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SLT\O/ÁRY

The inil l-ipecle, Ommatoir"rl.us noreletii. (lulidae), is indigenous

to South-Western Europe. The spec.ies has been intr:ocluced to Australia

where it is in large nurnbers and constitutes a SeVeTe nuisance.

The clistribution of O. moreletii in Australia is increasirig. Man

is a rnajor factor in the establishnent of new outtrreaks of the species.

Individual outbreaks spread slowly but steadily (an expansion of up to

200 metres in radius Per Year).

The abr¡rdance of O. moreletii in Australia relative to its

apparent rar:ity in South-l{estern Europe caffIot be e>çlained by differences

in general clinate. The variety of habitats colonizedbT'cl. 1lgryþlii in

Australia is already wide an<1 there is no ïeason to doubt t.hat the species

wi.ll continue to spread nmch further.

The life cycle of o. noreletii consists of an egg, pupoid and

t¡en a seri.es cf up to sixteen stadj-a. lvfales may rrature at a:ry moult

fron the eighth to the twelfth stadia, but nost are mature by the tenth or

eleventh. Maturation is more difficult to determine in felnales but seens

sinilar to the males with respect to stadial age. 9. ryrylçlt1 therefore

has rnore than one adult stadir¡n.

O. moreletii j.s periodomorphic. That is, there are nature and

"intercalary" (inrnature) f-orms of the adult male.

9. rnoreletii is probably capable of iteroparity (producing moie

than one brood). Iteroparity is however consicleted a rare occurrence in

the field. Nests laid in the laboratory contain an average of 250 eggs'

Field stuclies were made of O. noreletii in an open grasslancl and

a sclerophyllous woodland. Surpfirg of soil and litter collectively,

litter by itself, pitfall trapping and visual assessment of activity gave

data on the life history, abrndance and activity of O. rnoigletii.



IV.

Females of O. nroreletii rnatured their eggs in late sunrner - auturn'

They rnated ancl oviposi'Eed during autum - winter. Aft-er 1year, inrlividuals

were i¡ the seventh, eighth or ninth staclirmr" After 2 yeats, the tenth

or elevcnth stadia v¡ere reached. In subsequent year:s' 0. lgt"l"tli
probably moulted twice T,er year (in spring and srlrnner) . In mal-es, the

sunner noult rvas to the mature form (either fron the juvenile or intercalary\;

the spring moult rvas to the intercalary fonn (from tTre mature) " Thus

intercalary males were present in spring - sunmer. For the remainder oi

the year:, the adults were mature.

Maturation of adults was higher after â tr¡êt sulmer than after ü.vo

dry sunrners. lvfaturation was ntore successful in the grassland than in the

woodland. Production of young was nuch greater in the ggassland.

Sgrvival of females from the autr¡rm breeding season to the

subsequent spring was correlated (negatively) with their naturity in autunn.

The advantage to O. moreletii of extended adult life in fenales after a

poor breeding season is discussed with reference to Den Boerrs (1968)

concept of "spreacling of risk". The advantage of periodomorphosis t"o

this species is also discussed.

Active 0. moreletii were rnost conrnonly seen and trapped in auturn.

Day to day variations in activity were correlated with changes in tenperatutre

and moisture. Older stadia were more active than yor.nger stadia.

D-rring sutnner, O. morele-li:L aggregated in cool, moist sites

(e.g. beneath tussocks cf Lornandra _tlÞæ. (Liliaceae)) or burrowed urrder-

gror-rrd. Behaviour of the species in gradients of temperature and hunidity

e4plained the aggregation j-n surnner beneath the tussocks.

In a particularly hot, dry sunner, mortality was demonstrated in

the grassland but not i¡ the cooler, moister woodland. A survey of the

percentage water contents ir 9. no.reletti during this particular sunmer gave

no evidence of desiccation of the species in either habitat. This suggesteC



that high temperature \,\ras the funportant mortality factor. Flowever, using

a tr:chnio,ue inr¡oh'ing the appearance of the mid-gut, desiccation of 9.

moreletii was clemonstrated in a later, milder sunrner and cloubt was placed

upon the earl.ier result.

O. moreletii developed resistance to high tenperattrre and to

desiccation at high tenrperature throughout sunrner. lvlature males were less

resistant to high temperatures and desiccat.ion than females and juvenile

ma1es. Indirect evidence suggested that mature males were less resistant

to desiccation at high temperature than intercalary ma1es.

T\,vo native speci.es of millipede, Dimerogongr sp. (Carnbal.idae) and

Australiosoma castaneun (Paradoxosomatidae), were for¡:d in the r,rtoodla¡d

but not in the grassland. The native species were rare relative to O.

rnoreletii. They probably bred in late winter - spring. Juveniles of both

native species h¡ere more susceptible to desiccation and high temperature

than juveniles of O. Iglgle-lii. This is suggested as one reasolr for the

differencers -'r-n distribution and abr¡rdance of the three species.
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1. ]NTRODUCTION

In the past Z0 years, there have been increasing ntmlbers of conplaints

from various loca]ities in South-East-ern Australia of hordes of nillipedes

invading h.¡us;es, particuLarly during autwnn and spri.ng. The millipedes

infest food, beclclirtg and water, stain floors when squashed, stink, destroy

bacþard crops of tomatoes, melons, strawberries and potatoes and lower

real estate values. In short, they are a revolting nuisance (see Figures

1.1 (a and b)).

The millipecles concerned were iclentified as Ûnnutoiulus moreletii-

(Lucas, 1860) (Iulic1a, Iulidae) (see acl.nowledgenents). The species has

previously been referred to in the literature as Iulus norel-e-ti, I. karsch:i,

Schizophyllum moreleti, S. kallsh:L and Archiulus moreleti (C.A.W. Jeekel

and J.P. Mauriès, pers. cornin.). O. moreletii is indigenous to South-

Western Europe, in particular Portugal and Spain (Verhoeff, 1892 (a anrl b); 
i

Leonardi, 1Bg8 ; Ìdachado, 1946 ; lulauriès , 1964 ; Ceuca , 1974; Jeekel,

Mauriès and J.M. Denrange, pers. coinn.). 0. noreletii has never been

reported in larg,e m¡ibers in South-lVestern Furope. It is to be asstrned

that the species is rare there. Denrange (1970), lohnander (1955), Attems

(1953) and Brolernarui (1896) reported O. noreletii present in large nunbers

atrnanysitesintheAzoresandlr{adeira.Apparent1I,9.@waS

introduced to these islarrds (Jeekel, Ir4auriès and Demange, pers. conrn. ) .

O. rnoreletii was also introduced to South Africa (Jeeke1, pers. corrn.).

l,trow it has reached Australia.

i There are nany reports in tlie literature of large nunbers of

millipedes being simply a nuisance (e.g. Cloudsley-Thonrpson, 1949; Morse,

1903; Brookes, 1919). There are also many reports of large nunbers of

rnillipedes being economj.c pests (e.g. Bracle-Birks, 1930; Cloudsley-Thompson,

1950, 1968; Dunning, 1975; Baker, 1974; Pierrard and Biernaux, 1974).

These high densities of rnillipedes have in general been the result of



l
l,

FIGURE 1.1 The problern. 0. moreletii photographed at

Bridgewater, South Austral-ia.

A. At night. O. moreletii is predorninantly nocturnal

B. Various pesticides are sprayed arou:rd houses to

kill 0 . moreletii and prevent them fron coming

inside. The result is smelling heaps of deed

nillipedes rn*rich stain concrete etc.

I
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sporadic increases i.n the populations of nativ'e species. Florn'evc;T, 0'Nei11

and Reichle (1970, 1971) describecl tiie outbreaks o1. the introcluced

millipede, gIi.Þt gracj-lis, in Lenoir City, Tennessee. Their blief repor't

is the on1.y case iri the literature that I can fin.J of a stul;' being made

of the progress of an introduced nrillipede in its nerr'habitat. During

winter, 0-. graci-lri-s_ was confined to noist strearn beds . Tn spring and

sunmer, the species invaded nearby urbær areas but cljd not become esta.l¡.1=::;heci

there.

The pr:esent stu-dy was undertaken to deternrirre the dis'tritrution of

0. moreletii in Australia, its rate of spread, its l"ife history and the

major factors in its environment rr¡hich influenced its abunclance and activity.

Such a study, I hoped, would give the basic building blocks for future

research into the control of the species.

Early irnpression.s suggrìsted that the life history ancl aburdance of

O. noreletii cliffered q-rite nrarkedly in two sepa.rate habitat.s - än open

grassland a:rd a dry sclerophyllous rvoodland. Indivirluals secmcd larger in

size but snaller in ntrnber i.n the woodland. Tho native species of rnillipede,

Austral iosorna castaneun Attelns , 1944 (Polydesrnida, Paradoxo.somatid.ae) arrd

Djmerg.gqqus sp. (Spirostreptida, Cambalidae) were synrpatric in the r.r'oodland

with 0. morelelli. Earl-y impressions suggested the native species were

very much rarer than 0. Igreklii. Studies ivere directed to e;çlore these

probable differences and to explain them as best. as possible.

O. nxrreletii has a complex life history. The adaptive significances

of certain features in the life history are evalu¿ted in this study and

discussed with reference to related findings on other species of millipede

(Blower and Fairhurst, 1968; Blower, 1969 and Fairhurst, 1974).



2. DISTRIBU| ION ANI] DTSPERSAL

2.L Distribution

The gener'al area.s where 0. nro_reletii has become a pest in South-

Eastern Australia are ill-ustrated in Figure 2.1-. Each general area is

represented by the location (anrl date) where the species was first
reportecl. I asstme that the initial intrclchrction of O. moreletii into

Australia was a.t Port Lincoln, Eyre Peninsula, trd that the nore recen[

outbreahs of the species have sterrmed from there.

(a) Efre PeFnguf a_

The distribution of q. norele_ti:L on Eyre Peninsula rvas determined

during January 1973 and January 1975. At these ti'nes, the spec:ies

aggregated beneath l.oose stones and logs. A sarnpling technique was

devised utilizing this behaviour. Stones and logs within a selectecl

sampling area were turned over for up to 5 rninutes urtil O. moreletii was

fotnd. If the species was not found after 5 minutes, it was scored as

absent. 320 sites were sampled during the tr.^,'o visits to Eyre Peninsula.

Sites u'ere selected in the roadside vegetation where ample stones and logs

were available. The sites where 0. noreletii r^,'as found and rvhere it was

considered absent are shor.rn in Fj.gure 2.2. Loc.al residents offered

limited informaLion on tiie histcrry of O. nrorelgtii on Eyre Peninsula. The

"Port Lj-ncoln Tjmes" provided evidence for the presence of 0. nroreletii in

certain areas of the Peninsula in the past.

0. moreletii was first reported as a pest on Eyre Peninsula a-t

Port Lincoln and Coffin Bay in approxinately 1953. Since then, the species

has spread, particularly northwards. The more northerly and isolated out-

breaks (e. g. in Curnnins , Ungarra, Kapinnie ancL Yeelanna) were all reportecL

more recently than 1970.

The northerly bias in the dispersal of O. noreletii on Eyre Peninsula



FIcu.*PG 2.1 Distribution of majol outbreal< cent-res of 0. moreletii

in Australia. Dates of fil:st cornplainbs are p¡i-ven

for each area.
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FIGLIRI] 2.2 Distribution of O. ntoreletii on Eyre Peninsula'

South Australia.

(o = O-. noreletii rvas found, A = 9' no eletii

was not forrnd, f. = Coffin Bay, 2 = Cunrnins,

3 = Yeelanna, 4 = Ungarra, 5 = i"apinnie)'
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is prestrnably related to Ínan's activitj.es, carrying and spreacling the

species by accidient. Main roads ar-r<l railways (see Fi,gure 2.3) run north

fron Po¡i- Lincoln, but until only very rece:tt years, very little traffic

went south r¡f the 'l:clo¡n. lrl¡:tl,el O. moreletii will spread to colonize the

as yet r;noccupierl areas betrveen the recent and isolated northerly outbreaks

in iis distribution on the peninsula remains to be seen. The clirnate

becomes progressively hotter and drier northwards and the distributj-on of

the ppecies may be checked there in future Ítore so than it was near

Port Lincoln.

The vegetation of Eyre Peninsula has been generally described as

"shrubby-open scrub" (lVillians, 1959 and Specht, 1970). A more detailed

description has been given by Snith (1961) . g. rnoreletii rvas fou:rd on

Eyre Peninsula in na11ee scrub (dorninated by Eucalyptus flocktoniae E.

pikSta-, E. diversifolia and lr{e1a1euca r-[rcinata), mallee heath (E.

incrassata and E. foecunda , sclerophyllous woodland (E. cladocalyx) and

savannah woodland (E. canaldulensis, E. odorata, M. lanceolata and Casuarina

stricta Of course, much of Eyre Peninsula has been disturbed through

agricultule and settlement. O. noreletii was fou¡id in both pastoral and

urban areas.

The soils of Eyre Peninsula were also described by Snith (1961).

O. noreletti was fourd on skeletal soi1s, podzolized soils, red-bronn

earths, solonizecl. browr soi1s, Rendzinas and Terra Rossas (limestones) and

even on coastal sand dunes.

O) Nbunt l,ofty R3ILges

Several outbreaks of O. nroreletii have been reported in Adelaide

and the surrotrnding lr{owrt Lofty Ranges during recent years. The first

reported outbreak was in 1964 at Bridgewater (see Figure 2.4).

Those areas of the Mount Lofty Ranges in which 0. nroreletii has



IìIG{.JIìE 2.3 Distri.bution of O. moreletii on Fyre Peninsula,

South Australia in relation to main roacls and

railways.
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I.-ICJIJIìE 2.4 Distribution of outbreal<s of 0. gel.etii in

Adelaicle (Pa1'neham, Burnsicle ancl Loiver lt{itcharn)

and the nearby lrlt. Lofty Ranges . Dates inclicate

lvhen each outbreak rtas first recorded.
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been fourd and that are undistu.rbed are mostly clry sclerophyllous wood-

lancl (E. gÞlgUg and E" baxteri Such a habitat is described later for

Bri,dgewater (see Section 4.3) .

(c) V!:toriq

fn recenL years, the'/ictorian Department of Agriculture has

recorded the l.ocations lvhere millipedes have been reportec'i in large nunbers.

In the past ten yeaïs (particularly the last five), the rnmbers of reports

have increased rnarkeCly. On some occasions specimens of the nillipedes

concerned have been kept, thus allowing identification.

Locations rvhere the outbreaks have been confi rmecl to be O. rr.lreletii

aïe as follows (most are for suburban Melbourne or the near country areas):-

Avonclale Heights, St. Albans, Heathnont, Keilor, Balwyn, North Baliq'n,

Surrey Hills, Kew, Har,rrlhorn, ülarragul, Monbulk and Bnerald. The earliest

reports of q. Igleletii i¡ \rictoria were at ïlarragul in 1963 and North Baliryn

in 1965, but these conplaints were ninor compared with the stonn of prcltest

when in 1973 the species was in excessively high nunbels at Avondale t{eights.

Iocations where rnillipedes have been reported in large m¡nbers but

as yet have not been confirmed as O. moreletii are given in Appendix A.

Many of these locations are geogïaphically very close to the loou,n out-

breaks of 0. noreletii and it seems likely that several at least will prove

to be of this sarne species.

As the outbreaks of O. moreletii in Victoria are mostly in suburban

areas, the habitat is disturbed and variable.

(d) Clirnate

Appendix Tables 1 to 3 list general climatic data for locations at

oï neaï to where 9. moreletij- has been found, both in Australia, the Azores

and lvfadeira and in Portugal and Spain. There are no obvious differences in

climate between Portugal and Spain (where O. moreletii is presunably rare)
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and other locations rvhere the spec.ies is extrernely numerous. An explanation

of the aburdance of O. r,roreletii j-n Australia -Ln tenns of general clinnte

seerrs therefore un1 ike1y.

2.2 D+Æt_q"l-

Some indication of the rate of dispersal of g. moreletii in

Australia is given by its present distribution (see Section 2,1 above). Now,

the rates of expansion of three outbreaks of O. moreleti.i in the

lvlor.¡¡rt lofty Ranges wi.ll be described in greater detail.

(e.) Bridgewater (1964 to I97Z)

Discussions with local residents and records of pesticide

distribution by the Stirling District Council enabled the history of the

outbreak of 0. noreletii- at Bridgewater to be traced from 1964 (when the

outbreak was first reportecl) to 1972. Figure 2.5 shows the approximate

spread of the outbreak duri-ng this tirne (of course the spread can only be

shown through residential areas). Figure 2.5 suggests an erçansion i¡ the

radius of the outbreak of approxirnately 100 to 200 netres per year.

tb) Bridgewater, Stirling and Heathfiel.d (1973 to 1975)

In July 1973, L974 and 1975, the boundaries (or parts thereof) of

the Bridgerr'ater, Stirling and Heathfield outbreaks l^iere determined*.

* The activity of 9. norel_etii (i.e. the nunbers of the species moving

about on the surface of the gror.rrd) is high during autunn (Nlarch to l4ay),

moderate cluring spring and sr-m.rner (September to February) and low during

winter (Ju1y and August) (see Section 4.59). I considered that plotting

the boturdary of an outbreak woulcl be most representative for a particular

year if done in winter. At this tjme, the boundary is most likely to be

stationary.



FIGURE 2.5 Rate of spread of the clutbreak of 0. morelet-ii

at Bridgewater prior to this study.
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Inaccessible ter.rain or lack of suita-bl.e sampling sites ljmited the plotting

of tlie complete bormdaries '

The rnet¡od of cleterrnining the bounCaries h'as as follows. In July

Lg7Sr 238 samplirrg sites were selected inside and outsicle of where inítial

observ.ations suggested the boundaries of the three outbreaks would be.

Sites outside the likely bourdaries were extencied a sufficient clistance to

a11ow the likely expansion of the populations to be follov¡eci during the

next few yeaÌs (based on lcrowledge of expansions p|ior to this study).

At each sampling site, a caref.ul search rvas made in the leaf-litter

anc1beneath1oosestones,1ogs,barketc.for9.@-.AsSoclnaS

the species was found, searching tvas discontinued. If after 5 minutes,

O. npreletii r,¿as not found, it was scored as absent '

The selections and spacings of sampling sites were dictated by

the availabilities of sufficient litter in which to search for at least

5 minutes. Attenpts were nade however to keep sampling sites withil a few

hr¡rdred metres of their nearest neighbour. 'ifith the presence/absence data

thus gained for each sampling site in 1973, a boundary could be drar"n for

each population. In July 1974, all those sampling sites where 0. rnorelgtii

was not fowrd in 1973 were again sampled. in a sjnrilar way to that in 1975.

Thus in Ig74, presence/absence ðata again allov¡ed a bor¡ndary to be drawn.

The same hras repeated in 1975. In 1975, 10 sampling sites which had been

invaded by O. mor.eletii in 1974 weïe ïesarnpled to check the success of

the j¡vasion. In all cases O. qoreletii was inrneCiately found'

The positions of all the sampling sites and the boundaries that

were dralrr following each year's sarnpling are shorrn in Figure 2'6' The

data suggest that the outbreaks are expanding at up to 200 metres per year;

a figure comparable to that given earlier (see (a) above). Perhaps the

rate of dispersal of q.t*L"]"!ii through the residential parts of the



FIGURE 2"6 Rate of spread of the outbreaks of 0' nrorele-tii

at Briclgewater, stirling and Fleathfielcl. sampling

sites are indicated (@ = o' noreliitii for¡rd in L973'

Ø = O. rnoreletii found in 1974, but not in t973'

o = o. noreletii fotnrd in 1975, but not in 1973 or

!g74, o = o. noreletii not fo'ncl fron 1973 to 1975,

o= o. noreletii not for_rnd in 1g73 or 1974 and site

not sarnpled in 1975).

I
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three outbreaks u,as influenced by rnan. However di-spersal 't-hrough pastclral

and r,-ooded habit.ats appeared similar to that thrrough residential- areas and

I consicler the rate of spread depicted in Figures 2.5 and 2'6 to be

indicatir¡e of the species' ability to clisperse by itself .

It should be stressed here that I have measured the rates of

dispersal of populations, not individuals. It is quite possible that up

to 200 metres per year is not an accurate measure of al índividual's

movement per year. 'erhaps individuals at the centres of outbreaks mo'¡e

quite different distances from individuals at the borurdaries of ou'cl¡reaks

(e.g. due to resource availability). As a basis for future control of

O. moreletii, I considered it more important to lnoiv the rate of dispersal

of outbreaks than of individuals.

.f

ft
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3. POST - ]TvßIìYONT C DE{IEI,OP}IENT

3.1 General

Fronr the egg of a mi1-lipede, a pupoid h¿r.tches rvhich is 1egless,

imnobile ¿urd enclosed within a menrbrane. The pupoid then moults to a

hexapod larva, the first in a series of instars or stadia. At each moult

to an olc1er stacliun, the nunrber of c1ip1o-segments (referred to from now

on sirnply as segments), ancl hence the size of the mi.1lipede, i-nct'eases.

The pgst-embryoriic derrelopntent of millipecles is anatnorphic. ln keeping

with most autlr.o¡s (e.g. Blower and Gabbutt, 1964; Bl.ower and Fai-r:hurst,

1968; Blower , lg70; Blower and N{itle'r, !974 and Brookes, 1-974) but

rmlike Pflugfelcler (L932), lialkka (1958) anrl Rantala (1970) , I ruj-ll

consider the fuexapod larva to be the first. staciir-rn in post-enibryonic 1-ife

and not the pupoid.

In the Polydesmoidea and Nenratophora, the increment in m;nber of

segments is constant between tu'o girren stadia. The stadia '¿Te therefore

characterízeð.by their nunbers of segments. In addition, there is usually

a fixed m.unber of stadia in the life cycle, the last of r*rich is the aclult.

In the Iuliformia (e.g. hrlidae a¡d Bianiulidae) the increnent in nunber

of segnrents can be variable between two given stadia. Consequen'tly there

can be overlap betrveen the n',mbers of segments of successi'r¡e staclia. The

nunbers of juvenile stadia in species of the Iuliformia are generally

similar to the nunbers of juvenile staclia in the Polydesrnoidea and

Nernatophor:a (seven and eigirt respectively). liowever in some Iuliformia

the first mature stadiun continues to moult - hence there nay be a ntmrber

of adult stadia.

3.2 Characteriz the Staclia of 0. moreletii

previous authors have characterized the stadia in the life cycles

of Iuliform millipecles by a variety of methods. Most conrnonly, the nunbers
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of podous and apcCou:ì Segr,ìcnts have been used (e.g. 'r/erhoeff , 1928;

Bloler and Gabbutt, 1964; Blower and lrai.rhurst, 1968; Bl.ower, 1970;

Bloger ancl N{il.t-er, L974; Brookes, 1974). For the earl-y st.adia, the nurrrbers

of segnrents are perfectly useful characters. Eac.h stadiun has a sepalabe

ntmrber or ïange of m¡n'bers of segments " I{ov¡e¡¡er with increasing age, the

m.unbers of segments in each stadirm nray ovérlap with the mmlbers found

in other stadia (more so of course in some species thær in others) . Thris

for the old.er stadia, indj-viduals catrnot always be aged precisely by thei'r

ntunbers of segments. Other methods that have been used to characterjze

stadia in the Iuliform millipedes include the nunber, colour and size

of repugnatorial (clefence) glands (Flalkka, i.958; Brookes, 1963; I9'/4;

Rantala, Lg74), widths (Blower and Gabbutt, 1964; Blower and Fairhulst,

1968; Blower, 1970), lengths (Blower and Gabbutt, 1964; Blorver and

Fairhurst, 1968; Blower, 1970) and voltrnes and weights of the whole

nillipedes (Ilj-ower, 1970). These methods are also limited in their

usefulness because of variabilities in the characters withjn sta.dia and,

as a result, lack of discreteness beûveen ad.ìacent sta¿ia, particr-r1ar11'

the older ones.

By far the most exact technique for c.haracterizing the stadia of

Iuliform millipedes (and tTre easiest to nteasure) is 'uhat developeci by

Vachon (1947) and Saudray (1952) using the developrnent of the ocular

field. At each moult a nevr row of ocelli is adoed to the dorso-anterior

eclge of the ocular field (see Fip¡.rre 3.1). By counting the m¡nber of

rows of ocel1 i the stadir.un of the indiviclual concerned can be determined

precisely. Bl.orver (1970) , Blower ancl Fairhurst (1968) , Brookes (1974) and

Cotton and li{il1er (7974) have used this nethod successfully in characte;:izing

the stadia of Tuliform nillipedes. The method does however require that

the growtl:r of the ocular field Uriry the life cycle is reasonably regular.

Not all Iuliform lnillipedes fu1fi1l this requirenent and the method carurot



FIGURE 3.1 Development of ocel1i in the ocular field of

0. moreletii (o = oce1li added at noult to the

present stadir.un, c = ocelli added at earlier

rnoults). Six or seven rows of oce11i were

added before their grol\rth was obstructed by the

antennae. The dorso-anterior oce1li were usually

missing in the older staclia. From the second

stadiwn onwarcis, counting the nr¡nber of rows of

oce11i fron botton left to top right of the

ocular field and adding one gave the staditrn of

the i¡dividual.
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be applied t'o thern (e'g' czl-i4e:ylg

Blower and Fa'irhurst ' 
196E) '

Different studies reqnire <lifferent precision in chaÍacterizing

anjmalsitrtoagegÏouDs..Ihepresentstudyrequireclthattheprecise

stadiwn c¡f an individual cou1c1 be deternined. T,he n.,¡mber's of segnients,

pairsoflegs,pairsofdefenceglarrds,widthsancllengthswereeither

too vari able or too indisting.rishable (particularly in the cllder stadia) '

ortoodifficulttoneasuTeac,curatelytoberrsedincharacterizingtlre

stadiaofo.norelegii.sothatindiviclua]-scouldbeclassifiedprecisely

into stadia' The nethod used in this study to characterize the stadia of

o.g*etiiwasthatofVachon(1947)ar.rd'Saudray(1952).Thepatternof

developnrerrtoftÏ;.eocelliisoutlinedinFigureS.l.StadialanclZcan

beeasilytoldapartb.ytlrelrr¡nberofpairsoflegsthateachhas(3and

Trespectively).Thereafter,thenr¡nberofrowsofocelli+lequalsthe

stadiurn. Sixteen stadia were identified for O' ngeletii''

latestriatus in Blower' 1'970 ancl

the Sexes of 0. rP.ore I etii
5.J Different

the sexes carulot easilY ' 
if at

In very Young luliforn milliPedes'
l-e developrlent, the previously

all, be discrirninated. However during juveni

the collun to be the

atnbulatory legs on the seventh segllìent (asstrning

fi rst segment) are nodified in the rnale into developing gonoPods

(secondarY sex-ral characters) ' In the fernale, the legs on the seventh

segment remain ambulatory throughout life' Blorver and Gabbutt (1964)

reportecl that this sexual differentiation hlas normallY first visible in

the seventh staóiun of Iulus u5 and Ophyiulus Pilosus ' siÉh in

ly!þdroirrlg- 
ptmctatus and fifth in C. latestriatus. Halkka (1958)

fcurth stadiut of Omatoiulus
reported sexual clifferentiation in the

(ActuallY, Halkka rePorted the differentiation in the fifth
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stadium, but since she referred to the pupoid as the first stadiun, I have

corrected for this).

In 0. rnoreletii the sixth staclitun was the first and nnst colnmon

staditrm in which males were differentiated flom fenusles by the niodification

of their. le:gs cr, r'.ìre seventh. segment to cleveloping gonopcds . Tables 3.1

(a to f) gi-.;e ,1ata collected at Bridgewater lly vari-ous methocls that will

be outlined later (see Chapter 4). The data represent totals of

individuals collecte<1 in each stadir.un. In all cases there are nlore fenules

i.n the sixth stadi-trn than there are nales. However in the seventh ancl

eighth stadia the nt¡mbers of each sex are more nearly equal. lt seems

1ike1y therefore, that not all males di"fferentiate jr the sixth staditun

but perhaps a1l do so by the seventh or eighth.

3.4 Deve t of ltlaturi in O. moreletii

Blower arrcl Gabbutt (19ó4) collected 9- p! o.uqt ancl I . scandinat'ius

in Devon and repor:ted that for both species there rvere nine juvenile

stadia. 1'he tenth was the first and only adult staclir-un. Then, Blorr'er

(1970) and Blower aird. lvlil.ler (1974) later collected the same species at

other sites in Britain and reported that maturity could be achievecl in

any of the ninth, tenth or eleventh stadi.a for the males and the tenth or

eleventh stadia for the females in both species. The maturation of C.

purctatus and C. latestriatus has sirnilarly been fourrd to be variable

with respect to staclir¡n. Sorne individuals of C. p-\mctatus rnature at the

noult to the eighth stadium whilst others delay rnaturity to the ninth

stadir¡n. In C. latestriatus maturation may occur at any one of the moults

to the seventh, eighth or ninth stadia (Blower and Gabbutt, 19ó4). Blotver

and Fairhurst (1968) stated that maturat ion in the nales of Tacì-tl¡pocloittltts

niggr (= T. 
"tUiput) 

could be achieved in either the seventh, eighth or



TABLES 3. 1(a and b)

Soil- and f.itter samPlii'tg

Open grasslancl (November Ig72 - April 1974)

(a) T\.rssocks of L. fibrat-e.

6

Females 964 1982 525 706

Males 649 1910 913 994

Jr¡¡eniles 649 1910 874 896

Adults 39 98

lr¡lature 39 82

Intercalary 16

Total ]513 3B9Z 1738 1700

þ) Pasture grasses

7 8 9 10 11 1'Z 13 14 15 16 Total

684

628

269

359

303

56

t3r2

STADIA

142

180

10

!70

89

81

32?

Females

l¿fales

Juveniles

Adults

Mature

IntercalarY

Total 680 748 77s

62202
48 11 3

48113
31 B3

dLl -)

i10 31 5

40

23 t_

?:3 7 L

ts 7L
1-0

63151

5387

5336

4608

728

555

L73

t0723

370

310

310

366

382

382

394

379

348

3L

31

1)

105

59

46

45

1

L77

r22

184

z8

1s6

149

7

306

103

93

1

o?

65

)'l

196

8

7

r475

1484

1118

3s6

511

45

2959



TABLES 3.1 (c and d)

Pitfall lhapping (October 1972 - January L974)

(c) Open grasslancl

STADIA

6 7 8 9 10 11 72 l-3L4 1516 Total

Fenales

Males

Juveniles

Adults

llature

Intercalary

Total

199

135

135

zr7

222

222

116

94

78

16

16

155

224

168

56

50

6

379

869 1029

1608 803

118 6

1490 797

r44s 676

4s \2I

2477 L832

344 150 30 rz 1

255 59 15 3

255

207

48

599

153
133

2

45 15

3122,

3418

727

269L

2460

2:5L

6s40

59

50

9

209 1s34 439 2r0

(d) Sclerophyllous $loodland

Females

Males

Juveniles

Adults

N{ature

Intercalary

Total

19

7

7

23

19

19

7

3

J

53

39

30

9

I
1

9Z

161

159

9

1s0

t4z

8

320

337

99

1

98

85

13

436

79

77

2

44L

12 55

438

ó9

369

344

?,s

1693

362 205 73 14 1

79503

26 10 42

503
293

1

235 7a L4 1



TABLES 3.1 (e and f)

Líttel Sarnpling (Septernber 1974 - November 1975)

(e) Open grassland

STAIIA

6 7 B 9 10 11 T2 13 7-4 15 16 Total-

Females

It4ales

Jweniles

Adults

Nfature

Intercalary

Total L4r 71 236

(f) Sclerophyllous Woodland

L2

I2

4

8

4l.3

347 r2l 31 9 1

T33 L2

13

T2O T2

91 4

298
480 133 3L 9 1

72

69

69

31

40

40

110

rz6

T?5

1

1

343

359

548

11

9

2

702

483

406

183

223

220

3

889

2s7

153

z4

rz9

109

20

410

293 1328

1165

789

376

343

33.

2493

I228

845

483

362

5LJ

39

2073

Females

Males

Juveniles

Adults

It{ature

Intercalary

Total

11 25

532
532

L57

159

159

zLD

207

198

9

9

51ó

?97

76

zZL

?T9

)

61316 57 316 4r7
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ninth stadia. Sahli (1966), also -wor:king l"¡ith niales of l' niffI, reportecl

that naturation could oc.cur in any stacliurn fron the eighth tothe eleventh"

Ilalkka (1958) reported that ttre m-nnbers of juvenile stadia were variable

(8 to 1.0) i-n rnale.s of 0. sabulosus thus inç'lying that maturation could

occur aL arty of the moults to the ninth, tenth or eleventh stadia.

J.¡yeniles nnst comnonly natured at the rnoult to tJre tenth stadir-m. (Again

I have correcf-ed I'lallikars data and called the hexapod Lawa the first

stadir.un) . ihe lj-teratuL:e therefore suggests that the maturation of lulj-d'

millipedes is variable with respecl-. to stadiun'

lr¡laturation of the male Iulid is typified by the fu1l developnent

of the gonopods on the seventh segirient and the noclification of the first

pai-r of legs (previously ambulatory in the juvenile rnale) to secondary

serual characters. Blower and Gabbutt (1964) have described in detail

the nrcrrphological changes that take place in the gonopods of I . scandinavitts

e. pilosus, C. pl¡Ælgqq and C. latestriatus during maturation. F{alkka

(195S) gave a detailed description of the changes in the first pair of

legs as well as the gonopods in O. sabtrlosus during maturation" The

maturation of female Iulids is not as obvious as in the ma1es, but is

typified by a suCden increase in the size and hardness of the rnrlvae.

(a) N{aturation in the tr{ales of O. rnoreletii

Tables S.1 (a to f) show the nunbers of juvenile and adult mal-es

of O. mcreletji collected in the various stadia. The data suggest, that

like other Iulids, maturation of rnale 9. rnoreletii is variable with

respect to stadiun, being possible in the eighth to twelfth stadia'

Generally, nost males are adults by the tenth or eleventh stadium.

(b) Ifaturation in the Females of 0. noreletii

In April Ig74, a ntmber of females of O. noreletii in the seventh

to fourteenth stadia rvere collected from Bridgewater. The vulvae in these
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fenales were dissected out ærd a.ssessecl as either 1) obviously mature,

2) obviously jrirrenile or 3) intennediate, when it was not possible to

classify the vulvae into one crf the other c:rtegories with surety.

Table J.2 girres the resultìng data. The results suggest that naturati.on

of the fernales of O. moreletii is variable with respect to stadium, but

has generally occurred by the tenth or eleventh staditmr. During the

breeding season, (autr-unn - early winter (see Sections4.52 and 4.53)) nature

eggs 1nrere occasionall.y found in individuals in the nintir stadirm, but this

was ra.re. N{ore conmonly, matlrre eggs were seen in the tenth and older stadia.

3.5 sis in O. noreletii

In not all Iulids, do t'he

naturity (e.g. Ç. Pu,:cta!Ys- a:rd 9.

but in those that do, the nature male does not moult directly to arrother

mature male but rather to a "schalt" (veThoeff, 1893) or "intercalary"

(Blower and Fairhurst, 1968) mal.e. In the intercal.ary rnale, the secondary

sexual characters (gonopods onthe seventh segment and the nodified first

pair of legs) regress and the anjmal is incapable of reproduction. Never-

theless, the furctional characters are regained at the subsequent or later

rnoults. Sahli (1958, 1961, 1966) and Flalkka (1958) have shown with l'

UIgg. ancl Q. sab\rl_osus respectively that the intercalary rnale rnay moult

once or more into another intercalary rnale before reverting to a mature form.

After regaining its rnaturity, the adult male ret-urns to the intercalar-v

for¡n at the next rnoult. This reversal of maturity and furnaturity during

the extended life of aclult rnale Iulids rvas first recorded by Verhoeff (1923)

with T-. Li_g- ancl termed "periodomorphosis". Halkka (1958) clescribes in

detail the changes in the secondary sexual characters during periodornorphosis

in O. sabulosus. She lists the species of Iulids, including O. noreletii and

ma1es conti.nue to ¡ioult after reaching

latestriatus (Blower and Gabbutt, 1964)),



TABLE 3.2

Femal.es were coLlected frorn grassland at

Sridgewater on 23/4/74'

7

8

9

10

1.1

lz

13

14

J

16

15

ó

I
7

2

L

Jwenile
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Blaniulids in rvhich periodomorphosis has been reported" There is as yet

no evidence of air equivelent i"egression in the continued rnoulting of

fenu.les of periodomorphic Tulids.

verhoeff (1895, 1894) described perioclonorphosis in I . mor:eletii

and both lnature antl itlterca:Iary- males were fotmd in this preserrt stud1r'

Tables 3.1 (a to f) shon the stadia in which mature and jntercalaty males

were for¡rd . La+.er (see Section 4.54) it will becone evident tha't', if

intercalary males of O. moreletii do noult directly to produce further

intercalary males, the phenomenon j-s rare - at least in t'he habitats

sampled. Ir4cre conunonly, the sequence of moulting is fton juvenile, to

nature, to i:rtetcaLary, to mature. Rarely does the Seopence exLend further'

Bloner and Fairhurst (1968) suggested that the reason u'hy mature

rnale Iulids do not moult directly to natule males again 'lnight be the

mechanical clifficultv of casting and rernoulding the elaborate gonopod

cuticle',. Iìa-lkka (1958) rlrr-.w attention to the similarities of periodo-

norphosis in rnillipedes and a11ied changes in the crab, Cambarus'

Scud¿rnore (194g) haci indic-ated, that reproductive hormones v\Iere resporrsible

for the changes ín the crabs a¡d Flall<ka suggested that sinilar in'r,'olvements

rnight be found in rni1.IiPedes.

A disrcssion

Perhaps juvenile hormone, connnonly loown for its role in the

control of metamorphosis and reproduction in insects (Ergelmarur, 1970;

üligglesworth, 1970; Gilbert and King, 1974) offers an e4planat'ion for

periodonorphosi.s. Professor C.M. Willialns assayecl an ether extract of a

mixture of both juvenile ancl adult O. moreletii for juvenile hormone for

me. The nethod of assay is given in Appendix B. Juvenile hormone was

present in 0. norgletii

Let t15 suppose that, due to the presence of jtrvenile ltormone, the
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juvenileformofthema].e9.@Éiisretainedurriilthema+,-uration

moult,whereuponintheabsertceofthehcrrmonematurityisattailred-

i.e.asininsects.Theninther..,atureanimal,jtwenilehonnorreis

produced again during reprocluction - i''e' as in insects' Now adult

insects normally do not rnoult further (except e.g. the Thysanura); but

g.ryr"l"tiidoes.Atthefirstntoultartermaturation,theint,ercalary

form is produced. Llalkka (1958) described ttre intercalary mal'es of luiic:;

asintermediaryinformbetweenthematureandjweni.lenLales.Oneis

ternptedtoask,doestheintercalatymaleofO.rro:e-rslii(ando*'her

Iulids)resultbecauseofjuveni].ehormonebeingproducedillthena-ture

stadiun duririg reproduction and stil1 being present at the tinie of subsequent'

mou1tinl1?Inshort,doestheintercakarymalerepresentareversalof

rnetamorphosis? In species where the intercalaty male moults directly to

another intercalary rnale is this explained by rnoult.ing (rapidly) in the

continued presence of jwenile hornone?

Willians (e"*. co:Trn.) does not corrsicler the above hypothesis

likely. He l-lelieves metarnorphosis cannot be reversecl and that ju-rrenile

hormone i, " wghonnone (ht11iams and løfatos' 1972)' Flolvever'

l^Iillis (1974) cited evidence of adult insects being forced to moult in the

presenceofjuvenilehormone-theresultsgivingevidenceofreversal

of netamorPhosis '

Theaboveisadigressionfro¡rrthenainthemeofmythesisand

I have not had tine to develop rny ideas or facts further' But I consider

thepossibilityofjwenilehormone(orac1osel1,re].atedhorrnone)

controlling the perioclomorphosis of Iulicls as an exciting avenue of research

to be investigated'

3.6 Growth Increment s in the Life eof O. rnoreletii

BlowerarrdGabbutt(1964)plottedthelengthsarrdvolunesofthe
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vaï1ous fenal.e staclia of C_. purctatu: and ç.. latestriatus. fhey notecl

that the increase in size of the feinales fel1 off rnarkedly after the first

stadium in whic.h maturity was possible. They suggestecl that this was

"probably a consequence of the redirection of foocl naterial- to the developing

eggs". The same authors stated that a similar clecrease in grol^rth occ.urrecl

in rnales - in this case "before the first mature stadiun", but they gave

no data. They argued that "sexual size and proportion differences are

probably involvecl in addition to the redirecticn of food to the developing

germ" when atternpting to explain the earljer decrease in growth of the

males compared with. the feinaies. Earlier in their paper, Blower and

Gabbutt showed that the nunbers of podous segments (and hence the nwnbers

of pairs of legs) that v¡ere added at each moult also decreased after the

first stadir-rn in which rnaturity u'as possible in C. pinctS-tus and C.

latestriatus. Fairhurst (1968) rvorking with T. niger. and O. sabulosus

also for.¡nd a decrease in growth after naturity was reached.

Figure 3.2(c) sltor.¿s the mea:r m¡nbers of pairs of legs counted on

at least 10 individuals of each sex in each stadir-m up to the thirteenth

in O. noreletii. I4aturity is usually reached by the tenth or eleventh

stadir.un (see Section 3.4). The increment in m¡rbers of pairs of legs

decreases in the older stadia. The point where this decrease i¡ grov'rth

begins (i.e. the point of inflexion in the curves) is I'e11. before rnaturity -

at approxirnately the sixth stadiun. Horvever, the decrease is most marked

in the tenth ancl older staclia.

The widt:hs of the same individuals were also measured (at 2 points

along the body) (see Figures 3.2 (a and b). This data d.raws essentially

the same conclusions as that for the pairs of 1egs, except that the point

at which a clecrease in grorrth j s noted is later - in approximately the

eighth or ninth stadiwr.



FIGURE 3.2 Increase in size (width and m¡lber of pairs of

legs) with stadial age.
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3.7 Is O. rnoreleti i Semel

The Iulids, I.. sqg@- anC O' pfþgl are semelparous

(Blower, 1969; Blorver ancl lrliller,1974). That is, lhey pror:1uce otrly one

brood during their 1ife. or the other hand, the lulid-s, 9-"pu:nctatus'

C. latestriatus ancl f. nlger, ffid the Blalliulicl, Proteroiulus @tt"

reported as iteroparous (Blower, 1969; Blower and Gabbut' 1964; Blower

and Fairhurst, 1968; Blower and lr4i11et, L974; Cotton ancl lvlille-tr 1974;

Brookes, 1974) . That is 'they are ca,pable of pro<h,cing more than one

brood during their 1ife.

The evidence for iteroparity i.n th,e above species is limited.

Blower eL a1. have considered the continued rnoulting and survival of the

ail-ult fenales through more than one breeding season and "the very high

percentage of successirre fenale stadia carrying eggs in the breeding

season" (Blower, Pslj. comn.) as intlicative of iteropatity' The only

reference I can find in the liteîature to more than one brood actually

being reared from one female is that of Rantala (L97Ð with the parthenogenetic

t. ly:.*_. Blorver (p_"t:. corïrn.) has obtained tu'o broods separated by

two months fron the senrelparous O. p-ilosusl

Ferules (>. 10th stadiun) of O. moreletii were collectecl froni

Bridgewater prior to ancl during the breeding season. Each fernale was

placed rvith a mature male in a separate flower pot (see Figure 3'5a) in

the laboratory under reducèd light. Terrperature varied between 10 and

ZS"C. Approxinately 30% of the fernales (19/60) each laid one nest of

eggs under these conditions. [1he nests were usually bid within 7 cm

of the surface of the soi1. They were sirnply holes in the soil, excavated

by the females ¡rnd into which the eggs were 1aid. The eggs adhered to

each other and r{ere presunably cemented together.l Att.ernpts rvere rnade

to rear these females after they had reproduced in order to observe

whether they would reproduce again. They were kept in the same flower

pots. In all cases, the females died before reproducing again. Thus

orI o



FIGURE 3.3 (A q B) Flower pots used in irrves'tigations of iteroparity

and fcct-urdity. ( O = clear, perforated plastic,

Ø ='rubber band, @ = pieces of potato, @ eartherr-

. rvare flower pot, O = soil fron beneath tussocks of

Lomandra fibrata (Liliaceas), collecteC at Bridgewater,

South Australia, @ = plastic barrier, Ø = water.)

FIGURE 3.4 Diagranrnat.ic representation of the detrel-opment of the

longituriinal, tubular ovary of 0. norelet.i-j-.

A. Small- developing eggs.

ll. Large developing eggs.

C. Large mature eggs.

D. After oviposition.

(O = deveioping ovariole, Ø = large nnture eggs

in the lunen of the o\rary, e = wal1 of the olr"qf )
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iter:oparìty was not clemonstratecl þut noL disproven either) ' Unforttnately'

laborato¡:y cultures of Q. uqI"!.til were consisi.entl¡' plag,uccl by the

deutonynrplr:: of the :nite, Fl'isÜiosloqa feroniarun a:rd by nemal.ocles. The

mites wsre ec+.opa:.'asitic oli Cl . moreletii in rnany cases covering tlte

alterior segnents and head in very large nt.unbers. The nematodes rvere in

large numbers in and around ihe intersegrnental nembtanes, again in the

anterior parts of the bo.ly. Presulnably, the mites and ne'matodes were

detrimental to the survival of 0. norele!.r-:i in culture.

Two of the ljmiting factors in studying the possibility of

iteroparity in o. nior:eletii by the above method nere 1) the space recluiïecl'

to culture females individually under conditions suitable foi: oviposition,

and 2) the small prcportion of índivicluals that oviposited. As an

alternative approach to the problem, the following experimen+" ivas devisecl'

First consider the clevelopment of the gonad.s in fenale millipecles '

lvlillipedes have longitudinal, tubular cvaries which Tt¡r ventÏal

to the gut. In the young fernales of 0. moreletii the developing oocYtes

and a.ssociated sl-nrctures are arranged segmentally on the inside of the 
,:

wall of the ovary ald tightly borrnd together in ovarioles (see Figure 3.4a). 
i

The walls of the o\rary are thin and transparent. Upon maturation, the

oocytes within each ovariole increase in sjze differentially arrd the

closely-packed nature of the ovariole is lost (see Figure 3.4b) ' The

wa1ls of the ovary begin to thicken. Llpon complete matrrration one or

more of the oocytes in each ovariole is chorionated and released into the

¡¡nen of the ovary. The iunen becomes packecl tight rr'ith these rnature

eggs (see Figure 3.4c). Still present are the different sized u:ndeveloped

oocytes and assoc.iated bodies in the ovarioles. The wa1l of the ovary i-s 
)"

now quite thick and opaque. At oviposition, tire rnature eggs pass forwards

leaving behind a thick-walled ovary with the segmentally arranged remains

of the ovarioles (see Figure 3'4d) ' occasionally a few rennant rnature
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eggs may be seen.

Now,O.ryrslgr.breedsonl.yinautt,umt-earlyr.r,'inter:(see

sections 4.52 and 4.55). Fulther, it seers likely that the fernales lay

only one clutch of eggs during a breeding season (see observati.ons rePorted

above on 9. ["rg1"tii ovipositing in the laboratory). Data given in

Section 4.53 delnonstrate that all fenales present in the field during

parts of suruner have ovaries si¡rilar to t.hose in Figure 3'4a' That is,

they have compact ovarj,ol.es with smail developing eggs. I u'ou1d argue there-

fore, that j.f p. !9re19!É it iteroparous and .survives frc'm one breeding

season to rep::odtl:e in subsec,uent seasons, then the ovaries must revert

from being as in Figure 3.4c1 to become similar to those in Figure 3.4a

during the non-breeding Periods.

trn very few invertebrates clo the adults survive very long after

final reproduction. Thus if O. rnoreletii is ser,telparous, I r'r'ould expect

there to be a measurable rnortality soon affer reprcducticn. Further, it

is a natter of conjecture what the gonacis night do after reproduction if

9. *"t"fS!ü is senelpaïous but it seems rmlikel,v that they r'^,'ould rel-ert'

fro¡n their state in Figure 3.4d to sornething sj¡rilar to Figure 3.4a.

A further corrnent:- The breeding season of O' rnore-þli1 at

Bridgewater is 3 to 4 months long (sec Sections 4.52 and 4.53). I

therefore suspected that individual females of g. nroreletii '¡¡ott1d tolerate

delays in oviposition, if they were imposed on thent.

With the above considerations in mind, I argued that if during

the bree,Jing season laboratory populations of O. rpreletii were set up

in which oviposition was 1) allowed and 2) preventecl, then given time,

a) If O. noreletii is semelparous, then higher nortalities of

females woulcl be expected rnhen oviposition was allowed conparecL with when

it was prevented. The ovaries shoulcl be full of nature eggs when ovi-

position was prevented. lVhen oviposition was allowed it rvould not be

.t

i
ù

I
I
i

.{
'i

{

i
t,

I

1



ZT

expected tha.t the ovaries would revert to be sjmilar to that in Figrrres

3"4a j-n those females rvhich still 5s1'yilred after reproduction.

b) If 0_. Igl:tetri- is iteropaïcus, then no difference in mortality

would be expected bel-ween females in either treatnpnt (unless the

cond.itior$ provided were too str:essful for either gÏoup of female's) "

The ovaries would be expected to be full. of mature eggs in females rvhete

oviposition l{as prevented, but wh'ere oviposition wa-s a1lowed, the ovaries

wcrulcl be expected to revert to a condition sfunilar to tha.t in Fi'gure 3'4a'

.The fol1or.ri-ng experinent was desi gned to investigate the possibility

of iteroparity in the females of o. norele-tii. ln addition, the experiment

investiga.led the survival rates of males of g. moreletii when allowed to

nate with females and when prevented.

Large m¡nbers of adults of both sexes of O. rnoreletii were collected

fron Bridgervater on 29 and 30/3/75, Mating was first observed in the field

for thís particular breeding season on 28/3/75. Tlie miltipeoes rvere

added to ej.ther of two types of flower pot in the laboratory' The first

type (FPI) was similar to that in Figr-rre 3.3a. The second type(FPII) was

again sjrnilar but had a plastic barrier placed 2 cn beneath the soil

surface (see Figure 3.3b). The plastic barrier was jntended to prevent

the millipedes fron burrowing into the soil - in particular to prevent

the fenales from cvipositing. The surface soil in FPTI dried out more

than that. in FPI. Hor^,'ever the bases of all pots were inrnersed irl 2 to

3 crn of rvater at aII times and the sicles of the flov¿er pots renained

equally moist. The millipedes in both types of pots shotved no signs of

desiccation (see section 5.6). Copulations were seen frequently dtrring

the first 2 weeks in the Pots.

In the ery;eriment, there rvere 5 tTeatment s (2 Íot FPI and 3 fot

FPII). There were 50 flower pots in all (20 of FPI and 30 of FPII). In
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lC of the FPi pots, 20 females and 20 males were arldecl to each. In the

other 10 pots , 40 females oïrl1z rvere added. In 10 of the FPII pots, 20 ' I
I

females an<l 20 mal-es were added. In another 10 pots, 40 females were 
I
I

adc1ec1, whilst i.n the renainìng 10 pots, 40 males l{ele added. 1}re fiftl'

pots were arranged at ranclon in trays of water and naintained in reduced

light at temperatures which varied from 11 to ZZ'C'

At intervals of L to 2 weeks, the soil was disturbed in each pot,

the survival of the Îillipedes was checke<l and any nests of eggs that

we1.e present weïe rernoved. At the Same time, fresh slices of potatc' rvere

a<ldecl to each pot for food.

On L4/T/75, the millipedes sti1l alive in all the pots were kil.led

in 70% a1coho1, I had intendecl that the experiment would rrrn for longer,

but the infestations of mites and nematodes in the cultures were so bad

that T feared with further time they would kill the ni1lipecles. Perhaps

if the soit ancl pcts had been changed at each observation, the infest'atioris

of the mites and nematodes night not have been so bad.

All the females were dissected ancl their o'¡aries were assessed a.s

either,

1) possessing nature eggs and thick o-varian wa11s (Figure 3.4c),

2) posse.ssing snall developing eggs and thin clvarian walls

(Figure 3,4a),

or 3) otherwise. Unfortunately, I found it difficult quite often

to assess a difference between femaies sÏnilar to Figures 5.4b and d.

Thus these tlo categories have been srmrned rurder the term "otherwise".

The percentage of the fenrales in each category given above was

calculated for each pot. Since there ivere 10 pots in each treatment, an

average percentage (i + S.E., n = 10) per pot was ca1culatecl for each

treatment. The data are gir,æn in Table 3.5. Note that the percentages are



TABLE 3.3

(Mear + S.E.)

Treatment

FPI
z0g/20ô

FPI
40o+

FPII
z0g/20d

FPII
40o+

Mean Percentage of Females
with

Other-
wise

27 .8+2.6

23.8+2.7

10. 5+3.2

5 .5+2 .1

Mean Nos. of Nests
per Fenale

Srnal1
Developing

Eggs

N{ature
Eggs

55.6+3.96.1+2.50.38 + 0.06

28.5+4.429.0+6.30.25 + 0.06

20 .5+3.456.0+5 .60.02 + 0.01

15 .0+1.670.0+5 .90



TABLE 3.4

% survival-/Flower pot in each treatnent.

Females

FPI
40o+

Treatrnent

FPI

FPIl
40o+

FPII
406

99.4 + 2. B

8\,3 + 2.2

87 .0 +_ 4.0

90. 3 + 4.3

il4a1es

72.2 + 4.I

53.5 + 7.3

+ó8 9 4.0

I



calculated on the total mlnbers of females initially placed iri the p,:rts

arrd not on the nurd¡ers sti11 living on 7.4/7/75. llhe lrurrnbers ,cf nesl.s

laid per fenale per pot:ln each treatment are also given in Tabl-c 3.5.

In Figure 3.5, the ctrnul.ative m.unbers of nests of eggs that rvere l¡-rjci

fuon 30/3/75 to :I /i/75 are given. Table 3.4 give.s the percentage

suwival.s of the lnales and fenales per ilot for eacir treatment.

The data in Figure 3.5 shorr'that most of the eggs were 1ai<l

within 30 to 40 days of placing the ni.Ilipedes in the pots. Thus the

period of observation of post-reproductive surr¡ival was approxirr,ately

70 days (55 to 106). The results in Table 3.3 suggest that cI. moi'eletii

is probaìrly iteroparous. Survival of feniales rvas sirnilar irrespective

of whether they had oviposited or not. Further, the na-jority of orraries

contained mature eggs r+'hen oviposition was preventecl, but w'hen ovipositicrr

was allowed very few females contained mature eggs aad the najoríty

(especially rvhere males i{ere provided) hacl small- developirìg egSis aird thi.n

ovarian v¡alls (i.e. as in Figure 3.4a).

with regard to the individual- pots in the FPI treatments, il,--r

correlations were fotm.d between the sun¡ir,'a1s of the fe,males (::ange 67.5

to 100t) and the nttnbers of nests produced (range .025 to .60tì per ferrraie)'

Rather higher nunbers of nests were laid by the fernales rtrithcrit

males in FPI pots than expected. As stated previously, the anjnals v¡ere

collected fron the field 1 and 2 days after rnating was first observed.

lr4ating was seen in the field for up to 10 to 12 weeks (see Section 4.51-j .

I expectecl very fe¡^¡ fenales to cviposit when cul tured wj.thout ntales because

I did not expect them to have mated before capture. Horr'ever 98 nests weîe

produced by the total of 400 fernales. Eggs fronr these nests hatchecl

successfully. This result suggests that nating was occurring in the field

prior to my obsen¡ing it. The relatively high ntnnbers of fenales with

mature eggs (29.0% c.f . 6.I% in females provicled with males) however mi.ght



FIGURE 3.5 Crmrulative mirnbers of nests laid in flower pots

by O_. moreletii.
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suggest that many of these fenules were not oviposi-t.ing because of the

lack clf lnales. On the other Ìiaircl, the greater density of fenlales (40 per

pot c.f. 20 per pot r.;here nlales ulere provi.rlerl) mip;ht have inhibited ovi-

position in sorne females

Iu many of the fernales irr IIPII pots, the mature eggs iver:e split

and obviotrsly degenerating within the ovary. lVhether this was due to the

il1 healtli of the fenale or was part of a natural r'esorption of unlaid

eggs rernains unknotrr.

In conclusi-otr, the data gir¡en above by rro means; demonst:rate that'

O. moreletii is iteroparous. They sfurrply suggest thaL it is possit-i1e.

Later (see Crlapter 4) , it will be argued from studies c,f fielcl popr-rlations,

that iteroparity is a rarity if indeed it occurs at a7.T. Until indi'¡idual

females are reared successfully from one reproduction to another or rntil

anatomical features (e.g. the equivalent of the manmalian corpora lutea)

are found to indicate prior breeding, the question of u'hether g. *q."]gÉi

is capable of iteropari.ty or not will remain unsolr,'eC.

The surwirrals of the males in the treatment-s were consisterttly

lower than those of the females (see Table 3.4). Tnere u€re no cbviot¡s

clifferences in the survivals of males in the presence or absence of

females. These findings will be díscussed later (see Section 4.57) .

3.8 Fecundi of 0. noreletii

In l-,tarch 1974,1.20 fenal.es ancl 120 males were collected at

Bridgewater ancl placed tn !2 flower pots (10 of each sex in eacli) sjmilar

to those in Figure 3.3a. After 3 weeks the pots rvere inspected for nests

of eggs. T\n¡elve nests were laid by the 120 fenales. The nunbers of eggs

per nest ranged fronr 161 to 385 with a nean of 250,2.
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In li{ay L974, 90 fenales i.n the ninth to l3th staclia were collected

at Bridgehrater. fhese females were kil.iecl in 70% alcohol ancl tireir widths

at the 20th pair of legs and thej.r ages were cletennined. Then the fenales

were cli.ssected and the nrmrbers of mature eggs present wet'e recordecl for

each.

In. 45 of the feniales, mature eggs were fourd" The relationships

between the ntmrbers of eggs ancl the stadia and wiCths of the females are

shown ì-n Figures 3.6 (a and b) 
"

Because the maturation of eggs takes time, nany of the lower n.unbers

of eggs found ill scrme females are probably due to these females not yet

devel.oping all their eggs. Therefore it. is probabl-y unrea-listic to average

the ntmbers of eggs per female in order to obtain an average fecr:nditv.

Eqr-rally, it is probably unrealistjc to average the nr:nbers of eggs in

fenales in each stadir.mr or in si.ze ranges (e.g. rvidths) in order to obtain

an average fecundity pel stadium or size rafLge. Perhaps, the lnaxim¡n

nunbers of eggs for-urd in indi.¡iduals in a sa:rple taken during the breeding

season reflect approximately the fecundity of the females. If so, the

data suggest that the fecrndity of O. norelet_iji is approxirnately 150 to

350 eggs per fernale - but thjs is a very rough estimate.

Although there l^ras no obvious increase in fecr¡'rdity with staditm

there rlas an increase in fecundity with width (*äS = +0.576, P < .05).

Presunably there rvere just not enough values for a relationship with stadir¡n

to be borne clut.

The above two estimates of fecundity refer to fernales collected

in a grassland at Bridgervater in autunn f 974. 0f course, fecwrdity may

vary according to the time during the breecling season when the estimates

are mad.e , v'¿Ty front otre year to the next, and vary frorn one habitat to

* The subscript 45 indicates the nr-mber of irrdividuals used; the nunber

of degrees of freedon for t are therefore 43.



FIGURT 3.6 lritunbers of rnature eggs counted in females of

0. moreletii with respect to the fe:nalets:-

A. Age (staclirm)

B. Size (width).
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another. Incleed, in collections made during ar;turm 1975 (see Chapter 4)'

females in the 10th and l1th staclium bore an avera€le or 127..0 (rarge: 52

to I7S) mature eggs per female in a grasslarrcl rr'hilst at the same tinre 79'7

(range L7 to 204) mature eggs per female in a woodland.

The above estj-mates of fecundity of course refer only to one

reprocluction per fenale. If it is acceptecl that O. moreletii is capabie

of iteroparity, then the fecr.ndity of some females rnay be trvo or more

times the above figules.

3.9 Post-Bnb ic Derrel to f Australi-osoma castaneun

Data on the post-embrl'onic development of Austl'alioscrna gastaleun

was linited clue to the rarity of the species in the study area, espec'ial1y

during sunmer. No attempts were made to culture the species in the

laboratory. However, by considering the few specimens collected both

casually ancl systernatically during sampling for O' noreletii the following

statements can be nade.

The final four stadia in the life cycle were collected. The

mlnbers of podous segments (and apodous segments in brackets) in each

of rhese stadia were 14(2) or 15(1), 16(1), 17(1) and 18(1) (adult).

since the m¡nber of apodous segments in one stadiun equals the ntunber of

poclous segments added at the next moult in rnillipedes, ffid since no

A. castanetrn were founcl with 14 podous and 1 apodous segments, I have

included individuals v¡ith 14 and 15 podous sepnents in one stadiun. If

it is accepted that. all Polydesnids have seven juvenile stadia (Blower and

Gabbutt, 1964), then those inclividuals of {. castaneunr with 14 or 15

¡rodous segnents are in the 5th stadiun. A. castaneun has no oce1li and

the r:epugnator:ial (defence) glands are not obvious externally'

Juvenile males could be differentiated in the 5th staditnn (Perhaps

they can be differentiated earlier than that). The anterior pair of legs
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on the seventh seglnent ulas allead;r iost and replacecl by the bulbous

nrclitrcnts of the gonopods. The gonopods of the mature male are extrentely

large ærd conplex. The first pair of 1.egs i-n the male are always ambulatorl"

A castlqgul like c¡ther Polydesn.ids (except perhaps Pt".H¿çt*t-

.sl¡pe{u:. (stephenson, 19ó1)) has only one adult stadiurn.

In l,,lay Ig74. eleven adult females of å. ca.stanerm were collected

which contained large mature eggs in their ovaries. The range in mrnbers

ofnature eggs per female was 255 to 672 with amean of 480.4"

3.10 Post- ic Deve of Dimero

Like A. cast.aneun, Dinerosonus sp. v/as difficult to find in the

sttdy area for nuch of the year. However, the species was founC in

moderate nwnbers during the wetter months beneath dense infestations of

the introduced Chasmanthe aethiopica (Iridaceae)

Dirne]oggn_t]: sp. has ocellj- but their development is too irregular

to be useful in determining the stadia of individuais. Attenpts were

made to distinguish staclia by characterizing them by their nunbers of

segments, pairs cf legs and pairs of repugnatorial glands' liorvever there

proved to be too ltnrch variat:-on in these characters to be of use '

Figures 5.7 (c anC.l) shovr the frequencies with which individuals u'ith

given nunbers of pairs of repugnatorial glands were collected' The

repugnatorial glands are very obvious extetnally in Djmercgonus sp' The

lack of discreteness in the data that is necessary to charactetize stadia

is eviclent in Figures 3. 7 (c and d) .

Juvenile males of Dimerogonus sp. have ambulatory first pairs of

1egs. The gonopods on the seventh segrnent appear more advanced in

juveniles of Dì-rneJogolu: sp. than they do in O. rnoreletii. At maturity,

the first pair of legs of the nale Dimerogonus sp. are nodified. Both

juvenile and mature males were found in the stages in the life cycle with

34 to 40 pairs of repugnatorial glands (see Figure 3.7d). This apparently



FIGURE 3.7(A) Nr.mbersof mature eggs for-rrcl in fenales of

Dimerogomß sp. as a function of the nr.mibersof

pairs of repugnatori.al glands of the ferLales.

FIGURE 3. 7 (B) lrh¡nbers of nature and large developing eggs

for¡rd in females of Dfunerogonus sp. as a functi.on

of the numbers of pairs of repugnatorial glands

of the females.

FIGLJRII 3.7(C and D) lù-unbers of females (C) and rnales (D)

collected with given ntmrbers of pairs of repugnatorial

glands. The males are di.vided into juveniles (solid

lines) and aclults (dashes).
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is the periocl of matgration of 'Lhe nales it ll:$,9lggolgl tp' The finding

of matul'e n¿rles lr¡j'Lh u-P to 63 pairs of repugnatorial glancls suggests

that tÌre males of Ðimerogonl-Þ- sp. motilt after reaching matur:ity' Flowever'

no stages sr-rggestive of intercalary males were for¡rd' very few animals

were collected during the drier months of the year and it is possible

that intetcalary males night be for-lnd then. Periodomorphosis has not

yet been demons'tratec i-n the carnbalidae, although verhoeff (1943)

suspected it.

Mature eggs were found in females with 34 and more pairs of

repugnatorial glands. The mature eggs of !]¡1elggonq!- sp' are extremely

large comparedwiththose of å. ca-st-angr¡n and 0. noreletii' All are to

some degree ovoid:-

Diarneters (rrn.)

= 1.0 x 1.4

e Q.6 x 0.5

x Q.7 x 0.6

The chorion of the eggs in sp. is soft cornpared rvith

that of the other 2 sPecres

InJune1974(five)andAugust1975(fifteen),20{emalesof

Dimerogontts sp. in which mature eggs were for¡nd were collected fron

Bridgewater. The range in nr¡nbers of nature eggs was 1 t'o L7 ' Givert

that the nunber of pairs of repugnatorial glands is a measure of size' tl:le

m¡nbers of mature eggs in Dimerogomg sp. increase with size (see Figure

3.7a). ïn Some cases, 1ow nunLbers of n¿ture eggs were recorded for 1arge

fernales. Probably, these females were collected before they had developed

very many of their eggs (The prevalence of small developing eggs in these

females suggested they had not already laid mcst of their eggs)'

In Jtu:e 1974, nine fernales were collected which had large

devel-oping eggs on1y. These are white and contrast with the yellow mature
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eggs. The five females with mature eggs also had sorne large devel-oping

eggs. Ithen for these fourteen females , the nurrbers of mature and large

devel-oping eggs were plotted against. size a more narked relationship

was found (see Figure 3.7b) because the influence of slolv devel-opment in

some of the large fena.les was lesseled.
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4, LIFIì HISTORY ABUNDANCE AND ACTIVITY

4"L Introduction

The work repor-uecl in this chapter war-; done prinaríl¡' to cletennine

the life iristory, of O. fglglgtii. in SoutTi-Ea.stern Australia. In addition

to data on life history, some information was obtained on changes in the

at¡md¿rnce and activity of the species. Further, linited inforination was

gatherecl on the life histories of the two nati'u'e species, Dimeroglrrus. sp.

and Â. castaneull.

4.?, Literature Rer¡iew

At the beginrring of thj.s chapter, I consider three aspects of the

literature shotúd be reviewed.

4.2L li'laturation in Iuliform nrilli

The Iulids, !. @_ry and c. punctglg: normally take three

years to mature arrd reproduce, whilst Q. pilosus takes two years (Blower

and Gabbutt, 1964; Blower 1.970; B1ower and Mi11er, 1974). The Blaniulids,

I. vari.cornis an<l P.. fúscus normally take two and three years respectively

to reproduce (Brookes, 1974). However, in very warm weather, Brookes (1974)

found that P. fry"r coulcl reproduce after only two years.

By direct sanpling of soil and litter, Blower and Gabbutt (1.964)

for.lnd that C. latestriatus took two years to mature and reproduce in a

Devon oak w,¡od. On sancl dr.mes in Scotland, Cotton and Mi11er (1974) set

pitfall traps ancl suggested that the nales of C. latestriatus maturecl

earljer there than j¡ Devon, with respect to stadiun. The maturity of

the females on the other hand was delayecl a stadir¡m in Scotland.

DeshmftÏr (p. 601 in Blorver, Lg74) stated that by direct sanipling at the

sanre si.te as Cot+-on and }Tiller (1974) used, he had sho'wn that C . latest::iattrs

matureci after three years.

In T. nig_gl, the time to maturity and reproduction is more complex'



31.

The species oviposits in spring, the eggs hatch and the larvae develop

to the fifth or six[h stadir¡n by the next spring (Fa.irhurst,7974)' By

the slrbseqttent a.ut',¡n:1, the millípedes aïe in the seventh or eighth

staclir¡n. Then by the fbil-owing spring, when the millipedes are two years

o1d, tlrey ar.e in t.he eighth or ninth stadiun (Fairhurstr IgT4). Fairhurst

found that some of the nales in the eighth stadj-un in attttlirn, eíghteen

nronths after ovíposition, Ì^rere mature and copulated. The function of

this copulation, when oviposition occurred only in spring, remained obscure.

Of the two year old males in the eightli stadit¡n in spring, Iiairhurst

found only 2.5% urere inrnature. He concluded that. the rnajority of male

t. gg. matured after 2 years. Flowever he noted that Sahli (1966) ha<l

foprrd nules of this same species maturing as late as the tenth stadi.mr

and added that maturation of male !. niger could take as long as three

years. The eighth stadir¡n in fenales of T. niger was inmature, but the

ninth was naLure. Thus some females matured after two years, btrt others

took a further year. The relative frequency of females in the eighth and

ninth stadia after 2 years varied from one year to the next. Therefore

the maturation and leproduc+-ion of different generations of f'emales

varied fron two to three Years.

Fairhurst (1974) set pitfall traps in four different habitats

(sand drne, forest edge, young forest and old forest) to collect data on

the developnent of maturity by O. sabulosus. He calculated the relative

frequencies of the rnature males in each stadiun that he caught in each

habitat. He assumed that a high frequency of mature males in a particular

staclium indicated that naturity was conmon for that stadir.un. Fairhurst

clafuned that his catches in the sand drure suggested that nost males

matured there in the ninth stadirrn. That meant they were rìature after

two years. In addition, Fairhursf clainred a deLay in the other three

habitats in the achievement of rnaturity by the males, greatest delay being

in the old fcrest where naturation was conrnonly at the eleventh stadit¡n.
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llhat nealìt , maturaticn was be ing delayed there a furtl-rer yeal'. Howet¡er r

the m¡nbers of millipecles caught (in partictlla:: in dre youlg ¿rncl olci

forest) and on which Fairhurst based his conclttsions were extremely s¡nall.

His conclusi.ons trrere not pa::tic'.-r-1arLy convincing.

Fairhurst Qg74) attenptecl to supplement his above find.ings by

calculating the percentages of lnature and juvenil-e males in the ninth

stadir¡n of g. sabulosus at each site. He found frorn his catches that

very few nnles were inmature in the ninth stadiun in the sand dune, but

relatively nlore were inunature in tlie olcl forest, thus suggesting that

maturity was de1-aycrl jn the la^t.ter habitat. However, again Fairhurstrs

data s¡ffere,l fron lack of aninais (e.g. a total. of 9 males in the ninth

stadirm in the old forest) and was irot convincitrg. In addition, although

Fairhurst acknolvl-ec1ged. that inmature and nature rnales cliffered in their

activities, he disregarded the possibility that their relative activiti.es

rnight be different in different habitats. 'Ihus, using catches to conpare

the degrees of maturity in different habitats could be dangerous.

Fairhurst d.id. in fact take some "plot samples" to deterini.ne v¡hat was

presen! as well as rvhat was ggt.!r¡g, but he did this only in the o1d forest.

He for-md very few nnles in the ninth stadit¡n were mature in this habitat.

It is irnportant to take sanrples of what is present rather than active in

all habitats to show that matura.tion varies from one to the other.

Fairhurst (1974) stated briefly that the maturation of the females

of 0. gglggsqs followed sinilar trends to the males. He suggested that

the fen¿1.es maturecl in three years in the sand dune and in four years in

the forest. However, he gave virtually no data to substantiate this

conclusion.

In attempting to expl.ain variations in the developrnent of maturity

of q. sabulosus in the different hiabitats, Fairhurst (1974) first suggested

that in the arid sand dune "the rrles governing .. the onset of
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maturation nåy be stri.ctly enforced". In the moist and "congenial"

forest , "eaTly matur:ation .. " .. may not be so vitalt'. Secondly,

Fairhnrst suggested that the rvarmer tettperatures in the sa.nd it'me night'

lead to a more rapid developnent of maturity compared with the cool forest.

Thirclly, Fairhurst suggestecl that the variations in the develolment of

maturity could be "a response to population pressure". I take this last

suggestion of Fairhurstrs to mean ej.ther 1) that the clevelopnrent of

matur:i.ty by individuals could be influenced by the density of the

population, or 2) tinat the movements of mature and irrnature indiviCuals

away frorn a popr.rlation could be influenced differently by density. Thus

the naturity of the remaining population u'ould be a fr¡"rction of the

plevious deusity.

Ther.e is therefore some mention in the literature of variations

in the development of rnaturity within Iuliform rni11ípedes, although in

some c.ases (e.g. Fairhurst 1974) such variation is not well clemonsti'ated.

4,27. Seasonality of Mature and Tnterc'alary Males in

Periodomorphic Species

Flalkka (1958) sunmarised the knoun seascnal occurrences of mature

and intercalary males in periodomorphic rnillipedes. In the Mediterranean

regi.on, the mature males of several species (including 0. notel"tii atd

0. sabulosus) were for.rrd cornmonly in autumn. The itrtercalary males on

the other hand were for.rrd conrnonly in the spring. Ilnfortunately, collection'c

during sunmer and winter were too li:nited to give aclequate data on the

fonns present then. Verhoeff (1940) in central Europe and Ïlalkka (1958)

in Finland both repcrted that m¡rture males of O. sabulosus predorninated

during the stlnmer lnonths, but at other ti¡res of the year ' the intercalaty

males were more conmon. The Blaniuli<1, Nopoiulus ai'matus, in central

Europe showed a narked seasonality in rnature and intercalary nales, the

former conïnon in the breeding season, the latter in the inactive remaj-nder
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of the year (Verhoeff, 1939). Fairhurst (1968 - I have seen only his

suTünary) ref.erring to Q. s.{"fg:y: and T. rr1ff%" sLated that the inter'-

caLary males "predoniuated outside the active season"'

Ver.}io:Ff (193t).t srrggeste,l a causal relatj.onship between the

occurrence of intercaT-'try nrales of periodonorphic species during the

ínactjve and r.urfavoui:ab1e seasons of the year. Flal-kka (1958), whilst

agreeing that the predominance of iirte::calary male.s coincided "with

unfavouratrle seasom in a f.air m¡nrber of Diplopod species", was conc-erned

that in certain species (e.g. l. niger, O. sabulosus P. fg:cus), both

mature and inLercalary (schalt) males ."glg be founC at all tirnes of the

yeaï. She preferred to "emphasize the significance of the schalt stage

as an intervening stage between two copulatory stages." In other worcls,

she attrj-buted little or no ecological irnportance to the intercalary male

Halkka denonstratecl that the intercaLary nales of 0. s-abglosus. have actj-r¡e

gonads. Fairhurst (L974 - in discussicn) regarcled the intercalaty maLes

of Iulids sirnply as "resting stages in which spenn is built up for the

actj.ve copulatory stege".

4.23 Activity

There are many references in the literature (e.g. Brade-Birks,

LSZZ; Clordsley-Thonpson, 1949, 1952) to the wanderings of rnillipedes on

the surface of the grotmd. However there are few references i¡ which the

activities of nil.lipedes have been rigorously studied. Barlow (1957, 1958)

set pi.tfall traps in Holland for I - scandinar¡ius 0. sabulosus ç-. silvaruir,

ç". flit!:", Brachy.iull: littolalil and P. denticulatus. The nunbers

caught in traps are functions of both 1) the abundance of stages in the

life cycle that are capable of being active and 2) their activity. Barlorv

reali sed this but i.gnored aburd¿urce and equated activity ',vith catch.

Barlow fotmd that O. sabulosus and P. denticulatus were most "active" during
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suTnner, å. fitlglalil in spring and I-. scandinavius C. silvarum and C.

f_rislg!- had peahs in "activity in spring and auturur. Barlow describecl the

weather (tenrperature ancl prec.ipitaticn) typical of the peaks and troughs

in "activ'ity" for each species. FIe attempte<l to correlal.e weather with

the "activities" of the species. Onl1' with C." frisius were sigtrificant

correlations obtainecl (rr'ith ternperature). Consistently, Barlow cal.culated

higher correlatíon coefficients between "activity" and temperature

conpared with "activity" ancl precipitation. FIe concluded that temperature

u¡as more important in stimulating activity. Banerjee (1967a) set pitfall

traps for C. prnctattts, T. n-iger and P. anguStus in England. He for¡rd for

each species, the peaks in the ntrnbers trapped were in spring. He was

urable to correlate the m¡nbers trapped with rveather data. Several other

authors (e.g. Blower and Fairhurst, 1968; Blower, 1970; Lewis, L97]- (a

and b) ; Cott.on and lr4i11er, T974) have described seasonal changes in

catches of actit'e millipedes.

Blower and Fairhurst (1968) found very few juveniles in collections

of T. niggf in a house. Blower (1970) trapped far more adults of I.

scandinavius and t. gkg" than juvenil.es in a sycamore ash wood. Cotton

and lvlill-er (1974) trapped ferv jtn'enil.es of C. latestriatus in a sand dune

although they strongly suspected that jrrveniles v\iere reasonably abunJant..

This circumstantial evjrJence suggests that juvenile lulids are less active

than adults.

Fairhurst (1974) stated there was "evidence to suggest that there

are distinct behavioural differences betv,¡een i¡nnatures and adults" of

q. sabulosus. I am unsure n'hether Fairhurst rvas referring to data in his

present paper or to another source (perhaps Fairhurst (1968) of which I

have read only the sunrnary). If the former, his statement is unconvincing.

A table in Fairhurst (1974) showed 44.5% (N = 9) (glt) of 0. t"b"fo,"t

taken in pitfall traps in an old forest were jwenile, whilst plot samples



36

in the same area shorved 93.9% (N = 114) were juveniles. The ntrnbers of

individuals ilwolved were vely lohl, especially in the pitfall traps.

4.3 l-lal¡itat ancl l{eather

Studies of O. noreletii were made prirnarily at BÌidgewater in the

Mt. lofty Ranges, South Australia. At Bridgewater, two different habítats

were sr-udied " 1) an open grassland (see Figure 4.1) and 2) a dr1¡

sclerophyllous wooCland (.see Figure 4.2). The positiorrs of the gr:assland

and woodland wittiiri the outbreak of 0. moreletii at Bridgewater are shol'ryt

in Figure 2.5.

The doninant plants in the grassla:rcl were clovers (Trifoliun

subterraneurn and T. campestrÐ, wild oat (Avena fetE), barley grass

(tl"Id"t} lgott"qn) , rye grass (þ!!yq rigidun), Yorkshire fog (9"1.*

lanatus ; spear grass (!gpg sp.), silver grass ryfl+!t?_rn¡¡1Ð, dock

(R,{t"è sp.), soft. brome (ßro¡ngs lncll:is), rip-gut brome (8. diandrus) ancl

Cape danclelion totheca calendula). Hereafter all these plants will

be referred to collectively as pasture grasses.

Tussocks of lomandra fibrata (Liliaceae) (see Figure 4.1) were

comrnon in the grassland, but their distribut.ion was very patchy. Also

connnon were bracken (Ptqrtditon gscr¿fgglt¡m) and blackberry (Rubuq fmticosus).

The bracken a¡c1 b\ackberry were slashed regularly during the period of

study to check their spread.

Hereford steers grazed the grassland at a density of 0.40 steers/

hectare. The grassland was consequently extrernely undergrazed and plant

grolrth was prolific.

The woodland (Ergelbrook Reserve) was briefly described by Lee

and l,rlood (1968) as "an area of dry sclerophyll rvoodlarrd (Eucalptus

obl-iqua L'Herit - ll. baJrleri (Benth.) association) on a yellow podzolic

soil". As well as the stringy-barks (E; obliqua and E. baxtêri , the

treearrdshrubcanopiesofthewood1arrdweredominatedbyBanksia@'



FIGURE 4.1 'Ihe open grassland at Bri.dgelvater.

A. During lvinter - showing tussocks of

L. fibrata an<l areas of pasture grasses.

B. During spring - early suilrner - showing

the grorvth of pasture grasses at this

time.
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FIGURE 4.2 The dry sclerophyllous rvoodland at Bridgewater.
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blaclcrçood (¡q*-tt :qelglppzþQ, wattles (4. retinoides and 4. gtt"1i

needlebusli (F]ake-q #gi"g and H-. roslrata), tea tree (Lglgtg1iry*

zuÞe_sçSlt:) and broom (gt1stls. sp.). Specht (1972) listed the many urder-

storey pl.ants nor:malIy associated with E. g-Þliq,*- - E. þg!S1 alliances

in the lr,lt. Lofty Ra:rges. Frrgel.brook Reselve appeared typical of Specht's

descripti on.

The closest re|iable weather station to Blidgewater was at Stirling

(5 krn to the west). The average nronthly rainfall Tnd temperatures for

Stirling are listec1. in Appendix Tables 1 to 3. The rajnfal.l and the

^terage 
maximu¡n and nini¡tun temperatures as recorded for each month at

Stirling during the present study are given in Figures 4.3 (a & b).

Stirling is slightly wetter and cooler than Bridgelvater but the trends in

weather are similar at both places.

Çery+rltqns of Microclinate

Saunpling outlined in the next section (4.4) clistinguishes grass-

land fron woodland and pasture grasses from tussocks of L. fibrâta. Here

it is i:nportant to recognize diff.erences in the microclimates of these

different habitats"

On two days in mid-surmer, the temperatures at the soil-litter

interface at 10 sites in both the grassland (pasture grasses) and r,roodland

were measured between 1.00 and 3.00 p.m. using an ordinary thermometer.

Each site ìrad a substantial (> 5 cm) layer of litter. The temperatures

(?C) (rnean and range) were as follows:-

Grassland Woodland

Day 1 33 (2s-43) 2I (16-2s)

Day 2 28 (26-50) 20 (16-28)

At half of these sane sites, the relative hrrnidity v¡as measured

at the soil-litter interface using a l¿mbrecht Hair }lygrometer. The

hrmidities (%) (mean arrd range) were as follows: -



F]GURE 4.3
(a&b)

I,{eather recorded at Stirling during the present

study"
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Grassland ltbodland

Day 1 47 (4s-s1) 64 (61-68)

Day 2 ss (s1-64) 63 (se-i0)

These results suggest that the rveather in the rvoodland v¡as

cooler alcL moister during mid-srmrner than it was in the grassland (as

represented by the pasture grasses).

The top ferv cm of soil beneath the tussocks of t. fiÞ.rq,!t in the

grassland were noj-ster than the soil ìreneath the pas'ture grasses during

late stmmer. During a particularly arid period, sanrples of soil from

beneath 5 tussocks and 5 adjaceÌlt areas of pasture gTasses were collected,

weighed, oven-rlri,ec, reweigherl and the percentage water contents of each

sample rrere calculated. The average percentage irrater content beneath the

tussocks was 13.5 + 2.0% (.-n + 5.8.) and beneath the pasture ltrasses

4.6 + 0,3e0. The difference betrveen the two was significant (t = 4.49,

p < .05) . Crawford (unpubli.shed data) nteasured the pFs of these soi1s.

The pF of a soil is a neasure of the strength rvith which the water present

is helcl by the soi1. In short, the greater the pF, the less water is

likely to be available to e.g. a millipede. Crawford for.ncl that the soil

beneath the pasture grasses had a greater pF than that beneath tlie

tussocks. This is added infonrration tc suggest that conditions beneath

the tussocks rvere moister during sumrrìer than they nere beneath the pasture

grasses for 0. mofeletii. During winter, the reverse appeared to be the

case. Probably rain was shed off the tussocks onto nearby pasture grasses,

thus causing the soil below the tussock to renain drier drrring winter.

In latr: suntrner, thermistors (corinec'ued to a Grant ]"fultipoint

Tenperature Recorder) were placed at the soil litter interface beneath

l) a tussock of L_. flbratq (3 thermistors) and 2) the surrounding pasture

grasses (5 thermistors). Fvery hour for 254 hours, temperatures were

recorded. The sinultaneous temperatures (averages of the thlee replicates)

for each habitat are plotted in Figure a.3 (c) . 'Ihe data sholr¡ that over the



FIGURE 4.3(c) Tenrperatures recorded at the same tirne beneath

tussocks of L. fi_brata and pasture grasses.
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254 hor:rs, the temperature varied from 10 to 43oC in the pasture grasses

but fron L5 to 26"C in the tussocks. of particular importance here, is

the fact that on hot days, the temperatures t\Iere cooler beneath the tussocks

conparecl with those beneath the pasture grasses

4.4 lvlethocls of Sarpling for Life His torl', Aburdance and ActivitY

Tlie life histo::ies , abundances and activitj-es of Iul j.form mi-1lipedes

have generally been stuclied in field populations hy taking regular sanples

of soil. an.c1 litter and extracting tTre millipedes in them usi.ng Tullgren

funnels (e.g. Blower, 1970; Blower and Gabbutt, 1964; Blower and Mil1er,

1974; Brookes , Ig74; Banerjee, 1967a). Pitfall traps have also been

used (e.g. van cler Drj.ft, 1951i Barlov,r, 1957, 1958; Banqrjee, 1967b, !970a;

Blower, 1g70; Cotton an<Mi11er, 1,974) and occasionally hancl-col.lections

have given supplementary data (Blolver and Mi1ler , 1974; Banerjee, 1967'a;

Brookes, 1974) . Blower ancl Fairhurst (19ó8) used collections of T. Égel

taken inside a house over several years to determine the speciesr life

history and seasonal pa"tterns of activity.

In the present study , ðata on the Life history, abwrdance and

activity of O. norgletli_were obtained in several ways. These wele'

a) Sarnpling of soil an{ litter in the grassla'nd,

b) Sarnpling of litter ÞL_iEg1f in the grassland and woodland,

c) Pitfall trapping in the grassland and woodland,

d) Visual assessment of activity and mat'ing,

and e) Hand-collections (both at Bridgewater and at other outbreaks).

4.4I Sampl of Soil and Litter in the Grassland

As illustrated in Figure 4.1, the grassland can be divided

essentially into tu'o clifferent mjcro-habitats - 1) pasture grasses and

Z) tussocks of L. fibrata (hereafter referred. to simply as tussocks). Both

rnicro-habitats were sampled for 0. moreletii as follows:-
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In Novenber 1972, 5 tussocks rvere dug up in the grasslald. The

borcler of a tussock is rve1l-definecl and therefore the tussock is easy to

remove by itself. The soil ancl 1it1-er: beneath ea.c.h'tussock were rerpved

to a depth of approximately 10 crn belorv the soil-litter interface. No

rnillipecles were for-nd beiow this depth.

The surface area of the hole f::om which each tussock had been

removed was measureC bv 1) placing a sheet of cleal plastic over the hole

and tracing its outline with a felt perr and 2) later in the laboratory

placing the plasti.c 'hup" on a sheet of graph paper and calculatirlg the

aTea.

The samples of tussock, soil and litter were taken fron the field,

in plastic bags and hand-sorted for millipedes in the laboratoi'y.

At the same time as the tussock sanrples r\'ere taken, 5 samples from

the pasture grasses were also taken. These were each 0.1n2 in area a-nd

app::oximately 5 cm in depth [below the soil-litter interface). No

millipedes were found below this clepth. The samples were placed in pla.stic

bags and hand-sorted for rnillipedes in the laboratory.

The nr¡nbers of mill.ipedes found in each sample (tussocks and

pasture grasses) are given in Table 4.1 along with the surface areas for

each sarnple. The results suggest that:-

1) During November, 9. Tole-lgtii is more abu:rdant in the tussocks

than it is in equivalent areas of pasture grasses,

2) In a. samplin¡1 program, two small (600 to 11000 cmz) tussocks

and five samples of pasture gt'asses should yi.eld sufficient 0 . noreletii

for the age distributions of the populations fur each habitat to be

determined (i.e. at least 50 individuals for each habitat),

and 3) The relationship between the size of a tussock ancl the

nunbers of O. rnoreletii beneath it- is probably not linear, but within the

size range of tussock of 600 to 1,000 cm2, the relationship can be

aisr¡ned to be very neaïly so. Thus, when the m.unbers of O. ¡noreletii



TABLE 4.1

lù¡nbers of O. moreieti.i collected in the

grassland ot L3/I7./72

Sanple
Area (cm2) l.hmbers of

0. noreletii
lùmbers of
O. noreletii
peT cm-

L. fibjata

1

2

J

4

5

Pasture grasses

1

z

3

4

5

t-400

L192

9s9

661

489

1,000

1,000

1 ,000

1,000

1 ,000

243

t47

105

65

59

32

zz

16

16

6

0.174

0.L24

0 .109

0.098

0 .121

.032

.022

.016

.016

.006

cf'
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beneath such tussocks are e4pressed. as the nunbers of o. moreletii per
cm2' the abundances of o. mo'ei-etii- beneath diffe:rent tussocks (e.g.
sampled on the one day or on clifferent days) can be simply compared.

An area of 0'5 hectares was marked, out in the grassland in ivhich
sna1l tussocks were sufficient to be sarnpled a.clequateJy (L. tiÞral!.g
occupied appro>rinutely 0.5% of the p10t). This p10t was surrotnded on
all sides by at least 50 metres of simila-r habitat.

At intervals of approximately fi.ve weeks frorn Decenber lg72 L,ltil
April 1974, collections of z sntarr tussocks and 5 sainples of pasture
grass were tal<en at random coordina'res within the p1ot. rn the case of
the tussocks' the closest suitable tussock to the random coordinate was
selected' Additic'na1 sanples were taken during october 1974 anci January,
l'fay ancl October 1925.

The method of extracting the milr_ipedes fron t^e samples was
changed eatr'y in the study. rnstead. of hani.-sorting, the soil and litter
from each sample were gently broken up and placed on inclivid.ual tables
(each 2,000 crn2 in area) . Each table stood over a tray (see Figure 4.4) ,the sides of whicrr were either too snrooth for the nillipedes to gain a
footing on' or hacl a barrier of adhesive tape attached which the nillipedes
could not traverse' The millipedes wandered out of the soil a:rd. litter,
fel1 off the table and collected in the tray. The soil and litter v/ere
gently remixed and broken up every 4g hcurs. This mixiag slowly dried
the soil ancl litter out, preventing pockets of moisture occurring in rv.hich
milfipedes might linger" The nixing also agitated the renaining millipedes
and enhanced their rr,anderings off the table.

Tre ni-llipedes in the trays were collected every 24 hours and
assessed for 1ifè history data - e.g. age, sex, maturity etc. The samples
Ì{ere extracted in a naturarry-7it ¡oon in lvhich tìre temperature varied.
throughout trre year from 13 to 41oc. Each sarnple was extracted. mtil
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FïGiJRE 4.4A Pitfall tr-ap, rvith rain shelter removecl to c'ne

side.

FIGTJRE 4.48 Table ard tray used in extraction of 0. norel eti i

from soil and litter.
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4 days passed without any rnillipedes being found in the tray below it.

Casual observations n¡ade r^¡hilst remixitrg the soil amd litter

every 48 hours suggested- thís method of extraction 'hlas very efficient.

In fact, when four tussocks (containi-ng 5th and older stadia) were

caref¡11-y ha.nd..sortecl for any remaining rnillipedes (clead or alive) after

extraction t\ras considered fini.shed, only 1.0 to 1.6% of the total

ori.ginally present (i"e. those extracted using +-he tables ancl trays plus

those extracted by hend-sorting) we::e folrrd.

The tirne required for extraction varied from one tjme of the year

to another depending probably upon the moisture of the samples u'hen

collec.ted, the conditions in the extraction room and the acti-vity or'the

anirnals. Usi-lal1y hov,rerrer , > 70% of the anirr¿ls collected r'vere extrar':ted

within the first four daYs.

The inactive stages in the life cycle (egg, pupoid and 1st

stadiun) were not extracted by the above nethod. The 2nd staclirm was

extracted but due to its snall size and ease of da:nage on handling,

nunerical records were not kept of its presence. For these first four

stages, only their presence was recorded for each sample.

On one occasion (August lg73) a Iarge percentage of the rnillipedes

were moulting at the time of sampling and thus were inactive (niany were

danraged too during collection) . The extraction at this time u'as sr-ppleinent-ed

by hand-sorting those nillipedes in moulting condition.

The d,ates of soil and litter sampling in the grasslancl, the

nunbers and the areas of the sanples taken are given jn Table 4'2'

4.42 Sampl ine of Litter by Itself in the Grassland and

ltloodland

In the rvoodland (Engelbrook Resen¡e) , a hectare was ma.rked out.

On the 9th of eachmonth frorn Septernber 1974 to November I975r 10 randon

,t

{

lF.

I

I
il'

-f1ti
'{

'l

i
I

I

I



TABI,Ë 4.2

Soil arrl l,itter 1

Open Grassland

Sanrpl ing Occasion
SãlnÞ1îrs
Code No.

Tbssocks of L. ftt;xa-ta

Date No. of tussocks Area (cm2)

5

2

1

7

It

il

ll

tt

tt

tt

tt

ll

tt

ll

tt

ll

tt

tt

tt

ll

:?

N1

D2

D3

F4

N{5

A6

lvl 7

J8

A9

s10

011

Nl2

Jl3

F14

I,{15

A16

or7

J18

Mt9

o20

4691

1984

6s7

L377

1490

1935

1s51

zL27

L99Z

1887

1549

LzL5

1708

1751

1295

1279

1228

16C0

r'224

1386

Lsl]-r/72

20/L2/72

zolLz/72

8/2/73

16/3/73

26/4 /7 3

28/s/73

z/7 /73

].0/8/73

to/s/73

L7 /ro/73

22/rt/73

slL/74

7 /2/74

rs/3/74

23/ 4/7 4

30/ro/74

zsiu7s

23/s/7s

6/ro/7s

Hand-sorted

tt

Trays (see Fig . 4.4)

tt

l¡

tt

ll

tt

lt

tt

tt

rt

ll

tt

tt

ll

tt

tt

tt

tl

It

,I

tt

ll

tt

ll

tt

ll

n

tt

lt

lt

tt

It

tt

tl

tt

using the trays shown in Figure 4.4.

On all sarnpling occasions, 5 samples of pasture grasses weTe

collected. On L3/1L/72 an! 20/L2/72 these samples were hand-

sorted for O. moreletii. Thereafter, extraction was done
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coordinates v/ithi.n this plot were selected. At each coordinate a quadrat

(1m2) was placed on the grouuC," Then the rnilligrerles presenü inside the

quad::at and above the soil-litter interface v/eïe removed by hand. This

rnethod of sarnpling r^/as nore efficient for the larger rather thalr the

smaller nillipedes. lIorvever, only the 6th staditm ancl older individual''

were includecl in subsequent analyses and careful lesearching of quadrats

aLrea y sampled- rar:ely revealecl further rnillipedes in these stadia (In

ten quadrats, the nu,ribers of O. noreletii in the 6th and ol<ler staclia

nússecl cluring ilritial sanrpling but fourd during researching hlere '< 8.3%

of the total ruunbers found).

In the grassland, a plot 25 x 50 metres was marked out. The plot

was devoid of tussocks; the closest tussock to the plot was approximatel-y

100 nietres distant. The plot had an easterly aspect, wrlike the 0'5

hectare describecl in Section 4.51 which had a westerly aspect. On the

l1tlr of each month fron Septernber 1974 to November I975r 10 rantlom

coordinates lvithin the plot were selected. At each coordinate a quadrat

(0.1rn2) was marked out on the grotmd. Then the rnillipedes present within

the quadrat ancl above the soil-litter interface r,r'ere again removed by

hand. [Preliminary observations suggested that 0. norelelii was

approximal,ely 1 0x more abundant in the grassland than in the woodland.

The size of the quadr:at used in the woodland was 10x the size of that

in the grassland. Thus similar nunbers of rnillipedes lvere 1ike1y to be

collected fron both habitatsl.

The rnillipedes collected fron the grassland and woodland were

assessed as to ager sex and rnaturity.

4.43 Pitfall in the Grassland and l{oodland

Sampling the soil and litter for nrillipedes shorved what stages

in the life cycle were gesent at different times of the year, The active
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stages in the life cycle howeve:" were the ones that were the problen to

the loc.al. resiclents. In orcler to shol+ what s'tages weÏe active at di-fferent

tjnres of tl-re yeal, ærd a.lso to shol when the peaks of activity occirrred,

pitfall traps ruere set in the grassland and u'oodlancl.

The pitfall traps (see Figure 4.4) weÎe rnade from glass jars

(internal dianeter of the rirn 7 cm, internal depth 11 crn) . The traps; rvere

set in the ground with the rfun flush with the soil surface' In order

to lceep rain and leaves out of the t-raps, metal lirls (10 x 10 cm) r'vei:e

set 2 to 3 cm above the rim of the jars. No provision however was lnade

for flooding, arr.d occasionally the traps did fill with water' The snn¡cth

glass rvalls of the jars were kept c.lean by wiping with a soft rag on

inspection o'f the trap. I\lhen the traps were ilot being used, screw-on iids

were put on the jars.

The traps were placed in the field in groups of four, each four

arranged in a square with si<les of 1.0 metres. Four trap-sit.es (lhaps 1"16)

were selectecl irr the grassland and eight trap-sites ('llaps 17-48) in the:

woodlanrl. Tne four sites in the grassland were adjacent to the plot of

0.5 hectares used for the soil and litter sarnpling (two at the southern

and two at the northern end of the plot, each pair separated by approxirnately

50 rnetres). llie density of L. fibrata in the trapping areas was similar

to that in the p1ot, varying betrveen 0.38 and 3-92% of the total area'

Measures of the density of L. fibrata were arri.vecl at by 1) cotnting the

nunbers of tussocks witliin 5 metre raclii of each trap, 2) assr-Ining each

tussock to be 800 cm2 in area*, anci hence 3) calculating the area occupiecl

* lhe figure of 800 cm2 for each tussock was arrived at by removing al

27 tussocks that tvere present in a nearby plot of 100m2 and calculating

the areas of each tussock inrliviclual1y (see Section 4.41 for methocl of

calculating area). The average area of these tussocks was 802 crnz.

1





TARLE

Pitfall Tr

4.3

Sanipling Occasion ñnnber: of Tra

Ope.n Grassland Sclerophyilous
Sanpling
Code No. Date

0-N 1

D2

J-F 3

F4

M5

Mó

A7

M8

M9

J10

J11

A-S12

013

N14

015

J16

28/Lo-7 /LL/72

Lr-r9/rz/72

ze/L-s/2/73

t3-Ls/z/7s

s-r2/s/7s

tB-2L/3/73

s-16/4/73

3-6/s/73

L4-2L/s/7s

18-2s/6/73

23-30/7 /73

27 /8-3/e/73

r-8/Lo/73

s-tT/LL/73

t0-r3/12/73

, r4-L7 /t174

TOTALS

r3z

110

96

s2

tL?,

48

LIz

48

],rz

TL2

109

101

LLZ

110

48

48

508

224

274

64

224

96

224

96

224

224

224

22r

224

224

96

96

T442 2983
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In additjon, the ntrnber of rnati.ng couples seen on each path were

recorded. 0f course the tines of day that the tlt'r: habitats were visited

throughout the study r¡arj.eC greatly, and since all the claily observatjons

were pooled (see T'able 4.9), the usefulness of the data is limited.

4. 45 Hand-Collections and Mi'ccellaneou.s Salnples

Supplementary clata on the life history of 0. nerele!-j-.L at

Bridgelvatel' 1^ras often obtainecl when hand-collections were tal<en for

laboratory erperirnents. Fland-collections were also nade at other otltï,i'ealcs

of g. moreletii. These collections were used to compare the life history

of the species in different geographical areas.

Often the native species, Dinerogilrus sp. and 4. çSigtr.*, were

collected at the same time as O. moreletii. and these animals were used to

evaluate their or,'n life histories.

4.5 Results of Sampl inq For Life History. Abundance ancl Activity

4. s1 Ultjru.
q. r"*!çj¿L mated during autunn and early winter at Bridgervater.

The peak in mating occurred in April ard lvlay (see Table 4.9 a 6 b). The

ear1iestoccasionseachyearwhennatingcorrp1esof0-.@were

seen were 9/4/73, L7/4/74 and 28/3/75. The latest occasiorls here 19/6/73,

28/6/74 and 24/6/75.

4.52 Age Distributions

The age distributions of the individuals in the samples collect.ed

by the methods outlined in Section 4.4 are given in 1'ables 4.4 (a to f).

The data in these tables have been partitioned into fernales, juveniles,

rnature and intercalary males in Appendix Tables 4.1 to 4.6.

Nests of eggs, pupoids and first stadia lvere found in the grassland

frorn April to August, particularly in the soil beneath the tussocks. Very

few nests H'ere found in the soil beneath the pasture grasses. The developnent



TABLÞ,4.4(a)

Soil a:-rd Litter SantPl1nq

Open Grassland

I\-tssocks of L. libfta - Total

STATJTA
Sampling
Code No.

s10
011
N12

'J 13

F14
M15

416
017
J18
M19

o20

TOTAI

Total
EPrz 3 4 5 6 7 8 9 10 11 r2r3141s

N1
D2
D3
F4
M5
A6
M 7,

J8
A9

*

¡t ,t 2t

*fr:k

:t*rt?k

&

:k ¡k tr

528
11 102

244
11 96

15

463
518 3

8 47 74

2?, LTg

50

7

136
15 1

)

1

2

7T
5

4

31
11 z

8

2T
188
51

134
45

6].7

1680

52?

49s

L57

1 131

209

3lz
342

193

170

224

z s056

1855

1 806

1 696

t34
1451

111

33

8

168

2L9

t47

57

3

4

1

3

11

27

43

55

47

63

19

1

l4
16

2

2

5

16

52

139

135

')')

3

s62

7Zr

142

]-25

J

5

T4

z6

45

30

l1
7

46

43

65

55

61

684

7

3

145

575

93

79

26

44

63

59

66

7I
6

10

29

L4

16

16

I
599

57

7

36

70

7

7

6

19

24

20

20

27

9

2T

z2

16

12

6tr

J

4

42

797

L52

7

1

8

55

1

1989

1410

T27

TT7

55

I

95

18s

561

491

11

5

t7
1

s4tz
4 47

19

t7

31
2

4
L

1675 3955 t772 245s 1985 405 119 32 5

The nunbers of nests containing eggs, pupoids and first stadia l{ere on

all occasions extrernely nunerous. The data in this table are converted

to nr-mbers per 0.1 m2 in Appendix Table 4'9'

N.B.



TABI,E 4.4 (b)

Soil and Litter
Open Grassla:rd

Pasture Grasses - Total

STADIA
Sampling
Code No.

Total
EPrz 3 4 5 6 7 8 9 10 11 12 131415

1

5

4

9

1

2

6

J

5

4

4

1

16

4

1

2

z

N1
D2
D3
F4
M5
A6
M7
J8
A9
s10
011
N12
J13
F14
M15

A16
o17
JL8
M19

oza

*2t*

:t ?t

40

234

s24

91

s6

1

25

139

368

9

4

4

3

4

6

lz
18

2L

1
.,
L

25

34

2s4

T7

5

IZ

4

2T

37

32

37

z8

T2

T4

3T

3

7

LZ

22

73

55

96

9

2

15

24

25

23

z0

9

16

26

1

7

4

t7
2

10

49

79

90

T2

19

7T

82

72

92

58

402

270

1.108

316

491

514

319

349

96

l63
140

164 r295973
57

3

tz

* 180 173 5

38 70 108 5

25 350 598

50

4

12

1

)

2

2

6

1

5

1

5

8

5

1

1 1

1

3

2

1

I
204

18

2

5

2

I
1

1

1

9

5

7

1'1
352

TOTAL 685 762 800 465 539 336 101 18 1

N.B. The m¡nbers of nests containing eggs, pupoids and first stadia were

few in m.unber (1 nest in Ju1y, 1973; 1 nest in April , 1974; and

2 nests in lvfay, 1975) .

;.--J



TABLE 4.4 (c)

Pigþll Tfappin&

Open Grasslancl - Total

STADIA
Sarnpling
Code No.

Total
2 3 4 5 6 7 B 9 10 11 12 7-314 15 1ó

0-N

D

J-F
F

M

M

A

M

M

J

1

1

2

5

4

5

6

7

8

9

10

9

4

7

1

2

0

4

a
L

332

54 3L

4

6Z
52
447
2I
19

5

2

I
1

493

483

182

5

17L

185

1639

292

993

633

20L

97

473

L 478

rz3

649

J

4

')

ts4
94

146

239

93

98

33

2T

78

65

551

L20

s64

246

83

9

43

75

5

4r

70

13

6

1

L4

L7

L49

38

78

60

z3

7

32

51

J

37

5

1

2

1

43

1

3

z

32

4

18

59

86

768

\r2
498

290

77

15

8

54

15

19

7 r 1

42
66L7 4

11 3T
18 43
192
81
41
51
61
5

2032

J11
A-S 12

013
NT4
D15
J16

2528 1

2 29 rz]- 223 4

11

7

8

4

103 t3 86173 4 I
96223 1

1 30 359 129 8

TOTALS 2 57 163 333 334 439 2'10 379 2477 1832 599 209 45 15 1 7095



TABLE 4.4 d

Sclerophyllous l{oodland - Total

Pitfall Trappi_lg

STAJ]IA
Sampling
Code No. Totalz 3 4 s 6 7 8 9 10 11 12 13141516

0-N

1

2

1
,)

3

4

5

6

7

8

o

10

11

L2

F

S

D

J-
F

M

M

A

M

M

J

J

A-

0

N

D

J

4

4

2

5

7

13

5

1

1 22

8

8

1

10

3

37

9

15

?

23

B2

54

18

28

9

10

1

15

I4
3

70 40

87
23 33

I4
74 10s

84 100

46 42

zT 20

2s 30

19 18

84
4s

22 14

29 16

L2
11

104
32

153
42

47 13

62 L6

31 10

I

2T
3

199

50

LTz

13

26s

362

190

81

106

67

29

3B

7)

104

z?,

16

1

2

1

)
1

3

1

1

1

3

I

1 1

1

T47
L7,63
T64
42
72
4Ll
423
T2
1

1

1

13

L4

15

16

2

7

1

3

8

11

5

1

8

2

2T

71

2

TOTALS 3 3 27 ?6 10 42 92 '520 436 44L 235 76 L4 I 1726



TABLE 4.4(e)

Litter Sanqrling SePt " ]-974 - Oct. 1975

Open Grassla.nd - Total

STADÌLM

Date Total67891011r2L3]-41s

Lt/e/7 4

LL/Lj/74 1

Lr/rr/74 7

Lr/r2/7 4 3

rr/1/7s 12

rL/2/7s
Lr/3/7s
rL/4/7s
Lz/s/7s
Lr/6/7s
tt/7 /7s
rr/8/7s
rL/e/7s
Lr/Lo/7s I
Lt/LL/7s rr7

2

1

4T 81

328

L7s

35

2I
1

5

47

140

t42
196

19

38

120

84

4L

2I

16

3

z

15

1

4

7

t4
t4

4

55

116

80

27

10

7

13

27

31

130

43?,

J3L

200

274

JL

97

307

26L

73

35

27

47

5B

1.88

50

1

)

)

1

1

47

z

2

4

13

I

69

4

29

5

1

1 1

13

T7

1

I
1

?

J

3

3

8

8

2

17

19

7

1

I
18

TOTAL L4L 7L 236 702 889 410 4L 3 2493



TABI,E 4.4 (f)

Litter Sanrpling SePt , 1974 - Oct. 1975

Sclerophyllous l{oodland - Total

STADIUM
TotalDate

67891011L?,131415

s/e/74

elro/74
ell-r/74
e /r7,/7 4

s/L/7s
s/2/7s
s/3/7s
s/ 4/7s

rt/s/7s
e/ 6/7 s

s/7 /7s
Lo/8/7s

s/e/7 s

s/Lo/7s

L0/Lr/7s

16
11
5

33
48

1

zL4
4

11

5

3

1

91

100

4

I

36

56

81

58

34

5

15

z6

28

18

8

15

10

10

4

1

z

1l.2

J

10

6

6

1

5

?

4

2

4

5

1

3

J

3L

152

20I
135

115

70

3

11

345

226

2?.3

114

95

50

161

172

1

8

22

25

7

19

I4
ZT

3

15

15

5

z

1

L73

109

101

47

39

6

18

27

67

69

38

26

9

58

51

1

3

15

6

9

11

7

6

27

23

I
1

1-

1

1

1

1

1

15

5t

63

TOTAL 16 . 57 3L6 4I7 613 480 133 3L 9 1 2073
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through the life cycle of cohorts resulting frorn each autumn reprodttction

can be traced through the ciata slrrrwn in Tables 4"4 (a to f). This is

especially so forthe cohort producecl ilr autunn 1973 rvhich was ex'tremely

nunerous.

'[he rate of moulting was high in the first year of growth. By

the first sunmer, 9_. norg]gÉL r,,ras iu the 5th, 6th or 7th stadium. After

l year, the nillipecles reached the 7th, Bth or gth stadir.rn. After 2 yeats,

they reached the 10th or llth stadiun. From the data presented in

Tables 4.4 (a to f) it is not possì.bl.e to follort'cLearly the development

of Q. morgþtii in subseclttert years. I-lorvever, Tables 4.4 (b, e and f)

indicate that in spring the 10th and llth st.adia mottlt to the l1th axd

I?th (refer in particular to the 1975 generation).

In Section 3.4, I indicated that by the llth staditrn (in both the

woodland and grasslantl), the majority of males were adults. Later (see

Sectj on 4 . 54) , I suggest th¿rt adult mal.es moult tv¡ice per year - once

in suruner (Janu,ary - February) and once in spring (August - September).

The sunrner moult is to the mature form r,r'hilst the spring moult is to the

intercalary forn. 'Ihus those males which are mattlre in the 9th staoiun

in autunn of a given year rvill be mature in the l1th ancl 13th stadia in

the t-wo subsequent years should they survive. Those that rnature in the

10th stadir.un will later be mature in the lZth and l4th.stadia in subsequent

autr¡nns. The males that do not mature rntil the 1l.th or 12th staclia

will be natrre in the 13th a:rd 14th stacli.a respectively in the subsequent

autumr. I.lo 15tb or 16th stadia males were ever formd during the study.

The adult rnoulting of the femal.es of O. nioreletii camot be

followed so easily since different "forms" are not discernible in this sex.

I can only suppose that, like the rnal-es, adult females npult twice a yea'r -

Indee<l lroul.ting aclult,females were most noticeable in the field during

spring and sumner - i.e. the same tjmes as adult males.

The age distributions of O. moreletii taken in hand-cotrlections
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on Eyre Peninsula and in lr{elbourne at dífferent ti¡nes are given ín Table

4.S. I'here are r,o obvious differences in the age distributions of 0.

moreletii at Bridgervater, lnfelbourne and otr Eyre Peninsula, except perhap:;

the preponderance of the gth stadium in Melbourne in April 1975. This

will be referred to again later (see sections 4.53 anC 4.54).

4.53 Maturation in Females

For each sa.nrpling nethod at Bridgervater the percentages of fenrales

(9th stadiu¡n and older) rvith nature eggs (see Figure 3.a(c)) anil those

with smal1 developing eggs (see Figure 3.4(a)) were calculated J-or each

sanpling c,ccasion. These data are shown ín Figures 4.5 and 4.6' Females

carryilg mature 3gÊs were found from February to August with a peak in

April, N{ay and Jure. The graphs of the peicentages of fenales rrrith rnature

eggs followed sinilar courses for both grassland and woodland and there

was no evidence to suggest that ovipositioll was delayed more in one

habitat than the other.

D:ring the sunner prior to the breeding season, the majority of

females carried snall developing eggs. Maturation of the eggs appeared

to be stímulated in January or February and was therefore corr:elated

with high temperatures and low rainfall. In the spring (August and

September) after the breecling season, the rnajority of fenales again had

snall developing eggs in their ovaries. This reversal vuas jn part due to

the recruiûnent of the next generation into the 9th ancl oldel stadia, the

rnortality of reproducing females durjng and after the breecling season and

possibly the regressi-on of tl.e ovaries to the "small devej-oping eggs"'

state in females rr'hich ha<1 been mature or maturing dtiríng the breeding season

and þad survived. During spring and strrnner, it was not possible to distirlguish

females which had reproduced or at'Least matured their eggs in autumn and

winter, survived and regressed their ovaries to the "small. developing eggs"

state, from females which had not reproduced during the autwnn and retained



TABLE 4.5

STA]]IU}4

4 5 6 7 8 9 10 11 L2Ls 14ls Total

El're Peninsula

Jan. 1973

Apr. 1973

Sept. 7973

lvlay, 1974

Jan. 1975

Ir4ay, 1975

2 24 7 - 16459255 22 1

1 19130 80 28 3 1

563383L722
1 36 28 93 129 105 16 1

5 207 Ls63 r8L2 62 606 428 22 19 L2 2 2

2489 5119 54 6 1

786

262

1.48

409

4540

298

Melbourne

Feb.1975
Mar. 1975

Apr.1975 1

2I0 47 29 10

4 374
6 75 108 234 L52

11

4 31

100

ZI

s84

The samples from Eyre Peninsula were mainly fron near

Port Lincoln (note the lr{ay, 1975 collection was from Coffin Bay) .

The samples from lr{elbourne were f.rom the suburb of
Avondale Heights.



FIGI]RE 4.5 % of feliules with (a) nratu::e eggs, Ðd Cb) smal.l

developing eggs collected during soil and litt.er

sarnpling in thc grassland (P.G. = pasture gïasses;

L.f. - L. fibrata
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FIGIJRE 4. 6 % of femal-es with (a [r b) mature eggs, and (c G d)

snall developing eggs collected during (a & c)

pitfall trapping, ffid ft g ¿) sanpling of litter jn

the grassland (0.G.) and wooclla'rrd (S.W.).
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sma1l developing eggs throughout.

The percentages of feinales of 0, Igl:elet4" carryJrrg mature eggs

in the han'J-collections fron Eyre Peninsula and Melbou.rne were as follows: -

Eyre Peninstrla % N

Jan. 1973 0 334

Apr. 1975 32 L27

Sept. 1973 0 111

Ìvlay L97 4 69 220

Jan. 1975 0 535

May 1975 78 91

-t
,;

t

iÞ-

I

II
i
I

.r
'(

{

i
I'
1

)

I

I

Melbourne

Feb. 1975

Mar.1975

Apr. 1975

051
Too few females

7T 34I

ìl'
4,

P

These data follow a similar pattern to that for Bridgewatero

suggesting an autunrr breedj¡rg season.

Of the 341 females collected jrr Apri,l- 1975 in N'lelbourne, ó3 vrere

in the 9th staclium. Of these ,  Leo carried mature eggs. This was a f.ar

higher level of maturat.ion than v/as ever seen in females in the gth stadiun

fron Bridgewater. For exanple, none of the females in the 9th staditm

collected during autrmrr and winter 1975 at Bridgewater contained mature eggs.

The results suggest earlier maturity wíth respect to stadium in lt{elbourne.

4.54 Maturation i¡ Males

'Ihe sexes of O. moreletii are differentiated in the 6th stadium

(see Section 3.3) . Ir¡lales older than the 5th stadiun are then recognized

as either juveniles, matuïe males or j¡tercal.aly males. For simplicity

here, the mature and. intercalary rnales will be collectively called adults.

For each sampling nethod used at Bridgewater the percentage of males in the
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6th and older stadia that were aCults were calculated from the data in

Appendix Tables 4..1 to 4 .6. These percentages are shotltr in Figure s 4 ,7 \

and 4. B.

Irr spring eirrd carly surtrner, the populations of nales were

predornilantly juveniles. ïn iate suffner (February), there was a maturation

moult ancl the percentage of adults in the population increased. In spring

(August to October), the percentage of adults decreased, due to mortality

of the ¿rdults and. recruitment of new juveniles intr¡ the sixth and

subsequcnt starlia.

Withi¡r the adult males, the percentages of mature males as opposed

to intercalary males were calculated for each sanpling occasion using the

data in Appendix Tables 4.L to 4.4. These percentages are shown in

Figures 4.7 and.4.8 for the samples of soil and litter and the pitfall

trapping. The m¡nbers of adult males in the litter by itself, particularly

in sr¡nmer, vJere too lol to warrant si¡rilar graphs being drawn. Nerrertheless,

similar trends to those drawn in Figures 4,7 and 4.8 are evident in

Appendix Tables 4.5 and 4.6.

In spring and early summer, the adult males were predominantly

intercal.ary. In January and February the percentage of mature adults

increased due to the maturation moults of the intercalaries and juveniles

as described above. In spring (Augr.rst to October), the percentages of

mature adults decreased again when the I'dematuration" moult to the inter-

calary form occurred.

' Adult nales of 0. moreletii were corunonly seen moulting in the

field in spring and sunner at the times when the changes described above

occurred. They were rarely seen rnoulting at other tines of the year, It

seems nrost 1ike1y therefore that the adult males of 0. moreletii only

have 2 nroults per year, moulting from the mature form to the intercalary

forni in spring and from intercalary to mature in sunner, An i¡tercalary to

intercalary moult would seem rare, if it occurs at all.

Þ

I¡

I
*

r
q

t

I

I

t,

I



FIGIJRE a.7 @) % of males collec.ted during soil ancl litter

sampling in the gr:assland that were adults. (P.G. =

pasture grasses; l,.f . = | . fibrata

FIGLIRE 4.7(b) % of adu1-t rnales collected during soil and litter

sarnpling in the grassland that were mature.
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FIGIIRE 4.8 (a Ê b) % of ntaLes collected during (a) pitfal1.

trappi.ng and (b) sa:npling of litter that were

adults (0.G. = grassland, S.W. = woodland).

FIGURE 4.8 (c G d) % of adult males collected during (c)

pitfall. trapping and (c1) sampling of lj.tter

that were nnture.
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The percentages of males of O. mo:reletii that were adults in the

hand-collections from Eyre Peninsula and Melbourne were as follows: -

Eyre Peni.nsuia % N

Jan. T973 4 420

Apr. 1973 87 L33

Sept. L97:5 7 45

NlaY 7.97 4 92 168

Jan.1975 0.5 1945

lvlay 1975 62 149

Melbourne

Feb. 1975 I 44

lr4ar. 1975 100 L7

Apr. L975 85 196

The percentages of the adult males that were mature Ì\¡ere as

follows: -

Eyre Peninsula

Jan. L973

Apr. L973

Sept. L973

NIay L97 4

Jan. 1975

lvlay L975

%

0

98

0

99

0

100

N

L7

116

3

155

9

93

Melbourne

Feb. L975 50 4

Mar. 1975 100 L7

Apr. 1975 100 167

¡ The patterns in the above data for Eyre Peninsula and Melbourne

are si¡nilar to those observed for Bridgel'{ater.

Of the 196 nales collected in April 1975 jn Melbourne, 35 males
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were in the 8th stadiun. Of these, 29ea rvere rna.ture. On the other hand,

of the 149 rna-1es collected in Ivlay 1.975 on Eyre Peniiisulä, 41 males were

jn the Bth stadiun and none wel:e ¡rature. Similar:Iy, the mattrr:ity of mal.es

in the 8th stacliun a.t Bridgewa.ler in .tq:rril and li{ay 1975 was very lorv (see

Appenclix Ta.bles 4.5 ancl 4.6). Of 49 m¿rles in the gr:asslancl, only one lvas

matur<;; of 12 lnales in the vroodland, none tras ¡nature. these observalions

suggest that the males of 9. noreleti! rnature earlier (with resl-rect to

stadium) jn Melbouïne compared with lìridgewater and Eyre Peninsula.

In April 1974, foli-owing thc wet 1.973-4 surilner at BridS¡ewatet, L5%

of the 110 nrales in the Bth stadiurn tha-t were collected jn the pasture

grasses rvere lnatnre (see Appcndix Table 4,2). These males were ouly one

year olcl (i.e. in the 1973 generation rvhich can be traced through e.g. Tables

4.4 (a and b)).

4. ss sç'13g!i*

For each sanrpling nethod, the percentages of males in the 6th

and older stad.ia were calcul ated from the data j.n Appenrlix Tables 4.1 to

4,6. Firstly, the follorving data stmmarize the sex ratios calculated from

the total numbers collected by the different saurpl.ing nethods.

Methods and Site 6% N

Soil and Litter (tussocks) 50.4 L2'40I

rr rr '' (pasture grasses) 50.1 3 1705

Pitfall trapping (grassland) 52.3 6,540

rr " (woodland) 25 .9 1' 693

Litter by itself (gr:a-ssland) 46.7 2,493

'r rr " (rn'oodland) 40. 8 Z ,073

The striking facts in this data are the aberra¡rt sex ratios in the

sa:nples from the wocclland.

Seconclly, the cirangc:; in i.he sex ratio with time throughout each

sampling nethcd are shovr¡r in Figures 4.9, 4.L0 and 4.11. For nrost of the
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FIGIIRE 4.9 (a)

FTGURE 4.9 (b)

Sex Ratio (% 6) of rnillipedes collected during

soil and litter sampling in the grassland

(P.G. = pasture grasses, L.f. = L. fibrata).

lù¡nbers of miLlipedes collected cluring soil

a¡rd litter salrrpling in the grassland. Points

for L. fibrata represent the mearsof two sanples.

Points for pasture grasses represent the mea¡s

of five samples. Vertical l-ines represent

+ 1 S.E.
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FIGURE 4.10(a) Sex Ratio (% o') of rniilipedes col,l.ected during

sarnpling of litter in the grassland (0.G.) and

woodland (S.W.)

FIGURE 4.10(b) lrh-rnbers of rnillipedes collected durirtg sampling

of litter in the grassland (e) and woodland (x).

Points represent the means of 10 sanples. Vertical

lines represent + 1 S.E. The o for Novenùer 1975

in the grassland represents the poì.nt on the graph

when the l-975 generation are onitted fron the data,

In spring 1974 both the grassland and woodla¡rd were doninated

by juveniles jn the 8th, 9th and 10th stadia (1973 generat.ion).

There was a large increase in the munbers of gth and 10th stadia in

the grasslancl fron September to October L974. This increase was

probably due to the emergence of individuals frorn rnoulting beneath

the grormd. I¡lhether these nillipedes were produced withln the area

sampled or dispersed there from rnore productive areas during

their previous 18 nonths of life is open to conjecture.
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FIGIJRE 4.11(a) Sex Ratio (% ð) of rnillipedes collected during

pitfall trapping in the grassland (0.G.) and

woodland (S.W.).

FIGLJRE 4.11(b) Ì.Turnbers of nillipedes collected during pitfall

trapping in the grassland and woodland. Points

represent average ntunbers collected per trap per

daY. \rertical li.nes represent + 1 S.E.
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sarnples of soil ancl litter, the percentages of males varied little fron

50%. There were nc signifi-cant variations in the data presented jn

Figune a " 9 (a) . The data frorn the sampling of litter anrJ tlie pitfall

trapping (see Figures 4.10 and 4.11) suggested that 1) the percen'tages of

males were consistently higher j¡r the grassland con4rarecl wjth the woocllanct,

arñ 2) in both habitats (particularly the woodland), tire perceutages of

males were low during late sununer and increased during autulìn. the

increase in percentage of males from l4arch to May 1973 in the pitfall

trapping was significa¡rt for both habitats (Grassland; t'z = 7,52'

p < .05: V/oodland; ttz = 8.89, p < .05. In this case the percentage.s of

nales for each of the 7 days of trapping were used to calculate the means

and variances) . The increase from March to lt{ay 1975 in the litter: in the

woodland was obvious. In the grassl-and over the same períod, ttre increase

was significant (trr = 3.59, p < .05. Here the percentages ofmales for

each of the samples taken (i:i which ru.¡nbers were sufficient (n > 10) to

calculate a nreaningfui value for the percentage of rnales present) were usecl

to calculate the mealls arrd variances).

The sampling of the litter suggested that tlte percentages of males

were much higher in the winter in the grassland than in the woodland.

e.g

Grassland
Nos. of d Nos. of g

52 2l

278
2,2 5

Woodlantl
Nos. of d

83

50

4L

Nos. of o+

Jure

July

August

140

64

54

From the data in Appendix Tab1es4.1 to 4.6, the sex ratios for

each stadiun were calculated using the total nt¡rnbers collected by each

sampling method. These sex ratios are gir,'en jn Table 4.ó. 'Ihe data suggest

that after the 9th stadiun, 1) in both the woodland and the grassland, the

ratio of males to fernales decreases rvith increased age, and 2) the decrease



TABLE 4.6

Sex ratios (d %) in the different stadia of

0. mor:eletii collected at Bridgervater

STADIT]M

6t77 Sq9 10q11 12&t3 14q1s

PitfaLl Trapping

Grassl-and

Woodland

Soil and Litter
Sampling

L. fibrata

Pasture grasses

Litter Sampling

Grassland

Woodlalrd

58 .2 46.8

51 .053.0

s1.7 43.0

49.9 39.3

46.2

27.8

46.4

48. 5

s1 .4

s0 .7

54 .0

43.3

56 .0

34.L

38 .9

16 .1

4]..7

31 .1

27 .3

7.3

30.0

3.3

0.0

d>
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is more narked in the woodlard. compared- rçith the grassland.

4.56 Changes in Abwrlance Throu¡1hout Sun¡ner

Changes in the total m¡nbers of 0. ncrelet-.ji collectecl in the

samples of soil a:rcl litter are shotn¡n in Fig;re 4.9 (b) . lhe 1972-3

sunner was hot and dry (see Figure 4.3). The nurnbers of 0. nore.letii

clecreased significantly in the pasture grasses froin November to Decenrber

Lg72 (ttu = 3.35*, p < .05). At the sarne time, the nunbers of 0 . nrorel-etii.

j.ncreased in the tussocks. The soil beneath the tu.ssocks during, sLlïTllììer

remained cooler and moister than the soil beneath the pasture gï¿JSSes.

The population of O_. qoJggi present was nainl;' 5th, 6th and Tth stacli¿r"

(juveniles irr the 1972 generation) ancl 9th and 10th staclia (juverriles in

the 1971 generation) (see Tables 3.4 (a and b) and Appendi.x Tables 4.1- ancl

4.2) .

In autrnmr L973, the nuinbers of 9. ryf"t"Ëi beneath the tussocks

decreased and the m¡nbers increased significantly in the pasture grasses

(e.g. Febnrary to April L973; tr4 = 2.38, p <.05). By this tirne, the

1972 generation were in the 6th , 7t1n and 8th stadia r^¡hilst the 1971

generation rtlere ín the 10th and llth stadia. The data suggest that O.

nclreletii aggregated beneath the tu-ssocks during sr¡nmer and dispersed froni

it in autunrt. The nurnbers of O. moreletii in the pasture gra'<ses in

autwnn and ea::1y winter 1973 rvere sjmilar to those observed prior to

suffner (No.,'emher L972), suggesti.ng that survival over the sunrrer rvas high.

The early slrnrner of 1973-4 (December to early January) was dry.

The remainder of the sr¡mner was abnormally wet. The ntunbers of O. moreletii

* The variances of the two samples 'hrere sigrificantly different. There:tore

the degrees of freedominthe t testwere =n - 1¡indnot = 2 (n - 1)

(see Sokal ancl Rohlf (1969) p. 375). I{ereafter tr (instead of t) will be

used to indicate that the variances in a t test were significantly different.
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increasecl beneath the tussocks from November 1973 to January !974,

suggesting ¿Lggïegation. iloulelrer, tltele I,\IaS no obvic¡u-s change in t-he ru¡nbers

of O. Lo.Elgt:i-:L in the pasture grass tlrroughout the sunnner (Note: December

1973 to.ranuary L9./4; tl,, - 1.91, p > .05, therefore not a sipyrificant

decrease). Survival was apparently irigh throug-ìrout the sullnìer of 1973-4.

The slunner o1 T974-5 rvas dry. Early February was particularly

hot ancl dry. The nunrbers of O. nore*l_etii_ increased beneath the tussocks

frorn October 1974 to January l-975 and decreased significantly (tt = 3'84,

p < .05) in the pasture grasses at tl:.e same time. By l4ay 1975, the

mmrbers of O. rnoreletii had <lecreased beneath the tussocks but Ïrad not

increased significantly in the pasture grasses (t, = 1.16, p > .05).

Compared w:rtlt 327 in the 9th and 10th stadia prior to the sunmer in the

pasture grasses (October 1974), only 145 in the 10th and llth stadia were

fonnd i¡ I,{a;, 1975. That is a survival of only 44'o Lor the 1975 generation

over the sumrner of 1974-5. The decrease in munbers was significant

(ts = 3.01, p i .0S). Tbe 327 in the 9th and 10th stadia in October 1974

consistecl of LSZ fernales and 175 males. The 145 in the 10th and llth stadia

in I'4ay 1975 consisted of 72 fenales a¡Ã 73 males. Strwival of the sexes

was therefore similar.

Changes in the total m¡nbers of O. noreletii collected in the litter

by itself are shown in Figure 4.10. Because the millipedes in the soil

were not collectecl, statements concerning changes in the abundance of 0.

noreletii in t.oto in the grasslærd and woodland are therefore difficult

to make from Figure 4.10. However, auttlmr and spring are times of the

year when 9. rnore:ptii- is most active above the surface of the grotmd (see

Section 4.59). It seems reasonable to equate the nurnbers present in the

litter at these times with the total ntunbers present in each habitat.

Indeed wþen the soil beneath the s-amples taken in Octobet 1974 and April

1975 was clisturbed for the first feru cm, very few nillipedes were seen'

suggesting that by far the rnajor:ity of O. norel.etii present then were in
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the litter.
11 both the p;r'assland and woodl.and, the total nurnbers i.n autrunn

1975 f.April) rvere sinilal to those in spríng 1974 (October) (see Figure

4.10). This at first- suggested that survival over the srrnmer of 1974-5

was high in both habitat-s. The data however deserve closer c-onsidet'ation.

In October 1974, the populations present ruere prirnarì.ly in the Bth,

gth and l-Oth stadia (i.e.the 1973 generr:ation) (see Tables 4.4 (e and f)).

Any individuals in the 1974 generation were not sampled at this time

because of theit snall. size (see Sectj.on 4.42). In April 1975, the

populations consisted of both the 1973 generation (now in the 10th and

llth stadia) anrl the 1974 genelation (now in the 7th and 8th stadia anc

inclucled in the sampling) . Because the 1974 generation lvas not includecl

in the population counts for October L974, it cannot be included in the

counts for Aplil 1975 - if the two populations are to be cornpared. Only

the clata for the 1973 generation are relevant.

In October 1974, 42.5 + 7.6 (i + S.E.) g. moreletii in the 1975

generation we::e found in the grassland per sanple of 0.1 rn2. In April

1975, 23.6 + 5.0 per sample were found. This suggested a survival of only

56% throughout the summer (c.f. data given above for the sampling of soil

and litter rn'hich suggested a sun¡iva]- of 44% throughout the suflrner of 1974-5).

The drop in m¡nbers was significant (tr, = 2.30, p <.05). The data in

Appendix Tables 4.5 (a and b) suggest that the nortalities of both sexes

in the 1973 generation were similar throughout this sunner.

The data in Table 4.4(f) obviorrsly give no evidence of rnortality

of the 1973 generation througjrout the 1974-5 srmrner in the woodland.

In both the grassland and r^¡oodland, the m¡nbers of 0. morgle'li:L in

the litter decreased during the sunner (see Figure 4.10). Prestunably,

O. moreletiimoved undergror.rnd in swmner. Certainly, O. moreletii could

be found reasonably conrnonly in the soil in suffner. In late l)ecember 1972,

)
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10 samples of ÞgQ soil and litter were taken in the ',+oodlanc1.. The samples

were each 0.1 m2 in area and rvere selecteci at ra¡r<lom ccordínates within

a plot o-I 20 x 50 metres" lhe litter itr each sanrple v¡aE fj-rst rernoved and

placed in a plastic. bag along with the rnilli1:ecles present on the soi.-L

-.ulface. Tþ,en tìre soil was renrcved. to a depth of 10 srr (lr'liere possi-ble)

and placed in a sepalate bag. The depth of soil varled a-ccording to

lfunitations a.rising from rocks, roots, etc. The rnillipedes were 1at.er

removed from the sarnples by harld-sorting. The m¡"nbers of -q. ""tg]-*lii
collected in the 10 sarnples I',/ere as follorvs.

Male Fenale Total

Littei: 2 9 11

Soil t3 5 18

The nillipedes were predornina-ntly in the Bth to llth stadia'

Although the clata are limited and the soil szunples were variable in size,

the collections do suggest that many O. moreþli: are fourd u'rdergror:nd"

in sunner.

4.s7 Þ L

The aim of this secl:j on is to clescribe 1) the degree of naturÏi.ty

achieved by 0.. noreþti=l during each breeding season (in particul-ar the

degree of maturity achieved by 2 year olds) æå 2) the surviva.l of O-.

moreletii (again in particular the 2 year olds) after each breeding scason.

Results from the sarnplirrg of 1) soil and litter: and 2) litter by itself

will be used primarily.

All but one of the L27 males recorded in the 10th and l1th stadia

in the past¡re grasses fron autr¡nn through witrter $4arch to August) 1973

were mature. 'fhat is, virtually all the 1971 generation of nales na-tttred

after 2 years. In April and l.{ay 1973, only 25'o of the 40 fenrales in the

10th and 1lth stadia in the pasture grasses were carrying snrall developing

i
¡)

¡

I

ï
(

'I

l
t

I

I

I
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eggs. At the same tjrne , 63% nf the femal-es in thcse staclia had mature

eggs. The rnajorit-,v of fernales in the 1971 gencration were therefore matr['e

after 2 year:s ¿rlso.

In passing, jt shoulcl be noterl here, th¿rt jn April and lt(ay T973,

all but 6 of the 1654 male:; in tlie 10th and l.1th stadia. that were taken

in tlre pitf'all traps in the grasslancl rvere matule " (¡\11 but 2 o'f the I27,

rnales in the sa:ne stadia trappecl in the v¿oodland at the same time were

mature). Of the 7'/9 fenales in these ttço staclia that were trapped in

April and lr4ay in the grasslancl , 75eo v/ele carrying mature eggs, rvhilst

only S% were carrying sna1l developing eggs. (The equivalent figures for

the 70 females taken in the woodla.nrl tr'ere 80% and 6% respectively) . These

restúts suggest that the level of natulity rn the active population during

the 1973 breeding season was high.

The following table gives the nr..rnbers (i 1s.8.) of the rnales

(adults only) and fe,inales in the i971. generatíon per sa:rrple of pasture

grasses in autr.mur and spring 1973. Unfortunately, the data are too

variable to dernonstrate any morta,lity that might hal'e occurred from autumn

to spring.

i
,>.

¡

I
å.ìi
1

'I

i
t

I'

ì

I

l.l

fll
1,

10th and 1lth stadia d
4srl1-

8.8 + 3.5

3.4 + 1.5

9ry.

6.8 + 2.1

4.6 + 0.7rl ti il lt I

October November

':'nîu':'n ":u"i l l.l:l i l.l:l
of the 39 o_. no:glg_Ë! collected in the pasture grasses in April

1974 it the 10th and 1lth stadia, 14 were fernales and 25 r,¡ere males. A1l

the rnales were nature. 1\.ve1ve of the 14 females were carrying mature eggs.

No females had snall developing eggs. Thus the naturation of the 1972

generation in'1974 was very successful.
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Of the 34 q. ro5gkgL in the 9th stadja c-ollected in the pastule

gïasses in April L9'/ 4 unð r^¡hi.ch alntost certainly were onl¡r 1. year old

(Ig73 generatiori), 1-4 were females and 20 were na1es. All the males

were mature. CIrly one of the females carried mature eggs' The remainder

had small clevel-oping eggs. Of the 204 eighth stadia present at this ti-rne,

110 were nales of which 15% were matute. therefore not only was the

naturation of the 1-¡972 generation successful in 1974, but even some of the

1.973 gene::aLion, espec.ia'1-1y the males, matttred'

In October 1g74, only 1 female and 1 ma1e (intercalary) were founcl

in the pasture grass in the 11th and 12th stadia. This contrasted with the

14 fe,males and 25 mature males in the 10th and 11th stadia in the previous

April. Although the clecrease fron April to October rvas sigrrificant for

the fernales (tru =, 2.95, p < .05), it was not for the nales (tr4 = 2'I1-,

p > .05). The lack of significance for the males couldbe attributed to

large variability between the samples taken in April. No adult males were

found in the gth and lCth stadia in October 1974, Therefore there vlas no

evidence of any survival of the mature m¿l-es in the 8th arid 9th stadia in'

April 7974, Orera1l, the clata sr-rggest that survival of adults from autunn

to spring 1974 was 1ow.

There ln¡as no evidence of nortality of the 1973 generation (excluding

the mature rnales mentioned above) frorn April to October 1974. Tt'o hr.lndred

and thirty seven in the 7th, 8th and 9th stadia v¡ere found in April and

S45 in the 8th, 9th alrrl 10th staclia were found in Octoberl Thus the factor

killi¡g tl-¡e :,:gTZ gener:ation and the adults from the 1973 generation during

April to October 1974 was not affecting the relnainder of the 1973 generation.

1'lre survjval of the l2th and 13th stadia past tþe auttmn L974 to spring

1974 appeared to be neglr,gible (see Table 4.4b)'

Of the 7j rnales collected in the pasture grasses (soil and litter)

in lvfay 1975 in the 10th ancl l1th stadia, onLy 43 (59%) were mature. 0f the

Þ-

i;

I
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'/2 f.emaLes sinilarly collectec1, only B (11%) were carrying mature eggs.

0r.r the other hancl, 55 (76%) were carrying smalL cleveloping eggs. Similar i

perc.e¡tages were formd for the indir¡iduals beneath the tussccks (5% with

mature egg.s and 95% r^¡ith snal1 developi-ng eggs) . Thtrs for this breeding

season (1975), matu::ation was poor compared with the tvro previous years.

In October lg75r 42 males and 72 females in the llth anó 12th

staclia were collected in the sarnples of pasture grass. Of the 42 rnales,

27 wete juveniles , 2 were mature and 13 were intelcalary. There h¡as no

evidence of significant rnortality of juvenile males frorn lt{ay to October

1975 (30 in May in the 10th and llth stadia to the 27 ítt October) nor of

fenrales (72 to 72). Although mortality of the adult males during this

t.irne night have been suspected fron the data (43 to 15) it was not

demonstrateC (tt4 = 1.82, P > .05).

Turning now to the sampling of litter by itse1.f, of the 400 o. j

morel.etii in the 10th and l1th stadia collected in the grassland in April

and lr{ay 1975, 201 wer.'e males of which only 11 were juveniles (i.e. 95%

mature). Of the 199 females in these stadia, 119 (60%) were carrying

mature eggs. ûn:ry 43 (22%) rvere carrying srnall developing eggs. li4aturation

was therefore successful for this (1975) breeding season, in this portion

of the open grassland (c.f. soil and litter sampli.ng). Of the 461 in the

10th and llth staclia collected in the rvoodland in April and l'4ay 1975,221

were males of which 35 were juveniles (i.e. 84% rnature). 0f the 240 females

in thesc stadia, 113 (47%) were carrying rnature eggs, whilst 102 (43%)

h¡ere carrying sna11- developing eggs. Maturation was therefore also

successful in this habitat, but not as successful as in the grassland.

In April , lvlay and June 1975, the first ten females from each

habitat in the 10th and l1th stadia and lr'hich contained mature eggs h?ere

dissected and the mature eggs coturtecl. The mean m.unbers and their ranges

were as follols:-
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The above data further suggest that the matrraticn of the females

was poorer in the r,'oodland than in the grassland. The decrease in nultber

of mature eggs per female frorn April to June perhaps reflected 1) the

burrowing 1mclerground and ovipositing of the fecw.d fennles, md 2) pooïer

natrrration of fenules that niatur:ed their eggs later in the breeding season.

In both the grassland and woodlanC, the ntrnbers of the 1973

ge¡eration coll.ected. in spring 1975 (in the 11th and 12th stadia) were

fewer than the numbers collected in the pr:evious autum (in the 10th anci

l1th stailia) (see Table 4.7). Large m.unbers of dead millipedes lûere se(ìn

on the surface of the grouncl in both habit.ats in winter 1975, inclicatirrg

that heav¡' nortality harl occurred. Assu,.ning all the decrease in ntmbers

to be due to mortality, the m¡nbers collected in April arrd Novernber were

used to calculate tlie fcllor+ing percentage survival.s fron auturm to sprjng

1975.

Apri-1

Iu{ay

June

1973 generation

Total

Females

I'fales

Adult males

Juvenile males

Grassland

r.46 (11s - i73)

1r1 (76 - lss)

el (s2 - 148)

Woodland

eB (64 - 204)

68 (38 - rie)

sz (17 - e2)

Grassland

20.8

18 .3

23.8

19.6

87.s

Wooclland

26.0

. 33.5

14 .8

16 .8

5.0

Ì,trctably, the survival of females was higher in the woodland than

in the grassland rvhilst the survival of juvenile males r^,as the reverse.

the survival of adult :rales was poor and sjmilar in both habitats.

In sumary, the sanpling of soil and litter in the grassland

suggested that the naturation of O. moreletii in autunn (in particular the



TABLE 4.7

Average nunbers (Ë 1 S.Er),of- 1973-generation per s-anp-le

taken"in autr.rmì (rottt and llth stadia) and spring (llth
*a fZtn stadia), fgZS. Note one sample in the grass-
land = 0.1 sq, metres, one sanrple in the woodlancl = 1.0
sq. metres.

Autumn Spring,_

TOTAL

FE4ALES

MALES

AD. NÍALES Apr.
Ir{ay

JIJV. MALES

TOTAL

Apr
Nfay

Apr
Ir4ay

Apr
l'[ay

Apr
l4ay

13.1
6.8

3.0
2.0

+ 1.9
lr.7

10. 5
9.6

g.g + 0.S
O.S T 0.2

23.6
16 .4

L7.
7

Oct.
Nov.

Oct.
Nov.

cþt.
Nov.

Oct.
Nov.

+.

1.

+

I
0.3
0.6

+

I
+

I
+

I

2.0
2.4

3.5
4.9

1.5
2.5

0.9
0.7

+

I
+

I
+

I
+
T

0.5
0.1

0.7
r.2

0.6
0.7

0.3
0.3

7
5

9
9

1.5
0.5

1.8
I,7

0.6 + 0.3
1.9 + 0.5

+
F

+
T

+ l-.0
+ 2.0

8.5
7.4

0ct
Nov

7.L
2.0

1.0
1.6

5.1
1.0

0ct
Nov

Au9trmt Spring

Apr.
lt{ay

Apr
ln{ay

Apr
May

Apr
'lvIay

Apr
lr4ay

28. 5
17.6

0

0

+

1
+
F

FEI4ALES

}{AIES

AD. T,IALES

Jl]V. MALES

0.5
0.6

5

7

2.0
L.7

5
6

6
5

1
1

0.5
0.6

+ 2.7
F t.o

+ 2.4
F r.o

Oct.
Nov.

Oct.
Nov.

11 .5
10 .6

9.5
9.1

0.3
0.1

2.0 + 0.6
1.5 + 0.4

Oct.
Nov.

Oct.
Nov.
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maturation of two yea.r olcls) was greatest in 1974, least in 1975 and

internrecliate in 1973. survival of two year old.s (in particular the feinales)

from autumn to spring 1{,âs $ïeâter j.n 1975 than in L974. Survival of trvo

year olds from au.tr-urur to sprirrg 1973 was questionabl.e due to variable ciata'

The sampling of litter suggesterl that rnatur¿Ltion of trvo year o1c1s l''as

greater in the grassland than in the wooClantl in autunur 1975. The subsequent

suryivals of these tr,.,'o year olds tcl spring 1975 wa.s l-ower iil the grassland

than in the woodland for females, but the reverse for juvenile males'

4.58 Prodliction of l:lew Generations

(a)Asmeasuredoverthefirst6nonthsafterthe

breeding season.

In auttmn and wintet L973, large nurnbers of eggs rvere fourcl

beneath the tussocks. Few eggs were found beneath the pasture gra.sses

(see Tables 4,4a and b). By spring I973r 1arge nt¡nbers of this new

gene-r'ation wer.e in the pasture grasses as 4th, 5th or 6th stadia' At the

same tjme, relatively few were found in the tussocks' Presr'unably 0'

moreletii dispersed frorn the tussocks into the pasture grasses once the

active stages (> lst stadir.un) in the life cycle were reached' Although

eggs r{ere comrlron beneath the tussocks in the autunrsof 1974 and 1975, vêrl

few you:rg wele found either in the tussocks or in the pasture grasses in

the following springs (compared with. the 1973 generation).

The follovring table lists for April and l"fay of each year the

nr¡nbers of mature nales and fenales carrying mature eggs in the five samples

of soil a¡cl litter fron the pasture grasses. the figures refer to all

stadia (i.e. not just the 10ths and llths).

]-973

r974

197 s

Males

April l4ay

48 39

62

44

Females

April Naay

15 L4

19

10
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The next table lists the nean (and range in) nt¡nbers of mature

eggs in the females j-n the previ-ous table: -

L973

7974

197 5

Apri1.

14s (e0 - 302)

140 (61 - 176)

I,lay

136 (6s - 2T7)

s8 (18 - e6)

Females

April it4ay

82 40

101 26

the data above give no eviclence to suggest that the greater

production of young in 1973 compared with 1974 can be e4plained by 1) a

greater aburdance and 2) a higher fecundity of the breeding females durirrg

the fbnner year's br:eecling season. Low ploduction in 1975 horever can

probably be attributed, at least in part, to lo'tr'abtndance arrd fectrndity

of breeding females. Ir4ature nales were no more abr.rndant i¡ 1973 than ilt

1974 and 1975 and therefore do not help explain the differences in

production between years.

Thrning now to the samples taken of the litter by itself, juveniles

in the 1975 generation were obvious in the grassland in the late wiuter and

in spring. In November 1975,117 were fourd in the 6th stadir¡n. The 1975

generation was rarely seen in the woodland and by Noveniber none had been found

in the 6th staditmr.

lhe follor^ring table lists for April and ltday 1975 the nunbers of

mature males and females carryj-ng niature eggs i.n the ten sarnples fron both

the grassland and woodland. The figures refer to all stacia (i.e. not

just the 10ths and L1-ths). The reader should remember that the samples

taken i.n the g::assland v¡ere 1/10th the area of those in the r.r'oodland.

Grassland

Woodland

N4a1es

April lt{ay

Ljz 99

99 94
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The greater production of yourÌg in the grassland compared with

the l,u'ooc1land ca.ir p::obably be explained, a-t least in part, by the obviously

greater abrmdance of breeding adr,r1t.s in the former habitat. Further, the

differences in the fecundities of tho fen'ales jn the two habj.tats (e.g. see

Section 4.57) could- a.tso lLr:lp explain the differences in pr:oduction.

(b) As measured over greater '[han 6 months after the

breecling season.

If j t is accepted that nunt¡er of females r,,rith nature eggs in

the pastrrre grasses in autumr (April and l\aay) is an adequate estimate of

the nunber of females that reproduced in a partj.cular year, and if an

average fecr-urdity of 250 eggs is attributed to each fenale (see Section

3.8)*, then 31625 eggs were proclucecl as the 1973 generation by the fenales

present per 5 samples of pasture grasses (i.e. 250 x 14.5). Che year

later, 274'Írtrllípedes belonging to the 1973 generation and in the 7th,

8th and 9th starlia were collected in 5 sanrples of pasture grasses (10th

stadia were not j.ncluded here but possibly could be). firis suggests a

survival- cf 7.6e¿ to the 1st year. After 2 years, L45 of the 1973

generation were collected in the 10th anrl llth stadia sugge.sting a survival

of. 4.09a. Of these I45, 72 were feilìales.

Put differently, 14.5 females in 1973 produced 72 females whicli

survived lo 2 years old (i.e. 4.97 fe¡nales per female). llowever only 8

(11%) of these 72 f.ema1es had rnature eggs after 2 years. 'fhus each breeding

female in 1973 gave rise to only 0.55 fernales which were breecling irr 1975.

But after 2 I/? years (spring 1975) there was no evidence of further

* I have preferred here to use the nunber of eggs laid in a clutch in

the l-aboratory as a measure of fecurdity to the nt¡nber of mature eggs

found in fenales in the field at the tine (approx. 140).
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mortality of the 72 femaLes, Those that survirred to 3 years* ancl reprocluced

would liave increased thc r-eplacement rate of 0..55 of the fenales br:eecling

in autumn L973.

4"59 ActivitY

The nunbers of 9. t:gs"¿}i per trap for each trapping day are

given in Appendix Tables 4.7 (a and b) for both the grassland and the

woodland. These data rr,ere averaged for each sarnpling "week" an<i the

resulting values of the average ntrnbers of O. rnoreletii per trap per day

are given in Figure 4.11. There was no evideuce in the data to suggest

a relation between the m¡nbers trapped and the day of the "trn¡eek". An

alternative method of expressing the m:¡nbers trapped in each sarnpling

,'rr,eek" would have been to calculate the average mmbers per trap-day (e.g.

where usually n, the nunber of trap-days in the '\'r'eek" equals 7 x 16 = L32

in the grassland anð- 7 x 32 = 224 in the woodlancl). Flowever, the basic

data (i.e. the ntrnbers of O. moreletii in each trap-day) ivere not ahvays

normally distributed within a trapping day oI '\'veek". Cuntbersolne

transfornations of the data would have been necessary i.n orcler to ca-lculate

* Irr April and }¡lay L976, an additional 10 sanrples of p.asture grass lvere

taken. From these samples, 166 0. moreletii were extracted in the 12th

and l3th stadia (Ig73 generation). This abundance of the 1973 generation

suggests a suryival to 3 years of age of. 2,3%. 0f the 166 in the 12t'h

and 13th stad-ia, 106 were females - of which 79 contained mature eggs.

Thus although 14.5 females breeding in 1973 only produced 8 females ulrr-ich

bred in 1975, they produced 39.5 which bred in 1976 (411 values here

refer to ntrnbers of females per 5 samples of pasture grass). The contiltued

survival of the offspring fron 1975 to 1976 raisecl the replacement ratc

per female flom 0.55 to 3.28,



66.

stanclard erïors a¡d present the data in a similar form to that. in Figiu'e

4.11.

From Figu're 4.11 it is obvious that peaks in the nunbers trapped

occurred in autulut in both habitats sanpled" Prior lcrowleclge of the life

history of q. llgr,"E!:i+ (see Section 4 .52) suggests that the increases

in 'Lhe nuirbe':s tre,pped <luring autr.um represent increases in ac'üivity arrd

not aburdence, The large variation in the data for April, T973 from the

grassland r^¡as due tc an exceptional mmber of millipedes being caught on

just one day (75.4 + 8.4 (i+ S.E.)). Large n'trnbers of O. {9I919!L1-

(predorninantly 7th ano Bth stadia) rvere also trappecl in the grassland in

Jannary 1974 lr,hen for this tjme of yeat, 1) conditions were excepti-ona1Iy

noist ancl 2) O. noreletii was exceptionally abu:dant in the pasture grasses.

Frorn data presented earlier (see Sections 4.53 and 4.54) and l-ater

(see section:; 5.4 and 6.3), it is obvious that the physiology of 0. rnoreletii

can change markedly over a period of a felv weeks (e.g. the naturity of the

gonads, resistances to extremes in temperature and hunidity). In addition,

structural variables in the habitat such as the a¡nount of c.over by grass

can change rnarkedly. It is therefore rmrealistic to attempt to correlate

the activity of 9. lng5s1,"tii (as measured by the m¡nbers trapped and

corrected fo1 changes in abr¡rdance if need be) with prevailing r,.'eather

by using the data from rljfferent sanpling'\¡¡eeks" in one analysis. However

for trapping days within a sampling '\,veek" it is ntore reasonable to assune

tliat the physiology of the population ancl the strrrctural variables in the

habitat are consta¡rt and that correlations of daily activity with weather

i^¡i1l be realj.stic. Moreover, within one sampling week, except for

exceptional circr¡nstances, it can be asst¡ned that abundance does not change

si gnificantly.

Atterqtts were nacle to obtíin correlations between the nrmbers of

Q. noreletii trapped within '\¡reeks" in both the grassland and woodland

and the available meteorological clata from Stirling (e.g. rainfall,
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relative huniclity, sa-turation d.eficit, maximutr and rninjnum t.en'qreratures) .

Rarely uras a significant correlati.on obtairred, pres',-rnably because of the

often poor relati-onships between tìre prevailing t^¡eather as measured at

Stirling anC the enviroment on the soil-surfac'.e at Bridgetirater (rnoistur:e

in particular).

Table 4.8 lists the ntmbers of 0. moreletii trapped and the

associated weather data for the t::appì-ng "weeks" during October-Nolrembe:r

1972 and April and Ji-rre 1973, Although correlations proved elusive,

(see above) the data in Table 4.8 strongly suggest that the activity of

9. moreletii is infli-renced by both moisture and tenperature. llnder dry

corxlitions (e.g. 27-3t/L0/72 æd 9-I4/4/73) activity was inhibited aJ-though

on occasions temperatures appeared to be suitable. ûnder moist coirditions

(e.g. 30/10-,1/II/72, 14-16/4/7 3 and 18-25/6/7 3) , activity rvas stinulated

and correlated lrith ternperature.

The frequencies with w-hich nil, few, several, nany ancl very marty

active q. Iglql"lü were seen on the paths in the grzissland a¡rd v"oodland

during the dj-fferent months of the year are given in Table 4-.9 (a ancl b) .

It is obvious that the abundance of active millipedes on the paths r,r'as

rnost marked during auttlnÍt and to a lesser extent spring in both habitats.

However on several days in srmrner, iarge ntunbers of active nillipedes were

seen. These occasions were all in association with heavy rainfall on the

days in question or on days just prior to then. Never rvere millipedes

seen active on the paths in July or: August.

For lvlarch, Apríl, July and Novenber 1973 and January 1974 (i.e.

representative seasons of the year), the age distributions of the active

populations (those trapped) and the populations present (those extractecl

from samples of oasture grass) in the grasslancl v/eïe comparecl by taking

the ratio of the nurnbers active to the ntrnbers present for each stadiun.

These ratios, calculated from the data in Tables 4.4 (b and c) and

Appendix Tables 4.2 and 4.3 are expressecl in Figure 4.I2 and Appendix Table



TAIsLE 4 . B

I'tr-¡nbers of 0. moreletii trapped and associated

weather.

Nos I{eatheî for
the 24 Flours

Davs Since
Last Raín

Date
Grassland Woodland Min Rainfall

. (rnrns)Te.mp

"C

27 -28/Lo/72
z8-29
29-30
30- 31
sL-tlrr/72
r-2
2-3
3-4
4-5
5-6
6-7

s-ro/4/73
i0-11
LT-T2
t2-L3
t3-L4
1.4 -15
15-16

78-re/6/73
1'9-20
20-2L
zL-22
22-23
23-24
24-2s

0. 500
0.4L7
0. 500
8.4L7
5.000
7.250
2. 583
9.7s0
3.167
2. 583
1. 500

4.875
2.750
4.438
2.87 5
3. 063
9.065

75.37 5

4.625
5. 563

10.125
4.438
6.000
4.813
4 .000

0 .357
0.929
0 .393
0 .929
0.571
1.32L
0.536
1.250
0.429
0.2T4
0.179

0 .094
0 .125
0.031
0.156
0.094
1.656
3. 781

6
11
I4

0
0
0
5
0
z
)
L

z
0
0
0

12
13
T4

0
1
0
0
0
1
2

3

9
7

1.)L¿.

7
8
6
7
5

0
0
0
J
3
5
7
9
9
9
6

1
1
0
0
0

10

7

10
TZ
13
15
13

9 11

0
0
0
0
0

10
1

5
6
7
8

9
0
0

5
0
0
0
1
0
0

4
6

10
2
7
7
5

0.125
0.2L9
0 .531
0 .219
0.344
0.s44
0 .313

0
1
7

2
0
z
7

28
28
15
10
10
TZ
19



TABLE 4.9

ñ,¡nbers of visits to Bridger¡at,er throughout the year

and the frequencies of obsewations of mating and

d-ifferent nunì¡ers of active rnillipedes seen on the

ground duríng such visits.

(a) kg]l Grassland

JFMA
19 23 s2 23

Nbnth

MJJASONÐ
36 11 13 12 11 23 15 15lfuinber of Visi ts

l,iumber of Visits
when nating seen

lfurnber of Visits
when

1) Very nany active
2) I4any active
3) Several active
4) Few active
5) Nil active

2

9

4

5

2

1

9

4

7

J

10

8

I
1

2

9

10

2L6L4 3

1

2

73

20

1

5

8

6

3 15 IZ

J

1

4

7

1

2

2

10

(b) Sclerophy'1lous l{oodland

J

lrh¡nber of Visits 10

I,trunber of Visits
when nating seen

lrlwnber of Visits
when

1) Very many active.
2) It{any active 1

3) Several active 2

4) Few active 4

5) Nil active 3

Iúonth

AMJJA
16 23 15 2D 11

4I

2

8

13 13 20 11

3

8

S

9

4

3

10

6

5

9

6

FM
10 20

5

15
3

44
55

OND
20 15 10

2

3

4

4

3

3

6

1

9

5

1

2

7

(Data frorn 9/10 /72 to 7 /TL/7s)



FIGURE 4.12 (a 6 b) The nt-unbers of nillipedes active/ntm',bers

present itr each stadium in the grassland during

certain rnonths. Lj¡es fitted by eye (Figure 4,I2(a);

x = Ivfarch 1973, o = April 1973, o ='Ju1y L973:

Figure 4.IZþ); ó = Novernber 1973, x = January

Le74).
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4.8. Actually, the pitfall traps were not set withirr the 0.5 liectare

plot that was sanpled for pastu.r'e gra.ss, but rather j-n areas arljacent to

it. Since there was no obviou.s difference in habitat between the areas

sampled (see Sectioir 4.43), I have considered then one ald the s¿une.

Consistently, the older stadia were more active (j..e. more were

trapped considering how nany were present) than the younger stadia.

Although the data in irigure 4.12 perhaps suggest increases in activity

within the older stadia (10th and older) with increased stadial age, the

data in Apperrdix Table 4.8, where mal-es and fema).es are treat-.ec1 separately,

suggest no such increases.

4.510 Life Histories of the Natj-ve Species, Australiosonn

cast.anetm and llimerogonus sp.

A. castanerm and Dimerogomrs sp. were never found in any samplesr

(soil and li1-ter, litter by itseJ-f, pitfall trapping and hand-collections)

taken in the gra-ssland and I conclude that neither species occurs there, or

they are extrernely rare. F{owever, several 4.. getlrytmr were fotmd on the

fire-break bordering the grassland during late r¡rirtter and spring. They

had presunrably dispersed there from nearby woodland.

I'he nt¡nbers of A. castaner¡n- collected in the woodland by pitfall

trapping and in the sanples of litter are given in Tables 4.10 (a and b)

where they are arranged according to stadir¡n and sex. The hand-collections

of A. castaneurn that were nade during the period 4/9/72 to 1-L/11/75 have

been arranged in Tabl.e 4.11 according to the month of the year in which

they were for¡rd. Of course the intensity of hand-collections varied greatly

throughout the year, and therefore the data in Table 4.11 should onlybe

regarded qualitatively.

Only the last three stadia- (two juvenile stadia and the adults) of

l. ."tlg]gyr wele found conrnonly. Perhaps this reflected an inefficiency

in sampling for the yor:nger stadia, but nore 1ike1.y it reflected greater



TAIILE 4 .10 (a)

Ìfuinbers of Australiosolra ca,ctanetflr collected
during pitfall trapping't

Sampling
Code No.

lù.¡nrbers of podous
segnents

Unlcror,,n 14 q f S 16 L7 18

Females with
large :nature

eggs

1

2

1

2

3

4

5

6

7

8

9

10

o-N

D

J-F

F

M

IvI

A

M

M

J
J

A-S

0

N

D

J

11
aâLL

L3

L4

15

16

1 1(1)

6(z) 1(1)

1(1)

1(1)

1(1)
6 (4)

1(1)

s (3)

2(2) 2(-)
s (2)

1 (-)
4 (2,) 'L(-)

TOTAT :f 1 (1) 14 (8) 14 (8) e (4) 5

x The nunbers of nales in each age group (determined by

the nunber of podous segments) is indicate<l in brackets

for each sampling occasion.



rABLE 4.10(b)

Nurnbers of Australiosoma castaneum collected during

litter sarnpling*

Date
l,lunbers of poclous

segnrents

t4qls 16 17

Fenales with
large nnture

eggs18

s/s/74
elLo/74

s/\L/74
e/r2/74
slr/7s
e/2/7s
e/3/7s
s/4/7s
e/s/7s
s/ 6/7 s

e/7 /7s
s/8/7s
s/e/7s
elLo/7s
r0/rL/7s

4 (1) 2(r)
3 (3)

2(r)
6(2)

r (1)

3 (-)
1(-)

3

1(1)

1 (-)

z(-)
2(L)

2 (1)

z(-)
1(1)

1 (-)

6 (4) 2(-)
2 (1)

1

1

1

2

TCTTAL z(t) 14 (8) ls (6) 13 (3) 8

tr The nr¡nbers of males in each age group (determined by

the nunber of podous segrnents) is indicated in brackets

for each sanpling occasion.



lABl,E 4.1.1

lù.mbers of Arrstral iosoma castaneun tal<en i-n hand-

collections from 4/9/72 to 11,/Ll/75*

Month of
the Year

lft.rnbers of podous
segments

15 16 17

Iìenales rvith
large mature

eggs
14 18

Ja:ruary

February

I4arch

April**
l'layx:t

.ïune

July**
August

September

October

lrlovember

December

3 (-)
3 (-)

2(L) 7 (3) 18 (6)

1 (-)
1 (1) 64 (31)

85 (48)

1(-)
3(2)

1(1)
2(2)

6 (4)

1(1)

s (s)

se(2e)

s7 (31)

1e (14)

6s (4s)

27 (t2)
18 (8)

4 (1)

6

10

5

18

13

6

J

TOTAL 6(1) 11(4) 16s(8s) 13(e) 23s(146) 59

a
\)

rt

:t tr

The nunbers of males in each age group (determined by

the nu¡nber of podous segments) is inCicated in brackets

for each sampling occasion.

It{atirrg couples observed in the field.

li

r'
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surface activity of the last three stadj.a. Blower (1970) and Lewis (1971a)

¡ave commentecl on the prcdoninant surface activity of on1-y the last fev¡

staclia in the f.ife cycles of Polydesmid rnillipedes.

{. c.as'tanermr was pïesent in the litter fro¡ti late r^rinter to spring

(July to Novenrber-) in the second to l.ast and last juvenile stadia. It

seetns likely that å. g?:lg$ru passes tJre su:mer in the last juvenile

stacliu¡n energing as the adult in the subseqtrent alttunrn and rvj-nter. Adults

hrere present. from lrbrch to fttober. Ar1u1t males predominated during

autturur alrd whler, whilst fenales r{ere more conilìon during spring (see

Table 4.11). Ì'4ating was observed in the field from April to July.

Presunably oviposition occurrecl in spring, but no nests of eggs were founci.

Jur,'eni,les of 4. ca-staneun r\Iere aggregatecl in their Cispersion in

the litter. Usually when one juvenile was found, 10 or 20 others of the

same stadírxn rvere also fourrd within a tenth of a square metre. These

aggregates of juvenile A. gË_lanetrn could not be described as "slvarms"

(see Lewis, 1.971(b); Fryer, 1957 and Toye, 1967 for descriptions of

swal:rns of other Polydesmids). trrobably, the aggregates represented

"family groups" as described by Blower (1969).

Little can be said of the life history of Dimerogonus sp. because

of its rar.ity (see Table 4.I2). However hand-collections of the species

were made from July to Cbtober, particularly beneath the introduced

che!ryanthc gglltippicr (see section 5.10). The available data suggest

1) that the species is niost active in r,vinter and spring and 2) that

reproduction occurs at this tjme (mature nrales were present and the females

r\¡ere carrying rnature eggs).

The apparent winter-spring breeding seasons of {. castanetrn and

Ilj+e_rgg_onu!_ sp. r\reïe in narked contrast to the autr¡nn breeding season of

0. noreletii.

,t
¡

t

È

I
I

i
.r

1

I

I
I

I

I



'IA3LE 4.12

I'Jr¡nbers of Dimerqflonus sp. collected during pitfall
trapping

..1

I

't
dt-

.t
I

+'t

{
!l

ti
I
î,

!

I

I'ISanpling
Code No.

Juvenile
I4a1es

il

1

1

1I
2

3

4

5

6

7

I
9

10

0-N

D

J-F
F

M

M

A

M

M

J

J

A-S

0

N

D

J

2

1

11

T2

13

T4

15

16

I

I

1

1

2

3

TOTAL 93l_

OnLy 2 Ðqrerogonus sp. l,\¡ere collected. in the sampling

of l-itter (1 adult male on 9/9/74 and 1 female (with large

rnature eggs) on 9/6/75).
i,

I

l,
i
I

I

!

i

i
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4,6 Discussion_

No provisions were macle in this sti-idy to rrreasure ernigrat-j.ons frorrt

and immigrations into the areas studied. It is posql]¿le- therefore that

tlre changes (or 1.ack thereof) in the ntunbers j.n and structures (e.g. age

distributions, serc ratios etc.) of the populations of O. moreþtii- refen'ed

to in the preceding trrages were expl.ainable in terms of ernigration and

i:nmigration. Flowever, I consider this unlikely. The study areas used

hrere surrounded on all sides by large areas of similar habit.ats (see

Section 4,4) . It is hard to inagine einigration from or irnmigraLion into

the study areas without recíprocal movements in the surror,rnding areas.

I'lat and ûvi sition

Metschnikoff (1874 - cited by Flalkka, 1958) reported that 0_.

moreletii oviposited in lr4adeira in auttmn. At Bridgervater, O. moreletii

rnated and oviposited during autturr and winter. Nests of eggs, pupoitls and

first stadj.a were very comnon in the soil beneath the tussocks of L.

fibrata, bttt were rare in the soil beneath the pasture grasses' This

difference in the abundance of the inactive stages in the tl','o micro-

habitats probably reflected 1) a preference for ovi.position sites by females,

ancl/or 2) higher nortal.ities of the very youìg beneath the pasttrre grasses

conpared r^¡ith beneath the tussocks. The yornìg of 0. toreþ!ü (eggs to

third stadia) were very susceptible to excess water in laboratory cultures.

They were trapped by filns and droplets of water. The soil in which the

nests were found beneath the tussocks re.rnained drier than that beneath the

pasture grasses during the wetter months of the year and per:haps nore

suitable for the survival of the very young.

Development ancl Lfaturation

After l year, Q. nLoreletifwas in the 7th, Bth or 9th stadiun.

After 2 years, the 10th or 11th stadia were reached. In subsequent years'

¡

rì)--

I

I¡

l
t,ll
'{

'l

i
I

l
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O. moreletii probably mcr-r.Lted only ttvice pel: year, in spring and suflner.

The environnental cue that triggei:ed noultirig in the older O . rnorei.et-i i

remains unknornrTr. The rnoult in summer: coincided with the hottest and <lriest

tínre of the year (perhaps the most. opportr.rre time for the nillipedes to be

r.urdergrotnd noulting - c.f. O'Neill, 1969(a)), but the cue for the rnoulting

nay have operated rvel.l l¡efore this time. Sinrilarll', the cue f.or the spring

noult may have occurred well before spring. Perhapsn changes in day length,

temperature or moisture could be investigatecl as the possible c.ues for the

two moults.

Brookes (1974) found that the jweniles of the Blaniulid'

Proteroiulus -Í-usc.us, der¡elcped more rapidly in Britain in an open and wa-rm

plot of e1m than they did in a shaded and ccol plot of larch and spruce.

In addition, Brookes found that the juveniles of P. fuscus developed nole

rapidly in Britain than in Finlancl (Rantala, 1970). Fairhurst (1974) out-

line<1 variations i¡ the rates of developrnent of jweniles of the Iulids,

l. 4t"t and 0. sabulosus in different habitats. Banerjee (1970b) realed

juveniles of the Polydesnid, PolydeSnul Angustus_, in the laboratory urrcler

various regimes of food and weather and for¡nd different rates of development

to adulthood. There was hor.t'ever no evidence in the present study to

suggest that the rates of stadial growth of jw'eniles of 0. rnoreletii were

rnarkedly different in the different habitats studied nor in different

years in the one habitat (the grassland at Bridgewater).

In the present study, thcre was evidence of large differences in

the clevelopment of naturity of both sexes of O. moreletii both between

different habltats and between different years in the one lubitat.

Maturation of indivicluals at 1 (in particular the males), 2 ot 3 years of

age was inferred from field sampling. Data fi:om the sanlnling of the litter

suggestecl that maturation was more successful in the grassland than in the

woodland jn autunn 1975. Data from the sa:npling of the soil and litter

suggested that rnaturation in the grassland was unsuccessful in autunn 1975,
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sriccessful in autunn L974 and intermediate in atrtunn 1973. Collections

made in lvlelbourne in autu¡rn 1975 suggested that naturation h¡as more

sgccessful there than at Bridgewater or on Eyre Peninsula at the sarne tÏtte.

Sinc.e 1) lr4elbor-rrne receiveC a higher rainfall th¡rn Brirlgelvater and

Eyre Penj-nsula durirrg the sunner of 1974-5 and 2) conditi.oris at Briclgewater

were ver)¡ nìoist in the sunrner of 1973-4 but dry in th.e sunrners of L972-3

and 1974-5 (especially ín February 1975), there was soine evidence to

s¡ggest that the degree of maturation in a particular autumn ancl the aridity

of the previclus surmer \{ere correlated. lvloister conditions rnay have

allowed great.er feeding prior to the breeding season.

Although the climate at the soil surface rvas moister in the rr'ood-

land in nid-sunrner (see Section 4.3), the litter in the woodland did appear

to dry out more quickly in spring-early slümÌer than the litter in the

grasslancl. Growth of the pasture grasses in the grassland in early sumner

was prolific and the soil surface remained cool and dattp. Perhaps additional

feeding during early suruner (allowed by rnoister conditions then) explairred

the higher maturation j.n the grassland. On the other hand, perhaps the

quantity and quality of food was greater in the grassland than in the wood-

land and this was reflected by the different degrees of maturation in the

two habitats.

In the grassland, the sampling of soil and I itter was done on a

westerly slope in a habitat of both tussocks and pasture grasses, whilst

the sanrpling of the litter was done on an easterly slope in a hahitat of

"pure" pasture grasses. The sampl.ing on the wester'ly slope suggested that

naturation of the 1973 generation was unsuccessful in 1975. Intriguingly,

the sanpling on the easterly slope suggested the opposite; maturation of

of the 1973 generation was sltccessful in 1975. f can give no explanation

for this difference. Perhaps there r^ras a difference in micro-clinate, soil

or food type, etc. between the sites which explained the results - but such

a difference was not obvious.
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lr{aturation arrd Subsequent Suwival

There 1{¿1s a negative correlation between the degree of maturatíon

of a part.icular generation of females and its subsequent survival. Within

the grassland, the sampli.ng of the soil and litter suggested that matur:atiolr

was successful in 1974 and survival of females to spring was 1ow, lvlaturation

was unsucceEsfui in 19i'5 a¡d suwival was high. The sampl-ing of l"itter

suggested that naturation in the grassland. was successfirl in 1975 and

surúival was low, whilst matu.r'ation in the rvoodland was relatively Ltllsuccess-

fu1 and survival relatively higher. The pcssible advantage to 0. nrorelstii

of a continued survival of fenales after a poor breecling season is

discussed in Chapter 7.

The survi,.¡al,s of mature rnales fron autrmn to spring were generall¡'

low. The m¡nbers of juvenì.le males in the same stadj"a as the mature males

were usually too few to calculate their survivals and conrpare then with

the mature rnales. llowever, lirnited clata fron the sampling of soil and

litter ancl litter by itself in the grassland showed no evicience of rnortality

of the juvenile nnles in the 1975 generation frorn autr¡'rn to spring 1975.

On the other hand, the sanrpling of litter in the woodland suggested poor

srrvival of juvenile males from autum to spring 1975. I ca:r give no

explana'iion for this difference between habitats - except perhaps that

the ntmbers of individuals in the sanples were l-ow and variable.

Ì\lhen the sex ratios of the total 0. moreletii collected in the

grassland ard woodland u'ere comparecl (see Table 4.6) it was noticeable

1) that in both habitats the percentage of males decreased with stadial age,

especially after the 10th and llth stadia, and ?) that this decrease in the

percentage of males u/as more marked in the woodland than in the grassland.

Table 4.6 seems best erçlained by ahigher survival of older females than

older males, especially in the woodland. If the poor survival of juvenile

males in the woodland is real, this would also help explain the data.
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Procluction of Young

The production of youilg in the plot iir the grasslærd rn'here

samples of soil and li.tter were taken was very high in 1973 but 1ow in

1974 and 1975. Variations in the nunrbers of breeding act-r1ts present in

each year and variatíons in the fecu¡rciities of females could ncii: explain

the difference in procluction betrveen 1973 and 1974, but could, at least

in part, help explain the difference betrveen 1973 a:"rd 1975. Other pcssible

exp]anations for the differences in production betwecjn years were 1-) if

the avaílability of sites of oviposition varied between years, a:rd 2) if

the lnortality of the very youìg st.ages j-n the life-cycle diffe::ed in the

winter months of each year. Further, the sampling of litter suggested

that the production of young hras much higher in the grassland in 1975

compared with the r^noCland at the same time. Again differences in the

ntnrbers of b::eec1j.ng adults and the fecurclities of females could, at leas't

in part, help explain the clifferences in production. 0f cotr.se, differences

in 1) the availabilities of sites of oviposition (alt-hough there was no

evidence irr Figure 4.6 (a and b) to suggest delays in oviposition in the

woodland relative to the grassland) and 2) survivals of the very yotxlg

rnight also explain the differences in production. Further, the lower

abundance of adults in the woodland may_ have girren lower probabilities of

females copulating successfully with males. Production nay therefore have

been lower in the woodland.

Seasonali-ty of lr4ature and Intercalary l,lales

ln South-Eastern Australia, the intercalary mai-es of O. mor_e.legii

predominated in spring to nid-surmrer rvhilst the nnture rnales were present

at other tirnes of the year. This seasonality in the fonn of the adult

male rras in agreernent lvith the linited dala for 0. nrorelet-ii a"nd other

periodomorphic rnillipedes in the region of the Mecliterraneaa (see Section

4.22). Is the seasonality in the forn of the adult male of 0. noreletii
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of aclaptive aCvantage? This qrrestion is discussecl further in Chapter 7.

Behavi ou-r' and Sltrvival Duri.nc Sumner

O. nroreletii aggregated in cool, moist sites (e.g. beneath

tussocks) or burrorved underppound duling suffner. hrring the sumner of

L974-5, when the r,r'eatheï was particularly ¡oa ancl dry, signi-ficant mortality

was demonstrated (but only in the grassland and not in the wooclland).

Mortalities of the sexes (in the 9th to l1th stadia) u'ere similar on this

occasion. Extremes in desiccation arÅ/or high temperature rniglrt be

considered resporrsible for this behaviour and mortal ity of 0" I\ofgkÉi in

sumner. The likelihood of this is pursued in the following tln'o chapters.

Changes in Sex l{atios

Barlow (1957) trappecl in a variety of habjtats in Holland. The

fernales of C. silvarun and. O. sabulosus were collected in a slightly wider

variety of habitats than the males. Barlow suggested that the females of

these species were "slight1y less restricted ecologically than males".

The sex ratios (percentage of ma1-es) in the populations of Q'

noreletii present anC active in the litter in boih the woodlarrcl and grass-

land were low in late suurner but increased in auttmn. Consiclering in

particular the data from the sarnpling of lítter in the woodland, there

was no evidence to suggest changes in abundance throughout the surmer of

either sex. The lorv sex ratios in late surnner would seem best explained

by greater burrowing undergroi.rnd by malcs compared with fenales. Are the

males less tolerant of aridity and high temperature than the fema.les?

Experinents reported in the next two chapters suggest 1) that nature males

are less resistant (i.e. less able to survive exposu-re) to high temperature

and desiccation than females, and 2) that males shorv a more rapid preference

for moisture in a gradient of humidity than do fenales.

The sampling of litter suggestecl that the sex ratios were much
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higher in the .,vinter in the grasslancl than in the woo<lland. With the

aid of Appenlix'I'ables 4,tr" af:ð 4.6 this is a-ttrjbutable to 1) earlíer

rnortalì.ty in rrrjnter of females relative to males in the grassland comparecl

with the woodland, and/or 2) greater predorninance of females tndergrotnd

in winter in the grassland compared with the woodlanC.

ActivitY

In the present study, active O_. moreleti.i were most commonly seen

and trapped in auttrnn, to a lesser extent in spring, occasionally in

sunïner and rarely in winter. Day to day variations in activity t'r'ere

correlated wrth c.hanges in temperature and moisture. Results strongly

suggested that the activity of older stadia was greater tlun that of younger

stadia (c.f . studies discussecl in Section 4.23).

Native Srlecies

.ê.. cast_a-nÍr.rn ,ttd Dil11Igæ4uS sp. were not fou,rd in the grassland.

They were found in the rn'ooclland, but they were rare there relative to

9. Ugryf-*ii-. The possibility that this confinernent and relative rarj-ty of

the native species in the cooler and moister woodland was due to poor

tolerance of extremes in desiccation and/or high temperature is pr'rrsued in

the following ttvo chapters.



5. I,4/ATER RTJI,ATTONSFIIPS

5 .1 Introc]uction

MillipeCres are genera-lly regalded as being dependent upon cool,

moist condit.ions for thei.r survirral (e.g. Cloudsley-Thompson, 1.958). the

sunmeïs at Bri<1ge'rvater are usually hot and dry. llotr¡ever:, 0. ao5_1g1!i_ is

e>.tremely abunda.nt there. Furthermore, until the st¡nner of. 'i974'-5, no

rnortality of g. ryqr elqi.i i was demonstrated at Bridger,,rater riuring sunìner 
"

Adrnittedly, the surflrner of 1973-4 lvas very wet a¡rd perhaps mnrLalitl' 61rsï

this stlruner: rnight not have been expected to be high. But the surnner of

\972-3 was Ïrot and dry ancl I form.d ny inability to demonstrate mortalì.ty

over this stxÍìner surprising.

The e>c.perimellts reported in this chapter and. in the following one

investigate the resistance of O. morelgtii to hot and dry condition.s (i.e.

the ability of the species to survive elposure to high temperatures and

1ow hrmidities). The majority of the u'ork was clone thror.rghout the very hot

and dry sumrner of 1974-5, r,r'hen the reacler will reca1l, sipJnificant mortali.ty

was in fact measured at Bridgewater.

In adclitiottlftr" above, two specific questi.ons were asked. Firstly,

the native species, A. g?-t_!gll"ltt and Ðirne,iogonu_9* sp., were confined to the

cool moist woocllarrd. where they were rarer than O. moreletii. Could this

difference in the aburdances of the three species be attributecl to clj.ffelences

in their water and tenperature depenclencies? Secondly, 0. moreletii

agg,:egated in the grassland beneath tussocks of L. fibrata dur:ing slmmer.

Was this berhaviour explainable in telns of preferences of the species for

certain temperatures and/or humidities?

5.2 Literature Review

'Ihe abilj.ties of millipedes to suryive rvhen desiccated have been

stud.ied by severa.l authors (Barlow, 1957; Toye, 1966, 1967, 1975; Causey,
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1943; Stewart and l{oodring, 1973; Ilaacker, 1968; O'Neill, 1969 (a and b)).

Differences in sun¡ival between males ancl fernales l^/ere d.emonstrated in

several species by Barloru (1957) arrd Ï{a"acker (1968), notably in O. sab_u.l.osu:"

The females were more resist.ant to desiccation tharr the males. In acldition,

Barl.ow (1957) showed seasonal changes in resistarice- 0. sabulosus survived

longest during the suntner months (its perio<l of activity).

Several authors (Barlow, 1957; Toye, 1966, 1967,1975; Cloudsley-

Thompson, 1950, 1954, 1959; Causey, 1943; Perttu',en, 1953; Edney, 1951;

I)waral<alath and Job, 1965 (a and b); Crarvford, 1972; Stewart ancl l{oodring,

I9'/3i O'Nei11, 1969b) measured the rates of water loss of millipedes under

dry conditions. IJerttunen (1953) dernonstrated that the males of O.

sabulosus lost water more rapidl.y than the fernales. He further showed with

q. sabulosus that the rate of water loss when desiccated varied seasonally,

being lowest during swnrner.

Barlov¡ (1957), Dcnrd;" (1968), Toye (1966) , Cloudsley-Thompson (1951) ,

Yoi.rng (1958) , Shelford (19i3) , Flaacker (1968) and Perttunen (1953, 1955 (a

and b)) studied the preferences of nillipedes when placed in gradients of

relative hrrnidity. Perttun.en (1,953) r'as mable to denonstrate a difference

in the preferences of the sexes of q. sabulosus, unless they were first

desiccatecl. Then tire males showed a stronger preference for the moist end

of a gradient than the fernales. Barlow (1957) clemonstrated a stronger

preference for noisture by males than females of O. sabulosus without prior

desiccation. Both Perttr.nen and Barlow showed seasonal changes in the

hr.midity preferences of O. sabulosus. Generally, the millipedes preferred

the dry encl of a gradient in sumner but the moist end in winter. Pertttrnen

(1955b) elaborated on this behaviour by shorving that during sunrner, females

of 0. :"Þ*ç_=:g near the surface of the ground preferred dry conclitions

whilst those deep in the soil and about to reprocluce preferred moist

conditions. Pertttrnen (1955b) suggested these results indicated "a reversal
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of the hurridity react.ion in the females jtrst before egg-laying".

5.3 Resistalrce to Desi.ccat j on a1-- a Moclerate Temper:a ture (20"C)

Llnl.ess stated othen\rise, the indivic'lurals of 9. t}qI"lglrf used in

the experiments in this an<l subsequent sections were )' Bth stadimr and

were coll-ectecl froni the grassland in areas of pasture grass adjacent to

the plot used for sanrpling of Litter. No interr.tional bias was shorrrt in

collectfurg the rnillipedes, save that they were in the litter, alive and

>. Bth staclitun. The animals collected were therefore Ïegardecl as representative

of the populati.ons present at the tlne. TTre anjmals wer:e rrormally naintainecl

in the laboratory i1 rnoist hunrus f.or 2 days before beginning the experinents.

All experiments were kept in darlcress.

Experirnent 1

In April and November 1975, niales arrd females of O. moreletij. rvere

collected arrd their resistances to desícca-tion (aC 20'C) were measured.

On each occasion, the millipedes were placed at randon in ggoups of 25 in

each of 50 con'Lainers as shown in Figure 5.1(b) (sexes were not separatecl).

Fifteen of the containers were kept over fused CaCIz (relative htmridity

< 5%) ín large a-ir-tight canisters. The other 15 containers vlere kept over

distilled u'ater in similar ca:risters. At intervals of 2 days, the cLead

nillipedes lvere removed and aged and sexe'J. Death was assessed by using the

a¡rtennai reflex (see 0'Nei11, 1969).

The cunmlative mortalities of the adult nales (nature ¿md inter-

calary), jr-rvenile males and fenales uncler the dry c.ondi.tions are shor.,¡n in

Figure 5.2. The mortalities of the millipedes over distill.ed water were

negligible during the experiments (3 died in the April experiment ancl 5

in November).

At both tines of year, 9. IrTgletii was obviousl.y ve4' resistant

to desiccation at moclerate tcnperatures. The results for April 1975 show



FIGUIìE 5.1(a) Glass jars used in probit analyses (O = screw

on 1id, Ø = plastic container with Eauze vents,

@ = tripod, @ = water or fused CaCL2).

FIGURE 5.1(b) Container used in experiments on ::esistance to

high temperature and desiccation ( ($ = gauze).
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FIGURE 5.2 Ntunbers (e4presse<l as cunulatir¡e %) of 0, noreletii

dying at ?}oC, < 5% R.H.

N'firnbers of animals used

April 1.975

Females

Juvenile Males

Mature lvlales

November 1975

Fenales

Juvenile it{ales

fntercalary I'fales

216

23

135

224

75

76

[Occasionally the reader will notice small discrepancies

between the ntrnbers of animals claimed to have been used in the text

and actual nunbers in results (expressed in the tables and graphs).

These discrepancies were brought about by omitting fron the results,

1) anirnals damaged during handling in the experiments, 2) unsuitable

animals that had been included in experiments unintentionally (e.g. the

occasional 7th stadir¡n r,rihen only >- 8th staditmr were intended), ffid

3) anirnals for which insufficient cl¿rLa were obtained (e.g. intercalary

males were often rare in sanples taken in the field for l-aboralcxy

experiments) .l

ì
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that the nlature males wer:e less resistant to desiccation tharr the fernale:;

and jrwenil:r ma1es. Tnere i{as no appreciabl-e difference in the resistances

of fernales and jrivenile rrnles, 'Ihe results for \bvenber 1975 suggestecl

littl.e difference between the resjstances of intercala::y males, juvenile

males and females. 1-he curves for Novenber 1975 wele different- in shape

fron those for April- 1.975. Those few that died jn Novenber, died early in

the experjment. Early rnortal.ity r,.,ras rare irr April.

F,xper iment 2 [a ancl b) . Compar' isons of species

The resistances to clesiccation (at 20"C) of 0. ncreletii
^

casgLneun and Dimero_g'€Irus sp. rvere compared in Jtrne and Septenùer 1975

using essentially the same experinent as tha.t reportecl above. IJowever, the

anjmals were collected in the woodland and they were added to the containers

in groups of 10 rather than 25.

In Jrne, the 0. nore_lgtli used were >'7th stadi.un, the Dineroqonus

sp. had 10-54 pairs of repugn:rtorial glands and the À. gffjgrlew *"t"

adult.s. In Sep:ternber, the 9.. Isryle:1i were )- Sth stadiun, the P-L",fWy:-

sp. had >- 43 pairs of repugnatorial glancls arrd the A. castanet¡n were adults

and jtweniles (16 porlous segments) .

'Ihe mortalities of each species are given jn l'ables 5.1 and 5.2.

On all occasions the mortalities over distil.led watel were negli.gible (. 4

dead individuals for each species) . 4. castaneun lr,âs ver/ susceptible to

desiccation. Dirnerggqngs sp. and O. loreletii 1{ere nore resistant. The

juveniles of DÌnerogonus sp. rrere less resistant thair the adult-s. In

contrast, the juveniles of g. rylgt:li rl¡Çre lrorê r:es.istant thair the aclults,

especially the adult. males (which were all mature). The juveniles of

Di:nerogonus sp. were less resist.ant tlun the juveniles of 0. [g]_eleJil.

For short exposures, the adults of-Di¡relof{orys sp. hrere more resista¡t than

the adults of O. rnoreletii.
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TABLE 5.1

lù¡nbers Dying at 20"C; < 5% R.H. - (June, 1975)

.t
¡t

,t

Àf-

f'
I'

+'{

J

!I
I'

'1

I
I'I

Days of Exposure

2 4 6 8 10 12 14 1618
sri11

20 Alive
Total
Used

O. moreletii

A. castaneun

Adult o+
Adult d

Djmefgglr'gr sp.

Adult g

Adult d
Juvenile g

Jwenile d

'9 L7 26

7 926
2167
20 l_1 8

3

1

223

3

64

2

z

1

1

1

5 1

46

10

17

20

54

59

T7

20

,il

3

1

7

ó

1

4

0

01

11

T2

90

76

89

87

1

1

4

1

11

15

5

1

27

L7

7

7

6

1

3)

31

32

0

8

(-)-

0. moreletii

Dinerogonus

adult fenaLes taken ¿s ) 9th stadir¡n

adult fenales taken as >' 34 pairs of
repugnatorial glands.



TASLE 5"2
I

lùrmbers Dying at 20oC; < sed R.H. - (September, 1975)

Days_of Exposure

2 4 6 8 10IZ 141618
sri11

20 Alive
Total
Used

0. norel-etii
Adult g

Aclult d
Juvenile g

Juvenile d

A. castaneum

t_

3

z12

I3

80

lCl

9

16

86

\7

I
16

3

1

4

3

0

0

0

0

I

7

4

32l12T

15 13 28

1

1

3

8

2

2

3

t1_

9
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5.4 Resistance to Desi.cc¿rtion at Hieh Tetnperature (35'C) by

O. rnorelet ii
'[he experiments in this section measuled and c.otnpared the

resistanc.es of males ancl fenal,es of 0. nto::eletj.i to desjccation at high

temperature at different tinres of the year.

Exp eriment 1. A Useful ¿rture

In November 1974, males and fernales of 9. rygl*ü were collected

from the field. They were placed in containers (as in Figure 5.1b) in

groups of 25 (again the sexes were not separatecl). Some of the containers

were placed in canisters with fused CaCIz, others in canisters with

distilled rvater. At least one canister with fi.lsed CaCIz and one with

distilled. water was kept at each of 5 cons'tant tenperatures (20, 25, 30, 35

and 45oC). The nunbers of rnillipedes used are indicated in Table 5.3.

The survivals of the nill-ipedes lvere checked every 2 days in the

20r 25r 30 and 35oC treatnents. The 45oC treatments rvere observed only

once (after I I/2 hours) when all the millipedes uere clead. At ea-ch checking

of the treatments, the dead arrj:nals rvere removed and sexed. After 14 days,

the experinent was terminated and the remaining animals were sexed.

'fhe percentage survj.vals in each treatnent after 14 days are given

in Table 5.3. For the 35oC, < 5% R.H. treatment, the times for 50%

nortality for both sexes l{ere approximately 6 days.

The results of this t-irst experirnent suggested it would be practical

to rneasu.re the resistance of O. moreletii to desíccation at high tenper:ature

at different t.imes of the year at 35oC when < 5% R.H. v¡as usecl. At this

temperature, a proportion of the nortality observed would be due to the

effect of high temperature alone, the remainder to desiccation.

Fxperiment 2. Resistances at <Lifferent tirnes of the year

In October and November 1974, February, li'farch and April (twice)

1975, large nr¡nbers of 0. rnoreletii were collected from the grassland and



TABLE 5.3

Treatment Initial lù.unbers

d ,o+

% Survivals
After 1-4 Days

do +

200c,

25"C,

39oCr

550C,

450C,

L00%

100%

100%

100%

100%

R.H.

R.H.

R.H.

R.H.

R.H.

R.H.

R.H.

R.H.

R.H.

R.H.

58

136

12,3

130

28

36

138

l_30

29

s4

62

232

244

24s

72

64

230

238

7I

66

20"c, < 5%

25"C, < 5%

300c < 5%

35oC < Seo

450C < 5%

100 
" 
0 100.0

97 .I 98.7

96.9 98.4

49.2 49.0

all dead after lL hours

97 ,Z 98.4

97 .Z 98 .7

99 .2 97.5

0.0 0.0

all dead after 11¿ hours
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treated on each oc.casion as jn Section 5.3, Ëxperiment 1, exc-ept that

those rnillipedes kept over fused CaClz were naintailred at 55oC rather

than at 20"C,

The cu'nulative nrortalities at 35oC, < 5% R.H. of the females,

jurrenile and rnature males collected on each occasion are shown in Figure

5.3. Ilnfortr.¡-rately, intercalary males rvere too few in nunber to warrant

sinilar curves being drawn for then. Approxinrate L.D.S.s were read fron

the graphs in Figure 5.3 and are given in Table 5.4. In all cases, rnorta-lities

in the controls (20"C, over clistilled rr'ater) were negligible (( 4 deacl

individuals) .

The lesults suggested that 1) the resistances to desiccation at

high temperature of females, juvenile a¡c1 matr.ire males varied seasonally,

being greatest during sunîer and least cluring the cooler ancl wetter months,

and 2) the resistances of mature males were consistently lower than those

of fenales and juvenile males. There were no indications in the basic data

of differences in resistance between younger and older stadia.

In Novenber 1975, intercalâr1r n61"s were more corrnon jn the grass-

land than they were in the 1974-5 sumrner. The above experìment was repeated

then to obtain a measure of the resistance of the intercalary males to

desiccation at high tenrperature. The results a::e given in Figure 5.4 and

Table 5.4. The results suggested no differences in the resistances of

females, juvenile and intercalary males at this time of year.

Experirent 3. Probit Analysis

The correct method for measurirrg and cornparing resistances is the

probit analysis (Fimey, 1947). However, probit analysis requires prior

knowledge of approximate L.D.rOs (such as provided in Experirnent 2 above)

before it cair be done rv.L'ch:rry cfficiency. IVithin the scope of the

present study it was not practicable to do both Experiment 2 arú probit



FIGURE 5.5 lù¡nbers (expressed as cumulative %) of O. ¡noreletii

dying at 35oC, < 5% R.H.

t.
2.

3.

4,

5.

6.

October 1974

Novenrber 1974

February 1975

Itlarch 1975

April @ rszs

April @ rszs

l'h¡nbers of animals used

Fenares 1äï:lt" ^ffii::
244 1-31

266 109

L97 113 53

263 43 69

zrL 5 157

178 18 174

(Lines fitted by eye).
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TABLE 5.4

L.D.rUs at 35oC; < 5% R.H. (Days).

Date Females
Juvenile
Males

lvlature
It4ales

In'cercalary
Males

October 1974

November 1974

February 1975

lvlarch 1975

April (1) 197s

April (2) 197s

Novenber 1975

1

6

LZ

10

4

3

5

1

6

11

9

4

4

3 3

I
6

1

1

C\



F]GIJRE 5.4 \Tunbers (expressed as curLulative e") of 0. ngreletii

dying at 20oC, < 5% R.H.

N¡nbers of aninials used

Novenber 1975

Fenal-es

Juvenile lt{ales

Intercalary Males

228

76

7l
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analvses throushout the sumrner to measure the resistances of O. noreletii.

But in late Octobei 1975, the resistances of both fenales and jurrenile

males weïe rneasurecl usi.lrg probit anal.yses. The proceclure was as follows.

Fourty three containers (see lrigure 5.1a) were made frorn plastic

petri clislies. Fourty millipedes of the one sex were added to each conlainer.

Nineteen containe::s held nales; the other 24 containers held females.

Each container was placed in a glass jar as shown in Figure 5.1. Initially,

4 containers Q of each sex) were placed in jars containing distilled lvater

and kept at 20"C. The remaining containers were placed in jars contaíning

fused CaClz (i.e. < 5% R.H.) and kept at 35'C. At intervals of 24 hor:rs

over a period of 6 days, tr.nro or more of the containers for each sex were

transferrecl from their hot and dry jars to fresh jars containing distilled

water and kept at 20"C. On the 6th day, when one container for each sex

still rernainecl in jars at 35oC, , 5% R.H., the nillipecles in each contajner

were removed and tlieir survival assessed. The rrr.rnbers of q. [orelJ-Li_l_

usecl per e{posure to 55oC, < 5% R.l{. and the m¡nbers thatclied are giveir

in Appendix Table 5.1. Figure 5.5(a) illustrates the data transforrned to

probits.

The L.D.S', at 35oC , < 5% R.H. were calculated for both sexes

using the approximate method of Finney (1947). The provisional probit

lines were Y = 2.90 + 0.77:x for the males and Y = 2.25't 0.9Bxfor the

females. The L.D.rOs and their fiducial ljmits at the.5% probability 1eve1

were 2.73 + 0.43 days for'the males arÃ 2.81 + 0,27 days for the females.

There was no evi<ience to suggest a significant difference between the

resistances of the nales and females.

There were reasonably close agreements between the L.D.50t

calculated here and those approxirnated in Experiment 2 at a simjlar time of

year (November 1975). It seems permissible therefore to accept the L.D.SSt

given in Experíntent 2 as reasonably accurate esti¡ntes of the resistance of

O. moreletii.



FIGURE 5.5(a) Probit analysis of resistance to desiccation at

high ternperature (55'C, < íeo R.H.)

FIGIJRE 5.5(b & c) Apparatus used to create a hunidity gradient.

( O = saturated solutions, Ø = excess sa1-t,

@ = hole through which aninals were added to the

apparatus, @ = nrbber tubing, O = gauze,

@ = containers holding different saturated solutions

(1 q 2 were clistilled. water, 3 E 8 saturated KCl,

4 Q 7 saturated NaCl- and 5 q 6 saturated Ca(NOg)2) 
'

ø = chamber in which rnillipedes noved around.



A

t

a

o
o
o

o

a

7

6

5

4

3

Ø
l-
õo
É.
fL

0 [.]
d [.]

o

2

01234
DAYS

@

567

cB

a

SIDE VIEW TOP VIEW



84.

Ex¡rerirnent 4. A ConÞarison of the Rates of þ'ater [,oss by

Ferurles arrcl Juven.i I e l,lales of 0. morelet1i when desiccated

In Decenrlrer 1974., 60 females a:rd 60 juvenile ma.l.es of q. Ugiqlglj,i-

in the gth and older stadia wele collectc;d front the grassland. They ltere

starved jn the dark, at 20oC over <1isti1led r¡ater f.ot 2 clays. The

starvation reduced defaecation late:: in the erperiment. After the 2 days,

each rnillipede was placed in a container (see Figure 5.1b) by itself.

T\.venty containers with males and trventy with females v¡ere then placed in

canisters at each of 1) 35oC, < 5% R.H., 2) 20"C, 100% R.H. and 3) 35oC,

100% R.H. After 24 hours, each rnillipede',vas reweíghed ancl assessed. as

alive or dead. Then each individual lvas dried at l-05"C for 48 hours and

its dry weigÌtt determined. The few faeces that were produced duljng the

24 hours were includecl in the above weighings.

After the 24 hours, only 10 of the 20 females and B of the 20 males

were alive at 35oC, < 5% R.H. All the animals rvere a1íve at 20oC, 100% R.FI.

and 35oC, l-002 R.fl. It seeins re4sonable to attribute the deaths j-n the

35oC, < 5% R.H. to desiccation. (In passing, it should perhaps be pointed

out here tha'l the survivals under hot, dry conditions in the present experi-

ment were niuch lowel than those reported in Section 5.4, Experiment Z f.or

a similar time of year. This difference night be attributed to the aninuls

in the present experiment being 1) kept individually rather than in groups,

and/or 2) starved rather than fed during the 2 days prior to the experinent.)

I asstrned tl¡¿t during the 24 hours exposure to each treatment, the

dry weights of the millipedes did not change and that changes in rveight o.rer

this period reflected changes in water content. I further assrmed. tliat all

volatiles given off rvhen the nillipedes were dried at 105oC were t'ater. I

then calculated the percentage of the initial water in the a¡rimals that. was

lost over ti;re 24 hours. 'lhis ðata, is given in Table 5.5 for each treatment.

The data suggest tlut both sexes of O. moreletii lost similar proportions



TABIF, 5.5

% of initial- water lost by individuals

after 24 hours (*-+ S.E.)

FHvIALES

Alive after Dead after
24 hours 24 hours

MALES

Alive after Dead after
24 hours 24 hours

20"c, 100% R.H.

35oC, 100% R.H.

35oC, < 5% R.H. 80.6 + 3. 6 80 .0 +: 5.9

\
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of their initial water rvhen they were desiccated. I'hose animals rvhich diecl

d1:ring th.e 24 hours ex?osure 1c-qt alnost 'twj-ce the amount of wat.er as those

that survivecl-.

No significant rlif:ferences in 1-he sma11 rates of v¡ater loss were

foi-urc1 between the sexes ¿¡t 20oC, 100% It.H. (t. = 1,25, P > .05), but there

were signj.fic;art differe¡tces at 35nc, 10c? R.H. (t = 3.9'/ , P < .05). Both

sexes h¿rd elevated rates of water loss a.t the higher temperatu::es (nra1es,

t = 8.91, p < .05; females, t = 2.3L, p < .05)"

The |rriti.al percentage rvater contents (100x weight of lveter/fresh

r,r'eight) \4,'ere calculated for t.he individuals exposed to 35oC, < 5% R.II.

For t.hose that survived 24 hours exposure the aver¿rge initi-al r¡ater con-Lel1ts

were 77.7 +.0,6s¿ (males) arrd 78.0 + 0.(r% (feniales). For those that dieci

during the 24 hortrs, the figures wete 73.9 + 0.8% (na1es) arñ 76.3 + I.I%

(fernales). For the males, the two figr.rres were sìgnificarrtly clifferent

(t = 3.9, p < .05) suggestíng that niales u'ith lorv water contents were more

1ikely to clie rvhen desiccatecl. For the females hoivever, tliere tvas no sutch

significant dil-ference (t = 1.37, P > .05).

5. 5 l-Lrmicij Prefei:ences of 0, noreletii

During 1974 utù I97 5, the hunidity preferences of the niales and

fenales of q. LorqlgJrl (9th stadir.un anrt older) \\Iere measured on 6 clays

fronr October to December, 6 days fron January to February, 6 days in early

Ir{arch and 6 days from May to August using apparatus as shoun in Figure 5.5

(b and c) (c.f. Barlovr, 1957) to create a gradient of hr¡nidity. From

October to Irebruary the males were all juveniles; frorn N'farch to August

they were all nature. Six replicates of the apparatus were tlsecl on each day

(tlr.ree for each sex). They lvere kept in a clark roon at 20't,o 23"C. Four

clifferent so-Lutions were added to ihe eight sections in each apparatus. 'Ihe



solutions used, their respective sections ancl the approximate hunicl:ities

they gave in the air abcve them wele as fol.lows.

Bó.

Relative ii-rnridity (%)

100

B5

75

55

Soluti.on

Distilled rva.ter

Saturated I(Cl.

SaturateC' Ì'{aCl

Saturated Ca(N0s)z

Section

Land2

3and8

4 a:rrdT

5and6

Each solution had excess sol-ute added. The humidities were checkecl

with cobalt thiocyanat.e papers " The hr¡nidities existecl luithj.n 2 hours and

up to 24 hours after settjng the solutions up.

Or ¿ul additional ó Cays (February and December) corttrols ivere rttl

in which no graclient u¡as createcl in the apparatus. Distill.ed water wa.s

placed in all sections. The males used were all juveniles.

The millipedes were collected from the litter in the pastule grass

at Bridgervater in the no-rning. Imnecliately on retttrning to the la.lioratory,

10 individuals were added betrr'een the Sth and 6th section of each of tÌre 6

replicates. The gradient of hr-midity was established. 2 hcurs before tire

addition of the rnillipedes. At Ir 2r 31 41 5 anó 21 hours af-tet acldition,

the m¡nrbers of rnillipedes in each section of each replicate were recorded.

For simplicttyr l will only consider here the clata recorclecl at the

lst, 5th and 21st hours. For each of these times, the frequencies of 0.

rnoreletii in the different sections of the three replicates on each day

rvithin a girren time of year (e.g" October to Deceinber, -Tanuary to February

etc.) were sl'mnecl for each sex. The resulti.ng total frequencies are given

in Table 5.6 (a to c). Significant variation within the data vras tested

for using x2.

Conclusions: -

1) After t hour neither sex sho','Jed a preference in the controls.



TABLE 5.6

Frequencies recorded in hwniclity gradient.

SECTIONS

(a) t hr Readinss sq6
(ss%)

4q7
(75'ó)

3q8
(8s%)

IÈ2 X Prob.
(1 00%)

Controls I

I
Oct.-Dec. d

I
Jan. -Feb. d

'9
Early lrfar. d

I
Ir4ay-Aug. 6

I

34 4L 55 50 5.8 >.05

42 35 52

50 42 43

37 s7 4s

51 4.3

61 8.5

45 0.8

50 ?.s

58 10.8

70 20.0

61 15.7

79 40.4

55 4.L

>.05

<.05

>.05

>.05

< .05

<.05

<.05

< .05

>.05

39 40 4r

60s6

47 JJ 32

30 40 40

33

25 29 47

43 46 36



TABLE 5.6

SECTIONS

Xsq6
(ss %)

4tL 7
(75"ó)

3q8
(8s%)

Tq?
(100%)

Prob.2

(b) 5 hr Readines

Controls 6

I
Oct.-Dec. 6

I

Jan. -Feb. d

I
Early lr4ar. d

I
l'{ay-Aug. 6

?

(c) 2L Yrc Readings

Controls &

,9

Oct.-Dec. d

I
Jan. -Feb. ó

I
Early lr{ar. ô

I
l4ay-Aug. 6

I

0.9

5.¿

> .05

>.05

4T

40

45

47

50

54

39

42

44

39

5B

s0

20.7

6.8

4L4536

38

38

32

40

47 46 37

5.9

2.7

16 .8

16.l-

r0.2
30.6

7.9

10.3

s8 .1

27.3

98 .0

L29.6

t_09.9

159 .1

1s9 .9

229.6

>.05

t. 
o5

<.05

> .05

7L

60

28

37

35

52

30

55

s7

28

60

6s

<.05

< .05

36

2B

52

27

19

23

19

24

16

25

43

42

63

76

44

47

<.05

< .05

< .05

< .05

< .05

< .05

38

34

54

51

46

44

86

72

<.05

< .05

< .05

<.05

29

41

28

19

z6

15

31

26

33

22

L02

111

105

118

118

133

L5

t4
19

15

28

18

< .05

< .05
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Throughout the yeat, the lmles consistently shorued a preference for the

nioist end of the gradient of hrmidìty, although this preference wa-s no't,

alrvays significant (e.g. Janu,ary to Febr:r-rary). For the females, there was

no cvidence to sug,ge.st a preference for the nroist end of the graclient after

t hour.

2) After 5 hours agai.n neither sex showed a pi:eference in the

controls. Throughout the year, both sexes (especially the males) showecl a

preference for the noist end, although agaÍn this was not always significant

(e.g" the males in October to Deceri'.bcr).

3) After 21 hours both sexes sliotved obvious preferences for the

moist end of the gradi.ent throughout the year. Although significant

variation was detected in the controls for 21 hours, it seems reasonable

in view of the data in Table 5.6(c) to disniss this as ulinrporta¡rt. (The

values of X2 for the controls were negligible compared lvith those for the

e>çerinental gradients) .

Overal1, the results suggest that both sexes of g. IP13I*U- prefer

moist conditions throughout the year, the males being qrricker than the

females to erçress tliis preference.

5.6 Desiccation in Field ations of O. ntoreletii

(a) Percent.age water content

I expected that the water content of 0. noreleti.i would be higit

during winter when conditions were nLoist. In addition, I erpected that if

0. morelej_ii was desiccated in sr¡nner, its water content r.r'ould be lowe::

then conpared with that in winter. If 9. nroreletii was not desiccated

during summer, I expected that the water content then would be similar to

that in winter.

Once per month, fron Octoler 1974 to October 1975, males and fenlales

of 0. moreleti-i were collected frorn the litter in the woodland and the
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grassland (on1y fron pasture gl'asses and not from beneath L. fibrata

Collections were nade in aleas aCjacent to those usecl in the sanprling of

litter in both habitats. l.lormally, 50 indivitluals of each sex in each

habitat were col-1ecte,1, but on occasion n.t¡nbers ì^Jere loiler v,'hen collecting

was difficult. 'Ihe millipedes were all. 9th stadir¡n or older and alive.

In the laboratory, fresh weights v/ere recorded for each rnillipede.

Then the nrillipedes rvere driecl at 105oC for 48 hours and their dry weights

determined. The percentage water contents were calculated for each inclividual,

asstuning all volatiles to be water.

The results of this suryey of perîcentage rva-Ler contents are given

in Figure 5.6" The standard errors and the nr-mbers of inclivj.duals used to

calculate the means in Figure 5.6 are given in Appendix Table 5.2" The

results were not as I e>çectecl. They suggested that the percentage r¡ater

contents of both sexes in both habitats were higher during sunner than they

were in winter. At. first glance this implied that 0. noleLet:i:Lwas

desiccated more in winter than in s'dminer I However a complication arose in

the data as fo11ows.

The dry weights of rnillipedes collected in the field of course

vary throughout the year. Their age distributions change, tirey increase in

size ancl hence rveight, they feeci niore at certain tjmes of the year than at

others, they deposit fat, they develop eggs and then oviposit. A survey

such as that reported above assumes that these variations in the dry weight

do not influence the values of percentage water content that are obtained.

That is, it assumes there is no relationship betrveen dry weight and

percentage urater content, such that variations in dry weight will alter the

value of percentage rt'ater content J-rrespective of whether desiccation has

occurred.

In fact there was a relationship betrve¿n the dry weight of 0. noleþlll

and its percentage water content. Figure 5,7(a) illustrates as an example

this relationship for both sexes collected during the sampling frorn the

1'
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FIGIìRF,5.6 (a G b) % water content-s of 0. rnoreletii collected

in the grassland (0.G.) ¿n.1 rvoodland (S.hr.)

througÏrout the year.
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FIGURE 5.7 % water contents of animals coll'ected in the

grassland (0.G.) and woodland (S'W') as a

function of dry weights'

(a) I¡rdividuals collected in Novenber 1974

(9, tSO = -Q'552, P < '01; ð' r47 =

-0.435, P < .01).

(b) Monthly means from October 1974 to

October 1975.
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grassland- in Novenber 1974 (females t50 = -0.552, p < .01; males r47 =

-0.435, p < "01). 'llhe actual relationship ntay be liypelbolic rather than

ljnear. In August 1975, a large m.rnber of ma.l.es ¿md females of O . nnreletj j

rariging from young juveniles (7th .staclir-rn) to adults (LZiuït staclium) rvere

col-lecte<l from the rvoodl and. Thej-r perceritage rvater contents lçere nteasurecl

and are plotted as a ftrirction of dry ryEit¡t in Figr"re 5"8.

The fin.cling of the above relationship raised doubt as to rr'hether

the seasonal va-riations in percentage vrater conterlL illustrated in Figure

5.6 r,rere due to desiccation or sinrpiy cLue to varjat:i.ons in the dry weigtrt.s

of the millipedes collected " This doubt was further aggravated when the

mean dry rveights for each sarnple (see Appendix Table 5.3) v;ere plotted

against the corresponding mean percentage water contents ancl obvi-ous

correlatiorìs were obtainecl (see Figure 5 
" 
7b) .

Tnere are complicated nethods of elfuninating the interaction

'between ciry weight and water content fron the data erpressed in Figure 5.6.

A simple approach lvas horvever taken here. The smallest (by dry weight)

ten individuals of each sex in each sanrple from N{ay, .hne and July 1975

were isolated flon the rernainder of the data and their percentage water

contents eurd dry r.t'eights (:r- .i S.E.) rvere calculatecl. The clry weights are

given in Appendix Tahle 5.4. The percentage water contents were as follows.

May Jure July

Grassland

6

ltloodland

64.2 + 0.9

68,5 + 0.7

64 "9 + 0.7

ó8 .0 + 0.9

61.4 + 0.8

68.4 + 1.4

64.8 + 0.8

66.8 + 0.7

60.2 + 0 .5

6ó.0 + 0.8

63.2 + L.0

67"5 + 0.9

I

ó'

aÌ

The dry weights of these individuals were in most cases sfunilar to

those collected in sunner (compare Appendix Tables 5.3 and 5.4). However



FIGURE 5.8 % water contents of niillipedes collected in the

woodland in y'ugust 1975 as a furction of dry

weight.

(a G b) 0. noreletii

(c Ê d) Dimerogonus sp.
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the percenLage water contents for May, June ancl July were still smaller

than those fieasured jn sunrrer (compare the clata above with. Appendix Table

5"2). l.here was therefot'e no eviclenee tc suggest by way of percentage

water coirteirt that O-. Ug5;,lelii l'/as nlore clesiccated in swmrer (1974 -5)

than in rvin'Eer (1975) 
"

(b) ance of the niid-

Obviously thc measurement of percentage water content aS an

indicator of clesic.cation in field populations is atvkr,vard. Not only is there

the problen of the cirl' r,ueight - water content interac'Lion but al.so there i.s

the necessity of having to return the animals quickly to the laboratory,

weigh them, dry them and wei.gh them again. Fortunately, P,ridgewater was

only 2L lan fr"oin the hraite Institute and this was possible jn the present

study. lIowever often field sites are much further away (e.g. Eyre Peninsula)

and ready access to labclra.tory facilities is not possible. Further, even

if laboratory facilities are close, time is not always available to asses.s

desiccation by laboratory weig,hings when arid weather prevails. A sitrple

and quick metlrod for assessing desiccation in the field is desirable.

A quick nrethod for detecting desiccation rvas devised using the

appearanc.e of the mid-gut and e'*¡idence for desiccation of 0. morel.etii during

sumrïrer lvas again looked for in the field - this time in the strmner of 1975-6.

Preliminary observations suggested that when O. moreletii was kept

in dry containers in the laboratory, the nid-gut became filled viith bubbles

of gas. lhis bubbling intensified with tine until the r^,'ho1e mi-d-gut was

one "big llubble". Then the gpt cli.sintegrated and the aninal clied.

The nost likely cause of this bubbling seemed to be either starvation

or desiccation. lvluc.h gas is fon'ned in the htmran alinentary canal during

starvation (Keys e!_ É., 1950; Canter and iìe1no1ds, 1957; Callorvay, 1968).

Perhaps the same appliecl in O. rnoreletii. On the other hancl, perhaps during

desiccation, water r,ras absorbed from the gut into the body tissues or wa.s



91

l.ost froin the niouth anl/or atìris. Gas cou-l-cl have entererl the gtrt passively

or tire a:-rinlal may herve pr:oúucec1. the gas to serve a futrction, perhaps to

maintain t.he internal presslrre of the body cavity.

the preliminary cbservations of the brrbbling of the mid-gtrt lrere

made by cutting off the head and tail of the níllipede with scissors antl

then, lvith forceps, gripping the hin<1-gut and pulling the intact gut out

posteriorly. Initially, I thought that starwatiotr emptied Lhe gut and

then the bubbles were formecl as the gut i{âs reÍìov€d. Flowever guts were

removed by the same nethod but under water anC the bubbles were still

observed. In addition, bubbles were present in the mid-gr-rt when rnillipedes

were cUssected in wax under alcohol. In these cases, the midclle segments

of the níllipedes rrere dissected an'ay leaving the gut intact fron head to

tai1. Thus the bubbles were not artifacts formed by renoval of the gut

fron the boc1y. They were present in the animal beforehand.

The folloiring trvo er.perjments investigated the possibility that

bubbling of the nid - gut of Q. Uolglgtii might be a useful incticator of

desiccation.

ExPeri4gnt_l

In Septenúer 1975, Íìany 0.. moreletíj- wele collecterl from the grass-

land at Bridgewater. They rvere in the Bth and older stadia. They were

rnaintained overnight at 20"C in the dark in moist hurn-rs. They were

then grouped into 22 Iots of 50 at random. Tvio lots rvere selected at randorn

and the appearance of the rnid-gut in each animal was assessed as either

"normal" or "bubbled"" Bubbli.ng of the rnid-gut is obvior-ls when it occurs,

but as a demarcation point, > 2 smal1 bubbles in the nid-gut was taken as

"bubbled" u'hilst 2 2 sma]-]- bubbles was taken as "normal". The gut was

removed for assessrnent by cutting off the head and tail and pulling it out

as described ¡tbove.
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Ijigure 3.3b but without the soil and food). 0f these 20 pots, 10 were

taken at random and placed in trays with 2 to 3 c.n of water. The other

10 pots lr'ere pl.aceci in dry tr:ays. lhe hr":rniclities in the flower pots were

measured using cobalt thiocyanat-e papers. In the clry pots the relative

humidity h'âs âpprox. 50% whilst. in the ttet pots it was approx. 95%. 1'lie

pots wer:e maintained in tire dark at 20oC.

After 3 days, the indivicluals sti11 surviving in 5 wet anii 5 dry

pots.rvere obsen¡ed a-s to the appearance of their rni,d-guts. After 6 clays,

the indjviCrrals in the renLaining 5 wet and 5 dry pots rtere also observer:l.

Tire resu-Lts are gi'tren in Table 5.7. Note the sexes of the j.ndivid.uals

were not determined until after their gut appearance had- been observed -

hence sex ratios in the various pots differed somewhat.

Experiment 2

Naany 0. qglglrr we::e collected frorn the grassland in October

1975 and were maintained in moist hrmus for 2 days in the dalk at 20"C

(They were again in the 8th and older stadia). Then these millipedes were

arranged randomly in 16 lots of 50. Initially 2 Iots of 50 were assessed

for bubbled or nornpl rni.d-guts. The reiraining 14 lots of 50 O. noreletii

were pl.aced in dry florr'er pots similar to those in Fxperiment l-. The pots

were kept in the dark at 20oC..

After 2 darys, the individuals in 2 pots r^/ere assessed for the

appearance of thejr mid-guts and sexed; 7 pots were transferred to trays

with 2 to 3 crn ot i,¡ater in theni, and 5 pots were retained uncler dry

conditions. After 12 hours in the wet trays, 2 pots hrere &ssessed for the

appearance of their mid-guts. After 11 days as wet pots the remaining 5

pots that had been transferrecl fron clry pots after 2 days rvere also assessed,

as l{ere the 5 pot.s that had bcen clry from the beginning of the expelinent

(i.e. 13 days). The results are given in Table 5.7.

The results of Fxperinents 1 and 2 suggest that desiccation induces



TABLE 5.7

ITEXvIALE

Experiment 1

Initial (2 pots)

5 days trtlet (5 Pots)

3 days Dry (5 Pots)

6 days lVet (5 Pots)

6 days llry (5 Pots)

Elqperinent 2

Initial (2 pcts)

2 days DrY (2 Pots)

Dry
(z

2 days Dry to 11 Da1ls

Wet (5 Pots)

15 days DrY (5 Pots)

Dead

6

7

5

2 days
Wet

to 12 lrrs
pots)

(

MALE

Bubbl ed'llo IalNorrnal lleadIlubbleda'L

50

145

5

111

5

51

167

167

t46

140

1

16

155

30

135

z

1
-L

2

6

47

7r

1

77

49

83

83

104

110

81

?

10

zs

104

LzT

1s1

3l

55

IZ
,¿L

6

65

44

2

61

'i'l

65

155

158

85

35

.)

L

l3

39

?,3

55

95

9Z 90

4

8

2L

22

3

7



93

bubbling of the nirl-gut in both sexes of g. gg]g!11-, arìd that this can

be revelseC, by transferring the anirrìa1s frc¡r clesiccated to rnoist conditjons.

'lhe resr:lts suggest tliat bubbling of the nricl-gtrts in field populat-ions

would inilicate that desiccation tvas occurring. Of course, other

errviromrerftal f.actor^s.rrúght also induce bubbling. But it is diffjcult to

irnagine r.r'hat they might be. luijmals which have been kept at high

temperatures (35'C) and moist conditions (see Section 6.3) have showtr no

signs of bubbling in their mid-guts. Fron the abc'¡e results, stalvation

does not seem important (since bubbling can be reversecl r,r'hi1st starvation

continues).

0bse::yat-ions in the field

At various times throughout the srmrrrer of 1975-é, 0. moreletii

present in the litter in the pasture grass at Bridger,'uater were assessed

for bubbling of their mid-guts. The dates and nunbers of animals assessed

are given in Table 5.8 along with the percentages of the ponulations wit.l'i

bubbled núd.-guts. Sanples were deliberately taken after periods of <lry

or wet rveather. 'fhese are de-signated as D and lV respectively in Tabie 5.8.

The results suggest that 9. *f"l,S!¡: is desiccated during dry weather irt

the grassland in surlrner. No neasurements of abundance were taken whilst the

appearances of the mid-gut were being assessed, but erperience in previous

years (see Section 4.56) and vj-sua1 assessment of populations present at

the time suggested little if any nortality occurrecl then. Therefore, the

1ow percentage of animals with bubbled guts after the wet periods of the

summer probabll' reflect recoveï)' from desiccatj.on.

5.7 Discussion

1'he sigri-[j.cances of t]ie more inrportant findings reported in thj,s

chapter in the ecologies of the three species are di.scussed in Chapter 7,

together Ìvith findings from Clupter 6 concerning ternperature relationships.



TABLE 5.8

MALE FEMALE

DATE N %

hrbbled
N %

Bubblecl

November, 1975 (D)

December, 1975 (D)

January, 1976 (D)

January, 1976 (D)

February, 1976 (lll)

February, 1976 (l\l)

50

13

32

22

24

28

0.0

0.0

6.3

63.6

0.0

0.0

50

70

148

108

159

l_48

0.0

5.7

11.5

47 .2

1.3

1.4

(Sampl.es taken fron the litter in the open grassl-and

(pastrrre grasses). Animals in the gth and older stadia)

,
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The water contents of g. g*S!:=t_ rvere higher in sunlmer than in

winter.. The resístance of 0. Lojglglii to desiccatícn at ltigh temper:ature

was alscl higher i.l su:rnner than in coo]-er and noister months. Per]raps

there js a catr:;a1 :relatjonshil: betrveen v¡ater content and resistance.

í.e. Periraps the greate-r the water content, the greater the resistance. A

short eqteriment (see Section 5.4, Experi-ment 4) supportecl this suggestion,

at 7.east for: jrwenile ma1es. Those males that survir¡ecl. desíccation at

higlr t-enperature lor 24 hours had higher percentage viater cont.ents initiall.y

than those thal. dj.ed. A llroblem here however is knowing whether the arnor¡rt of

water jlr an anínal. is the actual <leterminant of that animal's abilily to

survive or is simply ccrrelated wi.th it. Barlow (1957) forind a correlation

between longevity and initial water contenb when O. sabulosus C. silrranrrn

and I. scandinavius rvere desíccated, but he considered the relationship

was too varj-able to be causal. He suggested that differences in longevity

r.rere clue to diffe:rences in the "penneability of the cutic1e". Perhaps

seasonal changes in the physiology anð/or behavioul of 0. n'roreletii explain

the changes notecl in water content and resistance, there being no causal

relationship tretrveen tlte 1a-t ter two.

It should be pointed out here that nuch (perhaps all) of the

seasonal 'uariation in resistance to desiccation at high temperature noted

for 9. moreletii in the present study can be attributed to changes in

resistance to high temperature only (see Section 6.3). Ilnfortunately, tirne

did not allorv enough sinultaneous measurements of resistance to 1) high

temperature and 2) desiccation at high tenperature to enable corrections

for tentperature to be made and thus assess whether resistance to desiccation

in its orrn right varies seasonally. Hov¡ever the limited data given in

Figure 5.2 do sr.rggest that the resistance to desiccation does vary

seasonally.

As a general principle for insects, Buxton (1932) stated that the
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larger the anirnal., the less its percentage water c:ontent, This, he argued,

lras the result of an inclease in the proportion of the total weight

co:rtributecl. by cuticle in larger anjrnals. Barlow (19.57) could shorv no

correlation betlveen "boc1y iveight" (presunably fresh r,'rei.ght) and the

"proportion of dry mat'[er to water" for 0. sabulosus C. si]rvarl,rm and T_

scandinavius. Barlow inrplied that these rnillipedes were not in keeping

wi'Lh Buxtonrs principle. For 9. ry:Slg't+, the percentage rvater content

did decrease rvith size. Dry weight. and water content \,!-ere negatively

correlated (see Section 5.6). Dry weight is positively correlated v¡ith

sj.ze (see Figure 5.9). The fact that the relatiorrship betrr'een rvater

content and size appears hyperbolic (see Fi.gures 5.8 a and b) miil' explain

Barlow's results. If he used only very large anjrnals, similar relationships

to that in O. noreletii wor.rld have been hard to clenicnstrate.

At the sane time as 0. morele-uii were collected to give the data

in Figrres 5.8 (a an<i b), large nurbers of juvenile and adult D_lLero_g_onlL.s

sp. hlere also collected at the same si.t-e. The percentage lvater conterrts of

these anirnals as a function of their dry weights are given in Figures 5.8

(c and d). The difference between species is striking. In O. po_relg!11-

juveniles have higher lvater contents than adults. In Dinerogonus sp. the

reverse is the case. Obviously within Dimerogonus sp., Bnxtonrs principle

is not obeyed. I can give no reason for the clifferences between species.

Flowever perhaps it j-s relevant here to mention the work of Vannier (1975)

on the collembolam, Tomocerus ninor. The relationship betrveen dry weight

and percentage water content in T. ry+p: is hlperbolic, but variable. At

certain times of the year, the smaller individuals have higher water contents

than the larger individuals, whilst at other tines, the situation is

rer¡ersed. Perhaps corrnenl: on the clifferences be1-rr'een species shor,nl'l in

Figure 5.8 should. be d.eferred. until ntot" is l<norm of the relationships

between size and water content for other times of the year,



FIGURE 5.9 Volune of 0. moreletii as a firnction of Cry wcight.



V
O

LU
M

E
 I

 C
U

B
IC

 M
M

S
.]

(¡
., o o

l\) o o
o o

o

ct

q,
 {

o

o
a

o

%
c'

a
a o

a

o f\) o
o Ð ãà m õ =

b'o
) o

c) çn
b æ o

o
a

o
a

o
o¡

a
a o

o o

o
O

o

o

o
a

o a to

o
o o



96

s.8 $ryerx.
At moclerate tenperal-ure (20"C), Q. Ug:ele_tii. was vely resj-stant tc

desiccati.on. l,lature males rvere less resistant tltaii fenrales and jrrverlile

mal-es. The resj.s'Lances of intercalary rnales, jmrenile males ancl females

wer:e similar 
"

Both ju.veniles and aclults of 4" c.astanei-un rver:e mttch less resistant

to desiccation at ZA"C than the equivalent stages in the life c.ycle of 0_.

S_o.fglg-q[. The juveniles of Lirugnus sp. were l.ess resistart than the

juverliles of O. nqryleåif. Fo:r short ex?osures at l.east, the aclults of

Dimerogomr sp. h'ere more resisl-ant to desicc.ation than the adults of 0.

morel etii.

The resistance of q. ncreletii to desiccation at high temperatule

(35"C) changed substantially throug'hout the year, being greatest in the

drier and hotter and least in the cooler ¿rad wetter months. There was no

evidence of a diffeïence betrveen the resistances of females, juvenile and

intercalary males. There rvas horvever evjdence to suggest that the resistance

of rnature males was lorver than that of the females and juvenile males.

Throughout the year, both sexes of 0. noreletii showed a preference

for the rrroi-st elcl cf a gradient. of hr¡nidity after 21 hours elposure to it.

Generally, the ma.,r:s showed th:;.s pref.erence more rapi.dly than the females.

sing percentage r,rater content as an indicator of ciesiccation, no

evidence was obtainecl of O. moreletii being desiccated in the litter in

either the grasslanC or the lr'oodland jn the sumner of 1974-5. Then a

teclrni.que using the appearance of the mid-gut was developed to detect

desic.cation. Using this teclrnique, clesiccated millipedes were fourd in the

litter in the grassland in dry weather in the su'rner of 1975-6.
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6. TEN,IPLTRATURE REI"A:|TONSI.IIPS

6.1 lntroduction

The experj.nen.ts reported in this clupter 1.) investigated the

resj.stance.s to high ternperature (j.e. the abilj.ties to survive exposure

to hj gh terrrperature) an<l the temperature preferences of the rnales and

females of 9. :lgglstfi at dífferent times of the year, arñ 2) corrpare'í

the resist¿inces to high temperature of 0. rnoreletii, å. gtiffrg utd

Dirnerogoitns sp. The re¿rsons for doing these experiments are outlined in

Section 5.1.

6,2 Literature Revi-ew

Barlol (:1957), Causey (1943) an<i Flaaclcer (1968) studied the

resistances to high ternperature of several species of rnillipede. 1'heir

techniques rrlel'e tc increase the ambient tetnperature slorvly until the

animals died, thus recording lethal temperatures. These temperatures weïe

generally between 36 and 43oC under moist conditions. l{aacker and Barlow

recordecl 1etha1 temperatures of 40 to 42oC for O. sabulosus. No differences

v¡ere recorded for males and fernales. Barlow also exposed small nunbers of

three species to various constant temperatures (5 to 30"C) for 42 days.

For O. sabulosus, he found negligible ntortaLity for both sexes at all

tenperatures.

Several authors (Cloudsley-Thonpson, 1951, 1954; Barlow, 1957;

Haacker, 1968; Dowdy, 1968; Toye, 1966; Gromysz-Kalkowska, 1967) have

measured the temperattre preferences of millipedes tmder moist conditíons.

I-iaacker (1968) gave the preference of 0. sabulosus_ as approximately 26 to

32"C. Barlow (1957) measured the preferences of O. sabulosus at different

tirnes of the year in a 5 to 30"C gradient. He stated that 0 . sabulosus

"showed no dcfinite preference and-' indicated only a tendency to avoj.d the

highest temperatures in the range". Barlow further stated that for O.
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¡gþlos-us thele t.i¿1s rrâ narrowing of the selected tentperature range and a

consequent inc.i:ease in the inteir:;ity of selection during'th.e wj-:rter months",

but his c1ata were very variable ancl Ìris conclusion is clifficult to a-ccep'|.

Barl.ow suggestecl that tlLe I'intensities of selcction" of the niales t+er:e

higher than the fenales duríng winter. It is to be presutred that aclui bs

were used for the tests.

6.3 Resistance to I-lis-h 'fenÞe-¡:ature

The designs of the fo11or+ing experiments were essentially the same

as those reported in Section 5.3. hhere the clesigns differed, the

clifferences are j.ndicated. Results in Section 5.4, F.lçeriment 1 suggested

55oC was a stritable high temperature at whjch to measure resistanc-e.

Experirnent 1. Resistances at different ti¡res of the year

Large nunbers of 0 . moreletii were collected from the grassluurd

in Septenrbel and Nrwenber i974, February, l'{arch and April (twice) 1975"

They were maintained over distilied water at tetnperatures of either 55oC

or 20oC. At irrtervals of.2 days, the dead rnillipedes r{ere relrovecl ancl

aged and sexed.

The ctrnulative nprtalities at 35oC are shown in Figtrre 6"1 for each

sarnpling occasion. In all cases, mortalities at 20oC (controls) rr'ere

negligible (< 5 dead individuals) and have been ignored. The data suggest

that the resistance to high temperature cha-nges throughout the year, being

highest during the warrner rnonths and lowest cluring the cooler months.

Approximate L.D.S't were read from the graphs in Figure 6.1 and are

given in Table 6.1. The data suggest that the nature males are l-ess

resistant to high temperature than the juvenjle niales, in particular during

the late sunÌner to earJ,y autr¡nn. 1-he data sr-rggest 1jtt1e or no cllfference

in resistance between females and juvenile males (A1so there was no evidence

in the results to suggest differences in resistance betrr'een stadia in either

D
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TABLE 6.1

L.D. s at 35oC; 100% R.H. (Days)
50

I

Date Fenales
Juvenile

lvlales
It4alure
Males

September 1974

Novernber 1974

Febnrary 1975

lvlarch 1975

April (1) 197s

Âpril (2) I97s

10

L4

>L2

16

7

3

9

L4

>>LZ

l_8

9

3

11

TZ

5

3
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sex). LÏnforturately intetcalary males were too rare in the collections

useC in the exper.imen-Ls to warrartt theír mortalities being calculated.

. Probi t ,\nal ys is

In ear'ly, Octobc:.i Ig74, a probit analysis ¡¡uas done to llteasure the

resistances of males (jurreniles) and females of O. moreletii tuhen e4posed

to SS.C ald 100% R.H. 'Ihe erçeri.rnental design differed froin that in

Section 5 .4 , Experirnent 3 as foll o14/s : -

1) 'Ihe tr,vo treatnents used nere 20oC and 35oC, buL jrr bouh cases

ciistilled rva.ter rva.s placed ín the bottom of the jars,

and 2) Transfers from the first treatment to the second were at

intervals of. 2 days rather than 1.

the l1¡nbers of mi llipedes usecl and the numbers surviving at each

exposure to i5oC are given in Appenclix Table 6.1. Figure 6.2(a) illustrates

the data tr:artsfor^nied to probits.

The L.D.50u at 35oC were calculated for both sexes using the

approxirnate lnethod of Finney (1947). The provisional probit lines were

Y = 3.23 + 0.19x for the nales and Y = 3.32 + 0.19x for the females'

L.D.r's and their fiducial limits at the 5% probability 1eve1 were

9.SZ +_T.27 days for the rnales and 8.84 l- 0,92 days for the females. There

was no eviclence to suggest a significant difference between the resistances

of the males and females.

There hrere reasonably c.lose agreements between the L.D.t's

calcula1ed here aniL those approxinated in Experimernt 1 at a similar time

of year (Septerrber L974). It seems permissible therefore to accept the

L.D.rOs given in Experiment 1 as reasonably accurate estfunates of the

resistance of O. ryL*S!t:.

t3 a a.nd b isons of Specres

In Jt.ne L975, o. moreletii (t 7th stadiurn) and ilitgtogo^tt tp'

(1.7 to 50 pajrs of r.epugantorial glands) were collected from the woodland.



FIGURE 6.2(a) Probit anal-ysis of resistance to high tenperature

(35'C, 1oo% R.H.).

FTG1JRE ó.2 (b) Apparatus used to create a temperature gradient

(topview). (O =thermonteters, @= aLuniniun

base of gradient, @ = paper towelling, @ = hrater

reservoir, O = polysterene foam walls of gradient,

@ = perspex roof of gradient, Ø = chamber in which

nillipedes noved around, @ = hole through which

animals were added, O = hot and cold water baths).

rll
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Tiieir resj.stances to hì-gh tenrperature v¡ere testeci'!-;y essential-1y the satne

method as clescribed in Section 5.5, Experiment 2, exccpt that expclsures to

35oC o'ver distillcd water rvere used rather than exposu.t:es to 20oC over

f'used CaCl-2" The mortal.ities at 35oC are given in Table 6.2. The

rnortaiities at z0oc (c.ontrols) were negligible (1 !1. n9rff:]!:tii ard 3

Di-rnerogonus sp. clied) ¿urd have been igrorecl.

In October 1.975, a sìrnilar experiment was condttcted to compal'e

O. moreletii and A. castaneun. The anjmals tvere again col.lectecl jr. the

r,r'oodland. The O. moreletii rvere >- 8th staclium. The A . castanetrn \{ere

juveniles (16 podous segments). Their mortalities at 35oC are girren in

Table 6.3. Again the mortalities at 20oc were neglJ-gible (2 9-. n]gleÆ!i!

and no A. casjgngr-lq died).

lhe results of both these experiments suggest. that o_, ry]e.!,qtii is

more resista¡t to high temperature than the two native species, especially

A. cast¿mel.¡n.

6.4 ature Preferences of O. moreletii

D"rring 1974 ætd 1975, the tenperature preferenc:es of the nales

and females of O. noreletii (>' gth stadir.un) were measured on 6 days frorn

October to December, 6 clays from January to February, 6 days in early

lr{arch and 9 days frorn lvlay to August using the apparatus shorvn in Figure

6.2 (b). From October to February, the nales used vrere all jweniles;

from lvlarch to Augr-rst they were a.11 mat-ure. On 3 clays in January, hrarm watel

at 60oC and ice and salt u'ere used at either end of tJre apparat.us to create

the gradi-ent of temperature. ûl all other days, warm water at 40oC and

ice and salt were used. In addition to the above, controls were run on

6 days (3 in Februar:y ald 3 in lr{av) in whicir no grarlient rvas created in

the apparatus. The inales used then were jtlenile in February and mature

in lr4ay.

Tlie millipedes rvere collected f.rom the litter in the pasture grass



.IABLE 6.2

lù¡nbers Dying at 35"C; 100% R.H.

- (June, 1975).

Days of Frcposure

246810L2
sti11
Alive

Total.
Used

o . móreletii

Adult g

Adult ó'

Juvenile g

Juvenile d

Dirnerogonus sp.

Adult g

Adult d

Jwenile g

Juvenile I

0

0

0

0

1

4

3

3

t

5

9

3

1-

6

8

1

6

23

15

I
5

19

18

L7

13

15

\z

6

2

5t_

48

2T

15

31

T?,

16

19

2

0

0

0

0

1

50

JJ

33

32

For the females of Dimerogonus sP., )- 34 pairs of

repugnatorial glands in an individual wa"s taken to indicate an

adult whilst'< 54 pairs hlas defined as a juvenile. For the

fenales of q. noreletii, >- 9th stadiÌnn was taken as an adult,

< gth staditrn as a jwenile (see Chapter 3).



TABLE 6.5

l,ülr¡nbers Wing at 35oC; 100% R.H.

- (ktober, .1975)

Days of Enposure

246810
sti11
Alive

Total
Used

O. rroreletii

8

5

1

t7ls115 18

1

10

15

74

10

15

34

36

53

311 1

1

44 z

4

8

56

53

0

0

(The adult males here were intercalary)
Ê
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at Briclgervater in the norning. I'runediately on returnin.g to the laboratory,

20 males were ad.ded to one cham-ber of the apparatus a'nc1 20 fernales to the

other. The chambei: to v¡hich each sex rras addeC v-ras dec-ided by tlle toss of

a coin ald therefbi:e varied. from one oay to anr:ther" The millipecies were

addecl at the nid-poìnt r:f the apparatus. The gradient. of ternperature ttas

esta-blj shecl 2 hor-rs before the adclition of the nillipedc;s. At I, 2, 3, 4

and 5 hours after acldition, the temperat-ures and ttre nui'rtbers of millipedes

in each section were recordecl. The apparatus rvas kept in a dark room at

20 lo 23oC, Relative humidities throueÌiout the apparatus tr'ere checked

(whilst gr:arì.ients of tenperaLu:re h'ere operating) using cobalt thiocyanate

papers. In all sec.tions, the relative hr¡ridities u'ere approx. 100%.

For a given ti-rne of year (e.g. October to November, Januery to

Februarl' etc.) there were no obvious changes in the positions of the animals

in the gradients from the lst to the 5th hour. lherefore for sinplicity,

I will c.onsider here only the data recorded at the 5th hour.

The freqrrencies of rnales and fernales in each section of the

apparatus at the sth hour on each day at a given tjnie of the year were

swnnecl. Then these stln'ned frequencies for each section were expressecl as

percentages of the total nurrbers in all sections. The resulting data are

given in Table 6.4 along rvith the average tenrperatures l'ecorded in each

section of the apparatus at the same tilne.

l{hen there was no gradient of ternperature in the apparatus (i.e.

controls), both sexes of g. lry]Stj-! shotved obvious preferences for

sect.i.c.ns 1 and 10. There Ì\rere no differences in the behaviours of the

sexes. Toye (1966) observed a sirniiar "end-effect" in three species of

Nigerian millipedes ].ros tus assiniensis Flabrodesrm-rs falx and

Oxydesmr-rs sp.) ancl attributerl it to thigno-kinesis. I¡hen there was a

gradient, both sexes of 9. Lo_$sûg avoj-r1ec1 the coolest and warmest

sections (otherwise the m¡rbers in sections 1 and 10 would have been much



TABLE 6.4

Frequencies and temperatures recorded in temper:atrtre

gradient

(a) Iìrequency (as a % of N, the total m¡nbers used) .

SECTIO}J

12345678910N

Controls on

I
Oct.-Dec. d

?

Jan. 6
(60"C-ice) g

Jan. -Feb. d
(40"C-ice) g

Early Mar. d

I
lvfay-Aug. &

I

44

43

I
1

4

7

I
4

1

3

2

3

6

5

1

J

1

I

3

J

1

4

5

3

1

3

1

6

1

6

3

7

7

7

29

22

L?,0

L20

13

10

13

13

L20

LZ0

20

20

0

2

5

0

3B

48

2

0

28

13

4T

38

T7

23

L3

z7

23

8

4?,

28

32

30

10

2

5

2

7

3

2

6

7

5

3

8

5

3

5

7

z

0

2

3

5

1

3

4

0

)

3

4

3

3

2

7

4

7

3

5

5

2

5

3

4

4

60

60

60

607

L3

L4

20

29

15

29

T7

t7
16

38

32

1611

5

4

3

J

180

180

(b) Temperature ('C)

1 234s678910
Controls 19.9

Oct.-Dec. 25,2

Jan. (60"C) 30.5

Jan. -Feb. (40"C) 26.5

Early lr{ar. 27.0

lr{ay-Aug. 25. 5

L9.7

22.3

25.3

23.I

24.5

23.r

19 .9

2r.5

23.3

2r.9

23.7

2L.6

20.2

20.4

22.1

2r.2

23.0

20.4

z0.z

19.5

20.9

20.7

22.4

19 .8

20.t

18 .3

19.5

19 .1

20.9

18 .3

19.9

L7.7

19 .1

19.0

20.9

17 .9

L9.7

16.7

18 .0

18 .0

19 .6

16 .4

19 .7

14 .9

L6.Z

t5.2

17 .5

14 .8

19.6

11 .9

13.5

13.9

15 .2

12.I
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greater than those in the other sections).

Overall the data in Table 6.4 srrggest that both. sexes prefe::recl.

temperatures bettr'ee¡r 20 to 25"C througJror'rt the year.

6.5 sry"
The resista,nce to high temperattrre of 0. norel-etii collected

from the litter jn the grassland changed strbstantially throughout the year,

being greatest in the warmer and least in the coolcr ¡ronths. There lt/as no

evidence of a difference between the resistances of fernales and jr:veni-lc

males. 'lhere was evidence however to surggest that the resistance of matutre

males was lower than that of juvenile rnales.

Juveniles of A. gantaneun and juveniles and adults cf Ð!ryAt:
sp. weï.e less resistant to high tern¡reratttre than equivalent stages in the

life cycle of 0. noreletii.

Both sexes of 0. rnoleletii shoit'ed preferences of 20-ZS"C throughout

the year.

The significances of the above facts in the ecologies of the three

species are cliscussed in Chapter 7, together with findings f.rorn Chapter 5

concernj-ng watel relationships .
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7 " DISCIJSSION

The life history of a spec.Les js an aclaptive c.haracter. "Ihe life

histcr:y of organìsins . represents a selies of selective compromj.ses

to a suite of environmental vari.abJ-es. Cornponertts of any life hj-stot1', such

as clutch size, age a.t maturity, ancl body si-ze, constitute a l.ife history

'tstTatcgy", impiying a su-it:e o-i adaptive responses over evolutionirry titrie,

without arry teleological implications" (lrlilbur et a1-. r 1.974).

In solne species, the life history selected for has included senel-

parity (on1y one clutch per female), short generaticn tirne and high

fecundity (e.g. rnost insects). In other speci.es, iteroparity (more t-han

one clutch pc;r fenale), long generation time and lolv fecta'rdity have evoh'ec1

(e.g. most bircls and nanrnals). Some species on the other hanct have evolved

iteropa.rity rvith long generation tine but high fecrndity (e.g. oak trees).

Further, some species have ver:y flexible or opporturistic life histories in

which generation tjrne varies greatly (e.g.rnany parasit-.es and desert plants).

Recent attempts to e>çlain the evolution of the marry different types of

life histories have l¡een dominated by the concepts of l) r- and K-selection,

and 2) optinun allocation of available energy amongst growth, maintenattce

ancl reproduction (e.g. see MacArthur, L962; Cociy, 1966; lVilliams, 1966;

Ir{acArthur and }fi.lsor,, 1967; Pianka, 1970, 1972; Gadgil and Bossert, 1970;

Gadgil and Solbrig, 1972; Ilairston gq a1.., 1970 and Schaffer, L974, but see

Wilbur et al.,1974; Southwood et a\,, tgl+; Tinkle and Fladley,1975;

Vinegar 1975 and Denetrius, 1975 for criticisms of the limitations of these

concepts). T\,vo "optional" components in a life history and the selective

advantages they can convey are of most relevance in ttris thesis. They

are 1) iteroparity, ancl 2) flexibility in the timing of reproduction.

Cole (1954) recognized the often ver:y l inited ¿rCLvantage that

iteroparity held over senelparity in contributing to a species'intrinsj.c

rate of natural increase (or innate capacity for increase, rn (Andrewartha
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ancl Birch 1954)), 11. should be noterl here hov,'ever that the smaller the

1ep1.acemelt ra.te (or effective litter size) ancl t-jre longer the generation

time relative to the t.ime betr^reen breerJing seasons, the greater is the

contributj.on cf iteroparity to r:r. lrhrrphy (1968) asked., that if itero-

parity contr-ibute,.1 rrery little to ïm, then u'hat other selectj-ve advantages

might it convey. He suggested that iteroparíty miglrt be an evolutionary

response to rnicertain survit¡al of juveniles coupled with relatively stable

survival of adults. FIe tha:r v¡ent further and recogni.zed. the benefits to

semelparous species of individuals reproducing at differenb ages "thorrgh

all die after a single reproduction". He recognized that such flexibii.ity
-/in the reproduction of semelparous species was a nethod of achieving the

same benefit he had attributed to iteroparity - narnely the ability to

reproduce ¡f,yer a nu¡nber of seasons and so cor¡lter the effects of uncertaín

survival of the young in each generation.

Laughlin (1965) reached a similar conclusion to that of ltftrrphy.

Also stinulated by Cole (1954), laughlin rvondered at the selective

advantages of "old mothersl' and ln'liy they retnained in a population at all.

He concludecl, "Perhaps older mothers have other selective aclvantages -

increased po\4,er of survir¡al for instance - ruhich cottld, in conjr.mction with

their (norrrally rnirnportant) reproductive ability, help a population through

a particrrlarly nasty c-atastrophe". Laughlin holever drew no distinction

between iteroparous and. semelparous mothers.

Both N4Lrphy (1968) anci Laughlin (1965) are in keeping with the

concept of spleading of risk developed by den Boer (1968). Briefly, den

Boer considered every species to be at risk of extinction due to fluctr.lations

in its ntulrbsrs bror:ght about by changes in its environment. He suggested

tþat if the jnflrrential f¿ctors in'lhe envitonment rvere ma.try and varied

rather than few and if the species itself was variable in nake-up rather

than stereotyped, then the overall effect would be to dampen or spread the
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risk of extinction and stabjlize population lru¡nbers. Reddingitrs and

den Boer (f 970) clemonstra-ted this did happen in a .stoc.hastj-c moctel.

Den Boer (19óS) garre exilrnples of how c.ertain .species spi:ead their rísk

of extilrction by cif;ing cases of variability both ¡,vith:in the species

concernecl (spreacling of risk by phenotlpìc variatj.on aircl in tine) ancl

within their environrneltt (spreading of risk in space an<l in relations rr'itlr

othe:: species). Spreading of risk in tirne is of most relevance to the

present thesis. Den Boer (1968) realisecl that variation in the tirning of

reproduction could lead to the spreacling of risk in time. Thus I conclude,

both semelparous ald iteroparous species rn'hich can spread the breecling of

one generation over a nunbe:: of seasons effectively spread thej-r risk of

extinction in tinre.

Blorver and Fairhurst (1968) and Blorver (1969) consi.dered ttre

possible adaptive advantages that iteroparity might have for Iulid

rnillipecles. Initially, Blower and Fairhurst (19ó8) assumed that iteropar:itv

had a negligible effect on rm and suggestecl that extentled adult life and

iteroparity facilitated dispersal. Later, Blorver (1969) noted in the

conclusions of Cole (1954) that iteroparity did inflr-rence rm significantly

if the replacement rate was 1or.,'. Blov¡er (1969) contpared the iteroparous

cyl.indroiulines, 9. gttctutq ancl C. latestriatus with the sernelparous

iultures, O. pllg and I . scanclinavius and noted that the nunbers of

eggs peï clutch were smaller in the iteroparous spec.ies. On these limitecl

groirnds it appeared that iteroparity might be an adaptation to cover a

low replacement rate. Fbwerrer, Blower (1969) also nc,ted that the itero-

parous s,chizoplLyll.ine, T. 4g-, lays comparable ntuibers of eggs per

clutch to the semelparous iulines. Thus from the point of view of fecr-mdity,

there was 1itt1e evidence to suggest lorr'er replacement rates by the

iteroparous species.

Blorver (1969) (1970) forind that the iteroparous species were more
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eggl:egated. in their rlispersion than the semelparotrs species. llence he

argu-ed that succ.essfll dispersal of jnclividuals lvas less likely j:r the

.former species. Blower (1969) hypot-hesized that extensj on of adult life

and j-teroparity aided aggregate<l species in clispersirrg to their special

requirements. Blower pointed out that this hypothesis of exte:rded life

and iteropar:ity adaptíng a species to the haz,arð.s of dispersal fitted the

earlier conmrent of Cole (see above) that iteroparity was useful rr'hen the

replacement rate was low. "The greater the diffieulties of effective

dispersal the lower the effective replacernent rate" (Blor,r'er, 1969).

1"he dispersi.ons of the Polydesrni.ds, P. angustus and P. denticulatus

al:e very aggregatecl, but the species are semelparous (Blower, 1969, 1970).

These species oviposit over a longer period of time than the iul ids and

Blorver (1969) suggested that extended breeding seasons h,et'e an alternati.ve

to j.teroparii:f in facilitating dispersal.

'Ihe alguments put forward by Blower and Fairhurst (1968) and

Bloler (1969) are severely limited by the fact that nobody has yet shown

that "j.teroparous" Iulids are indeecl iteroparous (see Section 3.7). There

is a possibility that they may in fact be sernelparous.

Turning to the present study, laboratory evidenc.e (see Chapter 3)

suggested that iteroparity was possible in 9. rnoreletii. Howel'er evidence

frorn populations in the field (see Chapter 4) suggested that iteroparity

was uncorunon if it did occur at a]-J-. low survival of females followed

breeding seasons when maturation was successful (e.g. after a wet.sunrner or

in the grassland) whilst high survival follorved breeding seasons rhen

maturation was poor (e.g. after a hot, dry sulruner or in the woodland). I

cannot see iteroparity as an important conrponent in the life history

strategy of 0. moreletii. I do horvever see the species' ability to extend

life following a poor breeding season as important.
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lr{tirdoch (1966 a and b) f.ound rvith the carabid A-ggqg fuli.qinosrmt

that the survival of aciult fema.les fron one breeding season to the ncxt

was inversely relatecl to the rep::oductive rate irr the first seasoll. Thus

females that laid few eggs in the fir:st seasori stoocl a betteir c.hance o:t

survivinp; to 1.he next season to continue breeding than clid fenral es which

reproduced heavilf initially. Nlurdoch indicated the ob'¿ious stabilizing

effect 1.his had on population nunbers. The species was insurcd against a

po,cr þreeding season (e.g. broughtabout 'by drought.). Sutton (1968) rn'orking

with the rvood-1ouse Trichon:lsctts pus i1lus (the breeding of rdrich was also

inhibited by drought) reachecl similar conclusions to those of }furdoch. The

survival of T. re3.]h1¡ was high tmtil successful breeiling occurred and then

it declined rapjdly. Ir{ortalìty depended "upon breed.ing history rather than

age". Sutton again recognize<l the stabilizing effect such a flexible life

history llad on population m¡nbers. f consider the strategy in t-he life

history of g. tr,ofeþtf! to be very much the same as that of A. fuliginoslun

and T. pusillus. The flexibilities of the life liistories of the three

species are ex¿mples of spreading of risk in tirne.

I do not disagree with Blower and Fairhurst (1968) and Blorver (1969).

Provided their Iulids are iteroparous, their hypotheses are'worl<able.

Blower and Fairhurst's (1968) hypothesis that extended adult life a'nC

iteroparity facilitate dispersal can be viet'ed through den Bcerrs (1968)

spreacli-ng of risk in space. The wider the distribution of a species the

less js the risk of i-ts extinction. Blowerrs (19ó9) lqpothesis of exterdecl

adul.t life and i.ter:oparity cornpe.nsating for a low replacement rate brought

about by rmsuccessful dispersal to aggregated re:;ources stands by itself.

Br:t there seems no objection in viewing it.eroparity in millipedes as a

means of spreacling of risk in time as rvell. In this case, iteroparity

would be an insurance against poor slu:vival of the you:rg in one or ilDre

generations (c.f . lr{urphy, 1968). In the case I have argued for O. moreletii,
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extended life v¡ith probabl.y only semelparity is an insurance aga.inst poor

production of the )'out1g in the first place.

Blorver a:rd Fairhurst (19óB) saw periodornorphcsis (the extended .l-ife

of adult males) as a compiicated mean.s of maintaining a reasonable sex

ratio in the adult stadia. They noted that in !. "ig"f,, 
periodornorphosis

increased the sex ratio (% nales) by 5 to 7'a, Blower and Fairhurst argr-ied

that an even sex ratio would be of particular aclvantage in vagile (i..e. very

act.ive and clispersive) species.

I agree that periodonorphosj-s also increa.ses the .sex ratio in 0.

molgþ3'.f, but I enphasize again t.he concept of spreading of risk. Ver;,'few

mature males of 0. moi'eleti í survived through winter to become íntercalary

males in spring in the populations studied at Br:idgewater (see Appendix

Tables 4.1 tc 4.6). The continued survival of these males to become rnature

at the next breeding season contributed very little to the sex-ratio (as

Blolver ancl Fairhurst (1968) showed for T. "ig*), Ilowever, if for some

Teason, rnaturation of new adults was very poor in a particular breeding

season, then the contribution of the old males might be more im¡rortant

(hence spreading of risk).

That O. noreletii should die after reproducing but survive if

replclduction is inhibited is not surprising. Reproduction is a metabolically

erfiausting process. Those animals which contribut.e a najor porti.on of

their available energy to reproduction (either through development of the

gonads or l.ocomotory activity) become more susc.eptible to mortality factors.

AlternativeTy, reprocluction rnay -stj¡rulate "aging" and rapicl death (see

Rockstein and l'{iquel, 1973).

Does the intercalary male represent an aclaptation in the lífe cycle

or is it a horrnonal "lnistake"? The seasonality of the intercal ary and

mature forns in 0. moreletii (the irrtercalary form predoninating in sr.rruner)

suggests an adaptation. Further, there is indirect evi<lence (see Section

5.4) to suggest that the intercalary form is more resistant to desiccation



1C9 
"

at hi.gh temperature t-han the mature forrn. During spring, the resistance

of intercalary males is sinrilar to that of juveniJ-c; males and fein¿-les.

During alitunnr, the resistance of mature males i.'; lcs:', than that of jrrve[ii-e

males and fental es tlnforturately the rurture a:rd. iirtercalary forms do trot.

occut sj.n¡rltanecusiy in the fiel<l in suffj-cierrt mmibers to allorv a direct

comparison of their resistances. In adcliti.cln" u'hen tÏrey do co-exist (spring

a:rd sunnner), they have quite ð,ifferent rec.etrt histories. Cìre f,rrm is old,

the other ner,vly moulted. Comparisons at such tj.rnes tvould not be very

rneaningful. Cornparisons of the relative resistances of the trr'o forms can

therefore only be indirect. But perhaps the intercal-ary form is physiolog-

ical1y more resistant. perhaps behaviourally (e.g. less actj.ve and therefore

less exposed to extremes in climate) and therefore an adapt-ation that

enables the rnales to surr¡ive the surmer. On the other hand, pe::haps the

intercalary lnale represents an adaptation to slow dor^.n ph1'siological aging

(Rockstein a¡d lvliquel , 1973). Perhaps decreasecl- activity as an intercalat'y

male allorçs lnetabolic reserves to be used by the mature male during the

breeding season. Br.rt perhaps a hormonal explanat.ion (see Section 3.5) is

sinrply involved.

lvhy does 0. moleletij_ continue to moult in the older stadia?

Grorvth seems an unlikely notive. Increase in size decreases nrarkedly after

the point at v¡hich maturity is usually reached (see Section 3.6). Energy

is prestunably devoted to reproduction and dispersal rather than growth.

That the gonads develop in older anirnals is obvious and greater: activity

in older stadia was demonstrated in Section 4.59. Perhaps moulting is a

necessaïy repair process. The cuticle is no doubt abraded during active

periods and perhaps it has to be reneu¡ed to a11ow continued survir¡al. On

the other hand, perhaps rnoulting is simply unavoidable because there i.s no

mechanísm present in the animal to- terrninate it.

O. norelel_ii aggregated beneath tussocks of L. fibrata or burrowed
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undergrouncl cÌuring srüìnneï in the grassland. The top-soil beneath the

tussocks relnained mo j st durilrg surffner and dry dr-rring trirrter rel-ative to

that beneath the surrouncling pastr:re grasses. the tenperature.s beneath

tlie tussocks never exceecled 26oC ðut'ing a 10 ctay peli-r:c1 ii.l. sun'uner, but

reache¿.43oC beleath the sul:rourding pasture grass over the same period.

In laboratory e>çeriments, both males an1 fe.males showed preferences for

100% R.H. and tenrperatures between 20 atd 25oC throughout the year. The

aggregation of 9. gg19!1i beneath the tussocks jn sumer seems wel-l

explained by the behaviouÏ of the species in the laboratory.

At Bridgelvater, rnortality of 0. moreletii during sunrner l^/as

demonstratecl only during the very hot aird clry srmrne:: of 1974-5. At this

time, rnortality l{as measured in the open gr:assland but not jn the cooler

and nroister rvoodland. Large nunbers of clead 9. ryr"t"t4_ were seen in

January Ig73 and 1975 on Eyre Peninsula. Eyre Peninsula is hotter and

drier than Llridgelvater. It rr'as i:npossible to tell how long the miliipeC.es

on E1'r-e Peninsr:1a hacl been dead, but it seened reasonable to assr¡ne that

death rvas recent. The deacl rnillipedes were corunonly aggregated beneath

loose stones and rvere still"intacttt. These observations suggest Lhat O-.

moreletij is ki.1tecl during hot ancl c1ry sunrners.

l1hilst no¡tali'ty of O. norele_lii was demonstrated in the grasslancl

during the sumrer of 1974-5, measurement of water contents gave no eviclence

to suggest Lhat the millipedes present at the time were being desic.cated.

It rnig'ht be concluded therefore, that if the nortality is attributed to

the extreme weather during this particular sunrner, that the high tenrperature

rather tha,n the a:rid).ty was the rnortality factor*. A severe 1i¡nitation

* Indeed laboratory experiments demonstrated that O. more1et,üwas

particularly susceptible to short ex?osures to hi.gh temperatures (45'C);

temperatures that were approached in the litter when measurements were

tal<en (see Section 4.3).
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here holvever is that the v;ater contents were measured only at intervals of

I month. If death dr-le to desiccation was rapid, and recovery of lost water:

by survivors was pronrpt., then this suwey of rre.ter contents may not har,'e

been sufficient to irrCicate any desiccation iri the fielc1^ Indeed,

desicr:at:iot1 was demc¡nstrated j.n the milcler suilner of i975-6, using the

appearance of the rnid-gut as an indicator. (The rnillipedes appearecl to

recover from this clesiccation in 1975-6). In future studies, I suggest

that the influence of desiccat.ion on field populations of g. tqtqi_"'tii

be monitored usi.ng this more practical method of the appearance of the lnicl-

gut.

O. moreletii. developed resistance to 1) high temperatule and

2) desic.catíon at high temperature throughout s'.rnmer. This fincling at

first glance implied that millipedes in the field at the height of sumnier

were mor:e able to survive hot, dry weather than those nillipedes in

early ¿urd late summer. A caution should be issued here though. Resistance

in this study lvas measured rmder a sudclen change in surroudings from 20o

to 35oC alid approx. 100% to < 5% R.H" In the field, changes in v¡eather are

slower than those that I irnposed.. Ti-me for acclimation therefore exists

in the fielJ. Bal-dr'¡in (1954) demonstrated lvith Dahlbominus fusci pennis

that very brief periods of acclfunation could chan.ge an animalrs resistance

to an ex.treme in weather quite narkedly. I'low closely ny measul'enìents of

resístance in O. noreletii actually reflect ability to survive in the field

therefo-re require filrther study with respect to acclimation before they

can be regarded as indicative. Likewise, the comparisons I have made

between sexes, adults and juveniles, natir,'e species and O. moreletii are all

subject to knowleclge of the influence of acclimation. For this reason, I

stress that my findings (and those of others cited in the literature) on

resistance to extremes of weather .are limited.

Itlhy is O. moreletii far more abundant in the grassland than in

the wooclland.? Survival of older stadia throughout stmmer and females

,t
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throughout rr¡jnter was higher in the woodlald than ín the grassland.

Reascns for the cl:iffelence in aburclance between tite tlt'o habit¿rt.s nust

the::efoi:e be sought jn the production and survj-val of thc young. I harre

aLt*eady incljcated (see Sec-tion 4.6) possible reascns for product.ion

di.ffering irr the trro habi'i:ats. It woul.d- be a thesis in itself to elucjclate

tþe fa.ctors infl-uencing the survivals of the younp; in both habitats.

hhy are A. castaneun and _Drqg"tjro- sp. only found in the r','ooc1.1and,

whilst O. rnoreletii. is found in the grasslarrd as rn'ell? ltlhy is 0 . moreleti:

so rnuch more abrmdant in the woodland compared with {. ca1lgrsgl *d

Dinelqggnui sp.? p_. rnqlgþt_ir- breeds in autunur-wjnter, the native species

in late winter-spríng. The very yo'rng of 0. molgletfl therefore develop

in tvinter-sp::ing; the very yoLulg of the native species der¡e-lop in sìrmnr-er.

Do the extr:emcs of srmmer take a greater to1l on the yor:ng of the native

species, than the extremes of winter take on the yotrrlg of O. I,grelet-1!?

Does surmer ltill more of the native species than 0. ry19i9? Lïnit.ed

evidence suggested that the juveniles of the native species rvere less

resistant to desiccation than the youìg of q. Iorelgtii-. No difference in

resista¡rc.e rvas demonstratcd betrveen the adults of 0. norelet:ii anrl

lirBgroænl]:- sp. Both the young and adults of 0. moreletii hlere more

resistant to high temperature than those of the native species. But all

these conparisons Ì^/ere made in winter and spring. Ideally they should

have been made in sunïner. I{owever the rarity of the nat-ive species in

sunmer narJe this irnpossible.

Alternati.vely, are sites for oviposition scarcer in the t'oodland

for the :tatives - hence the different abundances of the thi:ee species ìn

the woodland? Are predators, parasites or diseases more influential on

the native -species? Is suit¿rble foocl scarce for them? l{hat is so special

about Chasnnnthe aethiop i ca ::hat Dimerogonus sp. is much nore contrnon beneath

I

I
,t
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I

I
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I
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it than elservhere? There are many questions to be answered, but sarnpling
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p::oblenrs witli rare aninlals lvhich "clisappear" in sumneï will make fin<1ing Ð''

the answer:; cliff-icult. l

T'o ¡e s¿ccessfrrl in j-ts neiv errv j-rorlnent-, an ittvading sJlecies has

to find a l¡che" lhe niche it fincls might be r¡acant or occu,pied. If it'

is occupied tlten the im¡acler has to cotnpete r*¡i'[ìr the occ.u1.rant. The

quesl.ion j.mned,iatel.)' arises, is o-. lglgetii_ cor.¡letíng ir'ith ejth.er a.

castaneum or Dirç|ogggts_ sp " for the same nic.he irl tlie woodJ and a'L Briclgowater?

Ulill g. moreletii replace eithel species or tvill it sirnply ad<l an extra

species to the fauna? Is O. ryts_1qLii c.onpeting u'ith species other thatr a

millipede?

Superficially it seems trrlikely that 0. nnreletii compe'Les for

ovipositíon sjtes with the native spccies, if in fact the sa.rne sites íìre

used. Separate breeding seasons suggest this. The gut contents of all

three species suggest t-hat none is a specific feeder. Soil particl.es antl a

variety of plsil debris were found in their p+its. 'Ihe amount of litter

in the lvoodl¿:nd during the study suggested that food was abundant a¡rc'L I

consider it unlikely that the three species conpete for this resource at

prËent. Conrpetition for shelters o\rer sunÌner or for nioultitlg sites are

trnk:rown entities.

As well as the influenc.e of _0_. moreletii. cn the native farma, the

effect of the species on the decomposition of litter and soil formation

should be investigated. The invasion of such large nrnbers of this

scavenger must infl-uence the rate of turnover of soil nutrients.

Ilr lnost successful introcluctions, the nunbers of individuals

arriving in nerv environr,ents are f¿rr less than the maxinum riunbers that

can exist there (the carrying capacities of these environments). With time,

each introduced species increases in m.unbers tolvarcls the can'ying capacjty.

fn some casc3s, if the "ecologicarl lesistance" (Elton, 1958), to the invader'

is 1ow, the c.arrying capacity is exceeded, resources (in particular food)

are over-exploited and nt¡nbers then decrease clramatically. Caughley (1970)
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described the progr:ess of thc introduced lìimala.yan thar (t-þlU:ru.it-

jeml.ah:icus) in Nr:rv' Zeal.ard. Caughley suggestecl this unguli-rte enrptecl j-n

nulbers after introrhrct.ion and exhaust.erl its f-bod, dec.Lined j.n ntmil¡ers

and then becane reiatively.stable at ar abundancc lorver th¿ur tlre injtial

eruption. Drawing upon an earlier mocle-l of Riney (1964) , Caughley su¡;gesied

that "the same ser{uence of events occ.'(rrs in areas to which tlie animals

disperse. At the dispersal fr'ortdensity i-s increasing; firrtirer bacl<

into the range the density is at a peaì<; and nearer the poini of libe;ra-tion

the populatj-on attains relative stability at a lower density. These z,o7aes-,

move outward from the centre like the erpandiug wave gerreratecl by a stone

thror^,,n into a 1ake. The sequence followirrg li.beration (or introduction by

dispersal) can, by hypothesis, be observed both at one point over a range

of tine, Ðd at one tirne over a t:ange of distance."

'l{hether 9. nioreletii has or will reach the carrying capacities in

its new habitats in Australia, and whether it wi.1l surpass these capacities,

exhar.ut its resources and dec.rease in nurbers as was noted for the thar

remains to be seen. But if an overall drop in trtunbers of 0. norel.etåi_ dur-:

to exhaustion of resources is to happen in Austral ia, then it will probabiy

take a long tine. 9.. molelg!{ has norv been in 1 arge m¡nbers in parts of

Eyre Peninsula for over 20 years. There is no obvious evi<lence eitirer: on

Eyre Peninsula or at Bridgervater to suggest a lower abunclance of q.

moreletii nea.r the origin of the outbreak compared r^'ith nore peripheral areas.

The e4tansj-on of inCivi'lual outbreaks of 0. rnoreletii_ i.n Atrstralia

is slorv but steacly (approx. 100 to 200 metres per year) . lhe nr-¡nbers of

outbreaks have increased rnarke.Jly in recent years as man has dispersed the

species to new habj-tats. A variety of habj-tats harre already been colorrized.

in large nunbers (e.g. a.r:id habitats such as at Crmmins on Eyre Peninsttla,

grassland and wooCland in temperate habitats suçh as at Rridgervater wher:e

rainfall is seasonal, urban areas in a.gain temperate hal-ritats such as in
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lr{elbourne rvhere ra-infall is however not markedly seasonal etc. ) . The

rrariety of habitats in whicJr C. moreletii is very successful is extencled.

even further if the Azores and lr{adeira a.re also considered (see Appenclix

Tables 1to 3). There Seenrs no reason to doubt that gir,-en titne, O.

moreletii will invade rnuch of Australia in large rrunbers.

The agricultural inportance of O. more.þ-t-ii in South"Ea.s.tern

Australia has not yet been evaluated. 0n Fyre Peninsula, 0. Igreh!ü is

a minor pest in cereal crops (e.g. barley and rvheat) where it infests stored

grain. Several graziers in the Mt. Lofty I{anges claim t.hat O . moreletii

fouls pasture and. deters the feeding of sheep and cattle. IJowe'rer this has

yet to be demonstrated convincingly. O. nroreleljj clestroys back-yard crops

of fruit and vegetables (e.g. strawberries, melons, potatoes, tonatoes etc.)

but as yet has not reached areas where such crops aïe grotlrl couunercially.

If ardwhen the species does reach such areas, perhaps its current statu:;

as a "nuisance pest" will be broadened.

There are no obvious differences in climate betrveerr Portugal and

Spai-n (where O. norgleÊi is presunably rare) and other locations where the

species is extremely ntunerous (see Appen<lix Tables 1 to 3). An expl-anation

of the super-abundance of 0. noreletii in Australia in terms of general clirnate

seefrLs therefore un1ikely. Flowever, the microclimate on the surface of the

grorrrd in the different areas might be substantially different (e.g. clue to

quantity of leaf litter, texture of the soil etc.). O¡r the other hanc1,

perhaps quantity or quality of food explains the differences in abundance

between South-ltlestern Europe and Austral.ia, the Azores and lt'{adeira.

Perlraps a biological factor such as a predator, parasite, viltts or ol-lter

disease is involved. There are numerous possibilities - which should be

investigated (see Appendix C).

Throughout this study, I have confined nyself to deterni.ning thc:

distribution and rate of spread of 0. moreleti i in Australia, the life
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history of the species, changes in its abundance and activity throughout

the year, ffid two factors that are i:nportant in the suwival of the cllder

stadia in the life cycle - namely 1) the degree of maturation in a pa.rtícular

breecling season ancl 2) the extremity of the weather dtrring sr.mrner. A

fellow student once grunbled to me that a Ph.D. was an exercise in generating

loose ends. This thesis has generatecl its fair share. Those that I

consider most worthy of pursuing, I have indicated in this discussi.on.

Ç



APPEMIX A.

locations in Victori.a where milJ ipedes have been reportecl irt

large m¡nbers but as yet have not been confirmed as O. morei-etii_.

Park Orchards, Warburton, Iower Te,mplestowe, East Ringarood,

Mitcham, Donvale, l.ür-rnawading, Montrose, Nft. Evelyn, Tatrtin Loler, Venus Bay,

l4lerribee, Sassafras, Scoresby, Belgrave, North Geelong, North Ballarat,

Mt. Dandenorìg, Mt. Eliza, Seville, West Brunswick, Wonga Park, Studley Park,

lvtrontmorency, Box Hill, East Warhoe, Caulfield, Fast lvfalvern, Heidelberg,

Brighton, Rye and He>rharn.



APPENDÏX B

Assa of 0. rnorelel;ii for ftlveitile Hormone

Approxirnatel¡z lg0 0. nrorelelji were collected fron the field in

January 1974. They rvere of various ages ra:rging frorn the fifth to the

twelfth stadjun. The millipedes were homogeni.zed together in diethyl ether:,

the solid material filtered off and the ether evaporated. The remaining

mixture r^¡as sent to Professor C.N{. 'l^iillians, Fiarvard llnivers:.ty r.,,'ho

assayed it for juuenile horntone.

His reply:-

. I'The extract was taken up in about 15 m1 hexane and filtered

twice through a sma1l colunn of alunin.a of activity IV, capped with

anhydrous sodiun sulfate. 'Ihe hexane was remcved using a rotary evaporator

and the residual 50 ul of amber-colored oil was dissolved in 200 u1

cyclohexane.

The latter solution hlas assayed by topical application onto

head-ligated fourth-instar larvae of the tobacco hornrvorm, lvfanduca sextíI,

as described by Tnman et a1., L973 (-r. Insect Physiology 19: 195-203).

I arn pleased to report that a weak but definitely positive

assay for JH activity was obtajned in all anj:na1s that received a topical

application of 0.5 to 2 ul of the cyclohexane solution. If we assign a

specific gravity of one to the oil, these voh¡nes correspond to 125 to

500 pg of the crude extract".



,LDPENDIX C

Neoaplectana spp. (Nematoda) have proved successful in tire

biological control of the wood-wasp, Sirex noctilio (þmenoptera, Siricidae)

Dr. R. Bedding of C.S.I.R.O. (l{obart, Tasnnnia), suggested that Neoalrlectana

rnight well be a parasite that would efficiently control 0. noreletii. He

infected large nunbers of 0. noreletií wiffi nenatodes, but fourel no

signifi.cant mortality within realistic dosage levels.

\

,Y-



TASLE 1

Average Monthly Rajnfall (nun.)

JFMAIUJJASONIIAnnUaI

MelgaEo

Oporto

Coinbra

Faro

sp?in

Zaragoza !7

Acores-+--
Angra Do Fleroi.snol43

Horta 125

Ponta Delgada L20

Særta Cruz 181

Santa ]vtraria 108

It4adeira

Portugal

Areiro
Fr.rnchal

Australia

TLs T22 I4T
t59 L1,Z r47

1"32 95 131

70 52 72

77

86

76

31

27 34

1s0 77

rzz 69

105 67

163 108

79 49

87

87

76

27

42

26

18

1

s4

4T

38

5

49

48

42

7L

28

20

20

13

1

43

32

27

58

22

L26

110

103

119

77

r43
109

L20

139

105

ITZ

113

r02

158

57

11 56

1151

961

453

li.86

IA28

958

1430

736

2460

s48

1190

494

487

398

342

657

60 109 I 56 175

51 105 148 168

48 87 105 142

L7 51 65 67

L7

131

105

100

159

80

49 36 15 19 30 34 28 31 337

70

70

62

84

49

44 98

44 81

29 81

78 TIz
38 44

336 240 274 L84 L02 20

647480s4186
18 30 140 308 452 358

2 22676 9084

Stirling
Strathalbyn
Pt. Lincoln
Cleve

Pt. Pirie
Melbourne

59

ZL

T4

15

18

48

37

2t
15

24

19

49

43

24

19

19

18

53

99

43

35

36

3L

67

61

29

23

28

23

59

48

25

18

') ')

2t
58

96 r4s 183 161 156 L24

39 s6 s9 64 60 s3

s7 57 75 78 67 49

31 41 47 44 49 42

29 39 41 33 36 34

s9 57 50 49 49 59



TABLE 2

Average Daily lth.xjmum Tentperature ('C)

J F M A N{ J J A S 0 N DAmual

Portugal

Melgaço

Oporto

Coinbra

Faro

Spain

Zaragoza

Açores

Ansra Do
Heíoismo

FIorta

Ponta Delgada

Santa Cruz

Santa N'faria

Madeira

Areiro
Fu:rchal

Australia

11.6 12.9 1s.9 18.5 20.9 24.2 27.4 26.7 24.L 20.3 14.9 11.8 19.1

r3.2 14.2 16.3 18.4 19.6 22.6 24.7 25.0 23"7 20.8 16.7 r3.7 19.1

14.0 15.7 18.2 20.9 22.5 26.1 28.9 29.3 27.2 23.0 r7.B 14.4 21.5

15.3 16.r t7.5 19.7 2L.9 25.2 28.2 28.2 25.7 22.4 18.9 16.2 2r.3

9.9 t2.5 1ó.6 19.3 22.6 27.4 30.8 30.0 26.5 20.3 I4.3 10.1 20.0

15.9 15.7 L5.8 16.8 18.4 2r.0 23.3 24.4 23.2 20.8 18.3 T6.8 19.2

16.6 16.6 16.8 1.7.8 19.s 22.2 24.8 26.2 24.6 2r.8 19,2 17.6 20.3

L7.2 L7.r r7.4 18.3 19.9 22.4 24.7 25.9 24.8 22.4 19.8 18.2 20.7

16.8 16.6 16.8 17.6 19.2 22.0 24.4 26.0 24.4 2r.8 19.3 18.0 20.2

16.6 16.6 t7.0 r7.B 19 "8 22,0 24.r 25.2 24.6 22.?. L9.4 17.5 20.2

8.9 8.9 9.4 10.6 11.7 15.6 18.9 18.9 16.1 13.5 11.1 8.9 12.8

18.9 18.3 18.9 19.4 20,6 22.2 23.9 24.4 24.4 23.3 2L.7 r9.4 zt.r

Stirling
Strathalbyn
Pt. Lincoln
Cleve

Pt. Pirie
Melborrne

24.9

27 .5

25.0

28.2

51.8

25.8

24.4

27 .T

24.7

26.8

st.4
25.6

22.6

25.4

2s.7

2s.7

29. 5

23.8

18 .1

2L.7

2t.3
zz.T

24.6

20.L

L4.4

L8.2

18 .6

18 .6

20.?,

16.4

LT.7

15.4

16.4

15.9

t7,T
13.9

10 .6

14 .6

15.7

14 .9

1ó.3

13.2

TT.7

15.7

16.3

t6.2
17.8

14 .8

t4.4
l8.2
18 .1

19.0

2L.3

L7.L

L7.0

2L.0

19 .8

zr.8
24.5

19.5

19.9

24.0

2L.5

24.4

27 .6

2r.8

22.s

26.I
23,3

26.5
,oo
2:,4.r

L7 .7

2L.2

20.4

2r.7
24.3

19.7



TABLE 3"

Average Daily lt{ini¡ntun Temperature ("C)

J F M A M J J A S O N DAnnual

Portugal

Melgaço

Oporto

Coimbra

Faro

4.2

4.7
s.4

9.0

4.7 6.8 7.9 10 .4 ]-3.I I4.8 14.4 Ls"A. r0.2 7 .2

5.0 7 .5 8 . B 1_0.8 13 .4 14.6 14 .6 13.6 10 .8 7 "B

5.8 B . 2 9.3 11 .0 13 .6 14.9 15.0 14 .I Lr.7 8 .7

9.5 11 .t r2.5 14.4 r7.5 19.5 19.9 18.6 15.7 I?.6

4 .9 9.3

5.4 9.8

ó.1 10.3

9.8 I4.Z

Angra Do
Heroismo

Horta
Ponta Delgada

Santa Cruz

Santa lvlaria

2.2 3.3 5.8 8.2 11.4 15.2 L7.5 17.4 15.2 10.5 6.1 3.4 9.7

11.9 11.6 11 .5 T2.1 13.5 15.9 L7.6 18.7 18.0 16.L 1_4.3 L2.9 14.5

\2.2 t2.0 11 .8 12.6 L4.0 16.3 18.4 19.5 18.6 16,6 14.6 I3.3 15.0

11.5 11.3 11.5 11.9 13.1 1.5.2 r7.0 18.0 I7.3 15.7 I3.8 t?,.4 I4.L
L2.3 I2.2 IZ.0 I2.9 14.4 16.8 19.I 20.3 19.L r7.1 14.9 13.6 15.4

Iz.L 1L.7 LT.L I2.4 L4.2 L6.3 18.Z 19.Z L8.5 17.0 14.6 13.1 14.9

Madeira

Areiro
Funchal

Australia

Stirling
Strathalbyn
Pt. Lincoln
Cleve

Pt. Pirie
Melbourne

?,.8 3.3 3.3 4.4 5.0 8.5 10.6 11.1 9.4 7.8 6.1 3.9 6.7
L3.3 I3.3 I3.3 I4.4 15.6 17.2 L8.9 19.4 19.4 18.3 16.1 14.4 16.1

11 .6

]-3.2

1s. 3

1s.4
L7.T

13.9

11 .8

L3.3

1s.6

15.6

1.7 .3

14.2

8.9

9.9

TZ.9

T2.T

I2.7 L0.
10.5 8 .

9 5.4

1 6.5

9 9.3

6 7.9

2 8.2

3 6.6

10.7

11 .9

14 .9

l.4.9

L5.7

12.8

6

8

10

9

4.7

5.8

8.5
6.8

7.4

5.7

4.8

5.9

8.3
7.L

7.8

6.4

5.9 7.2

6.9 8 .4

9.2 10.6

8 .3 9.9

9.4 11.6

7 .6 9.2

8.7

r0.2
12.2

11 .8

13.8

10.8

10.3

t2.0
13.9

13.7

15 .8

L2.5

8.1

9.3

11 .8

11.1

L2.3

9.9



APPIINIDIX TABLE a.1 (a)

Soil and Litter Sarnpling - Open Grassl-and

lbssocks of L. fibrata - Fenal.es

Sampling
Code No.

STAD]A

67891011L213141516Tota1

N1
D2
D3
F4
M5
A6
M7
J8
A9
s10
011
NLz
J13
Ft4
M15
A16
0L7
J18
M19
020

7

rz3

Lzt
80

44

I
4

1

2

8

74

26

15

27

t7
6

1048

707

53

.59

1

6

1

1

5

9

26

75

55

I
2

46

91

258

242

132

336

51

28

1

7

2L

30

18

5

5

9

15

28

20

30

L07

379

6

349

28

z

2L

34

4

4

3

3

8

5

11

61

4Z

3

z

8

19

L2

J

I4
5

7

7

1

T4

18
,)

4

16

3

3

3

3

4

25

462

85

.)

1

I
9

1

4

11

280

889

247

169

8Z

34

B1

140

118

72

20

50

L602

911

361

33L

45

6s0

51

T4

2

z

1

z

z

10

4

1

8

5

7

z

2

1

7 1

2

J

4

28

5

z

8

2I55

4

3

I
1

3

18 44

10

6

TO'IAL 996 202L 840 929 1069 202 67 21 2 6T47



APPENDIX T'ABLE 4.1(b)
fbj.l and Litter Sarnpling - Open Grasslartd

'fussocks of L. fibrata - It{ales

Sampl.i.ng
Code No.

STADIA

678910111215T41516Tota1
N1
D2
D3
F4
M5
A6
M7
J8
A9
s10
011
N\2
J13
F14
M15
A16
017
J18
M19
020

1

45

98

67

13

2

17

355

67

4

1

3

13

t7
20

z0

46

13

1

94r

703

74

58

20

4

L3

10

I
1

2

7

26

64

80

13

1

49

94

303

249

6

3

9

I

230

385

91

97

2

5

7

5

15

I2
6

?

28

37

35

3t
495

6

38

196

s2

37

z3

42

55

40

5Z

53

4

ó

13

11

L3

T3

2

2s0

29

5

15

36

3

3

3

16

16

15

9

15

3

9

11

304

678

229

zLg

60

97

tzB

172

L7T

95

2T

33

L404

915

44s

365

)

1

5

4

I
1

1

137

5

4

2

1

1

4

1

10

2

6

2

6

7

T7

I
5

5

1

1

)

2

1

1

4

25

1

1

2

1

43

797

60

18

TOTAL 679 L934 9SZ LS26 914 ?03 52 11 3 6254



APPIINIJIX TABLE 4.1 [c)

Soil and Litter Sampling - Open Grassland

T\rssocks of L. fibrata - Jur¡enile lt4ales

Sampling
Code No.

STADIA

6 7 8 9 10 11 lZ 13 14 15 16 Total

N1
D2
D3
F4
M5
A6
M7
-T8
A9
s10
011
NLz
JL3
FL4
M15
A16
0L7
J18
M19
020

1

45

9B

67

13

2

L7

355

67

4

4

25

1

1

5

L3

T7

20

20

46

13

1

94L

703

74

58

20

4

13

10

I
1

2

7

25

64

80

13

1

49

93

282

233

226

5/ /

89

95

11

10

5

z

5/
1AL9

9

3

3T

49s

5

20

153

26

34

1

4

1

260

590

zL7

ZLL

55

30

51

116

106

26

10

z5

L373

897

369

294

1

3 3

4

2

1

3

6

z

1

11

5

1

1

1

2

6

5

9

1

')

2e1.

18

5

1

111

43

786

39

18

TOTAL 679 1934 893 L4Z7 535 24 2 5494



APPENDIX TABLE 4.1

Soil and Litter Sampling - Open Grassland

Tussocks of L. fibrata - lt{ature tr4a1es

Sampling
Code No. 6 7 8 9 10 1l- IZ 13 14 15 16 Total

STADIA

3

16

t6
T3

9

1"0

1N1
D2
D3
F4
M5
A6
M7
J8
A9
s10
0 l_1

NT2
J13
FL4
M1s
A16

t

1

2T

t6

2

4

4

5

4

z

L?

5

z

1

22

42

52

s6

50

48

1

6

13

T3

8

28

32

111

3

l_

1

5

1

1

5

4

z

1

1

3

2

6

2

1

4

5

5

23

7

4

1

27

67

77

2

0

0

7

L3

76

7L

1

56

65

61

11

1

1

z

2

oL7
J18
M19
020

2

7

2

2

0

10

2I
2

TOTAL 39 83 322 100 33 I 3 588



APPENDTX TABLE 4.1 e

Soj-l and Litter Sampling - Open Grasslantl

T\¡ssocks of L. fibrata - Intercal-ary lt{ales

Sampling
Code No.

STADIA

6 7 I 9 10 11 IZ 13 14 15 16Tota1

21

81

I
7

0

0

0

0

0

8

L1

8

z4

5

0

0

0

1

0

J

1

1

t_

2

3

10

3l
2

z

6

38

1

5

B

2

z

N

D

D

F

M

A

M

J
A

S

0

N

J
F

M

A

0

J
M

0

1

2

3

4

5

6

7

8

9

10

11

T2

13

14

1_5

16

L7

18

19

20

4

n
L

4

11 4

1

7

4

5

7

16

4

l_

1)

TOTAI 16s783183 L77



APPENII]U TABLE 4.2(a)

Soil and Litter Sarnpling - Open Grassland

Pasture Grasses - Femal-es

Sarnpling
Code No.

STADIA

67891011]'213141516Total
(

3

3

530

22

)

1

1

4

10

15

1L

6

6

ZT

2

5

I
6

6

13

13

L7

13

4

8

T2

5

28

2S

30

55

30

z6

28

399

155

237

265

L42

44

I

158

53

81

85

N1
D2
D3
F4
M5
A6
M7
J8
A9
s10
o11
NTz
JT3
F14
M15
A16

7

2

27s2
6

1

9

l_

2

1

3

1

1

1

z

3

8

10

7

1

1

3

10

3

2

9

3

I
1

1

2

l_

3

I

1

2

3

7

5

1

7

1

z

4

5

ZT

116

l_55

48

14

L3

70

L97

94

2

11

T4

07

6

z

6

1

I

oL7
J18
M19
020

1

1

5

1

28

45

31

44

3

41
1

5

1

8

28

44

2

L

TOTAL 372 372 402 195 24s 184 7L 11 1.850



APPENDIX TABL]] 4.2

Soil anrl Litter Sanrpling - Open Grassland

Pastr¡re Grasses - N4ales

Sampling
Cocle No.

STADIA

67891011]-213L41516Total

N1
D2
D3
F4
M5
A6
M7
J8
A9
s10
011
NT2
J13
F14
M15
A16

?

268

28

2

2

19

118

169

43

22

1

12

69

T7T

110

T4

43

57

42

39

z8

18

26

334

161

254

248

177

190

43

82

56

1

1

33

22

22

t7

12ZtZ2r
31

39

4

2

3

2

7

1

1

2

1

1

5

5

1

2 1

I

2

9

11

IZ
6

7

5

8

T4

1

6

1

9

1

2

2L

zc

5

20

6

8

10

1-

2

11_

l_6

6

3

3

2

2

3

4

8

14

1

l_

2

3

1

2

3

4

3

1 1T4

20

0t7
J18
M t_9

020

4

4

L4

1

2

)

r47

l_1

3

6

28

24

52

6 7

TOTAL 511 390 598 272 294 Ls2 30 7 L 18ss



APPEI'IDIX TABLE 4.2 c

Soil and Litter Sarnpl,ing - Operr Grassland

Pasture Grasses - Juvenile Males

j

,l

È

I

I

I
'I

Sampling
Code No. 6 7 8 9 10 11 12 1.3 14 15 16 Total

32

4

11

9

3

9

2

aL

L3

9

1

12].
3

I
'1,4

1

z

N1
D2
D5
F4
M5
A6
M7
J8
A9
s10
011
NT2
J13
F14
M15
A16

L

1

L2

3].3

160

238

205

t_l5

189

42

38

40

3

1

3

10

1

6

3

1

1

5

t_

2

3

6

1

1

5

2

3 7

L

I
2

11

12

67

159

95

19

118

169

43

22

z

268

28

2

2

J

1

5

24

28

z4

27

5

t47

1t

t4
1

1

2

0l.7
J l_8

M19
020

4

4

i

i

TürAt 311 390 366 226 L].? 29 3 L437

l

rr¡
u



APPENDIX TABLE 4.2 d

Soil ¿nd Litter Sarnpling - Open Grassland

Pasture Grasses - Ivfature lt4ales

.t
t
Ift

Èr

I
I
t

t,t
f,

I
I
1,

!
)t

I

I'I

lSamp
Code

Ing
No.

STADIA

67891011L213L41516Total

N1
D2
D3
F4
M5
A6
M7
J8
A9
s10
011
Ntz
J l_3

Ft4
M15
A t-6

2

1

2

4

1

l_8

20

33

22

2L

L7

6

1

2

11

16

2S

3

l-3

20

9

11

t2
6

7

4

3

1

z

1

2

3

1

3

4

0

s2

48

39

30

26

T4

1

0

0

16

43

62

z

T2

17

6

1

9

1

0

1

3

441

0]-7
J18
M19
020 tz

0

0

TCrtAL 32 4st75 86 13 7 I 359



APPENDIX TABL]i 4 .2 e

Soil and Litter Sarnpling - Open Grassland

Pasture Grasses - Irrt.ercal l'{ales

I

Sampling
Code No.

STADIA

6 7 8 9 10 11 LZ L3 L4 15 1"6 Total

7

0

13ZrL

D2
D3
F4
M5
A6
M7
JB
A9
s10
oLl
NT2
J13
FL4
M15
A I.6

I

2

0

0

0

0

0

2

12

2L

I
0

0

0

1

0

0

13

1

I

2

1

4

1

8

13

1

94

0J.7
J18
M19
020

TOTAT t7s7L4 59



APPENDIX TABLE 4.3(a)

Pitfall Trapping
Open Grasslan<1 - Itrle:-

l
Sanpllng
Code No.

STADTA

67I910l1L2LS141516Total

0-N 1
D2
J-F 3
F4
M5
M6
A7
M8
M9
J10
J11
A-S 12
013
NL4
D15
J16

I
1
1

1

z
t
1

73 106
24 L73
24 sB

5B
23
10

69
4s

269
80

16z
T62

58
5

28
2s

a
L

35

6
J

45

s25
278
L0z

?

r22
94

606
151
278
311
106

2T
7L

?LT
74

390

55
B

1
1

L2
LZ
6B
18
29
30
TZ

5
27
34

1
3I

24
4
1

5

1
2

3

16
1

J
5
1

1

28
4
1

2

1

228
130
8 173
r24

7T
2 ijz
524
62
L7
s43

T2
516

1

3
1
1

?

99
43
19

LZ
180

27

1

BO

11
1
3
1
1
1
1

3

6
9

15
5
')

5

4
4

19

1

)

1

TttALS 199 Zr7 116 15s 869 1029 344 150 30 12 L -\r22

APPEr\DIX TABLE 4.3 Cb)

Pitfall Trapping
Open Grassland - li{âIes_

Sampling
Code No.

STADIA

678910111213L41516Total

2
z6

1

2

74
19
11

1
2
3
4
5
6
7

8
9

10

F

S

0-
D

J-
F
M
M
A
M
M

J
J
A-
0
N
D
J

N )
3
1

1
z

20
I
7

4
1
1
1

1
49

61
70
19

1
1
1

24

40
66
35

31
56

595
88

427
188

53
11

1
11

3
3

40
10
11

15
5
5

6Z 168
195

76
I

49
91

1033
1ó1
7Is
322

95
22
?'r

165
40

z58

15
3

J
2

3
)

9
22

282
40

202
84
25

4
15
50

5
6

2

5
81
?,0

49
30
11

1

2

)

1

1
1
1
5

9
6
3
)

2

1
1

1
?

6
2

1
1

11
T2
13
14
15
16

4
11

L79

')

5

T7
2
6

3
18

9
2
,)

3
7

3

TOTALS 13s 222 94 224 1608 803 255 s9 15 3 34L8



APPENDTX TABLE 4.3(c)

Pitfall Trapping
Open Grassland - .Iúvenile lvlales

Sampl-ing
Code No.

STADIA

6 7 8 9 10 iL 12 J-3 14 15 16 Total

78
773

48

34
24s

1
5
6

29
3
1
0
2
4
6

92

1
2

I

1

16
58
24

1
5

57
69
1B

1
1
1
6

¿

3
1

1
2

T4
1
1

1
1
1

1
49

15
3

J
2
3
')

1,
L

3
4
5
6
7
8
9

10
11

F

S

0-
D
J-
F
M
M
A
M
M

J
J
A-
0
N
D
J

2
26

1

N

1

2

6
3
5

1
1
3
7

J

\z
T3
T4
15
1ó

)
74
19
11

4
11

179

TOTALS 135 222 78 168 118 6 727

APPENDIX TABLE 4.3(d)

Pitfal-l Trapping
Open Grasslân.f - Mature lvl;ales

Sampling
Code No.

STADIA

678910111213141516Total

N

F

S

0-
D

J-
F
M
M
A
M
M

J
J
A-
o
N
D

J

1
2
3
4
5
6
7
8
9

10
11
T2
13
I4
15
16

1311
zr1

6
0
4
0

44
85

1004
158
7t4
322

93

I
2
6
2

1
1

6

6
4

1
1

zl
5
9
6
J
2

2
5

8118
3

18
9
1
1

51
55

s90
88

427
188

53
9

1

9
22

2BT
40

202
B4
25

4
?

I

20
49
30
11

J

1

2

251

1B
ô
Lt

z
0
I

16 s0 144s 676 207 50 13 3TOTALS 2460



APPENDIX TABLE 4.3fe)
Pitfall Trapping
Open Grasslantl - Intercalarv lvlaLes

Sampling
Code No.

STADIA

67891011I2L3141516Tota1

84

22

z4

0

0

0

0

0

0

0

0

0

19

7L

6

5

52

1

14

5

4

2

1

3623

8

9

4

1

1

I
z

3

4

5

6

7

I
9

10

11

LZ

13

T4

15

t6

F

S

D

J-
F

M

M

A

M

M

J

J

A

o

N

D

J

o-N
I
I

5

17

2

1

13

48

3

"4

1

4

TOfAtS 645LzL4892 23L



APPENDTX TABLTI 4 .4 (.a)

Pitfall Trapping
Sclerophyllous l{oodland - Eg]?1e'

Sarnpling
Cocle No.

STADIA

6789101112LSL41516Total

o-N 1
D2
J-F 3
F4
M5
M6
A7
M8
M9
J10
J11
A-S T2
013
NL4
D15
J16

1 15
3
5

1
3
1

6
2

1

28
7

L3
)

18
39
11

63
7

)')
1

7l
51
2I
15
15
15

7
4

19
26

1
1

10
2

15
4

45
49
25
15

4
)
3
2

T3
15

9
6
6
4
2
z
1
2
')

1ó5
33
94
I3

246
238

9B
46
60
49
20
29
61
73
19
11

9
15

4
6
4
4
1
1

38
7

32
4

96
73
28
10
20
13

4
5

13
16

2
1

3
7

4
2

1
14

9
3

3
1

1
3

1

2

1
)

1
1

,)

3

3

I

I
8
1

11
5

3
B

2
1

1
3

3
7

TOTALS 19 7 23 55 161 337 362 205 73 14 1 1255

APPENDIX TARLE 4.4

Pitfall Trapping
Sclerophyllous l{oodland - lt{al es

Sampling
Code No.

STADIA

67891011I213141516Total
32
11
10

0
19

124
92
35
46
18

z7
1
1

3
3

9
2
2

15
2L

5
8

I
5

7

5
3

7

2

1
1

7
1

1
z
3
4
5
6
7
8
9

10
11
L2
T3
L4
15
16

N

F

S

o-
D
J-
F
M
M
A
M
M
J
J
A-
0
N
D
J

11
5

I
1
I

2

13
6
I
3
3

8
10

4
1

5
43
43

3
5J
2s

1

9
27
T4
10
10

5

1

9
7
9

'r1LL

z
2

15
J
3

1

I

1

I1
10

2
1

1

7 3 19 39159 99 79 30 3TOTAL 438



APPENDIX TABLE 4.4

Pitfall Trapping
Scl.erophyllous Woodlancl - Juvenile ltla.les

Sarnpl ing
Code No.

STAÐIA

67891011L2L3L41516Tota1

16
I
6
0
0
)
3
0
2
0
0
6
6

16
2
)

)
1
I

7
5
z

7
II

3

N1
2

F3
4
5
6
7
8
9

10
11

S

o-
D
J-
F
M
M
A
M
M
J
J
A-
o
N
D

J

2

11

1
10

2

1

1

1

1
)

5
3
3

1

I

1

t2
L3
L4
15
16

1

1

TOTATS 73193091 69

APPENDTX TABLE 4.4(d)
Pitfall Trapping

Sclerophyl lous l{ooclland - }4ature }4a1es

Sanpling
Code No.

STADIA

678910111213L41516Tota1
3
0
2
0

19
L22

89
35
44

1z

1

15
20

5
8

1
2

3
4
5
6
7

8
9

10
11
L2
13
I4
15
16

5
43
42

N

F

S

0-
D

J-
F
M
M

A
M
M
J
J
A-
0
N
D

J

1
1
1

')

13
6
1
J
3

1

8
10

4
1

1

3
33
25

1

I
27
I4
10
10

5

5
I
1
I 18

9
1
0
?

0
0

1

TOTALS 8142 85 77 29 3 344



APPENDIX TABLE a.a(e)
Pitfall Trapping

Scl erophyl lous i4toodland - Intercal N{ales

Saupling
Code No.

S'IADIA

67891011L213L41516Total

5

3

)

0

0

0

0

0

0

0

0

0

3

4

0

0

117

t

1

5

I
1

1"

z

5

4

5

6

7

8

9

10

F

D

J-
F

M

M

A

M

M

J

J
A.

o

N

D

J

0-N

1

r

1z

2

l_1

STz
13

L4

15

16

2

TOTALS 18132l. 25

't



APPEMIX TASLE 4.5 a

Litter Sæp1ing

Open Grassland - Fenales

STADIA
Date 67891011I2L51415Tota1

rL/s174

Lr/t\/74
rL/l.]-/74
LL/72/74

Lr/t/7s
LL/2/7s

rr/3/7s
Lt/4/7s
rz/s/7s
tL/6/7s
Lr/7 /7s
rL/8/7s
LL/e/7s

rL/Lo/7s
7L/rL/7s

1

1

15

39

3

6

5

r_4

18

1

28

55

L7s

64

L7

8

3

40

103

92

TT7

1i
2L

48

25

7

3

1

3

6

13

11

3

44

83

43

10

4

3

7

L4

12

1

1 1

73

238

l^77

L25

161

19

69

L70

lt_6

ZT

I
5

22

29

95

2

¿

10

1

2

1

z

2

1

1

c

4

2

8

I
2

2

t

2

5 1

1

1

6

1258 l_1

TOTAI 7.2 3L 110 343 483 257 29 3 1328



APPENDTX TA3LE 4.s(b)
Litter Sampling

Open Grasslancl - I4ales

SI'ADIA
Date 678910111215T415Total

7L/e/74

tL/r0/74
rrlrr/74
rt/L2/74
rt/r/7s
LL/z/7s
rL/sl7s
rr/4/7s
12/s/7s
rL/6/7s
r7/7 /7s
LL/8/7s

rL/s/7s
LL/L\/7s
LL/tr/7s

z 27

32

1

2

2

1

3

T4

26

1s3

111_

18

13

1

9

11

5

37

2

1

1

2

6

1

1

1

3

1

11

33

L7

6

4

6

2

7

37

s0

79

8

T7

72

59

34

18

16

2

1

4

57

194

155

75

113

15

28

L37

145

52

27

22

25

29

93

1

5

1

z

2

7

L2

19

30

4

6

21

2

I
t_1

59

15

19

TCIrAL 69 40 126 359 40ó 153 12 116s

I

I

I

i

I

I

I

;

i



APPENDIX TABLE 4.5 c

Litter Sanplíng

Open Grassland - JúveniLe lfales

STADIA
Date 67891011lZ13L415Total

Lr/e/74
rr/ro/74
rLlLr/74
tL/tz/74
LL/L/7s

tL/z/7s
rL/s/7s
tt/ 4/7s

t2/s/7s
].,1/6/7s

LL/7 /7s
LL/8/7s

rL/s/7s
rL/Lo/7s
tL/7r/7s

2

3

L4

2

27

32

1
.)

2

1

19

29

26

L52

110

18

13

1

1

5

36

49

7L

6

2

7

56

190

L52

74

105

10

2

35

46

0

2

3

20

24

7s

1

1

1

5

1

2

7

L2

l_

2

1

3

1

t_

1

3

3

9

6

1

59

1

z

8

1

1

I
11

5

TCIrAL 69 40 t25 548 183 24 789



APPEND]X TABI,E 4.5

Litter Sampli.ng

Open Grassland - I¡lature l¡Iales

STADIA
Date 67I9101LLZ13L415Total

rr/s/74
LL/ro/74
rL/rL/74
],r/L2/74
tt/I/7s
1]-/z/7s

Lr/3/7s
LL/4/7s
rzls/7s
rL/6/7s
L1./7 /7s
rr/8/7s
Lt/e/7s
LL/Lo/7s

LL/Lr/7s

l_

1

8

z

15

1

1

1

0

0

1

9

,3
7.6

r02

99

52

?,s

1

3

4

1

ó5

59

34

18

15

1

I

32

t7
6

4

J

11

34

2

1

1

1

19

5

0

1

TOTAL 1 9220 109 4 343



APPENDIX TABLE 4.5(e)
Litter Sanpling

Open Grassland - InteriâIary lvlales

STADIA
Date 67891011].,2]-3L415Total

tr/e/74
Lt/ro/74
rr/rr174
LL/LL/74

LL/L/7s

rL/2/7s
Lr/3/7s
Lr/4/7s
r2/s/7s
Lr/6/7s

" rL/7 /75
rLl8/7s
LL/e/7s

LL/L0/7s
tL/7L/7s

1

1

1

1

2

1

1

4 2

6

I

I

I

I
I

I

0

4

3

0

1

0

0

0

0

0

0

0

0

6

19

TOTAT 23208 33



APPENDIX TABLE 4.6 a

Litter Sampling

Sclerophyllous Woodland - Females

STADIA
Date 67891011]-213141516Total

s/s/74
s/r0/74
s/tL/74
e/r2/74
e/L/7s
s/2/7s
s/s/7s
s/4/7s
rL/s/7s
e/6/7s

"s/7 
/7s

r0/8/7s
s/e/7s
s/ro/7s
La/rL/7s

3

1

.z

4

41

42

2

6

72

T7

4

L3

4

t_6

29

34

4s

27

TZ

4

T2

23

ZT

17

33

54

L4

L4

3

10

19

1

J

2

4

2

3

10

6

6

I
13

9

9

3

1

2

I 90

116

90

7s

42

z

11

ZLL

95

140

64

54

28

r07

10s

1

2

5

4

I
1

1

1

1

9t-1

1

3

L4

5

8

11

6

6

2L

2l

1

1

1

4

5

1

3

3

6

4

1

1

8

1

2

3

t

10

16

2S

79

37

55

z7

19

5

44

56

1

3T

TOTAL 11 2s rs7 ZtI 316 347 LzL 3L 9 1 L?28



APPENDIX TABLE 4.6

Litter Sampling

Sclerophyllous Woodland - Males

STADIA

Date 678910111213L41516Tota1

e/s/7 4

s/70/74
' s/rr/74

e/12/74
e/L/7s
e/2/7s

-., g/i/zs
e/4/7s
tr/s/7s
s/6/7s
s/7 /7s
ro/8/7s
s/s/7s
s/Lo/7s

Lol1,r/7s

13 50

58

2

2

36

31

22

7

7.2

I
3

3

7

1

8?.

76

47

JJ

25

3

I
8

6Z

85

45

42

z8

1

0

L34

131

83

50

4L

22

54

67

3

2

1

1

1

1

4

I

1 6

3

9

z

z

2

10

8

3

6

10

5

5

9

t1
4

1

33

30

L4

15

1

1

1

1

6

2

11

7

4

14

5

2L

381

TOTAL s 32 1s9 207 297 133 lZ 845



APPENDIX TABLE 4.6(c)
Litter Sampli.ng

Sclerophyllous Woodl and - Juvenile lvlales

STADIA
Date

6 7 8 9 10 11 IZ 13 14 15 16 Total-

s/e/7 4

^ s/t0/74
e/rL/74
s/r?/74
slL/75
s/2/7s

's/s/7s
s/ 4/7s

tt/s/7s
e/6/7s
s/7 /7s
Lo/8/75

sle/7s
s/r0/7s
L0/rL/7s

13 50

58

2

2

36

3L

22

6

22

6

9

2

1

3

2

7

1

61

85

43

4L

27

1

0

35

37

29

11

9

15

58

51

2

3

1

4

1

1 2

10

8

3

6

10

5

3

6

3

I
2

2

1

19

T2

9

6

1

1

3

I

5

2t
38

7

8

5

1

ToTAL S 32 159 198 76 13 483



APPEMIX TABLE 4 .6 d

Litter Sampling

Scleropfrryllous Woodland - lt4ature lt'trales

STADIA
Date

67891011]-213L41516Total

s/e/74
slLo/74

s/Ll-/74

s/r2/74
elt/7s
s/2/7s
s/s/7s
s/4/7s
rr/s/7s
s/6/7s
s/7 /7s
L0/8/7s

s/e/7s
s/10/7s

r0/rL/7s

1 1

0

0

0

0

0

0

99

94

s4

39

32

4

0

0

1

1

1

3

2

z

1

63

64

38

27

24

3

32

27

13

11

7

1

1

TCrIAL 92t9 91 4 323



APPENDIX TABLE a.6(e)
Litter Sampling

Sclerophyllous Woodland - Intercalary lt4ales

STADIA
Date

678910111213L41516Total

e/e /7 4

e/r0/74
s/Lr/74
slrz/74
e/r/7s
e/2/7s
s/3/7s
s/4 /7s
L1,/s/7s

s/6/7s
s/7 /7s
ro/8/7s
e/s/7s
elLo/7s

r0/rL/7s
1

3

9

14

6

z

11

1

1

0

2

0

1

1

0

0

0

0

0

0

0

3

16

16

TOTAL 2298 39



APPil'ülIX TABLE a.7 @)

Pitfall Trapping

Date Average I'lunbers/Trap Date Average Nbinbers/1iap

Grassland Woodland Grasslancl 1{oodland

27 -28/Lo/72

20-29

29-30

30- 31

sL-L/fi
r-2
2-3

s-4

4-5

s-6

6-7

rr-Lz/12/72
12-ls
13-14

14-15

15-16

16-T7

17-18

2e/r/ -30/r/73
30- 31

sr-L/2/73
L-2

z-3

3-4

4-5

0. s00

0.4r7

0. 500

8.4t7
5. 000

7.250

2.583

9.750

3.167

2.583

1.500

0.357

0.929

0 .393

0.929

0.571

1.32L

0.556

1.250

0.429

0.2t4
0 .179

ts-T4/2/7s
14 -15

s-6/3/73
6-7

7-8

8-9

9 -10

10 -11

LT-T2

18-rs/s/73
19-20

20-2r

e-t0/4/73
10-11

TI-I2
t2-r3
13-14

14 -15

15 -16

s-4/s/73
4-5

5-ó

0.063

0.125

0.625

0.563

1 .000

1.438

1 .813

3. 500

1 .750

2 .688

4.375
4 .500

4 .875

2.750

4.438

0.281

0.125

0.125

0.375

4.7r9
1. 281

0.7s0

0.281

0.750

7 .188

2.000

2.t25

0 .094

0.125

0.031

0.1s6

0.094

1 .656

3.78r

0.813

1.125

0.594

4.938

2.r25
7 .250

5.688

2.8I3
0.667

7 .200

2. 500

3.I25
3.188

1.063

0.563

0 .938

0 .000

0.031

0.031

0.000

0.000

0.094

1.406

0.318

0.844

0.313

0.406

0.250

0.594

0.875

z

3

9

75

.875

.063

.06i

.37 5

5.625

6.625

6.000



APPENDIX T/IBI,E 4.7

Pitfall 1Ïapping

Date Avera.ge Ìùlnbers/Trap Date Average lñirnbers /Trap

Grassland l\toodland Grassland Woodland

r9-re/6/7s
19- 20

20-zI

2r-22

22-23

23-24

24-25

r4-Ls/s/73
15-16

16-T7

17 -18

18-19

19-20

20-2I

r2.625
11. 813

LZ.56s

7. 500

6.688

4. 875

6.000

4.62s

5. 563

10.125

4 .458

6.000

4 .813

4.000

3r/8-r/s/73
r-2
¿-5

r-2/r0/73
2-3

3-4

4-5

5-6

6-7

7-8

s-6/rr/73
6-7

7-8

8-9

9-10

10-11

II-IZ

Lo-fl/r2/73
l,L-I2
tz-I3
L4-7s/r/74
15-16

]-5-r7

0.458

2.57L

3.2L4

1.313

4 .188

6" 313

4.875

2.563

4.3L3

6.000

1.813

4.r25
5.938

7.875

s.I25
3. 500

4 .000

2.250

2.37 5

3. 063

11 .875

14 .875

13.813

2.L25

2.9s8
2.2I4
L.267

0.7s0

L.62s

2.000

0 .125

0.625

0.750

0.313

1 .406

0.500

0.531

0.188

0 .156

0.2I9
0.313

0.125

0 .219

0.531

0.2T9

0.344

0.344

0.313

0 .156

0.281

0.188

0.063

0.063

0 .000

0 .156

0.344

0 .063

0.063

0 .063

0.2I9
0.344

0.156

0.r25
0"656

0.313

0.438

0.313

0.276

0.094

0.406

0.250

0 .406

0.313

0.250

0.2s0

L.37s

0 .406

0.156

0.125

0 .063

0.406

0.031

u

tì

{

23-24/7 /73
24-25

25-26

26-27

27 -28

?.8-29

29-30

27 /8-28/8/73
28-29

29-30

30- 51



APPENDIX TABLE 4.8

l.L¡nbers of O. rnoreletii taken in pitfall traps in the
gras s 1 arrcl/Nurnber-sffT mor e I et i i co I 1 e cted i.rr s ample s

of pasture -frasË-FTñe same time.

¡

,t

¡¡

)

t
.f

,f

i
I

I

I'I

STADITM

678910 11 L2 l.3L4 15

Total
Mar. 73

Apr. 73

Jul. 73

Nov. 73

Jan. 74

Females

Itlar. 73

Apr. 73

Ju1.73
Nov. 73

Jan. 74

Males

Mar.73
Apr. 73

Jul.73
Nov. 73

Jan. 74

Jtw. Males

NIat. ltdales

lvfar. 73

Apr. 73

Jul.73
Nov. 73

Jan. 74

Nfar. 73

Apr. 73

Ju1.73
Nov. 73 0

Jan. 74 0

0.17 0.69 6.90 9.53 31.00 00

7.83 I .00 20 .76 22.96 29. E0 33. 00

0.13 1.75 2.08 3.61 2.56 4.00

0.29 0.10 0.48 r.74 2.88 3.40

0.60 1.s3 5.16 6.33 4r.00 57.00 20.00

5.50

z.t3

oô

0 .22 0 .67 58 .00 18 .67 24 .00

27 .00 43.25 20 .69 34 . 00 45 . 00 oo

0 .10 1.60 3 .4r L.7r
0.30 0.00 0.43 2 .05 2.08 4 .86

0.86 1.55 6.15 8.00 o¿ 51.00 19.00

.7t 4.3s 3 .44

4.00 8.00 18.03 25.64 27.00 21.00

0.28 0. 21

0 .42 r. 52 4 .08

z.4L 4.L7

0 . 50 1.10 3 .57

2.80

.28 0 .2r 0.50 0.6

.42 r. 52 4.08

4.30 3.44

17.88 25.55 27.00 2r.00

2.s2 4 .I7 5.50

0

f



APPENDIX TABLE 4.9

Soil and Litter Sanpling

Open Grassland

TUssocks of L. fibrata
Data in Table alã(á)'îorrected to nurbers of 0. moreletii per
0.1m2 of tussock on each sampling occasion.

t

i
lr'

t
i
t
f
1

i
I

i
I
ISTADIA

EP1Z34 5 6 7 8 9 10 11 12 13 14 15 16 Total

N1
D2
Ð3
F4
M5
A6
M7
J8
A9
s10
011
NL2
JL3
FT4
M15
A16

1

6

5

8

?k*rk

*tr*

*¡t*:Tz 3

*310
530

18

10

*?kfr

377
8 364

s zzz

191
sz
83
s49
65 12

68 Z3

12 16

27
6

56 ?7

106 25

4s2 s0

384 43

507
3 428

L46
tz

31 8

290 3s

14s 11

575
L74
2s 10

41 15

289
33 10

38 14

46
817

L7 13

89
129
135

374 29

47 16

5T2

6

JL

69

70

10

2

?,

48

98

29

4

28

3

1

aL

B5

342

l.07

38

2

3

z

3

34

466

87

5

1

7

33

1

)

17

?,0

29

18

30

50

10

1

1163

806

98

91

9

34

7

1

4

3

2

?

ó

5

2

11

J

10

J

L32

850

81.5

360

104

70

135

146

1s4

105

110

184

1788

1049

620

545

5

7

3

1

1

1

1

1

I 1

1

1

1

1

5

I
3

4

0t7
J18
M19
020

z

')

3

I
111

907

93

24



APPENDIX TABLE 5.1

Results of Probit Analysis as reported in Sectj.on

5.4, Experiment 3.

l

O. moreletii males

Yn

080
1 160

2 l60
3 r20
4 ],'20

580
640

O. moreletii females

80

160

160

240

200

80

40

r
6

s4

67

65

90

78

40

5

3

29

157

182

78

40

p
(c = .075)

0

.148

.372

.505

.730

.973

1.000

p
(c = .041)

.146

.639

.906

.974

1.000

Bnp
trrob

5. 96

4.67

5 .01

5 .61

6.95

Prob.

5.95

5.36

6.32

6.94

rnDC

0

1

2

3

4

5

6

FrTrp

l\tiere; æ= duration of exposurê, D = nunber of millipedes in each

treatment¡ T = ntrnber that died, p = proportion dead (corrected by
Abbottrs formula), Bnp. Prob. = Enpirical Probit.

¡
t'
i'



APPEI\TDIX TABLE 5.2

% Water Clontents of 0. rnoreletii
Collectecl at Bridgewater.

(È + s.E.) (N)

It4ales Fenales
Dates Grassland Woodland Grassland lVoodland

?,4 /ro/7 4

24/rL/74
24/Lz/74

24lr/7s
26/z/7s

24/3/7s

24/4/7s

26/s/7s

24/6/7s
zs/7 /7s
2s/B/7s

24/e/7s

24/ro/7s

67 .6

70. 0

66 .8

66 .0

68.2

65.6

63. 8

62.7

6r.7
60.5

61. 9

67.L

64.6

+ 0.6
-r. 0.7

0.4

0.s

0.7

0.4

0.3

0.3

0.3

0.5

0"5

0.8

0.7

(s0)

(47)

(s 0)

(37)

(40)

(4e)

(s0)

(s0)

(4e)

(s0)

(s0)

(33)

(34)

68 .9

/ ¿.5

69.0

69.9

7r.9
66.7

65 .1

66 .1

67 .3

6s .8

69.3

71.8

67 .0

+ 0.

+ 0.

7 (so)

e (so)

s (so)

7 (so)

6 (so)

s (so)

s (s0)

I
I
I
I
+

I
I
I
I
I
+

68.8 + 0.6 (28)

74.4 + 0.9 (zs)

73.6 + 0.5 (s)

70.2 + 0.8 (r2)
1
I
I
I
1
1
I
I
1
1
I

7r.2 !0.s (s0)

7L.4 + 0.9 (48)

74.2 + LS (19)

72.4 + 0.6 (s7)
0.

0.

0.

0.

0.
I
I
I
1
I
+

:
+

0.4

0

0.4

5

66.7

66.7

63.7

64.L

62.7

6r.2
70.4

66.6

0.s (4e)

0.4 (so)

0.4 (43)

0 .3 (4e)

0.3 (s0)

0.s (46)

1.1 (16)

0.7 (27)

0.4 (4e)

0.4 (so)

0.5 (so)

0.8 (3e)

0.6 (so)

0.6 (4e)

70.7

69 .6

66.7

68 .0

67 .6

66.2

73.7

69. 5

0.4 (so)

o.s (so)

0.7 (so)

0.6 (so)

I
I
I
I
I
+

I
+

0.3

(s0 )

(s 0)

(s0)

(s0 )



APPI]NDIX 'TABL]] 5.3

Dry lVeights (gms) of O. ngreletii
Collectecl at Bridgewater (Jc (S.8.))

Dates
lvlales

Crasslantl Woodlarrd

Fenales

Grassland l{bodlan¿

24lLo/74

24/rL/74
24/1.2/74

24/r/7s
26/2/7s

24/s/7s
24 /4/7 s

26/s/7s
24/6/7s
2s/7 /7s
2s/8/7s
24 le /7s
24lLo/7s

.026

.027

.030

.036

.031

.035

.039

.040

.040

.043

.042

.056

.047

.038

.038

.047

.040

.044

.047

.034

.043

(.001)

(. oo1)

(.001)
( 

" oo1)

(.001)

(. oo2)

(.003)

(.002)

.038

.043

.048

.051

.049

.068

.066

.068

.063

.067

.055

.057

.07 4

(.001)

(.001)

(. 001)

(.001)

(. 001)

(.001)
(.001)

(. oo1)

(.00r )
(.001)

(.001)
(.002)

(. oo2)

.jze (.002)

.02L (.002)

.024 (.002)

.030 (.002)

(.002)

(. oo3)

(.003)

(.002)

(.002)

(.003)

(.002)

(.002)

(.002)

(.002)

(.003)

(.002)

(.003)

.0s4 (.003)

.0s4 (.004)

.038 (.004)

.046 (.002)

.066 (.003)

.06e (.003)

.081 (.004)

.07s (.004)

.088 (.003)

.087 (.003)

.a62 (.004)

. o7o (.003)



APPENDIX TABLE 5.4

Dry weights (eïs) of 0 . moreletii
Collected at Bri<lgewater ¡a+ S.E.)

lvlayr]-9TS Jtne,1975 Ju1y,1975

Pasture Grass

Sclerophyllous
üloodland

.032 (.001)

.o4e (.001)

.035 (.001)

.0s1 (.002)

.030 (.001)

.047 (.001)

.030 (.002)

.osr (.001)

.033 (.001)

.0s0 (.001)

.033 (.001)

.061 (.002)

ê

I

ú

I



APPFNDIX TABLE 6.1

Results of Probit Analysis as reportecL in

Section 6.3, Experinent 2.

9.

JC

0

2

4

6

8

l_0

TZ

I4

. noreletii nales

n

T20

IZ0

]20
T20

t20
t20
T20

120

r

5

4

35

27

50

77

74

106

64

77

89

97

Bnp.
Prob.

p
(c = .038)

)
0

.264

.194

,394

.628

.602

.878

p
(c=0)

0

.033

.125

.375

.533

.642

.7 42

.808

4.37

4.r4
4.73

5.33

5.26

6.t7

3.16

3.8 5

4 .68

5.08

5.36

5.6s

s .87

b
Énp
Pro

rX

0. noreletii females

n

t20
l-20

120

l_20

120

120

120

t20

0

4

1s

4s

0

z

4

6

I
10

1,2

14

Ithere', L = duration of exposure, D = ntmber of niillipedes in each

treatmentr T = m¡nber that died, p = proportion dead (corrected by

Abbott's formula), Bnp. Prob. = Errpirical Probit.
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