper (Chrysophrys unicolor), and the whiskery shark

(Furgøleus uentralis), have been reported as predators upon the western rock lobster.

The wobbegong or carpet shark (Orectolobus ornatus) is plentiful on coastal reefs and

is often caught in rock lobster traps. Examination of stomach contents did not reveal

any remains of western rock lobsters but showed that the wobbegong includes octopus

in its diet so its position in the food chain may favour the survival of rock lobsters.

Man has become part of the environment of the juvenile western rock lobster as

fishermen examine the catch taken in rock lobster pots, freeing those which are below

the legal size. Some of these are released away from the reef of capture. The effect of
such displacement away from the home range of an individual has been discussed by

Chittleborou gh (1974a). Handling may also result in loss of limbs: the effects of this

are discussed below.

Hazards

This term is applied in the strictly limited sense used by Browning (1963) to factors

which influence an animal's chances of survival and reproduction and yet are neither

resources nor extensions of another animal's activities.

Moulting is one such hazardfor the western rock lobster. This does not refer to the

increased risk of attack by underfed western rock lobsters or by other predators to

which a rock lobster is more vulnerable during ecdysis and until the new shell has

hardened. Irrespective of all other components of its environment, each moult rep-

resents ahazardfor the western rock lobster. Any delay in freeing itself from the exuviae

during ecdysis means that the rapid intake of water at that time may result in the

animal being trapped in the partly shed exuviae and dying.

In aquaria it has been observed that when a moulting western rock lobster has

difficulty in freeing a limb from that part of the exuviae, the limb is quickly autotomized,

thus ensuring rapid escape from the old shell during the critical phase of water uptake

and swelling of the body to the new size. During a difficult moult an animal may shed

several legs in this way.
Autotomy of limbs has generally been regarded as having its main survival value in

escaping from predators. However, in the case of the western rock lobster, selection

towards such an adaptation may have come through the repeatedhazatd of moulting.
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Having survived a difficult moult by shedding several legs, a western rock lobster
may then be less able to compete for food or to escape from predators. The same
applies to animals which autotomized limbs while escaping from a predator or when
handled by fishermen before being rejected as undersized, but these are extensions of
the effects of other species in the western rock lobster's environment.

There remains the question of the effect of limb loss upon subsequent growth.
In some species of the Brachytrra, antotomy of limbs induces precocious moulting.
Skinner and Graham (1972) found that loss of at least five legs was required in order
to shorten the intermoult period of crabs.

In an experiment aimed at measuring the effect of limb loss on growth of western
rock lobsters, three groups of eight juveniles, all aged 2+ years, were held in aquaria
al25"C and fed excess food daily. Individuals were identified by tail punching. In one
group, two legs were removed from each individual within a few days after each moult.
Pinching of a leg between the fingers resulted in its autotomy within seconds. A different
pair of legs was removed on successive occasions. In the second group, four legs were
removed after each moult, while those in the third group were maintained intact as
controls. Missing legs were always replaced at the following moult, even when removed
28 days after ecdysis. (In that instance, the next moult occurred 41 days after removing
the legs.)

rabre 8' Effects on u'""'n 
;:,:oi"î:Jiî: ïîïË 

""iJ'äi'"Ï""î, ä;ï'" 
rock lobsters aged 2* vr

No. of animals
Total no. moults
Range (mm)
Mean (mm)

lst intermoult
Range
Mean

2nd intermoult
Range
Mean

3rd intermoult
Range
Mean

4th intermoult
Range
Mean

Growth (carapace) increment
85

29^ l5B
2.8-6.3 3.0_6.1

4.62+0.25 4.57 +0.49
Duration of intermoult period (days)

3147
39-6+ 4.4

Controls
(intact)

38-85
56.8+ 11.2

48-104
64.O+14.6

54-88
70.3 +12.7

2 legs removed
after each moult

37-45
40.0 + 3'I

42-51
45.4+3.1

5l-67
57 .2+ 5.9

4 legs removed
after each moult

8

37^
1.6-5.1

3.76+O.19

3340
37.0+1.8

37-54
42.8+ 4.6

36-58
44.5 + 4.7

4s-65
53.4+ 4.3

A Excluding flrst moult. B Excluding first and second moults.

Failure of water circulation one night resulted in deaths of five of the group with two
legs removed and depressed the growth increment at the next moult of the three
survivors of that group. As only two replacements were available the experiment was
continued with flve animals in the group.

Growth of the western rock lobsters in the three groups, over the 9 months that the
experiment was maintained, is summarized in Table 8. As there was no difference in
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growth increment per moult between the sexes and no trend with time over this period,

all moult increments from a particular group of animals were pooled' Mean incre-

ment per moult of those regenerating two legs did not differ significantly from that of

the controls. However, replacement of four legs resulted in a significant decrease in

the mean growth increment per moult (P < 0'001).
Table 8 shows that mean intermoult periods in the groups having two or four legs

removed regularly were shorter than corresponding mean intermoult periods of the

intact controls. Because of the small number of animals remaining in the group having

two legs removed, the mean durations of corresponding intermoult periods were barely

significantly different (at the Sfllevel) from those of the controls. For those with four

legs removed, the mean duration of the frrst intermoult period did not differ significantly

from that of the controls, but the means of all subsequent intermoult periods during

the experiment were significantly shortened (P < 0'05).

95

Fig. ó. Duration of second intermoult period

for rock lobsters having had four legs removed
at varying times after moulting (o)'
compared with intact controls ( x ).
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As shown in Fig. 6, the shortening of the intermoult period \ryas most marked if leg

removal took place within I week of moulting. Hence the trends towards shortening

the intermouliperiod would have been accentuated if, in every instance, the legs had

been removed immediately after ecdysis'

In summary, these results show that while a single loss of four legs did not stimulate

a juvenile *".i.rn rock lobster to an earlier moult, the growth increment at that moult

wãs depressed. Repeated loss of even two legs led to precocious moulting. The overall

effect olregular removal of two legs from well-fed juvenile western rock lobsters within

a week after each moult would be a slight overall increase in growth rate, due to the

stimulus to higher frequency of moulting with no suppression of the growth increment

per moult. However, regular removal of four legs would result in art overall deçrçase in
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growth rate since the higher frequency of moulting is accompanied by a lower growth
increment per moult.

DÍscussion

While the prime purpose of the experiments carried out in aquaria under controlled
environmental conditions was to understand better the ecology ófjuvenile western rock
lobsters on shallow coastal reefs, measurement of the effects ãiseparate components of
the environment on growth and survival have enabled un urr"rr*ìrrt to be made of the
prospects for mass rearing juveniles in captivity (Chittleborough 1974c). When held
at the optimum temperature of 26"c, each juvenile aged 2+ yeãrs requires a mean of
2'67 g of food (as abalone muscle) per day. The consumption of 1.57kg of that
food by such a group could result in a totar gain in weight or t tg in body tissue. In
practice the gross conversion rate within a group mighibe betteithan this, since the
intermoult period decreases with crowding (Fig. 5), thus reducing the proportion of
food required for maintenance activity.

Within the reef populations, the various components of the environment operate
together to influence the growth and survival of young western rock lobsters.

of the climatic factors, temperature has the greatest importance. The optimum
temperature for growth and survival is 25-26"C, considerably above the mean annual
temperature of inshore waters inhabited by these juveniles. Chittleborou gh (l97ad)
has also shown that when held at 25"C, adult western rock lobsters undergo repetitivå
breeding throughout the year, suggesting that this may reflect recent evolution from a
tropical stock.

Although temperature is an important factor in determining growth rate under
otherwise favourable conditions, reef dwelling juveniles often dã not achieve the
growth rate predicted for the mean water temperature at a given location. Other en-
vironmental factor(s) are superimposecl to limit growth on ih" shallow reefs.

Most of the environmental factors affecting growth operated upon the frequency of
moulting rather than on the growth increment per moult. Two separate conditions
were found to depress the increment at moulting: a mild deficiency oi o"yg"n (60_67 %saturation), which was not associated with any delay in moulting nor with ilcreased
mortality; and a severe shortage of food, which was accompanled by less frequent
moulting and increased mortality due to intraspecific aggressi,on.

Food supply is emerging as a major determinant olboth growth and survival ofjuvenile western rock lobsters in natural populations. This conclusion is based at
present upon indirect evidence of the results of aquarium experiments described, plus
field observations of density dependent mortality (chittt"Uo-ugh 1970) and meazure-
ments of growth rates (to be published separately).

Shortage of food may be relative or absolute. A relative shortage would arise if,
because of their behaviour patterns, some juvenile western rock lobsters did not
obtain sufficient food even though the resource was still available in the area. Food
(mainly molluscan) is present in the reefs and also on the adjacent seagrasses. Some
rock lobsters forage in the seagrass beds at night, returning to the shelter of the reefs by
dawn. If the area of seagrasses is large in relation to the shelter available, food on the
more distant portions of the seagrass beds will be inaccessible to the western rock
lobsters. A relative shortage of food might arise even on an unçrowded reef. Because
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of their gregarious behaviour and limited home range, some members of a group of
rock lobsters may not obtain sufficient food within their segment of reef.

An absolute shortage of food for rock lobsters on a reef might be due to (i) a decline

in the density of food species (for reasons other than predation), (ii) interspecific com-

petition for a limited food supply, or (iii) intraspecific competition for food. The levels

of the three separate variables involved here (density of food species, density of com-

petitors, and density of juvenile rock lobsters) might each be determined by different

environmental factors. For example, recruitment within the food species might be

determined by localized climatic factors on or adjacent to the reef, whereas recruitment

to the juvenile western rock lobster population (settlement of puerulus larvae) may be

determined by oceanic conditions some hundreds of kilometres away (Chittleborough

and Thomas 1969). Measurements of the density of food species and also of com-

petitors are required before these interactions can be discussed further.

Crowding is likely to producey' an absolute food shortage, the resulting increased

intraspeciflc aggression being one cause of density dependent mortality recorded on

these reefs. The role of predators and competitors in contributing to increased

mortality at higher densities of western rock lobsters needs further investigation.

The impact of a food shortage depends to some extent upon the age composition of
the population ofjuvenile western rock lobsters present on a reef. If the youngest oi
the four age groups present was from a relatively poor year class in relation to the

others, its members might be expected to have lower growth and survival rates than if
the older age groups were less well represented. This may be part of the reason why the

growth of those aged2+ years present on the reefs at Garden Island during 1970 was

less than those of the same age taken from that reseárch arca and held at an equivalent

mean temperature in aquaria (see above)'

Irrespective of all other components of the environment, moulting represents a

hazard to both survival and growth of western rock lobsters, especially for juveniles as

these moult more frequently than adults. Autotomy is suggested primarily as an adap-

tation for survival when limbs are caught within the exuviae during ecdysis. Having

survived such a moult, the replacement of more than two legs at the succeeding moult

resulted in a depression of the growth increment. While a single loss of four legs did not

stimulate a juvenile to an earlier moult, repeated loss of even two legs led to precocious

moulting.
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Fluctuations of Year-class Strength and
Recruitment in the Western Rock Lobster
Panulivus longípesx (Milne-Edwards)
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Abstract

Settlement of puerulus larvae on collectors composed of artificial seaweed and measurements of
density of young juveniles on 'nursery' reefs show wide fluctuations in year-class strength, recent
settlement from the spawning crop of 1973*74 being particularly high.

Owing to restricted holding capacity of the shallow 'nursery' reefs (mainly due to limited food
supply), density-dependent mortality reduces most year-class strengths to similar levels by the time
juveniles reach 5 years of age. Particularly weak year-classes have been shown to be associated with
poor catches from the coastal 'white'fishery at the opening of a fishing season. The applications of
these findings to the management of the fishery are discussed.

In theory, part ofthe wastage resulting from excess settlement oflarvae in certain areas might be
saved by transplanting to less crowded reefs or by mass-rearing in ponds, without diminishing recruit-
ment from those left on the now overstocked reefs.

Introduction

The western rock lobster is confined to the western coast of Australia, from
approximately North West Cape to Cape Naturaliste (Fig. l). The majority of the
commercial catch is taken between 28 and 32"S. (Sheard 1962).

After a planktonic life of 9-11 months (Chittleborough and Thomas 1969) the
surviving larvae (puerulus stage) settle in shallow coastal areas. The youngerjuveniles
concentrate on shallow limestone reefs (to depths of 10 m, with some larger juveniles
to 20 m) while adults are generally confined to deeper water (30-150 m).

Each juvenile has a relatively small home range (Chittleborough 1974ø), remaining
on the one segment of shallow reef for several successive years. Migration to deeper
waters usually takes place at 5-6 years of age, though the recovery in January 1975
of a juvenile tagged on that reef in January 1970 shows that 'nursery' reefs may
contain a few individuals of 7 years of age.

Phillips (1972) showed that the last larval stage, the puerulus, could be captured
using collectors composed of artificjal seaweed moored at the surface within the
protection of the coastal reefs. Chittleborough (1970) has measured the densities of
juvenile populations on test reefs adjacent to these collectors.

In this paper the relative densities of larval settlement at selected sites, as recorded
from the collectors, are compared with the subsequent densities of juveniles on
adjacent reefs. The relation between these densities and subsequent recruitment to
the commercial fishery is examined.

* Described as a new species, P. cygnus, by George (1962) but relegated to subspecific status by
Chittleborough and Thomas (1969).
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Methods

Larual Settlement

Collectors composed of artificial seaweed (Phillips 1972) werc used to sample the
puerulus larvae at the time of settlement. Six collectors have been maintained since July
1968 at Seven Mile Beach. From June 1969 three collectors have been operating at
Garden Island and five at Jurien Bay (Fig. 1). At each locality collectors were moored
up to several hundreds of metres apart in order to check for localized differences in
larval distribution during settlement.

1tz" l16o

Fig. 1. Location of the sites referred to in the text.

The collectors were checked monthly after each ne\.v moon period (when most
larvae settled). All settlement took place at the puerulus stage. The young rock
lobsters were removed from collectors either as puerulus larvae or after they moulted
into very small post-puerulus juveniles.

No quantitative value (in terms of absolute density) can yet be placed on the
number of animals caught by the collectors. However, Phillips (1972) has shown that
even single collectors were adequate to describe trends in settlement from month to
month and from year to year so that the results of catches per collector at different
sites are comparable.
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Density of Juueniles

Density of combined age groups (ages 2-7 years) has been measured on shallow
test reefs at Garden Island (since 1965), Jurien Bay (since l97l), and,seven Mile Beach
(since 1970) using the single census trap-mark-recapture method described by
chittleborough (1970). Estimates of total population ãensity for the beginning of
each year are sumrnarized in Table l.
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Table 1' Density (number per hectare) ofjuvenile rock lobsters in January each year as measured by
trap-mark-recapture technique on test reefs

Locality 1965 1966 1967 1968 1969 tsTo tsTt ts72 tg73 ts74

Garden Island
Density
s.E.

Jurien Bay
Density
s.E.

Seven Mile Beach
Density

L877
134

11830 10130
798 646

5144
119

17 53

94
1958

111
1,402

62

2834
152

5386
223

1343
61

181 I
107

4824
458

I896
179

1290
109

4068
41.O

1,635

168

s,E.
9374
721

11863 19587

650 882

In order to follow the strength ofindividual year-classes, it is necessary to separate
these measurements of total density into individual age groups. As shown by
chittleborough (1970, figs 3, 4) it is usually possible to separate those aged 2 yeais
and 3 years by means of the polymodal size composition of the catches, but ôlder
groups are not often distinguishable. In Table 2 the population densities as measured
from catches at Garden Island have been paftially separæed into age groups in this way.

Table2 shows clearly thatjuvenile rock lobsters aged 2 years rei. foorly represented

rock lobsters at Garden Island in January each year
estimated from trap-mark-recapture technique, separated into age
on basis of polymodal size composition

A Not measured.

Table 2. Juvenile
Densities (number per hectare) as

groups

Age 1965 1966 1967 1968 1969 1970 1971 1972 1973 tg74
(years)

309
971
597

43
92

L267

2
3

4-7

r89
3245
t7l0

716
1070
1048

168
3324
1894

2t
317

141,s

62
265

1016

83

875
1000

12
537

1.262

36
1200

660

in the catches upon which the estimates of population density were made. This was
due to dominance by larger juveniles in competition for food, ás shown experimentally
by chittleborough(1974a). Amongst the group 2 years of age, onry the more aggressive
seekers of food have a high probability of capture and as these tend to be the same
individuals in each trapping of a trap-mark-recapture experiment, the technique
estimates only the more highly catchable fraction of tt 

" 
z-y"ur age group. As the

degree of dominance may vary with the density of the olãer injivi¿uals and also
with changes in the availability of food species, little reliance can be placed upon
estimates of density of 2-year-old rock lobsters made in this way.
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Densities (number per

Year Date

The baited-trap teçhnique appears to have comprehensively sampled the juvenile

rock lobsters aged 3 years so ihat these estimates of density are more reliable' If
accurate estimates can be obtained of natural mortality operating upon juveniles each

year, these could be applied to the densities of those aged 3 years in order to build up

ä picture of survival of itrdiuidrrul year-classes through the years as juveniles.

Earlier estimates of juvenile natural mortality coefficients made by Chittleborough

(1970), based on the ráte of decline in total population density during that part of

in" yáut when migration was minimal, are suspect because of the poor representation

of those aged 2+ years. At the beginning of the year, a few of this age group are

so small that they can escape through the mesh of the traps. Later in the year they

have grown sufficiently to be retained in the traps and also are better able to compete

for access to the baited traps. Hence estimates of natural mortality coefficients would

be better based upon changis in density ofthe population from 3 years ofage and over'

R. G. Chittleborough and B' F. Phillips

Table 3. Juvenile rock lobsters on Garden Island test reefs

hectare) and mortality coefficients within each year for those aged Þ 3 years

M. M",Initial
density

Density in
spring

2229
1804
1881

I 170
1012
I 598
t3s2
l0l8
960

1464

Time (¡)
(weeks)

Date

1965
1966
1967
1968
1,969

1970
t97l
1972
1973
l9't4

11 Jan.
20 Jan.
7 Jan.

25 lan.
l9 Jan.
7 Jan.

20 Jan.
13 Jan.
5 Jan.

16 Jan.

4955
2118
521 8

1732
t28l
I 875
1799
1359
1568
I 860

2 Sept.
17 Aug.
7 Sept.

l9 Sept.
17 Aug.
2 Sept.

25 Aug
15 Sept.
24 Aue.
25 Aug.

0.799
0'161
1.020
o.392
0.178
0.160
0.286
o'289
o-491
0.239

1.259
0.278
I '516
0.600
0. 309
0.244
0.479
0.429
0.773
0.389

33

30
35

34
30
34
31

35
33

32

Table 3 shows the calculation of natural mortality coemcients for juvenile rock

lobsters at Garden Island, based upon the same procedure as used by Chittleborough

(1970), but deleting the poorly sampled 2+ years age group. Natural mortality

coefficients were derived similarly for juveniles at Jurien Bay and at Seven Mile Beach'

In order to demonstrate how an index of the strength of a year-class through

several successive years has been derived, the year-class of 1963-64 at Garden Island

is used as an example:

The density of the 1963-64 year-class at 3 years of age (i.e' in January 1967) was

3324 per hictare (Table 2). During 1967 lhe natural mortality coefficient of those

aged ã years and over was I .516 (Table 3). Therefore the density of this year-class

surviving at 4 years of age (in January 1968) was

3324 exP(- l'516) : 730 Pet hectare'

During 1968 the natural mortality coemcient was 0'600 (Table 3) so that the density

ofthis year-class surviving at 5 years ofage (in January 1969) was

730 exp(-0'600) : 401 Per hectare'

To back-calculate the density of this year-class for January 1966 (i.e. at 2 years of

age), the mortality rate during 1966 should be divided into the density measured in
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Age year-class: Season oflhatching
(years) 61-62 62-63 63-64 64-65 65-66 6Ç67 67_68 68_69 69-
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January 1967 (at 3 years of age). While the mortality coemcient for ß66 was based
on data from the segment of the population aged 3 years and over, the coefficient
itself was partly dependent upon those aged 2 years present in the reef population
since the age groups present on a reef at a particuluì û*" interact and are acted
upon by the same environmental pressures. If there was no additional mortality
due to competition between ug. gìoupr, the mortality rate of those aged 2 years
would be the same as that of the older juveniles preseni at the same time. However,
because those aged 2 years have been shown to compete less successfully for fooá
(Chittleborough 1974a), their mortality is likely to be higher than that of the olderjuveniles. Thus the mortality calculated for those ug.J: years and over may be
taken as a minimum estimate of the mortality of thoã agei 2 years present on the
reef at the same time, being closer to the actual mortality of the younger age group
when the density of the order juveniles is low. As the density of ihose ugeã :l.uÅ
in January 1967 was 3324 per hectare and the natural rnortulity coefficient during
1966 was 0'278 (Table 3), the minimum density of the 1963-64 yåar-class in Januar!
1966 (at 2 years of age) was

3324lexp(- 0. 278) : 4400 per hecrare,

Table 4 shows the estimated densities of various year-classes at the three localities

Table 4' Estimate of year-class strength (number per hectare) for juvenile western rock lobsters on
test reefs

Locality

70 70-71

Garden
Island

Jurien Bay

Seven Mile
Beach

A Not measured.

2
3

4
5

2
3

4
5

2
J

4
5

3245
921
697

3800
1070
810
178

4400
3324
730
40t

1400
317
1,74

1,28

500
26s
195
152

1200
875
685
424

700
537

333
2t7

2600
1200

813

700
499
139

150 1500
92 971
60 448
28 304

5779
3540
1352

6100
2318
978
613

700
308
232

65

5100
2135
1 339

621

12 100
7591,

3522

wz
80
35

6200
3825
1461

616

500
33

15

1l

calculated as given in the above example. Owing to relatively low intensity of sampling
at Jurien Bay the data for that locality are less reliable. This applies most particuìarly
to the estimates of mortality coefficients so that at Jurien Bay^more reliance should
be placed on estimates for those aged 3 years than upon othãr age groups.

Recruitment to the Fishery

A method for estimating density of poténtial emigrants based upon size composition
of the population on the shallow reefs shortly beforé the emigration of each November
has been set out by Chittleborough (1970).
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An independent index of the relative abundance of new recruits within the fishery

is the catch per unit effort achieved by flshermen operating at depths of 5-18 m from

the opening of the fishing season (15 November) until they move their pots to deeper

watei during December. This period is locally known as the 'white' season, as most

of the juveniles are newly moulted with very pale shells' These data were obtained

from detailed logbooks maintained by fishermen.
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Fig. 2. Catches of six collectors at Seven Mile Beach'

Results

Lqrual Settlement

360

340

320

300

280

260

240

220

o

_9 200
-õ

.x 180

o
r 160

CJ
140

19731972t97l r975t97 4
1969 1970

The seasonal pattern of settlement of puerulus larvae is illustrated in Fig' 2 where

the monthly catches of six collectors maintained at seven Mile Beach have been

combined. ln most seasons there has been a discrete period of settlement between

JuþAugust of one year and April-May of the subsequent year, with a marked peak

bet*""r, september and November. Little or no settlement occurred during winter

so that settiement of successive year-classes could be separated quite easily.

Collectors at other localities showed similar seasonal trends in larval settlement,

with some minor differences in the month of peak settlement'
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The relative densities of settlement of the puerulus larvae (expressed as the mean
number per collector per season) at Garden Island, Jurien Bay and Seven Mile Beach
are compared in Fig. 3. This shows that settlement along the coast fluctuated very
greatly in density from year to year, and also that settlement in the centre of the
coastal taîge, i.e. Seven Mile Beach, varied around a higher mean level than that
part of the coast which is nearer the periphery of the population, i.e. Garden Island
(as suggested by Chittleborough 1970).

Fig.3. Relative densities of settlement of the puerulus
larvae at Garden Island (A), Jurien Bay (o) and Seven
MileBeach(x).
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Low levels of settlement were Íecorded at all three sites in 1969-70 (the year-class

of 1968-69), but again the level of settlement improved from the peripheiy to the

centre of the population.
Since the poor settlement of the 1968-69 year-class, annual settlement at Seven

Mile Beach and Jurien Bay has improved steadily apart from a slight lapse in the

settlement of the l97l-72 year-class. The most recent season of settlement (7973J4
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year-class) has been the most successful since the collectors were put into operation.
Settlement at Garden Island has shown similar trends except the catch of the 1973-74
year-class which did not rise.

Juueniles

Tables I and 4 show that the densities of juveniles at the centre of the population
(Seven Mile Beach) were much higher than towards the periphery (Garden Island),
as was the case with larval settlement,

At Garden Island, where the longest series of measurements of density have been
made, there have been large fluctuations in year-class strength (Table 4), juveniles
aged 2 years being strongest from the year-classes of 1961-62 to 1963-64, relatively
weak from the year-classes of 1965-66 to 1968-69, and showing some improvement
in the most recent samplings. The poorest year-class at Garden Island has been that
of the 1968-69 spawning; this year-class was also the poorest at Jurien Bay (as

evidenced by the more reliable data for those aged 3 years). While the overall levels
at Seven Mile Beach were better, the 1968-69 year-class was not particularly strong,
nor was that of 1969-70, but the following year-class was much improved.

In general there has been good consistency in the indices of year-class strength
obtained from larval collectors (at settlement) and those derived from measurements
of density of juveniles aged2 or 3 years. However, survival through to age 5 years
(pre-recruits to the fishery) does not mirror the pattern of year-class strength at or
soon after settlement. As shown by Chittleborough (1970), natural mortality of
juveniles varies with the overall density of juveniles on that reef. Dominance of larger
(older) juveniles (Chittleborotgh 1974a) may mean that survival within a particular
year-class depends to a large extent upon the strength of the one or two preceding
year-classes. Thus at Garden Island, survival of the 1962-63 year-class from age 2
years to age 5 years (a period of strong year-classes) was only 4.77o, whereas the
corresponding survival of the 1966-67 year-class (preceded by weak year-classes) was
3s'6%.

The fate of individual year-classes represented on the test reefs at Garden Island
and Seven Mile Beach is illustrated in Fig. 4. It is clear that a year-class which was
relatively strong initially is not necessarily particularly strong by the time it reaches
5 years of age. Despite much higher settlement of puerulus larvae at Seven Mile
Beach (Fig. 3), the densities of those surviving at 5 years of age were little above those
at Garden Island (Fig. 4).

Recruitment to the Fishery

The estimated density of those juveniles surviving on the shallow reefs at 5 years
of age (Table 4) might be considered as an indication of the potential level of recruit-
ment to the fishery. In the vicinity of Garden Island, the very poor year-class of
1968-69 appeared to be linked with the relatively low mean catch per unit effort for
the shallow (5-18 m) water 'white' fishing of 16 November to 3l December 1973.
However, the regression of mean catch per unit effort of the local 'white' fishery, on
the density of those aged 5 years on the 'nursery' reefs in the same year, gave a
correlation coefficient of 0'503 which was not significant ancl an intercept of 1.716
indicating that a not inconsiderable catch would be achieved even if one group aged
5 years was lost altogether. One reason for this is that emigration lrom the 'nursery'
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reefs is determined largely by size so that some emigrants are 6 or 7 years of age
while others may be faster growing individuals aged 4 years.

For this reason, the method described by Chittleborough (1970) based upon size
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Fig. 4. The change in density of individual year-classes on the test reefs at Garden Island (o) and
Seven Mile Beach ( x ).

composition of the population on the shallow reefs shortly before the emigration of
each November, may give a more reliable estimate of the potential recruitment to

0
4
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the fishery. Table 5 shows estimates made in this way of potential recruitment levels
each year at Garden Island, together with the mean catch per pot-lift achieved by
fishermen operating nearby in depths of 5-18 m from the opening ofthe frshing season

(15 November) until they moved their pots to deeper water during December.
The regression of mean catch per unit effort (W) lrom the 'white' fishery on the

estimated density of potential recruits (R) from the shallow reefs gave the relation

,V : 0'866+0'001831R,

with a correlation coefficient (r) of 0'676 which is significant at the 5/olevel.
Thus there is a positive relationship between the density of the larger juveniles on

Table 5. Estimated potential recruits on Garden Islanrl test sites each spring anrl mean catch rates in
adiacent fishery at opening of fishing season (16 November to 31 Decernber)

1965 1966 1967 1968 1969 1970 1971, 1972 1973

Potential recruits
(number per hectare)

Mean catch /effort in
adjacent fishery (5-18 m)

504

1'37

756

1.96

400

1.70

586

2.26

502 558 574 671 338

l.61 1.85 2.09 2.38 1.50

the shallow coastal reefs during the latter part of a year and the success of the com-
mercial fishery in adjacent waters at the opening of the next fishing season (November-
December). Part of the reason why the correlation coefficient was not even higher
may be because of fluctuations from year to year in catchability coefficient (Chittle-
borough 1970), making the commercial catch per unit effort a less precise measure of
abundance of rock lobsters on the fishing grounds. The value of the intercept of the
above regression indicates that between one-third and one-half of the commercial
catch at that time may not have been recruited that season from the adjacent coastal
reefs.

Discussion

The various components of the environment likely to affect recruitment in this
population have been examined by Chittleborough (1975) who concluded that the
predominant factor limiting survival and growth of juveniles is the limited availability
of food on the coastal reefs. The level of recruitment from a particular year-class

depends on (i) its initial density, i.e. at the time of larval settlement; (ii) the strength
of other year-classes pre-existing on the 'nursery' reefs; (iii) variations in density of
food species; and (iv) variations in density of predator species.

The holding capacity of'nursery' reefs through to the recruit stage (5-7 years of
age) does not appear to differ greatly from point to point along the coast so that
density-dependent mortality of juveniles results in similar numbers surviving to
recruitment irrespective of wide differences in density at or soon after larval settlement
(Fig. 4), provided that the initial stocking rate is sufficiently high. At Garden Island
several poor year-classes have resulted in the reefs carrying less than their holding
capacily (Fig. 4), culminating in the particularly weak year-class of 1968-69 which
resulted in a low level of recruitment to the nearby fishery in 1973. Reasonable recruit-
ment can occur from year-classes which initially were not particularly strong, provided
that competition from older juveniles is low, food supply adequate, and predation by
other species low.
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The results presented here show that a prediction of the relative success of the
'white' ûshery (at the opening of each fishing season) can only be made following the

appearance of particularly poor year-classes. As mentioned by Hancock (1971),

following the low settlement of puerulus larvae on the collectors in 1969-70 and low
density of early juveniles, it was predicted in l97l that low catch levels would be

likely in lg72:73 and even lower levels likely at the opening of the 1973-74 season.

This prediction was borne out by the catches of these two years (Anon. 1974), the
'white' season of 1973-74 being the poorest on record, particularly in the Fremantle

area (reflecting trends in the Garden Island research area).

The appearance of a very strong larval settlement such as that of 1974-75 at Seven

Mile Beach (Fig. 3), does not necessarily mean that a high level of recruitment to the
fishery can be predicted for 1978-79. In that instance the preceding year-classes are

relatively strong so that the year-class of 1973-74 faces intense competition and high
mortality while on the 'nursery' reefs.

The very high (and density-dependent) wastage amongst young juveniles following
particularly heavy settlement of larvae on reefs already well stocked with older age

groups raises the possibility for cropping off part of the excess for other purposes,

without affecting the level of subsequent recruitment to the flshery. This cropping
might be applicable to those aged I or 2 years; juveniles from 4 to 5 years of age

would still require full protection as the immediate pre-recruits have already been

exposed to the density-dependent natural mortality. The excess young (l or 2 years

of age) might be used to stock underpopulated reefs, or reared in captivity under

optimal conditions. Both prospects have been tested experimentally with some success

(Chittleborough l974b,l974c,and unpublished data), but it has yet to be demonstrated
that either would be economical.

Towards the centre of the coastal distribution of this population, the wide fluctua-
tions in year-class strength and the extremely high level of the year-class most recently
measured (Fig. 3), indicate that the high exploitation rate which has been maintained
for some years in the fishery (Bowen and Chittleborough 1966) has not reduced the

breeding stock to the point where recruitment is endangered.
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Abstract

The growth of a group of six juvenile western rock lobsters raised for 6 years in aquaria was well

represented by the von Bertalanffy equation

It : 113.47U -exp{-0.459(r- 1.045)}1.

Using single-moult increments as well as annual growth (determined by shift in modal length and

returns of tail-punched and tagged individuals) growth of juveniles in the wild population was

compared with that of those reared under near-optimal conditions. At three of the four localities

studied, growth was retarded. Growth was most suppressed at the locality where the density of
juveniles was highest, However, at a locality where nursery reefs carried relatively low densities

in recent years, growth was still well below that achieved in aquaria.
Limited food resources on shallow nursery reefs was suggested as the main reason for the retard-

ation of growth. Where the shortage was less severe, competition amongst juveniles resulted in the
growth of younger age-groups (2f and 3* years) being more retarded than older juveniles, and

that of females being more retarded than that of males. Upon emigrating to deeper waters (mainly

at 5 and 6 years of age), juveniles showed a marked acceleration in growth rate. As juveniles have

distinct growth phases with different environmental pressures applying af each, growth in the wild
population at most localities is not well represented by a single von Bertalanffy equation.

Introduction

After a planktonic phase of 9-11 months, larvae of the western rock lobster return

to settle along the western coast of Australia. Juveniles then spend 4 or 5 years

gathered on shallow nursery reefs before moving offshore and being recruited to the

fishable stock and later to the breeding population.
Initial studies of recruitment were concerned with numbers and survival. Chittle-

borough (1970) and Chittleborough and Phillips (1975) found that at times the settle-

ment of puerulus larvae on shallow coastal reefs exceeded the holding capacity of
those reefs so that density-dependent mortality amongst the juveniles limited the

level of recruitment to the fishery.
From experiments in aquaria under controlled environmental conditions, Chittle-

borough (1975) concluded that availability of food was likely to be the major limiting
factor amongst juveniles on the coastal reefs. Dall (1975) developed a field technique

for assessing the nutritional state of western rock lobsters and showed that some

juveniles on these reefs were in a poor state of nutrition.
Chittleborough(1974a) reared a group ofwestern rock lobsters from the puerulus

larval stage to maturity (at 4'9-5'7 years of age) in aquaria. The growth of these

individuals, raised under near-optimal conditions, is used here as a yardstick against
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which are compared the growth of juveniles on shallow reefs at several points along
the coast of Western Australia.

The choice of a scientific name for the western rock lobster has been under debate.
Previously regarded as a population of Panulirus longipes (Milne Edwards), it was
described as a new species P. cygnus by George (1962). subsequently, chittleborough
and Thomas (1969) advanced reasons why it should be given subspecific status.
However, the use of the term 'form' instead of 'subspecies' in that paper contravened
Article 45 of the code of nomenclature adopted by the International Commission on
zoological Nomenclature (1964). Accordingly the original name of p. longipes
has been used in subsequent papers.

Although for management purposes these western rock lobsters may be regarded
as a unit stock, the oceanic larvae from this population are not completely separated
from the phyllosoma larvae of tropical populations of p. tongipes in the Indian
ocean (Chittleborough and Thomas 1969, Fig.2). rn recent yéars near-adult speci-
mens having pale spots on the legs (characteristic of specimens of P. longipes ftom
the type locality of Zanzibar) have been taken occasionally from reefs on the coast
of Western Australia. Apparently there is some gene flow from the north. while
this in itselfdoes not preclude the local population from specific rank, on the evidence
available it is proposed that this population on the western coast of Australia be
given subspecific rank Pqnulirus longipes cygnus George.

Modern methods for genetic analysis of populations, whether morphometric
(Phillips et al. 1973) or molecular (Nei 1975), may be needed to resolve the taxonomic
status of the western rock lobster. Perhaps the best approach, initially at least, would
be to hold adults from different populations together in aquaria, and determine the
occurrence and viability of cross matings. This should enable a decision to be made
whether each population is sufficiently isolated genetically to warrant specific rank.

Methods

Six western rock lobsters reared in captivity from the puerulus larval stage for
6 years were held in an open-circuit seawater system and fed excess food daily (mussels,
abalone, or fish). The temperature of the incoming seawater was held at21"Cthrough-
out most of the period. These animals were held together as a group, since it was
shown by Chittleborough (1975) that the growth rate is depressed for animals held
in isolation. Individuals were identified by distinctive punching of holes (3 mm
diameter) in the telson or uropods. Although these holes healed over after several
moults, the code could still be read from the scar tissue. For rapid checking of
individuals without handling, a number was painted on the carapace of each individual
using an epoxy-resin paint (chittleborough 1974b). The date of each moult was
recorded and a few days later when the shell had hardened the carapace was measured
and the number re-painted on the new shell.

Other groups of juveniles maintained in aquaria for 12 months in experiments
on growth and survival under selected environmental conditions (Chittleborough
1975) afforded further comparative data.

The size of a western rock lobster was recorded as the carapace length measured
(to 0'lmm) along the mid-dorsal line from the ridge behind the eyes (between the
rostral horns) to the posterior margin of the carapace. Body weight of live animals
was measured after removing free water as described by chittleborough (1975).
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Growth of juveniles in the wild population was measured on shallow coastal
reefs (0-5 m depth) at Garden Island (32"10'5.), Jurien Bay (30'19'5.), Clifl Head
(29'31'5.), and Seven Mile Beach (29"08'5.). Regular trapping yielded samples of
sufficient size to enable the progression of modal size groups to be followed (Chittle-
borough 1970). The younger age-groups could be distinguished in these polymodal
samples. At Garden Island (where more data have been obtained), the ranges in
carapace length shown in the following tabulation were selected as approximate
limits for these age-groups at the beginning of a year (January):

Carapace length (mm) at
2 years 3 years 4 years

Males 29-40 41,-53 54-68
Females 28-39 40-51 52-66

These ranges also applied reasonably well to polymodal distribution of sizes recorded

at Seven Mile Beach and Jurien Bay, although in the samples from these localities
the modal size group for those 4 years of age was often difficult to distinguish. The
size ranges at ages given above were not applicable at Cliff Head.

The use of the western rock lobster tag and the method of tail punching were as

described by Chittleborough (1974b). When this tag was being developed, tests

showed that it did not affect the growth rate signiflcantly. In most cases tail punching
and tagging were carried out during January each year so that recaptures during
autumn (l-3 months after marking) could be used to measure a single moult incre-
ment. Because juveniles remain on the 'nursery' reefs for several successive years

and have a very limited home range on a reef (Chittleborough 1974c), repeated recap-

tures of a tagged individual are possible over a long period and thus a number of
measurements of growth rate may be made on one individual. The longest-term
recapture of a tagged western rock lobster was 5 years after tagging.

Table 1. Single-rnoult increments in carapace length (mm) of six juvenile western rock lobsters reared
under near-optimal conditions in aquaria for 6 years

Males Females Total
(years) No. Mean s.e. No. Mean s.e. No. Range Mean s.e.

Age

a'r

3+

4+

5+

6+

15

1l

11

5

5

5.0

5.1

3.5

2.5

1.4

0.2

0.5

0.5

0.4

0.3

n,s.

n.s.

n.s.

n.s,

n,s.

5.6

4.3

4.0

2.0

0.8

0.2

o.4

0.3

0.3

0.1

o'2

0.3

0.2

0'3

0.2

14

l2

10

29

23

2l

13

l4

3.6*7.6

t.l-7.3

I .8-5.6

1.1-3.8

0.0-2.2

5.3
n,s.
4.7

!S

3.8
***
2.2
***
1.0

8

9

*0.01 < P<0.05. **0.001 < P< 0.01. ***'P< 0'001. n.s.,Notsignificant.

Size Increment per Moult

Moulting in Aquaria

B. F. Phillips, N. A. Campbell and W. A. Rea (unpublished data) showed that
the size increment per moult of very early juveniles increased during the flrst post-

larval year, reaching an asymptote at about 2 years of age. Table 1 shows that in



282 R. G. Chittleborough

the group reared in the aquarium for 6 years under near-optimal conditions, the peak
in moult increment was maintained during the third year of life (age 2+ years),
changed little in the following year (age 3 -l years), but declined thereafter. within
this group raised under conditions of minimal environmental stress there was no
significant difference in moult increment between the sexes.

Moulting in Nøturql Populations

Single-moult increments in carapace length recorded from tagged and tail-punched
juveniles at various test sites along the coast (Table 2) showed some marked differences
in comparison with those recorded in aquaria (Table 1).

Table 2. Single-moult increments in carapace length (mm) of iuvenile
western rock lobsters in reef populations for 197014

Males Females
(years) No. Mean s.e. No. Mean s.e.

Age

3+

4+

5+

4+

5+

3+

4+

5+

76

38

10

3.0
n,s.
3.1
n.s.
3.0

87

128

20

13

I

97

83

4.0
n.s.
4.1
n.s,
3.8

4.0
n.s.
5.0

3.0
n.s.
2'9

0.1

0.1

0'1

0.5

0'5

0.1

0.1

80

l0

80 4'3
,¡

4.7
n.s.
5,4

Garden Island

0.1 ¡¡

0.1 **

0.3 ***

Jurien Bay

0.4 n.s.

Seven Mile Beach

0' I n.s.

O'2 n.s.

0.4

16 4.6

*0.01 <P<0.05.
n.s., Not significant.

x*0.001 < P< 0.01. {.**P< 0.001

At Garden Island the mean increment per moult for males and females aged 3 +
years was signifrcantly (P : 0.001) less than that of those of the same age held under
near-optimal conditions in aquaria. Moult increments of males increased from ages
3 + to 5 + years, whilst those of females did not vary significantly between these age
groups. In each of the three groups the moult increment of females was significantly
below that of males (Table 2).

At Jurien Bay the rather sparse data on single-moult increments were similar to
those from Garden Island.

At Seven Mile Beach single-moult increments were not only less than those
recorded at Garden Island but also there were no significant differences between
sexes or between age groups (Table 2).

Where there were sufficient numbers of observations a check was made for possible
variations from year to year in single-moult increments. At Garden Island there
were some significant differences (Table 3), more evident in the females than in the
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males. Single-moult increments were reduced in 1971 and to a lesser extent in 1967

(females). The annual fluctuations in moult increments showed no relation to varia-
tions in density of juveniles on reefs at Garden Island.

Table 3. Single-moult increments in carapace length (mm) of juvenile western rock lobsters on reefs

at Garden Island in specified years

Females Males

Year

L965

1967

1968

1970

1971

1972

1974

0.1

0.1

0.3

o.2

o.2

100

4l

t0

17

12

4.7
n.s.
4.4
n.s.
4.7
n.s,
4.9
n,s.
4.3

n.s.

0.2

0.3

0.1

Age 3* years

No. Mean s.e.

59 4.4

Age 4f years

No. Mean s.e.

Age 3 * years

No. Mean s.e.

Age 4f years

No. Mean s.e.

60 5.0

64 3.8

15 4'6
n.s.

71 4.6 0.1

n.s.

0.1

0.3

o.2

o.2

0.3

0.1

0.2

0.3

o.2

o'2 37

14

16

0.2

0.2

0.3

n.s
9 5.2

t2 4'4
n.s.

19 3.8

4l

t6

5l

33

24

5'0
n.s.
4.9
n.s.
3.6

4.6
n.s.
4.O 43 4.2 0.2

n,s.
35 s.4

4.2
*t

5.1
n,s.
5.3

n.s,

45 4.O 0.1

*0.01 <P< 0.05. **0.001 <P<0.01. *'r'*P<0.001. n.s., Notsignificant.

Growth Rates

Growth Rate in Aquariø

The group of six western rock lobsters brought into the aquarium as puerulus
stage larvae of the same year-class and reared for 6 years under near-optimal condi-
tions affords a useful set of data from which to derive a growth curve against which
growth rates measured in the field can be compared

By plotting the increase in carapace length during each year against the carapace

length of the same indiviual at the beginning of the year (Fig. 1), an estimate can

be made of Z* (from the intercept on the horizontal axis) and of K (from the slope

of the regression). This is similar to the method of Manzer and Taylor (1947) in
which individual data are plotted rather than the Ford-Walford plot in which the
mean size at each age is used. As Hancock (1965) pointed out, the former method is
suitable provided that sufficient age-groups are represented. Either approach could
have been used for the aquarium-reared western rock lobsters since precise ages were

known, but the Manzer-Taylor plot was used since individual ages were not known
so precisely in the case of the field data.

Within the aquarium-reared group (Fig. 1) there was no significant difference
either in slope or in intercept between malês and females so the data could be repre-
sented by a single regression. The correlation coefficient of the regression shown in
Fig. 1 was r : 0.932. The resulting von Bertalanffy growth equation, derived as

described by Gulland (1969), had the form:

L : tt3.a7[-e{-0'495(t- 1'04s)}]

This growth curve has been based mainly upon the juvenile phase since breeding
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commenced within this group when the females were 5-5.7 years of age and had a
carapace length of 97-106 mm (Chittleborough 1974a). Inspection of Fig. I might
suggest that the growth rate declined more rapidly after sexual maturity was reached,
but by that time most of these individuals were already close to the asymptotic
length. Deletion of the data after maturity did not reduce the slope of the regression
significantly.

Fig. 1. Growth of male (o) and
female (x) western rock lobsters
reared in aquaria under near-
optimal conditions.
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The length-lveight relation was not obtained from the group of western rock
lobsters described above, because it was decided that these animals should be dis-
turbed as little as possible. In other aquarium experiments carried out under con-
trolled environmental conditions, juvenile western rock lobsters were measured and
weighed after each moult as described by Chittleborough (1975). From these the
regression of log body weight (W, in grams) on log carapace length (2, in millimetres)
(Fig. 2) was

logro W : 2. 8713 log* L - 2' 8122.

From this, the asymptotic weight (lfl*) corresponding to the .L- of l13'47mm was

l'225ks.

Growth Rates in Nqtural Populations

(i) Shift in modal lengths

Where a strong year-class can be recognized in samples taken at a particular
locality (e.g. Chittleborough 1970, Figs 3 and 4) the progression of that clearly
defined modal size group can be used to measure growth rate. Unfortunately modes
are not always well defined. Juveniles aged 2* years are clearly separated but older
groups become progressively harder to distinguish. Mathematical approaches to the
separation of age groups, such as that of Bhattacharya (1967), were attempted but
often gave conflicting results except when modes were already obvious.
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As a first approximation, modal lengths of males and females of 2, 3 and 4 years

of age were identified by eye from the size composition of catches taken in nursery

areas in January of each year. As the size intervals of measurements were small

(1 mm), a sliding average of three size groups was applied to smooth the distribution
as an aid in selecting modal lengths. The difference in modal length of those aged

2yearc in January of one year and those aged 3 years in the following January gave

a measure of the annual growth of the 2* years age-group'
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Fig. 2. Lengtli-weight
relation (logarithmic) for
juvenile western rock
lobsters in aquarium
conditions.
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The results of this approach applied to the data from the research reefs at Garden

Island are summarized in Tables 4 and 5. The relatively strong year-class of 1963-64,

which was preceded by another abundant year-class, had a lower growth rate (especially

in the age-group 2+ years) than the relatively small year-class of 1969-70 which was

precedeå by an even smaller year-class (Chittleborough and Phillips 1975). Quite
ãpart from some fluctuations in growth rate from one year to another, mean growth

rate of juveniles on reefs at Garden Island was considerably less than for juveniles

of the same ages held in aquaria (Table 5), even when groups exposed to the same

ambient sea temperatures are compared. Growth rates of those aged 2+ years in

the wild stock were relatively more depressed than those aged 3 + years, and growth

of females was less than that of males.

At Seven Mile Beach the identification of modal sizes within samples of the

population ofjuveniles was even more difficult but from those which could be ieparated

(Table 6), annual growth tended to be lower than at Garden Island.

8070
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(ä) Marking by coded tail punch or tag

Tail punching was used in growth studies prior to the development of a suitable
tag and also as a means of checking whether the tag interfered with growth (Chittle-
borough 1974b). Disadvantages of tail punching are that individuals cannot be
identified and that the mark is seldom noticed by fishermen. Because of the latter
problem research staff accompanied fishermen and examined catches taken immedi-
ately outside the nursery reefs at Garclen Islancl.

Table 4. Annual growth in carapace length (mm) ofjuvenile western rock lobsters
in Garden Island test area based on shift in modal size groúps (where recognizable)

Year Males Females

Age 2* years Age 3f years Age 2f years Age 3f years

1966
1967
Í968
1969
1970
l97l
1972
1973
1974

eå--*, 12
? -r----ll+ 9'

?
,!

t2+
13

?

ts+
t2+
l2

8T_ __11
13

t3+
l4

,|

?

l1
t3
t0

,l

" - -- -- t3+
10å

?

?

e+

ll
,-o-*-lo
8

t2t

f Year-class of 1963-64. o Year-class of 1969-70.

Fig. 3 shows the growth of juveniles from the Garden Island nursery reefs tail
punched in January 1966. By october a few individuals had grown considerably
more than the others. The faster-growing juveniles had left the nursery reefs by early
December, some being taken by fishermen up to 1.5 km from the marking site in
depths of 7-15 m. Although only a small number of tail-punched western rock

Table 5. Mean annual growth in carâpace length (mm) of juvenile western rock Iobsters on Garden
Island reefs compared with that ofthe same age-groups reared in aquaria

Males Females

2* years 3* years 2l years 3f years

16-__

2

Aquarium reared:
optimum temp., excess food

Aquarium reared:
ambient temp.,À excess food

Garden I., mean 1966-74
Garden l./Aquarium (ambient temp.)

28.4

20.4
13.1
64.2%

17.4

14.9
11.6
77.e%

28.4

20.4
12.5
6t.3%

17.4

14.9
9.6

64.4%
A Ranging frorn 14.9"C in winter to 25.9"C in summer

lobsters were recovered from the adjacent fishery, it may be significant that the seven
faster-growing individuals were recaptured as dark-shelled 'red' rock lobsters while
the slower-growing emigrant from the nursery reefs was taken as a pale 'white' phase
(upon which the inshore fishery of late November and December is based). Fig. 3
shows that of those remaining on the nursery reefs 1 year after marking, annual
growth showed little relation to the initial size at the time of marking.
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Tail punching in January 1967 gave slightly different results (Fig. a) from those

of the previous year. Overall, juveniles appeared to grow a little better than in 1966

(examined in detail below) but there were few very fast-growing individuals moving
out to the adjacent fishery by December. Most of the larger animals (carapace
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Fig. 3. Growth of juvenile western rock lobsters marked by coded tail
punch in January 1966, on Garden Island nursery reefs. (a) January-
October 1966. (b) January-December 1966. (c) January 1966-January

1967. o Nursery reefs. x Adjacentfishery.

length Þ 60 mm) marked in January 1967 had left the nursefy reefs by December,

the majority of these emigrating as the 'white' phase. Marking in subsequent years

has given similar results to those of 1967 in that almost all of the emigrants to the

fishery have been slow-growing older juveniles.

5040
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Tagging has the advantage over tail punching in that the tagged individual can
be identifled each time it is recaptured. Because of the restricted home range of
juveniles on nursery reefs (Chittleborough 1974c) it has been possible to recapture a
tagged individual up to 15 times over 2 or 3 years and so build up a more detailed
picture of its growth while it is resident in a nursery reef (or until it moves out and is
taken in the commercial catch).

Examples of data from tag recaptures at Garden Island are shown in Fig. 5.
In some of these there were sufficient recaptures to show the seasonal cycle in growth
rate with little or no growth from April to October during the cooler half of the year.
Another feature shown in Fig. 5 is that when the larger juveniles migrated out from
the nursery reefs their growth rate accelerated. Tagged western rock lobsters recap-
tured by fishermen operating outside nursery reefs at other localities consistently
showed this increase in growth rate.

Table 6. Annual growth in carapace length (mm) ofjuvenile western rock lobsters
in Seven Mile Beach area based on shift in modal size groups (where recognizable)

Year Males Females
Age 2t years Age 3i years Age 2f years Age 3* years

1970
197 I
1972
1973
1974

1l
?

1l+
t3+
t3+

6+
1t+

?

?
,l

t2
11+
?

14

12

5

6+

7

?

?

In each tagging experiment the majority of the teturns occurred within a few
months of release and these results were biased according to the season of tagging.
Short-term recaptures before a moult had occurred were heavily biased, having an
apparent growth rate of zero. Recaptures after one moult still failed to give a realistic
estimate of the growth rate as these reflected the single-moult increment component
of growth without including the important facet of moulting frequency. For the
above reasons, an interval of at least l0 months is considered necessary to afford a
reliable measure of annual growth in rock lobsters.

When the annual growth of carapace length of tagged rock lobsters was plotted
against carapace length at the beginning of a year, the growth ofjuveniles resident on
nursery reefs at Garden Island (Fig. 6a) and at Seven Mile Beach (Fig. 6ó) was clearly
less than that of juveniles reared under near-optimal conditions in aquaria. Also
at both localities growth of an individual during a year showed little relation to the
initial size at the beginning of that year.

r{owever, at cliff Head (Fig. 6c) the growth of tagged individuals was comparable
with that of individuals in aquaria. Some of those shown in Fig. 6c were residents
of Cliff Head nursery reefs while others were juveniles transplanted from Seven Mile
Beach to Cliff Head as described by Chittleborough (1974c). The 23 recaptures from
Cliff Head had a mean carapace length or 5i '6 mm when tagged. From the regression
derived for the aquarium group, an animal of this length would be expected to have
an annual growth of 2l'8 mm. The mean annual growth actually recorded for these
individuals at Cliff Head was in fact 21 .8 mm.

Table 7 summarizes the annual growth of tail-punched and tagged western rock
lobsters resident on nursery reefs at three localities, using the size ranges set out
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earlier in this paper to distinguish age groups. Whilst there were wide variations in
individual growth rates, there were signiûcant differences between localities. Growth
rates were least at Seven Mile Beach, there being no significant differences between
growth of males and of females or between those agecl 3 years and those aged 4
years at this locality. Growth was slightly but significantly better at Garden Island.
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Fig.4. Growth of ju'ùenile western rock lobsters marked by coded tail punch in January
1967, ott Garden Island nursery reefs. (ø) January-October 1967. (á) January-December
1967. (c) January 7967-Jantrary 1968. o Nurseryreefs. x Adjacentfishery.

Here again there was no diffe¡ence in growth rate between the sexes (within the same

age-group) but there were significant differences between those aged 3 years and
4 years. At Jurien Bay the limited data indicated slightly better growth of males
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(aged 4 years) than in the previous areas and a significant difference in growth rate
between the sexes. At Cliff Head age groups could not be distinguished but Fig. 6c

shows that annual growth was similar to growth achieved under near-optimal condi-
tions in aquaria.

Where there were sufficient data to measure the shift in modal lengths over a
period of I year, the growth rates for those aged 3 + years determined by that method
were similar to those obtained directly from tagging and tail punching (Tables ,t-7),
giving some confidence in the reliability of the results.

1971 1972 1973 1974

Fig. 5. Examples of growth (carapace length) of tagged western rock lobsters on Garden
Island nursery reefs (o) and after moving offshore (o).

Discussion

Using the rapid growth achieved by an aquarium-reared group as an index of the
potential for growth in this species, the results presented here show that at three of
the four localities examined the growth of juvenile western rock lobsters on shallow
nursery reefs was retarded. The extent of this is more than would be expected from
the sub-optimal temperatures experienced on these reefs each winter (Table 5).

Population density plays a role, growth rate being most severely depressed at Seven

Mile Beach where the density was highest. However, this is not the only other factor
involved. The overall growth rate at Garden Island has been relatively poor despite
the low population density recorded in recent years (Chittleborough and Phillips 1975).

Measurements of single-moult increments afford a guide to another of the factors
depressing the growth rate of rock lobsters in some areas. From aquarium experi-
ments on the impact of a variety of environmental stresses it has been shown (Chittle-
borough 1975) that the primary effect of most of these factors upon growth was to
reduce the frequency of moulting rather than to vary the size increment per moult.
Only two types of stress were shown to inflict a very significant reduction of the size

increment at moulting of intact western rock lobsters. These were a relatively severe

shortage of food and a sub-lethal deficiency of oxygen during ecdysis. Measurements
ofdissolved oxygen in waters on these reefs have so far found oxygen to be in plentiful
supply. In these shallow and usually turbulent waters over beds of sea-grasses and
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Fig. 6. Annual growth of tagged male (x) and female (o) western rock
lobsters on (ø) Garden Island and (á) Seven Mile Beach nursery reefs during
l97l-74 compared with aquarium growth under near-optimal conditions
(- - -). (c) Annual growth of 23 tagged, western rock lobsters at Cliff Head
in 1972 and 1973 compared with aquarium growth under near-optimal
conditions (- - -).
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algal covered reefs, it is unlikely that oxygen would be a limiting factor. This leaves

insufficient food supply as the only known environrnental factor which could be

affecting the size increment per moult of juveniles on the reefs.
When developing a technique for indicating the nutritional state of western rock

lobsters, Dall (1975) found evidence of poor nutritional state especially in juveniles
at Seven Mile Beach. During underwater observations it has been noted repeatedly
that these normally nocturnal feeders were foraging during claylight at Seven Mile
Beach. Newman and Pollock (1974) have related the growth of the rock lobster
Jqsus lalandü to food supply, showing significant differences over a distance of a few
kilometres (differing in depth in that instance).

Table 7. Annual growth in carapace length (mm) of marked juvenile western rock lobsters resident
on nursery reefs at various localities

Locality Age 3 * years Age 4l years

Male Female Male Female

Seven Mile Beach No.
Range
Mean

Garden Island No.
Range
Mean
s.e.

Jurien Bay No.
Range
Mean
s.e.

s.e.

44
1.1-21 .7

8.4
0.5

11,s,

n.s.

58

2.0-18.9
8.2
0.4

195

4.O-21.0
11.0
o.2

26
1.2-16.9

7.7

4r
0.8-12.6

7.O
0.5

lll
3.0-15.5

9.0
0.3
n.s.

9

4.6-14.O

o.7
n.s.

n.s.

138

3.U22.O
1l .3
0.3

2
16.6-18.1

84
0. 6-20 . 0

9.7
o.4

10

9 .0-l 8 .0

t2.4
1.0

I
8.6

* 8.7
1'0

* 0'01 < P < 0'05. **{! P < 0'001. n.s., Not significant.

From the data of single-moult increments it would appear that the level of food
supply available to the population of western rock lobsters present at a particular
time determines the intensity of competition between the juveniles. Where there is

abundant food, or on the other extreme, a severe shortage, there is no difference in
growth rate between the sexes. When there is a moderate shortage of food, juvenile

females appear to compete less successfully than males of the same age, resulting in
different growth rates between the sexes. Also in a moderate shortage of food,
competition between age-groups (from 2 to 6 years of age) results in the smaller
(younger) juveniles being more depressed in growth than the larger (older) members
of the resident population. In such a situation, the size increment per moult of the
older juveniles is actually greater than that of individuals of the same age reared

under near-optimal conditions (cf. Table 2 and Table 1), again indicating that the
larger juveniles compete moie successfully for limited food resources and that retarded
growth can be compensated to some extent in later years.

'Where the food shortage was not too severe (e.g. at Garden Island) there were

some fluctuations in growth from year to year as was recorded by Momot (1967)

for the crayfish Orconectes uirilis. However, no such variations were observed in
the rnore severe conditions at Seven Mile Beach.
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Further studies are needed of the food supply available to western rock lobsters.
On the shallow reefs there may be cyclic changes in abundance of food species (or
competitors) which are not directly related to fluctuations in density of juvenile rock
lobsters. Also it is possible that some environmental factor other than food, popu-
lation density, and temperature may be limiting growth rate at these localities.

In bringing together the available data presented and discussed above, Fig. 7

shows growth curves of western rock lobsters representing those at Seven Mile Beach,
Garden Island, and the group raised under near-optimal conditions in aquaria.

Aquarium

Garden Island

Seven Mile Beach

Fig. 7. Growth of juvenile
western rock lobsters on nursery
reefs and after migrating offshore
(- - -) compared with those
reare<l in an aquarium under
near-optimal conditions.

Age (years)

From the modal sizes of those aged 2 years in the reef populations it would appear
that during the first post-larval year growth in the shallow nursery areas was relatively
good. Apparently these individuals were not in direct competition with older juveniles

on the nursery reefs. From 2 to 6 years of age the residents of the nursery reefs were
in direct competition with each other, depressing the growth rate of the younger
juveniles more than the older ones. As soon as the juveniles moved out from the
shallow nursery reefs (mainly at 5 or 6 years of age with an extreme range of 4-7
years) they were apparently freed from the intense competition for food so that growth
rate accelerated. Although there are few data on growth in subsequent years, it is

clear from the size composition of catches of adults taken at depths of 3G-60 m that
the asymptotic length and weight calculated for the aquarium group is commonly
exceeded in the wild population where females of carapace length 140 mm (body
weight 2.2 kg) and males of 180 mm (4' 6 kg) are recorded.

2345678
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Similar compensatory changes in growth rate have been recorded in other marine
animals. Ursin (1963) showed that the members of the 1962 year-class of the Norway
poú (Gadus esmarkí) were smaller than those of the 1961 year-class at the times each

entered the fishery, but after recruitment the 1962 year-class grew more rapidly,
catching up to the 1961 year-class (at corresponding ages). Cooper and Uzmann
(1971) found that deep-sea lobsters (Homarus americanus) grew at a faster rate,
having a larger moult increment and higher moult frequency, than the smaller coastal
lobsters.

Because a ne\ry set of environmental pressures operate on juveniles as soon as

they emigrate from nursery reefs where growth has been retarded, enabling the growth
rate to accelerate and compensate for the previous suppression, growth at such

localities is not well represented by a single von Bertalanffy curve.

At one locality (Clitr Head) the growth rate of juvenile western rock lobsters on

the nursery reefs equalled that of those reared under near-optimal conditions in
aquaria. This was achieved in spite of sub-optimal temperatures on those reefs during
winter months. Perhaps there was a synergistic effect of other favourable environ-
mental factors operating at this locality. If those juveniles which were transplanted
to Cliff Head had been severely retarded in growth when removed from the reefs at
Seven Mile Beach, it might be suggested that the growth rate accelerated abnormally
in making up the deficit. Although the number of observations from this locality
was small, the growth rates of tagged residents at Cliff Head were within the same

range as the growth rates of those which had been transferred to Cliff Head.
From the observations made at Cliff Head it would appear that the conditions

needed to achieve the growth potential of juvenile western rock lobsters do occur

in some parts of the distribution of this species.
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Breeding of Panulirus longipes cygnus George
Under Natural and Controlled Conditions

R. G. Chittleborough
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Abstract

Fertilization of eggs is external: the female does not need to be newly moulted to be mated. The
incubation period of eegs (19-68 days) varied inversely with water temperature, being longest at
l9'C and shortening towards an asymptote at25'C.

Most adult females breed every year, When given abundant food,77% of those breeding in
aquaria at ambient temperature had two successive spawnings in a breeding season, whereas in a
relatively crowded patt of the natural population less than 121 of the breeding females spawned

twice in a season. When hold at a constant temperature of 25"C and given abundant food, adult
females bred continuously, averaging six spawnings and three moults each year.

In the natural population, size at first breeding and mean size of breeding females did not vary
with depth but differed from one locality to another. At the Abrolhos Islands where the present

density of breeding stock is highest, adults appear to be stunted and fecundity is relatively low.
This situation may have existed to some extent in other parts of the population before heavy com-

mercial fishing of the past 20 years or more reduced the density of the breeding stock to present levels,

The operation of density-dependent regulation of fecundity in this population is discussed.

Introduction

There have been no comprehensive studies of breeding of the western rock lobster.

Sheard (1962) and George (1958ø) outlined the breeding cycle and indicated the

seasons of mating, spawning and hatching. From larval surveys Chittleborough and

Thomas (1969) indicated that hatching of larvae took place throughout the summer.

In certain years hatching commenced earlier than usual, possibly due to an earlier
rise of water temperature during spring stimulating earlier maturation of gonads,

George (1958ø) showed that at the offshore Abrolhos Islands breeding commenced

at least I month earlier than along the coast.

The average size at first maturity of females throughout the population as a whole,

based on the size at which 5O\ of the females were breeding, was given by George
(1958å) as approximately 75 mm carapace length (when converted to presently used

reference points on the carapace). Sheard (1954) recorded that at the Abrolhos
Islands the smallest female with mature ovaries had a carapace length of 48 '9 mm
whilst the largest with immature ovaries measured 97'8 mm in carapace length.

A significant contribution on this subject was that of Morgan (1972) who measured

the fecundity of female western rock lobsters of a wide range of sizes taken from
various localities and at different stages of incubation of the eggs. He found that for
females of a given size there was no difference in fecundity between localities, that the

percentage of infertile eggs was low and independent of carapace length, and that
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there was only a small loss of eggs during incubation. A linear relation was established
between female size (carapace length) and number of larvae produced from a single
spawning.

Chittleborough(1974a) recorded some observations upon breeding of western rock
lobsters held in laboratory aquaria. Those reared at a constant temperature of 25"C
and given abundant food began breeding at 4.9-5'7 years of age (carapace length
97-106 mm) and thereafter bred repetitively.

Growth rate of juvenile western rock lobsters is inversely related to density
(Chittleborough 1976) so the breeding capacity of the population might also show
some density dependence through the sizes of adults and fecundity. The commercial
fishery on this population has operated for over 30 years (Sheard 1962) and relatively
high exploitation rates have been maintained for the past 20 years (Bowen and
Chittleborough 1966) so that density-dependent breeding capacity should have had
ample opportunity to operate if such a response occurs in this population. The
evidence available on these aspects is examined and discussed in this paper.

Methods

In order to study the breeding cycle of individuals held at ambient temperature, a
sample of adult rock lobsters taken by baited pots at a depth of 40 m was brought
into aquaria. To ensure that there was no doubt as to breeding condition at the
commencement of observations, the population was sampled in January and females
carrying eggs (then in advanced stages of incubation) were selected. In each of three
PYC tanks (180 by 90 cm, with water depth29 cm) were placed five breeding females
and two adult males, care being taken that at least one of the males was larger than
any of the females, since Berry (1970) considered it unlikely that males (of P. homarus)
are capable of copulating with females larger than themselves. Shelter was provided
and the three groups were fed daily with mussels, abalone or fish, the quantity of food
being adjusted so that there was some uneaten residue to be removed each day.
Temperatures in the open-circuit seawater system were allowed to follow the seasonal
cycle of incoming seawater, except that in winter temperatures were held at values
previously recorded at a similar depth on the adjacent breeding grounds rather than
being allowed to fall to the lower levels recorded at the near-shore intakes for the
aquarium system. Lighting in the aquarium room was on a 12 h light : 12 h dark
cycle to maintain a constant day length. Moulting, mating, spawning, and hatching
were recorded for each animal over the next 15 months.

Another group of weslern rock lobsters reared in aquaria from puerulus larvae to
maturity (Chittleborotgh 1974a) was held at the optimum temperature of 25"C
(Chittleborough 1975) with shelter provided and feeding was as described above.
Records were again kept of moulting and breeding.

The breeding condition of female western rock lobsters taken in the commercial
catch was recorded at four localities each month by the field measuring team of the
Western Australian Department of Fisheries and Wildlife. In contrast to the Norway
lobster Nephrops norvegicus (Chapman et al. 1975) and the marron Cherax tenuímqnus
(Morrissy 1970), female western rock lobsters continue to forage actively while
carrying eggs and enter pots readily (though returned to the water by fishermen).
Catch sampling was grouped in lO-fathom (18-m) depth intervals, i.e. 0-18 m, 18-37 m,
37-55 m, and 55* m. However, because the fishery is closed from 15 August to 15
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November and during November and December it is almost exclusively within fhe
shallower waters (the non-breeding zone), only sporadic information is available on
breeding in the natural population during the spring. In the Southern Hemisphere,
spring is taken as the period from I September to 30 November and summer from
1 December to 28 February.

Geraldton

Dongara

zg"s.

so"s.

3t 5.

sz's,

Fig. 1. Western rock lobster
study area on the south-west
coast of Australia.Buy
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At the Abrolhos Islands (a group of coral atolls on the outer pafi of the continental
shelf as sho\ryn in Fig. l) the flshing season does not open until 15 March so that
throughout the spring and summer the breeding population could only be examined
by sampling from a research vessel. During the summer of 1974-75 a tagging
experiment was conducted to measure the proportion of adult females breeding more
than once during a season. Early in December 1974, a total of 1793 breeding females
were tagged and released using the tag developed by Chittleborough (1974b). F;arly
in February 1975,244 of these tagged females were retrapped, examined and released
from the research vessel. After the opening of the flshing season on 15 March, a total
of 140 tagged females (including some of those examined and released in February)
were recaptured by fishermen. The data from this survey gave a comprehensive
picture of the breeding activity for the period at that locality.

Breeding in,{quaria

At Ambíent Temperature

Fig. 2 summarizes the subsequent breeding activity of the 15 female western rock
lobsters brought into aquaria from the adjacent breeding grounds when carrying eggs
in January 1974, and held at temperatures as close as possible to those recorded on
that breeding ground.
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During the following year only two (l3l) of these adult females failed to breed.
Both moulted in the autumn to the typical resting phase with very short setae (less than
2 mm) on the endopodites of the pleopods and remained in this condition at the next
moult (275 and 309 days later). Though one female was the smallest of the group, the
other was relatively large (Fig. 2) so that size (or age) does not appear to afford an
explanation for the prolonged non-breeding period.
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Fig.2. Breeding cycles of 15 female western rock lobsters brought into aquaria
in January 1974 and. held at ambient sea temperature. I Moult; x mating;
I egg carrying; a mean temperature (weekly) of seawater in aquaria; O mean
temperature and range (monthly) recorded from 1971-73 at depth 50 m on
adjacent breeding grounds.

Of the 13 females which bred in aquaria, 10 spawned twice in the following season
and breeding commenced during the period of lowest temperature which was much
earlier than was expected. George (1958a) showed that on the breeding grounds at
32'S. latitude spawning began in November and most egg laying occurred in
December. Fig. 2 shows that in the aquarium group held at temperatures similar to
those on the adjacent breeding grounds spawning began at the beginning of August,
even before the seasonal minimum temperature occurred. Most larvae had hatched
and breeding had terminated by the end of January, well before the maximum water
temperature was reached.

Since these animals were lifted from the aquaria for close checking only once each
week so that they would be disturbed as little as possible, the precise date of each
mating was not always recorded. With external deposition of sperm packets on the
stetnum (Fig. 3), it was not necessary for the female to be newly moulted when mated.
This characteristic of the genus Panuliras (external fertilization of eggs) contrasts with
many other decapods where mating takes place when the female is newly moulted and
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the spermatozoa are lodged internally. In the aquarium-held western rock lobsters,

successful mating occurred fuom2 to 97 days after ecdysis. The cementing material
extruded around the spermatophores darkened and hardened rapidly to the'tar-spot'
referred to by fishermen. This matrix affords a protective cover to the spermatophores

similar to that described by Berry and Heydorn (1970) for P. Homarus. In the

aquarium, western rock lobsters spawned (with successful fertilization of eggs) up to
69 days after mating.

Fig.3, Ventral view of egg-bearing female western rock lobster showing 'tar-spot' (sperm packet)

at rear of sternum and sub-chelate fifth walking legs.

During spawning the eggs were extruded from the ducts opening at the bases of the

third walking legs, The sub-chelate dactyls of the fifth walking legs (Fig. 3) were used

to break through the protective coat of the tar-spot, opening the spermatophores so

that the eggs could be fertilized when being swept back to adhere to the elongated
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setae on the endopodites of the pleopods. As far as could be determined the sperm
packets opened during spawning did not retain viable sperm, so that another mating
was required if a second spawning followed the first. Although fresh sperm packets
overlying eroded ones were not always distinguished, mating usually preceded the
second spawning in the aquarium group. In some cases mating took place while the
first batch of eggs was still being carried; in others the mating occurred during the
few days between hatching and the subsequent egg laying.

Fig. 4. Duration of incubation
period for eggs of western rock
lobsters held in aquaria at
various temperatures. (Curve
fitted by eye.)
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The active male in one breeding tank produced sperm packets which did not cement
very securely to the sterna of the females. Seven spawnings were noted for the females
in this tank but in only one instance was a sperm packet observed on the sternum. The
eggs from two of the spawnings were infertile and were lost after an incubation period
of almost normal duration. In four cases the eggs were fertilized and hatching
occurred even though sperm packets had not been observed on the sternum.
Apparently the sperm packets were dislodged during or immediately after spawning
which had occurred so soon after mating that the weekly check of breeding condition
had not revealed the presence of sperm packets.

Two different types of moulting cycle were noted in these adult females. After a
breeding season some moulted (in February or March) to a resting phase characterized
by short setae (less than 2 mm) on the endopodites of the pleopods. Mating seldom
occurred during this phase. These females then moulted again during winter or early
spring (between June and October), the pleopods then having the long setae (10-15
mm) necessary for holding the eggs at the next spawning. Other females moulted only
once between successive breeding seasons, the pleopods remaining setose at this moult
so that there was no resting phase through an intermoult period. If moulting occurred
soon (20-60 days) after the last eggs were hatched the cycle was of the frrst type (two
moults in a year), whilst if the post-breeding moult was delayed (61-113 days) the
cycle was of the second type.

18 l9
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When first brought into the aquaria, 461 of the breeding females went into the
second type of cycle (a single moult between breeding seasons). However, after a year
in captivity all continued with two moults between breeding seasons. The mean
interval between hatching of eggs and subsequent moult was significantly greater
(0'01>P>0'001) when breeding females were first brought into the aquaria (64+19
days) than after these females had spent ayear in captivity (36f7 days). Possibly
the daily feeding of aquarium-held adults improved their nutritional state
sufficiently to elevate the moulting rate.

The duration of the incubation period varied inversely with water temperature
(Fig. 4), incubation being extended very considerably at 19"C and shortening towards
an asymptote at 25"C.

Carapace length Died

105'8 mm

98.7 mm

95'9 mm

M J J A s o r ol.r F M À M J J A s o r.r'nl.l F M À M J J A s o
1973 - 7974 1975

Age 6 years Age 7 years

Fig. 5. Breeding cycles of three female \ryestern rock lobsters reared in aquaria from puerulus
larval stage, held at a constant temperature of 25oC. I Time of moult; x mating; I egg carrying.

At Near-op timum Temperature

A small group of three males and three females has been reared in aquaria under
near-optimum conditions from the puerulus larval stage to maturity (Chittleborough
1974a). The seawater was maintained at a constant temperature of 25"C in order to
maximize the growth rate (Chittleborough 1975,1976).

Fig. 5 summarizes the breeding cycles of the three females after maturingat4'9,
5'4, and 5'7 years of age respectively. Breeding cycles were continuous and regular
under these conditions, there usually being two spawnings between successive moults.
These females averaged three moults and six spawnings per year. Pleopods remained
setose at each moult, the setae ranging from 11.6 to 16.2 mm long once breeding
had commenced. Elongation of setae on the pleopods actually took place one to
three moults (5-15 months) before the first spawning.

The sizes of the females represented in Fig. 5 were in the centre of the range of those
represented in Fig. 2, blt the ages of those brought in as breeding adults from the
natural population cannot be assessed.

Breeding in the Natural Population

Breeding Season

In contrast to those western rock lobsters held in aquaria at a constant temperature
of 25"C and with abundant food, breeding in the natural population is markedly
seasonal, spawning occurring only in the spring and early summer. There may be
some fluctuation from year to year in the time of spawning but there is little evidence
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ofthis because there is no fishing on the breeding grounds during spring. Chittle-
borough and Thomas (1969) and D. W. Rimmer (personal communication) found that
the peak of hatching of larvae in summer varies in time from year to year (by as much
as 4 weeks). The eggs carried by most females have hatched before mid-February.
By mid-March (when the Abrolhos Islands fishing season opens) almost all of the
adult females have moulted into the resting phase having non-setose pleopods.

Size at First Breeding

The presence (during the breeding season) of well-developed setae on the
endopodites of pleopods has often been taken as an indicator of sexual maturity in
female rock lobsters (George 1958a; Kensler 1967; Paterson 1969; Newman and
Pollock 1971). However, as mentioned above, in young female western rock lobsters
reared in aquaria the pleopods became setose 5-15 months before the first spawning.

NS

Fig. 6. Breeding condition
of 3234 female western rock
lobsters in the Easter Group,
Abrolhos Islands, December
1974. NS, Non-setose
endopodites of pleopods
(non-breeding). S, Setose
pleopods (unmated). SM,
Setose pleopods; mated;
sperm packet on sternum

E (not yet spawned). SMO,
Ovulated (spawned); eggs

carried under abdomen
(eroded sperm packets).
SMOH, Eggs hatched; few
egg cases on setose pleopods,

tr eroded sperm packets.
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Sampling at the Easter Group of the Abrolhos Islands during thelbreeding season of
1974-75 showed that this also applies in the natural population. Fig. 6 shows that
during December (the height of the breeding season at that locality) a wide range of
size groups contained females having setose pleopods but as yet unmated. After
tagging during December, 35 of these adolescent females were recaptured during the
following February. Only two of these had been mated and none had spawned.
Recaptures by fishermen late in March showed that almost all had moulted into the
resting phase (non-setose pleopods) so that this group could not have reached maturity
until the next spring.

A more reliable index of mean size at first breeding is the carapace length at which
501 of the females are breeding (spawned or mated or both), measured during the
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height of the breeding season. From the data shown in Fig. 6, groups SM, SMO, and
SMOH have been combined and expressed as the percentage of the total catch of
females for each 1-mm interval of carapace length. These percentages have then been
plotted on probability paper (Fig. 7). As found by Wenner et al. (1974) for other
species of Crustacea, this method enables a straight line to be fitted to the data from
all but the larger size groups. As shown in Fig. 7, from intercepts of this line the mean
and standard deviation can be derived for the çatapace length of females at first
breeding.

95.0

Fig.7. Proportion breeding
(SM, SMO, and SMOH of
Fig. 6) in each size group
from the Easter Group,
Abrolhos Islands, in
December 1974, plotted on
probability paper.
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The data represented in Figs 6 and 7 were obtained by sampling the population
at the Abrolhos Islands across a depth range of 10-36 m. At that location (rising
steeply on the outer part of the continental shelf) there appeared to be very little
stratification of the western rock lobster population with depth, breeding adults being
as well represented in the shallower waters as in deeper waters. However, along the
mainland coast the population is stratified with depth as shown in the examples given
in Figs 8a-8c. Virtually all of the females taken along the coast from depths of 0-18 m
were immature, as were the majority of those taken from 18-37 m depth. Most of
the breeding females were from depths greater than 37 m. Despite this stratification,
Figs 8ø-8c show that the size at first breeding did not vary with depth (apart from a

consistent recording at Jurien Bay of little breeding at all of large females at depths
exceeding 55 m).

By pooling the data from all depths at a given location along the mainland coast
and obtaining the size at which 50\ of the females were breeding (in the same manner
as shown in Fig. 7), the mean size at first breeding was derived for females at each
locality and year (Table l). In recent years the size of females at first breeding has

been much smaller at the Abrolhos Islands than elsewhere, and has been highest at
the southern portion of the commercially fished coastal areas.

Mean
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Age at First Breeding

From studies of growth of juvenile western rock lobsters on shallow reefs along
the coast (Chittleborough 1976), it is known that most juveniles emigrate from these
nursery reefs when 5-6 years ofage. Even though the growth rate may then accelerate
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(as indicated from tag returns), a period of more than 1 year would be required to
reach the mean size at first breeding recorded in Table I for recent years at localities
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therefore would be 7-8 years of age.
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At the Abrolhos Islands the mean size at first breeding is presently much smaller
than elsewhere, but there is no evidence to suggest that breeding commences at an
earlier age. On the contrary, from observations made in aquaria under controlled
environmental conditions and from growth studies in other parts of the population
(Chittleborough 1975, 1976 respectively) it is concluded that the growth rate of
juvenile western rock lobsters in the Abrolhos Islands must be severely retarded.

Table 1. Size of females at first breeding and proportions of females breeding each summer (December-
February) at various localities

CL, Carapace length

Adult femalesÀLocality Smallest I
breeding,
CL (mm)

CL at first
breeding (mm)

Mean s.d.
Total

examined
Breeding

No. %

Fremantle (32"03'5.)
1954 (George 1958a)

l97l-12
1972-:t3
1973-74
197ç75

Lancelin (31"01'S.)
1972-73
1973-:74
1974-75

Jurien Bay (30"17'5.)
1971-72
1972-13
1973-:t4
1974-75

Dongara (29'15'5,)
l97lJ2
1972-:73
7973-:t4
1974-7s

Abrolhos Islaads (28"43'5.)

Oct. 1964
Dæ. 1974

64
70

74
83
83
78
85

82
83
86

67
70
71

72

77
78

77

59
56

77'2
93'0
96'2
98 .0

96'2

86.08
90. 7B'c
gl .08

86. 5B

87.4
8l .7c

3.5
4.5
5.4
4.7
5.7

5.3
6'7
6'0

5.6
7.6
7.8
4'2

4.6
5.3

7
0
4

9
I

95
95
96

161
231
172
165

53

l07
190

3.9
3.2

418
211

190
341
204
t82

84'
67.
84.
90.

84.
90.
89.

7
7
3

7

9
7
5

45
97

t70

129
36
27
78

77.28
67.98'c
60.08
80.48

88'0
93.gc

91.0 4.9

167
53

45
97

475
225

146

1394
1831

126 86.3

1152
1339

A Those above mean length at first breeding.
B Excluding those taken at 55* m depth.
c January data only,

Proportion of Adult Females Breeding each Seqson

Where sampling of the population was carried out during the breeding season, all
those females above the mean length at first breeding were taken as adult and the
percentage ofthese actually breeding was used to check whether only part ofthe adult
stock breeds each year. The results shown in Table I indicate that the majority of
the adult females breed each season and the proportion breeding has not declined in
recent years. There remains the anomaly mentioned earlier (and shown in Fig. 8å)

that few of the large females taken from deeper waters off Jurien Bay during the

summer had been breeding. This has been noted in several successive years but as

yet no satisfactory explanation can be ofered. Cooper and lJzmann (1971) noted a

similar phenomenon in large deep-sea lobsters Homarus americanus Milne Fdwards,

82
73

6
I
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suggesting that in deep waters on the outer edge of the shelf, summer temperatures
did not rise high enough for breeding to occur. There are insufficient data on
temperature to enable this hypothesis to be tested in the case of the western rock
lobster.

Frequency of Breeding during a Season

In the vicinity of Fremantle, if most female western rock lobsters spawned during
December as observed by George (1958a) around 1954, there would be little prospect
of females having more than one breeding cycle in a season, because at the water
temperatures to which they were exposed most larvae would not have hatched until
late January or early February.

Table 2. Monthly mean temperature of water in Cockburn Sound each spring (September-November)
for 1960-75

Year Monthly mean \trater temp. ('C)
Sept. Oct. Nov.

Monthly mean water temp. ("C)
Sept. Oct. Nov.

Year

1969
1970
1,971

1972
1973
1974
1975
16-year

mean

15'1
16.2

1960
t96l
1962
1963
1964
1965
1966
1967
1968

16.4
17.4
17 .1

1,6.2
16.8
1,6.6
15.9
17.5
t5'2

17'8
18.6
17.5
l8 .5

17.2
18.0
l7.o
19.8
16.6

18

21

20
20
l9
19

20
2t
18

9
1

I
2
1

I
1

1

5

17

l7
16

18

18

18

l7

15 .5

17.3
16.7
17.8
16.1

18.9
18 .9

18.1
20.s
19.9
20.3
19.9

16'5 17.9 1,9.7

I
8

7
3

6

6

6

During the spring of 197 5 an attempt was made to sample adult females in the
f,shing grounds near Rottnest Island. From 27 october to 6 November the very low
catch rate (0'11 rock lobsters per pot-lift) indicated a very low density on these
grounds. Only nine adult (mated) females were taken, but five of these were carrying
orange eggs showing that spawning had occurred within I or 2 weeks. On this very
limited evidence it would appear that in 1975 spawning was taking place at least 1

month earlier than recorded some 20 years ago in the same area. The water tem-
peratures during the spring of 1975 were no higher than in previous years (Table 2).
With a decline in population density and hence less competition for food there could
be a trend towards earlier breeding similar to that found in the aquarium when adults
held at ambient temperature were well fed (Fig. 2).

For those females spawning off Rottnest Island on I November 1975 at a tem-
perature rising from close to 20"C, the incubation curve of Fig. 4 shows that larvae
would hatch around 20 December. using the results from aquaria at ambient
temperature as a guide, there could be a second spawning 1 week later and with rising
summer temperatures these eggs could be hatched by I February, This is about the
time of hatching of eggs of the breeding females brought in from the adjacent breeding
grounds in January 1974 (see Fig. 2). Although there is no direct evidence that females
in the breeding grounds off Fremantle are now spawning twice in a season, the earlier
spawning does make a second spawning possible.
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With slightly higher water temperatures at the Abrolhos Islands there may be

better prospects for females to breed twice in a season. In order to test this possibility,
1793 female rock lobsters were tagged and released in the Easter Group, Abrolhos
Islands, early in December 1974. When each one was tagged the breeding condition
was noted (as in Fig. 6) and for those carrying eggs a record was kept ofwhether eggs

were freshly spawned (orange), developing (brown) or in advanced incubation (clear,

with eyes visible). The Research Vessel Flinders returned to the same locality early in
February, 52 days after the completion of tagging in December. As the water
temperature atfhat time varied around 23'C,the incubation period for western rock
lobster eggs would be close to 30 days (Fig. a). From the breeding condition oftagged
females recaptured in February, those which had spawned twice could usually be

distinguished.

Table 3. Breeding condition of female western rock lobsters at the Easter Group, Abrolhos Islands,
when tagged (December) and recaptured (February)

Condition at
5-12 December 1974

Setose pleopods (unmated) S

Setose pleopods, mated SM
Eggs carried

Orange O
Brown B
Clear (eyed) C

Eggsjust hatched EH

Condition at2-7 February 1975

SSMO B
Total

(December)

33

1

CEH

lA 1l
35

88

58

t2
5

8

206

2
75

53

5

4
2

3B 18 1A

7B

1B

6B

Total (February) 26

A Possibly spawned twice in the season.
D Definitely spawned twice in the season.

The breeding condition of 206 individual females when tagged in December and
recaptured the following February is summarized in Table 3. As discussed earlier,
most of those having setose pleopods but not yet mated in December did not breed
during that summer. These are taken to be maturing females which would begin
breeding next season. Of 171 breeding females checked, only 10'5 \ could be con-
firmed as having spawned twice during the breeding season (with a possible maximum
of ll.7\). This contrasts with the group held in aquaria at lower ambient tem-
perature but given abundant food (Fig. 2) in which 66'7% bred twice in a season.

Mean Size and Fecundity of Breeding Stock

Table 4 shows the range and mean size of all breeding females sampled each
breeding season at various localities. At the Abrolhos Islands the range and mean
size was considerably less than for the breeding females from other parts of the
population. This was to be expected owing to the much smaller size of females at first
breeding, but in addition the size composition of breeding females at the Abrolhos
Islands rvas less than elsewhere (cf. Figs 6 and 8).

Sizes of breeding females off Jurien Bay were slightly less than elsewhere along the
coast. In recent years, the mean length of breeding females has been highest from the
southern portions of the sampling range (where the mean size at first breeding is also

34 141 3
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highest). This is similar to the ûnding by Street (1969) that within the breeding stock
of Jasus edwardsü Hutton in localities where the size at first maturity is larger, the
greater maximum length is found.

To the mean length of breeding female western rock lobsters each summer has been
applied the size-fecundity relationship established for this species by Morgan (1972).

After allowing for egg losses during incubation (as measured by Morgan), Table 4
shows the estimsted production of live larvac hatchcd pcr femslc at each locality.
These estimates were made on the assumption of only one spawning per female. In
recent years the production of larvae per female per spawning would appear to be
highest in the southern part of the sampling range but there is some indication that
this might not necessarily have been the case earlier in the exploitation of this
population.

Table 4. Mean size and fecundity of female breeding stock sampled from catches each
summer @ecember-February)

Locality Breeding femalesÀ

Fremantle
1954 (George 1958a)
t97lJ2
197213
1973-74
197ç75

Lancelin
1972-73
1973-74
1974-75

Jurien Bay
t97l-72
197213
1973-14
1974-75

Dongara
l97l-72
1972-:73

t973-:t4
1974-75

Abrolhos Islands
OcL 1964
Dæ,. 1974

examined

1275
1547

77-lt\

59-88
56-107

89
106
110
107
103

100
to1
108

88
83

89
9t

No.

67

180
250
20s
222

7l
103

189

235
105
73

l4t

484
226

156

Carapace length (mm)
Range Mean

74-tl0B
83*l 34

83-143
78-r33
85-127

82-120
83-1 30
86-135

67-127
70-1 I 8

7t-121
72-122

77-tl1
78-t23

Estimated
production

of live larvae
hatched per female

282 800
441 toO
473 800
450400
413 000

386 800

450400
455 100

2717W
222100
279200
302 600

338 100
326900

355 000

113 500
139 700

6

5

0
5

5

7
5

0

4
I
2
7

95'5
94.3

97.3

7l
74

5

J

A Mated, with or without spawning,
B Mid-points of 2.5-mm class intervals.

Individually, the mean fecundity is lowest for that portion of the population at
the Abrolhos Islands, but the relative contribution of larvae by females at this locality
should not be under-rated. The breeding stock at the Abrolhos Islands is less

vulnerable to ûshing pressure, partly because the fishery there is not opened until after
the breeding season, but more importantly because the majority of the breeding
females are below the legal minimum length (carapace length 76 mm). The present
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density of the breeding stock at the Abrolhos Islands may be considerably higher than
elsewhere along the coast. At the Easter Group, Abrolhos Islands, in December 1974,

using commercial-type pots on an area regularly flshed commercially, the research

vessel took 1548 breeding females in a total of 406 pot-lifts, giving a mean catch rate

of 3'81 breeding females per pot-lift. In January and February 1975 the mean catch

of breeding females per pot-lift by fishermen operating from Geraldton to Fremantle
at depths of 37-55 m was 0'14 (G. R. Morgan, personal communication). On this
basis, the present density of breeding stock in the Abrolhos Islands might be as much

as 27 times the mean density of breeding stock elsewhere. Even allowing for the fact
that the mean fecundity of females at the Abrolhos Islands is presently approximately
trrrc-third of that of females at other localities, it is possible that a major part of the

coastal recruitment is derived from the breeding stock in the Abrolhos Islands.

Discussion

Fecundity is a product of two variables-breeding frequency and number of young
produced per breeding cycle. Each of these may respond independently to changes

in environmental pressures.

Considering first the frequency of breeding in the female western rock lobster:
from the relative ease with which the number of spawnings per year can be increased

under aquarium conditions, it would appear that in the natural population females

do not achieve their full potential in breeding rate. Temperature is clearly one of the

environmental factors involved, the annual cycle of water temperature confining
breeding cycles to the spring and summer. But the aquarium experiments indicate
that other factors exert a considerable effect upon the frequency of breeding. The
most important of these may be the nutritional state of the individuals. When supplied

with abundant food, adult females in aquaria increased their frequency of breeding

despite seasonally low temperatures similar to those in the adjacent breeding grounds.

In those natural populations where density is high (and the state of nutrition
apparently poor), most adult females (at least 88 f) spawn only once per year despite

the fact that water temperature is high enough to permit breeding through the greater

part of the year. Where the density of the population has been lowered very consider-
ably by intensive fishing, the decreased competition for food may increase the

nutritional state of adult females to levels where a higher proportion spawn more
than once in a breeding season.

Several members of the genus Panulirus have been shown to be capable of spawning
more than once during a breeding season. Ino (1950) suggested lhat a considerable
number of female P. japonicus spalrvn twice in a season. Sutcliffe (1953), Williams
(1965) and Buesa (1969) recorded that in P. argus some females have two spawnings
in a season without a moult between the two breeding cycles. Berry (1971) found
that female P. homarus bred repetitively with up to four breeding cycles in a year.

P. longipes cygnus has now been shown to have a similar capability.
The other determinant of fecundity, the number of young produced per breeding

cycle, is directly related to the size of the female and this in turn reflects the growth
rate occurring at that locality.

Data collected in recent years show considerable differences from one location to
another in both the size at first breeding and also in the sizes attained by breeding
females. A superficial appraisal of the evidence (Tables I and 4) might lead one to
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suggest that this conforms to the widely held theory (Bradstock 1950; Sutcliffe 1951;
Street 1969) that the size at first maturity (and hence maximum size) is inversely
related to mean water temperature. However, apart from the fact that the females off
Jurien Bay do not fit into such a trend, the mean annual surface temperature recorded
by Sheard (1962) at the Abrolhos Islands (21'C) is scarcely different from that off
Dongara (20'5"C), and the difference is insufficient to account for the very consider-
able difference in size at maturity. The mean annual temperature is 20'C at Jurien
Bay and 19'8'C off Fremantle. In addition, the size at first breeding recorded by
Chittleborough (1974a) for those reared at 25'C in aquaria was higher than the sizes
recorded in recent years in the southern portion of the range (Table 1), again
conflicting with the hypothesis of an inverse relation between water temperature and
size at maturity.

As the western rock lobster population stands today, where the density of the
breeding stock is highest (at the Abrolhos Islands) retarded growth has apparently
resulted in the small size at first breeding and the low mean size of all breeding
females, with a correspondingly low production of larvae from each spawning. At
other localities where the present density is lower much, both the size at first breeding
and the size composition of the adult female population are higher, so that more young
are produced per individual breeding cycle. In these areas the density ofthe breeding
stock would have been much higher 20 or 30 years ago, before commercial ex-
ploitation reached high levels. At that time the breeding population along the coast
may have been similar in structure to that now observed at the Abrolhos Islands.
As the accumulated breeding stock (relatively stunted in growth) was thinned out, the
growth rate of those remaining may have improved with consequent increase in size
at first breeding and larger size of adults. This would then explain why there has been
so little indication of a change in size composition of catches over this period. With
an increase in size composition there would have been a corresponding improvement
in mean fecundity.

Apart from the somewhat circumstantial evidence of aquarium experiments and
the present contrast in breeding at the Abrolhos Islands with that at coastal localities,
there are very few data from the early years at the opening of this fishery to test the
hypothesis that the breeding stock along the coast may then have had a lower size at
first breeding and a lower mean fecundity than recorded in recent years. The only
available data are those given by George (1958a) and as shown in Tables I and 4, these
support the hypothesis. The data quoted were obtained from adult western rock
lobsters taken on shallow reefs at Rottnest Island and it needs to be confirmed that
these would be typical of the general locality. The western end of Rottnest Island
protrudes across the depth contours where the breeding stock is generally located so
that here the breeding population extends into shallow waters in the same way as

described at the Abrolhos Islands. As discussed earlier, there is no evidence that the
size at first breeding varies with depth. But in addition to the data collected at this
specific locality, George (1958ó) also examined breeding females at a variety of
localities during the period 1953-56 and he concluded that for the population as a
whole the mean carapace length of females at first breeding was then close to 75 mm.
Table I shows that this is much smaller than the present mean size at first breeding at
coastal localities.
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There may then be two ways in which density-dependent regulation of fecundity

may operate in the western rock lobster population. At high population density the

individuals in the breeding stock may be stunted, resulting in 1ow numbers of eggs per

spawning (due to the direct relation between size of female and number of eggs

carried) and only one spawning per breeding season. As the population density

decreases improved growth rate could produce larger females which in turn carry

more eggs per spawning. Also as the state of nutrition of breeding females improves, a

higher proportion of the females may have a second spawning during the breeding

season.

Although it is suggested that the breeding stock of the western rock lobster may

be experiencing such changes in fecundity as a result of flshing pressure, it is not
possible to assess whether the total production of larvae has actually increased,

maintained its earlier level, or declined. However, the studies of Chittleborough and

Phillips (1975) show that settlemenl of ûnal-stage larvae along the shallow coastal

reefs is generally still in excess ofthe holding capacity ofthese nursery areas, confirming

that the breeding stock is still producing sufficient larvae to maintain the level of
recruitment in most areas.
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Larval , juvenile and adult phases are each of considerable d¡.rrat.i-on an<l

or:cupy generally di-stinct habitats with independent envíronmental pressures.

Vfithin the breeding stock, fecundity is highly density dependent. In

crowded localities growth rate is retarded, fetnales are smaller at first

breeding and do not attain large size. !üith a direct relation between

size of animal and number of eggs per spawning, mean fecundity is low.

In addj-tion, most females in a crowded stock spawn only once per season,

Vlhen the breeding stock is at low density, size at first breedirrg and

upper size range of breeding females are much higher resulting in more

eggs per spawning. Also when food ís abundant a higher proportion or

femaLes spar¡7n twice in a season. Mean fecundity is then considerably

increased.

During the relatively fong ifO months) larval phase it is possible

that the low leve1s of zooplankton off the west coast of Australia impose

density dependent mortality upon rock lobster l-a.rvae. Ho\,Ieve:r, t:he

relative success of settlement of larvae along tire coast may be determined

more by density independent factors such as fluctuations in oceani.c



circulation j-n this reqion.

Juvenj-les spending 4-5 yea::s on shallo\{ nursery reefs have }reen

shown to be subject to density dependent mo::tal:LLy (an<l l.ower:eci g:owth

rate), apparently due mainly to limitations in ar¡ailabitity of food on

coastal ree.fs" Because settlement of farr¡ae Ís generally in excess of

the carrying capacii;y of the nursery reefs, it is at the juvenile phase

that the level of recruitment is mainly deterlrrineci.

The intensive fishery of the pasi: 20 years has recluced the

breeding stock but has not (as yet) impaired recmitment to the fishable

stock.

ÏNTRODUCTÏON

The western rock lobster occurs on the west coast of .Australia

from about 22oS to 34os, being most abundant between 2BoS an,J 32os. The

fishery on this population developed from a total catch of. 272 tonnes

in 1944-45 to 9707 tonnes in 1962-63 (Bowen and Chittleborough, ]:966).

Since 1963 the fishing units (both boats and pots) have been strictly

f-i-mited by regulation, annual catch fluctuating between 6780 tonnes and

9892 tonnes.

Larval , juvenile, and adult phases are of considerable <iu::¡rtion

and generally occupy distinct ha.l¡itats with environmental pressuïes acting

independently on each. Thus density dependent regulation of population

size might operate at any one of these phases. The limít-ing fa-ctors

applying at each phase of the life cycle are reviewed in orcler to rletermitre

the points at which natural regul-ation is acìrieved at present, aaci if

possib.l-e to assess wlrether the environmental pressures have. been altered

by the high exploitation rate.
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The western rocl< lobs'ber is predonrinantly carnivoroui{ iri: eicich phese

of the life cyc1e. Newly hatche<1 la::vae in aquaria wiLl accepî:.bri.ne

shrimp larvae. Late staqe phyllosoma take larger pJ-anktonic crustacea such

as euphausiids (Chittleborough and Tiromas 1969). Juveniles sho¡,v a preference

for molluscs but will accepl- various teleosts, crabs, and sea urchius

(Chittleborough 7975). Quantities of coralline algae have been found

occasionally in the foregut of juveniles on nursery reefs but these algae

are not considerecl to be an important errergy source for this species.

AÐULT PHASE

Most of the adult population lives in a broad strip of the

continentaL shelf at depths of 30 to 90 m. Where off-shore islands rise

steeply from depths of 30 m or more, and also where the coastal zone (0 to 30 m)

is very narrow, brceding adults may be found on shallow reets together with

the juveniles. Fishermen sometimes locate patches of western rocl< lobsters in

deep water (to 160 m), but only a low proporLion of the total stock lives

deeper than 90 m.

Chittleborough (J-976a) has shown that lJrere are two ways in which

density dependent regulation of fecundity may operate on adult western rock

lobsters. Vühen given abundant food, 77 per cent of females breeding in

aquaria at ambient temperaturc had t\,ro successive spawnings in a breeding

season, r'¡hereas in a relatívely crowded part of the natural population less

than 12 per cent of the breeding females spawned twice in a season. The

number of eggs produced per spawning has bàen shown (Morgan Lg72) to be

related linearly to size (carapace length) v¡hich in turn is density

determj.ned througrh growth rate. In that part of the population v¡here the

present density of tl.e breeding stock is highest, the mean size at first
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breeding is smallest, adu,lts are generally stur:ted, and fecunCit.y-

cÒrrespondingly low. At other l<¡caliLies wherr: Lhe densi.ty is much lower,

both size at first breeding and the size com¡:osition of adult females are

higheL so that more larvae are produced per indivídual breeding cycle.

There is some índication that before commercial exploitacion h;d reduced

the density of the breeding stock in these latter areäs, the síze at

first spawning may have been less and hence indivi<lual fecunditr,- ,1ower

than.now observed.

There is then the potentíal for natural regulation o:l l-arval

numbers produced by this population, the concl,usi.on being th¿rl: esi the

density of the breeding stock is lowered, the state of nulrition of each

femaLe is improved, resulting in a higher growth rate and j-ncreaseC

tecundity. The questíon then arises whether such changes in fecundity

have been carried through to have any impact on eventual recruitment to

the breeding stock

I,ARVAT, PHASE

Larvae hatch from late November through to February. Newly

hatched larvae rise'towards the suiface and are carried off the shelf

probably by offshore surface wind drift (Chittleborough and Thomas, 1969),

By Malz the main concentTation of western rock lobste:: larvae is 500 km

offshore, some being found over 1200 km from the coast. r'jnal stage

larvae return to settle along the coast, the peak of settlement occurring

during the following spring and. early surnmer (SepterLrber through l-recember)

(Chittleborough and Phillips, L975) .

During the 9 to 1l months of oceanic planktonic life, the l-arvae are

subject to very high mortality. An index of larvae mortality may be

obtained by comparing the density of newly hatched larvae on the shelf

during summer with the density of finat stage l-arvae returning across the
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shelf in the spring" The rnean density of stage I phyllosoma from 44

stations on the shelf nearLhe centre of the rangie during summer ltcìs;

approxirnately 1-43r000 per ha of sea surface (Rinuuer, unpubh-shec1 clai:a).

The mean density of puerulus larvae in the saJne ârea of the shel.f during

the sp::ing vüas approximately 60 per ha (Phillips, Rimmer ancl Reid, Lg76) "

Recognising that thcse are rather crude estimates owing to the patchiness

of newly hatched larvae and the assumption that first ancl fina-l- st-age

larvae are equally vulnerable to the sarnpling geerr, these dab.a índícate

that total nortality of larvae may be over 99.9 per cent. High larval

mortality is expected in highly fecund species, but actual measurements

are sparse ín the literature.

Little is known of the causes of mortality in west-ern roclc lobster

larvae. Shortages of planktonic food may restrict both growtJr and survival,

tJ:e oceanic waters off the western coast of Australia having very low

productivity. Surface waters in this region are cleficient in dissolved.

nutrients (K-i-rkwood, 1967, Rochford 1962, A967, ig6g) and also very low in

zooplanlcton (Tranter, 1962). Tranter compares this area with the Sargasso

Sea as extreme exampJ-es of o'l igotropiric water wtrere both primary production

and stand.ing crop of zooplankton are at their lowest. In such a s.ituation

predation of rock lobster larvae may be severe but observations are very

few (see Chittleborough and Ttromas, i969). ?ühile starvation and predation

c'culd both cause density - dependent mortality of rock lobster larvae,

fluctuations from year to year in survival of larvae have not been related

to initial densi-ty or to variation in productirzity of surface waters.

A major souï'ce of larval losses may be the variabi.Lity c,f v¡ater

círculation in this region causing, fluctuations in the nuid¡ers returned

close enough Lo the continental- shelf for successful settlement. This part



-.6-

of larvae mortality would be independent of larval densiLy. Aclvel:se

currents may cause the greatest losses of these widely ranginq but poorly

mobile larvae.

JUVENILE PHASE

After the puerulus larvae have returned across the shelf to settle

along the coast, juveniles spend the next 4 to 5 years gathered on shallow

"nursery" r:eefs. Ðuring this phase the juveniles are not exposed to much

commercial fishing pressure, being below the legal minir,rum lcngch (carapace

76 nm). In earlier years there h¡as some traffíc in undersize roct lobsters

but with more rigid inspection and the introducti,:n of escape gaps in pots

(Bowen, 797L), pre-recruits are generally weli protected.

Rather more detailed information is available upon densíty, growth

and survÍval of juveniles (Chittteborough 7970, I976b¡ Chittleborough and

PhiIIÍps, 1975) than for the other phases of the life cyc1e. Both growth

and natural mortality of juveniles are density-dependent. On the more

crowded nursery reefs it would appear that food and shel.ter are l¡oth

Iimiting factors. As a result, year classes sti:ong at the time r-rf larval

settLement are exposed to higher mortality rates and tend to spenC longer

on nursery reefs (due to retarded growth) so thar recruitment to tne fishery

is much the same as that resulting from a more mod.est settlement of

puerulus larvae. Only a particularly weak year class ca.. be traced through

from the time of larval settlement tå recruitment into the fish,ery

(Chittleborough and Phillips, 1975) .

Although direct measurements of the avai-',abili {:12 r>:t fccd. llave not

yet been made, the productivity of nursery reefs may well be very l.inited in

thís region where input of nutrients from oceanic waters is particularly low
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and run-off from 'che lancl is also low. If western rock Lobsl-ers are near

the top of the foocl rveb of the reef community, the gain in weight of the

juveniles in a year can be taken as an index of b.he producti.vj"ty of these

nursery reefs. Some preliminary calculations have been made, assuming

that the study reef is a closed system for the whol.e of the year (no

mj-gration) and that the mean natural mortality ra'Ee measured from January

to August applies for the whole year to each of the age groups withín the

population,

In the Garden Isl.and test area (32o10'S) where the density of

juvenile rock lobsters is relatively low (Table 1) the biomass (standing

crop) was simiLar to that found by Allen (1951) in the Horokiwi Stream in

New Zealand. Ho\,{eveï, production (year's weight increase) on the rock

Iobster reef was very much lower than that recorded by Allen for the trout

.and was even less than the 1ow production of North America¡r lakes (Mann

1965). The very low ratio of proCuction to stanCi-ng crop may indicate

that the reef community at Garden IsLand \^¡as energy limited.

In the test area at Seven MrLe Beach (2goOB'S) where the density

of young rock lobsters is very high, a more severe situation exists. The

initial biomass \^¡as veqf high but production was negative, i.e. there

appeared to be a considerable loss in biomass during the year. Tagging

has shown that this loss was not due to dispersion. One can only conclude

that these reefs were heavily overstocked so that the total energy

required for metabolic activity was in excess of the eneïgy available

through the food chain. The rock lobster population might then have

drawn upon itself (í.e. cannibalism) to make up part of the defíciency,

resultinq in a decline in biomass.

Though sLeps need to be taken to refine these crude .rssessments

they do indicate that productivity of the coastal reefs is l.ov¡ and that

Table I
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settlement of :loclc lobster larvae may well exceed the car::ying ca1:acity

(ir¡ 't-erms of energy production) of these reefs.

An indication of the relative success of recruitment of ju.veniles

to the fishable stock can be obtai.ned from 'Ehe success of the "white"

fishery at the beginning of each season. From the opening of the season

on November 15, the fishing of the next six weeks is concentrated just off

the shallow coastal reefs to catch the newly moulted "whì-te" phase

adolescent-s which are then moving offshore (George 1958) . Chittle^horo';glr

and Phillips (1975) estimated that from one half tc two third.s; <.rf ttre

rock lobsters tal<en at this time have just lef t the shal-tov.r nursery reefs.

Figure 1 shows that the total fishing eff,¡rt expend.ed j-n the coastal

"white" fishery (November and. December) has been relatively constant, since

1961. Then fluctuations in total catch at this tirne during the past 15

years may reflect variations in annual recruitmeut. One timitation here

is that while occasional catches from deep water (over 80 m) have beel¡

deleted from the records since 1968, it has not been possíble to do this

for earlier "white" seasons. Thus the totat catch for coastal "whi-te"

seasons prior to 1968 might be over-estimated by as much as 20 per cent.

Another factor possibly affecting the level of catches shown in Figure I

could be fluctuations in catchability due to difr-erences in water

temperature (Morgan 1974) .

Though there are these limitations in usinq the Lctai catch in the

"white" season as an index of recrui'trnent, the catch data in !'iq¡.re 1

indicate that the range of variability in recruitment for this population

is not particularly high in comparison with other marine pcpulations, being

within the range of less than an order of magnitude. This range B"as cited

by cushing (1974) as tlpical for demersal fish populations having high

,

1
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fecundity, relatively s;low growth rate, and liigh indices of density

de,r.rendence.

ÐTSCUSSÏON

The west-ern rock l-r:bster population sh.ovrs a good deal of flexíbility

in responding to changes in enviro¡rmental pressì.ir?s (either natural or:

man-made). But because each phase of the life cycte is stressecl separately,

a favourabl.e response within one phase is not necessarily to the l¡enefit of

Lhe populat-ion as a whole. For e:rample, a thinnj.ng out of the aduli: stock

(by heavy exploitation) leads to an increase in mean fecundity but this has

no impact upon the eventual recruitment to the fishable stock while

settlement of larvae upon the nursery reefs continues to be in excess of

the carrying capacity of these reefs.

Least is k-nown of the environmental pressures operating upon the

oceanic larval phase, but for managernent purposes this is of less importance

since the greater parL of larval mortality may be indepenclent <>f d-ensity and

al-so may be little affected (at present) b)' man-rnade pressr.rres.

In the centre of bhe coastal range, larval settlernent continues to

be in excess of the carrying capacitv of the nursery reefs, density dependent

effects on mortal-ity and growth rate ma:-ntaining relatively stable

recruitment to the fishery. Nearer the periphery of the coa.stal distribution,

low points in fluctuations of larval settlement are more like1y to result in

depressed recruitment, the peaks in settlement again being renoved during the

four to five years spent on nursery reefs by the juveniles. The density-

dependent mortality of juveniles represents a \^/as;tage of pre-recruits which

raises prospects for some form of. intervention as discussed by Chittleborough

(1970) and Chittleborough and Philtips (L975).
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Though recr:ui.tment continu.es to be adequaLe ah pl:ç-sentr .t]:.e inosL,

vulnerable point in t-he trranagement of tiris heaviJ.y expl,oitetl. pt)pr:l-al:i,cn i.s

the adult st-ock. Tt is not known whether the size of the }:reedi..ng sLoclc

continues to decline, and if so, ri: what level there v¡itl be an inr¡¡airment

of recruitment to the fishery.

Vüith low productivity on coastal reefs being the rn¿{jor 1.:i.rnit"ing

factor responsible for regulating L:he population and maintaining r:elatively

steady recruitment, the westcrn rocl< lobster conforms v¡ell t-o the

generalisation by Chekunova (1972.) that- rneml¡ers of t]ne Palinurídae are

rnainly confined to well balanced communities in hydrolog-ically stable

waters without upwellíng and. associated fluctuations in produci-ivi.ty.

They usually occupy complex trophic slzstems. Sucir biocenoses are

characterised by a moderate oï l-ow productivity.

Tn such a community the western rock lobster population maintains

maximum use of food ::esources by saturation settlement of fina.t- ctage

larvae throughout a considerabfe portion of its coastal range.
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ÎABLB 1

ESTTM/\TBS OF BTOMASS OÏ' VIESTBRN ROCK LOBSTER-g ON NURSTTPJ R¡:EF$ AND

PRODUCTION (GROVITH VS. MORTALITY) TN ONE YEAR

A. GARDEN TSLAND 1974

2t-

3+

4+

5+

Age
Group
yrs.

B. SEVEN MILE BEACH 1974

TOTAL

JANUARY

Biomass
kg,/ha

Density
no-/lna,

Mean
wt.
gn

DECEMBER

Survival
wt
sm

Mean
Biomass
kg/ha

Density
no./lna.

1200

505

ls5

2264 302.9

404 45 .3 18. 3

1.09.8 131.8

196.6 99 . 3

345. O 53.5

.678 274 109.8 30.1

.678 813 196.6 159.8

.678 105 465.2 48.8

.678 342

1534 34L.2

299 .7 102.5

Net
prodn.
kg/h.a/yr

+38.3

2+

3+

4+

5+

IOTAL

3400 L6I.2 548.1

ro775

9700

21775 220L.3

900

40.r 432.L

97 .5 945.8

305.9 275.3

.464 1580 236.5 373.7

.464 420

11500 1755 .5

.464 5000 97.5 487.5

.464 4500 16I.2 725.4

402.2 168.9

-445.8
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SOUTEERN RIGET \ryEALE IN ÀUSTRALIAN WATERS

The importance of the Eouthern right whale (BøIøena austrøLi's Desmoulins) in the early

settlemeni of Australia is not generally recognised. The pursuit of this whale brought many

of the first non-convict settlãrs to Ausüralian (especially Tasmanian) thores. In faot a

whaler carried the first settlers to Tasmania in 1803, a,nd for the next forty years this new

colony was mainly engaged in the pursuit of the southern right, whale, as reviewed by

Dakin (wner,EMEN aDvENTuRERs' 1934).

This species was once abundant along the Bouthern coast of Australia and around New

zealatdbetween May and october, the lemales entering sheltered bays to calve and nurse

their young (Dieffenbach, TRÀYEI,S IN NEv' zxiAI,.{ND' I, 1843; Pearßon, Pap' and Proc'

Rov. Èoc. iasmania, 1$5; 166-167, 1936). At this phase they were relatively easily killed'

;;';¿tj-r"ã-r"þpeá of blubbe" rod bul"uo. Thus "bay whaling" commenced in Tasmania

""ã ""priv 
exteïded along the southern coast of Àustralia and to New Z'ealøo'd, reaching

rìuuËruo"t 1840. Dakin iecords that in 1841 there were 35 bay whaling stations in Tas-

mania alone. As well as the bay whaling stations, many whaling ships ranged aloug the

southern coast of Australia taking southern right whales and sperm whales' It is said that

in 1841 there were nearly 300 american and French whalers along the southern coast of

Àustralia.- 
in" practice of indiscriminately killing the calves as well as females about to calve,

was critcised as early as 1832 by ¡iay (see Dakin) and in 1839 by,Dieffenbach (1843), both

*arning that the uo,rihuro right whalo would soon be exterminated in this way' This theory

*6 q"i.tly veriûed as bay ihaling began to decline from 1840, and by 1843 southern right

whatås were becoming ,.u-r"" in this area. The pursuit of this species goon cessed and the

sperm whale waË hunted more intensively'
^ Th" du*uge thus done to this stock oi gouthern right whales was 8o severe that in the

present centriry (in spite of full protection) individuals of this speoies have been rarely
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sighted along the Australian coast: in fact f can ûnd no such published records. Wood
Jones (rnn rrÀMMAr,s oF sourr{ ÀusrnÀtrÀ III, 1925) noted that in the previous fifty years
no specimens had been stranded or captured along this coast.

IIowever, on August 2,1955, a pair of southern right whales were sighted in Frenchman's
Bay, close to Albany, Western Australia. Due to the co-operation of the manager of the
Cheynes Beach Whalilg Company (which operates a whaling station at Frenchman's
Bay), f was able to observe these whales at close quarters from a launch.

This pair consisted of a female approximately 55 feet, a,nd a cå,lf 18 to 20 feet, in length.
Both appeared to be healthy. They spent the greater part of the day in shallow water
(2-3 fathoms) close to shore. When approached they were lying quietly at the surface, then
moved leisurely (at about 2 knots) along the shallows, making no effort to reach deeper
water. On three occasions the 36 foot launch scraped over the female's back, but apart
from a temporary increase in speed, this did not appear to unduly disturb these whales.

The calf kept very close to the cow, which turned the calf by physical contact: úhis some-
times resulted in the calf sliding over the cow's back, almost clear of the water. The callosity
upon the snout, known as the 'bonnet'was well developed in the calf as well as in the cow.

While following these whales, the intervals between successive blows were recorded for
the adult. The first set of intervals ì 'ere 35, 120,63, 42,28, L2B, 50, 4 ,2,0 seconds, and in a
further series of blows the intervals v¡ere 120, 75, 180, 40, 50 and 20 seconds. There appeared
to be a fairly regular periodicity in the blows; one after an interval of two minutes or more
was followed by briefer soundings of down to 20 seconds, followed by another longer sound-
ing of two to three minutes. After a brief sounding the blow was not very distinct, but
after ¿ longer sounding the blow had the characteristic Y-shaped appearence ûgured by
Matthews (DiscoveryRepts., 17:169-182, 1938).Thecalf tendedtoblowmorefrequently
thanthecow,butsometimessounded for up to two minutes.

In view of the apparent rarity of the southern right whale in spite of long protection, it is
hoped that any further sighúings will be fully recorded.-R. G. Cnrrrlnnonoucu,
C.S.I.R.O., Division of Fisheries, 7o Uwíaørsitg of W.A., Nedlønils, Western Australiø.
Receiued Nouember 'l , 196õ.
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Balaenoptera Brydei Olsen on the West Coast
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R. G, Chittleborough
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c. s.L R o.,

In October 1958 three whales, tentatively class-
ed by gunners as sei whales, Bøløenoptera borealis
Lesson, were taken off Shark Bay, Western Aus-
tralia. From the general description of their ex-
ternal appearance and limited biometrical data ob-
tained, these whales could have been either sei
whales or Bryde's whales, Balaenoptera brgdei
Olsen.

However, photographs (Ptate 1) showed fea-
tures typical of Bryde's whales. On the ventral sur-
lace a grey band extended <<across the belty in front
of the umbilicus> as described by Olsen (1913) for
Bryde's whales. Anterior baleen plates (Plate 1)
were white and the remainder were greyish black.
Mr. K. Godfrey, who examined these whales, noted
that the bristles of baleen rrvere coarse and grey in
colour. Examination of samples of baleen collected
(Plate 2) showed them to be typical of the Bryde's
whale as illustrated by Olsen and aiso by Omura,
Nishimotu and Fujino (1952) for what must be re-
garded as the Bryde's whale taken off the Bonin
Islands.

Details of the three whales taken on the west
coast of Australia are given in Table L. One of the
females was sexually mature and the male must
also be regarded as mature since Omura (1950)
showed that in the Bonin Island area males having
a testis weight of over 1 kg. were mature. However,
both mature individuals were far smaller than
mature specimens recorded by Omura or by Olsen
from the Bonin Islands and the South African coast
respectively. r

Another difference found in the specimens
taken on the west coast of Austraiia rtras that the

baleen plates were considerably shorter than those
found by Olsen in Bryde's whales from the South
African coast. This might merely be related to the
smaller overall size of the Australian individuals,
but there is also a marked difference in the ratio
baleen width to baleen length. Olsen found a mean
of. 45 per cent. for this value (four individuals)
whereas in the three Australian specimens the mean
was 73 per cent., similar to the values obtained for
the baieen of fin and blue whales (Mackintosh and
Wheeler 1929).

AII three whales were feeding when kilted, the
stomachs containing iarge quantities of the an-
chovy Engraulis øustralis Shaw, the majority of
which were less than 5 cm. in length, a few reaching
I cm. In addition there were several partially di
gested fish, approximately 10 cm. long which may
have be,en young mackerel.

Olsen suggests that as this species is not de-
pendent on small crustacea for food, it does not mi-
grate. His records show that at least some few Bry-
de's whales can be found on the South African coast
at all times of the year, but there is some indication
that larger numbers are present in that region
during autumn and winter.

The ear plugs of the three specimens from the
Australian coast contained laminations similar to
(but smaller than) those present in the ear piugs of
the larger species of baleen whales. If the lamina-
tions arê directly related to the seasonal migrations
of the larger whales, this might be indirect evidence
that Bryde's whales also undergo seasonal migra-
tions. On the other hand, if the laminations in the
larger whales are the result of fluctuations of food



supply, the presence of similar laminations in Bry-
de's whales might be taken to indicate seasonal

variations in availability of suitable food (small

fish) in the area frequented by a non-migratory
species of whale.

The traces obtained from samples of baleen
plates collected from these whales show relatively

Plate L

Plate 1.. Bryde's whales taken'off the west coast of Australia

abrupt increases in thickness along the plates, but
the material is too limited to enable proper inter-
pretation of these.

This species has been recorded previously only
from the coasts of Africa and the Bonin Islands,
atthough recently Harrison and Jamuh (1958) men-
tioned that specimens had been stranded on the

2



Pla.te IL

Plate 2. Baleen from Bryde's whales. Left: No. 14. Right: No. 2A

Table 7.

Brgde's Whales taken on the West Coast of Australia.

1A 3A2A

Date killed
Position
Sex
Length
Ovaries:-

Diameter largest follicle
Number corpora albicantia

Testis weights
Ear plugs:-

Length of core (mid line)
Laminations

Baleen: longest plates
Length to gum line
(excluding bristles)
\Midth at base
\Midth/tength

External parasites

10.i 0.58
24035',s.112'58'E
Female
34 ft. I in.

13.5 mm.
7-9, poorly defined

21.5 cm.

15 cm.
69.8 %
none present

10.10.58
25'03's.112'55'E.
FemaIe
38 ft. 6 in.

12 mm.
11

14.5 mm.
21, most sharply de-
fined, but poor at base

21.5 cm.

16 cm.
74.4 %
none present

12.10.58
24"35'S. 112'58'E.
Male
36 ft. 10 in.

2.7, 2.6 kg"

14.0 mm.
15, fairly well defined

23.5 cm

17.5 cm.
74.5 %
none present

4
0

mm,

3



coast of Borneo. The capture of Bryde's whales in
Australian waters extends the known distribution
of the species. It has been suggested (Ruud 1952)

that Bryde's whales occur in the warmer regions
of all oceans.
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INTRODUCTION

A fishery upon P. ormahts has developed in Torres Strait since
1^?6,9. Although relatively snall in conpärison with major rock lobsterfisheries elsewhere, the catches represent an important source of inco¡neto the islanders of this region. Sone concern hàs been felt that reefs
nay be overfished if the rock lobster fishery continues to expand. For
these leasons, the Departnent of Aboriginal Affaits asked the Divisionof Fisheries and Oceanography, csrRO, ior advice on the resource andits nanagement.

As it has not been possible to nount a large-scale survey, thefollowing should be regarded as an assessnent of the probl"r,'*ith
suggestions for iumrediate management and also for uselul lines offurther study of this resource.

THE TROPICAL ROCK LOBSTER PANULTRUS ORNATUS (FABR.)

AS A RESOURCE IN TORRES STRAIT

by R.G. Chittleborough

T}IE FISHERY

During the past three years, the annual production of rock lobstertails from Torres strait has been in the *nge of 1s0,000 - 200,000 lb.This represents approxinately 395,000 -t25f,óoo tb live weight óf catch.Practically the entire catch is p. ontatus'. sone Lo-t2 vesãels (g2-ssft il length) equipped with freezers are engaged in rock lobster fishing.
Ttre larger of these are converted pearLing l,rgg"tr. Several dinghies
operate fron each vessel, rock lobsters being-iaken from coral outcrops
by shallow diving (mainly 1-3 rn) and spearing. Tails are removed andthe rock Lobster heads left around the reef. When dinghies return tothe vessel, each manrs catch is counted and weighed, tñe tails are
washed, the digestive tract renoved and the taiis piaced in plastic
bags and frozen.

It{ost of the catch is returned to Thursday Island where there arethree processing and,freezíng plants. The current price paid by pro-
cessors is $1-30,to $1-40 per tb of tails. The Queènslanä nepartrnentof Aboríginal and rsland Affairs has nrled that a mininun or $o-zs per
1b be paid to those enpLoyed in diving. processors have imposed anininr:m tail weight of 4 oz.
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Less is known of the segment of the fishery which is based at Daru.
It is understood that one of the three processors there exported
4t,L6g lb of P. ornatus tails in the ten months fron July 1970 to April
Lgit. The three rock lobster operators based at Daru enploy an unknown

number of divers and canoes which spread over some of the same reefs
fished by those fron Thursday Island.

TT{E RESOURCE

P. owratus favours noderately turbid water (Pyne 1970) and is
practically the only species of rock lobster on the shall"ow reefs of
îott"r Strait. Furthei to the east of Torres Strait and Cape York, as

the clearer watets of the Barrier Reef are approached, P. ormatus ís
replaced by P. ÐersieoLo.n and an occasionaL P. Longipes femorí'striga'

Because P. ormatus does not enter baited traps, nethods applied
in assessing western rock lobster resources, e.9. the catch per pot-
night as an index of abundance (Bowen and Chittleborough 1966)., or nark-
reðapture estinates of population density (Chittleborough 1970) cannot
be aiplied directly to thê rock lobster population of Torres Strait'
Sone i,""rrr"" of fishing effort (however crude) is required in order to
check whether there have been any trends in the catch per unit effort
during the brief history of this fishery.

Upon exanining records kept of the operations of several' fishing
vessel-s, it was poisible to determine the weight of rock lobster tails
taken per man p"" a.yts fishing during successive cruises (Tables 1-3)'
this aifords an index of abundance of rock lobsters on the shallow reefs,
bearing in rnind that the crew on a vessel nay change in tiure (varying
skill) and that weather conditions have considerabLe influence on the
effectiveness of the fishing effort.

Although the catch rates shown in Tables 1-3 are highly variable,
there is a general pattern of higher catches per man per day fron April
or May throùgh to Sãptenber and lower values fron October to March. For
vessel rryrr, thê peak catch rates were lower in the nost recent season,
rnainl.y due to tupltc"tunt of part of the crew with less experienced
divers, and perhãps also to nore fishing on the eastern side of Cape

York than in the centre of Torres Strait.

Both vessels t'Ert and rrYrr obtained highest catch rates during the
¡tost recent season, having located good concentrations of rock lobsters
on reefs near Mobiag Island, an area fished consistently in previous
years without spectácuIar results. An experienced rock lobster fisher-
r* .orr"nted that the reefs near Mobiag Island afford plenty of cover
but in previous years held onLy noderate numbers of rock lobsters, most

of which *"t" tui"tively snall, Iet this season the sizes have inproved
as wel.l as the nt¡mbers.
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TABLE 1

CATCHES OF P. ORNATUS BY VESSEL Iftr{'' IN RECENT YEARS

(Trips of approx. 2 weeks cycling round Mobiag, Warrior Reef, East Coast of
Cape York in turn. Mainly east coast during past 12 months.)

Date
(returned)

No.
of

dinghies

Total catch Mean wt tails
taken per nan

per day*

Mean tail
wt (1b) per
rock lobster

No.
of
nen Nr¡mber TaiL wt

(lb)

Apr. 30, 1971
May 25, t97l
Jvne 22, t97L
JuLy 23, t97L
Aug. 11, l97L
Aug. 25, L97l
Sept. 20, 1971
oct. 1-10, 1971
Oct. 20-Nov. 2, L97t
Dec. 10, 1971
Dec. 16, 1971 )
Jan. 20, 1972 )
Feb. 11, 1972
t'lat. L0, 1972
Ãpt, 12, 7972
Apr, 28, L972
May 25, t972
Jvne 26, L972
July 24, :1972

Aug. 18, 1972
Sept. 15, 1972
Sept. 30-0ct.. 7, t972
Nov.10,1972
Dec, 19, L972
Jan, 29, t973
Feb. 28, t973
Apr. 11, t973
l"lay 4, t973
May 19, 1973
June 13, 1973

10
9
8
9
9

11
12
11
10
9

10

2520
3452
26s8
3870
3881
2113
3159
722A
1360
1907

5

5
4
5

5

6
6
6
5
5

5

5
5

5

5
5
4
4
4
4
4
5
4

10
10
10
10
10
8
7

7
8
8
9
8
7
5

6+
5**
4
5

3517
4168
3328
4713

.7t7

.828

.799

.821

2648
3709
1668
1854
2254

.798

.852

.73t

.734

.846

2L.0
32.0
27 .7
35 .8
35 .9
16 .0
27 .9
13.9
11.3
17 .7

17.7

19 .6
t7 .7
6.7

72.8
21.2
24.2
21.6
'ro ')

32.7
1s.0
10.3
8.8

14 .0
11 .9
t3.2
22,t
19.6
10.3

2071 1632

3001

t734

2352
2t29

800
1536
2s44
2325
1818
2450
3743
7t8

11 1ó
843

1 160
7L3
952

t324
942
619

.8t2

.784

886

3
2

3

2t4L
1914
22lS

655
874

1439

.849
1 .280
1 .419
1 .131
t,277

.586

964
1239
1010
709

.988
1 .069

.933

.873

* Assnning L2 days fishing each trip unless otherwise recorded

Two nen and four boys on this trip

Three nen and two boys

+

++
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TABLE 2

CATCHES OF P. ORNATUS IN TORP.ES ST. BY VESSET IIEII IN RECENT YEARS

Period Days
worked

No. Catch
of tail wt
men (1b)

Mean wt
tails per nan

per day

Mar. 21-25, 1969
Oct. L9-28, L977
Nov. 1-20, L97L
Nov. 26-Dec. 13, L97t
Jan. 30-Feb. 16, L972
Mar. 25-Lpt. 7, 1972
Apr. 2L-l'/ray 9, 1972
May l7-June 1, t972
June 7-19, t972
June 24-Ju1. 7, t972
JuLy tt-23, L972
Aug. 16-20, L972
Aug. 23-Sept. 6, 1972
Sept. 13-Oct. 1, L972
Oct. 8-25, L972
Nov. 1-15, L972
Nov. 19-Dec. 9, t972
Dec. t3-2t, 7972
Feb. 20-Mar. 2, L973
Mar. 7-20, 1973
Mar. 24-Apr. 4, L973
Apr. 8-20, L973
Apr. 26-May 4, 1973
May 9-20, 1973
May 24-3L, 1973
June 9-15, L973

3
8

18
16
16
L2
L7
L4
11
t2
11

3
t3
L7
16
13
19

7
9

L2
10
11

7
10

6
5

293
470
941
973
705
991

101 1
L378
1094
1395
1553
s10
810
777

1160
787
865
43L
494

1066
1501
t363
1078
t394
L387
1562

(?)7
5
3
4
2
4
5
7
ó
6
7
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

11
L7
15
22

0
8
4
2
0
4
9
1

6
3
6
3
4
6
2

1

6
3
2

8
7
7

7

2
5
1

T4

26
11
14
16
19
L7
28
10

7

L2
10

7
10

9
L4
2t
20
2S
23
38
52
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TABTE 3

CATCHES OF P. MËIUS IN TORRES ST. BY VESSEL '\¡I' IN RECENT YEARS

Period Days
worked

No. Catch
of tail wt
nen (1b)

Mean wt
tails per ¡nan

per day

Mar. 21-26, L969
Jvne 7-22, L972
Jrme 26-JuL. 9, t972
Jul.. L2-3t, t972
Aug. 2-8, L972
Aug. L5-27, 1972
Aug. 30-Sept. L4, 1972
Sept. L6-2t, 1972
0ct. 24-Nov. 8, 1972

-Dec. 20, L972
Feb. 10-16, L973
Feb. Zl-Mar. 4, L973
Mar. 8-18, 1973
Mar" 24-Ãpr. 1, 1973
Apr. 8-16, L973
Apr. 21--Þlay 2, L973
trday 5-14, L973
May 19-30 , L973
Jtme 5-10, 1973

9
0
9
7
6
7
I
8
9
8
7
9
9
0
8
I
9
8
3

L

1

1

4
L4
L2
18

5
11
L4

4
t4

?

5
10

9
7

7
10

8
10

6

442
L671
1700
1698
390
893
623
11ó
916

82
450

1563
1563
L737
1559
L237
202s
2472
22L2

L2.3
11 .9
L5.7
13 .5
13.0
11 .6
5.6
3.6
7.3

?

L2.8
17 .4
19.3
24.8
27 .S
15.s
28.L
30.9
28.4
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One fishing vessel (Table 1) recorded the total nunber of rock
lobsters taken as weLl as the total weight of tails so the nean tail
weight per animal gi-ves an index of the avelage síze of rock lobster
for each trip. The increase in mean weight for nost of the catches in
the last year may be due in part to this boat operating nore often on

the eastern side of Cape York.

The seasonal cycle in abundance on the reefs in Torres Strait is
the opposite of that recorded by Pyne (1970) for Yule Island where
P. orlatus is taken during the N.W. monsoon season (Novenber-April).
This nay reflect different nethods of fishing in the two areas rather
than differences in behaviour patterns of the rock lobsters.

With the ain of comparing the relative abundance and size compos-
ition of rock lobster populations on reefs having different histories
of exploitation, the fishing vessel Manahíki was chartered for two weeks

in Seltenber, L973. The nain reefs chosen were Dr:ngeness Reef which has

been well fished for at least five years, and lrtapa Reef which has had

less fishing because of high turbidity and strong tidal flow. T}e five
fisherrnen were encouraged to operate in their usual way excePt that rock
lobsters were brought intact to the Marnhiki where the CSIRO observer
(H. Kirknan) neasured and exanined each before processing took place.
The total tine each dinghy h¡as away fishing was recorded, giving a much

more precise neasure of fishing effort than available previously.

Table 4 shows the catch per unit effort each day, both as the
nunber of rock lobsters taken per nan hour and also as tail weight per
man hour. Although the data are insufficient for adequate statistical
comparison, catch rates on the less fished reef (Wapa Reef) were sinilar
to those on nore regularly fished reefs (Dungeness and Warrior Reefs) -

Fluctuations in turbidity and tidal strea¡n fron day to day and fron one

reef to another made it irnpossible to compare the relative abundance of
rock lobsters on the different reefs. It should be noted that another
vessel fron Thursday Island and four canoes fron Daru were fishing Wapa

Reef at that time.

While variability in skills of individual divers is not inportant
when conparing catch rates of the whole group noving from one reef to
another, the iormer is inportant when comparing operations of different
boats or long terrn changes in catch rate on one boat. Table 48 shows

that two of the fishermen on \uianøhiki had nuch greater ski1l and ex-
perience than the other three.

T-he sex ratio of catches taken in Septenber 7973 consistently
favoured males (Table 4), si¡nilar to that recorded by V. l{ells in the
same area in Decenber 1959 (33 per cent femates). The nean tail weight
per rock lobster did not vary significantly frorn one reef to another and

was si¡nilar to that of catches in the sa¡ne area nore than two years
earlier (conpare Tables 4 and 1). This indicates that there has not
been a decline in size conposition as a result of fishing operations.



TABLE 4A

SUMMARY OF CATCH AND EFFORT BY MANAHIKT OPERATING ON

P. ARNATUS IN TORRES ST. DURING SEPTEMBER 1973

Effort Catch Catch per unit effort

Sept. 9
10

1L

L2

Sept. 13
L4

Sept. 15

16

L7

18

Reef

Dungeness R.
Dungeness R.

il

Dungeness R.
il

Dungeness R.
il

I{larrior R.
il

Date
No.
men*

Total
hrs +

2Lu
23r4
2L
20
16-3/ 4
19
L4

3lÞ+
7,

32Þ¿

20
15
7,

20
10
rL-s/ 4
25

No.

2L9
116
140
7L7
150

76
115

198
80

266

4T
62
46

151
93
20

L47
20t7

Tail
wt

(lb)
L54

85
104

97
97
62
91

L64
55

2t0

31,

49
32

119
72
76

111
1549

No. per
man hour

Tail wt per
man hour

Mean
tai 1

wt
(lb)

.703

.733

.74

.82

.74

.81

.79

.7s6 )

.790 )

.696

.788

.774

.800

.75s

.768

4L.T
32.2
38 .5

34.8
39.2
38 .0

32.1

32.t

43.6

39 .6

35 .6

o
+

%

p.n.
a.m.
p.n.
a.n.
p.m.
a.m.
p.rn.

a.n.
p.n.
a.m.
p.m.
a.m.
p.m.

5
5
5
5
5

5
5

2.7
4.1
6.1
7.6
9.3
1.7
5.9

5
5
5
5

5
5
5

7.2
3.6
5.0
4.9
5.8
3.3
6.5

L0.2
4.9
6.7
5.9
7.8
4.0
8.2

3
e)
6)
6)
1)

)
)

828
688
789

5.3
7.3
6.5

a.m.
p.rn.

Wapa R.
l4rapa R.

5
5
5

6.3
L0.7
8.2

3m N. Makai
Warrior R. (S)
Warrior Is.
Lh S. Dungeness fs.
Dungeness R.

t.6
3.3
4.3
6.0
7.2
L.4
4.4 26.L

* Not including CSIRO observer + Includes travel to and from Manahi.ki

\¡
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TABLE 48

$AAv1çy OF THE 10 DAYS FISHING BY INDMDUALS ON IIANAEIKI' SEPT. 1973

No. rock lobsters per hr Total tail wt per day

Fisherma¡r Range Meanr Range Mean

A

S

M

H

B
+

6.6 - 16.0

2.6 - 25.1

2.0 - 5.8

L.6 - 4.0

1.6 - 6.1

11 .4

L0.7

3.7

3.0

3.5

27-7L

13-93

9-31

8-37

5-36

53. s

48.5

16. 1

t4.7

16.8

+ Including sone taken by CSIR0 observer.



<62
63
64
65
66
67
68
69
70
77
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
702
103
104
105
106
107
108
109
110
111
7r2
113
114
115
116
tt7
118
119
120
121
722
t23
t24
125
726
127
128
129
130
131
132
t33
134
135
136
737
158+

TABLE 5

SIZE COMPOSITION OF P. ORNA?US TAKEN FROM TORRES ST

REEFS IN SEPTEMBER 7973 (MANAETKI)

Dungeness R. Dugeness R.* Wapa R. Warrior R.

ca¡apace et al'
lensth(m) ù> g p g d g d ?

463 237 113 40 320 223 242Total

* Spec:al day of non-selective fishing

746

9
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The size composition of catches taken fron various reefs during
Septernber 1973 (Table 5) show that nales glow to a larger size than
felnales. In both sexes, the size conposition tended to be binodal for
each reef, indicating that at least tttlo age groups were being fished.
In each sex, each nodal size tended to be higher for rock lobsters fron
Wapa Reef than fron Dungeness Reef, probably reflecting better growth
rate on Wapa Reef. There was no evidence to support a hypothesis that
heavier fishing on one reef had reduced the proportion of larger (older)
individuals.

Deeper holes (6-10 n) towards the eastern side of some reefs apPear
to hold sone large rock lobsters but are less accessible because of
exposure to prevailing winds and tidal curtents.

0n the last day of fishing (Septernber 18), the fisherrnen were
instructed to take every rock lobster regardless of size (some select-
ivity is generally applied as the processors do not want tails of less
than 4 oz). However, despite sone attenpt to locate srnall rock lobsters'
the si-ze conposition of the catch on that day (Table 5) was virtually
the same as than previously taken on the sarne reef. Ttre few snall
individuals seen were too snall for the spears being used. The paucity
of very sma1l rock lobsters could indicate widely fluctuating year
classes or that young juvenil.es occupy a different habitat. Pyne (1970)
observed that in Papua, snall juveniles of P. ornatus usually occuPy
very turbid inshore waters of less than one metre depth. Two fishernen
reported that they have seen groups of post-larvae in shallow water on
Tomes Strait reefs in January and February.

None of the fenale rock lobsters exa¡nined during Septenber 1973
carried eggs or sper¡n masses and the ovaries were pale and undeveloped
Fishermen report that egg bearing P. ornahta are very rarely seen on
reefs in Torres Strait. Frozen tails of fenale rock lobsters exanined
by the author at Thursday Island in June had setose endopodites on the
pleopods but as whole specimens were not available, it could not be
deternined whether these setae carried the previous crop of eggs or
were in preparation for the next spawning.

One fisherman reported that in August and Septenber, the larger
fenales taken on the shallow reefs have large orange coloured ovaries
but that these rock lobsters disappear in October and Novenber at the
sane tine that adults move out to deeper water seasonally for breeding.
Seasonal breeding wouLd be consistent with the observation of a fresh
crop of post-larvae appearing at the beginning of each year.

CONCLUSIONS

The very linited data available on the rock lobster resources of
Torres Strait do not indicate that the larger reefs which have been
fished commercially for several years are overfished. However, fishing
intensity is already quite high. Recent catches of over 800 1b (live
weight) per day by sone vessels are quite conparable with vessels
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oPerating in the westem rock lobster fishery. There is no nanagenent
plan for the Torres strait fishery and insufficient is known of the
resource to suggest a sustainable yield. But the fishery is of suffic-
ient local irnportance to r.tarrant, interin ¡nanagenent measures while
carrying out further studies.

The greatest in¡rediate probl.en for those operating fishing vessels
is to find sufficient local nen willing and skilled at diving for rock
lobsters. This deficiency acts as the only linitation at pÌesent on
the overall effective fishing effort, preventing over-exploitation of
the resource. This situation couLd change if more boats and fisherrnen
nove in fron the south and west (as has begun to occur during lgTs).

RECOMMENDATIONS

Interin ¡nanagenent measures

(a) That vessels fishing for rock lobsters be licensed as such
(excepting dinghies at or under 14 ft length). These vessels to be
owned and operated only by those who have been resident in Torres Strait
for at least two years (or even five years).

(b) That there be no further increase in the nu¡nber of rock lob-
ster fishing vessels, pending an appraisal of the rock lobster resources
of Torres Strait.

(c) That the skipper of each rock lobster fishing vessel be
required to supply details of catch and fishing effort for each trip.
These data are necessary to assess the condition of the stock. some
skippers already record nost of these data.

'(d) That deliberate destruction of reef habitat by any means
(e.g. erowbars, explosives, etc.) be prohibited.

(e) That poisoning by derris root, or any other plant derivative,
or the use of any toxic chenicals, be prohibited.

(f) That the period fron November 1 to February 28 be closed to
rock lobster fishing (failing this, the cl.osed period should be
Decenber 1 to February 28).

(e) That the nininun taiL weight of 4 oz presently used by
Thursday Island processors, be applied throughout this fishery, pending
a review of the resource.

(h) That rock lobster heads should not be discarded on or adjacent
to reefs.

The first five of these neasures are considered to be nost
essential. The closed season would prevent any disturbance of the very
young rock lobsters present on shallow reefs in Decenber, January and
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February. As well as aiding the recovery of the stock after each
fishing season, it would also give fishernen a clear period in which
to plañ for maintenance and refitting. At present, they tend to persist
in fishing while they see their colleagues pressing on.

At present there is no indication that the practice of rrheadingrt

rock lobiters on the reefs has had an effect upon the distribution of
the stock in Torres Strait. As fishernen suggest, predators and scav-
engers rnay quickly renove the rock lobster heads. However, both Jasus
LaLan&Li in South Africa and PanuLímts Longípes eygnus in Western
Australia have been shown to be repelled by the dead bodies of their
species, and the practice of heading on the fishing grounds has been
bänned in South Alrica. Sinilar action is advisable in Torres Strait
pendi-ng further study of the behaviour of P, orna'h)s.

2. App lied research reconmended at once

Ca) Exanination of catch per unit effort data being collected fron
the fishery, to check for possible trends or differences (1) with tine
during ayeaT, (2) fron one reef to another, (3) in long-terrn trends
resulting fron fishing.

(b) Investigation of effects of varying environmental conditions
on catch per tmit effort. The nost irnportant environnental factor in
this case nay be turbidity, possibly affecting both (1) and (2) above.
It will be necessary to measure turbídity regularly at selected site(s).

(c) Exanine the conposition of catches (especially in length
frequency distribution) frorn one reef regularly throughout a yeat.
Appóarance and disappearance of particular nodal size groups nay indicate
imnigration or emigrailon of particular age groups, while a shift in a

mode will give an indication of growth rate.

(d) Apply a high leve1 of fishing pressure on one reef and main-
tain througÎr- successive nonths, checking for a decline in catch per unit
effort by a known fishing effort. Charter of a fishing vessel and team
would be required (possibl.y in close association with other fishing
vessel (s) in the initial stages) . It is inportant that the fishing
effort be docr.¡mented in detail. Check for subsequent recovery in
following year(s).

(e) Investigate alternative nethods for capturing P. ornatus
alive. This is necessary for the fishery if aining to neet export
requirenents. It is also needed as a pÌe-requisite for certain
biological studies (neasurement of population density' growth Tate'
migration, etc.). Tangle nets (set along the path of the tidal cutrent
or shelters (used with sone success on P. argus in Cuba) night warrant
trials.

)

(f) If live capture has been resolved, tag a significant proportion
of a population on selected reef in order to (1) neasure population
density by nark-recapture , at a period when little nigration is occurring,
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(2) measure growth rate (inportant to know whether recrr¡itnent into the
fishery is at 2 yt or 5 yr of age). (3) follow rnigration.

(g) Trawl deeper waters in Torres Strait (charter vessel) at
selected tines and places to resolve annual nigration (linked with
tagging (f) (3) above).

(h) Maintain collectors (Phillips 1972) for puerulus larvae at
selected site(s), checking nonthly for the relative strength of larval
settlenent. This wiLl give an index of variability of year class
strength which nay be expected.

(i) Check experimentally whether dead bodies repulse living
P. orryta,tus.
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i\" popltl-a'i;ion ¿rppro¿ìclLiit¡g an €quú.l"iT)-r'-irlr¡¡ v¡j.-l;Ìi .'ì.t.s

e n\ril.'c)j'uner:t becoutes -l-:i.t¡ii.'i,cc'i bJ, ortc (o:: more ) of Ll:.c (:'11*

viror:m<,:.n1;¿r-L Tlresî,ul:esr res;"i;t:'-i.ctiitg -fu::'t].LeL'¡.i::ot';1;h. iì'or cx*
arnp.l-e r 3,s a popul-n'L j.ori ¡,l1)Ji:ro¿ì,ç'hcr{ 'i-;he; l- j tn j- bs of accû$í:i j tr.l.r.;

fo<-rc re,soLiroer:i fl:iet:e ilìillf l-re a. rJj-rj.riut:Lon of j.lrti-i-v:irittiz-"'ì.. g-r'ovt'uh

rates', a" del-a¡r iä ¿ì¡le ¿¡.i; -f:i.rr''b bi:cerli.ng, a l-ol','erecl Iecr:nCj.t.:¡,

arid i¡cre¿-Lse ¿ ¡¡ip¡ [¡¿-1 i'LI e$pecia..L.ìy of 1;]rs .vCIu.lrP,. "frt r-it-ich a

poOuJ at.lon the rec,-:u j tüte l:lt coef Jl-j"c-Len'L (r) d cc.l.i rer-; ar:ri tÌre
n¡rtur::a^J- mortal -i.t.ri coef f i.cient (.tl) nÍìy itici.'{'l.r.sre, unt:i.1. r' ,- i\f

and "i;l:re popu.lat i tln .i s ¿¡ L i'Ls r¡i¡;..:'.1nutn f c;r' the c.'tiv i.rc¡nTiten'b¿:-l

plressure s ope.ra'{:i:ng, a'u that tin:e.

If the env j ::clnr¡ren't;¿rl. pre ssuTre s cl icl no'L f I uc'ti.t.:. te ¡5.r'eatly
over a }ong 'üime-span, or if merii e rs of a spclci.es are so long--

l-iv ed th¿rt -bhe j nl¡;acts of slio.r-''t-te r:m f luctt.l¿r'1, j"onç¡ j.n ent¡ irc¡n-'
menta.-l .,o.r€tSsul'es ar:e danpe ned, a popu-l"aì;ion wau-Lrl r:e ria.in Clos:e

tc j.ts naxj-mum size fo:: ¿ì coiìsicie:i:'al5-1e periotì" Ïn lrucli a

potrrul-ati.r:;r j.t vrourl.d be ])of:r,'-:iit¡}e to ass j ¿;n cons'ua¡l'i;s f u:' gr:oilth
r:a.te: âg€ a.l, first breedjn{l,fe<;r.lnrJi.'tyr j.nfa.n't and ¡.clu-l'L

morta)-i.by. Indeecl , hilvi.n¿1 measur:ecl one ol: otller: of .bheüe

var:iabLes:, son.e research t'vor]ç.e :ls Ìt¡"ve teriticd to r:eter to them

as corist¿rnts f ol. that spccies ::ather than ûs the :re suli:a:lts
for a. popul-a'ij-on exposed to a speci.fic se't of envilonlnental
pressur:es.

Thc' value s of popu.La-bion pa:::ameters v;hen :: == l:i are ie ss

lnipo::tant than the capaej.ty cf 't,hat populiati,<;n to .respond nhen

tire limitations of envi::onmental lrt:essrìres alle rel-axed. fn
other worcls the extent to v'rhich g::ov,rth ra.te , age a'1.; first
b::eeding, f ecuncìityr' itrf ant and ¿rdill-b inor"b¿rlity change tvhen

environmental- pressur€s ere allev j.¿'ited de termj-nes tlie ntaxima-1.

value of T - l\t. 1¡o:r these speci-es expl.oi'bed comtuerciallyr the
f lexibil-ity of these popuJ-lrtion psramete:rs determines the
level of the rnaxj-¡äum sustainab-l-e y:Leld.

Food suppl-y is -a f¿-rctor which is likel.y to have limited
popu,l ation sizc. in hunipbacl< vrha.l-es. 3ef ore v;halitrg commenced

popuÌations we re pr.obabl.y at . sbeady maxirn¿r. Then humpback
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i,vllsL.l-c.s: ¿laLirc;r':i.ng.:: 1;o j:'e ctl on 'bire cloTìse co"ttccnit'¡"t-iclls; c:f

cuphl"us.:ricis 1i:r:'e r.clrt; iri I"n b¡.r."¡'ct j c $tr.it-f ¿:c:o iriì [,er';,r di-;::j.rtgt "[hc'

soutirerryì sLrìlr'¡1Ìc.L' i,iou-l-cl lia\¡¿: l¡ce :r e;<po;:ccì ::ro'L on,J-;¡ tt.' i n'i.l:¡r.*

spec.j"f -Lc compe'bj. Lj.c¡n 'but a-Lso to irtLe.l:specill j-c colt,oe 'uÍt:i.on

f :r:'ot:t otircl"' spr:ci.es of i:a..1 er.'rt t¡,,1t¿ll-cs: se ¡¿l.s , b.i r:cls, c;l;c,

]lossibì-y .blie cclni¡-rcLi-b:i.olr fr:oi¡ otheL: s.pecies of b¿rJ,ee:r t';hales
rnight h¿:-.;e been Le,ss direc"b becílrsir: of d-i.L'.1'erenccs jn ¡¡r'or';-bh

s i:r:.gcs of enpha.us;i",ids prrÉjf eri:ed ,',Lrtr'J Ìrence j n loca't j-ort ,¡he.¡:e

a silec:i.e s col'ìgregi;tes (e åI" n b-l-ue thi¡l e r: :f e e'iìing i.n higiLc'r'

lai-iti.lcl es thal," huriin'l¡acle r,';h¿r-1. ÇrJ ) . llcver'1;he 1-e's::i , ccr,Tjrc biti on

for -foo,cl m;ry have been such t;h¿.r'L an inrl.ivi.rlua-1. h,utirpbar:ii wiraie
could no lor.rgcr-'f"j,.l-ter suffj-ujent w:rter: to obL:iin t]'re 1 to 1"5

to;-,nes esti.nu¡"'beiJ ¿:is¡ lre qu"i.::ecl ].re:Ìr clay. Gr-'ovrth na;r i;Ìten h¡lv e

'bee n tìr.1--¡6*rr*d a.r¡cl rna. Lur:-it)¡ de i,a.¡icci " Unrie :: such cottcì:i-1;ions

s or{e }iunpback ,,,;haìes uii"¿,çh-b h¡¡.ve st:.t,¡.'ed loti¡¡e-:r: j.it rln"t¿rr.'ct-Lc

i¡¡aj,ers i.n oe arr--ll- of f'oc,l , Ëorne pclhirps rema..i.ning 'i,hcï'e

thrc¡u;,',Ìrout 'bhe w.i"nter'. lìeducti.iln c,.rf tile ne:l-'i od spettt irt
tempera'le a.ricl suÌ'l-tro1rical. !'Ja.t;ers during 'tire l'¡ii.tte::.' (1lr:ecdi.n¡1

season), o.r' a clecrease in the pr:oportion oj. the popuì:¿'bion

ma.king thj"s migra'L j-r:n, nr"igir"b hav e r:ed uc ed thc conc ept j c-rtt ra'ue .

'Iher:e rn¿ìy ¿rlso have bee n a c'lecl j-ne i.n matertt¡:l c:rre b;.r f e rnai-e s

obiiged to sea.rch rrìo.re acti.vel;r i.o" fooilr resul-'Ling j.n ea::1,j.er

weanin¡3 of cal.¡cs and increased mortirl.ity of yoiing.

Humpback wha-l-e popul:r1;ions a-pproachir:g ma,ximutn levels
may be ¿l.Lso lintited through behavioural str'esses -ltni:oseC

upon the soc ial- ¡tructure of thc population. llhe iilpor:'tance
of thj.s a.spect on manrnalj-an popula-tíons h¿ls been rsv j-ewe<l by
l{yers (1966). Suc}r stlessìes upon soci¿r} psychol..og;r w-i-thi.n

Ìrurnpberck lvha,l-e populations a.re mo-re like J-y to occul-' on the
bree cling grounds ra.ther than on the f eed.i"trg g::ouniJs. Iurlng
the bree ding season, humpback r.'rhp,.l-es are concentr¡¡.1,ed 1n

c oastal w¿-rte::s of temperate and sub-tropj.c al regions so that
tor'¡ards the uppeï l-jnit of populati.on s j.ze, density lvould
then be hj-gh. This species does not appear to have a l'righly
developed social s'bructure, generally rema.in-ing in clui'ce

srnall groups of two or three indiviclualsr groups of ten or
more sel-dom being rcicorded (at the moderate to l-olv levels of
popuJ-ations examined). It is not known vrhel;her a male anrl

f emale..rernain together: f o:: more than a f ew days or I'ree ks
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d uri-n¡,; 1,he b:rei'rìi.rig $eason. üctilpe t-i. h j.ctn b,:tvte ei: llr-¡.-l e r* does

not g jlJre a.r to ire v elt:/ :Ln-hc.:rtsC , tl"rou¡¡h siDIne of 't,-he j:ehnV j our

genelr¿t i-1y i'e ¡;l l:dt:cì as rrpli+yrr j.n tiris sjpe cie s mj.gh'i; j.n .d¿¿ct

be rn¿¡..1-e ci.isp1"a.v jn'i;endeci to achicvc dornjn¿rnc;e.

h.t the ûìorjer:¿;te, 1eve.l- ot the Gr.oup itr popuì_e|lj.on present

on tl:e l.;ss b cc;a.s'1, of ;ius Lral-i¿r i.ll 1952 ("fape r 5 ) ' 't,lle ¿:-uthol

notecl On sevcy'a1 OCc¿tsj-ot:s 'bil¿r-b ¿ì trOup rif humpbac.ìi i'¡ha.Les

ap¡;e ar-,ed 'to con¡i.st of orìe ocs irous f e tt¿;,'l.e a.¡.id $€ivella-L rna.ture

m¿:.,1-es. lrs -bì'ie pop.ulatioli 1,!tts reiiuced i.n $Llcceeti.ing ye¿lïst

such grouí,)s 1,rc r'{. r'er:e ì...v sËe n. ît is rìtlg,€îe s'be cl 't}iat ¿ìs a

po oul¿tiou o.[ i:uinpbaclc lvir:r] e s app:roiiche s j. ts peakr t]i:i.s
g::ciulting of Se v cl.'e:l- n:ales to e¿rCi¡. ocstr:ous f e nia-l-c ul¿ìy be of
molre :f rerlue rt.L occuri:ence. rJi'birin such a groupr nalc " 

j.splay

and i-ntcrf er:e nce r,rlii-Le not pi:ir:ticu1:lr:ly a"gg-r.'e ss-Lve, t:iigh'l:

preclucìe ,succe cr.flul m¿r.ttngj" fn -Lire case CIf f em¿r--ie liutioback

v,rh¿¡..l,cs h¿viitg ¿ì. post-par:-i;urrl ot¡u.l-¡.t'L;i-on, tìre pï'e $eTìce çf
s ev eral. bul--i.s c or.r-l.ci al-so af f ec t mate rr¡a} behav.iol,l:' so tlia't
tnc young c¡r.l-,f \',ri,',sJ rnolte. exi;osed to p::e clators '

A t high populat j,on J evels e cor;1i)e t j tive ac i;-1v 1.ty of bul.l-s

noving f rom olie oe str:ous f ernale to anotl'ier could lowei: the

rep::oclr:ctive r¿it,e (::ric1 possibt¡r cíÌuse some increaseci no::ta1-i'ty

of c:¡lves). A.s in<lica'l,ed jn Ïape L: 14, onl..¡ a s-li.ght f'all in
the::ecr:uitrilent coefficient (r) i'¡ould br-lrrg this into bal¿uce

vulth the na.1,ura.-l- mortality coeff icjent (lt)' hal-ting any

f u";:ther inci:ease in popuJ-ati.on size.

.r\.nothe:: meå.nsì by vihich !Ðpulat.ion grolvth may be iimited
is bJt i¡creased incidence of palra.$ites arid disease at hj.gh

le vel-s of popu)-ation dens.ity. This has bee n de monst::ated to
pla.y a role in the. Al-a.ska fur seal (lt;enyonr Scheffer and

Chapm:rn , 1954) vrhere incre asecl mo::tality of pups (mainly due

to hookworm) occurred at high population density. There j.s

no evidence of such f actors opeL"a.ting to lj mit population
growth in hurr;pb¿rck tvhale s. Sirnilar:ly there is no indication
that predatjon plays atl important role in lirniting humpback

wha.les. A.s in tne fur seals (Cha.pnian 1961) r âIY increase j.n

predator popul-ation v,iould have greertest .i-mpact on the young.
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I::r ?runpl:¿¿c.:it nhalcs l-,r:¡:s of cal,f EloÕn after parri;uri.ti-on
(r*her.i 'i;he ;ror.i:rr"g Ð,ï'e ¡¡:r<¡:¡t v'ur.'l,rrera'b'-Le) resu1-'bs i¡r a.n j.¡i,rledia'i;e

rc:nûr.¡al- of o*$ty'ör¡s eyciee (Pa.per 4) so flæt th.1s specir:s

carl coüfJe;r;sa-'çe to {':tûIlcì e,'c'bent for" ear]y ].os;e of ca}f "

If 'uncl-Ís'burbecr popu.Iatj.one cf humpback 1¡ha}èÊ are h.erl-d

at a maxi:nr:n ì:y 'ühe ccnbjned. pffect¡.: of l.1nitecl food' supply
and behav.'Lou:r'a1 stresse$ as sug;geeted ¿Lboveo the r"cllnüVål'. of
the,ge ljm:L'h¡e''cions iry means of corutrercial er:ploita'L:ion :reclucillg

population si-ze cct¡.J-cl be ex.peeted. 1,r: reso--l-'t i:r incyea.seå

growth ru-'te of surrrivors, eårlj-er age a'ü maturityn aYr im-
pÏ:Ovenen.lt in 'biri;}r re,'ü$, and" Stll¡,? d.ecrease j:r mOrtality Of

'ohe you$g"

Exar¡ j-n.¿,ltion of the da'b¡a fro¡n th.e tiço popul.at j-ons Ðf

hr:npbaeh whales repÕrtcC here ,$holis that cl.uring exploitation
there weï.e trar:eient increeses j.r:. recorrled" length.s of fenales
reaching puberty (]'ar.per 12), a.n.<l" sjmita:: temporary Íncreases
i:r the recorded J-engths of ¡rs¿tt* hrrlapback t^¡hales aged'th'ree to
eigh.t years (l'aper 14). These ch.anges d.id. not result from
increased. gr:owth but !¡ere artefacts resuiting frorn se.Lec;i;ivity
applied. by whaler.s a.s q,uotas lrere reduced. No elrange in the age

at, pubert¡' $¡¿s o1¡served (Paper 9) . Tli.e percentage of ad.rr.lt femal-es

ir'hi-ch Ì{ere pregnant varied" collsid"eratrly from year to year
(Paper 11), but rro evid.ence was found. of a CIhange in bj-rth rate
as a result of exploítation of ei'bher populatlgn. îhe method.

employed 'bo separ:ate the total nortality coeffieient (Z)

into fishing ruortality (F) and rratural mo::tafity (U) (Paper 14),
assumed" that natural nortality of ad"ults ûid not var¡r
signif ieantly CIvÊr the study period.. Subsequent examjnation
of the state of these pcpula*ions gave some support to thls
assurnption.

The ctruestíon must then be aõked whether the above

f inclings negate the origi:ral hypothesis ( 1e. , that trhen

exploitation comnenees upon a population at its maximum'

compensatory changes oce¿r iJr growth rate, reproductive
rate and. survival). An explanation is found when with the
advantage of Ì.rind.-si4ht, the condition of both populations



c,f l:ur:i-irb¿ick. r',,þ,',:--lcs at tirc cotÌìrÌìcncr:r,c-:n't cf tlie' s;"i;utly

re*¿Lsìse s-l ,qed.

llhe ni:¿x-ii;iut:r -l ev r:-ì- of 'í;he 0r:ou¡r IV popt.t.J rt j on v;hcn

unrl:i.stur'rbed \,,'¿1s tou'a.r'cls 1?r000 r.ihn.l-es (Pa1-q" 14).liltren
hunl;j tr¡4 r:e*coninicnce cJ iri 194c) t]¡e s t,ock yl¿¡r.,r st:i1,1 r:ecovcn:LnéT

f r:orn Ihc intels-ive Ìrun1;i.ng f rom 1934 t;o .i !l3tl. 'flie poinil a'bi on

ha,ci r-isett"i;o a.i:irrc-,x:i,tn,:itel¡' 10,000 j.nrjj.vidir:1.1s, the -l c-ve-1" a'i
r'¡?ri ch it is s:uEi¡]:c-stc-d 'i;,iiat rt - l'i is rn¡lxitn¡:,.1 . .At tha t point
theü, g.routh ri-i.te , bi.-r1;)r .r¿lte arid su:rv j va"l- 'v'rr:r.r.1-d have bee n

olrt.i.n¿,11." lhe m¡rxj.mum sus'c:.j-nab-Le cl:tch frclni thjs poplì-ì-â-'f jon

i¡rias e s'bimatec'l to 'tte J$0 r'rh.ales pc.l'.' yÊar. l{ov:cver': f rom 1 9lj0
thr: a.rrnu¿r} ca'Lc1i fro¡n .t;he Grcup ïV population r.'¿l.nfjcd from
tlLre e ''ucl si:,; tir:ie ¡: the nir¿x.i.mutl sus'La.iriab.l-e yi.eld. S-bccJt sizc;

then dec-lined Lra¡ridl-;r wlth no prr-rsrpec'Ns: for cotnpensa.toL:y

clianges j-n r:ecruii;rient or:' natura] norta1.J.t.¡r" îhe s'bock*
ï-'ec:riirj-tment r:el¿¿bions;lijp 1'ríls f-ines.tr (Pape,r: 14, l.ig. l3),
lrepresenting onl-¡,' the c.lescending ]cf'L-h.a.nd lirnb of the ex-
pccted asyntptotre curve .

A slniiLal' situ¿rtion anpl.ied i::r the Gr:oup V popt-llati.on

of huritpback I'vhp-,1es . In the unf j.sl.Lecj st¿r,te -bl'le rnaxirnutrt **.ize

of 'blie populat-i.on vras sornç 10r000 lvlia-l.es so th¡it the maximum

sustaj.nable yie ì d tryouhi have bee n .l ess thali that of thc
G::oup IV poi:ulation j"f simj-lar val.ue s fo:: r:ecruj.ttnent and

na..bural rnorti.r.i ity appl-ie d. fn 1948 the Gi:oup V popula.tion
wes p::obabl¡r cl ose to its ma.xirnum but by 1950*51 v¡as rr;duceci

to approximate-l-y 3,5OO r,n;hales, 'bhe l-eveI of the m¿:xj.mum

sustaj.nable yielC f¡¡O wha.J-es|" Thr:oughout the next Len yea.rs

the annual ca.bch v,ras well in exceËs of the ntaxitnunß sustain-
able yleld (Pape r 14, p .40) . Biol.ogj.cal ci:.1;a collected during
this period would not show any trend toward j-ncreasing grovith
rate, earlier: ¿ìge at nnaturity or improvenent in birth rate.

Another factor he-re j-s that earl-ier depletion of southern
bl-r¡e and f in vçhale populations couki h¡rve reduced interspecif ic
cornpetition by humpbaclc v¡hal-es for foodr so that this limiting
factor ma.y ha.ve been lif ted even before intensive f ishing of
humpback whales began ¿lbout 1950.
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ïn tl:e ¿,r.j:s.iellcc oJ crricletiL'e r;fl ooüi|ens¿ì-l;o-í-'v c;ìrari¿¡cLl iil
t.ropir"l.¡:,'bion proccl,(:rr:ìcfi Éì.s ti:le se hitti'irt:r¿lr:1', r,r;l:¡i.Le i:r,;1:u-la b:ionr:

\',rçL'e cxplo:i"t;e 'J, 'Lìre or:.igi.ria1. )rypotì-res;-ii-: ltti.¡;ht lic; que st.i-otte'cl

in tl:e. c¿:il're ojl r,viie,lc popr.tìa'hions" :['t ha.s r,:e-ldr:m becn poL\Lìj,l;]e

to o'îtt¡"in ciaLa. upcrÌ l.rolrulntion,oï'ocerirìrjsr of wfi¡¡.le iro'¡r-i1i:.'i;j-cns
wlric¡ a"r_,e aN a ¡lia;tj pr.tü1. _Lar,,¡s; (19"i7 a,'b) has.: r'ecen.t_lj¡ rc.-
v j.r-',.'ved 'bhe d:¿t:r Jlroin tire once .I:;::¡4e poi-,uì"a. t j-ons o.f soutiie r:vl
"l-r-l r.¡e anc.l f -in 1,,,,Ìr:i1es;, pr:'esenti-i:¿¡ er¡icieïìce tirat tilc gl'ov;'ih r:'a.te s

¡lnd pl'e áirìir,rìcy rate s incr:eased an.J me¿]n :lgcs at sexual räa'tuL:i-Ly

c.ìecrcased during Lire earr-'ly phas,;e of e:cilartdi,ng illt:;1.j-n6 olrer:'¿r'bions,

in re¡iporise to i.ncr,'ea.:¡eiì food ar¡¿:,.ilability" Lri the cäse of
sei wha,l-çs sr:imil-iìr-'ircr:eases jn î)regn¿ìncy rates and e¡,r'I:le.r
m¿11;r-:ri-'r,y plr€ìc eri eo he i;.v¡r e xpl-oi 'b¿;,tion of tiic sp€c:, e s, ap,na.r:ently

T'esul.t:i.ng.frorn an ¿r.l-l-eviation of coupetition for fooC a.s'f1:e

la.r:ger s1:cc;ies oJ ba.leen vlha-Les r¡Je:t1e exi;1-oj,ted fj.r:st.

The r,-,rester:lr ror:k lob,q'Ler: popu-Lation llresen'bed l'l¡"r'bette.r
oppo::tuni.'t-ie s to tes;t the h.v*pothesis sct out e ar.'-Ì.ie r. Despite
'Liie fact that, r:elat.ri"vel.y hei;vy expl-oi.ti¿-bj-cn ]r¿rrl been j.n proélress

f.ar some Ji eers befor:'e -the prese nt lre s€.¿r.rch \¡Jas be gun (la¡,e:: 15),
tlie very :r:es'i;rictcd cìi spers-ion anci rni.xin¡¡ (-fape r: ?O) of the
popu1.a.ti.on (except ciuring the larval ph,::se; Pa,per: 16) has

al.l-ol'¡ed segments o-f the juvenile and adu.l-t popul,a Li-on to
r:espond inciependently to loce.liserl ciiffei:e*ces -i.n both e'n-

vironmen'L¿r1 and f:.shirig pressures. Ïn e"dd-ition, ttie success-
f ul use of th.e wes.be:ln rock }o'bster: as arl experimental :n1nt¡tl
reared from the puerulus l-arv¿;1 pharse in a.cluari.a unCe:: contro-LleC
en¡ri::onmental- ccndl'bions (Paper 19¡ 21 , 22) has asi;j-sted greatly
in the inter:pr:e{;at-iori of processes occurrj-ng v,tlthin the
natural population.

Grov¡th rates of juvenile vre stern roclt lobs'be::s varied
f rom one Ïocality to another, be-ing lorvest in the ar:e¿ì r,vhere

cìensit¡' 1.7*u highest (llaper 24), I'rom control"l.ed experiments
in aquaria" (Paper 2?-) and experinnental- reduction of cornpetj-tion
on a cror'¡cJ ed nur:sery reef (unpublished data) , f ood supply
has emer:ged as the dominant factor deberrnining growth in the

natural popula.tion in spite of the v¡icle dlversity of spec-i-e s

eaten (?aper 22). At a l:cality where tlre density of aJults



*- i -

j.s s'bi-i1- h:igli, rriu.ì ts a.i'c geile rrrl.ly s'i;ur¡ i;cti ,,':]i.i.-l-c j"n o'f;1'rer.'

¡ìre¿ì.rì i'¡ile.i:'c,r fir:tr.!-rt¿1 lr.;,ts.rte;ducecl't.lie derts:ltr¡ c'f ¡r*lult stoc':k

velry colliìiCe raÌ.l1.i., the si r-,e com1ros:i."'u j,crl: of a-cju-ltr¡ j-s mtlch

higiicr' (l::.i;re r' '¿-5,) .

A.c:r:'oss'bhc iro,lu-lilti-oll as it st,a.tids presentl-.¡r, the ül'3¿1n

size of fernal,cs: ¿r1; fj.r's'r,'br.'ecdi.rig v¿::j.es grcatl.;'Ì:ei.ug sna"ll-es;t

¿¿t tlLc J.oca.Li.ty nliere ¿riJul.t cìersity -ts gi:eir'1,es.i;, and 1a::gest -i.n

t;ire a,re¡r. expo-ecd tcl i;he -l on¡',t:st peri.ocl of explojtation
(Pape.i: ?-5). In 1;lrs .l.a.t'ter: ¿rrea there is; ,sorne evidellce 'uh¿¡.'L

'i:l:re nle ¿ril s j.r.e i,it f j":r:sr"b bre e d:i.r:g rva.r; f çsrfi in 'llie e¿ìul-ie Ti ph,ase

of €,:p.J-o j tation ov er 20 yea.r-'$ o.8o,

lllire age of feniales ¡¡.t fj.i:st breeclj.n¡3 isr dj.fficul..t to
assess i.n the r,'.ii--l d iropul ati.on but has liee n es-bim:,r.'becl to be

at se\¡euì tu eÍ.glrt y€¿ìì1s of a.íie uhere 'bircre i-s restric'ti-on of

.g,rovrih ;-'ate o.f j uv criiles ( Pa.i:er ?-5) . llcr¡ev er r unri er Iûo re

op1;inal conciitioils.in aqurlria, oÌle group of fetlales comtnenced

bre e d.ing a,b aÉles r:arigin¡¡ f r:om 4.9 to 5.7 .¡ts¿vs (Pilpe .r 19) t
vuhij-e in a. recent e:<per-lment ulrder molie unif orml¡r optirnal
condi'bions b::ecdi.ng comniçnced as e.ar'-Ly es 3.0 ye.?.r-'s of age

( unpubl.-ished rlata) . Thurr the re is a cons j-cie.r'abl.e de g::ee of
f 1-ex:i.1,r.i,1it;. in ¡l,[ie at f ji:st breed j.ng in ttris sËecie s.

l.Jec;ause the-re is a ti.i rect rel.¿¡.ti ot'l betvree n size of
f esial.e end numbe r: of eggs in a single spawning, f ecundity is
inver:se 13' re3-a'Led to populatJ-on densi';y tiirough chatlges in
grovrth ïatc. (Ptrper 25). ïn ¿r,<lditj"on, the :trectruency of spavin-
j.ng increa.se s vüi-th improved f ood supply (Paper 25). ]loth
factors t,perâLc'to inc::e¡¡se the denr¡ity dependence of fecund-
ity in thj.s popuJ-ation.

On the nur.sery reef s a di.re ct 1el¿ltion has been shown

between n¿,*tural- rnortality and density of juveniles (Papers 17 t

23). Food ancl shelter, are sug65ested to be the limiting factors
here. Ea::Iier L:esul.ts jn acluaria indicated that crowdittg
causeci beha.vir:ural stress (greater aggression) resulting in
incre¿:sed morta}ity despite the presence of surplus food
(Pai,er 17). I{orvever, su.bsecluent experiments (Iaper 22)



.*8*

showc¡cl. -i;iia'b food. h¿rd been limj-ting i-n tlle ori-¿gi:uL-l- ex¡.re::irntliL.'uu

an,L th,¿L1; rrlr-ei: ¡ioÕcl wae cl.e*rr-l-y i-rt c;:;cesrlu creilrclÍ"n.¡; d:Lcl not
result Ín higher na,tu:ra] mc¡rtal.i'by"

.[n" in'ber:es'bí,ng fracet of the experirr:*nt derrrons'crating
increaaed nort¡rJ.i-t5r rr¡16.*r' ii:nj^ted sur.rai-L¡rbjJj.ty oÍl fq:c-d. was

that th.is selectetl again.rt aÉTgres,sj-veu.ess anel hi.6çh" gt-owt.fr

rate"' Thoge roclc loi¡¡lters r',']ricli wert la.rger anû/or ùlol:e

aggresrsÍve sucr¡eecled" jå otrta5:rirrg a kriglrer propo::t:lo::r <¡f 'Lhe

availabl-e focd. Thi.s er:abled them to monl.'r; earlie:¡: *ham. tl:lc¡se

conipetj-ng lesn {ru"ocessfull.y for "bhe fooC-" Hoi.trrver, j,mraerlier-bely

afte:: ecdysis -i;h.e soft shellerl. ¿¿nj¡rals ha:ring very "ti.'b ble
defense were then k-iJ_led and eaten 1-.y the uninouJ-teclu

mor'e ponrJ-y' ferl ind:lvÍduals, Thj-s sel.ective pres$rlr'e dec:'eaee;d

as foc¡cI becane alcunctan{:"

The proeeÊ;ses outlined. above have interactetl. t¡ithin tl:e
western rock Ïobster popu.Lation ås j-t hae been exposed to h.Ígh
(¡ut eon'brol-led) fishing pressure (Paper 26). W]:err populatiorl
density has been reduet ct, the cizes of f emal-es at firct and"

subsequent spaunÍng have Íncreased. and tire age at f"i,::st
breeding reduced. These respon[¡eis, togeth.er isii]r an inereaËe
jrr f::ectruency of spawning, resulted in hi-gh fecunôity amongst
the red.uced nuinbers of breed"ing femaies remai:ri-ng" 'Ihis has'
had no Ímpac'b upon subsequent recruitment to the t'j-shable stock
while settlement of larvae r:.pon nursery reefs has been in
excess of the carrying capacity of those shal-J.ov r:eefs. Because
growth and surrrival of juvenj,les are clensity d.ependent duri:rg
tlne 4-5 yearls spent on nursery reefs, this is a major: buffer
against fishing pressure.

In conclusion then, populations of t^¡hales and. rock
lobsters have sjmiJ.ar basic responses when exposed tcl
exploitatj-on, wíth compensatory changes i::. procesËes -lead.ing
toward. increaging reeruitment" Hoi,rever, the capacity to
respond. contra.sts sharply: In the humpbaek whal,e it is extrenely
low so that the naxj¡rum sustainable catch is only a fer¡ hund"red.

ind.ivid.uals per year, wirereas j:r the wes'ter:L rock lobster the
much higher flexibiJ-ity enables a sustainable catch of several
mi}llons per yearo
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By coi.ns-Ldenee, l.rlierl" the¡Ee su$ta,j.n¡lble catches ä.:'e cclv¡v*rted
to sustain¿etr].e y:cJ-rÏ"s in term6 of i.rei-ght, they a.re of siruila,r
magni.tuel"e (B'OCû bo 12ro0o tonnes per yee:r).
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