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ABSTRACT.

Itfany groups of Australian freshwater invertebrates remain little

knovm taxonomically and ecologically. The Epheneroptera is no

exception; with 72 species of nayflies described, but ecological

knowledge restricted to casual observations and one brief publication.

In South Australia only three species have previously been recognised.

one fron Adelaide, Ðd two from the south-east of the State.

The present study has recognised thirteen mayfly species in

South Australia. All species have been described fron both adult and

nymphal material and l(eys enabtring their identification are included.

Five new species have been recognised, AtaLophLebia anu,atus, AtaLoneLLa

píLosa, Jqpa pipinna, CLoeor¿ paradLeniensis, and CentroptiLwn

eLongatum; one species transferred from the genus AtaLophTebia to

AtaLoneLLa (AtaLoneLLa ineonspicun (Eaton) comb. nov.); and the

first associated nymphal descriptions of five previously described

species AtaLoneLTn inconspic+ta (Eaton) , .4. fuscuT,a (Tillyard),

Baetis soror Ulmer , CLoeon fLuui,atiL¿ Ulner , and

IaßmøIocoenis tíLLyardi (Lestage) nade. Three species have been

re-described from South Australian naterial AtaLophLeb¿a austraLís

(Walker), .4. austv,aLasiea (Pictet) and Tasmøtophlebía Lacus-eoeruLeí

Tillyard A brief analysis of interspecific and intraspecific

variation is given.

The habitats occupied by the nayfly fauna from a permanent

strean (Deep Creek) and an intermittent creek (Spring Creek) were

dctcrmincd by eomparison of nonthly or fortnightly samples taken
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frorn each locality over a twelve rnonth period. Collections were made

with a dual net sarnpler (480 Um and 110 prn mesh) that ensured

collection of all nymphal instars. The life cycles of four species

fron these creeks were determined by analysis of size frequency

histograrns. All species studied, except Tasmqnocoenis tiLLgat&i ín

Deep Creek, had polyvoltine life histories with at least three

generations per year. Two species, Baetís soror and T. tiLLyard|'

had flexible life cycles, with an increased number of generations in

the warmer Spring Creek.

Studies of egg development demonstrated two strategies;

development directly related to temperature above a threshold, and

a cool temperature induced quiescence. Light and/or photoperiod had

little effect on incubation period, and eggs of B. soror ar.d

AtaLoneLLa fuseu\a díd not survive desiccation. Survival of nayflies

in South Australian intermittent strearns appeared either to be by

entry into the hyporheos during dry periods and/or occupàtion of

residual surface pools, rather than by drought resistant eggs.

The distribution'of nayfly species within South Australia and

of these species throughout Australia was examined, and three groups

defined; two endemic species, nine species nor^I restricted to the

Mt. Lofty-Flinders Ranges (including the Fleurieu Peninsula ard

Kangaroo Island) and eight species probably re-invading fron

Victoria. The latter two gloups have cornmon species suggesting that

past distributions were more continuous. The present discontinuity

has probably been caused by increased aridity, and eustatic sea

level changes which have isolated the two faunas. The Ephemeroptera

of South Australia therefore consist of two endemic species, two

Victorian species and nine species widely distributed throughout

Australia, but retictual in South Australia.
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CHAPTER 1

r.1 GENERAL INTRODUCTION

Although abundant and in places diverse, in the aquatic

environment, Australian freshwater insects rernain little known

taxonomically with nuch of the classification unreliable belotv the

level of fanily. The Ephemeroptera, or rnayflies, are no exception

to this generalised condition rvith onLy 72 species described, nainly

from two States; New South Wales and Tasrnania. 0f the 72 species

described, only 33 have nymphs reliably associated with adults.

Edmunds and Allen (1966) noted that less than 20% of the 2,000

described species of Ephemeroptera are known frorn nymphal material.

Needham, Traver and Hsu (1955) recorded 507 North American species of

which 218 nymphs hrere known. Although the ratio of associated nymphs

to adults is nearly 50e" in Australia, the descriptions are such that

classification is unreliable. The existence of numerous undescribed

species (Riek (1970a) recorded 124 Australian species) compounds the

difficulties in classification, especially in ecological studies.

The first Australian mayfly to be described was Baetis costaLis

by Burmeister in 1839. This species rvas later placed in the genus

Potananthus by Pictet (1843), who also described B. austraLasica

frorn Ar-rstralia. In 1853 Walker described Ephemera austv'aLís ftom

Tasnania. However, all three species tvere later placed in the genus

LeptophLebia by Eaton (1871). In his monograph, Eaton included three

new Australian species in the genus LeptophLebia: L. furcifera from

Melbourne, .t. inconspictta f'rom Adelaide, anð L. stnígata from "North

Australiarr. Hc also described CoLobuv,uc haleuticus from Victoria, the

first record of the Siphlonuridae in Australia. In 1881, Eaton
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described a new genus , AtaLophLebia, with ,4. austraLis (Walker) as

the genotype and, in his second monograph "A Revisional L{onograph of

Recent Epheneridae or Mayflies" (1883-1888), included the six

Australian species (excluding CoLobutus haLeutictrs) in this new

genus. The genus CoLoburus Eaton was changed by Eaton in 1887 to

CoLoburiscus, and the Australian species was included in this genus.

In 1908, Ulmer redescribed, in greater detail, AtaLophlebi,a

fuz,cifez,a (Eaton) and the South Australian species A. íneonspictø,

(Eaton); and he recorded the first species in the Fanily Baetidae,

describing Baetis soror fron Western Australia. A nynph of

tAtalophLebia sp.r was described but not associated or narned. In

1916, Ulmer described a further six species; two in AtaLophLebia;

A. unaLnata and A. seæfasciata" three ín Euphyrus, E. miöbergi,

E. rrtguLcuLaris and E. bicon'tís, and one ín ThrauLß, T. dentatus;

and he recorded in Australia the presence of two species described

from Java by Klapálek (1904), nameLy, CLoeon vLrens Klapárek

(Ulnrer incorrectly spelt the specific epithet tLrL&Ls ) fron the

Kimberleys, Western Australia; and PseudocLoeon kraepelini lrom

north Queensland. Ulmer (f9f9) subsequently divided Thz,auLus

dentatus into two species and placed them in the genus AtaLophLebia

as A. Lueida anð A. fusca. In addition another new species,

A. sinrLLLima Ulner, üras also described (Ulmer, 1919). Needham and

Murphy (L924) erected a new genus AtaLoneLLa to include two species,

one from Chile and one from Australia (A. fusca).

The most comprehensive work on the Australian nayflies then

follorved, rvith four systematic papers by Ti11yard. The first, in

1921, recorded a ner\¡ genus of the Siphlonuridae, TasmønophLebia,

with ?. Lacustt"is fron Tasrnania as the genotype. His subsequent

a
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paper in 1935 included five new species of Siphlonuridae in three

genera; Ameletoides Lactæ-aLbinae, TasmanophLebia Lacus-coeruLei,

and T. nigrescens, CoLobtu"Lscus gigøttetæ and C. mtmíonga. A1l these

species were associated with their respective nymphs. Lestage (1935a)

placed C. gigantetts and C. mtmí,onga in the new ColobutLscoides which

distinguished the Australian species from the New Zealand

CoLobt¿riseeæ species. To Tillyard's extensive work on the

Siphlonuridae only three new species have been added, one by Harker

(1954) in the ner'¡ genus Mirautata, M. anpta., and two by P.iek (1955)

M. megaLoprepia and M. puz,purea.

Following his redescription of the genotype of AtaLophLebia

in 1934, Tillyard (1936) described seven new species of

Leptophlebiidae; A. svpenba, A. hudsoni, A. aLbitermLnata, A. ida,

A. btnmnea, A. ftæcuLa and A. deLieatuLa, two Baetidae; Baetis

frater and CLoeon tasmaniae, and one Caenidae. Lestage (1930) had

previously described a nehr genus , Ta,smanocoenis to include T. towtoirL

from Geeveston, southern Tasrnania, but Tillyard placed his caenid

in Caenis as C. scotti. Tillyard (1936) also completed the

association of nymphs and adults in the Siphlonuridae by describing

the nymph oÍ TasmanophLebia T.acustrLs Ti1lyard.

With the exceptíon of a short note by Lestage (1938) renaming

C. scotti Tillyard as C. tiLLyardí, (because the former name was

occupied), the next contributions to the systematics of Australian

Ephemeroptera were by Harker 1950a, 1954 and 1957. In these three

papers, she recorded a further 23 species of Leptophlebiidae; six

Baetidae; one Caenidae; one Siphlonuridae; and one Heptageniidae
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Five new genera, AtaLomLcr'La, Jappa, Kiz'v'at'a (Leptophlebiidae),

Brmgona (Baetidae) and ltlira,¡aya (Siphlonuridae) were erected. The

genus AtalomLcrLa was erected to include .4. tmcinata (Ulner, 1916)

anð. A. seæfa,seLa.ta, (Ulmer, 1916). The first record of the

cosrnopolitan genus CentroptiLum was made (Harker, 1957) when

C. coLLendum was described fron Kuringae Chase, New South Wales.

The ful1 list of species described by Harker is given in Table I.1

Denoulin (1955a) considered that two species described by

Ulmer (1916 and 1919) could not be validly placed in an existing

genus of the Leptophlebiidae, and therefore erected two new genera,

Thz,auLophLebia and uLmerophLebía to include 7. Lucida (Ulner, 1919)

and ll. n4j0bergi (Ulrner, 1916). In the same year Denoulin (1955b)

re-described the genotype of Iasmanocoenis (Caenidae) and recognised

t}:at Caenis tí,LLgardl (Lestage) belonged in this genus.

In seven systematic papers published since 1957 only five new

species have been added to the known Australian mayfly fatura. In 1955,

Riek revised the family Siphlonuridae (as the subfanily Siphlonurinae)

adding two nerv species , Mirauana megaLoprepia and M. puxplÆ,ea; and

in 1963 he recorded the first representative of the fanily

Ephemerellidae, AustxemereLla pí,cta in Australia. Alterations to

the generic classification have been made by Thew (1960),

Williams (1968) and Riek (1970a). Williams stated that

'tULmez,ophLebia, Caenis, and Atopopus, according to Mr. E. F. Riek,

C.S.I.R.0., are possibly s)ryìonymous with, respectively, the genera

Jqpa, TasmøLocoenis and AtaLonelLa. The rejection of Atopopus

means that the family Heptageniidae, contrary to the earlier

indication of Flarker, is not present in Australia. DeLeatiùLum is

now regarded as Atalophlebioides'l Demouhn (1955b) had previously



TABLE I. 1

The Australian Epherneropteran species described by Harker
1950a, 1954, and 1957. Genera marked (*) r¡rere erected by Harker.

Fami ly Spe cies Year of
Description

Leptophlebiidae At aL ophL ebí a Lon gt caud.at a

A. maroaorta

A. maeuLosa

A. incerta
A. kokunía

A. miwtga

A. pierda
A. tuhLa

A. kaLa

A. Auganq,

A. darm,mga

D e Le ati dium øtnuLatwnt

D. pusiLLurnr

D. decLpíenst

D. møtatunl

D. ( AtaLophLebioídes ) qnnuLatwnr
(in DeLeatí,diwn)

D. (Ð. bunduttanr

D. (A). crassar (ín LeptophLebia)

AtaLoneLLa parua ( in AtaLophLebia)

A. dækara
* AtaLomLev,ia uncinata ( Ulmev,)

*A. serLfaseùata (ULmev')

*J@po kutera
*J. tr"Lstis
xKirraz,a proeera
xK. amenia

K. algona

1950

195 0

195 0

1950

1954

1954

1954

r95 4

1954

195 7

195 7

195 0

r95 4

1954

I 954

1950

195 4

195 0

1950

19s 7

1 954

1954

1 9s4

1954

19s4

1954

195 7

Continued



Table I.1 (Cont. )

Fanily Species Year of
Description.

Baetidae Baetis badá,amsae

B. confLuens

B. sogerLensís

CLoeon nart&Lrum
* Brmgona nayiLLa

C entroptí Lwn co Llendtm

Caenidae Iasmøtoeoenís jiLLongi

Siphlonuridae *Miraudra aapta

Heptageniidae Atopopus spa&iæz

195 0

1950

19s4

19s7

195 7

195 7

195 7

1954

1950

I Species now placed in the genus AtaLophLebioides

2 Species now placed in the genus AtaLoneLLa
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placed the only species described in the genus Caenis Ln

Tasmanocoenis lT. ti,LLyardi (Lestage)] and Thew (1960) accepted

this generic change. Although the rejection of Atopopus by

lVilliams (1968) u¡as not a formal publication of a synonymy it is

accepted by Riek (1970a) who states rrThe Heptageniidae were

incorrectly recorded in the Australian fauna by Harker (1950, 1954).t'

Riek (1970a) also records the presence of. L24 species of Australian

mayfly, 52 rnore than have been described, and although there are

probably numerîous undescribed species, until descriptions are

published they cannot be recognised. In 1978 Soldan described a ner.{

genus in the F. Caenidae, and described two new Australian species

Pseudocaenis queensLandica and P. rí,eki. These descriptions were

not available for consideration by Suter (1979) in a revised key to

the Australian nayfly nynphs, and consequently Pseudoeaenis was

not mentioned.

Ecological information about Australiàn rnayflies is almost

non-existant. Although Tillyard (1933, 1934, 1956); Harker (1954);

and Riek (1955, 1970a) record some ecological infornation in their

taxonomic papeïs, only Harker (1950b) has published a paper on any

aspect of the life of Australian Ephemeroptera. Other ecological

studies have been linited by the lack of taxonomic inforrnation

(Leonard and Timms, 1974; Thorpe and Lake, 1973; Lake, Coleman,

Mi11s and Norris, L977; Knott, Suter and Richardson, 1978).
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Taxonomic studies on the Austrarian mayflies in previous

years have tended to treat the ecological aspects superficially, not

recognising that ecological infornation on each species is useful in

the final taxonornic product. To attempt a taxononic revision of the

Epheneroptera of the Australian continent, in the rinited period of

tirne available for the present study, was not only logistically

inpossible (due to the size of the continent, numerous environments

involved from alpine to coastal, cool ternperate to tropical) but would

necessitate the superficial treatment of the ecology of each species,

probably to the detrinent of the final taxonomic product. For these

reasons, only a relatively snalt geographical region has been treated

both taxononically and ecologicarry, in an attempt to clarify some of

the taxonomic confusion that now exists, and to obtain some

ecological understanding of the Epherneroptera in an Austrarian

environment.
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CHAPTER 2

TAXONOIvTY 0F

THE EPHEMEROPTERA OF SOUTH AUSTRALIA.

I I. 1 Introduction

The first species of mayfly fron South Australia was

recorded by Eaton in 1871 when LeptophLebia inconspicua was

described frorn Adelaide. In sr-tbsequent papers, 1885-lBB8,

Eaton placed this species into the new genus AtaLophLebia.

Since that date only two other records of the Ephemeroptera

in South Australia have been made. Harker (1954) recorded

AtaLophLebía atætt'aLasica from Tillyardr s 1934 collection

near lr'ft. Gambier; and Tinms (L974) recorded a 'tCaenis sp.tl

in Valley Lake, Mt. Gambier, and L. Edward near Millicent.

Both IVilliams (1968) and Riek (1970a) acknowledge the presence

of rnayflies in South Australia, but neither nention any

specific fanilies or genera.

With the exception of the species described by Eaton (I871)

the other records of Epheneroptera are from the wet south-east

of South Australia. It appears that because South Australia

is the driest State in Australia, the existence of fresh water

in regions other than the south-east had been ignored, leaving

a large gap in our knolledge of Australian freshlater

inverÞbrates, and zoogeographical relationships of these

animals.
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Preliminary collections fron the Fleurieu Peninsula, the

Mount Lofty Ranges and the Flinders Ranges showed that nayflies

were abundant in all permanent freshwater streams, waterholes

and in rnany dans and reservoirs. Further collections fron the

freshwater habitats in South Australia have led to the

recognition of 13 species of Ephemeroptera, aLI,but one, of

which have nynph and adult associations confirmed in the

laboratory or in the field.

Fron the onset of this study it was clear that many of

the characters used to classify species of Ephemeroptera had

not been subjected to rigorous appraisal and analysis to

detennine the amount of variation that does occur within a

particular species. There are certai-n notable exceptions to

this, especially work in the F. Baetidae by lt'lü1ler-Liebenau

(1969, 1973), and Thew (1960) in the F. Caenidae. The

revision of the European species of Baetís by Müller-Liebenau

(1969) included assessnent of qualitative characters which are

useful in the separation of species, and Thew assessed the

characters used to determine the genera of the Caenidae using

both qualitative and quantitative characters. Studies of this

nature are necessary to enable a rationalization of the

Ephemeroptera speciest classification, based on character-

istics which do not show excessive geographical or environ-

mental nodification. The problem is compounded in that charac-

ters which distinguish species in one particular genus may be

of 1itt1e use for the determination of species in any other.

Tlre only way to determine rvhich characters are useful is to

analyse them individually.
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In the classification of Australian Ephemeroptera many

variable characteristics have been used, and even though

variation has been noted, these characters have stirl been of

prine importance in the separation of species (as occurs in

the Siphlonuridae, Riek 1963).

Harker (1950a) clained that rnarry of the characters

previously used in classification of Australian nayflies were

rrunsatisfactoryrt. Although much of her evaluation of

characters hr¿ts at the generic or fanily leveI, a few characters

were considered useful for specific determination of adults,

viz, genitalia (forceps and penes in nales, and the ninth

sternite in females), shading and coloration of wings (especially

in the subinago) with the tmderstanding that physiological

variations in the nyrnphs especially, nay alter the degree of

coloration. In the nyrnphs, Harker (1950a) considered there

hrele more numerous characters useful at the specific level; eye

colour, the labrum, relative length of labial palp segments,

and the "form of the paraglossaet'. Colour patterns were

considered of inportance if precautions were taken, and the

patterns were not accepted as being rigid. Harker concluded

I'it appears that very few characters are stable enough to be

used as primary taxonomic characters; however, it is not by

single characters that species are separated, but rather by

combinations which only become recognisable when a long series

is examined't (Harker, 1950a). Altl'rough the sentiment of this

statement is true, use of many characters which are not

consistently expressed within a population, or between

populations over the geographical distribution of a species,
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can only lead to dubious classification, especiarly if the

linits of variability cannot be detineated.

Tsui and Peters (r972) compared the thoracic norphology

of some selected Leptophlebiidae geneïa, and exarnined three

species of LeptophLebía to deternine which thoracic characters

hrere congeneric. They concluded that rrthe thoracic characters

of the irnagos rernained constant among the three different

species of the genus. However, allonetric differences hrere

detected in the nesonotun ... (and) it appears that the

diagnostic characters found in the thorax are congeneric,

although some minor differences especially in size do occur

between species of the same genus'r (Tsui and peters, rg72).

The cornparison of the mesosternurn length, basisternun width

and furcasternum width using a triangular scatter diagran

suggested that these measurements nay be useful in the

separation of closely related species.

rn a discussion of good taxonomic characters Blackwelder

(1967) considered seven criteria:

"1) They are not subject to wide variation among the known

specimens,

2) they do not show a high intrinsic genetic variability,

3) they are not readily nodified by the environnent,

4) they are consistently expressed,

5) they are available in the specirnens which must be used,

6) they are visible with reasonable procedures, and

7) they can be effectively recorded.

Of these the ones representing the inl-rerent nature of the

animals 1) - 4), are the most important, but failure to
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consideT the others can seriously affect subsequent use of the

characters .tr

The above criteria were considered of fundanental

importance in the classification of the south Australian species

of Epheneroptera, and for species which were abtrndant in the

collections, sexual and geographical cornparisons of taxonornic

characters, both qualitative and quantitative, were made.

Ful1 descriptions of the 13 species of mayfly recorded in

South Australia are rnade, and a discussion of character

variation within each abundant species is given. In the genera

AtaLophLebì.a and. AtaLoneLLø inter-specific comparisons of

morphonetric characters were also nade.

II.2 Materials and ltlethods

Collection of nymphs was by dip net with nesh pore size of

500pn, or by ha¡rd collecting nymphs clinging to the under-

surface of rocks or bark in streams. Adults were collected by

beating the vegetation along river banks with an Entomologicar

Supplies aerial insect net, or by sweeping the net through a

shrarn. Specirnens were preserved in 70% ethyl alcohol with 5%

glycerol added.

Nynphs and adults were associatecl in the laboratory whenever

possible, but sonre field associations had to be made. fn each

case, last instar nymphs were placed in plastic contaj.ners with

detritus, rocks, and water from the place of collection. A
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nosquito-mesh top was placed over the container to al1ow free

air florv. The rocks were not submerged, allowing a dry

platform from which emergence could take p1ace. When the

subirnago emerged, it was transferred to a dry mesh-covered

container, and kept at as near 20oC as possible until the

subimaginal skin was shed. The reared irnago was allowed to dry

and its cuticle to harden for two to three hours before it and

its subirnaginal skin were preserved in the same vial as the

nynphal exuvium.

This nethod failed for species which live in fast flowing

water, e.g. Baetis. In these cases, associations were

obtained using a nodel strearn sinilar to that used by Bishop

(1969) in his study of drift. Water terperature varied between

2O-30"Ci the light regine used was long day, short night

(16 hours :8 hours) and the discharge of the system r^Ias seven

litres per ninute. Current was variable, exceeding 15cn sec-l

in the shallow 'rriffler? section and approaching Ocm sec-l in

the deeper rrpool'r section.

Specirnens for study were dissected under a Wild lt{S

Stereoscopic microscope, and the appendages (Iegs and wings of

adults; legs, mouthparts and gills in nymphs) were mounted

on glass slides using 'Euparal' or Polyvinylalcohol (P.V.A-)

mormting nedia. The sterna, and nymphal abdominal terga, were

prepared using the techniques of Tsui and Peters (1972, 1975),

and the nymphal tentoria were studied by the methods given by

Hudson (1951). All were nounted in rEuparalr.
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The two rnounting rnedia mentioned above were used because

both allowed for structures to be nounted directly from an

ethanol solution (absolute ethanol for rEuparal') without

necessitating the use of clearing agents or intermediate

solutions. Wing structure was not in any way affected by

these mountants, and consequently the use of dry nounts (as

suggested by Edrm.rrds, Jensen and Berner, 1976) Ï¡as elininated.

Genitatia, eggs, and nymphal terga were either mounted on

slides or prepared for the Scanning Electron Microscope (S.E.M.).

Air drying fron absolute ethanol I4Ias used for nynphal

structures, but shrinkage and distortion occurred in some egg

and genitalia preparations. Critical point drying elininated

both shrinkage and distortion. The specimens were passed

through an ethanol series to absolute ethanol, and after two

changes in this solution were placed into a 1:1 solution of

ethanol and arnyl acetate. After $- L hout the specimens weïe

transferred into absolute arnyl acetate, in which they remained

for one hour. In the Critical Point Dryer (OMAR SPC 900/EX) the

anyl acetate in the specimens is replaced with liquid C02 by

five successive washings, and then at 42"C and 1300psig the

C02 volatilizes leaving dry, fragile specirnens. These were

mounted onto stubs with Silver Dag, and then coated with Au/Pd

and studied under an E.T.E.C. Autoscan with an operating

voltage of 5, 10, or 20 KV.

Illustrations of wings and body colour-patterns were made

using a lVild ltl3 or M5 Stereoscope rvith an attached dratving

head. Legs, mouthparts, gills ancl high magnification (7 tOOxl

illustrations rvere made using a IVild compound microscope and
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canera lucida. All rneasurements were made using a Wild M5

Stereoscope with a focussing eyepiece graticule. The re-

descriptions of previously described species incorporate any

observed variations but, in the case of new species, the type

specimens only were described.

Wing venation terminology is based on Tillyard's (1932)

scheme as illustrated in Figures II.la and II.lb. This scheme

has been used extensively by previous authors subsequent to

1932, including Peters and Edmunds (1964, 1970, 1972) and

Ednunds, Jensen and Berner (1976). Each segment of the fore,

niddle and hind legs of the nyrnph and rnale imago is compared

to the length of the femur, and is expressed as a ratio. The

absolute length of the femur is given last in parentheses.

Peters and Edmtmds (1964, 1970, 1972) expressed the segrnent

ratios in terms of the tibial length (performed only on the

fore 1eg), but this was not used because of the difficulty of

deternining the tibial length in specimens in which there is a

degree of fusion of the tibia and first tarsal segment. In the

case of middle and hind legs in some adults of the Leptophleb-

iidae, the fusion is complete and the tibial length cannot be

determined. The femur does not present this problern as it is

always a distinct segment, and it is therefore considered a

better standard for comparison. In figures of the labium, the

nethod used by Peters and Ednunds (1964, 1970, 1972) is

followed, with the ventral surface shorvn on the right hand side

of the illustration, and the dorsal surface on the 1eft.

Comparative measurements of the segments of the labial palpi

and maxiTIary palpi are e4pressed as ratios, corypared rvith
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the proximal segment length, which is given in parentheses.

All measurernents are given in millinetres,

The localities from which material was examined are given

at the end of each speciesf description. Full locality and

collecting data is presented in Appendix I and discussed in

Chapter 6.

For the assessment of norphometric character expression the

cornparison of absolute values of length weïe not made because

length varies widely, depending on physiological and

environmental factors (especially temperature and food supply).

A ratio of a dinension to a standard dimension (body length, as

measured frorn the front of the clypeus to the posterior margin

of the 10th abdominal tergite for adults, and head width, in

nymphs, as measured across the lateral compound eye near the

posterior margin of the head) was calculated to elininate

variation in size differences. Ratios of segment lengths and

widths were also calculated to validate comparisons between two

populations or two species. The ratios calculated for this

quantitative analysis are listed in Table II.t. For each

character the mean, standard deviation and range were determined

and intra-specific and inter-specific conparisons were nade

using Studentsr rrtrr test. The thoracic morphological

characteristics of AtaLophLebia attd AtaLoneLLa were compared

using a triangular scatter diagram in which the actual values

were not plotted, but rather their percentage contribution to

the sum of the characters. Qualitative characters, listed in

'l'able II.2 were not of the correct form to be subjected to

statistical analysis, and are discussed separately.



TABLE II.1

Morphometric Characters used in the analysis of character
expression of South Australian rnayfly species.

Male Imago.

Notal Length/Body Length

Mesonotal Length/Body Length

Pronotal Length/Body Length

Mesonotal Width/Pronotal Width

Notal Length/Mesonotal Width

Fore Wing Length/Body Length

Hind Wing Length/Body Length

Fore Wing Length/Fore Wing Width

Hind Wing Length/Hind Wing Width

Appendix Dorsalis Length/Body Length

Cercus Length/Body Length

Appendix Dorsalis Length/Cercus Length

Fore Femur Length/Body Length

Fore Tibia Length/Femur Length

Fore Tarsus 1 Length/Fenur Length
tfTarsus2tr/"rr
tt Tarsus3 rr / " rr

rr Talsus 4 rr / ,, il.

il Talsus5 il / " il

Middle Femur Length/Body Length

Itliddle Tibia Length/Femur Length

N{iddle Tarsus I Length/Femur Length
tf Tarsus2 ,, / il il

rr Tarsus 3 t, / rr rr

il Tarsus4 " / rt il

ft Tarsus5 " / rr It

Hind Femur Length/Body Length

Hind Tibia Length/Femur Length

Hind Tarsus I Length/Femur Length
tt Tarsus 2 tt / t' rr

ff Tarsus5 rt / ,, il

NL/BL

MNL/BL

PNL/BL

MNt\r/pNW

NL/MNW

FWL/BL

HWL/BL

FWL/FWW

HWL/HWW

ADL/BL

CL/BL

ADL/CL

FFL/BL

FT. L/FFL

FT rLlFFL
FTzLlFFL

FT 3LlFFL

FT4L/FFL

FT5L/FFL

r4FL/BL

MT. L/MFL

MT 1LIMFL

MIzLlMFL

MI elllt{FL

MT+L/MFL

MIsL/MFL

HFL/BL

HT. L/BL

HT iLlrrFL
ItT |L/HFL
HT 3LlHFL

Continued



Table II.1 (Cont. )

Male Imago (Cont. )

Hind Tarsus 4 Length/Femur Length
r? TaTSUS5 il / ,, il

Me sobasisternun Length/Width

Mesofurcas ternum Length/Width
Me s ob as i s te rnum Len gth /Me s o furcas te rnun Len gth

l4ature Male and Fenale Nymphs.

Notal Length/Head Width

Mesonotal Width/Head Width

Pronotal Width/Head Width

Mesonotal Width/Pronotal ItIidth
Notal Length/Mesonotal Width

Appendix Dorsalis Lengrh/Head Width

Cercus Length/Head Width

Appendix Dorsalis Length/Cercus Length
Fore Femur Length/Head Width

Fore Femur Length/Fenur Width

Fore Tibia Length/Femur Length

Fore Tarsus Length/Femur Length

Middle Femur Length/Head Widrh

Middle Femur Length/Femur Width
Middle Tibia Length/Fenur Length

Middle Tarsus Length/Femur Length

Hind Femur Length/Head Width

Hind Femur Length/Femur Width

Hind Tibia Length/Femur Length

Hind Tarsus Length/Femur Length

HT4L/HFL

HTsL/HFL

MBSL/MBSI\I

MFSL/MFSI\I

MBSL/lvlFsL

NL/HW

MNW/HW

PNW/HW

Mil\I/PNW

NL/MNW

ADL/HW

cLlHr\I

ADL/CL

FFL/HW

FFL/FFW

FT. L/FFL

FTaL/FFL

MFL/HW

MFL/MFW

MTiL/MFL

MIaL/MFL

HFL/HW

HFL/HFW

HT. L/HFL

HT aL|HFL

Maxillary palpi :

Basal Segment Length/lttidth BL/BW

Middle Segrnent Length/Width ML/NI1!

. Apical Segment Length/Width ALlAtV

Middle Segment Length/Basat Segment Length ML/BL

Apical Segrnent Length/Basal Segment Length AL/BL

Continued ...



Table II. 1. (Cont. )

Labial palpi ?

Basal Segnent Length/Width

Middle Segnent Length/Width

Apical Segment Length/Width

Middle Segnent Length/Basal Segnent Length

Apical Segnent Length/Basal Segment Length.

Paraglossae Length/Width

Labrun Length/Labrun Wi dth

BL/BW

MLlMW

ALlAW

ML/BL

AL/BL

PLlPW

LL/LW



TABLE II.2

Qualitative characters assessed for variation of expression in
mayfly species in South Australia.

Male Inago.

Genitalia Forceps shape

Penes shape

Wings; cross-venation, colout
Legs; narkings, tarsal fusion
Tarsal claw structure
Colour; dorsal and ventral colour patterns

Female Imago.

Ovipositor structure
Egg norphology (in a few species only).

Mature Nyrnphs

Sex

Colour pattern : dorsal and ventral
Eye colour
Leg rnarkings

Tarsal claw structure
Abdominal Tergite spination
Postero- lateral abdominal spination
Gi11 structure
Mouthpart structure;

Labial palpi, shape and spination
Hypopharynx shape

Labrum, shape and dentition
Maxillary pa1pi, shape and spination
Mandibles, incisors and prostheca structure



16.

Two species of AtalophLebia, A. austraLís and

A.austraLasica and two species of AtaLoneLLa, A. fuscatLa

and 4. inconspiclla vtere subjected to intra- and inter-specific

comparisons. Baetis and Tasmøtoeoenís (each nonospecific

genera in South Australia) were only assessed for intra-

specific variation. The other seven species recorded from

south Australia were infrequent in collections and suitable

naterial was not available to perform the quantitative

comparative analysis.

II.3 Keys to the South Australian Epherne roptera

The following keys will serve to distinguish the rnale inagos

and mature nynphs of the species of Ephemelopteïa recorded in

South Australia. Figures are included with each couplet to

give illustrated examples of the key characters, although

occasionally these are not required (e.g. 'rappendix dorsalis

presentrr as compared rvith I'appendix dorsalis absentt').

The key to the imagos is prinarily for male specimens

because species identification of the female irnagos is often

very difficurt as external morphological characteristics of the

fenale show generic, rather than specific affinities. Only

direct association with nymphs can allow accurate identification

of females, using external characters. However, with the

Iimited South Australian mayfly fauna the females have also

been included in the key, and can be distinguished by external

morphological characters in all genera with the exception of

AtaloneLLa. The external characteristics are useful to



II.5.1

L7.

distinguish this genus, but species separation is difficult

without direct nymphal association, or a study of the norphology

of fertilized eggs. Identification of subinagos is not as

successful. Generic segregating characters are present in

subinagos, and generic identification can be made using the

imago key. For specific identification it is necessary to refer

to the subirnago characteristics listed in the description of

each species.

to South Australian Adult E eme era

Ia Hind wings comparatively large, about half as long

as the fore wing (Figs. II.29a, b). Male penes long

and tubular (Figs. II.31a, b) .

Siphlonuridae

Only one representative in South Australia :

T as møtophLebi a Laeus - eoe ruTz¿

1b Hind wings sma11 or entirely absent

2a(r) Fore wings with many cross veins; hind wings small,

also with many cross veins (Figs . ,I I . la, b ; 3a, b;

5a, b; 8a, b; lOa, b; l2a, b, c; 18a, b).

Leptophlebiidae 3

Fore wings with ferv cross veins, clear open

appearance, hind wings present or absent, if present

reduced, with cross vej-ns fel or absent (Figs.

II .22a, b; 24a, b; 26a; 32a). 9

2

2b



3a(2)

3b

4a(3)

4b

5a (4)

18.

Tarsal claws of each pair similar, elongate,

slender, hooked distally (Figs. II.1g; Sg;

5h; Bg; 10g; I2f; fore wingsl3 x longer than

wide (Figs. II. la; 3ai 5a; 8a; 10a; I2a) .

Tarsal claws of each pair dissirnilar, one

elongate, slender, hooked distally, one blunt

with a distal tooth, club shaped (Fie. II.1Bg);

fore wings > 3 x longer than wide.

Male genitalía (Figs.II.18c; 20a, b) .

Jqpa

0n1y one sp. in South Australia J. pipinna sp. nov.

Large species, body length > 8mm; fore wing

9 - 13run; Sc of hind wing reaches wing rnargin

at 9/ 10 wirrg length (Figs. II. rb; 3b; 5b).

AtaLophLebia

Snall species, body length < 7mm, fore wing

5 - 7.5nm; Sc of hind wing reaches wing margin

at 3/4 of wing length (Figs. II.Bb; 10b; l2b).

AtaLoneLLa

Males and fernales with appendix dorsalis

(central caudal filament); body colour

ye llorv/brorvn (orange) .

4

5

'7

6



5b

6a (s)

19.

Males without appendix dorsalis (present in

fernales); body colour black. lvlale genitalia

(Figs. II.3c, d; 7c, d).

AtaLophlebi a at¡s tz,aLas i ca

Fore wings with darker pterostignatic region,

cross veins of costal and subcostal spaces shaded

with b1ack, hind wings and rest of fore wings

hyaline (Fig. II.la, b); body ye1low with black

thorax. Apices of penes widely separate and

divergent (Figs. II. Ic, d; 74, b) .

A. austyaLis

Fore wings tinged entirely with ye1low,

pterostigmatic region darker than rest of wing;

hind wing grey-brorvn, darker than fore wing

(Fig. II.5a, b). Apices of penes convergent

(Figs. II.5c, d; 7ê, f).

A. atæatus sp . nov.

Two halves of penes distinctly separated forrning

aUshape(Figs. II.10c,d; 15c, d); wj-tha

snal1 triangular spine on inner nargin (visible

using transmitted 1ight, Fig. II. r0c) .

AtaLoneLLa fuscula

Trvo halves of penes held close together,

without spine.

6b

7a(a)

B

7b



8a(7)

8b

Penes with two ventral lobes near apex

(Figs. II.8a; 15a, b) .

Penes without ventral lobes (Figs.

15e, Ð.

20.

A. ineonspieuta comb.nov.

rr .r2d, e;

A. piLosa sp. nov.

sa(2) Males with turbinate eyes (fenales without

dorsal compound eyes) ; marginal intercalaries

short, developed between the ends of the nain

veins (Figs. IT.22ai 24a; 26a, g); hind wings

present or absent. Baetidae 10

9b Males and fenales with snall lateral eyes,

dorsal compound eyes absent; no marginal

intercalaries present (Fig. If.32a); hind wings

absent. Penes fused with apical indentation,

forceps strongly bowed (Figs. II.51c; 32d).

Caeni dae

Only I species in South Australia

T asmøto coenis tiLLy ardi .

10a(9) Hind wings present 11

10b Hind wings absent CLoeon T2

f la(10) lvlarginal intercalaries of fore tving paired

(Fig. II.22a). Male genitalia (Fig. II.20c; 22ð)

Baetis
Onfy 1 species in South Australia; B. soror



1]b

12a( 10)

r2b

2I

Marginal intercalaries of fore wing single

(Fig. TI.24a). Male genitalia (Figs. II.20d; 24d).

CentroptiLum

Only 1 species in South Australia C. eLongatum sp.nov.

Males with turbinate eyes, yellow; terninal

segment of forceps triangular (Figs. II.2Of; 26I);

females with costal and subcostal spaces of wings

shaded red/brown; body length > Bmm.

CLoeon paz,adieniens is sp,nov.

Males with turbinate eyes, sepia; terninal segnent

of forceps small and globular (Figs. II.20e; 26d);

females with costal and sr_rbcostal spaces of wings

opaque, milky; body length < Smn.

C. fLuuíatiLe

II.3.2 Key to rhe Nymphs of South Australian Eph emeroptera

1a Head prognathous; tail filaments with whorls

of setae at apex of each segment, body dorso-

ventrally flattened. Families Leptophlebiidae;

Caeni dae 2



1b

2a(L)

2b

3a(2)

3b

22.

Head hypognathous; tail filaments fringed laterally

with long fine setae, body usually cylindrical.

Fanilies Baetidae; Siphlonuridae 9

Seven pairs of gills inserted laterally on

abdonen, each gi11 consisting of a pair of

larne1lae.

Six pairs of gi1ls, lst very srnal1 nono-filament

2nd enlarged to form an elytriforn gi11 cover,

renaining pairs bearing long tracheal filaments

(Fig. II. 3h, c, d). Caenidae : Tasmanocoenis

0n1y one species in South Australia T. tiLLyatdL.

Gill base broad with one apical filament, lined

with fine setae (Fig. II.19c) , legs and body

covered with long fine setae (Fig. II.21).

Jappa

0n1y one species in South Australia, J. pipinna sp.nov.

Gills lanceolate or linear, with one apical

filament (Figs. II.9c; 1lc; 13c), apex with

multiple tracheal filaments (Figs . II.2ci 4c) ,

body not covered with long fine setae.

Gills lanceolate or linear, not branched at apex

into tracheal filaments (Figs. II.9c; 11c; 13c).

AtaloneLLa

3

4

5

aa(3)



4b

sa(a)

5b

6a (s)

23

Gills broad at apex, with each Ianella subdivided

into tracheal filanents (Figs. II .2c; 4c) .

AtaLophLebia 7

Gi1ls lanceolate (Figs. II.9c; 13c); proximal

segment of labial palpi narrow,> 2.2 x longer

than wide (Figs. II.9g; 13g).

Gi11s linear (Fig. II.11c) ; proximal segment of

labial palpi broad,I.67 x longer than wide

(Fig. II.11g) ; prostheca of left mandible robust

with serrated apex (Fig. II.1li); dorsal abdominal

markings irregular black and white (Fig. II.14e).

A. fuscuLa

Dorsal abdorninal marking with a broad median light

stripe (Fig. II . 14d) ; labrun rectangul at,2 x wider

than long (Fig. II.9d); fenora with few fine

setae (Fie. II.9a) .

A. inconspícua comb.nov.

6



Dorsal abdominal narking with narrow light regions on

segments 4 - 10 (Fie. II.14f); labrum almost square

1.5 x wider than long (Fig. II.13d) ; femora lined with

numerous long fine setae (Fig.II.I3a).

A. piLosa sp.nov.

7a@) Apex of gi1ls with each lame1la trifurcate

(Fig. II .2c) . AtaLophLebì,a austraLi,s

24.

6b

7b Apex of gills multifurcate with rnore than three

tracheal filaments (Fig. II.4c).

8a(7) Ninth abdominal segment with only one backward

(Fie. II.14c); no dark narkingspointing spine

on legs (Fig. II.6a) .

A. quu,atus sp.nov.

Ninth abdoninal segment with two backward pointing

spines (Fig. II.f4b); fernur and tibia with broad

bands of black (Fig. II.4a).

A. austraLasica

8

8b



sa(1)

9b

10a(9) Gi11 lame11ae double on abdominal segments

I - 6, single on 7th (Figs. IT.27e; 2Be);

hind wing sheaths absent. CLoeon

10b Gi11 lamellae single on abdoninal segments

I - 7 (Figs. fl.22i; 25d); hind wing sheaths

present.

1la(10) Paraprocts with 27 -30 spines (Fig. II.28d);

maxillary palpi with terminal spines on distal

segment (Fig. II.28f) ; without definite

abdoninal colour pattern.

CLoeon para&Leniensis sp.nov

Paraprocts with 17 -22 spines (Fig. II.27ð);

maxillary palpi without terminal spines on distal

segnìent (Fig. II.27i); abdominal pattern as in

Fig. II.27c. C. fLuuiati.Le

25

Four pairs of gills present, first pair

elytriform, covering last three pairs. Postero-

lateral margins of abdominal segments produced

into backward pointing spines (Fig. II.29g).

Siphlonuridae : TasmanophLebia

0n1y one species in South Australia, ?. Lacus-eoeruLei.

Seven pairs of gills present, postero-lateral

margins of abdoninal segrnents not produced into

backward pointing spines. Baetidae 9

11

12

rlb



26.

12a ( 10) Labrum with deep rnedian V-shaped toncavity

with a tooth on each side of the lateral rnargins

of the concavity, near the apex (Fig. II.25e);

tarsal claws very long and slender

(Fig. II.25a) . CentroptíLun eLongatum sp.nov.

r2b Labrun rotrtded, with shallow U-51¿ped concavity

(Fig. fI.22j); tarsal claw short (Fie. IL.22Ð.

Baetís soror

fI.4 Systenatics : Family LEPTOPHLEBIIDAE

Peters and Ednunds (f964, 1970) recorded the systematic

history of the fanily and listed characterizations based on

Ethiopian and Eastern Hemisphere material. The following

characterizatíon is a condensed version given by Peters and

Edmunds (1970) to include characters expressed by all

representatives in the fanily; special references to

Australian material are made in square brackets.

Male Imago Characteristics Eyes of male divided into large

upper portions with large facets and smaller lower portion

with smaller facets; eyes of female not divided, composed

entirely of small facets. Median alrd lateral ocel1i well

developed. Fore wing veins C and Sc weIl developed;

vein lrfA2 attached at base to vein lr{41, one intercalary present

between veins lr{41 and MA2 j one intercalary betrveen lrlP, and l'{P2,



t1

no intercalaries between l4P2 and CuA; vein Cup strongly

bowed; 2 - 3 anal veins present all bowed. Hind wings present

or absent [Present in Australian species], costal projection

well developed or absent [welt developed]. Tarsus of fore leg

of rnale five segrnented, segment one short, tarsus of mid and

hind legs of nale four segmented (T1 fused to tibia), tarsus

of legs of fernale four segmented. Male genitalia; forceps

two or three segmented [three segrnented] segments two and three

shorter than one. caudal filanents well developed, usually three

present, but the appendix dorsalis rnay be reduced or absent.

Mature Nymph Characteristics Nymph dorso-ventrally depressed,

head hypognathous to prognathous [usually hypognathous].

Hypopharynx well developed usually with well developed lateral

processes. Maxillary palpi three segrnented, a rake-like spine

usually present on inner anterior margin of rnaxillae; anterior

nárgin of galeo-lacinia líned with a dense rrbrushil of setae.

Labial palpi three segmented; glossae and paraglossae well

developed. Gills onabdoninalsegments l-7, 1- 6o-r2-7

[1 - 71. Three well devetoped caudal filaments present.

fL4.1 Genus AtaLophLebia Eaton 1881

Burmeister, l839:800

Pictet, 1843 : 189-191

Walker, 1853 : 538

1853 : 559-561

(In Baetis)

(In Baetis) B. austy,aLasica

(In Ephemez,a) E. austraLis

(In Baetis) B. austraT,asica, B. eostaLis



28.

Eaton, I87l : 78-81 (In LeptophLebia)

r881:195-194

1884:83-91

Ulrner, 1908:.40-46

1916 z 2-L7

1919 : 16-23

Needhan and Murphy, 1924 : 34-36

Tillyard, 1926 : 63-64

1934 : 1-16

1936 : 30-49

Harker,1950a:8-17

1954 : 243-252

1957 :63-68

Kinrnins, 1960 z 294

Penniket, 1961 : 1-11

Riek, 1970a : 239

Tsui and Peters, 1975 : 542-544

Male Inago Characteristics. Relativel y large mayflies, body

length > 8mm, fore wing length 9 - 13rnm. Fore wings with

abundant cross veins, those in proximal regions of costal

and subcostal spaces well defined, tornus nidway between CuA

and CuP; CuP curves upward proxinally towards CuA (Figs. II.la;

3ai 5a). Hind wing Sc reaches wing margin at 9/ l0 of wing

length, no intercalaries present between forks of lvlA

(Figs. II.1b; 3b; 5b). Tarsal claws paired, similar,

elongated, slender, hooked distally (Figs. II.lg; 3g; 5h).



to

Mature Nymph Characteristics. posterior rnargin of pronotum

not fused to mesonotum. Tentoriar body width slightly greater

than length. Gills each consist of a pair of 1anel1ae with

multiple tracheal filaments (Figs. rf.2c; 4c). Mandibles stout

with convex outer nargin lined with setae, incisors 1arge, two

separate groups, prosthecae with brush of long setae projecting

fron basal half (Figs. II.2h -k; 4h - k; 6h - k) . Labium with

nedian, anterior indentation. Tarsal claws lined with peg-1ike

denticles (Figs . II.2b; 4b; 6b).

History and Discussion

This genus contains the largest number of described species

in the F. Leptophlebiidae in Australia. The genus was erected

in 1881 by Eaton with ,4. austz,aLis (valker) designated as the

genotype. subsequently in 1884 Eaton placed six Australian

species in the new genus. ulner described a further five

species, tu/o in 1916, and three in 1919. rn L924 Needhan and

Murphy erected a new genus AtaLoneLLa to include two species,

one chilean species and one Australian species , AtaLoneLla

fusca (u1mer, 1919). Tillyard (19J6) described a further six
species of AtalophLebia from Tasmania, noting that there were

two distinct groups in the rnateriar. The three smaller species

were later placed in the genus AtaLoneLLa by Harker (1954), as

were the two other species described by ulmer (1919). In the

same paper Harker transferred specimens described by ulmer (1916)

to a new genus AtaLonricrLa. In 1950, she described five species

of Atalophlebia frorn New South lVales (one of which she

transferred to AtaLoneLLa in 1954) and subsequently (19S4)



30

described a further five species. Two more species were

described by Harker in 1957, bringing the complernent of

Australian species in the genus AtaLophLebía to eighteen. The

genus was characterized in terms of thoracic norphology,

tentorium and abdominal terga by Tsui and peters (1975).

In the present study one of the described species

A. ineonspicttc, is transferred to AtaLoneLLa, and a new species

of AtaLophLebía fron South Austratia is described

rr.4.1.1 AtaLophLeb i a aus tz,aLís (Walker) 1853

Ephemera australis Walker, 1853 : 5S8

LeptophLebia austz,aLis Eaton, I87I : 78

AtaLophLebía lgenotype] austraLis Eaton, 1881 :

1884:

Tillyard, 1934

t9 36

Harker,1950a

1954 :

193-194

86

1- 16

33

28

264

I

Kinmins, 1960 : 294

Scholes, 1961 : 23-26
Penniket, 1961 | 2, 7

This species was fully described by Tillyard (1954) in a

study of the genotype of AtaLophLebia. A transparency of

the genitalia of the lectotype designated by Tillyard (held in

the British lr{useum of Natural History) has been examined, but

the actual specinen has not been seen. The following

description is based on South Australian representatives.



Male Irnago.

Body Length

Notal Length

Mesonotal Width

Pronotal Width

Fore Wing Length

Hind Wing Length

Cerci Length

Appendix Dorsalis
Length

10 .69

3.65

1.93

1 .50

11.84

3.45

2 B.00

23.35

SD

1.38

0.39

0.27

0.16

0. 87

0.37

2.86

1 .40

Ran

B. 80

3.20

t.52

r.24

9.92

2.52

25 .00

22.00

3I.

12.50

4.20

2.28

r.64

t2.48

3.72

32.60

25 .00

n

T4

15

15

I

5

9

10

5

4

Head : dark brown. Dorsal compor.rrd eyes black/brown, lateral

eyes slate grey. Oce11i closely grouped, dark brown posteriorly,

white anteriorly. Epicranial sutures slightly ridged between

lateral oce1li.

Thorax : dark brown, black on mesonoturn, yellow-white in

unsclerotized lateral regions, two light patches near posterior

margin of scutoscutellurn. Fore legs long, dark brown, femur

rvith black band midway along length, tibia and tarsal segments

not banded, tarsal segments lighter brown, first tarsal

segment (Tr) partially fused to tibia. Middle and hind legs

shorter, yellow/brorvn, femur with nid-brown band, tarsal

segments with short apical spine, T1 fused to tibia; fore

leg femur length 1.18 x niddle leg fernur length, and 1.07 x

hind leg femur length. Tarsal claws sirnilar, hooked apically

(Fig. II.lg). Ratios of 1eg segments (Note: in niddle and

hind legs, second ratio is tibia + Ti length: femur length) ;

fore leg 1.00 : 1.34 : 0.11 : 0.SI :0.44 :0.34 :0.2I (2.S4run)
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middle leg 1.00

0. 19 (I.99nm)

hind leg

0.17 (2.18mn)

1 .00 0.11 : 0.10 : 0.09

1.00 : 1.04 0,10 : 0.09 : 0.08

sternum yellow brown. prosternum triangular, posterior width

equal to anterior width of mesosternun, rongitudinal carinae

slightly separated mesally, basal region heavily sclerotized

laterally, lighter in middle. Mesosternum; basisternun length

1.13 x width, 0.62 x furcasternum length, furcasteïnum length

0.77 x width, lateral rnargin of nedian longitudinal

invagination para1le1, diverging srightly both anteriorly and

posteriorly, posterior margin concave with a short triangular

indentation, lateral rnargins of furcastemum strongly

sclerotized and dark brown.

Wings : hyaline, fore wing (Fig. II.la) 2.75 x longer than

wide, pterostigmal region rightly shaded with yellow/brown,

cross veins brown, slightly shaded laterally, in pterostignal,

costal and subcostal spaces, pterostigmal veins may be forked

and anastomosed, costal cross veins sinple, cïoss vein system

dense except in cubital and anal regions. variation of the cross

vein system is tabulated in Table II.s. Three bullae present,

one in Sc, shaded posteriorly by a brown patch, and one in

R2 and Ou 
G r. Hind wing (Fig. II.tb) L.62 x longer than wide,

veins fight brown, costal margin curved to half its length,

proxinal region with | - 2 faint cross veins, distal region

with 7 - 9 cross veins, R1 straight, Rs joins li4A in centre of

wing, MA straight, lvlP forked in proximal half of wing, cubital

and anal regions with very few cross veins.



Fig. II.1. AtaTophTebia australis. a - d, ma1-e imago: a, fore wing;
b, hind wÍng; c, genítalia, ventral view; d, genital_ia, lateral
view. e - f, female ímago: e, abdominal segmerits 7 - 10, ventral
view; f, abdorninal segments 7 - 10, lateral view. g - i, mal-e

imago: g, fore clawsi h, dorsal abdominal col-our pattern; i, vent.ral
abdominal colour paËtern.

Scale lines a-frh-i

I 0

1mm

lrnm
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TABLE II.5

Variability of expression of the cross vein systern in wings of
AtaLophLebia austraLis (Walker) from South Australia (n = 8).

'a

Vein Sector Left wing
Range

Right wing
Range

Fore wing :

C/Sc basal. half
C/Sc apical half

Sc/Rr basal half
Sc/Rr apical half

Rr/n
s

7-8
20-25

6-8
2r-26

6-L2
16 - t8

11 - 15

28-42

11 - 13

9 - 13

LL-t2

r-2
4-8
8 - 11

3-5

R Svstem

R,**s/l\44

It4A System

MA/MP

Hind wing :

C/Sc basal half
C/Sc apical half
Sc/R1

R1/R2

7-LO
15 - 17

10-15

33-43

11 - 13

7-13
10 - 13

L-2
4-8
8 - 11

3-6
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Abdomen : yeltow with dark brown narkings dorsally

(Fig. II.lh). Segments 8, 9, 10 ye1low brown; ventrally

yel1ow with light brown rnarkings (Fig. rr.li). cerci long,

brown, appendix dorsalis shorter, but well developed.

Genitalia : (Figs. II.Ic, d); forceps ye1low/brown, first
segnent longest, broad proxirnally, narïows half way along length,

second segment short and g10bu1ar, di-stal segment slightly
longer than second, 91obular. penes broad, lateral rnargins

parallel extending just beyond narrowing of forceps, apical

lobes divergent, giving a v-shaped nedian indentation, ventrar

sperm duct openings obvious (Figs. II.7a, b).

Mature Male Nymph. Fig. II.14a

SD Rarrnx

Head width

Notal Length

Pronotal Width

Mesonotal Width

Cerci Length

Appendix Dorsalis
Length

2.22

3.2r

2.14

2 .42

16.05

13.54

0.06

0.07

0.18

0.09

0. 86

0.96

2.I2 -

3.I2 -

1.80 -

2.24 -

15.05 -

I2.3I -

2.28

3.34

2.30

2 .48

17. 10

14.54

7

7

7

7

4

5

Head : prognathous, brown, epicranial sutures light brorvn.

Dorsal compor.rnd eyes sepia, lateral eyes black. oce1li black

posteriorly, white anteriorly. Basal segment of antennae

brown, flage11um buff, longer than head is wide.
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Thorax : brown with light brown narkings. Pronotum width

0.96 x head width, lateral margins produced into narrow,

curved semi-transparent flanges, a:rtero-lateral margins with

short stout setae, lateral margins without setae.

Mesonotum 1.09 x wider than head, brown with light brown

rnarkings, wing sheaths black just prior to emergence, (brown

otherwise) extending to mid fourth abdominal segment. Legs

yellow/brown with brown bands on each segment, femur with two

bands (one nid, one distal), tibia with two bands (one faint

basally, one mid to 4/5 of tibia length), tarsus with broad

band frorn base to 2/3 of length (Fig. II.2a). Tarsal claws

short and curved with 20 - 25 peg like ventral denticles

(Fig. II.2b). Femora of fore and niddle 1eg equal in length,

hind 1eg longest, L.L2 x fore fernur length.

Ratios of leg segments;

fore leg 1.00 : 1.05 : 0.53 (1.88mm)

middle leg 1.00 : 0.97 : 0.43 (1.90nm)

hind leg 1.00 : L.02 : 0.43 (2.10nm).

Femur length to width ratios; fore 1eg 5.16, niddle leg

3.26, hind leg 3.54. Sternum; prosternum triangular, width

equal to anterior width of rnesobasisternun, stema-costal suture

absent, anterior sternal sutures convergent, fused apica1ly.

Mesosternum; basisternum length equal to or slightly longer

than furcasternum, sterna-costal suture present. Metasternum;

basisternum 4 - 5 x wider than 1or-rg, width slightly less than

nesofurcasternum.

Abdomen : brown, patterned (Fig. II.14a) segments 9, 10

narrowest, segments 2-9 rvith postero-lateral rnargins produced

'a
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into sharp backward pointing pïojections. posterior rnargins

of tergites with large singular spines, with snaller spines

basal1y. cerci welr developed, longer than appendix dorsalis.

Gills, seven pairs, each consisting of a pair of lanellae with

three tracheal filarnents per lanella (Fig. II.2c).

I4outh rts : labrum (Fig. II.2d) 2.78 x wider than 1ong, lateral

borders rotnded with long setae, rnid anterior nargin indented,

rugose, with 4-5 rounded tubercles (Fig. rr.2e); tÌvo transverse

rows of long setae just posterior to indentation. Left mandible

(Fig. lr-2h); incisors large and separate, outer incisors with

four teeth, inner with three, prostheca inserted at base,

robust, with enlarged apical region, apical nargin with six

spines, inner margin with four large and numerous srnall spines

(Fig. TL.21); rnolar region with 10-12 transverse ridges. Right

na¡rdible (Fig. rr.2j); outer incisors with three apical teeth,

with five serrations on inner margin of third tooth, inner

incisors with two teeth, inner lateral margin with up to five

spines, prostheca long and slender with four spines along

length (Fig. II.2k) . Hypophaïynx (Fie. II.2f) simple, median

lobe divided with lateral processes, fringed with short setae,

lateral lobes (paragnaths) 1arge, convex, anterior border

fringed with long setae. Maxillae (Fig. fr.2L); gareo-lacinia

rectangular, apical surface with a dense .brush'r of curved fine

setae, row of I0 - L2 take setae on ventTal surface, rake

setae also interspersed within apical brush, mesal corner with

a large rake spine, inner rnargin lined with long fine setae;

palpi three segmcnted, proximal segment 2.24 x longer than wide,

segment rati-os; 1.00 :1.22 : 0.66 (0.32mm), rniddle segment

outer margin lined with long fine setae, inner margin rvith stout

pinnate setae, distal segment covered with long fine setae.

D



Fig. II.2. AtaTophTebia australis, naËure nymph: a, fore leg;
b, fore cl-aw; c, third abdominal gill; d, labrum, dorsal view;
e' antero-median emargination of labrum, enlarged; f, hypopharynx;

B, labium, dorsal- (l_eft) and ventral views; h, left rnandible,
ventral vÍew; i, left íncisors and prostheca, enl_arged; i, right
mandible, ventral view; k, right incisors and prostheca, enlarged;
1, ríght maxilla, ventral view.

Scale lines arcrdrf ,grh, j r1
b re, írk

0.5mm.

0.lmm.
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Labium (Fig. II.2g); palpi three segmented, proxirnal

segment 1.81 x longer than wide, segment ratios; 1.00 : 0.g0

0.60 (0.37mm), middle segment 1íned with long fine setae;

glossae small and oval, lined with short fine setae,

paraglossae broad, outer nargin convex, dorsal surface densely

setose.

Fernale Inago colour sirnilar to rnale, ninth abdoninal sternite

with deeply incised posterior margin (Fig. II.le) , seventh

sternite produced posteriorly, slightly hooked when viewed

laterally (Fig. II. lf). Fore legs shorter than ma1e, with

only four distinct tarsal segments, T1 fused to tibia. Sternum

broader than male, nesobasisternum length 0.85 x width,

mesofurcasternum 0.65 x width.

Subinago black to dark brown, wings shaded grey with hyaline

narking complete (see TilLyarð,, 1934).lanbda ().)

Female Nynph similar to but larger than nale, lacking dorsal

compound eyes.

Sexual Variation of Nymphs

Table II.4 shows the sexual variation expressed by

A. austraLis nymphs from Mt. Hope Drain, south-east South

Australia. Of tlne 27 characters compared, ten differed at

the 5% level of significance (a11 of which were either leg or

thoracic characteristics). The non-significant characteïs are

tabulated in Appendix 2.



TABLE IT.4. Morphological characters of A. au.styaLis nyrnphs in which rnales differ fron fenales.

Data refers to last instar nymphs from Mt. Hope Drain South East South Australia. Abbreviations of characters are

given in Table II.1. i = ÍlêâDi S.D., = Standard Deviation; Range = Range of observations; d.f., = degrees of
freedon; * p S 0.05; ** p 5 0.01; **ìt p S 0.001.

Character

N,INW/HW

NL/MNW

FFL/HW

MFL/HW

HFL/HW

I
L/FFL

L/FFLFT
a

MFL/MFW

HFL/HFW

HFL/ FFL

Xx

Males

S. D.

0.03

0. 0B

0.02

0.02

0.03

0.02

0.02

0.11

0.15

0.02

Range

I .06-1. 13

I.26-L.49

0.82-0.89

0 . 85-0. 92

0.92-1.01

1.01-1.08

0.50-0.56

3.r2-3.52

3.32-3 .69

1.10-1. 14

Fenales

S. D.

0 .06

0.04

0.03

0 .0s

0.04

0.02

0. 01

0. 13

0. 10

0.02

Range

L.r3-I.29

I.r4-r.25

0. 84-0. 96

0. 86-1 .00

0.97-1.05

1.04-1.11

0.44-0.49

3. 17- 3.5 8

3.45-3.81

1.12-1.18

d.f

T2

L2

2S

25

2L

24

24

25

22

2I

t

3.77

4.25

3.65

3.56

4.29

3.03

8. 84

2.74

2.66

4. 10

**

**

lr*

**

***

**

***

***

FT

1. 09

r .33

0. 85

0. 86

0 .96

I .05

0.53

3.26

3.54

I.T2

1.18

r.20

0. 89

0.91

1.01

1.08

0.47

3.39

3.66

1.15

*

*



)

37.

Diagnos tic Characteristics

1. Genitalia of male imago (Fig. II.lc, d and Fig. II,7a, b)

Distinctive ye11ow/brown (orange) colour described by

Walker (1853) and Tillyard (1934) as rrtedtr, and 'fTufo-

piceous above; venter dul1 light burnt-unber, approaching

rusty brownrf by Eaton (1884).

3. Distinctive L pattern of subirnago.

Nymphal gi11s with trifurcate tracheal filanents

(Fig. II.2c) .

Form and shape of nandibles, incisors and prosthecae

(Fig. IT.2h, i, j, k).

History and Discussion

In 1853 lValker briefly described Echemey,a austz,aLis ftom

Dr. Hookerts 1842 collection from Tasrnania. This species was

later placed in the genus LeptophLebia (Eaton, 1871) and

subsequently (Eaton, f88f) was designated the genotype for the

new genns AtaLophLebia. Walker referred to the rrredr? abdomen,

and Eaton referred to rufo-piceous coloration, I'an t¡nusual

character for this genus" (Tillyard, 1934). Tillyard's

extensive descriptions of the male imago, subimago and nymph of

A. austraLis enable relatively easy recognition of all stages of

this species, but the coloration in the living material differs

from that of dry pinned specirnens. Newly caught and alcohol

preserved adults have a distinctive orange colour, not red, as

is the case in dry specimens.

4

5
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Variation of Character Expression

Tillyard (1934) recorded great variability in the

appendix dorsalis in 4. au,sty,aLis. Eaton (1884) recorded

tr^ro measurements, suggesting a long appendix dorsalis, but

Tillyard recorded variability frorn of equal length with the

cerci, to entirely absent. All naterial examined from South

Australia, Victoria and Tasnania possess a long appendix

dorsalis.

Geographical vari4tion was analysed for the nale irnago of

A. austraTís by cornparing two geographically isolated

populations, one from Reedy Creek Drain, south-east South

Australia, and one frorn Rocky River, Southern Flinders Ranges,

South Australia. Of the 25 morphometric characters compared

nine were significantly different at the 5% leve1. Body length

and femur lengths were also compared, and although the fore and

hind fenora lengths differed significantly, the middle femur

length and body length did not. Significant characters are

given in Table II.5 and a high degree of overlap of most

characters is apparent. The non-significant characters are

tabulated in Appendix 3.

The najor vein system of the fore and hind wings did not

yaty, but the cross vein system of both wings was analysed for

variation in cross vein number. The results could not be

statistically analysed, but they are tabulated (Tab1e II.3) to

illustrate the variation. Left and right wings were also found

to be different.



TABLE II.5 Geographical variation in some morphometric characters of.4. austraLis male inagos fron Reedy Creek

Drain, South East South Australia, and Rocky River, Southern Flinders Ranges, South Australia.

Abbreviations as for Tables II.1 and II.4.
* p S 0.05; ** p S 0.01; *** p S 0.001

Rocky River Population

Character x

Reedy Creek Drain
Population

S.D. Range

FWL/BL

HWL/ BL

FFL(mm) 1

FT 1LlFFL

FT 3Ll FFL

FT4L/FFL

FTs L/ FFL

MI.+T1L/MFL

Mr 3Llr4FL

MT4L/r{FL

HFL. (mm) 1

X

r.02

0. 30

2.6L

0.17

0.41

0.33

0.20

0.98

0. 10

0.09

2.42

S.D

0. 03

0. 01

0.12

0.02

0.02

0.03

0. 0r

0.03

0.01

o.o1

0.22

0.9s

0.28

2.18

0.07

0.46

0. 35

0.22

1.03

0.09

0. 08

2.02

0.03

0.01

0. 10

0.01

0.03

0. 01

0. 01

0.02

0 .01

0. 01

0.20

d.f

16

15

I4

I4

T4

I4

I4

13

I3

T3

L3

t

3.98

3.25

7 .60

15.17

3. 55

2.23

3.46

3. 81

2.58

2.41

3.7 4

***
**rr

***
***

**

+

**

**

*

*

**

Range

0.98-1.05

0.28-0.31

2.43-2.72

0. 14-0. 19

0. 38-0.43

0.29-0.36

0.19-0.20

0.95-1.10

0.09-0. 11

0.09-0.11

2 .02-2.62

0.89-1.02

0 .26-0 .30

2 .02-2.30

0.06-0.08

0.42-0.5t

0. 33-0. 38

0.2I-0.23

1.00- ]- 07

0.08-0. 10

0.08-0.10

I .80-2 .32
1,Non ortional characteristics
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Material Exanined. South Australia : South East; Brown Lake,

Bakers Range Drain, Eastern Division Diversion Drain, Mt. Hope

Drain, Reedy Creek Drain, Sutherlands Drain and Val1ey Lake.

Mt. Lofty Ranges; Marne R., Para R., Torrens R., Southern

Flinders Ranges; Back Creek, Julia Creek, Rocky River.

Victoria : Clunes, Tarango Darn, Neerin, Lake west of Harrow,

L. Hattah, L. Wendouree, Ballarat, Konongwootong Reservoir,

Rocklands Reservoir, SurreY R

Lagoon of Islands, L. Leake.

Tasmania : Break OrDay R.,

rr .4.r .2 AtaLophLebia austr,aLasica (Pictet) 1843

BaBtis austraLasLca

Lep t ophLebi a aus tv'aLasí c a

AtaLophLebi a aus traLasi ea

Male Inago

Pictet, 1845

Walker, I853

Eaton, L871- :

Eaton, 1884 :

Ulmer, 1916 :

Harker,1950a

195 4

189-r90

559

7 8-79

86-87

2-3

:28

: 248-249

nx

0.10

SD

0.r3

1.10

0.4r

Ran

Body Length

Notal Length

Pronotal Width

Mesonotal Width

Fore lVing Length

Hincl lVing Length

Cerci Length

10. 10

5. 13

1.09

1.54

10. 33

3.02

28.20

0

0

86

24

26

8

8

8

18

18

8

8.60

2.84

2 .84

r.44

9.23

2.40

24.00

- 11. 46

- 3.60

- 5.60

- r.80

- t2.83

- 3.96

- 31.00114
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Head : dark brown to b1ack. Antennae black, lmm 1ong.

Dorsal compor.rnd eyes dark red/grey, lateral eyes dark grey.

Thorax : Shiny black. Pronotum narrower than head.

I4esonotum humped, without markings. Legs; fore legs 1ong,

black with two darker bands on femur, one rnid, one dista1ly,

T1 partially fused to tibia. Middle and hind legs shorter than

fore l"g, light yellow/brown with two black bands on femora,

one rnid, one distal, tibiae with one proximal band, T1 fused

to tibia with join apparent, tarsal segments 1-4 with short

apical spine. Fore 1eg fenur length 1.20 x middle leg fenur

length, Ðd 1.06 x hind leg femur length. Ratios of leg

segments;

fore Ieg 1.00 : 1.39 : 0.13 : 0.53 : 0.48 : 0.39 :

0.20 (2.26nn)

middle leg 1.00 : 0.93 : 0.08 : 0.11 : 0.09 : 0.08 :

0.16 (1. BSmn)

hind 1eg 1.00 : 1.01 :0.08 :0.09 :0.08 :0.07 :

0.15 (2. 13mm).

Sternum; dark brown. Prosternum triangular, posterior width

equal to anterior width of rnesosternum, longitudinal carinae

slightly separated rnesally. it4esosternum; basisternum length

l.I2 x width, 0.66 x furcasternum length, lateral nargins

anteriorly expanded, posterior margin truncated, furcasternum

length 0.7I x width, lateral rnargins of nedian longitudinal

invagination para11e1, posterior margin concave with a short

triangular indentation.



4r.

Wings : hyaline, fore wing (Fig. II.Ja) 2,77 x longer than

wide, pterostigrnal region brown, costal and subcostal cross

veins broadly shaded with brack, bulla in sc surrounded by black

narking, covering one-two ce11ules, cross veins of pterostigma

slanted, forked, cross vein system dense, except in cubital and

anal regions. Three bullae present, one in each of sc, R2 and

*u &r. Hind wing (Fig. II.3b) 1.60 x longer than wide, costal

margin convex to half wing length, then curves down, joins

sc 9/10 of wing length, costal space with l-s proxirnal a¡d 6-10

distal cross veins, Rt straight, Rs joins Ir4A in distal ha1f, lvlA

straight, MP forked in centre of wing, cross vein systern fairly
complete, varies between individuals, and even left and right
wings (Table II.6).

Abdonen : light brown with darker markings dorsally (Fig. rr.sh)

ventrally grey with right patches on segments j-9, segments 6-8

with paired patches projecting into the light regions, segnents

r-2 grey (Fig. rr.3i). cerci stout, black/brown with the rast

5-5nun buff, appendix dorsalis absent.

Genitalia : (Figs. II.3c, d) forceps three segrnented, first
segment long, broad, narrows half way along length, second

segment short, rectangular, with srnooth external nargin, distal
segment longer, ovoid. Penes broad at base, with concave

lateral rnargins and a bulbous distal region, fused, centrally,

giving a triangular apex (Figs .II.7c, d).



Fig. II.3. AtaTophlebÍa austraTasÍca. a - d, male imago: a, fore
wing; b, hínd wing; c, genitalia, ventral view; d, genitalia, laÈeral
view. e - f, female irnago: e, abdominal segment.s 7 - LO, ventral
view; f, abdorninal segment.s 7 - 10, lateral view. g - í, male imago:
g, fore claw; h, dorsal abdominal colour pattern; i, ventral abdonínal
colour pattern.

Scale lines : a - f, h - i lmm.

C 0. lmm.
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TABLE II .6.

variability of expression of the cross vein system in wings of
AtaLophLebia austz,aLasica fron South Australia.

(n = B).

Vein Systen Left Wing Range Right Wing Range

Fore wing :

C/Sc basal half
C/Sc apical half
Sc/Rr basal half
Sc/R1 apical half
Rr/Rs

R, slsten

Rq+5/r,lA

MA systern

MA/l.,tp

Hindwing :

C/Sc basal half
C/Sc apical hatf
Sc/R1

6-9
18-24
7-r0

12-20
11-16

3L-40

9-13
6-10
9-L2

7 -9
L9-23
7-9

11 - 17

11 - 16

31-39

10 - 15

7-10
8-t2

0-1
4-9
7-8

0-1
4-10
6-8



Mature Male Nylrph

Head Width

Notal Length

Pronotal Width

Mesonotal Width

Cerci Length

(Fig. II.14b) .

iSD

42.

Range

2.28 - 2.60

3.00 - 4.32

2.28 - 2.76

2.48 - 3.r2

12.L4 - 13.34

n

2.38

3.4r

2 .44

2.70

L2.74

0.11

0.41

0.15

0.22

9

9

9

9

2

Appendix Dorsalis r2.g2 0.3s s 12.42 - rs.4oLength

Head : prognathous, dark brown/black, epicranial sutures light

brown. Dorsal compound eyes red/b1ack, lateral eyes black.

0ce11i black posteriorly, white anteriorly. Antennae yellow/

brown, longer than head is wide.

Thorax : dark brown with pale rnid longitudinal line.

Pronotum wider or narrov/er than head (geographically variable),

lateral nargins produced into a narro\^r curved transparent flange,

antero-lateral margin with short spine setae, Iateral nargins

with a few setae present or absent, posterior rnargin not fused

to mesonotum. Mesonotal wing sheaths extending to rniddle of

third abdoninal segnent, black just prior to emergence, brown

earlier in last instar, mesonotun 1.11 x wider than head.

Legs yellow brown with black bands on each segment, fernora with

two bands (one nid, one distal) , tibiae with two bands,

(one proximal, one distal), tarsi with a broad band covering

proximal haff (Fig. II.4a). Fore femur 1.05 x longer than

middle femur, hind femur 1.I5 x longer than fore fenur. Tarsal

claws short, curved, with 15-20 p"g like denticles (Fig.II.4b).

Ratios of leg segments;

fore leg 1.00 : I.02 : 0.50 (2.24nn)
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niddle leg 1.00 : 0.98 : 0.37 (2.2lnn)

hind leg 1.00 : 1.06 :0.36 (2.42nn),

Femur length to width ratios; fore leg 3.18, niddle 1eg 3.42,

hind leg 5.61. Sternum; prosternurn triangular, posterior

width equal to anterior width of mesosternum, sternacostal suture

absent, anterior sternal sutures convergent, fused apical1y.

Mesosternum; basistemurn length equal to furcasternum length,

sternacostal suture present. Metasternum; basisternum 3.7 - 5 x

wider than long, width equal to width of mesofurcasternum.

Abdomen : brown, patterned (Fig. II.14b), segments 9 and 10

narrowest, segments 2-9 carry lateral flanges produced postero-

1ateral1y into sharp backward directed projections, segment 9

with two spines, outer largest, inner rourded; segment 10 with

rounded lateral margins, posterior rnargin of tergurn with spines

arranged singularly. Cerci well developed, appendix dorsalis

longer than lateral filaments. Gills; rnultifurcate

(Fig. II.4c), each gi11 consisting of a pair of lamellae with

8-20 tracheal filaments per larnella, gills on segments 3-5

largest, 1 and 7 smallest.

Mouthparts : labrun (Fig. IL4d) 3.4I x wider than long, lateral

borders rotrrded, with long setae, rnid anterior margin indented,

rugose (Fig. II.4e) with two transverse rows of long setae

posterior to indentation. Left mandible (Fig. II.4h);

incisors large and separate, outer incisors with three large

teeth, inner with three large teeth, prostheca robust, wide,

outer rnargin crenulated with 6-B blunt teeth, blturt apically

(Fig. II.4i), molar region with crenulated teeth in 10-12 rorvs.

Right mandible (Fig. II.aj); outer incisors with five teeth,
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inner incisors with two teeth and four smal1 spines on inner

lateral margin, prostheca, slender, with crenulations on outer

nargin of 2-4 tubercles, distally with a long spine (Fig.II.4k),

molars with 10-15 transverse grinding ridges, fringed with long

fine setae. Hypopharynx (Fig. Ii.4f); median lobe divided,

with two slender lateral processes, apices of lobes lined wíth

very short setae, paragnaths large, strongly convex, anterior

rnargin fringed with long setae. Maxillae (Fig. TI.4L); galeo-

lacinia rectangular, dorsal brush of curved setae, row of

I0-I2 rake setae ventrally, rake setae interspersed within

dorsal brush, rake spine at inner apical corner, inner nargin

lined with long fine setae, palpi three segrnented, proximal

segment 2.80 x longer than wide, lined with few setae, segment

ratios, 1.00 : 1.19 : 0.69 : (0.41mm), second segment lined

with long fine setae, inner border with pinnate setae, distal

segment rounded at apex, covered with long fine setae. Labiun

(Fig. II.49) ; palpi three segmented, proximal segment long and

broad, 1.97 x longer than wide, narrows distally, outer rnargin

with long setae, segment ratios 1.00 : 0.67 z 0.68 (0.42mm),

second segment narrow proximally, broadest dista1ly, lined with

long fine setae, inner margin of distal segment with short stout

spines, longer fine setae on both dorsal and ventral surfaces.

Glossae smal1, dorsally rectangular, covered in short setae,

paraglossae broad, outer margin convex, lined with long fine

setae, dorsal and ventral surface with patches of fine setae.



Fig. II.4. AtaTophTebia austraTasica, mature nynrph: a, fore Ieg;

b, fore claw; c, third abdomínal- gill-; d, labrum, dorsal view;

e, anÈero-median emarginatíon of 1-abrum, enlarged; f, hypopharynx;

B, lablum, dorsal (left) and ventral views; h, left mandible, venÈral

view; i, left incisors and prostheca, enlarged; j, ríght mandibl-e,

ventral view; k, right incisors and prostheca enlarged; 1, right
maxilla, ventral view.

Scale lines arcrdrf ,grh, j r1
b,e,irk

0.5nm.

0 . lrnrn.
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Fernale Imago larger than rnale, similar colour and dorsal

markings, 9th abdominal sternite with shallow incision on

posterior margin, 71u}l' sternite produced posteriorly forning a

bulbous projection (Figs.II.3e, f). Fore legs shorter than

ma1e, sternum and thorax broader than rnale, mesobasisternum

length 0.81 x width, 0.63 x furcasternum length, furcasternum

length 0.61 x width. Appendix dorsalis present.

Subirnago : dull, black/brown, wings tniforrnly shaded ETey ,

appendix dorsalis present.

Female : sirnilar to rnale, dorsal compound eyes lacking,

lateral eyes b1ack.

Sexual Variation of Nymphs.

Sexual variation of norphometric characteristics as

analysed from one population of .4 . austz'aLasiea is sunmarized

in Table II.7. As was found in A. austraLis nymphs, the

sexual variation was predominantly in the thoracic and leg

characteristics, with the fenale nymphs tending to be more

robust and larger than the males. Characters exarnined which

were statistically non-significant are presented in Appendix 4.

Diagnosti c Characteris tics .

1. Genitalia of male inago (Figs. II.3c, d; 7c, d) .

2. Lack of appendix dorsalis in adult male.

3. Subimago with uniform grey wings.

Nymphs rvith multifurcate tracheal gi11 filaments

(Fie. II.4c) .

4



TABLE IT.7

Data refers
Tables II.1
* p S 0.05;

Morphological characters of A. austz.aLasicanytphs in which nales differ from females.

to last instar nymphs fron Jerusalem Creek, South East South Australia. Abbreviations as for
and IT.4.

**pS0.0t; ***pS0.001

xi
Males

S.D.

0.03

0. 01

0.02

0.02

0.02

0.02

0.02

0.01

Range

0.98-1.06

0.94-0.98

0. 84-0. 88

0. 85 -0.90

1.00.1.06

1.01-1.06

0.48-0.53

1.01-1.05

Females

S. D.Character

N,ßtl,1I/HW

PNi\I/HW

FFL/HW

MFL/HW

HFL/HW

FT. L/FFL

FTaLlFFL

MFL/FFL

r.02

0.96

0. 86

0. 88

1.03

I.03

0.s1

1.05

r .09 0.04

I .06 0.02

0. 93 0.02

0. 93 0. 03

t.L2 0.05

1.05 0.0r

0.45 0.01

1.00 0.03

Range

1.06-r.1s

1.04-1.09

0.90-0.96

0.90-0.99

I .06-I.20

r.04-r.07

0.44-0.46

0.95-1.05

d.f

10

10

T4

T4

15

T4

I4

l3

t

3. 85

9.49

6.98

4.29

4.20

3.44

8. 0s

2.35

**

***

***

***

**

&ú

***

*

¡
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9th abdoninal segment with two spines ón the postero-

lateral rnargin.

Form and shape of mandibles, incisors and prosthecae

(Figs. II .4h - k) .

History and Discussion

AtaLophLebía austyaLasíea, originally described by pictet

(1843) , has been redescribed by Eaton (1871, lB84), by Ulrner

(1916) and Harker (1954). The description given by picret was

not extensive enough to enable recognition of this species as

more Australian species were described. Eaton (1371, 1884)

redescribed this species and illustrated the wings and genitalia.

ulmer (1916) designated material fron northern Queensrand as

A. austraLasica, and described the male and female inagos,

and the subimago. Ulmer noted differences in the venation of

the hind wing of these specimens when compared with Eaton's

(1884) illustration, but did not connent on the apparent

differences in the genitalia as illustrated by Eaton.

Harker (1950a) recorded that Ulner (1919) had placed

A. austy,aLasiea as a synonyn of A. costaLis (Burmeister). In

I954, Harker noted, after exarnining naterial in the British

Museum, that A. austz,aLasica as designated by Eaton was

distinctly different from A.costaLís as deterrnined by

Tillyard, and redescribed all stages of the species. Although

the nale imago description is of the holotype (as infemed by

the statenent trfore legs are nissing in holotype and paratypes"),

Harker included a record of a well developed appendix dorsalis.

Pictetrs (1843) description i-ncluded only one caudal filanent



47.

measurenent, consi-stent with the accompanying illustration,
and of descriptions of species lacking the appendix dorsalis.

Eaton (1871, 1884) also included onry one measurenent. ulrner

(1916) recorded only the lateral cerci 'Die schwanzborsten

(2 beim d) sind schwarzbratrn ' but recorded the presence of
the appendix dorsalis in the rnale subimago. Harker (19s4) also

noted that material exanined from Mt. Gambier (from Tillyardrs

1934 collection) was consistent with her recognition of this

species. Adult males or. A. austv'aLasica from south-east south

Australia and the Fleurieu peninsula lack the appendix dorsalis,

consistent with the type description. Harkerfs record mentions

no variability of expression of the appendix dorsalis (as

described for A. austz,aLis by Tillyard Lg34). Therefore, since

subsequent collections, as well as the type material al1 lack

this filament, its presence as indicated by Harker rnust be

suspect.

A comparison of Figs. Ir.sc, and rI.7c, with the illustration
of the .4. attstraLasica genitalia by Harker (19s4) shows little
resemblance. The South Australian material of this species,

examined in this study, hras initially considered different from

previously described species. However, a comparison of an air
dried specimen and a critical point dried specimen revealed two

different penes characteristics. The air dried specimen closely

resembles the illustration presented by Harker, from a dry,

pinned preparation. The lateral lobes of air dried specimens

curr in towards the mid line, producing a long narrow structure.

The critical point dried specirnens represent more closely the

living, or alcohol preserved, characteristics of the genitalia,

with thc lateral lobes of the penes maintaining their lateral
position.
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Variation of Character Expression.

No variation of character expression has been recorded for

this species, therefore qualitative and quantitative character-

istics were considered and analysed. The diagnostic characters

of this species were found to be consistently expressed, and

upheld all seven of the requirements listed by Blackwelder (1967).

The variation in the cross vein system of the fore and hind

wings is given in Table II.6. Morphonetric variation in nymphal

characteristics was analysed by conparing populations from the

Mt. Lofty Ranges and fron south-east South Australia. No

inaginal comparisons were carried out due to the inadequate

nurnber of specinens from the south-east. The significant

characters which are geographically variable are listed in

Table II.B. Full results of all character analysis are

included in Appendix 5.

Material Exanined. South Australia : South East; Cress Ck.,

Deep Ck., Eight Mile Ck., Hitchcock Drain, Jerusalen Ck. Mt.

Lofty Ranges; Blackfellow Ck., Brownhill Ck., BulI Ck.,

Cudlee Ck., Currency Ck., Dam at Careyrs Gully, Dam at

Ashton, Deep Ck., First Ck., Fourth Ck., Little Para R.,

Nforiâlta Ck., Onkaparinga R., Sturt R., Torrens R., Wakefield

R. Fleurieu Peninsula; Carrickalinga Ck., Coolawang Ck.,

The Deep Ck., (Delamere), Finnis R., Gold Digging Swamp,

Hindmarsh R., Inman R., Kangarilla Ck., I'lyponga Ck., No l\lhere

EIse Ck., Tookayerta Ck., Yankalilla R. Kangaroo Island;

Breakneck R., De Mole R., Middlê R., Rocky R., South lVest R.

Victoria : Crawford R., Eumarella R., Fitzroy R., GleneLg R.,

Sharv R., lVannon R.



TABLE II. B. Geo graphical variation in some morphonetric characters of A. au.stralasíea maLe nymphs frorn Jerusalen

Creek, South East South Australia, and Sturt River, Mt. Lofty Ranges, South Australia.

Data refers to last instar nym¡rhs from both populations. Abbreviations as for Tables II.1 and II.4
* p90.05; **pS0.01; *** p 5 0.001

Character xi
Sturt River

S. D.

Jerusalem Creek

S.D. Range t

N{NW/HW

PNW/HW

MFL/HW

MFL/t"{FW

HT. L/HFL

HFL/FFL

Labial palpi :

BLlBIr/

ML/BL

AL/BL

Maxillary palpi
MBL/MBW

1. 13

r.02

0.92

3.42

1.06

1.15

0.04

0.02

0. 05

0.12

0.02

0. 03

0.12

0.02

0. 05

2.80 0. 18

Range

1.06-1.20

1.00-1.06

0.89-0.98

3.20-3.6L

1.03-1.09

1.11-1.18

L.77-2.20

0.63-0.70

0.55-0.77

2.55-5.08

r.97
0.67

0.68

L.7I
0.7r
0.73

r.02
0.96

0. 88

3. 56

1. 08

1.19

0.03

0.01

0.02

0. 14

0.02

0.02

0. 10

0.07

0. 03

d. f.

13

T3

19

t9

16

15

22

22

22

5.62

6.15

3 .76

2.44

2.48

3.49

5.28

2.7r
3.08

**tr

***
**

*

**

t(

0.98-1.06

0.94-0.9B

0. 8s-0.90

3.32-3.72

1.05-1.11

t.17-r.23

1.55-1.82

0 .63-0.77
0.70-0.78

***
*

**

2.96 0. 14 2 .7r-3.r4 2T 2.L5
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Ir.4.1.3 AtaLophLebia auyatus sp. nov.

Holotype Male Imago.

Body Length

Notal Length

Pronotal l{Iidth

Mesonotal Width

Fore Wing Length

Hind Wing Length

Cerci Length

Appendix Dorsalis
Length

General colour yellow/brown,

7 .95mrn

2.6Omm

I .04nn

l.27mn

7 .44n¡n

2.23mm

19.67mn

15.57nm

fore wings ye1low, hind wings grey.

Head : dark brown. Antennae short, basal segment 0.12nm

1ong, 1.5 x longer than wide, 2nd segment 0.1nm 1ong, 2.5 x

longer than wide, flagellun 0.24nm 1ong. Dorsal compound eyes

pink/brown, lateral eyes dark grey. 0ce11i dark brown

lateral Iy, white anteriorly.

Thorax : shiny black. Pronotum narrower than head. Legs;

fore legs long, femur and tibia dark brown, tarsal segments

dark brown, no ba:rding on any segment, T1 partially fused to

tibia. lt4iddle and hind legs shorter, light brown without

banding, tarsal segnents 1-4 with distal spine, T1 fused to

tibia, join visible. Fore 1eg femur length 1.03 x middle leg

femur length, and 0.95 x hind leg femur length.

Ratios of leg segments;

fore leg I.00 : 1.14 :0.09 :0.40 :0.40 :0.28:

0.19 (1.84nm)
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nriddle 1eg 1.00 :0.77 : - : 0.08 : 0.10 : 0.0g :

0.16 (1.78run)

hind 1eg 1.00 :0.98: - :0.08:0.10 :0.07:

0.r7 (1.94mn).

Tarsal claws sirnilar, elongate, distally hooked (Fig. II.5h).

sternum dark black/brown. Prosternum triangular, longer than

wide, posterior width equal to anterior width of mesosternum.

Mesosternum; basisternun length 1.17 x width, 0.78 x

furcasternum length, furcasternurn length 0.89 x width, lateral

margins of rnedian longitudinal invagination divergent,

posterior nargin concave (Fig. II.5e).

Wings : fore wing (Fig. II.5a); tinged throughout with yellow/

brown, veins yellow/brown, pterostigma darker than rest of wing,

cubital region shaded greL length 3.35 x width, pterostigrnatic

cross veins forked in left wing, simple, not forked in right

wing, cross veins present in proxirnal half of costal region,

cross vein system dense, except in cubital and anal regions.

Hind wing (Fig. II.5b) grey/brown, darker than fore wing,

shaded completely, length 2.06 x width, costal hunp not large,

costal vein joins sc at nearly 4/5 of wing length, costal space

with nine cross veins, R1 straight, Rs connects to lr{A in centle

of wing, MP forked in proxinal half of wing, cross vein systern

dense, forked and anastomosed veins in subcostal space.

Abdomen : ye11ow/brolvn dors aLIy, lighter ye1low ventrally,

dorsal tergites with dark brown/b1ack markings laterally, and

light mid longitudinaL stripe along all segments, segments 1, 9

and 10 darker, 10 almost black rvith light brown stripe

(Fie. II.5f) . Sternites yellorv/grey, with light red/brorvn



Fig. II.5. AtaTophTebia auratus. a - h, ma1-e imago: a) fore wing;

b, hind wing; c, genítalia, ventral view; d, genitalia, lateral view;

e, Èhoracic sterna; f., dorsal coLour pattern; g' ventral abdominal

colour pattern; h, fore cl-aw. 1- j, female imago: i, abdominal-

segment.s 7 - 10, ventral view; j, abdominal segments 7 - 10, lateral
view.

Scale lines ã-8ri,
h

j lmrn.

lurm.0
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circular narkings on mid line, positioned anteriorly on

segments 2, 3 and 4, centrally on 5, posteriorly on 6,

joining a double marking on segment 7, segments 1, 8, 9 grey,

and l, 2, 3 marked antero-laterally with black (Fig. II.5g).

Cerci long, appendix dorsalis well developed but not as long or

robust as cerci.

Genitalia : (Figs. II.5c, d; 7ê, f), forceps with long proxinal

segment, broadest proximally, narows half way along length, 2nd

segment short, g1obular, distal segment longer, ovoid, rounded

apically. Penes broad at base, tapering towards apex with apices

held close together, curving upwards in profile.

Mature Female Nyrnph. (Fig. II.14c)

Body Length 9.20mn

Head Width 2 .03mrn

Notal Length 2.22mm

Pronotal l{idth I .90nim

Mesonotal Width 2.19nm

Cerci Length 15.20mm

Appendix Dorsalis
Length 14.66mm

General colour brown.

Head : brown, epicranial sutures light brown. Lateral eyes

black, ocelli b1ack. Tentorial body alrnost square, length

0.95 x width. Antennae 4.8mm 1ong.

Thorax : pronotum width 0.95 x head width, 2 stout spine setae

on anterior margin, no setae on lateral rnargin, brorvn without

distinct markings. l4esonotum brolvn without distinct markings,

broad, width 1.08 x head width, equal to notal length, wing

sheaths extending to 4th abdominal segment. Legs light

brown without banding (Fig. II.6a). Inner margin lined rvith
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pinnate and spinous setae, fore leg with pinnate setae on

femur, tarsal claws with 31-35 peg-1ike denticles

(Fig.II.6b) , segment ratios;

fore leg 1.00:0.98:0.49 (1.Slnrn)

niddle leg 1.00 : 0.96 : 0.48 (1.8lnm)

hind leg 1.00 : 0.96 : 0.47 (1.97nrn).

Femur length to width ratios; fore leg 3.77, middle leg 4.11,

hind leg 4.48. Sternun; prosternun triangular, length

0.73 x width, wider than anterior margin of nesosternuln.

Mesosternum; basisternum rectangular, width 0.68 x length.

Metasternum; basisternun short, width 5.71 x length.

Abdonen brown dorsally with black patches on lateral flanges

of segrnents 1-7, segrnents 1-5 otherwise brown without markings,

segments 6, 7,8,9 with central light stripe, segment 10 light

brown. Postero-lateral nargins of segnents 2-9 with sma11,

sharp, backward pointing projection; lateral margins with very

few fine setae. Cerci and appendix dorsalis well developed,

cerci longer. Gil1s; seven pairs, multifurcate, with numerous

fine tracheal filaments on each 1arnel1a, gi11 seven sna11est.

Mouthparts : labrun (Fig. II.6c) length 0.40 x width, lateral

rnargins rounded, lined with long setae, anterior margin lvith

median concavity lined with five rounded tubercles (Fig. II.6d) ,

dorsally with two rows of long setae. Left mandible (Fig. II.6g);

outer incisors with three apparent (four actual) teeth; inner

incisors with three teeth, prostheca robust wi.th rounded apex

and 8-10 pointed teeth on external margin, long setal brush

projecting from proximal half (Fig. II.1lh), molar region witli

L0-I2 transverse grinding ridges. Right mandible (Fig. II.6i);
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outer incisors with three teeth and a fourth shoulder-like

ridge on third tooth, tu/o snall tubercres on mesal margin,

inner incisors with three teeth, inner nost with two sma11

tubercles latera1ly, prostheca long and narrow with one sma11

external spine and two terminal spines (Fig. rI.6i) rnolar

region with numerous grinding ridges. Hypopharynx (Fig. rr.6e)

with divided rnedian lobe and two slender lateral pïocesses

fringed with short setae, païagnaths large, convex, anterior

border fringed with long setae. Ir{axi11ae (Fig. Ir.6k) galeo-

lacinia rectangular, ror^/ of 10-12 rake setae on ventral

surface praced just below apical brush (on1y one present in

t¡le specimen, scars of other setae present), mesal nargin with

long fine setae, palpi three segmented, segment ratios 1.00 :

1.10 : 0.67 (0.30nn), distal segnent rounded, covered with long

fine setae. Labiun (Fig. II.6f); palpi three segrnented,

proximal segnent broad, length 1.61 x width, narïoürs distally,
inner and outer margins lined with rong setae, exteïnal margin

of niddle segment lined with rong setae, distal segrnent triangular,

inner margin lined with short stout spines, outer margin with long

fine setae, segment ratios 1.00 : 0.80 :0.62 (0.SBmm); glossae

srnal1, close together, dorsally with stout spines, ventrally

with long fine setae, paraglossae long and broad, lined lvith

long setae, dorsal surface with dense setae.

Fernale Imago. Reared in laboratory. wing and body coloration

resemble rna1e, body robust, fil1ed with eggs. Ninth abdoninal

segment rvith a deep ventral cleft (t ig. II.Si) ; sternite of

seventh abdominal segment slightly produced posteriorly

(Fig. II.sj).



Fig. II.6. AtaTophlebia auratus, maÈure nymph: a, fore 1-eg;

b, fore claw; c, labrum, dorsal view; d, antero-median emargínatlon

of labrum, enlarged; e, hypopharynx; f, labiurn, dorsal (left)
and ventral víews; g, left mandíble, ventral view; h, left incisors
and prostheca, enlarged; í, right mandible, ventral view; j, rlght
incisors and prostheca, enlarged¡ k, left maxilla, ventral view.

Scale lines 3 ârcrerfrBrlrk
b, drhr j

0.5mm.

0. lnm.
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Subinago.

without I
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Similar to rnale imago, wing colour dul1 ye1low/grey,

marking.

Male Nynph Snaller than fenale, head with red/brown compound

eyes.

Diagnostic Characters .

1 Genitalia of rnale inago;

three and shape of penes

shape of forceps segments two and

(Fig. II.5c, d; 7ê, f) .

2. Wing coloration in both fore and hind wings.

3. Lack of banding on legs of adults.

4. Multifurcate gi1Is of nymph.

5. 0n1y one postero-lateral spine on abdoninal segment 9.

6. Shape of mandibles, incisors and prosthecae (Figs. II.69 - j).

7 . Lack of banding on legs of nynphs (Fig. II.6a) .

Dorsal colour pattern of nymph and adults (Fig. II.14c; and

Fig. II.sf) .

Type Locality.

Bakers Range Main Drain, west of Penola, south-east Soutlì

Australia. Grid Reference on 1:250,000 map series, Penola Sheet,

357393. Collected 22nd November, 1977 by D. N. and P. J. Suter.

8
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Type Specimens.

A. auy,atus is only known from the type locality, and

collecting data other than for the type series is given in

Appendix 3.

Holotype male and paratypes are placed in the National

Museurn of Victoria. The wings and legs of the holotype rnale

are mor¡nted on slides, and the nouthparts, legs and gills of the

female nymph are also mounted on slides. The genitalia and

body of the holotype are rnaintained in ethanol.

Type Habitat.

Near the source of Bakers Range Main Drain, which is a man

made drain, draining the shlamps of Bakers Range in the south-east

of South Australia. The water at the type locality was

evaporating rapidly during Novernber, 1977 when the type

collection was made. A. austz,aLis was also present at this

locality.

Etynology of Specific Epithet

The specific epithet auratuæ (L); ornamented with gold,

refers to the golden coloration of the forewings which nake this

species distinct from all other described AtaLophLebia specíes.

Affiniti es

In adult characters the wing coloration, genitalia and lack

of banding of the legs distinguish this species from other

described species in the genus AtaLophLebia. The nymph, horvever,

resenrbles the nynph of A. austraLasica in possessing multifurcate



Fig. If.7. SEM mícrographs of genitalia of AtaTophTebia male imagos.

a - b, AtaTophiebia ausÈralls: a, genital-ia, ventral view; b, penes,

ventral view, enlarged. c - d, AtaTophlebía austraLasica: c, genitalia,
ventral view; d, penes, venÈral view, enlarged. e - f, AtaTophlebia

auratus: e, genitalia, ventral view; f, penes, ventral view, enlarged.

Scale lines : 100¡rn.
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gills. Although srnaller than .4. australasica (a character to be

used with great care) the lack of banding of the 1egs, the

pïesence of only one postero-lateral spine on the 9th abdominal

segment, the mandible incisors and prosthecae all distinguish

A. atvattts fron .4. atßtraLasica.

Discussion of Taxonornic Characters

An assessrnent of useful taxonomic characters was rnade

using the three species of AtaLophLebia recorded in South

Australia. Because very few specimens of A. au.ratus wete

available only qualitative comparisons were made using all three

species. Table II.9 lists all the qualitative characteristics

which were found to be consistently expressed in the specimens

available for the present study, and each species of

AtaLophLebia ís cornpared. The genitalia of the species are not

included in this table, but of all the characteristics, this was

the character on lvhich most weighting was placed in the study of

the nale inagos. The characters in Table II.9 support this

weighting, verifying the species separation using the genitalia

on1y. The major venation of the fore and hind wings was

considered useful only at the generic level, and the cross-

venation too variable to be of any taxonomic value.

In the nymphs the nost reliable characteristics for specific

identification were the rnouthparts, especially the incisors and

prosthecae of the nandibles. In all species examined the left

na¡rdibular prostheca was robust, but the structute tvas

distinctive. The right mandibular prostheca was long and

slender, but again each was characteristic of the species.

'a



Ti\BL! II.9 Con¡rarison of qualitative char¿rctcristics of Atalophlebia austraLis, A, austv'aLasica and

Ä. auvatus from South Australia

Character A, austvaLis A. austz'aLasíca A. antvatus

llalc Inago.

llody colour

Forc wing colouration

llintl wing colouration
Pcnes

Lc gs

!'usion of '[arsaI
Scgr)cnt I of f'orc lcg

Fusion of Tarsal
Scgnìcnt I of Iiliddle
and tlind lcgs

,\ppc nrli .r- dors a I i s

Nymph,

Dorsul Eyc colour (d)

Latcnl E¡'e colour

Legs : Bancling

Postcro-latcral
spines on abdominal
seg¡Ìrint 9.

Åbdonina I Tcrgite
Sp i ncs

Git ls

Lefr l'landiblc
Incisors' - Outcr

t' Inncr

Pros thc ca

Right lla¡diblc

Yel low-brown

Pterostigna only
(ye I t ow)

Clear
Separate apically

Femur banded

Pa¡tial

Fused

Presen t -Absent

Sepia

B lack

Femora

Tibiae

Tars i

2 bands

2 bands

I band

BI ack -brorvn

Pterostigma only
(brown)

CIear

Fused apically with
lateral lobes

Fernur banded

Parti a I

Fus ed

Absent

Re d-b I ack

BIack

2 bands

2 bands

I band

2 spines

Singular spines

Mul ti furcate

3

3

Robus t -serrated

5

)

S I ende r- serrate d

Yel low-brown

Totally yellow

Grey

Fused apically without
lateral projections

No banding

Partial

Fused

P¡esent

Pink/brown

BIack

Absent

Absent

Absent

Single

Single spines with snalle¡
basal spines

Mul ti furcate

5

Robust - serrate d

a

Single

Large singular spines
with snaller basal
sprnes

Tri furcate

1 4

Robus t -s errated

5

2

I ncisors 0uter

lnncr

3

J

3

Pros theca Long, slender with
4 spines

Long, narrow
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These structures alone would probably be useful for

distinguishing species, but it was conmon to find the incisors

ü/orn, and often the teeth were indistinguishable. However, the

prosthecae remained distinctive, and these characters combined

with the gi11 structure, labrum shape and dentition, abdoninal

spination, md leg banding, enabled species recognition.

Quantitative or morphornetric character expression was

analysed using,4. austraLis and A. az,stz,aLasica male imagos

and male and fenale nymphs. Characteristics which were shown

to be geographically variable in the adults, and geographically

and/or sexually inconsistent in nymphs uJere not considered

useful characteristics in separation of the thro species.

Although all characters were assessed, including the

geographically and sexually variable ones, only seven

characters in the imago and four in the nymphs were consistently

expressed within the available naterial and statistically

different in both species. In the irnago comparison a further

two characters different significantly, but they exhibited

geographical variation. The nymphal comparison included a

further 11 significant characters, three of which were sexually

variable, four geographically inconsistent, and four both

sexually and geographically variable. Because of this great

variation of expression, although there was statistical

difference, the overlap of the two speciesr ranges was such

that very little confidence could be placed on these

morphometric characters. 0nly one character, maxillary palpi

proximal segment L/ll/, shorved no overlap in the comparison.

a
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Table II.10 lists the statistical parameters of the two species

of AtalophLebia which were statistically different. Although

these characters are useful in the separation of .4. austy,alis

and A. austnaLasica their value in the separation of other

species in this genus will need to be assessed. However, their

use has not been of prirnary importance in the recognition of the

species concerned, but are valuable characters in the support of

the species separation initially developed using qualitative

characters.

Genus AtaLonelLa Needham and Murphy 1924.

Ulmer, 1919 : 20 (In AtaLophLebia)

Needham and Murphy, L924 z 35-37

Lestage, 1951 : 52

Traver, 1946 : 420

Harker, 1950a z 3O-32

1954 z 242-243

1957 : 69-7I

Riek, 1970a: 239

Peters and Edmunds, 1972 : 1411

Tsui and Peters, 1975 z 540-542

Male Inago Characteristics. Wings; fore wing tornus not well

developed, cross veins in the proximal half of the costal area

weak or absent, cïoss veins of pterostigma simple, not forked or

anastomosed. Hind rving, costal border bends down to meet Sc at

3/4 of wing length, no intercalary in the fork of ItlA, no cross

veins posterior to CuA. Tarsal clals paired, similar, long and

rr.4.2



TABLE II.10. Morphometric characters which are useful in distinguishing the two species AtaLophLebia untraLís

and A. at'tstraLasíca in South Australia.

Characters which were geographically or sexually variable are indicated G. or S. respectively, or G-S. if both.

Abbreviations as for Tables II.1 and II.4.

" pS0.05; ** p50.01; *** pS0.001.

Character

I{ale Imagos :

N{NW/BL

PNW/BL

CL/BL

NL/TßJhI

MSL/BL (S)

N{FSL/BL (S)

Mr5L/MFL

HT5L/HFL

HT. L/HFL

A. austraL'Ls

S.D.

0.01

0.01

0. 56

0. 16

0.01

0.01

0.02

0.r2

0.05

xx

A. aLLstraLasiea

S.D. "Range

0. 18

0. 15

2 .44

1. 90

0. 16

0. r0

0. 19

0. 16

0.96

Range

0 . 16 -0.20

0. 12 -0. 15

2 .t4-2.84
r.62-2.23
0. 14-0. 17

0.09 -0. 1 1

0.L6-0.22

0. 16-0. 19

0.91-0.99

0. 16

0. 11

2.93

2.03

0. 15

0.09

0. i6

0. 15

1.01

0 .01

0 .01

0.2L

0 .05

0.01

0.01

0.01

0.01

0.02

0.r4-0.r7
0.r0-0.15
2.66-3.25

t.97 -2 .r4
0. 15-0. 17

0. 08-0 . 10

0.14-0.18

0. 15-0. 16

0.98=1.04

d. f. t

3.66

4 .38

2.84

2.t9
2.26

3.67

2.46

3. 60

3.9 3

25

T7

11

25

22

22

T2

L2

L2

**

*tr

*

*

*

**
*

*

**

Continued



Table II.10

Character

Male Nymphs :

MT L/MFL

L/MFL

1

NfT
a

HT aL/HFL

MNt\r/HW(G. S)

FFL/Hr\r(S)

MFL/HW(G. S)

HFL/HW(s)

FT. L/FFL (S)

MFL/MFW ( G. S)

Hr. L/HFL(G)

HFL/ FFL ( c. S)

labial palpi :

ML/BL ( G)

AL/BL (c)

maxillary palpi
MBL/MBW IG)

Labrum L/W

A. austz,aLis

S. D.

0.02

0.02

0.02

0.07

0.04

0. 05

0.08

0.02

0. 14

0.03

0.02

0.06

0.09

0.28

0.02

(Cont. )

xx
A, austraLasiea

S.D. Range d.f

0.97

0 .43

0.42

I.L4
0.87

O. BB

0.97

1 .06

3.33

1.03

r.74

0 .79

0.58

2 .87

0. 35

Range

0.94-1.00

0.55-0.45

o .38-0 .44

1.06-1.29

0.82-0.96

0.83-1.00

0.92-1.05

1.01-r. 11

3 .I2-3.58
0.97-r.06

1.10-1.18

0. 65 -0. 90

0.40-0.73

L.63-2.43

0. 35-0. 38

0.99

0 .37

0. 56

I .09

0. 89

0.91

1.0s

1.03

3.48

r.07

1.18

0.69

0.69

2.17

0. 30

0.02

0.01

0.02

0.06

0.04

0.03

0. 05

0.04

0. 14

0.02

0.04

0.05

0.05

0.25

0.02

54

54

48

33

54

54

49

53

54

48

45

***

***

***

*

ú

**
***
***

***
***

***

0. 96- I .02

0. 3s-0.40

0 .32-0 .39

0.98-1.15

0. 84-0.96

0.85-0.99

I .00-1 .20

I .01-1 .07

3.20-3.72

1.03-1.1r

T.IT-T.23

0.63-0.77

0.55-0.78

2.50-3.14

0 .2s-0.33

t

4.25

12.58

r3.65

2.26

2.5I
2 .82

L))

3.69

4.02

6. 16

4.82

6.73

5 .96

9.62

6 .49

59

56

55

27

***
***

***
***
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slender, distally hooked.

Male genitalia; forceps three segmented, proximal segrnent

broad at base, narrows half luay along length, proximal half

of penes fused, distal half rnay be divided or fused. Ninth

abdoninal sternite of female deeply cleft posteriorly.

Appendix dorsalis longer than cerci.

Mature Male Nynph Characteristics. Head prognathous, tentorial

body width slightly greater than length. Itlandibles robust, with

curved outer margins, incisors paired, separate, prosthecae with

brush of setae inserted at base. Gi1ls on abdominal segments

1-7 alike, with paired larne1lae, linear-lanceolate with only a

single tracheal filanent per 1ane11a. Postero-latera1 spines

on abdominal segments 6-9, spines progressively larger

posteriorly. Apex of tarsal claws hooked, narroul, denticles on

claws numerous, larger dista1ly. Appendix dorsalis longer than

cerci.

History and Discussion

The genus AtaLonelLa lnas had a very turbulent history being

criticised regularly since its designation in 1924 by Needhan

and Murphy. Two species ,4. ophis and A. fusca (Ulmer, 1919)

were included in this new genus, the former species fron Chile

and the latter from Australia (Needham and lvlurphy stated that

both species came frorn Chile, an error noted by Lestage (1931);

Traver (1946); Peters and Edmunds (1972) ) . Harker (I950a)

added further to Lestagers (1931) criticism of the erection of

this genus, noting that the "tlp of subcostal vein at nine

tenth of wing length in AtaLophlebia, three quarters in

AtaLoneLlxt" was the only constant character of those designated
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by Needham and lüurphy. In a subsequent paper Harker (1954)

noted that no type species was designated by Needharn and Murphy,

"but the species described at the same tirne, AtaLoneLLa ophís,

was probably considered as suchtr (Harker, 1954) .

Needham and ì4urphy distinguished A. ophis frorn AtalophLebia

fuLuípes which later was transferred to AtaLophT.ebioides by

Ulmer (1938). Harker (1954) compared AtaLoneLLa ophis and

AtaLophLebia austt,aLis,, the two genotlpes, and concluded that

these two species belonged to separate genera. Harker then

re-defined AtaLoneLLa and transferred six Australian species

described ín AtaLophlebia to AtaLoneLLa. Three of these,

A. btnmned, A. fi.tscuLa ar.d A. deLícatuLa, were described by

Tillyard (1936) who noted that rtthe Tasmanian species of

AtaLophLebía can be arranged in two quite distinct gïoups, one

consisting of conparatively large species in rvhich the nymphal

gills are digitate, and the other consisting of much smaller

species in which the gills are narrowly lanceolate.'t The

smaller species were the ones transferred to AtaLoneLla.

AtaLophlebia inconspicua mentioned in Tillyardrs key was not

described and was left in AtaLophLebia. AtaLophLebia Luetda

Ulmer 1919, A. simLLLima tJImer 1919, and A. paaDa. Harker 1950a

were also transferred to AtaLoneLLa and a further species,

A. darkara. was described by Harker (1957) establishing eight

Australian species of AtaLoneLLa.

Peters and Ednunds (1972) formally designateð A. ophis

as the tfpe species of AtaLoneLLa artd recognised the genus as

distinct from other leptophlebiid genera. Tsui and Peters (1972)

stated in their study of the morphology of the Gondlanian
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Leptophlebiidae that, 'rthe diffeïences in the thoracic

structures between the Australasian and south Arnerican

AtaLonella show the heterogeneity of this genus. These

results support the contentions of M. L. pescador (pers.

conm.) and E. F. Riek (pers. conm.) that the genus Ata\oneLLa

is polyphyletic and can be further subdivided taxononically in

both south America and Australia." The present sudy has not

enabled any clarification of further taxonornic subdivision and,

until further study of all Australian and South American

species is perforrned, the new species recognised fron South

Australia, ffid AtaLophLebia inconspicua Eaton are both placed

in the genus AtaLoneLLa. A. fuseuLa (Tíllyard) is redescribed

and the nymph of A. ineonspicua (Eaton) is described.

rr .4.2 .r At aLone LLa incoytspi cua (Eaton) 1871 comb. nov.

Lept ophT.ebi a ín conspí cua

AtaLophLebí a inconspi eua

Eaton, I87I : 79-80

Eaton, 1884 : 87

Ulmer,1908:43-44

Tillyard, 1936 : 3I

Harker, 1950a : 28

1954 : 265
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Male Imago,

SD Range

Body Length 7.27 0.50 26 6.07 - 7.95

Notal Length 2.26 0 . 15 26 2 .02 - 2 .62

Pronotal Width 0.96 0.09 16 0.84 - 1.08

Mesonotal Width 1.19 0.08 26 1.04 - I.32

Fore Wing Length 7 .25 0 .52 26 5.74 - B. i6

Hind Wing Length I.43 0.14 26 I.20 - 1.80

Cèrci Length 10.60 0. B0 11 9.4I - L2.I4

Appendix Dorsalis 12.67 1.01 r0 tr.rl - 14.02Length

General colour black, with light transparent regions between

abdoninal segnents, giving a black and white banding

appearance.

Head : black. Dorsal compound eyes light brown, raised,

lateral eyes grey. 0ce11i white. Antennae short, less than

lmn in length.

Thorax : dark brown/b1ack, notopleural suture black. Legs;

fore legs long, dark brown, without banding, T1 partially fused

to tibia. Middle and hind legs shorter, Iight brown, without

bands. T1 fused to tibia, suture apparent.

Ratios of leg segments;

fore leg 1.00: L46:0.14:0.48:0.45:0.55 2

0 . L7 (2. lStrun)

niddle leg 1.00 : I.07 : 0.06 : 0.08 : 0.08 : 0.07 :

0.16 (1.44mm)

hind 1eg 1.00 : 1.13 : 0.06 : 0.08 : 0.08 : 0.07 :

0. 16 ( 1.49mrn).

nX
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sternum dark brown. Prosternun with longitudinal carinae

separate. Mesosternum; basisternum length equal to or

slightly greater than (1.08 x) basisternum width, 0.97 x

furcasternun length, furcasternum length 0.56 x width, rateral

rnargins of rnedian longitudinal invagination almost para11e1,

posterior margin concave.

wings : hyaline, with dark brown venation. Fore wing (Fig. Ir.ga)

3.29 x longer than wide, pterostigmal region slightly opaque,

with sirnple cross veins in distal r/ 3 only, absent in proxirnal

2/3 of costal space, proximal region of subcostal space

without cross veins, distal region with very faint cross veins,

cubital and anal regions with few cross veins. Two bullae

present, one in Sc, one in Ra Ur. Hind wing (Fig. II.gb)

1.55 x longer than wide, Sc joins C at 3/4 of wing length,

costal hump not large , 4-5 cïoss veins in distal region of

costal space, absent in proximal ha1f, subcostal space with

3-5 cross veins (rarely 6-7, Table fI.I2), Rs attached to Ir4A

and R1 by a cross vein in proxinal hatf of wing, Ir4A straight,

MP forked in centre of wing, cïoss veins absent in median,

cubital and anal regions.

Abdomen : black with light centrar narkings dorsally (Fie. Ir.gh).
Each segment dark laterally with light regions both anteriorly

and posteriorly giving a black and white banded appearance,

segments 3-8 with a dorsal light brown stripe along rnedian line,

segments 9 and 10 dark brown, all segments light brown ventrally

(Fig. II.8i). Cerci long, but shorter than appendix dorsalis.



Fig. II.8. AtaloneTla ínconspicua. a - d, male imago: a, fore wing;
b, hind wíng; c, genitalía, ventral víew; d, genitalía, lateral
view. e - f, female Ímago: e, abdomínal segment, 10, ventral víew;

f, abdominal segment.s 7 - 10, lateral view. g - i, rnale imago:

E¡ fore cl-awsi h, dorsal abdominal colour pattern; i, ventral
abdoninal colour pattern.

Scale lines : arh,i rlmm.

b - f 0.5mrn.

g 0.05rnm.



a
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h

d

I
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g
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Genitalia : (Figs. II.8c, d) ; forceps three segnented, proximal

segrnent long at base, narrows half way along length, 2nd segment

short, rectangular, distal segment rounded, 91obular. Penes

broad, fused along entire length, extending beyond

construction of proximal segment of forceps, ventral lobes

triangular with base separate anteriorly, sperrn ducts open on

nid line (Figs.II . 15a, b) .

Mature Male Nymph (Fig. II. I4d)

SD Range

Head Width 1.59 0.04 13 1.54 - I.70

Notal Length 1.95 0.08 13 1.80 - 2.I2

Pronotal Width 1.50 0.08 13 1.58 - 1.56

Mesonotal Width 1.58 0.07 13 1.50 - L.72

Cerci Length I .92 - 1

Appendix Dorsalis 10.77 - I
Length

Head : dark brown, light diamond shaped rnarking in centre of

frons, epicranial suture light brown. Dorsal compound eyes

dark reddish brown, lateral eyes black. Ocelli black. Antennae

longer than head width. Tentorial body rectangular, 1.25 x

longer than wide.

Thorax : pronotum width 0.90 x head width, dark brorvn, spine

setae present on antero-lateral margin. Mesonotum dark brorvn

with black wing sheaths (just prior to emergence) extending back

to middle of fourth abdominal segment, light markings at base of

wing sheaths. Mesonotal width 0.95 x head width. Legs brown,

with no distinct banding, rnargins of femora and tibiae lined

withqpine setae (Fig. II.9a). Tarsal claws with 12-16 ventral

nx
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peg-1ike teeth and a terminal curved tooth ' (Fig. II.9b) .

Ratios of 1eg segrnents;

fore leg 1.00 : 0.92 : 0.52 (1.39mm)

rniddle leg 1.00 : 0.92 : 0.44 (1.39nn)

hind leg 1.00 : 0.98 : 0.36 (1.49nrn).

Femur length to width ratios, fore leg 3.17, middle leg

3.20, hind leg 5.55. Sternum; prosternum triangular, apex

truncated, posterior width less than width of mesobasisternum.

Mesosternurn; basisternun length equal to furcasternum length,

but narrou¡er than furcasternum, sternacostal suture present.

Me tab asi s te rnum narto\^/e r than me s o furcas t e rnum.

Abdomen : brown dorsally with a light stripe down nid-line

(Fig. II.14d), segment ten brown, segments 6-9 with small

backward pointing spine on postero-latera1 nargin, posterior

margins of terga with large singular spines, with smaller spines

between them. Cerci well developed, appendix dorsalis longer

than cerci. Gil1s on segments 1-7 paired, lanceolate

(Fig. II.9c), with a single terminal tracheal filament, lamellae

with numerous tracheal branches, gills 1-4 largest, 5, 6, 7

progressively decreasing in size.

Mouthparts : labrun (Fig. II.9d) i 2 x wider than long, lateral

rnargins rorrtded, lined with setae, anterior margin ruith median

cavity rvithout obvious rounded denticles (Fig. II.9e), one row

of short setae along anterior border, one short row of long

setae directly behind medj.an concavity. Left nandible

(Fig. II.9h); outer incisors with three teeth, inner with

three teeth, prostheca long and slender, apically with two

rounded teeth (Fig. II.9i), molar region tvith l0-12 transverse
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ridges. Right mandible (Fig. II.9j); outer incisors with

three teeth, inner with 2-4 teeth, prostheca simple, narrow

with one apical spine (Fig. II.9k), nolar region with transverse

teeth. Hypopharynx (Fig. II.9f); rnedian lobe deeply divided,

paragnaths large, lined with long setae. Maxillae (Fig. II.9L);

galeo-lacinia rectangular, broader than long with ventral row of

12 rake setae, and a rake spine on inner anterior margin, inner

margin lined with long pinnate setae; palpi three segmented,

proxirnal segment 2.06 x longer tha¡r wide, lined with long fine

setae, segment ratj-os; 1.00 :0.92 : 0.80 (0.22run), distal

segment rounded apically, lined with long setae. Labiun

(Fig. II.9g) with three segnented palpi, proximal segment

1.98 x longer than broad, second segment narroï/er, both lined

with spine setae, distal segment rounded apically, with spine

setae dorsa11y, apex with 3-4 short spines, segment ratios;

1.00 z 0.79 : 0.64 (0.55rnm), glossae srnall, foot-like, lined

with short spines, paraglossae broad, covered with long fine

setae dorsally, short fine setae ventrally.

Fenale Imago : more robust than male, r.n:riform brown, body

7 .S - 7.8mm tong. Eyes lateral, light purple, dorsal conpormd

eyes absent. Fore wings with cross veins along entire costal

and subcostal spaces. Hind wings with some cross veins in

radial, median and cubital sectors. Fore leg shorter than

rna1e, sternum and thorax more robust. Anal plate with a deep

V shaped incision (Fig. II.8e), no apparent egg guide or

ovipositor (Fig. II.Bf). Egg oval, 0.12mn 1ong, 0-09nn rvide

witl-r a polar cap of tlvo rings of tubular projectiotrs on each

apex (Fig. II.16a) .



Fig. II.9. AtaToneLla ínconspícua, maÈure nymph: a, fore leg;

b, fore claw; c, third abdominal- gÍ11; d, labrum, dorsal view;

e, anÈero-median emarginaËion of l-abrum, enlarged; f' hypopharynx;

E, labium, dorsal- (left) and ventral views; h, left mandible,

ventral view; i, left incisors and prostheca, enlarged; J, right
nandible, venÈral vierv; k, right incisors and prosËheca, enlarged;

1, left maxilla, ventral view.

Scale lines ârc
brdrf ,Brh, j rl
e,irk

0.5mm.

0. Irnm.

0.05mm.
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Subinago black with rnifornly grey wings.

Female Nynph : sinilar to na1e, lacking dorsal conpor.rnd eyes,

lateral eyes black

Sexual Variation of Nymphs.

Table II.11 lists the norphometric characters which

differed significantly between male and female nymphs of

A. inconspieua frorn Deep Ck., near Ashton, Mt. Lofty Ranges.

0f the 27 characte'rs compared, eight differed at the 5% level

of significance. 0f these, six were thoracic or leg characters

and two were mouthpart characters. The statistical parameters

of non-significant characters are tabulated in Appendix 6.

Diagnostic Characteristics .

Genitalia; penes shape, broad, fused, with triangular

ventral lobes (Fig. II.8c, d; 15a, b).

Lack of cross veins in proxinal regions of C and Sc spaces

of fore wings (Fie. II.8a).

Egg norphology, polar caps with thro rows of tubular

processes. (Fig. II. 16a) .

Nymphal gi1ls lanceolate (Fig. II.9c) .

Mandibles, incisors and prosthecae shape (Figs. II.9h-k).

Proxinal segment of labial palp long and narrorv

(Fig. II. eg) .

Dorsal rvhite stripe on abdomen (Fig. II.14d).

1

2

3

4

5

6

7



TABLE Ir'11' some morphonetric characters of AtaLonellaineonspicuanymphs in which rnales differ from fernales.
Data refers to a population of f. ineonspì'eua lrom Deep creek, Mt. Lofty Ranges, south Australia, and to last instar
nymphs only. Abbreviations as for Tables II.l and rr.4.
* pS0.05; ** p90.01; *** pS0.00f.

ii
Itfales

S. D.

0.04

0.03

0.03

0.06,

0.04

0.07

Range

0.88-1.00

0. 86-0.94

0. 82-0.91

0 . 80-0. 94

0. 88-l .00

0.38-0.58

0.94-1.06

2 .00-2.s0

Females

S. D.

0.05

0.04

0. 03

0.03

0.05

0.07

Range

0.98-1. 12

0.99-1.09

0. 88-0.95

0.88-0.96

0.92-L.06

0.31-0.48

Character

MNW/HW

PNW/HW

FFL/HIV

lvlFL/HlV

HFL/HW

FT L/FFL
a

Labial paraglossae

PLlPW

Ir{axil lary palpi :

MBL/MBW

1 .00 0.05

2.06 0. ls

0.95

0.90

0 .87

0. 86

0. 95

0.52

1 .06

1. 03

0.92

0.92

I .00

0 .42

d.f.

11

11

I7
15

20

16

t

4.19
'7 )O

3.52

2.56

3.75

3.04

**
***
Jr*

**
**

*

*

0.94 0.07 0.82-1.00 20 2.60

1.91 0.I2 7.82-2.20 22 2.74
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History and Discussion

until this study this species had the distinction of being

the first and only species described fron South Australia.

Eaton (1871) described and placed it in LeptophLebia, noting the

black and white patterning of the abdornen. His illustration of

the genitalia differs from the scanning electromicrograph

(Figs.II.15a, b) as he showed separate penes 1obes. This

separation of the two lobes of the penes is observed with air

dried specirnens, md may occur with slide mounted naterial.

Living, critical point dried, and alcohol preserved specimens

possess genitalia with the two lobes held close together as

illustrated in the micrograph. The type locality of this

species is Adelaide, but the river or stream from which the

holotype was collected is unknown. In 1884 Eaton placed

AtaloneLLa inconspicua in the new genus AtaLophLebia whete ít

has remained until the present study. Ulner (1908) added to

Eatonrs description from material from the south-west of

lvestern Australia. He included illustrations of nale genitalia,

both wet preserved in alcohol and dried, showing the separation

of the paired penes lobes in the dried preparation. From the

illustrations of the wings (the presence of cross veins in the

proxirnal half of the C and Sc regions of the fore wing) and

genitalia it is difficult to know if the species described by

Ulner is,4. inconspicun or a different species. One of the two

localities rnentioned by Ulner (Lion Mi11 and Brunsrvick) is stilI

extant, but Lion Mi11 no longer exists, and no record of it

exists in the south-west of lVestern Australia. Lyalls l.{i11, in

the same region as Brunsrvick, trâ/ be the loca1ì.ty rnentioned by



69.

Ulrner, but as a mayfly habitat it now is extinct. Samples

from Bmnswick have been made available for this study, but no

AtaLoneLla specimens v/ere present. until specimens from this

area are available some doubt rnust be placed on Ulrnerrs

identification.

As rnentioned in the History and Discussion section of the

genus AtaLoneLla, Tíllyard (1956) recognised two groups within

the genus AtalophLebía, and he included A. ínconspicua in the

group with the smaller species [i.e. rfsnaller species, expanding

from one-half to three-quarters of an inch (fore wing fron 5 to

Brnm long)rr]. Since this species is not recorded in Tasmania, no

description hras given, and in fact it is only referred to in the

adult key. All the other species fron the srnaller sized group

were later placed in the genus AtaLoneLLa by Harker (1954), but

A. inconspicua was left ín AtaLophLebia.

The nymphs and adults of this species, as described above,

have characteristics which distinguish them from the genus

AtaLophlebia, but are consistent with the generic characteristics

of AtaLoneLLa. Consequentl-y A. inconspicua is now fornally

placed in the genus AtaLoneLLa.

Variation of Character E xpres s ion

No record has been made of variation in character

expression in this genus. Geographical variation was

analysed for male imagos and nymphs (both male and female)

by comparing morphometric character expression in

representatives from two isolated populations, one from Spring

Creek, Southern Flinders Ranges, and one from Deep Creek, Nft.



70.

Lofty Ranges. Wing vein variation in the male irnagos from

these two populations was also compared, but not statisticaLLy.

In the forewings of male irnagos fron both populations the

number of cross veins in the proximal half of the cubital and

subcostal spaces was consistently zelo, but in all other

sectors the variation was wide (Table II.L2), Ðd of little

taxonornic va1ue. The morphonetric characteristics analysed

from both populations also expressed variation, but of the twenty

characters analysed only three l^Iere statistically different a¡rd

the statistical parameters are given in Table II.13.

The geographical variation expressed in the nymphs of

A. inconspict're. was greater tha¡r that found in the inagos, where

ten of the twenty-seven characters compared were statistically

different. With the exception of the paraglossae length/width

ratio a1 1 others which l¡Iere sexually variable were not

geographically different when both male and female ratios were

conbined. The statistical parameters of the significant

characters of the nynphs are listed with the three significant

inago characters in Table II.13. The statistical parameters of

the non-significant charactets are listed in Appendix 7.

Material Examined. South Australia : Mt. Lofty Ranges;

Aldgate Ck., Blackfellow Ck., BrownhiIl Ck., Bull Ck., Currency

Ck., Deep Ck., Fifth Ck., Finnis R., Fourth Ck., Little Para R.,

Marne R., Morialta Ck., Onkaparinga R., Scott Ck., Sturt R.,

Torrens R. Southern Flinders Ranges; Back ck., Nectar Brook

Dam, Rock/ R., Schumaöher Ck., Skillogalee Ck., Spring Ck.,

It¡akefield R. Fleurieu Peninsula; Anacotilla Ck. , Carrickalinga

Ck., Coolawarìg Ck., The Deep Creek (Delamere), Gold Digging Srvarnp,

-a



TABLE IT,.I2.

Variability of expression of the cross vein system in wings of
AtaLoneLla inconspícua from South Australia.

(n = 14)

Vein Sector Left Wing
Range

Right Wing
Raage

Fore wing :

C/Sc basal half
C/Sc apical half

Sc/R1 basal half

Sc/R1 apical half

Rr/Rs

R, systen

R4+s/MA

lvlA systen

MA/l'P

Hind wing :

C/Sc

Sc/R1

Anal

0

7-IL

0

2-7

6 - 11

2r-30

6-11

0

7-r0

0

2-8

7-r0
2L-3L

5-10

3-7
5-8

3-5
3-6

0

2-8
6 -- 8

5-5
3-7

0



TABLE II.13. Geographical variation of norphological characters of.4. ineonspicua frorn Spring Creek, Southern

Flinders Ranges and Deep Creek, Mt. Lofty Ranges, South Australia.

AbbreviationsasforTablesll.l and II.4. * pf0.05; ** p(0.01; *** pS0.001.

Character

Ii{aIe Inagos

FWL/BL

HWL/BL

NL/BL

Nymphs :

FFL/FFW

MFL/MFW

HFL/HFW

HT. L/HFL

HTaL/HFL

Labial patpi :

ML/BL

Paraglossae L/W

Maxillary palpi
MAL/N{BL

Spring Creek

S. D.

0.73 0.06

Range

0.75-1.05

0 .17 -0.22

0. 30-0. 33

2 . 88-3. 88

2 .83-3.57

2.80-3. B1

0. 91 -1 .05

0.31-0.40

0.61-0.93
0. 85-0 .94

0.64-1 . 00

iX

Deep Creek

S. D.

o.r4
0.05

0.03

0 .05

0 .06

Range

0.93-1 . 36

0 .r7 -0 .26

0 .28-0 .36

2.50-3.33

2.43-3.20

2 .6r-3.52
0.96-r.06

0.32-0.39

0.72-L.00

0.82-1.06

d.f t

3. 55

2 .33

2.29

3.51

4.26

3.3r
3.93

2.09

3.25

3.34

2.82

0.92

0. l9
0. 31

0. 85

0.91

0.09

0.02

0 .01

I.I2
0.22

0.33

3. 19

3.16

3.36

0.97

0. 56

0. 79

0.97

t4

T4

L4

35

35

35

33

32

43

34

**
*

*

**

**
***
***
***

+

**
**

2.94

2.9r
3. 11

1.0r

0. 35

0.22

0.18

0.2r
0. 03

0.03

0.20

0. 19

0.24

0 .03

0.02

0.07

0.05

0.79 0. 09 0 .64-0. 89 40

a
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rr.4.2 .2

Hindmarsh R.,Kangarilla Ck., Myponga Ck., Yankalilla R

Kangaroo Island; Breakneck R., Cygnet R., De l4o1e R.,

Grassy/Sheep Ck., Middle R., North East R., Rocky R.,

South West Bay R., South West R., Stunsail Boon R.

AtaLoneLLa fuscuLa (Til1yard) 1936

AtaLophLebia fuseuLa

AtaLophLebia fuseuLa

AtaLoneLla fiæatLa

Tillyard,1936 z 44-47

Harker, 1950a : 28

Harker, 1954 : 242-243, 264

Scholes, 1961 : 31-33

Male Imago.

SD

Body Length 6.58 0.32 23

Notal Length 2.02 0.11 2I

Pronotal Width 0. 87 0.06 10

Mesonotal Width I.02 0.09 20

Fore l\ring Length 6.41 0.28 22

Hind Wing Length I.29 0.09 23

Cerci Length 10.32 0.62 12

Appendix Dorsalis 11.67 0.76 B

Length

General colour black with lighter narkings.

nx Range

5 .82

1.84

0.74

0.82

5.90

t.t2

9.23

t0 .77

7.01

2.20

0.92

T,T2

6.97

1.40

1r.11

13.00

Head : black. Dorsal compor.md eyes raised, rounded,

brown/grey, lateral eyes grey. Ocelli white. Antennae short,

less than lrnm long.



72.

Thorax : black. Pronotun dark brown, with a narrow median

longitudinal white line. Mesonotum black, scutoscutellum

edged with brown, with three longitudinal grooves, two snal1

white patches antero-latera1ly. Legs; fore legs long, black

without banding, T1 partially fused to tibia. Middle and hind

legs similar, shorter than fore 1egs, brown without banding,

T1 fused to tibiae, join difficult to distinguish,therefore

segment ratio of tibia length to femur length is tibia + Tt length

to fernur length.

Ratios of leg segrnents;

fore 1eg 1.00 : L.29:0.14:0.49 :0.44:0.28 :

0. 16 (1.6ann)

niddle leg 1.00 : 1.15 : - : 0.11 : 0.09 : 0.09 :

0. 15 (1.38nn)

hind leg 1.00 ; I.20 : - : 0.09 : 0.08 : 0.09 :

0. 15 (1.58nn).

Fore leg fenur length 1.19 x niddte leg fenur length, and

1.04 x hind leg femur length. Sternurn dark brown.

Prosternum triangular, truncated anteriorly, longitudinal

carinae separate. Mesosternum; basisternurn length 1.09 x

width, 0.97 x furcasternum length, furcasternum length

0.55 x width, lateral margins of longitudinal invagination

parallel, posterior margin slightly concave.

Wings : hyaline with dark brown venation. Fore wing

(Fig. II.10a) 3.13 x longer than wide, pterostigmal region

slightly tinged with brown, cross veins slanted, sinple, costal

space proximal to bu1la with 3-7 very faint cToss veins, subcostal

space with 2-4 cToss veins in proximal half, 7-10 in distal half.

Variation in the cross vein systern is tabulated in Table II.14.

Four bullae present, one in each of Sc, R2, R u & t and lvÍP'



Fig. II.10. AtaToneLfa fuscuTa. â - d, male imago: a, fore wíng;

b, hind wing; c, genitalia, ventral view; d, genitalía, laÈeral
view. e - f, femal-e ímago: e, ventral view of abdominal segrnenÈ 10;

f, abdomínal segment.s 6 - 10, Lateral view. g - j, male imago:

E, fore clawsi h, dorsal abdominal- colour pattern; f, ventral
abdorninal colour paÈtern; j, penes enlarged, ventral view.

Scale línes arhri
brcrdrerf
j
oò

lmm.

0.5nn.

0. lrun.

0 .05r¡rn.
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TABLE II.14.

Variation of cross vein expression in the wings of
AtaLoneLLa fuscuLa frorn South Australia.

(n = 7).

Vein Sector Left Wing
Range

Right Wing
Range

Fore wing :

C/Sc basal half
C/Sc apical half
Sc/Rr basal half

Sc/R1 apical half

Rr/Rs

R, systen

R+*s/ttn

ItlA system

MA/l',P

Hind wing

C/Sc

Sc/R1

Anal

4-7
9-14
2-4

7-II

8-10
22-30

7-L0

5-7
7-B

3-6
10-15
2-3

7-L0

8-11
23-29

8-10

4-7
8-9

3-4
s-6

0

3-4
4-5

0
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Hind wing (Fig. II.10b) 1.52 x longer than wide, Sc joins

C at 3/4 of wing length, costal hunp small, 3-4 cross veins in

distal region of costal space, absent in proxinal half, subcostal

space with 4-6 cross veins, three obvious, rest faint. Rs joins

lulA in proxirnal half of wing, ÌvlA straight, W branches in

proxirnal third of wing, cross veins absent in nedian, cubital

and anal regions.

Abdornen : black, with brown and light brown markings (Fig. II.10h),

segments B, 9 light brown, segnent 10 black; ventral pattern of

black spots on segments 1-7 (Fig. II.10i). Cerci 1ong, appendix

dorsalis longer.

Genitalia: (Figs. II.10c, d) ; forceps three segrnented,

proxirnal segnent broad at base, narrows half way along length,

second seglnent square, distal segment oval, globular. Penes

lobes widely separated, cylindrical, constricted near apex,

apex rolrrded, lobes apparently sheathed, inner margin with a

srnall spine hidden within sheath, visible in mounted

preparations examined using transnitted light (Fig. II.10j),

but not in the Scanning Electron Micrographs (Figs. II.15c, d)

Mat¡,r:qe Ìvlale Nymph (Fig. II .14e) .

XSD Rangen

Head Width L.44

Notal Length I.7l

Pronotal l\ridth I.28

Mesonotal Width I.33

Cerci and appendix dorsalis

0.06 6 r.36 - 1.50

0.07 4 r.64 - 1.80

0.04 4 L.22-r.32

0.06 4 L.26-r.40

damaged in available specimens.
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Head : dark brown, with white epicranial sutures and a

diamond shaped rnarking in centre of frons. Dorsal compound eyes

reddish brown, lateral eyes b1ack, Ocelli b1ack. Antennae

longer than head width. Tentorial body square.

Thorax : pronotun width 0.91 x head width, brown with central

and anterior light patches, spine setae on antero-1ateral

margins. Mesonotum width 0.94 x head width, brown with black

wing sheaths extending posteriorly to fourth abdoninal

segment. Legs brown, not banded (Fig. II.11a), margins of

segments lined with long setae. Tarsal claws with 12-16 peg-

like teeth (Fig. II.11.b). Ratios of leg segments;

fore leg 1.00:0.87:0.55 (1.18mm)

niddle leg 1 .00 : 0. 84 : 0.39 (1 . r9mm)

hind 1eg 1.00 : 0.91 : 0.58 (1.a0tnm).

Femur length to width ratios; fore leg 2.74, middle leg 2.82,

hind leg 3.11. Sternurn; prosternum triangular, apex

truncated, posterior width less than width of mesobasisternum.

Mesosternum; basisternum narrol^rer than furcasternum, but

equal in length. Metasternum; basisternum narrower than

mesofurcasternum, very short.

Abdomen : black with mid longitudinal row of líght narkings,

light brown lateral1y, colour pattern irregular, segntent 10

predominantly white with brown posterior nargin (Fig. II.14e)

Segments 6-9 with smal1 backrvard pointing spines on posterior

lateral nargins. Spines on posterior margins of terga occur

either separately or in pairs. Gi11s (Fig. II.1lc); linear

rvith single terminal tracheal filament, lamellae lacking

tracheal branches, or, if present, very short, gi11 size
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increases from 1-3, decreases from 5-7,

Cerci well developed, appendix dorsalis

4 5 equal.

Mouthparts : labrum (Fig. II.ffd); 2 x wider than 1on b,

lateral margins rounded, lined with spine setae, anterior margin

with nedian cavity with 4-6 rounded denticles (Fig. II.11e), one

row of short setae along anterior rnargin and one row of long

setae directly behind nedian cavity. Left rnandible

(Fig. II.1lh); incisors large and separate, outer incisors

with three apical teeth, inner insicors with three teeth,

prostheca broad and robust, outer and apical rnargin serrated

with nurnerous spines (Fig. II.11i), molar region with ten

rows of transverse ridges. Right rnandible (Fig. II.Ilj);

outer incisors with three apical teeth, inner incisors with two

teeth, prostheca sirnple, long and narrow with one long apical

spine (Fig.II.lfk), molar region of grinding ridges.

Hypopharynx (Fig. II.11f); nedian lobe deeply divided with

large lateral processes, lined with short fine setae,

paragnaths large, lined with spine setae. Maxillae

(Fig. II.11L); galeo-lacinia broad, rectangular, with a

brush of setae apically, ventral row of 14 rake setae, and a

rake spine on inner anterior margin, rake setae also throughout

apical brush, inner margin lined with long pinnate setae;

patpi three segmented, proximal segnent 2.11 x longer than

wide, lined dlstally with long fine setae. Segment ratio

1.00 : 0.71 : 0.78 (0.2fmm); distal segment with long fine

setal cover, apex with short fine setae. Labium (Fig. II.11g);

vrith three segmented palpi, proximal segment 1.57 x longer than

broad, lined rvith spine setae, second segment narrorver, lined

with fine setae, distal segment narrou¡est, with spine setae on

gi11s, 3,

longer.



Fig. II.ll . AtafonelJ-a fuscuJ.a, mature nymph: a, fore leg;
b, fore claw; c, Èhird abdominal gill; d, labrum, dorsal view;

e, antero-median emargination of labrum, enlarged; f, hypopharynx;

B, labium, dorsal (left) and ventral views; h, left nandible,

ventral view; i, left incísors and prostheea, enlargecl; j, ríght
mandible, venËra1 view; k, right íncisors and prostheca, en1-arged;

1, left maxilla, ventral vÍew.

Scale lines ârc

brdrfrBrh,jrl
erirk

0.5rnn.

0. lmm.

0 .05mn.
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dorsal edge, segment ratios : 1.00 : 0.71 : 0.69 (0.29mrn);

glossae snal1, lined apically with short spine setae t parâ,-

glossae broad lined with fine setae, dorsal half with long fine

setal cover.

Female Inago more robust than male, fore legs shorter, wings

simirar, hind wings with more cross veins in radial, rnedian and

cubital sectors, sternum and thorax broader. Anal plate with a

deep V shaped incision (Fig. II.10e), no egg guide or

ovipositor (Fig. II.10f). Eggs oval 0.t2nm x 0.09mrn, polar

caps with three rings of tubular processes (Fig. II.16b).

Subimago dull b1ack, wings opaque, dark grey.

Fernale : similar to ma1e, lacks dorsal compound eyes,

lateral eyes b1ack.

Sexual Variation of Nymphs.

The norphometric characters of the fernale nymphs rvhich

differed significantly from the nales are listed in Table

II.15. A. fuscuLa nymphs differed sexually mainly in leg

characteristics with all femora to head widths, fore tarsus

Iength/femur length and niddle tarsus length/fenur length

characters, but the thoracic or mouthpart characteristics were

not significantly different. The statistical parameters of

non-significant characters are tabulated in Appendix 8.

Di agnostic Characteristics .

Male genitalia, lateral lobes of penes rvidely separate,

small splne on mesal margin of lobes (Fig II.lOc, d;

15c, d).

I



TABLE II.15. Morphological characters of A. fuscuLa nymphs in which nales differ from fernales.

Data refers to last instar nymphs fron Tookayerta Creek, Fleurieu Peninsula, South Australia.
AbbreviationsasforTablesll.l and IT.4. * p(0.05; **pS0.0l; *** pS0.001.

Character ii
Males

S.D.

0.02

0.02

0.02

0.02

0 .04

0.01

0.02

Range

0.93-1. 19

0. 79-0 . 85

0.79-0.84

0.93-0.99

0 . 80-0.91

0.s2-0.57

0 . 81-0. B7

0 . 73-0.90

Females

S.D.

0.09

0.04

0.04

0.05

0.02

0 .01

0.02

Range

0.90-0.97

0.82-0.91

0.86-0.95

1.01-1.13

0.89-0.93

0 .47 -0 .49

0. 84-0 .90

t

2.37

4.96

6.24

6.28

2.28

TT.97

2.56

3.27

d.f

T2

16

18

I4

16

l6

18

I\,f,{l\l/NW

FFL/HW

MFL/HW

HFL/Hhl

FT. L/FFL

FTaL/FFL

MT. L/MFL

li{axi1lary palpi

MAL/l"1BL

0.93

0. 81

0. 83

0. 96

0.87

0.55

0. 84

1 .01

0. 87

0.90

I.07

0.90

0 .48

0. 86

0.67

*

*

***

***

***

***

**

*

0.79 '0.08 0.07 0.54-0.75 15
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Cross veins in proximal region of costâ1 and subcostal

spaces (Fie. II.10a).

Egg polar cap with three coronae of tubular processes

(Fig. II.16b).

Nymphs have linear gi11s with few tracheal branches on

1ame11a (Fig. II.11c).

5. Ivlandibles, shape of incisors and prosthecae (Figs. II.llh-k)

6. Proximal segment of labial palpi broad (Fie. II.11g).

7. Abdoninal colour pattern irregular (Fig. II.14e).

History and Discussion

Tillyard (1936) described the adutts (nale and femate),

subinago and nymph of A. fuseuLa placing it in his distinct

group of species of the genus A.taLophLebia. Harker (i954)

recognised that all the species Tillyard placed in this second

group of snall sized species belonged in the genus AtaLoneLLa,

and A. fuscuLa was included in this new combination.

The male genitalia is very distinctive in A. fuscuLa,

with a snall spine on the mesal margins of the penes lobes,

but the associated nymph in South Australia differs fron the

description and illustration given by Tillyard (1956) . The gill

illustrated by Tillyard shows a more lanceolate lame11a rvith

numerous tracheal branches, both shape and tracheation are

inconsistent with the associated nymphs from South Australia.

Nymphs of Tillyard's description rvere not found at Tookayerta

Creek (the only locality where A. fuscuLø is present on the
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Fleurieu Peninsula), but one of a similar description to his

r^ras recorded frorn Deep Creek, east of Port Macdonnel in the

south-east of South Australia. At the time of this record

A. fuseula male and female inagos were flying. Similar

nymphs from the Grampians, Victoria, were bred through

and A. piLosa sp. nov. hras the associated adu1t. Field

observations suggest that A. fuscuLa emerges before A. yiLosa,

therefore leaving A. piLosa nymphs in the stream. This

results in the latter species being the donLinant nynrph in

stream collections, rather than the nymphs of the flying

A. fuscuLa. A. piLosa then emerges 1ater. This observation

hras repeated in the south-east of South Australia, the

Grampians, Victoria, and in Tasmania. The nymphs of A. fuscuLa

from Tasmania (collected in February 1978 and associated with

adults) were sirnilar to those in South Australia. From these

observations it appears that Tillyard indirectly associated the

nynph in the stream with the flying adults and emerged subirnagos,

rather than by breeding through the nymphs and directly

associating these urith the resulting adults.

Variation of Character Expression

Only qualitative characteristics were assessed for

variability and value in the species designation of A. fuscula.

Of these, the diagnostic characteristics listed above were

found to be consistently expressed throughout the known

distribution of this species. The abdonlinal colour pattern of

the nymphs is variable rvithin any one population, but the lack

of a distinct pattern is consistent.
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Material Exanined. South Australia i South East; Cress Ck.,

Deep Ck., Eight },{ile Ck. Fleurieu peninsula; Tookayerta Ck

Victoria : Aire R., Albert R., Beehive Ck., Crawford R.,

Cumberla¡rd Fa11s (Marysville), Darlots Ck., Genoa Ck., Howqua R.,

Jinrnyrs Ck., Little R., lrlcKenzie R., Mt. Zero Channel, Stony Ck.

(Halls Gap), Tanjil R., Tanvin R., Toorongo Falls (Noojee).

New South lVales Leatherbarrel Ck., Styx R., Wallagaraugh R.

Tasmania : Break 0fDay R., Dee R., George R., Great Forester

R., Isis R., Macquarie R., Rostrevor Ck.

LI .4 .2.3 AtaLoneTLa piLosa sp. nov.

Holotype MaIe

Body Length

Notal Length

Pronotal Width

Mesonotal lVidth

Fore Wing Length

Hínd Wing Length

Cerci Length

Appendix Dorsalis
Length

7 .50nm

1.90nm

0 .9 Snm

1. ITnn

7.67nm

1.2Smn

9 .50mn

12.00mm

Head : black brown, with a light brorvn marking nid dorsa11y.

Dorsal cornpound eyes large, pink/brown, lateral eyes gre)'.

Oce11i white.



80

Thorax : pronotum b1ack, narrower than heàd. Mesonotum black

without distinct narkings. Legs; fore leg long, without

banding, femur dark brown, tibia and tarsi light brown, T1

partially fused to tibia; niddle and hind legs with dark

brown femora each with one black band at 3/4 of length, tibiae

and tarsi light brown, Ti fused to tibia.

Ratios of leg segrnents;

fore 1eg 1.00 : 1.52 : 0.08 : 0.48 : 0.51 : 0.38 :

0.15 (1.92nm)

rniddle leg 1.00 : I.22 : - z 0.07 : 0.07 : 0.07 :

0.11 (1.62rnm)

hind leg 1.00 : 1.35: - :0.09 :0.08:0.07:

0.13 (1.67run).

Tarsal claws paired, similar, each long and slender,

terninally hooked (Fig. II.12f). Sternum; prosternum,

longitudinal carinae separate. Mesosternum; basisternurn

1.3 x longer than wide, but equal to furcasternum length,

furcaster:rum; lateral margins of nedian longitudinal

invagination divergent, posterior rnargin concave.

Wings : hyaline, veins brown. Fore wing (Fig. II.I2a), 3.3 x

longer than wide, pterostigmal region with simple, slanted cross

veins,proximal 2/3 of costal space without cross veins, sub-

costal space without proximal cross veins, distal region with

seven. Four bullae present, one in each of Sc, R2, R 4 6 5 and

MP. Hind wing (Figs. II.12b, c) I.52 x longer than rvide, Sc joins

C at 3/4 of wing length, costal hurnp large, without cross veins

proximaJ-ly, with two distal cross veins, subcostal space with

three cross veins, Rs joins ltlA and R1 in proximal half of



Fig. II.12. AtaJ-one77a pí7osa. a - h, male imago: a, fore wíng;

b, hind wing; c, left hínd wing, enlarged; d, geníÈalia, ventral

view; e, genitalia, lateral view; f, fore claws; 8r dorsal abdominal

colour pattern; h, ventral abdominal colour pattern.

Scale lines arb, grh lmn.

c - e 0.5mrn.

f 0. lmm.

a
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wing, I'fA straight, l'4P forked in proximal half of wing, cross

veins absent in median, cubital and anal sectors.

Abdonen : dark brown with nid dorsal light brown regions on

segments 2-7, on segnents 3-6 light brown region edged

laterally with paired longitudinal black stripes, segments

8-10 dark brown (Fie. IT.I2g); ventrally light brown with

irregular patterning (Fig. II.Izh). Cerci long, appendix

dorsalis longer than cerci, base of each segment of caudal

filanents tinged with brown, giving a banded appearance.

Genitalia : (Figs. II.I2d, e) forceps three segmented,

proxinal segment 1ong, broad at base, constricted half way

along length, second segment short ovoid, distal segment

globular. Penes paired, fused, extencling to constriction of

proximal segment of forceps, apex with two 1obes, ventral

surface lacking lobes (Fig. II.12d; 15e, f).

lr{ature Male Nymph (Fig. II.14f) .

Head Width 1.20mm

Notal Length 2. 30mm

Pronotal lvidth 1.09mm

Mesonotal Width 1.31mn

Head : light brown, with a dark brown band across the ocelli,

and a light narking in the centre of the frons. Dorsal compound

eyes red/brown, lateral eye black, ocelli large, black with grey

centres. Antennae darnaged, but longer than head width.

Tentorial body square.

'a
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Thorax : pronotum width 0.91 x head width, brown with lateral

black crescents, lateral flanges tTanslucent, few spine setae

present on antero-lateral nargin. lvfesonotum brown with black

wing sheaths extending posteriorry to fourth abdominal segment;

rnesonotal width 1.09 x head width. Legs light brown, without

banding, margins of segrnents lined with long fine setae

(Fig. II.13a); tibiae lined ventrally with pinnate setae,

femora lined laterally with spine setae, and btunt peg-like

setae, and basally with pinnate setae. Tarsal claws with 12

peg like teeth, long curved terminal tooth (Fig. II.15b).

Ratios of leg segments;

fore leg 1.00 : 0.96 : 0.40 (1.70mrn)

middle leg 1.00 : 0.95 : 0.31 (1.77nm)

hind leg 1.00 :1.01 :0.29 (1.93nm),

Femur length to v¡idth ratios; fore 1eg 3.15, niddle teg 3.59,

hind leg 3.70, Sternum; prosternum triangular, apex

truncated, posterior width narrower than rnesobasisternum.

Mesosternum; basisternun width equal to furcasternum width,

length of basisternum equal to furcasternum length, netasternum

broader than mesofurcasternum, and very short.

Abdomen : dark brown with light central markings edged with

darker brown markings on segments 5-5, dark brown/black

markings lateral1y on segments 6-9, segment ten broln with a

central light rnarking (Fig. II.14f). Segments 6-9 with small

backward pointing spines on posterior lateral margins. Spines

on posterior margin of terga large and singular r,¡ith smaller

basal single spines. Gi1ls (Fig. ILI3c) lanceolate rvith

single terninal tracheal filament, 1ame11ae rvith trachealbranches



obvious,

gills 3,

danaged.
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gi11 size increases frorn I - 3, decreases from 5 - 7, with

4, 5 equal. Cerci and appendix dorsalis present, but

Mouthparts : labrum (Fig. II.13d) 1.5 x wider than long;

lateral rnargins rounded, lined with spine setae, anterior

margins with a nedian cavity wíth six rounded denticles

(Fig. II.13e), one row of short setae along anterior nargin

and one row of longer setae directly behind nedian cavity.

Left nandible (Fig. II.15h); incisors large and separate,

outer incisors with three apical teeth, inner incisors with

three apical teeth and two ridges on inner margin, prostheca

broad basally, long and slender distally with three terminal

teeth (Fig. II.13i), molar region with t0 - 12 rows of transverse

ridges, lateral margins lined with long setae. Right mandible

(Fig. II.15j); outer incisors with three apical teeth, inner

incisors with two teeth; prostheca slender, elongate with a

long terminal spine (Fig. II.15k), rnolar region hrith 9 - 10 parallel

grinding ridges, outer nargin lined with long setae. Hypopharynx

(Fig. II.13Ð; nedian lobes slightly indented, lined apically

with very short setae, paragnaths large, lined with long spine

setae. Maxillae (Fig. fI.13L); galeo-lacinia rectangular with an

apical brush of setae, ventral row of rake setae, and a rake spine

on inner anterior margin, rake setae also throughout apical brush;

inner lateral margins lined with long pinnate setae; palpi

three segmented, proximal segment 1.79 x longer than wide, lined

with long fine setae. Segment ratio 1.00 :0.68:0.68 (0.27mn);



Fig. II.13. AtafoneTTa piTosa, mature nymph: a, fore leg; b, fore claw;

c, Èhird abdominal gill; d, labrum, dorsal víew; e' antero-median

emargÍnation of labrum, enlarged; f, hypopharJmx; g, labium, dorsal

(left) and ventral views; h, left mandible, ventral view; i' left
incisors and prosÈheca, enlarged; i', l.ft prostheca, enlarged;

j, right mandible, ventral view; k, left incísors and prostheca,
,

enlargedi k , left prostheca, enlarged; 1, left maxílIa, ventral view.

Scale lines : arcrdrfrgrhrJrl-
b, e, í,k

tl
irk

0.5nm.

0. lmn.

0 .05run.
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distal segment with long fine setal cover. Labium

(Fig. II.15g); with three segmented palpi, proximal segrnent

2.26 x longer than broad, proximally with spine setae, margins

with spine setae, second segment naltrot^r, with few long fine

setae, distal segment long and narrow, with short setal cover;

apex with four short teeth, segment ratios; 1.00 z 0,77 : 0.49

(0.a4nm); glossae sma11, lined apically with short spine setae,

paraglossae broad lined with fine setae, dorsal and ventral

surface with dense setal cover.

Female Inago unknown, and therefore no comparison of egg

norpholo gy r4ras perforne d.

Fenale Nymph similar to male, lacks dorsal compound eyes,

and more robust than nale.lateral eyes black. Body larger,

Sexual Variation of Nymphs.

Very few specimens of this species were collected from

South Australia, and fron the Granpians, and therefore no

comparison of variation of nymphs has been performed.

Diagnostic Characteristics .

1. Genitalia of nale imago (Figs. II.JZd, e; ISe, f)

Gills of nymphs lanceolate, similar to A. inconspicua

(Fig. II.13c) .

Labrum long (width 1.5 x greater than length)

(Fie. IL 13d) .

Prostheca shape of left and right nandibles

(Figs. II.l3i, k).

2

3

4
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5. Legs lined with numerous long fine setae (Fig. II.1Sa).

Type Locality.

Type material was collected from Second Wannon River on

the road from Ha1ls Gap to Dunkeld, Grampian Mountains,

Victoria. Grid Reference on 1:250,000 map series Ballarat

Sheet 547396. Collected 25th November 1977 by D. N. and p. J.

Suter.

Type Specimens.

Holotype male, and nynphal exuvium are placed in the

National Museum of Victoria. The wings and legs of the

holotype are mourited on slides, and the body and genitalia are

maintained in ethanol. The nymphal exuvium is mounted on

slides. Three paratype males, two mature males and three

mature fenale nymphs are included in the type series. Slides

of a nymph, and adult nale imago from Hitchcock Drain, south-

east South Australia, are also included.

Type Habitat.

The Second Wannon River in the Grampians Mountains, is a

rnoderately fast flowing stream over cobble sized rocks. A

I'kick sampleil technique was used to collect nymphs, and

therefore there is no certainty of the habitat being occupied

by this species. Nymphs were collected with ,4 fuscuLa, and

therefore it is assumed that the habitat is similar to that

of A. ftæcaLa.
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Et 1o of ecific E ither

The specific epithet piLosa (L) for hairy, refers to

the long, fine setae which line the margins of the legs

distinguishing this species fron A. inconspieua anð

A. fuscuLa.

Affinities.

In the adult characters A. piLosa resembles closely

A. ínconspieua., with the penes fused, and lacking spination.

A. fuscuLa is distinctly different with V-shaped penes, and

internal spines. Although superficially sirnilar, the penes

of A. ineonspicua and A. píLosa are distinct, r4rith A. inconspieuø.

with obvious ventral lobes, md separated basal halves of the

penes (Figs. rr. 15a, b) . A. yLLosa lacks the ventral loves, ffid

the penes are fused along their entire length.

rn nynphal characters, .4.. piLosa resembres A. inconspícua,

possessing lanceolate gills, but lacks the obvious dorsal white

stripe on the abdomen, characteristic of,4. inconspícua. The

mouthpart structre, especially the labrum (Fig. II.1gd) and

prosthecal structure (Figs. rr.lsi, k), and the fine setae on

the regs, clearly distinguish,4. piLosa fron both A. ineonspicua

and A. fuscuLa.
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History and Discussion.

As nentioned in the History and Discussion section of

A. ft*scuLa, the description of A. fuscuLa nymphs given by

Tillyard (1936) is similar to that of A. piLosa. The

associated nymph of A. fuscuLa was found to differ from the

description given by Tillyard. Collections in Tasrnania,

Victoria and South Australia showed that A. fuscuLa and

A. piLosa co-existed, and that adult inagos, swarming above

the streams, were not associated with the nymphs collected

fron the streams. .4. fuscuLaand A. pi,Losa appear ecologically

separated by the tirning of maturation and the irnago nating

flights. It is, therefore, possible that Tillyard indirectly

associated the nynphs and adults collected from the River

Shannon, Tasmania. Consequently it appears that the nymph of

A, píLosa was indirectly ascribed to A. fuscuLa. The present

descriptions are based on associated material, and distinguishes

the nymphs of these two co-occurring species.

Discussion of Taxonomic Characters

An assessment of useful taxonomic characters was made for

the three AtaloneLLa species found in South Australia.

AtaLoneLLa píLosa was not available in sufficient numbers frorn

any one locality to a11ow quantitative comparisons between two

distinct populations, but qualitative characteristics were

evaluated for consistency of expression in alI three species.

Tablc II.16 lists all the useful,eualitative characteristics

which were consistently expressed in the specimens examined

in the present study, and the characteristics of each species'



Fig. rr.14. Dorsal colour patterns of Atalophl-ebia and Atajonell_a
nature nymphs. â, AtaTophTebía australis; b, AtaTophl-ebia austra1asica;
c, AtaTophTebia auratusi d, Aþal-one7l-a inconspicua; e, AtaTonell-a fuscula;
f., AtaloneTTa piTosa.

Scale lines : lmm.
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Fig. II.15. SEM micrographs of genitalia of AtafoneJfa male Í-magos.

a - b, AtaToneTTa ínconspicua: a, geniÈalia, ventral view; b, penes,

ventral view, enlarged. c - d, AtalonelTa fuscul-a'. c, genitalia,
ventral view; d, penes, ventral view, enlarged. e - f, AtaToneTTa piTosaz

e, penes, ventral víew, en1-arged; f , genital-ia, ventral view.

Scale lines arc rf
b, d,e

100irm.

10¡1rn.
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TÄBLE II . 16 Comparison of qualitative characteristics of Ata\onella ínconspicua, A. fwcu|a and A. pilosa fuon

South Australia

Charactc¡ A. íneonspiata A. fuscuLa A. pdloea

l.lale Inago.

Legs : banrling

Pcnc s

Nytnph.

Lcgs : bancling

Cills

Lanr:llac.a-t1.h"u

Left llandible
I ncisors Outcr

I' Inne¡

Right ltlandible
Incisors 0utc¡

rr Inner

Prostheca Left

Right

Absent

Fused apically
Ventral lobes
No internai sp

Absent

Separate apically
Ventral lobes absent
Internal spines present

Absent

Linear

Few, simple

3

5

Robust, apex serrated

Slender, two terr[inal
spino s

Broad

l{idth +2 x Length

Deeply divided

Present

Fused apically
Ventrel lobes absent
No internal spines

Present

Broad lanceolate

Plentiful, branched

plesent
ines

3

3

3

3

J3

2

3

,

Uniforn brown

ßroad lanceolatc

Plentiful, branched

Slender, two terrDinal
sPrnes

Slender, two terrT¡inal
spinc s

S lender

Width à2 x Length

Not divided

t

Slender with lateral
co¡¡b

Slender apex with three
spincs

Slender

Width<2xLength

Not divided
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are compared. As was recorded in the genus AtaLophLebia,

the genitalia of AtaLoneLLe. was very consistently expressed,

and most weighting was placed on this character in the

classification of the adults.

The rnajor venation of the fore and hind wings were

considered useful at the generic level, but the cross vein

system of the fore wing uras so variable within each species that

the number of cross veins in any sector was considered of little

taxonomic value. However, in South Australia the presence of

cross veins in the basal half of the costal and sub-costal

sectors of the fore wing was only recorded ín AtaLoneLLa fuscuLa,

distinguishing this species fron A. ineonspieua and A. píLosa.

A. brunyrcd, A. paîDa. and A. daykara all lack these cross veins

(see Ti1lyard, 1936; Harker, 1950a and Harker, 1957

respectively), but ,4. deLícatuLa resembles 4. fuscuLa with

abundant cross veins in the costal and sub-costal sectors

(Tiltyard, 1936). Therefore this character nay help to

dístinguish a species grotrp hrithin the genus AtalonelLa.

The nynphal characteristics recorded in Table II.16 were

also considered valuable taxononic characters. As was recorded

in the genus AtaLophLebia the mouthparts showed consistent

expression, and were therefore considered useful characters.

The incisors of aIL AtaLonelLa species recorded in South

Australia were sinilar, but the mandibular prosthecae were

distinctive. The labial palpi segment ratios, and lengtl'r width

ratios were useful in clistinguishing AtaLoneLLa fuscula fton

A. inconspicua and A. pí'Losa. Labrum structure and dentition

was also of value. All these characters cornbined with gi1l
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structure, and colour pattern supported the systematic diagnosis

based primarily on the adult rnale genitalia.

Koss (1968) exarnined the eggs of nany families of mayfly,

and found that the structural norphology of the eggs in the

families Heptageniidae, Leptophlebiidae, Caenidae, Ephemeridae

and Polyrnitarcidae were useful for generic and specific
,ì

determinations. His study showed clearly the value of the egg

structure for the specific deternination of fenale mayflies.

To this end, the egg norphology of ,4. ineonspiaø and

A. fuscuLd was determined using the Scanning Electron

Microscope.

one of the difficulties with this study was obtaining

fertilized, oviposited eggs. As recorded by Koss (1968)

rrmost polar caps appear to be solid structures prior to their

release into the uraterrr; consequently eggs dissected fron

females were of linited use, especially if the polar cap

structure was important (as found by Koss, md in this present

study). Because of this, oviposited eggs were required, and

these were obtained by collecting ovipositing females and

placing them in containers of water, where they successfully

laid. Two types of eggs were obtained with this technique;

oval eggs r'rith distinct polar caps and flat, compressed eggs

without the polar caps. In the latter eggs no embryonic

developrnent (and therefore no hatching) occurred, and it is

suggested that these eggs had not been fertilized. The lack of
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a polar cap in these eggs suggests that teitilization and

oviposition is required before the ful1 norphology of the egg

is displayed. Eggs collected by dissecting fully mature fenale

nymphs usually possessed the polar cap, but the apical tubular

processes were fused to the egg, and did not allow the

deternination of the number of rows. Therefore association of

fenale nyrnphs and adults I^Ias difficult.

AtaLoneLLd. eggs are distinctive in possessing coronae of

tubular structures at each end of the oval eggs (the polar cap).

Koss noted that there are three types of attachment structu1es,

the polar cap, accessory attachment structures, and an

external adhesive layer. AtaLoneLLa eggs possess the polar

caps and accessory attachment structures. The latter structures

are sinilar in both ,4. ínconspietn and A. fuseula

(FiS. II.16a, b), but the polar caps differ, with A. inconspicua

possessing two coronae on each cap, and A. fuseuLa three. Sperrn

guides are present in both species and two are obvious on the

surface, visible with the Scanning Electron Microscope. Thus

the only structural difference betrveen the species is the

number of coronae in the polar caps.

Harker (1950a) described the egg of AtaLophLebia parua, and

although her illustration gives little detail, the presence of

the polar cap coronae is obvious. In 1954 Harker placed this

species tn AtaLoneLLa. Therefore, of the three eggs

described for species in AtaLoneLLa' all possess the polar cap

coronae. The thoracic structure and rnorphology of the

Australian and South American representatives of AtaLone'LLa

have been compared by Tsui and Peters (1975) rvho noted great



Fig. II.16. SEM micrographs of eggs of a, AtaJ-onel-La inconspicua;

and b, AtaloneTla fuscuTa, illustrating the general sirnilarity of

morphology, but dístincÈ polar caps of each species.

Scale line : 10pm.
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rrheterogeneity of this genus'. They also suggested that the

genus, as it now stands, may be taxononically subdivided in

both south America and Australia. The presence of the polar

cap in the three Australian species, A. inconspicua, A. fuscuLa

and A. pdrva suggests that this nay be a useful generic

characteristic. Further species in Australia need to be

compared before the value of this character is known, but an

ultinate cornparison between the south American and Ar.¡stralian

species would be necessary in deternining the validity of a

further taxonornic division.

rnter-specific comparisons r^iere made using the rnorphornetric

characters expressed in A, fuscuLa and A. inconspi,caa inagos

and nynphs. fn conparisons of the rnale inagos only nine

characteristics differed significantly between the two species.

None of these characteristics displayed geographical variation,

and were therefore considered valuable in supporting the species

separation. However, although statistically diffeïent, in the

examined populations, the amount of overlap of character

expressi-on was very high, with only the fore tibial length/fore

femur length values almostdiscrete. The statistically different

characters are listed in Table II.17 but the amount of variation

linits their value as specific characters.

Cornparison of the quantitative nymphal characters revealed

that 18 of the 27 analysed features were statistically different,

but of these only five did not display either sexual or

geographical variation, or both. The amount of overlap in

variation of character expression in the sexually anð/ot

geographicaì.1y variable characters, and the inconsistency of

their expression, deemed them of little value as specific

'a
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Fig. II.17. Triangular graph índicating the length of the mesosternum (a),
width of mesobasisternum (b) and width of the mesofurcasternum (c) of
two species of AtaLonella, and two species of AtaTophTebia, lllustrating
the dÍscrete separatíon of the two genera, but not. of the individual
species within each genus.
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TABLE II.I7. Morphometric characters which are useful in distinguishing the two species AtaloneLLa inconspicua

and A. fuscuLa in South Australia.

Abbreviations as for Tables II.1 and II.4.
* pS0.05; ** p(0.01; *** pS0.001.

A. inconsgLcua

S. D.

A. fuscuLa
S.D. d.f t

18 2.85

36 2.63

21 6.55

21 3.91

24 5.76

24 2.7r

24 3.64

20 3.52

20 3.93

18 2 .33

Continued ....

Range

1.04-1. 31

2 .59-3.7 8

1.28-1.55

0.26-0.35

0.06-0.09

0.07-0.10

0.04-0. 10

0.07-0.10

0.06-0.08

0.77-t.00

Range

I .03-7.2I

2.8r-3.28

r .r7 -I .34

0.24-0.33

0.09-0.12

0.08-0. 10

0.07-0.10

0.08-0.11

0.08-0.09^

0. 87-1 .09

Character

Male Imagos.

AD/CL

FWL/FW'[\l

FTiL/FFL

FT4L/FFL

IvÍl zL/MFL

MT ¡LlMFL

MI+L/MFL

HTzLlHFL

HT+L/HFL

l.fBSL/MFSL

xX

r.20

3.29

r.46

0 .33

0. 08

0.08

0.07

0.08

0.07

0. 88

0.09

0. 50

0.08

0.03

0.01

0.01

0.01

0 .01

0. 01

0.08

1 .09

3. 11

r.27

0.29

0.11

0.09

0.09

0.09

0.09

0.97

0. 06

0.11

0.06

0.05

0.01

0.01

0 .01

0 .01

0.01

0.09

Jr

+

***

***

***

**

**

*

**

*



Table II.17. (Cont. )

Character

Nymphs.

MFL/FFL

HFL/FFL

Labial palpi-

BLlBW

ALlBt

Maxillary palpi :

ML/BL

A. ínconspiana

0.04

1 .08 0.03

1.96 0.17

0.61 0.06

0. 89 0.09

x

0.99

xS. D. Range

0. 80-1 .05

1.00-1 . 15

r.67 -2.57

0.47-0.73

0. 73-1.09

A, fusauLa
S. D. Range

0.03 0.98-1.09 50

0.04 I .11=1 .29 49

d.f

66

t

3.r7

11.91

8.97

5.15

1.03

I.2I

I .56

0.70

0.67

0

0

06

04

r.44-r.67

0 .63-0. 79 65

**

* **

***

***

0.07 0.s4-0.78 61 8.80 ***
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characteristics. The characters whích are consistently

expressed, both sexually and geographically, are included in
Table II.I7 .

The thoracic morphological comparisons made by Tsui and

Peters (1972) were analysed and were found to be not significantly

different. The only rnorphological comparison which differed

was the rnesobasisternum length/nesofurcasternum length ratio
(Table II.I7), A triangular scatter diagram cornparing the

length of the mesosternurn, width of mesobasisternum and width

of mesofurcasternum was constructed using AtaLoneLLa spp. and

AtaLophLebia spp. which illustrates the value of these

characteristics at the generic level (Fig. rr.l7 ) not as was

suggested by Tsui and Peters (1972) , at the specific leve1.

The genera are discretely placed, but, there is nuch overlap

of each species within the generic groupings.

As was concluded in the discussion of the AtaLoph\ebía

character expression, the morphometric characteristics may be

useful in supporting species separations made using qualitative

characters.

Genus Harker 1954

Harker, 1954 : 257

Riek, I97Oa ; 239

Tsui and Peters, 1975 5 38-540



93.

l,.,lale Imago Characteristics. Fore wings 3.5 - 5 x longer than

rvide, rvith numerous cross veins, those in subcostal space are

upright and parallel. Hind wing with long narrov/ costal region

lvith numerous cross veins, MA forked, single intercalary present

or absent. Tarsal claws dissinilar, one blunt club shaped, one

long, slender, hooked distally. Forceps three segmented, basal

segment very long. Penes as long as basal segment of forceps,

or much shorter. Cerci longer than appendix dorsalis .

Mature Nynph Characteristics. Head large rvith or without two

tusk-1ike projections arising fron the gena and extending

forward on either side of the labrum, labrun with a sma1l

convex projection on mid anterior nargin. lvlaxillary palpi

three segmented, distal segment very sma11 (or two segmented

with distal segment large and rectangular). GiIls broad, ovate,

with apical tracheal filament fringed with long fine hairs.

Body and legs fringed with long fine setae.

History and Discussion

Jappa was described by Harker (1954) and included two

species, /. kutera, the genotype, frorn northern New South Wales

and southern Queensland, and J. tristís from Cradle Mountain,

Tasmania. The nynph of the genotype was described earlier by

Harker (1950a) and it possessed large tusk-1ike projections on

either side of the labrum, but, as noted by Riek (1970a), the

nymphs of other species in the eastern states lack the frontal

horns. Harker (1950a) also recorded only ttvo segrnented

naxillary and labial pa1pi, although her illustration of the

labium suggests a three segmented palp. Although Harkerrs

material has not been examined, adults of a Jappa sp. fronr
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two Victorian catchrnents (the La Trobe and Thornson Rivers)

are consistent with Harker's description of J. kutez,a. The

associated nymphs are also similar to Harkerts description, but

the maxillary and labial palpi are definitely three segmented,

with a very small distal segment.

The species found in south Australia racks the frontal horns,

and has three segmented naxillary and labial palpi, and there-

fore the generic criteria have been nodified. Until the nymph

described by Harker is also examined sorne doubt must exist on

both the number of palpal segments of the naxillae and labium,

and the identification of the Victorian Jappa sp, Therefore

the presence of two segmented palpi is sti1l included in the

generic criteria. Adult characteristics of Jappa pipinna sp.

nov. have also been incorporated into the modified generic

characteriz ation.

II.4.3.1 Jappa pípinna sp. nov.

Holotype l4a1e Imago

Body Length

Notal Length

Pronotal Width

Mesonotal Width

Fore lriing Length

Hind Wing Length

Cerci Length

Appendix Dorsalis
Length

Body colour reddish-brorvn,

9 .44mm

2 .54mm

0.92nm

1 .33run

9 .31nm

2.03mn

14 . l0mni

I 1 .97mm

abdomen darker dorsa1ly.
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Head : dark brown, with a white patch between ocelli.

Dorsal compound eyes raised, grey brown, lateral eyes black.

Antennae short, lmm long, basal segment twice as long as

wide, flagella 0.87mm 1ong.

Thorax : light brown dorsally with white patches on

scutoscutellurn, latera1ly with patches of white and pink.

Legs light brown, femora with two dark bands, one dista11y,

and one at 2/3 of length, T1 partially fused to tibia, join

apparent. Tarsal claws dissinilar with one blunt, and one

sharply hooked claw, apex of blunt lobe with a short terminal

tooth (Fig. II.18h). Middle and hind tarsal segments 1-4 with

distal spine. Ratios of leg segments;

fore leg 1.00 : L.74:0.07 :0.65:0.60 :0.47:

0.19 (1 .8amn)

niddle 1eg 1.00 : l.2B:0.04:0.09 :0.09 :0.06 :

0.20 (I.49mm)

hind leg 1.00 :1.09 :0.04:0.08:0.06:0.06 :

0.15 (1.80nn).

Sternum dark brown (Fig. II.1Be). Prosternum with heavily

sclerotized base. Nlesosternum; basisternum length 1.46 x

width, 0.79 x furcasternum length, posterior rnargin rounded,

furcasternum length 0.87 x width, lateral margins of nedian

longitudinal invagination divergent posteriorly, posterior

margin slightly concave.

Wing_s : hyaline. Fore wing (Fig. II.1Ba), length 3.5 x width,

cross veins in pterostigrnal region siniple, costal cross veins

extending along entire length, slightly shaded with grey,

cross veins of subcostal space also shaded r,¡ith greI, cross



Fig. II.18. Jappa pipinna, male imago: a, fore wing; b, hind wing;

c, geniÈalia, ventral view; d, genitalia, lateral víew; e, Èhoracic

sterna; f, dorsal colour pattern; g, ventral abdominal colour pattern;
h, fore cIaws.

Scalelines:a-g lnm.

h 0.5mm.
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vein system almost complete, but anal and cubital regions with

only a few. Three bullae present, one in each of R2, Ru &,
and It4P. Hind wing (Fig. II.18b), length 2 x width, costal

hump not exaggerated, C and Sc join about 4/S of wing length,

hrith 5 cross veins distally. R1 straight, Rs joins lvlA in centre

of wing, NIA straight, W branched in proximal half of wing, anal

region without cross veins.

Abdonen : dark reddish-brown. Dorsally with lighter brown

narkings on segrnents 2-8, each marking with two short, black

Iongitudinal stripes, segments 1,9 and 10 not narked (Fig.II.l8f),

ventrally segfnents I-5 with central white marking, segment seven

with a pair of anterior white spots, segments 6, B, 9 dark

red/brown (Fig. II.18g). Cerci long, reddish-brown at base,

appendix dorsalis shorter than cerci.

Genitalia: forceps light brown, proximal segment long, 0.74tw1,

broad at base, narrows approximately half way along length,

second segment almost square, distal segment longer, narrow

proximally. Penes paired, very short, extending half lvay to

narrowing of proximal segment of forceps, separate, rnesal margins

divergent, lobes simple (Figs. II.18c, d; 20a, b).

IvÍat¡¡rlFetnale Nymph (Fig. II.21) .

Head Width

Notal Length

Pronotal l¡lidth

lvlesonotal Width

Cerci Length

Appendix Dorsalis
Length

I .96mm

3. 1 2nn

2.32mm

2.36mm

8.25nm

9 .71mn
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Head : prognathous, brown. Lateral eyes black, lateral

ocelri b1ack. Antennae s.08nun long with whorls of setae at

apex of each segment. Tentorial body; width 2.3s x length.

Thorax : brown. Pronotum width 1.18 x head width, brown with

black/brown rnedian marking, lateral margins lined with long fine

setae. Mesonotun width L.2 x head width, light brown, wing

sheaths extend posteriorly to the rniddle of the fourth abdoninar

segment. Legs brown, with one mid and one distal black band on

fernora; tibiae and tarsi not banded, margins of segments lined

with long fine setae, ventral margin of tibiae lined with short

spines (Fig. rr.19a), hind leg urith spines on dorsal rnargin of

tibia. Tarsal claws short and curved, with 12-16 small rounded

ventral denticles (Fig. rr.19b). Fernora of fore and rniddle legs

almost equal in length, hind leg longest, 1.S4 x fore fernur

length. Ratios of leg segments;

fore leg 1.00 : 1.04 : O.3T (1.66mn)

niddle leg 1.00 : 0.94 : 0.j3 (1.60rnm)

hind leg 1.00 : 0.87 : 0 .26 (2.14mm).

Femur length to width ratios; fore Ieg 2.18, niddle leg 2.22,

hind 1eg 2.68. Sternum; prosternum triangular with apex

truncated, sternacostal suture absent. Mesosternum; basisternum,

almost square, length 0.92 x width, and equal to furcasternum

length, sternacostal suture present. Metasternum; basisternum

narrower than mesofurcasternum, width 4.75 x length.

Abdomen dark brown with light central stripe on segments

4-7, segments 8, 9, and 10 dark brorvn (Fig. II.21). Segments

6-9 with postero-lateraL margins produced into backward pointing

projections, all segments rvith long fine setae dorsally. Caudal
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filanents well developed, appendix dorsalis longer than cerci.

Gil1s, 7 pairs on segments 1-7, each consisting of a pair of

broad lamellae with one apical tracheal filament, lined with

long fine setae, dorsal larnella grey (Fig. II.19c).

Mouthparts labrum (Fig. II.19d) , 2.I2 x wider than long,

lateral rnargins angular lined with long fine setae, nid anterior

margin with seven tubercles, three tubercles on each side of a

large sharp central projection (Fig. II.19e), anterior rnargin

lined with long setae, dorsal surface covered with long setae.

Left rnandible (Fig. II.19h); lateral nargin lined with long

setae, incisors displaced mesally, outer incisors with two

large teeth and four snaller teeth on mesal margin, inner

incisors with three apical teeth and one smal1 lateral tubercle,

prostheca narrou/ with six spines, covered by a brush of setae

inserted at base (Fig. II.19i), molar region of 7-B rows of

raised ridges. Right rnandible (Fig. II.19j); outer margin

lined rvith long setae, incisors displaced mesally, outer incisors

rugose, with three apical teeth, with four lateral tubercles,

inner incisors with two apical teeth and one lateral tubercle,

prostheca Iong, spinous (Fig. II.19k), molar region with rows of

grinding ridges. Hypopharynx (Fig. II.19f), simple, nedian lobe

divided, ürith lateral processes, paragnaths large, convex,

anterior marginb lined with long setae. Maxillae (Fig. II.I9L);

galeo-lacinia rectangular, apical surface with a dense brush of

setae, row of sixteen rake setae on ventral surface, rake of

setae also interspersed within apical brush; mesal corner with

one larprake spine, inner margin lined with long fine pinnate

setae; palpi three segmented, longer than galeo-1acinia,



Fig. II.19. Jappa pipinna, maÈure nymph: a, fore 1eg; b, fore claw;
c' third abdoninal gí11; d, l-abrum, dorsal view; e, antero-medÍan
emargination of labrum, enlarged; f, hypopharynx; g, labium, dorsal
(left) and ventral vier¿s; h, left mandible, ventral view; í, Left
incisors and prostheca, en1-arged and prostheca, enlarged; j, right
mandible, ventral víew; k, ríght inclsors and prostheca, enlarged
and prosÈheca, enlarged; 1, left maxílla, ventral view.

Scale lines : arcrdrf ,grh, j rl
b, e, irk
prostheca

0.5rnm.

0. lrnm.

0.05mrn.
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proxinal segment 2.33 x longer than wide, second segrnent long

and broad, 1.88 x longer than wide, lateral margin lined with

long setae, distal segment very short, triangular, covered with

long setae, apex with two short spines, segment ratios 1.00 :

0.94 : 0 .29 (0.36nm) . Labium (Fig. II.19g) ; palpi three

segmented, proxirnal segrnent 1.71 x longer than wide, outeï

margin lined with long setae, mesal margin lined with short

spines, second segment outer margins lined with very 1ong, fine

setae, nesal margin with short setae, distal segment covered

with setae, apex with four spines, segment ratios 1.00 : 0.65 :

0.58 (0.41mn), paraglossae broad, rectangular, lined with short

blunt spines, glossae with large lateral process ventrally,

extending over paraglossae, anterior rnargin lined with short

setae.

Female Inago : unknown

Subinago : unknown.

Male Nymph : unknown

Diagnostic Characteristics .

Genitalia of rnale imago, penes very short (Figs. II.l8c, d;

20a, b).

2. Wing length 3.5 x width, (Fig. II.18a).

3. Femora of inago with two black bands.

4. Nymph without frontal lobes (Fig. IL2I).

Labrum with one mid anterior projection and three denticles

on each side (Figs. II.19d, e).

I

5



Fig. lr.2o. sEM micrographs of some south Australian rnayflies.
a - b, Jappa pipinna: a, genitalia, ventral víew; b, penes, ventral
view, enlarged. c - ê, genÍtalia, ventral view of Baetis soror (c);
CentroptiTum eTongatum (d) 1 CToeon f l-uviatil-e (e); ar.d CLoeon

paradieniensis (f).

Scale lines : 100pm.
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6. Maxillary palpi three segrnented (Fig. II-IgL).

7. Lateral projection of glossae of labium. (Fig. II.19g).

8. l.4andib1es, shape and form of incisors and prosthecae

(Figs. II.19h-k) .

Type Locality.

Second Wannon River, Grampian Mountains, Victoria, Grid

Reference on 1:250,000 map series Ballarat Sheet 547396-

Collected 25th Novenber, 1977 by P. J. and D. N. Suter.

Type Specimens.

The holotype male is deposited in the National Museum of

Victoria. Two paratype imagos aÏe also placed in the National

lrfuseum of Victoria. The wings and legs of the holotype rnale are

mounted on slides, and the genitalia and body are in ethanol.

The female nynph is mounted on slides.

Type Habitat

The Second Wannon River in the Grarnpian Mountains, where the

holotype male was collected, is a moderately fast florving

stream over large cobble size rocks. The nymphs were

collected using a kick sample technique, and therefore there

is no certainty of the habitat being occupied by this species.

Riek (1970a) records that the nymphs are rrfound burrowing below

rocks i-n the slotver-floling streamsrr, but there is no evidence

that this is so with J. PiPinna.

I



Fig. II,2I. Dorsal colour pattern of mature female nymph of
Jappa pipinna.

Scale line : lmm
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Etymology of cific Epithet

The two species of Jappa described by Harker (1954),

J. trístis and J. kutera possessed very long penes, extending

well beyond the constriction of the first segment of the

forceps. In contrast the penes of J. pípinna are very short,

and hence the specific epithet pipinna (L) for srnal1 penes.

Affinities

Although the male irnago of J. pipinna resenbles the species

described by Harker (1954) in the generic characteristics, it

can be distinguished by the short penes, and the relatively

short fore wings, being only 3.5 x longer than wide, in contrast

to the generic desígnation of I'about 5 times as long as wide'r

(Harker, 1954) . The nymph of J. pipiwta is distinctly

different to that of /. kutera, as described by Harker (1950a),

in lacking the frontal horns, and in possessing maxillary and

labial palpi with three segments. The gills, general structure

of the labrum, naxillae and mandibles, and the presence of long

fine setae on most pants of the body confirn the generic

affinity of these two species. The generic characterization

of Jappa has therefore been altered to include these new

characters .

Irlaterial Exanined. South Australia : South East; Cress Ck.,

Eight Mile Ck., Hitchcocks Drain. Victoria : Crawford R.,

ì'\?

Fitzroy R., Fyans Ck., Shaw R., Wannofl R., Second l{annon R.
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II.5 Systematics : Fámily BAETIDAE

This family occurs on every continent, and is represented

in Australia by the genera Baetis Leach, Btmgona Harker,

CentroptíLum Eaton, CLoeon Leach and Pseud.ocLoeon rtapátek.

Riek (1970a) included these genera in the subfamily Baetinae,

which, with the subfamily Siphlonurinae, formed the family

Baetídae. In a subsequent paper Riek (1973) accepted the

fanilies Baetidae and Siphlonuridae with reservation,

considering the Baetidae as a possible subfa::ri1y of the

Siphlonuridae. Edmunds (1973) and Landa (1973) both placed

the Baetidae and Siphlonuridae as separate fanilies. The more

recent reviews of the phylogeny of Epheneroptera by Edmunds

(1975) and Edmunds, Jensen and Berner (1976) have recognised

the Baetidae and Siphlonuridae as distinct farnilies, and it

is this classification which has been adopted in the present

study.

The following characterization of the Baetidae is after

Ednunds, Jensen and Berner (1976).

Male Irnago Characteristics. rrEyes of male divided, upper

poïtion turbinate. Fore wings with veins INÍA, MA2, IÌ'{P, and

MP2 detached basally. Interspaces between veins at outer

margin of fore wing with short single or paired intercalaries.

Hind wings reduced, with or without veins, with 1-5 longitudinal

veins, or with hind wings absent. Two caudal filaments only.

Penes of male membranous and retractable " (Edmr.rnds,

Jensen and Berner, 1976) .
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Mature N h CharacteriStics. "Bo dy streamlined, minnowlike

Head hypognathous. Antennae long, usually two or nore tines as

long as width of head. Labiun with glossae and paraglossae long

and narrow. Gi1ls on abdominal segments 1-7, I-5, or 2-7.

Abdoninal segments without postero-lateral projections except

ín CaLLibaetis, CLoeon and some CentroptiLum species, in which

they may be moderately developedr' (Ednunds, Jensen and Berner,

rs76) .

Genus Baetis Leach 1815.

Leach, 1815

Burneister,

Pictet, 1843

I L3/

1839 :

Walker,

Eaton,

185 5

1871 :

1881:

1885 :

1908 :

800 (8. costaLis later placed in AtaLophlebia)

189-191 (8. austz,aLasiea later placed in
AtaLophLebia)

559-561 (8. austyaLasica, B. eostaLis)

110

196

156-158

44-45

:64

:50-53

: 2I-24, 29

: 263-264, 266

:36-38

235

Ulmer,

Ti11yard, 1926

19 36

Harker,1950a

1954

Scholes, 1961

Riek, I970a :
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Male I Characteristics, Fore wings with reduced cross

vein system, marginal intercalaries in pairs. Hind wings

greatly reduced, long and narro\^I with or without an acute

costal projection, with one, two or three longitudinal veins.

Forceps four segmented.

Mature Nynph Characteristícs. Labrurn oval with a shallow,

square, median notch. Mandibles with two separate groups of

incisors, prosthecae with a basal brush of setae. Labial palpi

three segmented, distal segment round, second segment enlarged

distally on mesal surface. Tarsal claws short with many ventral

denticles. Metathoracic wing (hind wing) sheaths present.

Gi1ls plate-like on abdominal segnents 1-7, single on all

segments. Three caudal filarnents, appendix dorsalis only

slightly shorter than cerci (in Australian material) or

reduced, fringed on lateral margins with long fine setae, cerci

fringed on mesal nargin.

History and Discussion.

Since Baetis is a cosmopolitan genus the discussion of its

world wide history would be beyond the scope of this study.

Müller-Liebenau (1969) revised the European species, and

Edmunds, Jensen and Berner (1976) list the species recorded in

North and Central America.

Leach (1815) initiatly erected the genus Baetis to include

B. bíoeuLatis (Linn. Fabr.) and Burmeister (1839) placed

B. costalis from Australia in this genus. Pictet (1843)

described B. austraLas'Lca, anð lValker, ( 185 3) listed these tþree
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species in the ttCatalogue of the species of Neuropterous

Insects in the Collection of the British Museurntr. Eaton (1871)

placed both the Australian species (8. costaLis and

B. austraLasiea) in the genus LeptophLebia and subsequently

(1884) in the genus AtaLophLebia.

The first record of Baetis fron Australia was made by Ulrner

(1908) when B. soroy was described fron Western Australia.

Tillyard (1936) described B. fr.atez, from Tasmania, and Harker

(1950a) added two further species B. baddamsae and B. confLuens

frorn New South Wales. In 1954, Harker described B. sogerensis

from Port Moresby, New Guinea, but this species has not been

recorded on the Australian mainland.

Müller-Liebenau (1969, 1973) recorded and discussed the

characteristics used in the revision of the European species of

Baetís; these characteristics have been found to be useful in

the present study. The following redescription of the nale

adult, and the original description of the nynph of B. soyor.

Ulmer, include the characteristics which Müller-Liebenau

(1969 , 1973) for.nd to be species specific.

II.5. r.1 Baetis soror Ulnrer 1908

Baetis soro? Ulrner, 1908 : 44-45

Ti11yard, 1926 : 64

Harker,1950a:.29

1954 : 266
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Male Irnago.

SD

Body Length 5.45 0.45 18 4.40 - 6.00

Notal Length 1.59 0.2I L4 1.56 - 2.00

Mesonotal Width 0.88 0.08 12 0.74 - 1.00

Pronotal Width 0.62 0.08 12 0.54 - 0.76

Fore Wing Length 4,93 0.51 30 4.20 - 5.82

HindlVingLength 1.01 0.16 30 0.80- I.26

Cerci Length 11 . 5 7 0 .92 5 10 .25 - 12 .50

General colour brown.

Head : dark brown. Antennae brown, basal segment darker

brown. Dorsal turbinate eyes yellow, oval, lateral eyes black.

Oce1li white.

Thorax : light brown. Pronotum narrot^rer than head.

Mesonotum hunped with black mesonotal suture, areas nealf

posterior margins of scutoscutellun white. Legs; buff,

slender. Fore legs longer than niddle and hind legs, fore leg

femur length I.23 x niddle leg fenur length, and 1.25 x hind

leg femur length, middle and hind legs with four tarsal segrnents.

Ratios of leg segments;

fore leg 1.00 : 1.80 :0.08:0.78 :0.62:0.37:

0.18 (0.93mm)

niddle leg 1.00 :0.98:0.16 :0.15:0.07 :0.20:

- (0.75mm)

hind 1eg 1.00 : 0.97 : 0.16 : 0.13 : 0.07 : 0.20 :

- (0 . 76nrn),

Rannx
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Tarsal claws dissinilar, one blunt, club shaped, one slender

with a terminal hook. Sternurn; Iight brown. Prosternum

rectangular, I.25 x wider than long, rvith concave lateral

margins. Mesosternum brown, basisternum rectangular 2 x longer

than wide, furcasternal length 0.88 x width, median longitudinal

invagination wide with snoothly concave posterior nargin.

Wings : fore and hind wings hyaline with light brown venation.

Fore wing (Fig. II.22a), 2,67 x longer than wide, pterostigmal

region slightly opaque (nilky) with 7-10 cross veins,

anastomosed, branched or incomplete, proximal region of costal

space without cross veins. Three bu1lae present, one in Sc, one

in eadr branch of Rs fork (R2 and R+ 
ç s) . Marginal inter-

calaries paired. Hi-nd wing with triangular costal projection,

three longitudinal veins, second forked with one intercalary,

one proxinally located cross vein in costal space (Fig. II.22b).

Abdornen : brown, with black narking just apparent on

segrnents 3-6, but more obvious on segments 7-9 (Fig. II.22c)

Cerci long, well developed, light brown, appendix dorsalis

reduced to a basal stump.

Genitalia: forceps four segmented, proximal segment cylindrical,

second segment bulbous, fused to third segment, third segment

long and slender, distal segment short but 3 x longer than wide,

rounded, bulbous distally. Covers of penes broad, extending

beyond bulbous second seglnent of forceps, bluntly pointed with

divergent apices (Fig. IT.22d; 20c) .



Fig. TI .22. Baetis soror. a - d, ma1-e imago: a, fore wíng;

b, hind wing; c, dorsal colour pattern; d, genÍtalia, ventral view.

ê - T¡ mature nymph: e, dorsal colour patËern; f, fore leg;

E¡ fore clar¡; h, paraprocts, ventral view; í, third abdominal
,

gill; i , margin of gill, enlarged; j, labrum, dorsal view;

k, antero-median emarginaÈion of labrum, en1-arged; 1, left maxilla,
venËral view; m, labium, dorsal (left) and ventral víews; n, left
mandible, ventral view; o, left incisors and prosËheca, enlarged;

p¡ ríght mandible, ventral víew; g, right incisors and prostheca,

enlarged; r, hypophar)mx.

Scale lines arb, c re

d,f,i
agrhriri-r

lmm.

0 . 5uun.

0 . lmrn.
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ì¿lature Male Nynph (Fie. Ir.22e) .

X

0.97

1 .50

I.27

0 .87

3.4s

2.29

SD

0.07

0. 14

0.13

0 .09

0 .50

0.24

0 .86

1.30

1 .06

0.76

2.60

2.00

1 .06

r.74

r.46

r .00

4.16

2.60

n Range

22Head hridth

Notal Length

Mesonotal Width

Pronotal Width

Cerci Length

Appendix Dorsalis
Length

Body cylindrical,

Head

Dorsal

b 1ack.

I7

I7

17

7

7

light brown.

hypognathous, brown with buff epicranial sutures

cornpound eyes sepia, lateral eyes black. Ocel1i

Antennae long without apical projection on basal

segment.

Thorax : pronotum width 0.90 x head width, brown with

triangular light patches near lateral margins. Mesonotum

width 1.51 x head width, brown with an oxbow shaped white

narking beside rnesonotal suture, wing sheaths b1ack, extending

to mid third abdorninal segment. Legs buff/gtey with darker

fenur/tibia joint, lined with short spine setae on margins

(Fig. II.22f) . Tarsal claws short curved with ventral peg

like denticles (Fig. II.22g). Ratios of leg segments;

fore leg 1.00 :0.72:0.64 (0.77mn)

niddle leg 1.00 :0.71 :0.58 (0.79mm)

hind 1eg 1.00:0.68:0.54 (0.82mm).

Femur length to width ratios,' fore leg 3.15, niddle leg 3.45,

hind 1eg 3.70.
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Abdomen : brown, without definite narkings, lateral regions

lighter. Posterior rnargins of terga with short sharp spines.

Paraprocts curved, lined with 17 -24 spines (Figs. II.22h;

23a, b). Three caudal filaments, lateral margins of appendix

dorsalis and inner nargins of lateral cerci lined with long

fine setae, cerci longer than appendix dorsalis (appendix

dorsalis transparent in last instar). Gills; seven pairs of

single flat lanellae (Fig. IT.22l) on segments I - 7, margins

serrated with one fine bristle alternating with each

serration (Fig. rr.221), first gitl snall wíthout clear trachea,

gills 2-7 wiiuh black branched trachea, 3, 4r S largest, ovate,

1, 7 narrower.

Mouthparts : labrum (Fig. II.22j) ovoid, length 0.58 x

width, with deep concavity in centre of anterior margin

(Fig. Il,22k), tü¡o snall nedian denticles within concavity, one

long spine setae on each side of median 1ine, with two sinilar

setae laterally, and a group of short stout spine setae near

lateral margin, anterior margin lined with fine setae. Left

mandible (Fig. LI.22n) outer incisors with three teeth, outer

tooth broad and robust, inner incisors with one long central

tooth and three shorter lateral teeth, prostheca robust with

one large curved apical tooth with 3 - 4 spines in concavity of

tooth (Fig. II.22o); rnolar region of numerous grinding ridges

with 3 - 4 long setae on inner margin. Right mandible

(Fig. II.22p); outer incisors with first tooth robust with

two smal1 inner teeth, inner incisors with L -2 long central

teeth with two (one each side) lateral teeth, prostheca long

and narrow with outer margin lined with 6 - 7 setae (Fig. II.22q)
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Hypopharynx rectangular, nedian lobe with slightty pointed

apex, paragnaths constricted on anterior margin, lined with

short fine setae (Fig. II.22r). Maxillae (Fig. II.22L);

galeo-lacinia long and narrow with pointed apex, lined with

four stout teeth, ventrally with a line of pinnate setae and

a line of nine curved setae just below teeth, palpi longer

than galeo-lacinia, three segmented, segment ratios 1.00 :

1.45 : 0.36 (0.10nn), distal segment with a short tooth, all

segments with short fine setae. Labiun (Fig. LI.22n); palpi

three segrnented, length of proxinal segment 2.06 x width, inner

margin of second segment produced forning a 1obe, segment

ratios 1.00 ; 0.7I : 0.33 (0.19nn); glossae shorter than

paraglossae, paraglossae outer rnargin convex curving over

glossae, margins of both lined with spine setae.

Female Imago : wings sinilar, lacking dorsal compourd eyes,

fore legs shorter than rnale, body colour cream, abdomen broad.

Female Nymph : similar to male, lacking dorsal compound eyes,

lateral eyes black.

Sexual Variation of Nynphs.

Last instar female nynrphs have nuch narrower heads than

sinilar stage rnales, and consequently comparisons of thoracic

and limb measurements compared lvith the head width tend to be

statistically different. The length/width ratio of the proximal

segment of the labial palpi, and paraglossae and the length of

the distal segment of the labiat palpi/proximal segment length

were also found to differ between the sexes (Tablc II.18). 0f

the 27 characters'coilpared only ten rvere statistically

different, and each character showed a wide range of expression
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in the examined population (Table II.18). 'The non-significant

characters are given in Appendix 9.

Diagnos ti c Characteristics

Hind wings with three longitudinal veins, second forked

(Fie. II.22b) .

Third and fourth segrnents of forceps elongated

(Fig. TI.22d; and Fig. II .20c) .

3. Dorsal compound eye yellow.

Incisors and prosthecae of left and right rnandibles

(Figs. II.22n-q) .

5. Number of spines on paraprocts (Figs. II.22h; 23a, b).

History and Discussion

Ulmer (190S) described Baetís soroï, from south-west

Western Australia. This species resembles the South

Australian species in hind wing venation and forceps structure.

Ulner recorded that I'the costal and subcostal region of the

fore wings aïe weakly tanned (browned)" lsic. translation

from Ulner, 1908], but the South Australian specimens possess

a nilky costal and subcostal region. It{üI1er-Liebenau (1973)

stated trHor{ever, the colour of the pterostigna can be useful ,

especially when one separates two related species in the same

materialt'. This colour difference is usually associated with

other character differences, (genitalia and hind rving venation)

and is not used as a prirnary specific character. Until further

naterial from lVestern Australia is made available, it is

4



Fig. TI.23. SEM micrographs of the paraprocts of nymphs of
Baetis sorot (a, b); CentroptiTum eTongatum (c, d) and Tasmanophl-ebia

Lacus-coerul-ei (e, f ).

Scale línes : 100prn.
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TABLE II. 18 Morphonetric characters of. Baetis sovo? nyrphs in which males differ frorn fernales.

Data refers to last instar nynrphs from Deep Creek, Mt. Lofty Ranges, South Australia.
AbbreviationsasforTablesll.l and II.4. * p(0.05; **pS0.0l; *** p10.001.

Character xx

Males

S.D.

0.09

0. 06

0. 06

0. 04

0.03

0. 04

0 .05

0.20

0.04

0.28

Range

1.40-1.66

1.15-1.33

0. 76-0.96

0. 75-0. 85

0. 76-0. Bs

0.79-0.90
0.54-0.71

2.00-2.s0

0 .27 -0.40

2 .80-3.60

Females

S. D.

0. 16

0. 13

0 .05

0.04

0.08

0.02

0.02

Range

1.68-2.15

1.30-1.65

t.0s-1.16
0. 89-1.00

0.78-1.0s
I .00-l .07

0 .5 3-0. 60

r.80-2.25
0 . 30-0.40

2 .67 -3.20

t

6.37

4.29

9.43

8.64

5. 75

TI.77
2.62

2.63

2 .30

3.64

d. f.

NL/Hr{

MNI\I/HW

PNW/HW

FFL/HW

T{FLlHW

HFL/HW

IfTaL/MFL

Labial palpi
BLlBW

ALlAW

1.51

r.26
0 .87

0.79

0.82

0. 8s

0.60

2.17

0.32

3. L6

1.89

r.46

1. 10

0.94

0.98

1.04

0.56

r.97

0 .37

2.78

0. 14

0.04

0.21

16

I6

16

16

16

L4

23

18

19

20

***
***
***
***
t<**

***
*

*

*

Paraglossae L/W **
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considered that this single feature which differs from the

type description is not enough to validate erection of a new

species for the South Australian material. This rnaterial is

therefore designated as Baetis soy,ot, Ulrner.

Variation of Character Expression.

It{ale imagos and nymphs of both sexes were analysed for

geographically variable character expression by comparing

populations from Deep Creek, I,lt. Lofty Ranges and Spring

Creek, Southern Flinders Ranges.

The comparison of the male imagos revealed twelve of the

30 characters compared were statistically different, being

thoracic, limb and fore wing characteristics. The statistical

parameters are given in Table II.19. The nymphal cornparison

also revealed a high degree of geographical variation with

fifteen of the 25 analysed characters significantly different.

0f these five were also sexually variable. 0f the ten

characters which showed relatively consistent geographical

expression in the nynphs five showed sexual variation,

therefore leaving only five morphometric characters which did

not show geographical or sexual variation. These characters

were fore 1eg; femur length/width, and tibia length/femur

length, middle and hind femora length/fore femur length, and

labiun length/width. Table II.20 lists the statistical

pararneters of the morphometric characters of the nymphs of

Baetis soror which displays differences bettveen the ttvo

geographical populations. A1l characters shorv extensive overlap,

even though the mean values are statistically different. A1t



TABLE Ir.19. Geographical variation in some rnorphornetric characters of Baetis so?o? male irnagos fron Deep creek,

Mt. Lofty Ranges, ild Spring Creek, Southern Flinders Ranges, South Australia.

AbbreviationsasforTablesll.l and II.4. * p10.05; ** p50.01; *** p(0'01'

xx

Deep Creek Population

S. D. Range

Spring Creek PoPulation

S.D. RangeCharacter

NL/BL

PNW/BL

FWL/BL

HWL/BL

FFL/BL

MFL/BL

HFL/BL

Fr 3LlFFL

FT+L/FFL

FTsL/FFL

Mr4L/t{FL

HT+L/HFL

0 .25-0 .32

0. 10-0. 13

0. 80-0.96

0.L4-0.20

0. 14-0. 16

0.11-0.14

0.11-0.14

0.63-0.73

o .36-0 .42

0. 18-0. 20

0.18-0.23

0.19-0.24

0.28-0.35

0.12-0.15

0.90-1.10

0.r9-0.24

0 .L7 -0 .21

0.13-0.16

0.13-0.17

0.44-0.67

0.30-0.40

0. 14-0. 19

0. 14- 0. 25

0.L7-0.23

0.28

0.11

0. 87

0.17

0. 15

0.12

0.12

0.67

0. 39

0. 19

o.2L

0.2r

0.03

0.01

0. 06

0.02

0. 01

0.01

0 .01

0.04

0.02

0.01

0.02

0.02

0.32

0. 13

0.98

0.2r

0. 19

0. 15

0. 15

0.57

0. 35

0.r7

0. 19

0. 19

0.02

0.01

0.07

0.02

0.02

0.01

0.01

0.07

0.05

0.01

0.03

0.02

12

10

26

26

15

2L

2I

I4

I4

L4

2L

19

d.f. t

3.2I

3.r2

4.43

6.80

5 .91

5.23

5 .05

3.59

2.73

3.30

2.31

3.02

tr

**

***

***

***

***

***

**

**

**

*

*



Table II.20. Geographical variation of norphometric characters of B. sorov nynphs fron Deep Creek, Mt. Lofty Ranges

and Spring Creek, Southern Flinders Ranges, South Australia.

Abbreviations as for Tables II.1 and II.4. Characters rnarked (S) also exhibit sexual variations.
* p I 0.05; ** p f 0.01; **rr p Í 0.001.

Character

Deep Creek Population

i s. D. Range

Spring Creek Population

S. D. Range

NL/IW.{W

MNW/PNI\I

FTaL/FFL

MFL/MFW

I\,fI. L/MFL

HFL/HFü¡

HT. L/HFL

HTaL/HFL

Labial palpi :

ML/BL

glossae L/W

L.24

L.4T

0.63

3.57

0 .70

3. 81

0.66

0 .5s

0. 70

3.57

0.rt
0. 15'

0. 04

0 .34

0.03

0 .36

0. 05

0.03

0. 05

0. 19

0.22

0.14

0. 13

0.04

0. 30

X

1. 16

1.53

0.58

3.27

0.73

3.54

0.7r
0.49

0.74

2.84

1. 88

1 .65

r.07
0.53

3.27

0.07

0.14

0.04

0.24

0.04

0.18

0.02

0. 08

0.08

0. 38

0.27

0.26

0.t2
0.06

0.26

d. f.

32

32

5/

39

39

33

33

-t -t

36

33

t

2.77

2.5t
3.L2

3. 00

2.76

2 .38

4.36

3.12

2.0L

7 .56

2.35

4.26

2 .42

3.46

3.09

**
*

**
**
**
+

***
**

***

*

***
*

**
**

I .40-2 .15

L.2I-r.74
0. 56 -0 .69

3. 00-4. 09

0.66-0.76

3.08-4.44

0.62-0.76

0.49-0.61

0.60-0. 80

3-25-4.00

1. 3B-2. 15

1.15-1.65

0.76-L.16

0 .5 3-0. 7r

2 .67 -3 .75

1.51-2.18

1.55-1 .64

0.51-0.67

3.00-3.s8

0.64-0.79
3.2r-3.77
o .67 -0 .74

0. 45-0 .6 8

0.64-0. 90

2.25-3.40

1.51=2.18

L.24-2.04

0 .93-,r.24

0.47-0.65

2.80-3.33

NL/HW(S) 1.68

Ì'0,IW/HW(S) 1.35

PNI{/HW(S) 0.97

l\IIaLlr'rFL(S) 0.s8

paraglossae L/W(S) 2.95

3T

5¿

32

38

33
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characters analysed but rvhich were not statistically different

are presented in Appendix 10.

Since Baetis soror is the only species of this genus in

South Australia, no inter-specific comparisons could be made,

and, therefore, no evaluation of the rnorphometric characters

in specific determinations rvas made. Müller-Liebenau (1969,

1973) confined her study to qualitative characters and found

these valuable in the specific separation of species. A

similar conclusion has been drawn with the study of B. soror.

The hind wing venation, colour of the turbinate eyes, and the

genitalia distinguish the male inago, while the paraprocts,

mouthparts, setation of the legs, and dorsal colour pattern

distinguish the nymphs from other species in the genus.

Material Exanined. South Australia : South East; Eight Mile

Ck., Deep Ck., Jerusalen Ck., Mosquito Ck., Hitchcock Drain.

N{t. Lofty Ranges; Deep Ck., Litt1e Para R. Fleurieu Peninsula;

The Deep Ck (Delamere), Finnis R., Hindmarsh R., Inman R.,

Tookayerta Ck., Yankalilla R. Southern Flinders Ranges;

Nectar Brook Ck., Spring Creek. Northern Flinders Ranges;

Balcanoona Ck., Brachina Ck., Bunyeroo Ck., Elatina Ck.,

Emu Ck., Wirrealpa Ck. Victoria : Crawford R., Darlots Ck.,

Eumarella R., Fitzroy R., Gawkers Ck., Glenelg R., Jimny's Ck.,

Mt. Emu Ck., Trib. Mt. Zero Channel, Pidgeon l{ole Ck., Shatv R.,

Stokes R., Stony Ck., lVando R., l'iannon R., In/ennicott R.

'a
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Genus CentroptiLwn Eaton 1869

Eaton, 1869 : 131-132

1871:107-108

1885 : I74-I75

Harker,1957:75-76

Riek, 1970a : 235

Male Irnago Characteristics.

Fore wings with reduced cross vein system, marginal

intercalaries single. Hind wings snall, long and slender with

hooked costal projection present or absent. Tarsal claws

dissimilar, one blunt club shaped, one long and sharp.

Mature Nynph Characteristics.

Head hypognathous. Labrun broad, square, with a wide,

deep V shaped median notch. Mandibles with two separate

groups of incisors, prostheca with a basal brush of setae.

Tarsal clals very long and slender, almost half as long as

tarsus, with or without fine denticles. Seven pairs of flat

plate like abdorninal gills on segments l-7. Three caudal

filaments, appendix dorsalis well developed with long fine

setae on lateral nargins, cerci with long fine setae on

mesal margin on1y.

History and Discussion.

Centroptilum is also a cosnopolitan genus, but it was not

until Harker (1957) described C. coLLendum from Kuringae Chase,

Ner.v South ltÌales, that an Australian species was recognised.
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Eaton (1869) erected the genus CentnoptiLum to include

C. Luteolum (MülIer) which originally was described in Ephemera

by lr{üller in 1776. Although numerous species have been

recorded frorn North America and Europe since the erection of

this genus, C. eoLLendum Harker is the only recorded Australian

Tepresentative. A new species C. eLongatum sp. nov. which is

recorded in South Australia, is described frorn associated

rnaterial from the Wannon River, Victoria. C.eLongatum has a

linited distribution in South Australia (see Chapter 6) and

although rnany nymphs are present in the collections there are

relatively few adult specimens. Consequently the type

series was taken from a rnuch larger collection nade in Victoria,

fron which some assessment'of variation of character

expression could be rnade.

rf .5 .2.1 Cn"¿"op¿¿Zrø nzo"gd p. nov.

Holotype Male

'a

Body Length

Notal Length

Mesonotal Width

Pronotal Width

Fore Wing Length

Hind Wing Length

Cerci Length

Appendix dorsalis absent

8.20nn

2 .01nm

1.33nn

0 .95mm

7.05mm

I.72mm

14 .02mm
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Head : Iight brown. Antennae brown, basal segment 1ong,

f1agel1un 0.62rnn, total antennal length less than lmm.

Dorsal compound eyes turbinate, upper portion brown/orange,

oval, lateral eyes grey. Oce1li white.

Thorax : pronotum brown, narrower than head. Scutun of

mesonotum greI, lateral and posterior regions of scutoscutellum

dark brown, median suture edged in black with white patches at

posterior edge of scutellun. Metanotum dark brown with rnedian

backward produced projection (Fig.. II.24c). Legs; fore leg

fernur light brown, tibia and tarsal segments darker brown,

middle and hind legs light brown, tarsal segments darker brown.

T1 fused to tibia in all 1egs. Fore leg longer than niddle and

hind legs, fore leg femur length 1.19 x niddle leg femur length,

and 1.16 x hind leg femur length. Ratios of 1eg segments

(second value is the combined tibia + T1 length to femur length);

fore 1eg 1.00 : 1.18: - :0.50 :0.44 z 0.26:

0.16 (1.60nn)

niddle leg 1.00 : 0.75 : - : 0.19 : 0.10 : 0.08 :

0.16 (r.34mn)

hind leg 1.00 z 0.74: - :0.19 :0.10 :0.07:

0.16 (1.38mn).

Tarsal claws dissimilar, one blturt, club shaped, one slender

with terminal hook. Sternum light brown (Fig. II.24e).

Prosternun dark brown. Mesosterîum brotvn, lateral regions and

coxae dark brorvn, basisternal length 1.28 x width, furcasternuln

tength 0.5 x width, ild equal to basisternal length, median

Iongitudinal invagination broad rvith parallel margins divergent

posteriorly. Irletasternum light brorvn.



Fíg. TT.24. CentroptiTum eTongatum. a - e, male imago: a, fore

wíng; b, hind wing; c, dorsal colour pattern; d, genitalia, ventral
view; e, thoracic sterna. f, mature nymph: dorsal colour pattern.

Scale línes: arbrcrêrf lmrn.

d 0.5mm.
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l{ings : hyaline. Fore wing (Fig. II .24a)'; 2.78 x longer than

wide, costal and subcostal spaces shaded with yeIlow, pterostigrna

with 10-14 cross veins, some forked, one faint cross vein in

costal space pïesent or absent, subcostal space with six cross

veins. Bul1a on R1. Marginal intercalaries single, but faint.

Hind wing (Fig. II.24b); 2.15 x longer than wide, with a curved

çostal projection, three longitudinal veins, second forked with

one intercalaty, two cross veins between first and second

longitudinal veins.

Abdornen : brown dorsally with red tinges in patches on

segments, 2, 3, 4,6,7, B and 9, segment I' dark brown

(Fig. fI.24c). Light brown ventrally with paired brown

rnarkings on each side of median line. Cerci 1ong, segments

I-26 datk brown, 27-49 lighter, appendix dorsalis absent.

Genitalia : (Fig. TT.24d; Fig. II.20d) ; forceps four

segnented, proxirnal segment rectangular 1.6 x longer than wide,

second segment fused to third segment, third segment long and

slender, bowed slightly, distal segment shorter, rounded

apically. Pene covers paired, rectangular, rotrnded apically,

divergent, extending beyond apex of proxinal segment of forceps

Mature lt{ale N (Fie. II.24f)

Body Length

Head Width

Notal Length

Mesonotal Width

P:onotal l\'idth

Cerci Length

Appendix Dorsalis
Length

7 .6 8mm

1.32nn

2.12rrn

1 .6 8mm

1. l6mm

4.20nm

3 .44mm
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Body cylindrical, general colour brown.

Head : hypognathous, brown. Dorsal compound eyes red/brown,

lateral eyes black. Antennae 5.9mm 1ong.

Thorax : pronoturn width 0.88 x head width, brown with light

lateral markings. Mesonotum width I.27 x head width, brown

without clistinct markings, wing sheaths darker extending beyond

anterior margin of second abdominal segment. Legs yel1ow/brown

with black patches distally on femur about 2/3 of length

(Fig. II.25a); tibia and tarsi yel1ow/brown, not marked.

Tarsal claws very long and slender, half tarsal length, lined

proxinally with L3-20 fine denticles, distal half srnooth and

tapering. Ratios of leg segments;

fore leg 1.00:0.63:0.66 (1.28nn)

rniddle leg 1.00 z 0.62:0.54 (1.30nm)

hind leg 1.00 : 0.62 : 0.52 (1.30nn).

Femur length width ratios; fore leg 4.92, middle and hind

Ieg 5.42.

Abdomen : brown, with tinges of red brown, segment 5 darker

brown, segment 4 light red brown without dark markings, segment

5 darker (saddle-like), segments 6-9 light brown, segment 10

without dark narkings, lateral flanges of segrnents 1-8 with an

anteriorly directed V-shaped dark rnarking. Posterior margin of

tergites with long spines and smaller ninute spines betleen then.

Hind margin of sternites sinilarly lined with long spines and

only rninute inner basal spines. Paraprocts rounded, with 25

Iarge spines on internal and apical rnargins (Fig. II.25c;

Fig. II.23d); hind nargins of ni-nth sternite wj-th developing

forceps, separated by a concave depression rvith 24 spines
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(Fig. II.25b; II.23c). Cerci well developed, mesal margins

fringed with long fine setae, apices of segrnent groups dark

brown, appendix dorsalis shorter, lateral margins lined with

long fine setae. Gi1ls on segrnents l-7, single, plate-like

with b1ack, branched trachea (Fig. II.25d), first gilt snallest,

half moon shaped, second wider and longer, third and fourth

larger, fifth and sixth largest, seventh larger than second,

margins serrated with one short fine bristle in each

depression.

Mouthparts : labrum rectangular (Fig. II.25e), length 0.77

x width, with a broad, deep, V-shaped concavity, with

truncated apex, and lateral denticles near apex (Fig. II.25f),

anterior rnargin lined with long setae on antetro-lateral processes,

and pinnate setae along sides of concavity. Left nandible

(Fig. II.25i), outer incisors with four large teeth apically

and four srnaller teeth along inner rnargin, outer rnargin with

one long spine, inner incisors with three large apical teeth

and 3-4 sna1l tubercles on inner basal rnargin, prostheca long,

broadest proximally with paired apical projections, one long

and slender with one apical spine seta , the other shorter,

curved and blutt, with a sharp opposing tooth (similar to a

bottle opener) (Fig. II.25j) , molar region with 20 rows of

grinding ridges. Right mandible (Fig. II.25k); outer incisors

with three large teeth, outer margin with one long tapering

spine, inner incisors with two contiguous teeth, prostheca

strap-1ike, long and slender with 2-3 minute spines on apex,

and two long setae near rnid region (Fig. II.25Z), molar region

with tlo rows of 30-40 teeth. Hlpopharynx sirnple, nedian lobe
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with a large, bulbous, apical tubercle, paragnaths ovate

(Fig. II.25h). Maxillae (Fig. II.25m); galeo-lacinia broad,

inner rnargin lined with rake setae, apex with long spine setae,

palpi three segmented, longer than galeo-lacinia, basal segrnent

long and slender, 3.67 x longer than wide, lined with short fine

setae, segrnent ratios 1.00 : 0.55 : 1.09 (0.22tmrt). Labrum

(Fig. II.25e); palpi three segmented proximal segment 2.43 x

longer than wide, second segment narro\¡I proxirnally, broad

distal1y, distal segnent short, broad with concave apical margin,

lined with long spine setae, segment ratios 1.00 :0.7L : 0.35

(0.34run) ; glossae shorter than paraglossae, inner rnargin lined

with spine setae, paraglossae curved over glossae, external

rnargin lined with long fine setae, ventrally apex densely

covered with setae.

Female Imago : resembles male, but lacks dorsal turbinate eyes,

lateral eyes black. Body length 7.95mm, fore wing length 7.54mm,

hind wing length 2.87mn. Thorax greL abdonen red/brown.

Costal rnargin of fore wing brown. Fore leg shorter than in

male. Sub-ana1 plate with paraprocts lacking spines.

Female Nynph : similar to rnale, lacking dorsal compound eyes,

lateral eyes b1ack. Ninth abdorninal sternite hind margin square

and lined with spines.

Diagnostic Characters

Genitalia, shape of last segnìent of forceps (Fig. II,24d;

Fig. II.20c) .

I

2. Hind wing lacks acute costal projection (Fig. II.24b).



Fig. II.25. Centroptilum elongatum, mature nymph: a, fore leg;
b, paraprocËs, ventral view; c, paraprocts, enlarged; d, third
abdominal gil1; e, labrum, dorsal view; f, antero-median emargination
of labrum, enlarged; B¡ labium, dorsal (left) and ventral views;
h, hypopharynx; i, left mandibl-e, ventral view; j, left incisors
and prostheca, enlarged; k, right rnandible, venÈral view; 1, right
incisors and prostheca, enlarged; m, right maxilla, ventral view.

Scale lines arb, d

c, d, e, f , Brh, irk rm

i'1

0.5mm.

0. lmrn.

0.05mm.
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3 Nunber of spines

(Figs.II.25b, c;

on paraprocts of nymphs

32c, d).

4. Incisors and prosthecae of mandibles (Figs. fI.25í-L).

5. Labrum shape (Fig. II.25e) .

6. Saddle-like colour pattern on abdomen (Fig. II.24f).

Type Locality Wannon River just above Wannon Fal1s, near

Wannon, Western Victoria, Grid reference 1:250,000 map series

Harnilton Sheet 353482.

Collected 30th October, 1977 by P. Suter and A. Wells.

Type Specimens.

The Holotype rnale and nynrphal type are located in the

National Museum of Victoria. Five paratype nale irnagos and

paratype nymphs are also placed in the National Museum of

Victoria and five paratype males and nymphs are placed in the

South Australian Museum.

Type Habitat.

The nymphs were found in fast flowing water about 500m

above the Wannon Falls. Adult males and females u/ere swarrning

in the afternoon sun above a grass covered bank about 10m above

the waterrs edge.

The habitat records of this species in South Australia are

quite variablc, but may reflect only the season and florv conditions

of the streìms from rvhich the collections were made. On Kangaroo

Island, collcctions were nade in September, 1976 (l\1. D. IVilliams)
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and Novenber 1977 (J. E. Bishop) and C. eLongatum nymphs were

found occupying the flowing water, similar to the type habitat

records. Collections from l,{osquito Creek in south east South

Australia in November 1977 (D. N. and P. J. Suter) were from a

similar habitat to those occupied in Victoria and on Kangaroo

Island. In Carrickalinga Creek on the Fleurieu Peninsula,

South Australia, the collection was made in Novernber 1977 when

the creek was in the process of drying, and pools were being

formed. It was from one of these stationary Jtmctts lined

poo1s, that the only record of C. eLongatwn on the Fleurieu

Peninsula, was made. At tirnes of higher water levels and

discharge , C. eLongatwn rnay be found occupying the faster

flowing waters, rather than the stationary pool habitat recorded

in November 1977. A more detailed discussion of the

distribution of this species is given in Chapter 6.

Etynology of Spe cific Epithet

The specific epithet eLongatum refers to the elongated

distal segment of the forceps of the nale imago. This long

segment distinguishes C. eLongatum from C. coLLendum Iìarker,

the only other species in this genus described from Australia.

Affinities

Of the diagnostic features, the genitalia and hind wing

characteristics clearly distinguish C. eLongatun from

C, coLLendum Harker. Ilarkerrs (1957) description records that

the nymphs of C. coLLendwn have long tarsal claws rrabout equal

in lengtlr to the tarsus itself". C. eLongatun has much shorter

tarsal clarvs, being about half the tarsal length. Other
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differences between the nymphs are not obvious from Harkerrs

description, and the nynphal norphotype of C. eoLLendum has not

been examined.

Material Examined. South Australia South East; Mosquito

Ck. Fleurieu Peninsula; Carrickalinga Ck. Kangaroo Island;

Breakneck R., De Mole R., Rocky R., South West R., Stunsail

Boom R., Western R. Victorià : Jirnnyrs Ck., Mt. Emu Ck.,

Wannon R.

Genus CLoeon teach 1815

Leach, 1815 : L37

Eaton, 1868 : 87-88

1871 : I02

1885:179-181

Krapálek, 1905 : 106-107

Ulrner, 1916 z 17

1919 : 54

Tillyard, 1926 : 64

1936 : 53-55

Harker, 1950a : 24, 29

1954 : 266

1957 : 72-73

Scholes, 1961 : 38-39

Riek, I970a : 236
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Male Inago Characteristics.

Fore wings with reduced cross vein system, marginal

intercalaries single; costal and subcostal region opaque or

coloured. Hind wing absent. Forceps four segmented, second

and third segrnents almost entirely fused.

Mature Nymph Characteris ti cs .

Labrurn broader than long with a shallow nedian notch.

Mandibles with two separate groups of incisors, prosthecae with

a basal brush of setae. Labial palpi three segmented, distal

segment truncated at apex. Tarsal claws long and narrow, at

least half as long as tarsi, t^Iith or without smal1 dentiòles.

Metathoracic wing (hind wing) sheaths absent. Gills on

abdorninal segments 1-7, flat plate-like, usually with double

lanellae, (Edmrnds, Jensen and Berner, 1976, record double and

single) . Three caudal filanents, cerci with (mesal) margin

fringed with long fine setae, appendix dorsalis fringed on

lateral margins.

History and Discussion

The genus CLoeon was erected in 1815 by Leach, to include

C. dLptenum (Linn. Fabr.). Eaton (1868) noted "A species

(1 specirnen in British Museum) is reputed to be from S.

Australiatr., and in 1885 he included Australia in the

distribution of this cosmopolitan genus.



r25.

The first confirmed record of CLoeon in Australia was rnade

by Ulmer (1916) when he recorded C. uirens Klapálek

(incorrectly spelt as C. uirLdLs K1ap. by Ulner and later by

Ti1lyard, 1926) from the Kimberley district, N.W. Australia.

This species was originally described from Java by Klapá1ek

(1905). A further species d. fLuuíatiLe Ulmer was described by

Ulmer (1919) from New Cuinea, and was later recorded at

Arrnidale (N.S.I\I.) by Harker (1950a) , who added the description

of the egg.

Tillyard (f936) recorded the first purely Australian species

of the genus, when the male imago, female imago and subínagos

of C. tasmøtiae were described fron the Macquarie River,

Tasrnania. Harker (1957) described the first CLoeon nyrnph in

her description of C. nø¿&Lrum from Townsville, Queensla¡rd.

The present study recognises one new species, and

C. fLuuiatiLe lJlmer from South Australia, and the descriptions

include the characteristics used by Mü1ler-Liebenau (1969, I973)

in her revision of Baetis. The nymph of C. fLuuLatíLe is

described from South Australian naterial.

II.5.3.r CLoeon fLuuLatiL¿ Ulner 1919

CLoeon fluuiatiLe Ulmer, 1919 : 54-57

Harker, 1950a : 24, 29

1954 : 266
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The following description is based on one male irnago

from the Third Spring on the Oratunga Loop, Flinders Ranges,

South Australia, collected 9th April 7977 by P. J. Suter.

Body Length 4.I2mm

Notal Length 1.40mm

Mesonotal Width 0.80mr

Pronotal Width 0 .56rnn

Fore Wing Length 4.32mm

Cerci Length 8.53nn

Appendix dorsalis absent.

Head : dark brown. Antennae light brown 0.72nn long,

proximal and second segment dark brown, rectangular. Dorsal

compound eyes turbinate, upper portion yellow/brown, lateral

portion lighter brown, lateral eyes b1ack. Ocelli light brown.

Thorax : brown, notal sutures black. Legs; buff, T1 fused

in middle and hind tibia, only partially fused in fore tibia.

Ratios of 1eg segments;

fore leg 1.00 z 1.76:0.07:0.68 :0.49 :0.27 :

0.20 (0.82nrn)

middle 1eg 1.00 :0.82 : - :0.28:0.15 :0.08 :

0. 18 (0.78mm)

hind leg 1.00 :0.86 : - :0.26 :0.12:0.07 :

0.19 (0.86mm).
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Tarsal claws dissimilar, one blunt, club shaped, one slender

with terninal hook. Sternum brown. Prosternum brown, triangular,

rounded, truncated. Mesosternlrm; basisternum rectangular,

length 1.80 x width, furcasternum triangular with concave

lateral margins, truncated anteriorly, furcasternum length

equals width, and is 2 x basisternurn length (Fig. II.26c).

$lings : hyaline, fore wing (Fig. ÍI.26a); length 2.70 x width,

costal and subcostal region opaque, cream coloured, nrilky in

pterostigmal region, pterostigna with 2-4 cross veins, no cross

veins in proximal region of costal space, subcostal space

without cross veins. Bullae on Sc, R2 and RU Ur. Marginal

intercalaries single. Hind wings absent.

Abdonen : red/brown with fight brown nedian markings on segnents

1-7, segments 8, 9, 10 red/brown (Fig. II.26b). Light red/grey

ventrally. Cerci 1ong, white with red/brown joints every fourth

segment, appendix dorsalis absent.

Genitalia: (Figs .II.26d-f; 20e) . Forceps four

segnented, proximal segnent rectangular, length 0.69 x width,

second segnent slender, partially fused with third segment which

is long and slender, distal segment short, with a basal stalk

and globular apex. Penes covers large and obvious, extending to

middle of second segment of forceps, separate, rectangular, apices

divergent. Subgenital plate with a posterior brorvn projection

which separates proximal segments of forceps.



Fíg. fI,26. CLoeon fluvìati7e. a - f, male imago: a, fore wíng;

b, dorsal colour pattern; c, thoracic sterna; d, genitalia, ventral

view; e, genital-ia, dorsal view; f , genitalia, lateral view.

CLoeon paradieniensis. g - k, male imago: g, fore wing; h, dorsal

colour pattern; i, genítalia, ventral view; j, genitalia, lateral
víew; k, genitalÍa, dorsal víew.

Scale lines : a,brc,g - k lmrn.

d,erf 0.5rnm.
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Mature Male Nymph.

Body Length

Head Width

Notal Length

Mesonotal Width

Pronotal Width

Cerci Length

Appendix Dorsalis

5.08

t.02

1 .60

1. 38

0.92

3.50

r.62

5 .60

1.08

r.74

r.46

0.98

5.40

3. 80
Length

Body cylindrical, general colour light brown.

Heacl : hypognathous, brown.

lateral eyes b1ack. Antennae

Dorsal compound eyes red/brown,

long, 3 x longer than head width.

Thorax : pronotum width 0.91 x head width, brown with light

markings. Mesonotum width 1.35 x head width, uniformly light

brown, wing sheaths darker extending beyond anterior rnargin of

second abdominal segment. I,4etanotum without wing sheaths.

Legs creamwith brown banding, one band on distal I/3 of femur,

one proximally on tibia, tarsus with one proxinal and one

distal band (Fig. II.27a). Tarsal claws long and slender with

two ventral rows of peg like denticles (Fig. II.27b).

Ratios of leg segments;

fore leg 1.00 z 0.73 : 0.63 (1.01nm)

middle leg 1.00 : 0.74 : 0.54 (1.0Smm)

hind teg 1.00 : 0.68 : 0.53 (1.16mm).

Femur length rvidth ratios; fore leg 4.87, niddle leg 5'01,

and hind leg, 5.27 .
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Abdomen : brorr'n, with dark brown rectangular patches on each

segment, edged with light brown, a central light stripe on each

segment (Fig. II.27c), lateral flanges of segments 7-10 lined

with spines, 1-2 spines on postero-lateral rnargins. Posterior

margins of tergites with large single spines. Paraprocts with

16-22 spines on inner and apical margins, largest spine at

apex, smaller mesally (Fig. II.27d). Cerci 1ong, white, apices

of segment groups brown, fringed on mesal surface with long

fine setae, appendix dorsalis shorter, lateral margins lined

with long fine setae. Gills (Fig. T-I .27e), on segments 1-7, with

paired lamellae on segments 1-6, single on segment 7, black

branched trachea, seventh gill sma11est, fifth gil1 largest,

margins serrated with short fine bristle in each depression.

Mouthparts : labnrn (Fig. II.27f); rectangular 1.94 x

broader than long with a U-shaped concavity in centre of

anterior margin (Fig. TT,27g), fine setae on dorsal surface,

anterior nargin lined with pinnate setae. Left mandible

(Fig. II.27j); robust, outer incisors with 3-4 large teeth,

inner incisors with 4-5 teeth, prostheca with three apical

denticles and tlo sharp spines (Fig. II.27k), molar region of

grinding ridges. Right rnandible (Fig. II .27L); robust,

outer incisors with three apical teeth, inner incisors with

three large and one sma1l teeth, prostheca long and slender,

mesal margin near apex with two short spines and one small

denticle (Fie. II.27n). Hypopharynx (Fig. II.27n); simple,

median lobe ovate, paragnaths ovate, lined lvith short fine

setae . Maxi I 1ae (Fi g. II .27a) ; galeo- lacinia s lender, rnrith

three rvell cleveloped apical teeth, lined rnesally rvith l2-I5

large spine setae, palpi three segmented, longer than galeo-

'a



Fig. ÍT.27. CToeon fluviatiTe, maÈure nymph: a, fore leg;
b, fore claw; c, dorsal abdominal colour pattern; d, paraprocts;

e, third abdominal gill; f, labrum, dorsal view; E, antero-median

emargination of labrum; h, labiurn, dorsal (left) and ventral
views; i, l-eft maxilla, ventral view; j, left mandible, ventral
víew; k, left prostheea, enlarged; 1, right rnandíble, ventral
view; m, left prostheca, enlarged; n, hypopharynx.

Scale lines c

êrê

b,d,f - j,
krm

lrnm.

0 .5run.

1, n 0.1mm.

0 .05mm.
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lacinia, proximal segrnent 5.83 x longer than wide, segrnent

ratios; 1.00 : 0.80 z 0.82 (0.15nn), distal segment lacks

apical spines. Labiun (Fig. IT,27h); palpi three segmented,

length of proximal segment 2.20 x width, apical margin of distal

segment concave lined with short spine setae, segrnent ratios;

1.00 : 0.61 : 0.80 (0.22nn); glossae shorter than paraglossae,

paraglossae outer margin convex curving over glossae, nargins

of glossae lined with short spine setae, paraglossae margins

with longer setae.

Fenale Inago : Lacks dorsal conpound eyes, lateral eyes black,

fore leg shorter than male, otherwise sinilar to male irnago.

Fernale Nynph SirLilar to male nynph, lacks dorsal compound eyes,

lateral eyes b1ack, thorax broad, wider than head.

Diagnostic Characteris tics .

Distal segment of forceps minute, globular

(Fig. II.26d-1; 20e).

2. Turbinate eyes ye1Iow/brown.

Incisors and prostheca of left and right rnandibles

(Figs .II.27j -m) .

4. Paraproct spination (Fig. IT.27d)

History and Discussion.

C. fLutLatiLe was described in 1919 by Ulmer from specimens

frorn New Guinea. Harker (1950a) recorded this species from

Armidale, New South lVales, and described the egg. Since the

type material is held in the Berlin lrluseum (Ulmer, 1919)

or the Stockholm lrluseun (Harker, 1950a, 1954) it was not

1

J
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available for this study. The South Australian specimens have

no features which distinguish them ûom the species described by

U1mer, and until the type naterial is examined they are placed

as C. fLuuiatíL¿ U1mer.

Material Exanined. South Australia : Mt. Lofty Ranges;

Torrens R. Southern Flinders Ranges; Ohlenrneyer Reservoir,

Rocky R., Wild Dog Ck. Northern Flinders Ranges; Balcanoona

Ck., Bendieuta Ck., Brachina Ck., Elatina Ck., Emu Ck.,

Eregurda Ck., Kanyaka Ck., Marolana Ck., Mt. Chambers Ck.,

Parachilna d<., Stubbs Waterhole, Willigan Ck., Creek ín

Warren Gorge.

CLoeon para&Leniensis sp. nov.

Holotype Male

Body Length

Notal Length

Mesonotal Width

Pronotal Width

Fore Wing Length

Cerci Length

Appendix dorsalis absent.

7. 80nnr

2 .96mm

1 .20mm

0 .9 2mn

7.05nm

15 .73mm

Head : brown. Antennae short, 1.02mrn, buff. Dorsal conrpotrnd

eyes turbinate, yellow dorsally, broln 1aterally,

grey. 0ce11i white.

lateral eyes
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Thorax : pronotum light brown, narrower than head. I{esonotum

brown with light brown mesonotal sutures and patterns, dark

brown postero-lateral regions of scutoscutellum. Legs;

white-cream, fore 1eg longer than middle and hind legs, fore

leg femur length 1.06 x rniddle leg femur length, and equal to

hind 1eg femur length. T1 of middle and hind legs fused to

tibia. Ratios of 1eg segnents

fore leg 1.00 : 1.68 : 0.05 : 0.70 : 0.50 : 0.28 :

0.18 (1.48mn)

rniddle 1eg 1.00 : 1.01 : - : 0.29 : 0.13 : 0.06 :

0.16 (1.40mm)

hind leg 1.00 : 0.99 : - : 0.26 z 0.I2 : 0.06 :

0.15 (1.46mn).

Tarsal claws dissími1ar, one blunt club shaped, one slender

and terminally hooked. Sternum damaged in holotype.

Wings : hyaline (Fig. II.269); 2.89 x longer than wide,

veins buff, transparent, pterostigrnal region with 3-4 cross

veins, well separated, proximal region of costal space with two

cross veins, subcostal space with two cross veins in distal

half. Three bullae present, one in each of Sc, R2 and Ou Ët.
Marginal intercalaries single. Hind wings absent.

Abdonen : red/brown with a light brown dorsal stripe,

segments 8 and 9 dark red/brown, 10 lighter (Fig. II.26h).

Cerci long, appendix dorsalis reduced to a vestigial stump.
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Genitalia : (Figs. II .26i-k ; 20f); forceps four segmented,

proxi'nal segment short and broad, second segment short, narrower

than proxinal segment, alrnost fused with third segment, third

segment long and narrow, bulbous apically, distal segment short

and angular, conical. Penes covers broad, extending beyond

fusion of second and third segrnents of forceps, blr-rntly pointed,

divergent apices.

Mature MaIe Nymph

Head Width

Notal Length

Mesonotal Width

Pronotal Width

Cerci Length

Appendix Dorsalis

1.31nn

1 .96mn

1.64run

1.15nn

6. 23rnn

4.59mnLength

Body cylindrical, red/brown dorsally, light brown ventrally.

Head : hypognathous, brown with white epicranial sutures.

Dorsal compound eyes red/brown (sepia), lateral eyes black.

Oce11i black. Antennae 1ong, 4.92mm, proxirnal and second

segment brown, flagellae buff.

Thorax : pronotum width 0.88 x head width, brorvn rvith median

longitudinal white stripe, no other markings. Mesonotum width

L.25 x head width, brown with light median longitudinal stripe,

wing sheaths black extending to third abdorninal segment.

Metanotum dark brown, without rving sheaths. Sternun light

brorvn, rvith 1itt1e sclerotization. Legs buff without markings,

femora lined with short spine setae, posterior rnargin of tibia

and tarsus lined with longer spine setae, anterior margins with
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long fine setae (Fig. II.28a). Tarsal claws long and slender,

with two ventral rows of peg-1ike denticles.

Ratios of leg segments;

fore leg 1.00 : 0.67 : 0.58 (1.44nm)

niddle leg 1.00 z 0.67 : 0.51 (1.56nm)

hind 1eg 1.00 : 0.79 : 0.60 (1.68mm),

Femur length to hridth ratios; fore leg 5.18, middle leg 6.05,

hind leg 6.51.

Abdomen : red/brown dorsally, yellow/brown ventrally, without

definite colour pattern, overlap of segments darker brown.

Lateral nargins of segments 7-10 lined with spines, postero-

lateral margins with 2-3 spines, posterior margins of tergites

with large and sma1l irregularly placed spines. Paraprocts

broadly triangular, lined on rnesal margin with 27-30 large

spines (Fig. II.28b). Cerci long, mesal margin fringed with

long fine setae, appendix dorsalis shorter, lateral margins

fringed with long fine setae, every fourth segment red/brown,

giving banded appearance. Gi1ls; seven pairs, lame1lae

paired on segments 1-6 (Fig. II.28e), seventh single, margins

of gi11s serrated with a single fine bristle.

Mouthparts : Iabrum (Fig. II.28c) ; rectangular, 1.5 x broader

than long with a deep concavity in centre of anterior nargin

(Fig. II.28d), spine setae on dorsal surface, anterior margin

lined with long, fine setae and pinnate setae. Left mandible

robust (Fig. II.2Bi), outer incisors with four teeth, inner

incisors with 3-4 teeth, prostheca robust lvith a corrugated

apex of 5-6 rounded teetl'r and trvo long spines mesally

(Fig. II.28j) , molar region wi-th rows of grinding ridges.
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Right mandible (Fig.II.28k); robust, outer incisors with four

teeth, inner incisors with two large teeth and two smaller teeth,

prostheca robust with apex of 6-8 tooth-like ridges (Fig. II.2BL) ,

molar region with grinding ridges. Hypopharynx (Fig. II.28Ð;

simple, median lobe rounded with a srnall nedian bulbous

projection, paragnaths ovate, Iined with short fine setae.

Maxillae (Fig. II.2Bf); galeo-lacinia long and narrow, with

three well developed sharp teeth apically, mesal nargin lined

rvith 3-4 strap-like setae fringed on one side with fine hairs,

and 16 long setae, palpi three segmented, longer than galeo-

lacinia, proxinal segment 5.53 x longer than wide, segment

ratios 1.00:0.69:0.88 (0.24mm), distal segment fringed

with fine setae, and two snall terninal teeth. Labiun

(Fig. II.28h); palpi three segmented, length of proxirnal

segment 2.74 x width, apical margin of distal segment slightly

concave, segment ratios 1.00 : 0.56 : 0.48; glossae shorter

than paraglossae, paraglossae with outer nargin convex curving

over glossae, nargins of glossae fringed with short spine

setae, margins of paraglossae with long spine setae, apex with

pinnate setae.

Female Inago Without dorsal compound eyes, fore legs

shorter than male. Fore wing; costal and subcostal spaces

sl'raded with red brown, twelve cross veins in costal space.

Body colour red brown.

Female Nynrph : Similar to male, lacks dorsal compound eyes,

pronotum lviderlateral eyes black,

than head.

thorax broader than male,



Fig. II.28. CToeon paradieniensis, mature nymph: a, fore leg;
b, paraprocts; c, labrum, dorsal view; d, antero-med.ían emargination
of labrum; e, third abdominal gill; f, ríght maxílla, ventral
view, with enlarged apex of termínal segment of the palp;
g, hypopharynx; h, labium, dorsal (left) and ventral vfer¡rs; i, left
mandible, ventral view; j, left incisors and prostheca, enlarged;
k, right mandible, ventral view; 1, righÈ incisors and prostheca,
enlarged.

Scale lines â, ê 0.5mm.

b-d,f-i,k 0.1rnn.

j,l 0.05mrn.
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Diagnostic Characteristics .

Distal segment of forceps conical shape (Fig II.26í-k;

2of) .

2. Turbinate eyes ye1low.

3. Female with costal and subcostal spaces shaded red brown.

Incisors and prostheca of left and right rnandibles

(Figs. IL.28í-L) .

5. Paraproct spination (Fig. II.28b) .

Maxillary palpi with terminal spines on distal segment

(Fig. II.2Bf) .

Type Locality.

Little Para River at Paracornbe, Mt. Lofty Ranges, South

Australia, Grid Reference 1:250,000 rnap series, Adelaide Sheet

179695. Collected 20th October, 1976 by J. H. Diener and

P. J. Suter.

Type Specimens.

Holotype nale and nynphal type and allotype female are

located in the National Museum of Victoria. This short type

series is because this species is only known from two

collections from the type locality, and one in the drain

system of the South East. Further material has not been

collected.

4

6
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Type Habitat.

The nymphs were found in a non-flowing pool system in a

culvert beside the Paracombe road. The pool was overgrown with

Nastuytium sp. and Lennta sp. Adults were raised in the

laboratory from mature nyrnphs collected frorn the type locality.

Etymology of the Specific Epithet.

The specific epithet paradíeyt:Lensis refers to the river

(Little Para River), and is in recognition of J. H. Diener

whose collection from the Little Para River was the first of

this species.

Affinities

CLoeon paradieníensis resembles all the described

Australian species, but it can be readily distinguished by

the conical shaped distal segment of the forceps of the nale

inago. The nymph can only be compared with C. nandinum

Harker and C. fluuiatiLe Ulmer, the only Australian species

associated with their nymphs. The shape of the labrum clearly

distinguish ,the nymphs of. C. paraãierrLensis and C. nandírum,

but as the type rnaterial is in the British lt{useum, and the

description given by Harker (1957) was not comprehensive

enough, no further character comparisons are possible.

The nymphs of C. paz,adieryLensis can be distinguished from

C. fluui.atiLe tJLmer initiatly by size, the latter species

being less than 6mm, the former greater than 8mm. The number

of spines e11 the paraprocts, the lack of bands on the femora,
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spines on the distal segment of the maxillary palpi, and the

shape of the prostheca of the right nandible also distinguish

the two species found in South Australia. Tabulated conparisons

of all Australian CLoeon species is given in Table II.2l, with

data taken frorn the present study, and frorn published

descriptions by Klapátek (1905), Ulmer (1919), Tillyard (1936)

and Harker (1957).

II.6 Systenatics: Family SIPHL0NURIDAE

This fanily has representatives in the tenperate and cooler

regions of the world, being nost diverse in the Holarctic

region, South America, Australia and New Zealand. The four

Australian genera; TasmanophLebia Tillyard, AmeLetoides

Tillyard, CoLobræiscoídes Lestage and MLz,auara Ha'rke-r, are

endemic, being recorded nainly from the south-eastern region of

the Great Dividing Range, and the Tasnanian highlands

(TasmanophLebia only), with Mirauaya the exception, being found

as far north as central Queensland.

Riek (1955, 1970a) considered the Siphlonuridae as a

subfanily (Siphlonurinae) of the Baetidae, but Edmunds (1972),

Riek (1973), and Edmunds, Jensen and Berner (1976) consider the

Siphlonuridae as a distinct farnily. The Australian genera all

belong to different subfamilies within the Siphlonuridae, the

Siphlonurinae (Ameletoides), Ameletopsinae (Miy'aua.z,a),

Coloburiscinae (CoLobw"t scoides) and Oniscigastrinae

(TasmøtophLebia), and it is the classification outlined by



'f'\lllt: I I .21 't'abulatccl coruparison of alI describcd spccies of CLoeon in Australia. Data collected fror the present

srrrdy, antl frorn publishcd dcscriptions by Klapltck (1905), Ulmer (1919), TilIyard (1936) and llarker (1957)

Cloeon fLuviatile C. paradieniensis C, nandirun C. vixens C, tasnwLiae

j\t\1.[: IIt\C¡

Bouly Length (ttutt)

f;orc Win g Lcngth (rrun)

Iroic Virrg l{itlth
Cerci Lcngth

[:yc Colour

Ptcrostigil$l cÌoss
vclns

C/Sc basal cross
vct.t)5

Sc/R cross veins

Costal Colorat ion

Gcnitalia
lcLrceits, tcn;,inal

5 e ziJ: tll

Partcs Covers

\l IfI,lt

Bod¡' Length (nn)

llcad hidth (r.rr,¡

Ccrci Lcngth (run)

Âppcndix dorsalis
Length

Le gs

Lcfr llandiblcs

Outcr incisors
Inncr i.ncisors

Pros thcca

Ri ri.¡ !'::^ndiblcs

0utcr incisùrs
Inner incisors

Pros Ì.h cc a

Illlxi I lary palpi

Short and
n arrow

Rcct an gul ar,
flat apically

5.08-5 .60

1.02-1.08

3.50-s . 40

1.62-3.80

Banded

3-4 teeth

4-5 tccth

3 denticlcs +

2 sharp spincs

5 teeth
3 large, l small

Long and slender,
2 short spincs +

I denticle apicalÌy

7.80

7.05

2.44

r5.73

Yellow

3-4

2-5

2-6

I'li Iky

Tri an gul ar

Pointed apically

l. 3l

6.2s

4.59

Not banded

3-4 teeth

5-6 teeth

5-6 teeth +

2 long spines

4 teeth
2 large, 2 snall

robust, 6-8 tootlì-
Iike ridges

4.t2

4 .32

i .60

8.53

Sepi a

2-4

7

4

L6

6

6

1 11

IT-T2

7

6

2.4

T2

Orange

0

Mi 1ky

Long and
na¡row

I

Not ba¡ded

I,JNKNOWN I,JNKNOWN

5

0

Buff-pink

4-5

Enerald green Crean
in fenales

Short and Glob ul r¡
natrotv

5

6

7

0

0

Ili Iky

?

6

No terminal tceth 2 Tcminal teeth
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Edrnunds, Jensen and Berner (1976) that has been adopted in the

present study.

Male Irnago Characteristics: Wings with cornplete cross vein

system, posterior branch of MP of fore wing attached to nain MP

vein. Hind wings well developed with extensive cross vein

system, large, from one-third to half as long as fore wing. Eyes

sinple, upper portion larger than lower portion, but not

distinctly separate. Hind tarsi with four segments. Forceps

three or four seglnented.

Mature Nymph Characteristics Body cylindrical and streanlined.

Head hypognathous to prognathous. Abdonen slightly dorso-

ventrally flattened, postero-lateral nargins of each segment

produced backwards forning a sharp projection. Cerci with long

fíne setae on mesal side only, appendix dorsalis lateral nargins

lined with long fine setae. Gills on abdominal segments 1-4 or

I-7 .

II.6.1 Genus Lebia TiIr ard 192L

Ti1lyard, l92L

t926

19 33

19 5ó

Lestage, 1935a

19 35b

Harker,1950a

I954:

409 -4r2

62

12-13

27

L32

350-353 (in part as Tasmøtophlebioides)

29

267
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Riek, 1955 : 268-269

1970a : 235

Scholes, 1961 : 2l-23

Male Imago Characteristics : Fore wing with tornus at half of

wing length or beyond. Hind wing about half as long as fore

wing, and nearly as wide. Tarsi of niddle and hind legs four

segnented (five segmented in fore leg), tarsal claws

dissimilar, one broad blunt, club-shaped, one 1ong, slender and

hooked. Cerci well developed, appendix dorsalis vestigial or

absent.

Mature Nynph Characteristics : Body cylindrical, abdomen

dorso-ventrally flattened. Head hy¡rognathous. Abdominal

segments with nedian dorsal crest and lateral flanges with

postero-lateral projections, gi11s on segments I-4, first

pair operculate, covering other three which are membranous

and ovoid. Cerci weII developed, appendix dorsalis reduced.

History and Discussion.

The genus Tasmøtophlebia h'as erected by Tillyard (1921)

to include the Tasmanian species T, Lacustnis, which was

recorded fron lakes and streams at high altitudes.

In 1935 Tillyard described the nayflies of the Mt.

Kosciusko Region, and included the descriptions of two new

species of TasmøtophLebia, T. Laeus-coeruLi and T. nig'escens'

both associated rvith their respective nymphs. Tillyard noted

that ?, nigrescens imagos resembled closely T. Lacustv"isin

size and habits, but distinguished the two species by the
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black appearance of the subinagos of r. nigreseens and the

three segmented forceps rather than four as recorded in
T. Lacustz.Ls. The nymphs of ?. nigz,escens and T.Lacus_

coez.uLei differ in the dorsal abdominal crest, with the

latter species having tooth-Iike projections on segments l-7,
and the former on segments r-5. The nyrnph of ?. Lacustt"tl,s

described by Tillyard (1936) resenbled ?. nigz,eseens in
possessing a dorsal abdominal crest with projections on

segments 1-5, but Tillyard stated that rlthese are much

smaller and less nodding than in T. nigresceTts, that of seg. I
particularly being smal1. rr

Lestage (1935b) separated the two Australian nainland

species placing them in TasmøtophLebioídes, prirnarily on the

forking of the MP of the hind wing and on the structure of the

rnale forceps. Tillyard (1921) described TasmanophLebia

Laeustz'is as possessing forceps with four segrnents, whereas

the nainland species had only three segments.

Harker (1950a) apparently was unaware of Lestage's

(1935b) paper, and placed all species in TasmøtophLebia

Tillyard. Subsequentty, Harker (19S4) recognised the

classification designated by Lestage. Riek (195s) noted that
?fLestage considered the forceps of Lacustr\s to be 4-segmented

whereas they are really only s-segmented as in Lacus-eoeruLei

and nigz'escens. The forking of },lp in the hindrving varies with

the individual specimen in alr three species, in Lacusty'Ls ít
nay fork closer to the wing rnargin than figured by Tillyard,
and in Lacus-coez'uLei attd nigrescens it may be more basacl
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but it is always well after the niddle of the vein.rl

Consequently all described species were placed in

T asmanophLebia Ti 1 lyard.

Riek (1955) also noted the similarity between

T. Laeusttis and 7. nígz,escens, noting the sinilarities in

size, rnale genitalia and veins of the hind wing and he

suggested that the darker coloration may be subspecific

rather than specific. He apparently was unaware of Tillyard's

(1936) description of the nynph of ?. LacustyLs, as he

(Riek, 1955) recorded this nymph as unknown. The sinilarities

between the nyrnphs of 7 . Lacustrís and T. nigreseens , plus the

similarities of the genitalia and venation suggest strongly

that these species rnay in fact be slmonymous, as darker

coloration appears a meagre characteristic to sepaïate either

species or subspecies. Speculation on this point will continue

until extensive collections frorn the known distribution of

these species are compared and analysed. (A review of the

Siphlonuridae is in progress by I. Campbell, pers. conrn.).

All species of TasmanophLebla were recorded as high

altitude species and appeared to have similar habitat require-

ments. Riek (1970a)noted that they are semi-burrowers in

sand, and all published localities frorn which they are recorded

have sandy substrates. However, one species has been found in

South Australia at an altitude of only 120n above sea level.

This species, ?. Laeus-eoerulei, was previously only recorded

from Blue Lake, Mt. Kosciusko at an altitude of 6200ft. These

extremes of altitude, plus evidence from collections made
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during this study (Chapter 6) suggest that sandy substrate and

stilt, or slow flowing water are the nost inportant habitat

requirements of this genus, rather than the high altitude with

which they have been previously correlated.

IasmøtophLebia Lacus-eoeruLei Til lvard 1933.

IasmanophLebia Lact,ts-coev'uLei Tillyard, 1933 : l3-L7

IasmanophLebioides Laeus-eoeruLei Lestage 1935b : 351-353

TasmanophLebia Lacus-coeruLei Harker, 1950a z 29

TasmarnphLebioides Laeus-coenuLei Harker, 1954 : 267

TasmøtophLebia Lacus-coeruLei Riek, 1955 z 270

Tillyard (1933) described the species from all stages.

The following description is of one male irnago from Tookayerta

Creek, Fleurieu Peninsula, South Australia. Adult specirnens

are rare in collections fron South Australia, and for this

reason the rnean, ranges and standard deviations are based on

only three animals.

x SD n

Body Length

Fore Wing Length

Fore Wing Width

Hind llling Length

Hind Wing Width

Cerci Length

Appendix Dorsalis
Length

1.03 5 9.40- 11.46

0.90 3 8.53 - 10.26

0.43 3 2.42- 3.25

0.61 3 3.86 - 5.06

0 .26 3 2.23 - 2.74

(other cerci damaged)

0. 14 3 0.08 - 0.32

r0 .40

9 .54

2.90

4.53

2.5r

4.7r

0.24
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Head : light brown. Dorsal region of compound eyes burgundy,

lateral region brown. Antennae 0.96run 1ong, proximal segment

short (0.04mn), second segnent 0.12mn 1ong, flagellae 1ong,

0.76run, light brown.

Thorax : pronotum, mesonotum, brown. Legs with numerous

spines and tubercles on all, except distal, tarsal segments,

spines largest on tarsi of niddle and hind legs. Fore 1eg

dark brown, longer than niddle and hind legs, fore leg fernur

length 2.II x niddle leg femur length and 1.87 x hind fenur

length. Ii,{iddle and hind legs light brown, first tarsal segment

fused to tibia. Ratios of 1eg segnents;

fore leg 1.00 : 0.67 z 0.63 z 0.47 : 0.52 : 0.47 :

0.28 (2.24nnr)

niddle 1eg 1.00 :0.84 : - :0.17:0.17:0.14:

0 .29 ( 1.06mn)

hind leg 1.00 :0.80 : - :0.17 : O,I7 :0.I2:

0.28 (1.20nm),

Tarsal claws dissinilar, one blunt club-shaped, one slender

and terminally hooked (Fig. II.29f). Sternum brown. Prosternum

heavily sclerotized with concave longitudinal sutures that

diverge anteriorly and posteriorly. Mesosternum lightly

sclerotized, basisternum long, narrow, wedge-shaped, length

1.25 x anterior width, furcasternum length equal to width,

1.14 x basisternum length, median longitudinal invagination

narrow with smoothly convex posterior margin.

I
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Wings : fore and hind wings hyaline, tinged with yel1ow, veins

brown. Fore wing (Fig. II.29a); 3.31 x longer than wide,

costal and subcostal region shaded with brown, radial and

proximal regions of median, cubital and anal veins tinged with

ye1low, pterostigmal region with numerous anastornosed cross

veins, four bullae present, one in each of Sc, R2, RuUu and

1441. Hind wing (Fig. II.29b); 1.79 x longer than wide, half

as long as forewing (0 .47 x), subcostal space shaded with

brown, costal, subcostal and proximal regions of the radial

and anal veins tinged with yellow, cross veins brown, and

numerous.

Abdomen : brown, speckled with black, segments 8 and 9 with

rnedian black stripe and two convex lateral stripes, segment

10 black (Fig. II.29c). Cerci long, dark brown, appendix

dorsalis vestigialrof 1-4 segments.

Genitalia : (Fig. II.29d, ei 51a, b); forceps three

segnented, subgenital plate broad forming forceps base,

proxinal segment very long and narrolv, middle segment shorter,

but elongated, distal segÍrent just shorter than niddle,

rounded apicalty. Penes long, narrow, extending to mid proxirnal

segment of forceps, tobes tubular, alrnost fused, rounded at

apices.



a

Fig. IT.29. TasmanophTebia Tacus-coerul-ei. a - f , male ímago:

a, fore wing; b, hind wing; c, dorsal abdomínal colour pattern;
d, genitalia, ventral view; e, genitalia, lateral view; f, fore
c1aws. E, mature nyrnph: dorsal colour pattern.

Scale línes a-èrE lrnrn.

f 0. lmm.
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Mature l{ale Nyrnph (Fie. II .29g)

SD n Range

Head Width L.7L 0.I2 6 1 .52 - 1.84

Body Lençh 12.64 1.00 4 Ll.lB - 13.40

Nota1 Length 2.9I 0.21 6 2.58 - 3.20

Pronotal Width I.77 0.L2 6 1.58 - 1.88

Mesonotal Width 2.26 0.16 6 2.00 - 2.44

Cerci Length 5.09 0.29 3 4.7I - 5.41

AppendixDorsalis 4.68 0.15 3 4.52- 4.83
Length

Thorax cylindrical, abdomen dorso-ventrally flattened, general

colour mottled sandy brown.

Head : srnall, hypognathous, lilht brown. Cornpound eyes 1arge,

red/brown dorsally, black Iaterally. Antennae 1.30nm long.

Thorax : pronotum as wide as head, nottled grey brown.

Mesonotum width 1.32 x head width, mottled brown, posterior

margin of scutoscutellun produced posteriorly, pointed, wing

sheaths long, extending beyond first gill base. ltfetathoracic

wing sheaths shorter, Teaching base of first gi11. Sterrrun;

prosternum triangular, sterna-costal suture present.

Mesosternum, basisternum rectangular 1.25 x longer than wide,

furcasternum widest at posterior nargin length 0.60 x width,

and 0.78 x basisternun length. Metasternum separated from

nesosternurn by a membranous region, basisternum square, with

a sterna-costal suture. Legs yellorv broln, femora lvith a

brown patch on posterior margin, joints of tibia and tarsi

dark brorvn, tarsi with brorvn bands along length, equivalcnt to

tarsal segments of adult (Fig. II.30a). Tarsal clarvs long

x
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and slender 0.50-0.7I x length of tarsus, smooth without

denticles. Ratios of leg segments;

fore leg 1.00:0.46:0.85 (1.25mm)

niddle 1eg 1.00 :0.41 :0.67 (1.30mn)

hind leg 1.00 :0.44 t 0.74 (1.32nm),

Femur length to width ratios similar; fore 1eg 3.44, middle

Leg 3.25, hind 1eg 5.56.

Abdonen : dorso-ventrally flattened, with medial dorsal

crest of curved posteriorly directed projections on segments

I-7; process on segment 1 small, 2, 3 largest, becorning less

proninent frorn segment 4-7 (Fig. II.29g). Lateral flanges

of each abdoninal segment semi-transparent, postero-Iateral

margin sharply produced. Paraprocts separate, smooth,

developing forceps large (Figs. Tf.23e, f) . Caudal filanents

well developed, banded every second segment with dark brown,

mesal margin of cerci fringed with long fine setae, distal

half of external margin also fringed, appendix dorsalis

shorter, fringed laterally with long fine setae. Gi11s; on

segments l-4, first pair broadly ovoid, operculate, extending

to posterior rnargin of fourth abdoninal segment, other three

pairs with paired lamellae, transparent, with well developed

tracheae, gi11 lamellae lined with fine setae (Figs. II.30b-e)

Mouthparts : labrum (Fig. II. 50f) ; rectangular, length

0.44 x width, anterior margin smooth (Fig. II.30g) with a row

of setae, lateral rnargins fringed with setae. Left nandible

(Fig.II.30k); robust, incisors widely separate, outer group

with three apical teeth, and a ventral rorv of short setae,

inner incisors rvith three apical teeth and a rol of short
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setae, prostheca broad at base, anterior margin tapers to form

a long narrour projection with S-4 short spines (Fig. IT,S}L),

lined with fine setae, rnolar region of grinding ridges. Right

mandible (Fig. II.30m) ; robust, incisors widely separate,

outer group with two apical teeth, and a ventral row of short

setae, inner incisors with three apical teeth and a ventral

row of short setae, prostheca broad at base, curved, apex

divided into two separate lobes, posterior lobe largest,

covered with fine setae (Fig. rr.30n), nolar region of grinding

plates. Hypopharynx (Fig. II.30i); nedian lobe deeply bifid,
paragnaths broader, lined with long setae on distal nargin.

Maxillae (Fig. II.30j); galeo-lacinia tined apically and

mesally with pinnate setae, apical angle with three or four

spine setae, palpi three segmented, longer than galeo-lacinia,

distal segment with long spine setae at apex, segment ratios;

1.00 : 0.86 : 0.77 (0.35nm). Labium (Fig. II.30h); palpi

three segnented, length of proxirnal segrnent 1.3 x width,

second segment constricted proximally, curved, broad apicaI1y,

distal segment short, rounded apically, with spine setae

dorsally, segment ratios; 1.00 : 0.86 : 0.51 (0.37nm);

grossae shorter than paraglossae, glossae rectangular without

setae, one smal1 pointed tubercle distally, paragnaths curved

over glossae, lined with fine setae.

Female Imaqo Similar to rnale, collpound eye sma11er, fore,

middle and hind legs similar, thorax moïe robust, abdomen

without evidence of ovipositor.

Female Nynph Sinilar to male, compound eye sma11er, black,

thorax rvider than head, paraprocts smooth, lacking forcep buds.



Fig. II.30. TasmanophTebÍa Tacus-coerulei, mature nymph: a, fore
leg; b, first abdominal gill; e, second abdominal gil1; d, third
abdominal gill; e, fourth abdominal- gill; f, labrum, dorsal view;

E, anËero-median emarginaËion, enlarged; h, l-abium, dorsal (left)
and ventral víews; i, hypopharynx; j, left maxilla, ventral view;

k, left mandible, ventral view; 1, left incisors and prostheea,

enlarged; m, right mandible, ventral- view; n, right incisors and

prostheca, enlarged.

Scale línes lmm.

0.5nm.

0. lrnn.
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Diasnos ti c Characteristi cs.

Genitalía; shape of forceps and penes (Figs. II.29d, e;

51a, b).

Dorsal crest of nynph with curved posteriorly directed

projections on abdominal segments 1-7 (cf. 1-5 in

f . Lact,øtz,ís and T. nigreseens) (Fig. If .29g) .

First abdominal gi11 ovoid, rounded posteriorly

(cf. pointed posteriorly in 7. Laeust?Ls) (Fig. II.S0b).

Lateral flanges of abdoninal segnents narrow (cf. broad

development in 7. T,acttstris) .

Shape of incisors and prosthecae of nandibles

(Figs. II .30k-m) .

History and Discussion.

T. Laetæ-eoez,uLei was described by Tillyard (1995) from

nateriar collected at Blue Lake, Mt. Kosciusko, at an altitude

of 6,200 ft. This species was distinguished from ?. Lacustyis

and T. nigz,escens by its large size, and long fore wings,

13-16mm, the distinctive dorsal crest of median projections

on segTrÊnts I-7 or the nymph, ur.rq the bicolorous wings of the

subimagos. Riek (1955) also used these characters to

distinguish this species.

The size of the species appears to be of little value,

with the South Australian specinens srnaller than ?. Lacustz"Ls

and ?. nigrescens. This smaller size may be accounted for by

the relatively warm tcmperature of Tookayerta Creek, aad the
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Yankalilla River in south Australia (the only two localities

in South Australia from which this species is recorded)

compared with the high altitude Blue Lake on Mt. Kosciusko.

The nymphs, although sma1ler, have the sarne characteristic

nedian dorsal crest on the abdomen which distinguish then from

T. Laeustris and T. nigrescens. Nymphs of ?. Lacu,s-eoeyuLei

and ?. Lacttsty"Ls have been compared, and ?. Laeustt"Ls was

for:nd to have longer, more pointed operculate gills, broader,

and generally larger lateral flanges on the abdoninal segments,

and larger projections on the postero-lateral margins. The

incisors and prosthecae also were different.

Although this genus has previously been recorded in the

highland lakes and streams, the lowland record in South

Australia, and sinilar records in victoria and rasmania suggest

that the distribution of the genus is nuch wider than previously

recorded. T. Lacus-coez,uLei, previously known from Blue Lake,

Mt. Kosciusko, has during this study been recorded also in

south-west Victoria and north-east Tasmania. A ful1 discussion

of distribution follows in Chapter 6.

Material Exanrined. South Australia Fleurieu Peninsula;

: Gawkers Ck. ,Tookayerta Ck., Yankalilla R. Victoria

Stokes Ck., Tanjil R., La Trobe R. Tasnania George R.,

Scamander R.,North George R., Powers Rivulet, Ringarooma R.,

We ld R.



Fig. II.31. SEM micrographs of TasmanophLebia jacus-coerul-eì

and Tasmanocoenis tì7Lgatdi. TasmanophTebìa Tacus-coetuiei. ârb,
genitalia of male ímago, ventral views. Tasmanocoenis tiTlgardi.
c, genitalia of male imago, ventral view; d, second gill of mature

nynph.

Scale lines : 100Um.
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II.7 Systematics Fanily CAENIDAE.

The Caenidae was recognised as a distinct group of

nayflies by Eaton (1883) when he included the genera

Tricor.ythus, Leptohyphes and Caen'Ls in Section 7 of his

Revisional Monograph. Banks (1900) erected the tribe

Caenini and Thew (1960) states that 'raccording to the

Copenhagen decision of the International Commission on

Zoological Nornenclatuïe, Banks should be credited with

the authorship of the fanily.Ìt

Lestage (1930, 1938) refers to the Caenidae as the

Bra'chycercidae, but with the exception of Denoulin (1955b),

the Brachycercidae has not been recognised by authors

working on the Australian Epheneroptera. Tillyard (f956),

Harker (1950a, 1954, 1957), Thew (1960), Riek (1970a),

Soldan (1978) and Suter (1979) have all recognised the

fanily Caenidae.

In 1978 Soldan described a new genus of caenid fron

Australia (Pseudocaenis) from nymphal material only. Until

that description, Ta.smanocoenis was the only recorded genus

of the F. Caenidae in Australia.
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r52.

MaIe Irnago Characteristics : Eyes of both sexes snal1,

1ateral. Thorax robust, abdornen snal1, contracted.

Metathoracic wings absent, mesothoracic wings short a¡rd broad

with reduced cross venation, anal region broad, hind rnargin of

wing rvith setae. Legs of nale and fenale similar, tarsi with

five segrnents. Forceps one segmented, lobes of penes separate

or fused. Caudal filaments very 1ong.

Mature Nynph Characteristics : T?rorax robust, abdonen dorso-

ventrally flattened, metathoracic wing sheaths absent. Postero-

lateral nargins of abdominal segrnents produced as spines or

plates. Gi11 on first abdoninal segment a single filament, or

absent, second abdominal segment with an operculate gi11,

covering gil1s on segments 3-6. Cerci and appendix dorsalis

well developed.

Genus Tasmqnoeoenis Lestage 1930

Lestage, 1930

Ti 1lyard, 19 36

Harker, 1950a

1954 :

Demoulin, 1955b : I-7

Harker,1957:76

van Bruggen, 1957 :32-33

Thew, 1960 z 202

Riek, 1970a z 238

Putlr z, 19 75 : 412

53-54

: 56 (Part in Caenis)

24-26, 29 (referred to as Caenis)

266 (referred to as Tasmqnoeaenís, parl ín
Caenís)
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Soldan,1978

Suter, 1979

t28

82

It4a1e Inago Characteristics : forceps strongly bowed, sharp

distally, lobes of penes fused entirely, or with an apical

indentation. Prosternum longer than broad.

Mature Nymph Characteristics : head smooth, lacking tubercles.

Mandibles stout, with narginal setae, incisors separate.

Labium and naxillae with three segmented patpi. First

abdominal giLL 2-4 segnents, second gi11 operculate with a

triangular dorsal ridge, fringed rnarginally with setae, gi11

cover fringed with setae, gills on segnents 3-6 lanellate with

apical tracheal filanents, single, bifid or trifid. It'lale and

fernale nyrnphs sinilar.

History and Discussion.

The genus Tasmanocoenis was erected by Lestage (1930)

to include a species from Geeveston, Tasmania. This species,

T. tonnoirí, was designated the genotype for the new genus.

The description of T. tonnoirí was trnillustrated, and Tillyard

(1936) experienced difficulty in picturi-ng what the insect was

like. However, he described a second species in the Caenidae,

Caenis scottí separating the two Tasmanian genera (Tasmanocoen'Ls

and Caenis) on the ratio of the length to breadth of the wings,

with Tasmanocoenis having a ratio of 3:t and Caenis 2:I.

Lestage noted in 1938 that the specific nante C. scotti was

preoccupied, and renamed Tillyardrs Tasmanian species as

Coenis tiLLyardi. (The generic spelling of Caenis was altered

by Lestage (i930) to Coenis. Tillyard (1936) did not accept

this clrange and maintained the original spelling of Caenís).
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Harker (1950a) maintained the specific name CaewLs scotti

for the species described by Tillyatd , and described a nymph

and fernale imago which she assigned to this species. However,

she states "The inago has not been found at all in Australia

[here referring to the Australian mainland only], and the five

specimens taken were unfortunately placed in spirit and not

allowed to undergo their final ecdysis'r. The nymphs also were

not associated with a nale adult, rfit is the only nymph which

has not been able to be bred through in the laboratoryrt

(Harker, 1950a). Some doubt therefore must be cast on the

true identification of the nyrnph described by Harker (f950a).

In a subsequent paper Harker (f954) refers to Lestagers

(f93S) atteration of C. scottí, and refers to C. tilLuardi

and Tasmanoeaenis tonnoíri, incomectly spelling the generic

name of the latter species.

In 1955b, Demoulin reviewed the Australian Brachycercidae

(Caenidae) and re-described, with illustrations, the genotype

TasmcnocoewLs tonnoirí. He also recognised that 'rC. tiLLyaz'&i

est en ríalité aussi w Tasmanocoenis. Ce genre est ainsi

1e seul r6presentant des Brachycercidae dans 1a faune

australienne'r (Demoulin, 1955b) .

Demoulin (1955b) also presented a key to the genera of

Brachycercidae for adults and nymphs. For the adults Demoulin

based the generic separation on the length and width of the

prosternum, the antennat pedicel length, length of leg segments,

especially the comparative length of the fore tibia and fore

tarsi. The nyrnphs of Tasmanocoenis were distinguished from

other genera by having a tltree or four segrnented first gi1l.
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Other characters were mentioned by Demoufin as interpreted

from Harkerfs (r950a) illustrations. The nymphal characteristics

were therefore established not from actual specimens of

T. tiLLyardL nyrnphs, but fron Harkerrs illustrations and

description.

Harker (1957) accepted the generic classification of the

Australian Caenidae, and described the male inago and nymph of

T. jíLLongi f.tom Kuringae Chase, New South Wales. Harker

noted that the adult characteristics suggested this species

belonged to the genus Tasmanocoenís, but noted that the

nymphal characters differed greatly from the nyrnph she

described as T. tiLLyardí (described as Caenis scotti, 1950a).

Also in 1957 van Bruggen described T. nouaeguineae from the

WesseI Lakes, central New Guinea, noting short, straight

forceps with terrninal spines which distinguish this species

from all the known Australian species.

In 1960 Thew revised the genera of the Caenidae, comparing

adult taxononic characters and their value in the classification

of this farnily. He presented evidence to show the variations

observed in the ratios of 1eg segments, and concluded that these

were rrnot valid critera for generar' (Thew, 1960). Wing

venation rvas also consideredrrunwiserrto be used as a generic

or specific characteristic because of the I'considerable amount

of variation". Characters which Tl'rerv found to be re1iab1e,

and therefore valid critera, were the prosternum length to

width ratio, and the fcrm of the penes and forceps. Thew's

final classification placed van Bruggen?s species from New

Guinea in the genus Caenomedea (previously recorded from Africa
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only) and the Australian species remained in Tasmanocoenis.

g. jiLLongi Harker u¡as not mentioned by Thew, nor is Harker

(f957) rnentioned in his references, but this species based on

adult male characters is correctly placed in Tasmanocoenis).

As discussed previously, in 1978 Soldan erected a new genus

of Australian Caenidae, based on nymphal naterial only. This

nehr genus Pseuãocaewís íncltded two new species P. queensLandica

andP. yieki. Suter (1979) recognised only Tasmanoeoenis in

Australia, but this paper r^ras submitted for publication before

the new generic description r^¡as published.

Thew (1960) distinguished Tasmanoeoenis nymphs frorn all

other caenid genera by a series of characteristics, including;

nandibles lacking marginal fringe on both sides; maxillae with

only a few hairs, no thick spines; labrum lacking narginal

fringe of hairs; gi1l covers without triangular ridge and

without marginal fringe of hairs; first gi11 three or four

segmented and lamellate gills with fringe of single or bifid

tracheal filaments. Soldan also noted these characters.

From associated material of T. tiLLyatdL from South Australia,

and Tasmania, it was evident that all of the above criteria

failed to characterize the nymphs of Tasmanocoenis. The adult

reared be longed in the genus Tasmanocoenis, but the nymph did

not fit the characterization given by Harker (1950a),

Dernoulin (1955b), Thew (1960), nor Soldan (1978), instead it

agreed closely with the recently described genus Pseudocaenis,

erected by Soldan (1978). To solve this anomoly, nynphs of

T. tonnoiri, the genotype from Tasmania rtrere sought, l¡ut no

specimens were located from the type locality of Ceeveston.

Paratype material of Pseudocaenis deposited j.n the National
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Museun of victoria by soldan were examined, and they closely

resembled the nymphs of Tasmcnocoenis tilLyaz.dL. No caenid

material examined during the present study possess the characters

listed by Thew (1960) and soldan (1978) and it is difficult to

urderstand how these inaccurate designations have been perpetuated

in published works. Harker (r950a) described a nymph designated

as caenís scotti. The description hras not associated with a rnale

imago, and therefore some doubt must exist on the identification.

However, her description and illustrations of these nymphs were

simple and did not record any of the characters used in disting-

ishing the genera of the Caenidae. A later description of ?.

jiLLongi nymphs (Harker, 1957) was also over-simplified and

setation, gill ridges, and tracheal bifurcations were not

nentioned or illustrated. These two descriptions and illustra-

tions of nymphs ascribed to the genus Tasmanocoenís are in-

adequate, md the illustrations are over-sirnplified. The generic

criteria given by Thew and Soldan are consistent with these

descriptions, suggesting that they were not based on extensive

examination of nymphal material, but on Harkerrs illustrations

and descriptions.

Examination of nynphal material of T. ti.LLyandi and paratype

naterial of Pseudocaenis queensLandica (the genotype) and p.

rLekL suggest that the generic criteria by Thew (f960) and

soldan (1978) are incorrect, and it is probable that pseuã.ocaenis

is a synonyn of Tasmanocoenis. Until associated nymphs and

adults of T. tonnoir"L are examined the two genera must remain.

However the anomalous situation of the adult in one genus and

the nymph in another suggests that the trvo genera are synonynous.

In the present study both genera are accepted with

reservation pending exarnination of further material.



Ir.7.r.1. Tasmano eoenis tí,LLu aydL (Lest ase) 1938

Caenís scotti Tillyard, 1936 : 56-58

Coenis tiLlgardL Lestage, 1938 : 320

Caenis scotti Harker, 1950a : 24-26, 29

Caenís tt LLyar&L Harker, 1954 z 266

Tasmøtoeoenís tiLLgæ&L Demoulin, 1955b : 4

Harker, 1957 z 77

van Bruggen, 1957 : 33

T'hew, 1960 : 202

Scholes, 1961 : 39-4I

t'Caenistt scotti WiIliams, 1968 : 169

Male Inago.

SD

3.25

I .45

0. 84

0.68

3. 15

11.30

12.00

0.14

0.07

0.08

0 .06

0.14

Ran

3.L2 -

1.32 -

0.67 -

0.55 -

2.96 -

15 8.

3.s2

r.52

0 .90

0.72

3.36

nx

Body Length

Notal Length

Mesonotal Width

Pronotal Width

Fore Wing Length

Cerci Length

Appendix Dorsalis
Length

7

7

7

7

7

Colour, dark black/brown.

Head : brown, with light brown epicranial sutures. Compound

eyes lateral, black. Dorso-lateral ocel1i raised, b1ack,

rnedian ocellus small, b1ack. Antennal base brolvn, one

segnented, flagellae 1ong, 0.54mm.
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Thorax robust, dark black/brown (Fig.' II.S2b). pronotun

narrower than head. I'4esonotum strongly hurnped, rnedian notal

suture black with a white elongate marking in anterior half,

wider than head. Legs; slender, pale brown/gtey. Fore

legs longer than middle and hind legs, fore 1eg fernur 1.15 x

middle leg fenur length and 1.28 x hind leg fenur length.

Ratios of leg segments;

fore leg 1.00 : I.95:0.09 :0.57 :0.26:0.25 :

0. 16 (0 .69mm)

niddle 1eg f.00 :0.55 :0.08:0.05 :0.05 :0.07:

0.08 (0.60nn)

hind 1eg 1.00 : 0.61 : 0.08 : 0.05 : 0.05 : 0.07 i

0.08 (0.54nn).

Tarsal claws similar in fore leg, both blunt, club-shaped,

dissinilar in middle and hind legs, one blu'rt club-shaped,

one slender and sharp. Sternum (Fig. T.I.32c); prosternum

triangular, apex truncated, lateral margins separated

anteriorly, slightly longer than broad. Mesosternum dark

black/brown, basisternun narrowest anteriorly, margins

diverge to widest central region, then converge slightly at

posterior margin, length 1.19 x rnaximum width, sterrta-costal

suture well developed, furcasternum length 0.65 x rvidth, and

0.65 x basisternum length, posterior margin straight.

Wings (Fig. II.32a) : short and broad, length I.72 x width,

hyaline with milky-opaque pterostigma, venation reduced,

sinple, almost lacking cross veins, posterior margins may be

lined rvith fine setae.



Fíg. II.32. Tasmanocoenis tilTgardi. a - d, male imago: a, fore
wing; b, dorsal colour pattern; c, thoracic sterna; d, genítalia,
ventral view. e, mature nymph: dorsal colour pattern.

Scale línes a-c,eluun.
d 0. lrnrn.
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Abdomen short, cylindrical, segnents 1-5

brown, and speckled with black, segments B

Cerci long, transparent, appendix dorsalis

with long fine setae.

160 .

very short, light

and 9 lighter.

longer, both tipped

Genitalia (Figs .II.32d; 31c) ; forceps one segmented, bowed,

sharply pointed with ventral mesal groove, penes lobed, fused

with a snal1 apical indentation, sclerotized basatly.

Mature Male Nymph (Fig. TI.32e).

SD n Rangei

Head Width

Notal Length

Mesonotal Width

Pronotal Width

Cerci Length

Appendix Dorsalis
Length 

.

Body colour brown.

0.96

r.62

L.t4

1.00

3.03

3.39

0 .04

0.10

0.05

0.06

0.16

0. 18

2I

2L

2I

2l

3

3

0.90 -

1.40 -

1.00 -

0.78 -

)Q)-

3.28 -

1 .04

r.76

L.20

1.04

3.22

3. 60

Head : dark brown, smooth, prognathous. Lateral compound

eyes black. Oce1li brown. Antennae light brown, basal

segment 0.16mm long, flagellun 1.46mm (Fig. II .33e) .

Tentorial body rectangular, length 0.79 x width.

Thorax : pronotum brown, lateral flanges lighter, semi-

transparent, anterior margins with spine setae, 0.96 x wider

than the head. Mesonotum dark bror'rn, edge of wing sheaths

bIack, short, reaching edge of metathorax, posterior margins

rounded, with a short median indentation. Legs light brown,

margi-ns lined witli spine setae (Fig. II.33a) . Tarsal claws
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short, curved with 4-6 smal1 ventral denticles, otherwise

smooth. Ratios of leg segments;

fore leg I.00 :0.73:0.65 (0.68mm)

niddle leg 1.00 : 0.70 : 0.59 (0.68mm)

hind leg 1.00 :0.76:0.60 (0.74mm),

Femur length to width ratios; fore leg 2.81, niddle leg

2.86, and hind leg 2.95, Sternurn light brown, prosternum

triangular, apex rounder, slightly broader than 1ong.

Metasternum; basisternun wider than long, sterna-costal

suture absent, furcasternum shorter than basisternurn.

Abdomen : brown, with square patterns of brown on each side

of nredian line. Operculate gi11 of second segnent covers

segments 3-5, segment two with median backward projecting

spine, postero-lateral margins produced forming backward

pointing projections. Cerci and appendix dorsalis dark

brown, well developed. Gills; six pairs, on segnents 1-6,

first pair single, filanentous with indistinct segments, lined

with fine setae (Fig. II.53b), second pair operculate with

raised triangular region dorsally, nesal ridge with ferv setae,

outer ridge not reaching posterior margin of gill covers,

margins lined with long setae (Figs. II.35c; 31d); third-

sixth pairs laninate with 40-50 tracheal fringes, single or

bifid, few trifid, third gi11 largest (Fie. II.33d),

progressively smal ler posteriorly.

Mouthparts : labrum (Fig. II.33f) ; rectangular, width 2.34 x

length, anterior margin rvith slight mediari concavity rvith 2-3

small denticles (Fig. II.33g), lateral nargin and anterior

margin rvith spine setae. Left nandible (Fig. II.33j); outer
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incisors with three apical teeth and one shorter mesal tooth,

inner incisors with three apical teeth, prostheca robust with

apical brush of setae (Fig. iI.33k), nolar region of

transverse grinding ridges. Right mandible (Fig. II.33L);

outer incisors with 2-3 apical teeth, inner with two,

prostheca robust with apical brush of setae (Fig. II.JSn),

molar region of transverse grinding ridges. Hypopharynx

(Fig. II.33i); with square rnedian lobe, slightly concave

anteriorly, paragnaths longer, rourded apica1ly, lined with

short setae. l.{axi1lae (Fig. II.33n) ; galeo-Iacinia short and

narrow, with 3-4 robust apical spines, anterior margin lined

with fine setae, mesal margin lined with stout spine setae,

palpi three segmented, longer than galeo-lacinia, segment

ratios 1.00 : 0.70 : 1.07 (0.12mn), distal segment lined

with spine setae. Labiun (Fie.II.33h); palpi three

segnented, proxirnal segnent length L.47 x width, second

segment curved, distal segment ror.urded, lined mesally with

spine setae, segment ratios 1.00 :0.78:0.53 (0.1imm);

glossae rectangular, rounded apically with fine setae,

paraglossae curved, inserted below glossae, apex not reaching

apex of glossae, lined with fine setae.

Female Imago Símilar to ma1e, stemum and noturn broader,

tarsi four segmented, tarsal c1aws, each pair dissimilar, one

blr¡rt, club-shaped, one curved and sharp.

Female Nymph : Body shape sinilar to male, more robust than

male, i.e. head width of last instar greater than maIe, wing

sheaths longer, second abdominal operculate gilI longer,

covering segrnents 3-6, fore, rniddle and hind femora longer.



Fig. II.33. Tasmanocoenis tiTTgardi, maÈure nymph: a, fore leg;
b, first abdominal gill; c, second abdominal gi1-1; d, third
abdominal gill; e, basal antennal segments; f, labrum, dorsal
view; E, antero-median emarginaÈíon of labrum, enlarged; h, labium,

dorsal (left) and ventral views; i, hypopharynx; j, left mandíble,

ventral view; k, left incisors and prostheca, enlarged; 1, right
mandible, ventral view; m, right incisors and prostheca, enlarged;
n, left maxilla, ventral víew.

Scale línes : a-e
f-n

0.5mrn.

0. lrnm.
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Tabre rr.22 lists morphonetric characteristics which differ
between male a¡rd female nymphs frorn spring creek, southern

Flinders Ranges. 0f the 2g characters compared, only eight

were statistically different. The mesonotal width/head

width, wing sheath/head width and gi11 cover length/head width

ratios are useful in the separation of the rnale ancl females of
T. tiLLyatdr. because there is no obvious sexual differentiation

in this species until late in the last instar when the adult

characteristics become apparent through the nymphal cuticle

(i.e. forceps and narrow mesosternum in ma1e, eggs and broad

mesosternum in female) .

Diasnostic Characteristi cs

Genitalia of rnale with curved sharp forceps and fused

penes with a srnall apical indentation, not extending

beyond apices of forceps (Figs. II.32d; 51c) .

2. Labrun rectangular (Fig. II. 33f) .

Structure of mandibles, incisors and prosthecae

(Figs. II .53j -m) .

History a¡rd Discussion.

Tillyard (1936) described Caenís scotti from the South

Esk River at Clarendon, Tasmania. Lestage (1938) noted that

C. scotti was preoccupied by a species described by Ulmer in

1924 (referred to by Thew, 1960) and renamed the Tasmanian

species Coenís tiLlyatdí.. Harker (1950a) apparently r{as

unarvare of this nanre alteration and described a nymph rvhich

1

3



TABLE TI.22. Morphornetric characters which aid in distinguishing nale and female nymphs of Tasmøtoeoqrtís tíLLyardL

in a South Australian poPulation.

Data is from a population of ?. tiLLyazdL frorn Spring Creek, Southern Flinders Ranges, South Australia.

Abbreviations as for Tables II.1
* pS0.05; ** p50.01;

and II .4.
*** p S 0.001.

Character

N{NW/HW

PNW/HW

NL/I\NW

FFL/Hl{l

IvIFL/HW

GiIl cover L/HW

xx

Males

S. D. Range

1.10-1.20

1.00-1.06

r.40-l .52

0.60-0. 70

0.66-0.74

0. 78-0.96

Females

S. D.

0.04

0.06

0.08

0.03

0.03

0.02

Range

r.2r-r.34

0.95-r.15

r.26-r.sr

0 .67 -0 .74

0 .67 -0 .75

0.97-r.04

d. f.

18

18

18

20

20

26

t

6.09

2.49

2.tL

2.58

) q')

o )')

1. 16

1.03

1.45

0.68

0.69

0. 87

0.03

0.02

0.03

0.03

0.02

0.05

t.26

1.08

1. 39

0.7L

0.72

I .01

***

** *.

*

*

*

*
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she assigned to caenís scotti. Subsequently in 1954 she

recognised the name change, and maintained the generic

recognition as caenis. Demoulin (195sb) reviewed the genus

Tasmøtocoenis and recognised that caenis tiLLyatdL belonged in
the genus Tasmøtocoenis, an observation validated by the review

of the Caenidae by Thew (1960).

williams (1968) noted tt'at caenis and rasmøtocoenís

in Australia were probably synonymous, and illustrated gills of

"Caenistt scotti after Harker (1950a). Riek (1970a) noted,

as had Dernourin (1955b) and Thew (1960), that Tasmøtocoenis

was the only Australian genus in the caenidae but records of
nymphs of Caenùs sp. have been made by Tirnms (1974) in a

benthic study of three south Australian volcanic lakes. All
specimens from south Australia belong to the one species,

I. tiLLyædL.

Material Examined. South Australia : South-East; Drain L,

Drain K, Eastern Division Diversion Drain, Eight Mile Ck.,

Hitchcock Drain, Mosquito ck., Mt. Hope Drain, sutherrandrs

Drain. Mt. Lofty Ranges; Deep Ck., Eleanor R., Sturt R.,

Torrens R., Waite Institute pond. Fleurieu peninsula;

Anacotilla Ck., Carrakalinga Ck., Deep Ck., Hindmarsh R.,

rnman R., Kangarilla ck. Lake Alexandrina; Tookayerta ck.,

Yankalilla R. Kangaroo Island; Breakneck R., Cygnet R.,

Grassy/Sheep Ck., North-East R., Tin Hut/Bullock Ck.,

South lvest R., south west Bay R. Southern Flinders Ranges;

Broughton R., Nectar Brook ck.,Ohlenmeyer Reservoir, Rocky R.,

schumacher ck., spring ck. Northern Flinders Ranges; Arkaba

Ck., Arkaroola Ck., Balca¡oona Ck., Bendieuta Ck., Brachina Ck.,
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Bunyeroo Ck., Elatina Ck., Enu Ck., Enorana Ck., Eregtnda

Ck., Hot Springs (Paralana), Kanyaka Ck., Marolana Ck.,

Mount Chanbers Ck., Nepouie Ck., 01d Wirrealpa Springs,

Oraparina Ck., Orattrrga Ck., Parachilna Ck., Stubbs

Waterhole, Willigan Ck., Teatree Ck., l{arren Gorge Ck.,

Wilpena Ck., Wockerawirra Ck., Woodendimna Ck. Eyre Peninsula;

01d Woolshed Dan. Victoria : Crawford R. , Darlots Ck. ,

Gawkers Ck., Glenelg R., Lake Wendouree (Ballarat), Mor.nt

Emu Ck., Pigeon Hole Ck., Rocklands Reservoir, Stokes Ck.,

Surtey R., Wando R., Wannofl R., Wennicott R.

Tasrnani a : Elizabeth R., Lagoon of Islands, Macquarie R.

Queensland : Tinaroo Pines. Western Australia : Surveyors

Poo1, Mitchell Plateau.

II. B SUN{MARY

In the present study 13 species of rnayfly in 8 genera

have been recognised and described from South Australia.

The study is based on extensive collections in the Flinders

Ranges, I,lt. Lofty Ranges, Fleurieu Peninsula, Kangaroo Island

and the south east of South Australia. lt{ayflies have not been

recorded from the Eyre Peninsula, a region rvith ferv freshrvater

habitats, but records may be made at a later date. The

Musgrave Ranges in South Australiars far north have not been

sampled, and species not previously recorded fron the State

nay be found there. Accessibility to these areas is limited

and regrettably, collecting has not been possible.
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Although 13 species are recorded at present, further

records may be made from relatively inaccessíble springs and

waterholes in the Flinders Ranges, or frorn the stream and drain

systems of the South East. The latter region with its close

proxinity to the Glenelg River system, a¡rd its obvious Glenelg

River faunal affinities, may still be subject to faunal

exchanges. The distribution of each species recognised from

South Australia and its biogeographical relationship with the

nayfly fauna of Australia is discussed in Chapter 6.
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CHAPTER 3

Habitat Conparison of South Australian Mayflies.

III.1 Introduction

The nayfly fatna of south Australia, even though consisting

of 13 species, is depauperate at aîy one locality or in any

particulaï stream system. The species diversity (in terns of
number of species) therefore tends to be low; of the 15j

freshwater localities containing rnayfries , 43% had only one

species, 35% two species, 16% three species, 4eo four species

and only 2e' five species, (Tabre rlr.1). The distribution of

these localities throughout the state is given in Appendix 1,

and is discussed in Chapter 6. This leve1 of diversity is
lower than recorded in streams in the wetter eastern states.

six species were recorded from one locality in the Acheron

River, Victoria (Suter and Williams, Ig77), at least five

species in Wilks Creek, seven in Chalet Creek, Victoria

(Dnncan 1972, u'rpublished thesis) and seven in the

Queanbeyan River, Australian Capital Territory (l\reatherley,

Beevers and Lake, 1967).

In cornparison rvith northern hemisphere records lvhich range

frorn four species (Kj e1lbcrg, 1972 , Ir{adsen, Bengtson and Butz,

1973) to 45 species in lllildcat Creek in South Carolina

(Carlson,1973) and with the majority greater than l0 species

(e.g. Armitage, 1961, A11an, 1975, Boerger and Clifford,lgTS,



TABLE III. 1.

Summary of the species diversity of Epherneroptera in freshwater
localities in south Austraria, noting the number of localities from

which species hrere recorded from each of the distinct geographical

regions of the State.

Geographical region 1

Number of
23

spe ci es

4 5 Totals

Northern Flinders Ranges

Southern Flinders Ranges

Mt. Lofty Ranges-Fleurieu
Peninsula

Kangaroo Island

South East

11 13 5

10852

2417642

8542

29

23

53

19

2211 6 212

Tota1 No. of Strearns

Percentage record

64492094L46

43.84 33.56 13.70 6.16 2.74 100
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Elliott 1967, Bishop and Hynes 1969a and b, Mason 1976,

Macan 1957a, 1964, Nuttal and Purves 1974, Ulfstranð, 1967,

Vincent 1967, Ward 1975, Wilhm, Numminga and Ferraris 1978),

the South Australian nayfly species richness is extremely low.

Southern henisphere records, excluding Australia, have a

similar range to that of the northern hemisphere (01iff 1959,

01iff and King 1964, Chutter 1970, Harrison and Rankin 1976,

Towns 1979), with Schoonbee (1973) recording high diversity of

40 species in the Urngeni River, South Africa. In temporary

streams throughout the world the nayfly species richness

tends to be lower than in permanent systems; three species

recorded in Moser Creek, Canada (Willians and Hynes , 1976a),

five in Ca1dwell Hollow, Indiana (Clifford 1966) and eight in

the Manwahaku stream, Rhodesia (Harrison 1966).

Hynes (I97aa) and Hynes and Hynes (1975) recorded low

species diversity of the Australian Plecopteran farna and

suggested "the very flexibility of life cycle that has been

imposed upon most of the Australian species by the uncertain

clirnate has probably reduced the total nurnber of niches

available on the continentrr. In South Australia the

availability of fresh water is limited to the Flinders and

Mt. Lofty Ranges, the Fleurieu Peninsula, Kangaroo Island and

the south east corner of the State. In a1l these regions,

with the exception of the south east, spatially interrnittent

streams form the najority of fresllvater habitats, tvith a

corresponding lorv mayfly diversity. The drain systems of

the south east tend to be permanent, but because these are

shalLol and s1ow moving, high temperatures (and salinities),
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especially during the sunmer months, tend to lirnit the nurnber

of species present. The localities in which the greatest

nunber of species occur (4 and 5), are pernanent stream

systems. Ternperature may have a liniting effect, especially

during the summer months. In the Flinders Ranges where water

temperatures may exceed 28"C, no locality contains rnore than

three species, even if pernanently flowing (e.g. Parachilna

Creek, Stubbs Waterhole) whereas in the cooler streams of the

southern part of the State (and in fact the whole of the

Continent), higher diversity is found. Hynes and Hynes (1975)

suggested that the turcertainty of the Australian climate leads

to a wide ecological valence. In South Australia this is

particularly apt because freshwater habitats are perhaps at

their limits of permanency, being often spatially and temporally

intermittent because of the arid climate. The uncertainty of

the clirnate dictates that the number of niches available will

vary, depending on the existing clinatic conditions. Species

occupying such a capricious environment must have broad

ecological tolerances to enable the utilization of the

different niches available at different times.

Because of the low species diversity at any one locality,

a detailed, concurrent study of the ecology of all 13 species

was logistically impracticable. Therefore a conparative study

of two localities, each containing three nayfly species (trvo

common to both) was carried out in an attempt to understand

the factors influencing the ccology of these species.
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III.2 Materials and Methods

The two sampling localities chosen were Deep Creek (a

permanent flowing strean) and Spring Creek (an internittently

flowing stream). Both streams were visited at least rnonthly,

but the Deep Creek site hlas sampled fortnightly during Spring,

Surnmer and Auturnn. On each sampling date measurements of both

faural and physical characteristics were made.

III.2.1 sical Characteristics

The physical pararneters rneasured each collecting date

were

i) air and water terperature

ii) surface water discharge

iii) pH

iv) conductivity (K1s)

v) dissolved oxygen.

Rainfall and temperature data for each catchment were

obtained frorn the available records of the Conmonrvealth of

Australia, Bureau of Meteorology.

Temperature records were rnade using standardised

maxirnum-minimurn thermometers which were read, and reset each

sampling date. Air temperature at Spring Creek was measured

at grotmd level in a shaded area 10-15m above strearn 1evel,

whereas at Deep Creek continuous vandali-sm of the air

thermometers made measurement inrposs ib 1e . Itlorrissy ( 196 7)

found positive correlation between Adelaide air tenperature
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and air temperature at Deep Creek. The difference between

the two was usually less than loC, and therefore the Adelaide

air ternperature was considered to give a good estirnate of the

Deep Creek air temperature. Water temperatures were rneasured

beneath the cobbles of the substrate in pools in both streams.

The thernoneters were enclosed in a PVC casing, open at each

end, that allowed direct contact with the water, and provided

protection from breakage during periods of substrate movernent.

Surface discharge (Q) was determined by taking depth (D)

and velocity (v) measurements at each L/ 10th stream wídth.

Velocity was measured using a Pitot tube at a depth of 0.6 x

the total depth, giving a mean velocity measure (Hynes 1970a).

Using the transformation of the forrnula Q = vA (Morisawa 1968)

where A = cross-sectional area for each measurement, the

surnmation gives the discharge

i.e. Q = XvA

= IvWD

(For the Pitot tube v - 2gh where g = gravitational

constant and h = height of velocity head in the tube).

Water samples were collected and returned to the

laboratory where pH and conductivity were measured rvithin 24

hours of collection. pH rvas measured electrometrically using

a Radioneter PHlt{ 62 rneter. Conductivity was determined using

a Radbmeter CDI'{ 3 conductivity rneter, and the readings were

corrected to a standard temperature of l8"C



t72.

K

(Krs = t;ll*--G:lã)) where Kre = conducti-vity

at 18"C and Kt = .ottductivity recorded at temperature t

(Bayly and Willians 1973). Salinity was calculated using the

formula presented by Buckney and Tyler (1976) for fresh waters;

log S = 0,921 log Krg - 0.047, where S = salinity (ppm)

and K1g is conductivity at lSoC in microsiemens per centimeter.

Dissolved oxygen was measured in situ using a YeIlow Springs

Instrument 518 dissolved oxygen meter.

Substrate analysis was rnade once at each locality using

sampling areas subjectively classified as erosional and

depositional. An area of 0.1rn2, to a depth of 0.05m, was

renoved fron the stream a¡rd stored in plastic bags. At Spring

Creek the sanples were taken when the stream was dry, allowing

collection of dry substrate without having to use collecting

nets for the finer particles. In Deep Creek, the benthos

sampler, described below in the fatl¡ra1 techniclues section,

was used. The square box sampler enclosed 0.1rn2 of substrate,

and the flow through system allowed collection of the disturbed
I

substrate using a net, with a rnesh aperture of 1lQm, on the
/t

doivnstream side. This net did not collect all the very fine

particles below l10m in size. The sediments were dried at

104'C to constant weiglìt, and then rnanually shaken in a

series of graded Wentworth scale sieves with mesh increments

of I phí units (phi ts defined as the negative log to base 2 of

the particle size diameter in nillineters). The sediments in

each size were weighed and the nedian diameter (I,ld) and sediment

cuïves were deternined using the lVentrvorth phi values as used
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by Cummins (1962) and Doeglas (1968) and recommended by

Curnmins ( 1966) .

T.II.2.2 Faunal Techniques

Sampling of the nayfly faula of the two strearns differed

in that Spring Creek was sampled at intervals of 4 weeks,

whereas Deep Creek was sanpled at l-2 week intervals during

the Spring, Summer and Autunm periods, and at 4 week intervals

during the Winter.

Adults were collected using an Entomological Supplies aerial

insect net, sampling any visible swarms in the vicinity of the

stream, and by beating overhanging and riparian vegetation for

newly emerged subinagos. Cobwebs r¡rder bridges, and on

vegetation were also exarnined for adult material. Subimagos

were also readily collected as they emerged fron the stream

and rested on emergent rocks. Light-trapping, using both

ultra-violet fluorescent tubes (Black Light) and blue actinic

([IV) fluorescent tubes, was only effective in collecting

Iasmøtoeoenis ti,LLyædi rnale and fenale adults, with all other

species only being represented by female imagos or subimagos.

Adults and subinagos were preserved in a solution of 75%

ethanol and 4eo glycerol.

The substrate and norphological characteristics of the

tlo streams included in the present study were such that a

Surber sampler, or samplers which use the principle of the

Surber sarnpler (current-opcrated box samplers) could be used
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(He11awe11,1978) . Comparative studies of quantitative

sanpling in the lotic environment, including those by Macan

(1958b), Hynes (1961), Needham and Usinger (1956), Radford

and Hartland-Rowe (1971), Roby, Newbold and Errnan (1978) and

techniques reviewed by Cunmins (L962, 1966), Hynes (1961,

I970a), Southwood (1966), Bishop (1973a) and more recently

Hellawell (1978) and Resh (1979) show ot record the

inadequacies of the techniques. Cunmins (1962) considered

that techniques used should be deterrnined by the physical

conditions and the information that was sought. Bishop

(1973a) concluded in his revierv of sanpling techniques that

rrmost analytical studies have shown that a linited number of

standardised replicates, sampling a feasible substrate area,

will give a reasonable assessment of faunistic composition

and, within acceptable linits, an estirnate of the dominant

relationships of the faura.'r The present study of the

habitats and life histories (Chapter 4) of the nayflies at

each study site was not prinarily concerned with the absolute

number of aninals in any locality at aîy time, but rather with

the overall trends being shown by the populations being

sampled. To enable cornparisons between the two study sites,

standardised replicates were taken using a box ,"tpt"t, based

on samplers described by Mundie (1971) and used by Bishop

(I973a), nodified for 1ocal stream conditions.

The sampleï was an open bottomed box enclosing 0.1n2 of

stream bed (Fig. III.1) . The construction tvas of galvanised

steel with four rods (1cm diameter) at each corner and 0.1.m2

lateral sheets (2rnn gauge) enclosing the sampling area. The

a



'a

Figs. III.I (a, b). The box sampler ín use at Deep Creek,

the t\^ro net systen (b) with Èhe short coarse (4S0Um mesh)

neË' and long fine (110Un) outer net'

showíng

inner



'a

)a

)b
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bottom edges were reinforced with a 2cn deep flange which aided

in the insertion into the substrate. The front was open

allowing free flow of water. The back was also open, but

included a steel groove that allowed square rnouthed nets to be

inserted and rernoved without disturbing the positioned sampler.

Two nets were inserted into this rear groove, an inner coarse

mesh net ("Nytalrt 500um mesh aperture; actual neasured

aperture of 460-480¡rm; diagonal (naximun) aperture 678un) and

an outer fine mesh net (rrNytalr' 106um mesh aperture; actual

rneasured aperture of 98-120um; diagonal aperture 155un). The

coarse net inside the fine net retained the larger animals and

substrate carried into it, by the stream current, and protected

the fine net which retained materials down to 80prn diameter

(and below).

Both nets were constructed with an opening of 31 .7 x 3I.7cm

at the sail cloth covered net frames, but the sail cloth of the

inner coarse net was only 15cn long tapering rapidly giving an

effective filtering aperture of 20 x 20cm. The coarse mesh

connected to the sail cloth extended a further 60cm, tapering

gradually to 10 x 10cn at its closed trailing end. The sail

cloth of the fine net was 30cn long, did not taper al aIl, and

at the join with the mesh gave an effective filtering aperture

of 31.7 x 3l.7cm. The nylon mesh tapered gradually fron this

aperture to 10 x lOcm at its closed trailing end, 2m from the

sail c1oth. The tapering design of the tlo nets ensured that

the inner coarse net did not come in contact with the outer

net thus maintaining the sieving effectiveness of both nets

in this dual net system. Also the long length of the fine net
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overcame one of the najor problems experienced with fine

nesh samplers, of blockage by fine organic and inorganic

material.

The sarnpler, with nets in position, was rapidly inserted

into the substrate with the open front facing into the current.

If a good seal u/as not made ü/ith the bottom the procedure was

repeated until a satisfactory seal was obtained ensuring

¡ninimurn loss of benthos enclosed in the sarnpling area. The

substrate was then disturbed by hand. Large rocks were hand

scribbed and snaller particles were violently stirred into the

current. In fast flowing riffles the sanpling tirne was

shorter than in slow flowing flats where the substrate

disturbance ü/as not as violent, ffid consequently a longer time

was required to dislodge the benthos fron the substrate. Once

the sanple was completed the nets r^rere removed and the contents

of each washed into separate polyethylene bags and preserved

wíth 4eo formaldehyde. The depth and velocity at the sanpling

site were measured. At each site four sarnples were taken on

each sampling date (with the exception of the summer sampling

dates at Spring Creek, see belorv) from visually selected

uniform habitats (tniform in velocity, depth and substrate)

broadly categorised as

(a) a slow flowing deep region (pool)

(b) a fast flowing deep pool (run)

(c) a slow to moderate florving shallol region (flat)

and (d) a rapj.d, shallorv region of broken water (riffle) .

a
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During the surnrner months Spring Creek consisted of a series of

stationary poo1s, and in these a 2m kick sample (Hynes, 1961),

using both nets together, hras used to collect the benthos.

The marginal vegetation was not always effectively sampled

using the benthos sampler (a problem associated with Deep Creek

rather than Spring Creek), and therefore a qualitative

supplernentary sample was nade by violently disturbing the

vegetation by hand and foot, and the dislodged naterial

collected using only the coarse (0.500pm) net. This sarnple

was preserved as before.

The hyporheos r^ras not effectively sampled using any

technique, except when Spring Creek ceased to flow during the

sunmer months. Attempts were made at both localities to u-se

a sanpling colunn (cf . Williarns and Hynes , 1974), which was

hammered into the strearn bed, and opened at desired depths.

Unfortunately the substrate was such that large rocks and

cobbles made insertion a virtual inpossibility. However,

when Spring Creek was dry, holes were dug in the stream bed

in areas dry for one, two and three months, until the water

table was reached at depths of 16cm, 35cm and 71cm respectively.

The water was sieved and all animals preserved in 49o

fornaldehyde. Substrate from each hole was collected and the

percentage living space was calculated using the technique of

Bishop (I973a)

In the laboratory the coarse net samples rvere poured into

a 2.501rm nresh copper sieve and washed with a large volurne of

water. Each was then emptied into a large rvhite rtllfordrr
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developing tray containing water 1-2cn deep. The nayfly

nymphs were hand sorted, separated into species, counted and

stored in 75% ethyl alcohol containing 4% glycerol until

Íì€asurenents v/ere made. The maximun head width across the

eyes, of each specimen \^ras measured using a Wild M5 dissectirig

microscope with a calibrated eyepiece graticule. Head width

was used as the standard size measurement instead of total body

length because this measurement.elininated the error encountered

due to the expanded or contracted abdorninal segments, depending

on the amount of food in the gut and/or the effect of

preservation on the nymphs. Head width, being a measure of

only one rigid body somite, vras considered to be a more

accurate index of size than a measure of numerous, flexible

body segnents. The sex was also deternined in specimens

showing developnent of sexual characteristics andfor rnedial

eye development in the male nymphs, and stage of developrnent

(after Clifford, (1970a) ) was also recorded. When there \dere

more than 300 specimens of alr.y one species in any sarnple, a

subsample of I/2, I/4, l/B or I/16 was taken using a petri

dish and a T-shaped divider, which gave one half and two

quarter samples. Opposing halves or quarters consistently

acquired half or quarter of the sample respectively. A

minimum of 150 specirnens were measured in these subsarnples.

The fine net sarnples were poured into a 1l0¡rn mesh sieve,

and the organic material was separated from the inorganic

sediments by repeated (5 x) flotation in saturated calcium

chloride solution, and elutriation through a 110um mesh. The

organic sample was then washed in water, and rvhen the volume of
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naterial was too great to sort in its entirety subsampring \^/as

carried out using the technique used by Bishop and Hynes

(1969a, b) and Bishop (L973a), which was a nodification of the

technique of Allanson and Kerrick (1961). The subsarnple was

sorted in a perspex tray based on the Fenwick pattern, as

described and illustrated by HellawelI (1978), using a witd Ms

dissecting nicroscope of 25 x rnapgrification. Each mayf.ry

nymph was identified, the head \iidth measured at a magnification

of 50 x, and stored in the ethanol-glycerol solution. The

presence of eggs of each species was also noted.

Each sample was considered individually and the species

composition gave sone indication of the habitat in which each

species could be fotnd. The aburdance of each species was

cornpared with habitat type as defined by Allen (1951),

Harrison and Elsworth (19s8) and used by Schoonbee (197s).

Gut Anal 1S

The food habits of nynphs fron Deep creek and spring creek

were deternined from comparative rnaterial collected during the

study. The contents of the fore and nid gut of preserved

specimens were dispersed on a slide and weïe examined at 200 x

rnagnification. The whole slide was scanned, and algae and

detritis were identified, where possible, and relative

abundance of each was recorded.
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III .3 Study Sites Descriptions.

III.3.1 De Creek Sixth Creek

Deep Creek is a permanently flowing stream draining

the Mt. Lofty Ranges just north of Mt. Lofty. The stream is a

tributary of the River Torrens which has cut deep neandering

gorges through the block faulted peneplain of the lt{t. Lofty

Ranges, and which flows across the Adelaide Plain to Gulf

St. Vincent. The creek rises at an alti-tude of 560n above

sea level near Surnmertown and flows in a northerly direction

to join the River Torrens near Castanbul at an altitude of

140rn ASL (Fi g. I I I . 2) .

Geology and Vegetation

The geology of the area has been considered by Howchin

(1904, 1906), Sprigg (1945, f946) and a recent review was

given by Daily et al (1976).

The Deep Creek catchment is of Precanbrian Adelaidean

Series (Burra Group) with the upper catchrnent r.rrderlayed by

Rhynie Sandstones (Algate Sandstone) and the middle and lower

catchment consists of Woolshed Flat Shales and Skillogalee

dolomites respectively. The Algate Sandstone and Woolshed

Flat Shales are separated by a suspected east/west fault near

Marble Hill, at the confluence of the fourth order tributaries,

(sensu Strahler, 1957). The lower catchment, the last 5-6kn

of stream channel, is of Skillogalee dolomite rvhich includes

Montacute and Castanrbul dolomite members. At the ford



Fig. TII.2. Location of sampllng sites (1 - 6) and study site
in the Deep Creek Catchment, South Australia.

I
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6

Deep Creek at ford.
Deep Creek at upstream ford.
Deep Creek on Knotts Hill Road.

Tributary of Deep Creek, aË Hunters Road, Basket Range.

Deep Creek, Ashton.

Tríbutary of Deep Creek downstream of MontacuÈe

Conservat.ion Park.
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(site 1), and 0.5krn south of the ford, the catchment is

traversed by two sections of a north/south fault, neither of

which alter the drainage characteristics of the creek.

Associated with the geological formations are distinct soil
types. Podsols are developed where the Algate Sandstones are

exposed and on top of the ridges, where the rainfall is higher,

leaching of the nono- and di-valent cations occuïs, producing

a frmature'r podsol profile (Specht and Perry, 1948) . In the

upper reaches of the Woolshed Flat Shales, where the rainfall

is also comparatively high, the nutrients of the soil have been

leached, leaving a nutrient poor grey-brown podsol. The lower

reaches differ by having less leached, richer grey-brown

podsols. Specht and Perry (1948) correlated the nutrient

levels with vegetation and stated t'the savannah formation on

the relatively high nutrient status, grades imperceptibly into

sclerophyllous forrnations on the relatively low nutrient

grey-brown podsols with increase in rainfall."

The vegetation of the l.{t. Lofty Ranges, including the

Deep Creek catchment, was studied by Specht and perry (1948)

and a review by Lange (1976) summarised the native vegetation

fornations of the Ranges. Deep creek has extensive orchard

developrnent in the upper catchment, and market gardens in the

richer soils of the lower catchment. where native vegetatj-on

is sti1l present, in the higher rainfall regions on the Mt.

Lofty spine, it is doninated by stringybark EucaLyptus obLiqua

LrHeri-t, while the white gun E" rubùda Deane and Maiden

occupies areas rraround the gul1y heads on highly leached grey-

brolrrn podsols with rainfall greater than 45 inches per annum.,'
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t'As the annual rainfall decreases to 35 inches the species is

confined to a narrow belt of wet alluvial soil along the

larger creeks'r (Specht and Perry, I948) . This species is

replaced along the watercourse by E. uiwLnaLis Labi11. where

the rainfall drops below 750nm (+ 30 inches) . Along'the lower

reaches of Deep Creek, and the study section, .8. camaLdulensis

Dehnh. doninates the savanah vegetation with Cypezus oaginatz,ts

R. Br., Jtu'tcus paLLidus R. Br., J. usítatus Johns, and

J. saz,ophoyus Johns the doninant riparian vegetation. In the

wetter regions, introduced species may be doninant, especially

blackberries Rubus spp., broom Genísta maderensis (Webb and

Berth), and willow, SaLíæ sp.

The Influence of lrfan.

As mentioned above the catchment has extensive developnent

of orchards and market gardens. Witä these agricultural

activities there are periods of nutrient and pesticide inflow

in surface nrnoff and groundwater flow. It is difficult to

directly attribute any effects of pesticide introduction, but

the high nutrient levels probably contribute to the summer

blooms of the green filanentous algae, CLadophor¿a. sp. l\tater

from Deep Creek is also used for irrigation during summer in

indeterrninant quantities, and during the study period,

3.6 x 10aI per day was pumped during February a¡rd March 1977

for use in a nearby cluarry.

The Creek forms part of the South Australian Fly Fishers I

Association trout fry hatchery, and is zealously protected by

by members of the association in efforts to maintain the self
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sustaining stream populations of brown trout, saLmon ty,utta L.

and rainbow trout, 5. gaiz,dnez,ü Richardson. A study of this

hatchery was carried out by lvlorrissy (1967) but only partially
published (Morrissy, I971) .

Morphometric Features of the Catchrnent

The catchment area of Deep Creek is approxinately 40kn2.

Total stream length from the headwaters to the confluence wi.th

the River Torrens is 16.61kn In profile (Fig. III.S) the

stream descends rapidly for the first 2.skn to an altitude of

425n with a gradient of 64 n/kn. The stream then descends

more gradually at a gradient of 27 .2 n/km for 5.7km, and then

descends the final 8.4krn at a gradient of 1s.4g n/krn. The

watershed characteristics of stream order, length, average

length; bifurcation ratios and average stïeam length are

summarised in Table III.2.

C linate

The clinate of the region is basically Nfediteïranean, but

lacks the noderate summer rainfall, characteristic of this

clinatic type. Rainfall is orographic, closely correlated

with the altitude of the L'ft. Lofty Ranges. The rainfall on

l4t. Lofty (720rn ASL) averages nearly rrfour tirnes the value

recorded near the coast at Port Adelaider' (Schwerdtfeger,

1976). Rainfall gauging in the Deep Creek catchment is

limited to Ashton (558m) in the upper catchment, but rainfall
data from Northfield Agricultural centre (80m) on the Adelaide

Plains near the River Torrens and Adelaidc city (40m) for the



Fíg. III.3. Longitudinal profíle of Deep Creek, South Australia.
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TABLE TTI.2. Deep Creek Drainage Characteristics

Stream Order Number Total Length
(kn)

Average Length
(km)

lo

20

qO
J

40

FO
5

153

5t

7

3

1

58.89

28.24

7 .48

6.36

10. 39

0.58

0.76

I.07

2.r2

10. 39

Bifurcation Ratios Average Stream Length
Ratios

I

2

5

4

.,

3

4

5

2

3

4

5

I

2

3

4

4.t4

5.29

2.33

3. 00

3. 69

lr{ain Channel Length 16 .6lkm

2.00

1.41

I .98

4 .9r

2.sBnean
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period January 1976-Decenber 1977 ate recorded in Fig. rrr.4,
and give a reasonable estirnate of rainfall for the lower part

of the catchment.

Temperature recording stations are even fewer tha¡r

rainfall stations. An altitude lapse-rate effect is

experienced with the mean temperatures, j.5"C cooler on Mt.

Lofty than in Adelaide City; temperature contours are given

by schwerdtfeger (1976). Atternpts to record air temperature

at the study site were thwarted by constant interference with

maximum-minimum thermometers, wíth these either being removed

or broken. Morrissy (1967) for¡nd positive correlation between

Adelaide air temperature and air temperature at Deep Creek.

The regression obtained by Morrissy for the maximurn temperature

relationship was

y = 1.6103 + 0.9577 x (y = Deep Creek maximun, x =

Adelaide maxirnum) ,

thus suggesting that the maxinum temperature at Deep creek is

fractionally warner than in Aderaide. since the difference

betrveen the two is usually within 1oc, it was considered that

the Adelaide city air tenpeïature was a reasonable estirnate of

the Deep creek air teÍperatuïe. The Adelaide rnonthry maxima,

minima and mean air temperatures for the period January 1976 -

December 1977 are given in Fig. III.5.



Fíg. III.4. Monthly rainfall recorded in 1976 - 1977 at Adelaide

Cíty (a); Northfield Agricultural Centre (b) and Ashton (c), and

compared wíth the mean monthly raínfall at each gaugíng station.
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Fig. IlI.5. Monthly maxima, minima and rnean aír temperature at
Adelaide City for the period January 1976 - December 1977.

Fig. III.6 The study section of Deep Creek, South Australia,
(September 1977).



50

40

30

20

ro

o

()
o
F
o
3
g
CI
o-
E
(r)

.:

Moximum record
Averoge
Minimum record

I
ì)

lc. P-6
'o-o'

J FM AM J J ASONDJ FMAM J JASOND
t976 t977

Months 1976 -1977

d
.d

'o--



1Bs.

The Study Site

The study section was 16.5kn from the source, at an

elevation of 140n ASL, situated beside Corkscrew Road,

Castanbul, 24km from Adelaide. At the study site the stream

is fifth ordet, and drains the entire watershed. The study

section was fron the confluence with the River Torrens upstrean

for 0.Skm, grid reference, on the Onkaparinga Sheet

1:50,000 nap series, 6628LI-388945. In this area the stream

bed is 10-15n wide, and the depth varies from 0.12n in riffles

to 0. 42m in the deeper pools. (Fig. III .6) .

A substrate analysis was carried out during the spring,

when flows were moderately low. Samples from regions which

were subjectively classified as depositional and erosional

were taken from an alrea of 0.10rn2, and to a depth of Scm. The

representation of the substrate particle size distribution is

shown in Fig. IIL7. The rnedian dianeter (Md) was -5.8phi and

-4.5phi and the nedian particle size was -6phi and -Sphi for

the erosional and depositional samples respectively. The

Q1 and Q3 values (Doeglas, 1968) of both samples show that the

substrate can be classified as coarse to very coarse gravel

with the erosional zone almæt attaining smal1 cobble size.

Physical and Chenical Features

The discharge of Deep Creek fluctuates violently, with

peaks occurring immediately after downpours of rain (Fig. III.8)

An isolated summer storm occurred on January 4, 1977 causing a

marked increase in the otherwise steadily decreasing discharge.



Fíg. fII.7. Substrate particle size distribution from depositional

and erosional regions at the Deep Creek study site.
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Morrissy (1971) recorded a sirnilar spate in December, 1965

and recorded increased temperature of the flood water, caused

by the heavy rain running off warn ground. This rise in

temperature (no actual varue recorded) exceeded the letha1

temperature of brown trout SaLmon tz,utta (25-30'C). The

temperature during the January 1977 flood did not exceed 2jo.

The stream temperature is closely correlated with air

temperature, and Morrissy (1971) stated I'daily rnaximum water

temperature during the rrspringrf and rrsummertr rnonths was

positively correlated with the Vt"."faing ninimun \^rateï

temperature on the sane day as well as with the maxirnum

temperature. However, the day to day variations in minimun

v¡ater ternperature during the hotter months h/ere not statistically

dependent upon the prece,eding maxirnum wateï temperature; the

daily period of cooling of the water was apparently sufficiently

long for a relative degree of independence to occur. (The

minimun water temperature during rtwinterrr lvas negatively

correlated with the maxirnum water temperature on the preceeding

day since warm winter days with clear skies are usually

follorved by very cold nights, due to frosts) .r' The water

temperature range observed during the study period was

5oC-23oC, the mininum in August 1977 and the maximum in li{arch

1977. The recorded water temperatures and the corresponding

nean Adelaide air ternperature are given in Fig. III.9.

During the study period, the pH of the rvater alrvays

exceeded 7.75 rvith an observed maximum of 8.82 in October

1977. The conductivity, K1B, ranged fron 352.4p5 (Salinity

of 199 ppm) in October 1976, to 708.3uS (Salinity of 378.5ppm)



-1Fig. III.8. Seasonal changes of dlscharge

SouËh Australia, duríng the study period,

(1. sec . ) aÈ Deep Creek,

1976 - November 1977.September

Fíg. III.9. Maxímum and minlmum ïraËer temperatures (oC) recorded

at Deep Creek sÈudy site, compared with mean Adelaide City air
Èemperature from September L976 - November L977.

Fig. III.10. Seasonal changes of pH and conductivity (Klg S)

Deep Creek, South Australia during September L976 - November

aÈ

1977 .
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in March I977. Conductivity was inversely proportional to

discharge. pH and K1g data are given in Fig. III.10.

The ionic dominance of Deep Creek water is

Mg2*t NJ t Caz* > K+ and HCO; > ct- > SOî- Dissolved

o4fgen concentration was either saturated or super-saturated

throughout the year.

Stream Flora

Deep Creek is typical of the creeks draining the I,4t. Lofty

Range, aIL of which have blooms of CLadophona sp. during the

srilnmer months. The bloom of this green filanentous alga begins

in the riffle zones as the temperature steadily increases during

spring/early summer, rmtil it occupies all habitats and flow

regimes, forming a floating mat on the pools. (Fig. III.11).

Morrissy (1971) recorded mat thickness of 30cm, and during the

November, L976 - February, 1977 period the dry weight of

CLadophora exceeded 40gm-2. When the discharge was low, large

areas near the banks became overgrown with /t/asttutíwn sp.

and locally with Potamogeton cr,íspus L.. An extensive

periphyton, predominantly of trricellular diatoms, developed on

the Cladophor.a anð Potønogeton. This included TabeLLar"ia,

CaLoneis, Cocconeis, Gomphoneis, NauicuLa, Pinnulat+a,

SurireLLa and ChLorhoz'mLdiun (nr). A filamentous diatom,

MeLosira sp. r^ras also recorded. During lVinter, with increased

flow and decreased light and temperature, this flora r,¡as

greatly reduced, with very little CLadophora, Potønogeton anð

Nasturtium, and their attached communities, rernaining.



FÍg. III.11. Deep Creek, South Austral-ia, January 6, L977, overgrolrn

with IVasturtium sp. and pool-s covered wíth C-Zadophora. Fíg. III.l
also illustrates the abundance of t}:e Cl-adophora growing at Deep

Creek ín Summer.
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Mayfly Fauna.

Four species of rnayfly hrere recorded in the Deep Creek

c atchrnent, AtaLophLebia aus traLasica, AtaLoneLLa inconspicua,

Baetis soroy and Tasmanocoenis tilLyardL. In the study section

of Deep Creek all species b/ere recorded, but AtaLoneLla

inconspicu.a., although present in nearly all sarnples, was in

very low nunbers, especially after the spring of L976. Of

the 43,L24 nynrphs collected during the study period 70.86%

were 7. tiLLyardL , 18.70% were B. soror, 9.96% were

AtaLophLebia austraLasiea and 0.48% were AtaLoneLLa ineonspicua.

Collections throughout the catchment in localities other

than the major study section revealed that B. soyor was linited

to the strearn-s of the lower 4kn of the catchment. Collections

from the upper reaches at Knotts Hill Road (Locality 3)

recorded A. ineonspicua only, at Hurters Road, Basket Range

(Locality 4) A. ínconspicua and T. tiLlyardi and near Ashton

(Locality 5) ¿. inconspícua and AtaLophlebia austtaLasica.

The tributary flowing from the Montacute Conservation Park

(Locality 6) contained all four species.

TII.3.2 Spring Creek.

Spring Creek is an intermittent stream draining the

eastern slopes of the coastal spur of the Southern Flinders

Ranges, rnidrvay between li{elrose and IVilnington, 2B0km north of

Adelaicle. The stream is a tributary of the lVillochra Creek
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which is a large intermittent stream flowing northwards

towards the dry salt pan of Lake Torrens. spring creek rises

at an altitude of 895rn on the northern slopes of Mt.

Remarkable (960n) and flows in a northerly direction for 10km,

when it turns sharply noïth eastwards to cut through the range

and debouche onto the willochra plain at an altitude of s50n

ASL (Fig. III.12) .

Geolo and Ve tion.

The geology of the lvtt. Remarkable area has been studied

by Howchin (1916) and Binks (1971). The Spring Creek

catchment is of canbrian age with the western ridge (Black

Range) composed of ABC quartzite capping the Brachina

Formation of 'rwe11 bedded, red brown, ripple marked siftstonerl

(Binks, r97r). Below the Brachina si]ßtone lies a bed of

willochra sandstone which grades into willochra siltstone with

a basal Limestone rnember. Beneath the willochra Formation

lie the Tapley Hill Siltstones with a basal member of
Tindelpina shale. Appila Tillite forms the base of the

western slopes, md the Spring creek watercourse follows the

north-south lineanent (unconformity?) along the boundary of
the Appira Tillite and Burra Group (Rhynie sandstones) lrhich

form the lt'tt. Remarkable Ridge, and the eastern slopes of the

catchment. Just north of the Spring creek lvline, the creek

reaches an east-west fault line where it deviates to the

north east, flowing through a folded region of tvillochra

Formation sandstonès and siltstones a:rd a l{illochra Dolonite/

Lirnestone band. At the base of the lvft. Remarkable Range the

creek flows, through Quaternary low angle slope deposits, onto

the lVi l lochra P1ain.

-a



Fíg. III.12. Spring Creek Catchment and study locality, Southern

Flinders Ranges, South Australia.
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The vegetation of the area has been described by Boomsma

(1946) and as in all watercourses in arid and serni-arid areas

of South Australia the riparian cover of Spring Creek is

dominated by the river red gum, EueaLypttæ cønaLduLensis. The

upper reaches of Spring Creek are well grassed on the Appila

Tiltite, but dense shrubs of AcaeLa uíctot"Lae Benth.,

A. zlpicoLa F. Muel. ex Benth., anð Buz,saria spinosa Cav.,

grow on the Tapley Hill Formation. Along the watercourse,

E. ca¡naLduLensis is usually the only tree species except for

an occasional association witln CasuayLna stz,icta Ait. Clumps

of rushes Jwtcus sp. also often line the watercourse.

The lower reaches of the creek, flowing onto the Willochra

Plain, are bordered by gtazed and cultivated (wheat) land.

Sheep, cattle and other stock have free access to the stream

throughout the year, and during the sunmer rnonths congregate

near the waterholes in the creek bed adding nutrients to the

pool systems.

Morphometric Features of the Catchment.

The catchment area of Spring Creek is approximately

50kn2 with the najor contribution frorn the western slopes

(Fig. III.12) off the Brachina, l\tillochra and Tapley Hill

Formations. Total stream length is 2lkm, before disappearing

into the Willochra P1ain. In profile (Fig. III.13) the

channel descends rapidly at a gradient of 89m/km for the

first Skrn, to an altitudc of 450m, and then has a constal-ìt

gradient of 11.5n/km tlrìti1 reaching the IVillochra Plain at

an elevation of 270n ASL. The longest tributary, Itlungola



Fig. III.13. Longitudinal profile of Spring Creek, South Australia.
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TABLE III.5 Spring Creek Drainage Characteristics

Stream Order Nurnber Total
(kn)

Length Average Length
(kn)

1"

20

30

40

FO5

266

54

l4

3

1

100. 80

32.80

19.95

14. 35

12.60

0. 58

0.61

7.43

4.78

12.60

Bifurcation Ratios Average Stream Length
Ratios

)

3

4

5

I

2

3

4

4.93

3. 86

4.67

3. 00

4.12

Total Length of Spring Creek 21.lkn

2:1

322

1 .61

2.34

3.34

2.64

2.48

4

5

3

4

mean

Length of longest Tributary
(Mungola Creek) and Spring
Creek 23.1Okm
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Creek, is 2km longer than Spring Creek, but rises at an

altitude of 730n ASL, and descends only 250m in its first

7kn (gradient 35.7n/kn) before its confluence with Spring

Creek. The watershed characteristics are given in

Table III.3.

Climate.

The clirnate is Meditteranean to serni-arid with

characteristic hot, dry summers and rainfall linited to the

cooler winter months. Rainfall is variable with the highest

gaugings recorded near Mt. Remarkable. Melrose receives an

average of 583nn per year, while Wilrnington, 22km to the

north, receives only 441run per year. Mt. Rernarkable creates

a rain shadow for the Willochra Plains with an average of less

than 150nn per year recorded near the centre of the plain. The

nonthly rainfall data for Melrose (Fig. III.14a) and Wilnington

(Fig. III.14b) for the years I976-L977 are compared with the

rnonthly average rainfall for these centres. The study period

Septernber, 1976 to October, 1977 covered a dry period. No

temperature recording stations are present in the immediate

vicinity of the Mt. Renarkable Range, consequently no average

data are available. Air temperature measurements rvere rnade at

the study site and these are presented in Fig. III.15.

The Study Site

The study section was 13.5km from the source, at an

elevation of 350m ASL, and situated Bkm soutlì of lVilmington,

grid reference on the lVilrnington Sheet, I :50,000 map series

323768. In thc study area the creck bed is 15-30m rvidc,



Fig. III.14. The monthly rainfall data from L976 - 1977 for

Melrose (a) and l{ilmíngton (b), compared hrith the monthly average

rainfall for Èhese ceritres.
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Fig. III.15. The maximum and minimum monÈhly ürater and air
temperatures at Spríng Creek during the study period September

L976 - October 1977.

Fig. III.16. The sÈudy secÈion of Spring Creek, South Australia,
December I976.
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and the depth varies frorn zero in the sunmer months to 0.5rn

during the wet winter rnonths (Fig. III.16) .

A substrate analysis was performed during the summer

months when the strearn bed was dry. Samples from an area of

0.1m2 and to a depth of Scrn, fron regions which were

subjectively classified as depositional and erosional during

the periods of flow were taken. The graphical representation

of the analysis is shown in Fig. III.17. The median dianeter

(Md) was -4.6phi and -4.9phi and nedian particle size was

-Sphi and -Sphi for the erosional and depositional samples

respectively. The Q1 and Qs values (Doeglas, 1968) of both

samples indicate that the substrate can be classified as

fine-coarse gravel.

Physical and Chenical Characteristics.

The surface discharge of Spring Creek varied greatly

during the study period, being zero from January 1977 to May

1977 and exceeding an estimated 30 cumec during flash flood

periods. The recorded discharges are shown in Fig. III.18 and

dernonstrate close correlation with rainfafi. However, much of

the heavy rainfall is disposed of as flood flow, with little

recharging of the groundwater or the l\lillochra Basin aquifer

(0'Driscol1, 1955) .

Air temperature ra:rged from 4oC in October 1976 to 42"C irL

March 1977. The stream temperature is closely correlated with

the air temperature, with an annual ïange of 9oC to 29oC in

October 1976 and March 1977 respectively. The temperature data

obtained during the study period are illustrated in Fig. III.15.



Fig. III.17. Substrate particl-e size distributíon from depositional
and erosional regions at the Spring Creek study siÈe.
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-1Fig. III.18. Seasonal changes of discharge (1.sec. )

South AusÈra1ia, during the study period September 1976

at Spring Creek,

- October 1977.

Fig. III. 19 .

Spring Creek,

Seasonal changes of pH and conductivity (Klg, S) at
South Australía, during September I976 - October 1977.
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The creek was always slightly alkaline with the pH ranging

fron 7.4 to a maximum of 8.3 attained during periods of sustained

flow when the Willochra Forrnation Limestones contributed higher

HCO! levels. As flow diminished the pH decreased. The

conductivity displayed a contrasting trend, being very 1ow

(Kle = 238uS) during flood, and becoming higher to a rnaximum

Kig of 869.6uS when the stream dried to a series of isolated

pools in Suruner. The nonthly pH and K16 trends are given in

Fig. III.19.

The ionic dominance of Spring Creek b¡ater btas

¡**a*+-
ca2- > Na- > Mg2' t K- and HCoã > cl- > sol- The ca2+

and Na+ dominance was periodically reversed, with Ca2+

doninant when there was no surface flow, and Na+ doninant during

flowing periods.

Dissolved oxygen concentrations were only low during the

surnmer period with the lowest recorded value of I.6ppm in a

sma11 pool isolated from the major permanent pool. No nayflies

were formd in this pool. During the winter period the

dissolved oxygen concentrations were saturated or above.

Stream Flora.

With the exceptions of Jtnc?,ls spp. along the river banks,

there are no permanent aquatic macrophytes in the stream bed

itself, but during the sumrner months watercress (Nasturtiun

sp.) becomes prevalent near flowing water. During periods of

flol, the green fílamentous algae, Spíroggra sp., Mougeotia

sp. and Zygnema sp. can be fourd as short filanents. N4a:ry
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diatorns grow on these filaments and on the rock surfaces,

these include CynbeLla, Naui,cula, PinnuLarLa, TabeLLaz"La

and the filamentous MeLosiv'a. During Summer Spiz'ogyra, an

unattached Eremosphaera and a blue-green colonial alga bloon

in the permanent pools. Other attached algae also increase

their bionass, particularly Mougeotía, the rhodophyte

Batrachospennwl sp. and the blue-green filarnentous CaLothz'iæ.

Attached to the filamentous algae nany diatorns; CynbeLLa,

NauicuLa, MeLosira, PínnuLavia and Syned.xa were often recorded.

lvlayf 1y Fauna.

Three species of mayfly were found in Spring Creek; Baetis

soror, TasmarLocoenis tiLLyardL and AtaLoneLLa inconspicua.

Of the 67,460 nymphs collected during the study period 44.58%

were ?. tiLLyar&L, 37.29eo were B. sov,or and 18.13eo ì,r¡ere

A. ineonspi,ctø. These three species were also recorded

upstream near Goat Rock. In October, 1975 Dr. J. E. Bishop

collected specimens of AtaLophLebia austraLís from the study

site, but during the period of this study A. austraLis was not

recorded at Spring Creek.

III.4 Results and Discussion

III.4.1 The Effect of Mesh size on Sieving Efficiency

A study of sievi-ng efficiency of the coarse net, by

comparison rvith the fine nct, was undertaken. Efficiency htas

defined as the percentage increase in yield (numbers) of nymphs
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obtained by the use of 110¡n mesh instead of 480pm mesh

(cf. Jonasson, 1955, 1958; Barber and Kevern, Ig74).

The results of this study were presented and discussed at

the Third International Conference 0n Ephemeroptera, lgTg

(Suter and Bishop, 1980), and the paper is included as

Appendix 12.

IÍ.1.4.2 Habitat Types.

Within the trerosionalrr and I'depositionaltt zones the

following stony bottorn water ty?es were sampled over the study

period. The classification is sinilar to that presented by

Allen (1951), Harrison and Elsworth (1958) and Schoonbee (1975),

but has been slightly nodified to suit loca1 conditions.

1. Stationary Pools :- Non-flowing pools with depth usually

less than 32cm. The substrate in these pools was usually

covered lvith dense a1ga1 (blue green and green) grorvths,

and the habitat is typical of the temporary streams of the

Flinders Ranges during sumrner rnonths.

2. Shallow Pools :- Pools less than 32cn deep and current

less than 10cmS-1 and with smooth, unbroken florv.

3. Pools :- Water of depth exceeding 32cm but with current

less than l0cmS-1, rvith unbroken f1orv. This habitat is

similar to the category of "Poolsrr described by A1len,

Harrison and Elsworth, and Schoonbee.

4. Flats :- lVater of depth less than 48cn but with current

exceeding 10cn6-1 but less than 32cnS-1. T'he florv in these

stretcltes is unbroken.

'a
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Rtms :- Water of depth exceeding 32cm and flowing at

greater than 32cmS-1. Flow tends to be turbulent with the

water surface disturbed, but not broken.

6. Riffles :- Shallow water less than 32cm deep, with

rapid current between 52cns-1 and 50cns-1. Flow is turbulent

and the water surface is broken.

7. Fast Riffles :- Shallow water, less than 32cn with very

rapid to torrential current, exceeding 50cnrS-1. The water

surface is always broken. In this study this latter flow

category tended to be recorded during periods of high

discharge in winter, or under spate conditions.

These habitat and flow characteristics are briefly

summarised in Table III.4.

III.4. 3 Habitat Occupation.

The occurrence of each species in each of the above

habitats was examined using two nethods. The number of sanples

taken from each habitat during the study period (N) was

determined, and assuming that all species had an equal chance

of being present a percentage possibility (% pos) of

occurrence was calculated. From the rar^/ occurrence data the

mean number of animals in each habitat rvas calculated for each

species. In almost all cases the variance exceeded the mean,

and rvas not ì-ndepcndent of the mean. Therefore the data

recluired a log transformation to obtain comparative values of

animals per habitat (E1liott,'1977). A 1og (x + 1)

5



TABLE III.4.

Sunmary of habitat and flow characteristics recognised in

the study.

Habitat Depth
(cm)

Ve locitv
(crns-t1'

Surface Water
Characteristics

01 Stationary
pool

<32 smooth, unbroken

smooth, unbroken

smooth, unbroken

smooth, unbroken

turbulent, disturbed

broken

broken

2. Shallow pools < 32

3. Pools >32

Flats <48

Rtms >32

Riffles <32

Fast Riffles < 32

4

5

6

7

<10

<10

r0-32

>32

32 -50

>50
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transformation was used with data in which some zero counts

were made, ild a log x transforrnation was used in other cases.

Table III.5 and III.6 sunmarise the results of the percentage

possibility calculations, the non-transforned values, and the

transformed values for each species at the two localities.

Conparing each species with only the percentage

possibility occurrence, B. soroz" appears to have the rnore

specific habitat preference at both localities, although it,

and all other species occupy all habitats frorn stationary pools

to fast riffles . B. soror was consistently found in habitats

with flowing water, and although occasional records were made

in the slower flowing and frpoolil habitats, they were not

consistent as in the flats, ïuns and riffles,

Better cornparisons can be nade using the transformed mean

ntrmbers per habitat, where numbers of aninals occurring in

each habitat are taken into account.

For B. soroy in Spring Creek the preference for a

flowing water habitat is obvious with maxirnum records occurring

in flats, riffles and fast riffles, but in Deep..Creek, the

numbers are low in all habitats, with the exceptions of the

pools and flats. The high value in the pools may be due to

the sma11 number (two) of sanples taken from this habitat

with 534 (22.72.1976) and 28 (5.5.1977) animals collected.

The December 1976 sanple, which exaggerates the number of

animals occurring in the pool habitat, was dorninated by early

instar B. soroï' which hatched from eggs oviposited in November.

Also, Deep Creek rvas filled with Cladophora, and the nunbers of



TABLE III .5

N = No. of samples; %

species was for.urd; x

. = the percentage of samples in which the

aî', S = standard deviation; 52 = Variance

The occurrence of mayfly species in each habitat at Deep Creek.

pos

me

Habitat N 9o pos.

No. /sample

X S

Log transforrned : No. /sample
iss2

At aLophLebí a austraL as i ca

Baetis soror

Shallow Pools

Poo 1s

Flats
Runs

Riffles
Fast Riffles

Shal lorv Pools

Pools

Flats
Runs

Riffles
Fast Riffles

Shallow Pools

Pools

Flats
Runs

Riffles
Fast Riffles

5

2

19

5

11

t2

20.00

100 .00

89 .47

80 .00

100.00

9r.67

100 .00

100.00

100.00

100.00

90.91

9L.67

100.00

100.00

100.00

100.00

100. 00

100.00

9 .60

28r.00

248. 84

35.00

131.00

70.83

15 8. 80

80.00

97.68

3r.20

39 .55

17 .67

1828.80

790.50

454.58

35r.20

186 . 18

r79.67

2r .47

35 7. 80

328.05

28.59

187.5 8

117. s B

98.44

96.r7

166 .45

19.85

51 .59

15.51

1880.98

873.28

323.30

223.74

11 7. 81

L3r.37

2.r7
I22.28
64.09

L0.24

30.80

20.05

156.98

42.14

37 .66

27 .82

22.02

11.52

1511.03

493.54

330.68

250 .82

r75.s6

r09 .32

5.70

8.04

8.76

4.42

7. 80

5.80

I.84
5 .91

4.27
)L)

4.16

3.28

32.49

64.64

76.74

19 .50

60.92

55.60

3.39

34.92

LB.2I

s.86

L7.30

L0.76

5 .52

19 .40

7.43

T.92

9.75

L6 .47

T asmqno coenis tiLLy an&L

5

2

19

5

11

I2

5

2

19

5

11

L2

2.35

4.40

2.73

1. 38

3.72

4 .06



TABLE III.6.

The occurrence of mayfly species in each habitat at Spring Creek.

N = No. of samples; eo pos. = the pelcentage of samples in which the

species was fotmd; x = mean; S = standard deviation; 52 = variance.

No. /sample

Habitat N % pos. X S

Log transforned : No./sample

i s s2

Baetis sorov

Stationary
Pools

Shallow Pools

Pools

Flats
Runs

Ri ffles
Fast Riffles

Stationary
Pools

Shallow Pools

Poo 1s

Flats
Runs

Riffles
Fast Riffles

Stationary
Pools

Shallow Pools

PooIs

Flats
Runs

Ri ff1 es

Fast Riffles

44 .44

92.86

66.67

80. 00

r00.00

100.00

100.00

9

I4

3

10

1

6

-)

100.00

100.00

100. 00

100.00

100 . 00

100.00

100. 00

9 r00.00

t4 92.86

3 100. 00

10 90. 00

I 100.00

6 83.33

3 100.00

9

T4

3

10

I
6

3

2.67

20r.7L

58.67

1893.10

5.61

564.2r

65.29

5565.76

I .96

16. 99

18. 41

66.43

79.99

33.55

136.73

149.r1

r59.26

r04.24

78.26

65.28

364.69

307.7L

r47 .18

100.64

16.72

29.78

2.79

10. 87

13. 0B

21.01

7. 80

118 . 08

171.19

44r.57

At aL one L L a inconsp i eua

310. 33

59.67

285.11

296.50

L93.33

25s.50

98. 30

76.67

647.00

1086. 79

275 .67

623.50

613.70

57.88

283.08

267.09

128.s0

335 .5 0

65.51

48.60

652.08

1402.77

333. 0 8

987.78

5 .40

4.7r
29.I0

22.r7

20.57

27.r9

5.13

44.23

4.54

5.2r
2.26

6.6s

T asmqno coení s ti LLy ardL

2.2r
2.07

3.68

10.96

4.28

14. 30

4. 88

4.29

13.55

I20.L4

18.29

204.52

40.83

31.00

68. 10

10. 15

5. 38

r .4s

28.95

2.05
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B. soror collected from each habitat sampled are all very

similar, suggesting almost uniforrn habitat conditions (see

Appendix 11). The nunbers in the fast riffles are also very

1ow, and nay reflect the behaviour of B. soror,. Nymphs of

B. soyor generally occupy the uppèr surfaces of the substrate,

clinging and feeding on the rocks in the direct current. As

the current increases this behaviour must becone more

precarious, resulting in the observed decrease in the

numbers occupying this habitat. Since BaetLs spp. have lost

the ability to actively ventilate (Hynes , L970a) they are

dependent on the current to maintain the o4fgen concentration

around the gills (Ambuhl, 1959) and therefore, these aspects

of the respiratory physiology and behaviour provide fairly

narrow ecological requirements for B. soyoy.

Conversely,'the Leptophlebiidae and Caenidae found at

the two localities are capable of ventilating, and occupy all

habitats with varying success. AtaLoneLLa inconspícua appears

to occupy all habitats, except perhaps fast riffles, equally

we11. The behaviour of this species is also worthy of coÍuîent,

as it tends to occupy the lower surface of rocks in riffles

during the day, but can be seen actively feeding in the pools

and flats on the surface of the substrate during the day.

This, and the relatively high number of aninals collected from

slower flowing pools ald flats suggests that ,4. inconspicua

has a preference for these habitats, but is also capable of

occupyi-ng the flowing riffles (and the fast riffles) although

with reduced numbers present (significantly different by

Students 'rt" tes t p < .05) .
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At.aLophlebía awtîalasica occupies a1l habitats, but

there is a consistent decrease in numbers as curïent

increases fron shallow pools to fast riffles. Harker (19s4)

suggested that the possession of multi-furcate gi11s by

Atalophlebia austz,aLasíca was coïïelated with its habitat

of rrstagnant poolsr'. The resurts obtained in Deep creek

show that ,4. austz.alasica does not occupy only stagnant pools,

but the numbers of aninals collected were consistently higher

in the slower flowing, pool habitats.

Iasmøtocoenis tiLlyardL tends to have a sinilar
distribution to ,4. ausLzaLasiea, although it doninates every

habitat with the exception of the riffles and fast riffles.
Arthough a tendency for numbers to decrease as velocity

increased was evident, T. tiLLyardi was consistently for¡nd in

all habitats at aIl localities, indicative of a broad

ecological valence.

studies of the habitats occupied by Australian mayflies

are almost non-existent. The observations by Harker (1954)

and Riek (1970a) are the only accou¡rts of different species

and genera occupying different habitats. lr{any investigations

of nicro-distribution of benthic organisms have been carried

out, and the relationship of fauna to habitat has been a

subject of study for rnany years. Reviews of faunaL require-

ments and habitat relationships have been made by lr{acan

(196ra and b), Macan (1962), Lillehammer (196s), cumnins (1966)

and Hynes (1970a and b) , and more recent cluantitative studies,

including those by Barber and Kevern (1973), A1lan (1975),

ward (1975), Rabeni and trtinshall (r977), Minshall and Ntinshall
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(1977), have employed replicate sampling to examine the micro-

distribution of stream benthic invertebrates. Since the

present study did not involve replicate sampling, but rather

a sta¡dardised qualitative technique, no "micro" comparisons

can be made. Although no statistical tests can be performed,

broad ecological habitat characterisation, as performed by

Allen (195f), Harrison and Elsworth (1958) and Schoonbee

(1973), c¿Ln iltustrate from which habitats the najority of

specimens of any species were collected. Schoonbee (1975)

found that this type of comparison hr¿rs useful and different

species displayed different habitat tenancy preferences.

Studies on the nayflies of Deep Creek and Spring Creek,

using habitat definitions similar to those of A1len, Hamison

and Elsworth and Schoonbee, illustrate broad habitat

utilisation by all species. When numbers of individuals per

sample in each habitat were compared, it was apparent that

all species had distinct habitat preferences, but Baetís soyor

and AtaLophLebia austraLasíca were nore restricted tha¡r

Atq.LoneLLa inconspícua and Tasmøtoeoenis tiLLyardL. Baetis

soyor was collected in greater numbers, and consistently in

slow to rnoderately fast flowing water. AtalophLebia attstra\asíca

was norce consistently for.urd in the slorv flowing depositional

zones. The two other species , AtaloneLla inconspicua and

T. tillyar&i werc consistently found in all habitats in

considerable numbers but the highest densities were recorded

fron the stationary pools to the slow florving flats and rrns.
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Hynes and Hynes (1975), suggested that the uncertain

climate of Australia encouraged the development of broad

ecological valence, selecting species capable of occupying

numerous habitats rather than being specialists to any one

niche. For rnost of the rnayfly species examined in South

Australia this appears to be true. All, except B. soyor,

appear to have a preference for slow-flowing habitats, which

are dominant in South Australia, but all (except B. soror,)

are capable of occupying every habitat available for

colonisation. This broad ecological valence also helps to

explain the wide distribution of those species inhabiting the

fresh waters of South Australia, and their success in the

pemanent streams of the south east, and Fleurieu Peninsula,

as well as the temporary freshwater strearns of the Flinders

a¡rd Mt. Lofty Ranges.

IlI.4.4 Gut Analysis

A brief study of nymphal gut contents of the four South

Australian species frorn Deep and Spring Creeks was carried out

by examining five specimens of each species. All specimens

u/ere last or penultimate instar and were collected fron the

rrflatil habitat in Deep Creek a¡rd a rrrr.llrr habitat in Spring

Creek, during Decernber 1976. In a1I cases, the gut contents

were consistent with those typical of scrapers and collectors

(Cumnrins, I973). Diaton species dominated the identifiable

ingested material, with organi.c detritus also well

represented, as is evident from the sunmary in Table IIl.7.



TABLI III.7. 'l'hc rclativc contposition of thc gut contents of the mayfly species in Spri-ng Creek (SC) and

Dcep Creck (DC), South Australia.

+ prcscnt; ++ numerous; +++ abundant; ++++ doniilant

Fooci I tcm

Species of rnayfly
Atalonella Tasmanoeoenís Baetís eoyor
ínconspicua (SC) tíLlyadi. (SC) (SC)

AtaLophLebia
austtaLasica (DC)

Chlorophyta (grcen algae)

Chlonohonñdíwn (nr)

Cladophora

ùlougeotiiz

Spit'ogyra

Zygnena

Chrysophyta (¡'elloN-grecn algae)

Diatonaccae (Diatoms)

I'!eLosiya

SyreCra

TaLellat ía

Co¡r:trníi)

Pinnula¡.La

Cottlnneis
Anphcna/CyrbeLLa

Ilítzachía
Sw;"t¿Lla

Ås che I ni nthcs

Rotifera (Rotifers)

År!hropoCa

Copcpocla (CopepodsJ

Futgi ([:ung:rl h¡lhae)

Dct ri t us

+

++

+

++

+

+

+++

+++

++

++++

++

++

+++ +++ ++++

++++

++

++

+

+

++++

+++

+

+

++

++

++

++

+

++

+

++
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III.4.5 Occupation of the Te mporary Habitat.

In March 1977, the surface flow in Spring Creek had been

zero for three months. Above the study site two large pools

were sti1l present, both shrinking as the dry period continued.

Three sarnpling holes were dug into the stream bed in regions

that had been left dry by the receding waters for one, two and

three months.

Inrmediately downstream of the pool (dry for one month) the

water table was reac}red 16cn below the stream bed. Numerous

helodid beetle larvae were collected, and one nymph of

AtaLoneLLa ineoytspieua (Head Width = 0.68nun). The second ho1e,

in an area dry for two months, reached the water table 35crn

below the strean bed; one nymph of A. inconspieua (Head

Width = 0.52mn) and one nymph of Tasmøtocoenis tiLLyaz,dr,

(Head Width = 0.68nm) were recorded. The third hole reached

the water table 61cm below the stream bed, and a single

specimen of A. íneonspicua (Head Width = 0.B8nrn) was collected.

The potential living space in the substrate at this 1eve1,

calculated using the technique used by Bishop (197Sa), was

L/.J'o.

Survival of the benthic fauna in temporary streams, or

permanent strearns affected by a drought period, has been

considered by Hynes (1958), Clifford (1966), Harrison (1966),

Legier and Talin (1976), Williams and Hynes (I976a, 1977) ,

Williams (1977) and Iversen et a1 (1978). Stream

recolonisation mecha¡isms, after long periods of zero

surface f1ol, have been categoriesed by Williams and Hynes
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(r976a) into five groups: those that survive the dry period

as cysts, eggs, larvae or imrnature stages, pupae and adults.

willians and Hynes believed the Ephneroptera survive in the

egg stage.

willians and Hynes (r976a) examined the benthic fauna of

two temporary streams in Ontario, Moser creek and Kirkland

Creek. 0f these only Moser Creek had a species of nayfly

present. PæaLeptophLebia ontar"Lo was ïecorded in May 1972 as

rare (. to specimens) and then this species was not recorded

again tntil April 1973. Numbers increased in late May 1973

(11-50 specimens per sarnple), but infornation beyond this date

was not presented. rt hras suggested that since the growth of

P. ontaz"Lo was rapid fron April-lr{ay, emerging in early Jr.ne,

'rsome kind of diapausing, drought resistant eggs were laid

which did not hatch r.rrtil the following spring" (williams and

Hynes , r976a). unfortr.rrately no direct supporting evidence,

either of egg development, or frorn interstitial sampling was

given for Moser Creek.

Hynes (1958) had previously concluded that SíphLontu,us

Lacustris Eaton survived the drought in the Afon Hirnant in

the egg stage, but suggested B. rhodani recolonized fron

upstream. The snall nymphs he found of s. Laeustris compared

to the Iarge B. rhodøti specimens, led to the conclusion of

different recolonization rnechanisms. However, recolonization

from the permanent pools and reaches above the drought affected

area would have also explained the presence of ^9. Lacustr|s

nyrplis. After the hyporheic studies of Coleman and H¡'nes (1970),

Bishop (1973b), Hynes (1974b), and trrilliams and Hynes (1974b),

a third explanation is also possible, although Hynes (19S8)
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recorded no aquatic animals in the gravel of the Afon Hirnant

stream bed. Hynes (1968) suggested that the hypoheic

population in the Afon Hirnant may accormt for recovery after

spate conditions, and a further study of this stream by Hpres,

williams and tr¡riilliarns (1976) showed large nurnbers of species

present in the hyporheos including the nayflies Baetís tenan,

B. rhodøni and EphemereLLa igníta. This alternative strategy

may also account for survival after periods of drought.

Temporary strean studies by Clifford (1966) and Harrison

(1966) recorded the presence of epheneropteran species, but

their survival nechanism is not clear. Clifford (1966)

recorded Heptagenia sp. ovipositing in pools before drying

was completed in Spring, but recorded no nymphs in summer and

autuûr. He suggested they survived the sunmer nonths by

"having a long hatching period", but stressed that caution

was required in assigning an egg resistant stage. The rnesh

size used by Clifford (12 mesh/cm) uras coarse, permitting

little confidence in the fact that no small nymphs were

recorded in the surruner and autunn samples. Harrison (1966)

suggested colonization occurred from three sources; resting

eggs, species capable of aestivating in protected situati-ons,

and from eggs laid by flying adults from nearby permanent

waters. He stated rfthere was no evidence that any insect

eggs survived the drought.r' The two studies involved in

catego'rizing and describing faunal and physical changes

occurring in temporary streams (lViltiarns and Hynes , I976a,

1977, and Legier and Talin, 1976) both suggested two

different mechanisms of recolonization by the Ephemeroptera.
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Williams and Hynes considered that resistant egg stages

allowed survival during the drought periods, whereas Leiger and

Talin considered that species with long 1arval stages are

those which can survive the dry stage, burrowed in the phreatic

layer, when the texture of the substrate pernits, by entering

a dormant statert (sie., translated by Furse, 1977).

Evidence for the occurrence of Ephemeroptera deep in the

hyporheos has been established by several studies in

pernanent streams (Coleman and Hynes , L970; Bishop, I973b;

Willians and Hynes, 1974; and Hynes , L974b). Willians and

Hynes (I976a) exarnined the vertical distribution of species in

the dry bed of Kirkland Creek. However, nayflies v/ere not part

of the fauna so that no evidence was gained of nyrnphs present

in the hyporheos of temporary streams. Two studies of

recolonization by Williams and Hynes (1976b) and Willians

(1977) in perrnanent and temporary streams respectively, showed

the inportance of recolonization from within the substrate.

In permanent streams, drift, upstream migration, vertical

nigration and aerial recolonization, all contributed

substantially, but for the Epherneroptera, drift and upstrearn

nigration accounted for 89.3% of the taxa recorded. Vertical

nigration from within the sr-rbstrate accotrnted for 7.1% of the

collected mayflies. In the ternporary stream (Moser Creek)

Williams considered that trsubstrate must be the prirnary

sourcerr of recolonization after the dry period. The

Ephemeroptera were only recorded from vertical traps (0.5% of

taxa collected). The species of rnayfly collected (on1y one

specimen) was not mentioned by l\rilliams, but it possibly was
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ParaT,eptophLebia ontarLo, which uras recorded in Moser Creek by

the previous study of Williams and Hynes (I976a, L977). This

specimen uras recorded in November, 1973 which, if P. ontay"ío

is inconsistent with the assumption made by Williarns and Hynes

(I976a) that rrsorne kind of diapausing, drought-resistant eggs

were then laid in early Jr.me which did not hatch until the

following spring.tr The presence of a nynph in Auturr would

seem to dispute this. However, if the nymph was not of

P. ontapí,o, but one of either LeptophLebia sp. or Siph'l,onuyus

marshaLLi Traver which, in the earlier study of Moser Creek

(Williams and Hynes, I976a) rrlvere only seen as nynphs during

April and May'r, a sinilar inconsistency occurs. In that paper,

Willians and Hynes presumed the presence of diapausing or

drought resistant eggs, but stated that all the rnayflies

recorded survived the surnmer dry period in the egg stage,

without indicating that this was supposition. The presence of

a mayfly nymph in the substrate in Novenber when the stream

had just Teconmenced flowing would seem to indicate another

possible method of surviving the sunner dry periods.

The observations nade in Spring Creek suggest that

AtaLoneLLa ineonspicutn and Tasmaytocoenís tí,LLyardL can survive

in temporary streans in both surface pools, ffid in the

hyporheos beneath the dry stream bed. Observations of

A. inconspicua and B. soror, eggs (Chapter 5) suggest that this

stage cannot survive desiccation, supporting results obtained

by Edmlnrds, Nielsen and Larsen (f956) for Epheron aLbun.
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The absence of B. soyoy nymphs from the hyporheos nay be

a result of inadequate sarnpling. However, the dependence of

this species on flowing water rnay reduce its chances of

entering the substrate. All collections of this species were

made from localities at which there was always permanent

surface water, usually with pools interconnected by shallow

flowing stretches. rn spring creek, surface flow was always

present somewhere in the upper catchnent during the study

period. Once the stream commenced flowing in Autumn,

recolonization downstream was probably by drift. Baetis has

been shown to be severely affected by drought (rnversen et al,
1978) when numbers of B. rhodaní were depleted after a drought

in Dennark. Hynes (1958) also recotded EcdgonLftrua uenosa.

(F.), Rhithrogena senrLcoLoy,ata (Curtis) and EphemeyeLLa ignita
(Poda) elininated fron the Afon Hirnant after a drought. The

utilization of the hyporheos is suggested by the recorded size

distribution of eadr species after drought or frood conditions.

Recolonization after drought and/or spate conditions is by

animals of sinilar size and age distribution to those recorded

inmediately prior to the recommencement of flow, or spate

(Chapter 5). Therefore, these recolonizing animals are not

products of a different generation. similar observations were

nade after spate conditions by Hynes (1968) and Bishop (197Sb).

Observations on 7. tí,LLyatd| anð A. ínconspícua in the

hyporheos during periods of zero surface flow in Spring Creek,

and the observation that eggs of .4. inconspícua and B. soror

did not remain viable after drying (see Chapter 5), lead to

the conclusion that egg resi-stance is not utilized by mayflies
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occupying the temporary strean habitats in South Australia.

since the majority of South Australian temporary stleans,

which have resident populations of nayflies, are similar to
spring creek in possessing pernanent pools along the water

course, perennial grotrrd water upwellings (rheocrenes), ffid

coarse cobble substrate with high porosity and therefore

potential living space, survival of these species is probably

by one, or both of two nechanisms;

(1) by occupying surface pools in spatially isolated

stretches along the water course, and/or

(2) by nymphs entering the hyporheos as the stream

progressively dries.

It is stressed, however, that no direct evidence of

drought resistant or drought induced diapausing mayfly eggs

has been published, and the observations of p. ontay"to ín

Moser creek, Ontario by williams and Hynes (L976a, lg77) provide

only circurnstantial evidence suggesting their conclusion.

The record of a nayfly nymph in the vertical trap in Moser

Creek by Willians (1977) woutd seem to indicate another

possibility, survival of the mayfly nynrphs in the hyporheos.

Evidence to date indicates that the tlo survival strategies

used by south Australian rnayflies in the terTrpoïary stream

habitat are universal, with the drought resistant egg stage as

a third possibility. Further research into the temporary

stream habitat is obviously required, investigating

recoronisation techniques, as pioneered by l\ti1lians and Hynes
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(r976a, 1977) and wiltiams (1977), and direct observation of

egg survival under laboratory I'drought" conditions. Until

such studies are carried out, all possible survival strategies

must be considered and broad generalization avoided.

!
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CHAPTER 4

Life Cycles of Sou th Australian Mayflies.

Introduction.

fn contrast with European and North American knowledge,

the life histories of nayflies in Australia are almost

conpletely r.rnknown with casual observations and anecdotal

evidence of aspects of their life cycle published in

systernatic publications. These observations have been

concerned with adult ernergence and behaviour characteristics

rather than with nynphal development. This situation is

sinilar to that which occurrecl in North America and Europe

sotrc 20-25 years ago. Since then numerous studies of life

cycles have enabled elaborate life cycle classifications to

be proposed by Hynes (f961), Macan (1965), Landa (1968) and

Sowa (1975). With the exception of one publication by Harker

(1950a), no experinental life cycle analysis has been

published on any Australian mayfly. Drncan (L972) examined

the life histories of six species in Victoria, but this work

remains urpublished.

The life cycles of four species of mayfly from Deep Creek

and Spring Creek in South Australia are described. Where the

two localities had comrnon species, the life history at each

locality was compared in an attempt to define the environmental

factors rvhich are inporta¡rt in determining the life cycle of

each species.

IV.1
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IV.2. Materials and Methods.

For the life history study the sanples taken during the

ecological sampling program were used. All the samples taken

on each sampling date were pooled and therefore the size

frequency histograms represent the size distribution of each

species hrithout habitat bias.

Since the najority of size frequency histogr¿ms were bi-

or tri-modal the numerical rnean and standard deviation for the

total aninals measured were of little va1ue. Visual selection

of each nodal distribution was made, and the mean, standard

deviation and range of each distribution were calculated for

each sanpling date. To assess the validity of this technique,

the distribution parameters were calculated using the

technique of Harding (19a9) and Cassie (1954). The cumulative

frequencies from the size frequency histograms were plotted on

probability paper, and the resulting curve allowed modes to be

distinguished as rapid increases in percent frequency, and

points of horizontal inflection indicated gradations fron one

rnode to another, i.e. area of overlap of two distributions.

A computer program, NORMSEP, developed for fitting a series of

normal curves to frequency data by Hasselblad (1966), was used

to aid the determination of modes. This technique estimates

the parameters of rra mixture of normal distríbutionsrr using

the steepest descent frequencies, and the probability that

the distributions differ is tested by X2. The size frequency

distribution of Iasmqnocoenis tiLlyardi was compared using all

three techniques, and the values of the means and sta¡rdard

deviations are given in Table IV.l.

a



T,\ut.[ Iv. I Cotnparison of techniqucs for thc selcction of each nodal di.stribution of size frequency data of
Tasnotocoenis tiLlyardi frorn Deep Creek

tlN = llead width; x = I'lean; S.D. = Standard deviation

Visual selection
Hr{i s . D.

Cumulative frequencyl

HWx s.0
NORMSEP2CoI Iection

Date. Hltlx S.D

22- 9-76

8-10-76

20- t0-76

0.27
0.72

0.32
0.90

34
8l

o.27
0.72

0.2L
o.44

0.20
0.4 3
0,9t

0.05
0. l6

05
l5

0
0

0.27
0. 70

0.08
0. 13

27
88

0
0

0
0

22
54

22
56

0.06
0.14

28
80

2S
10

0.07
o.20

0
U

0
0
0

t

I
7

0

0

')^

.07

0. 14
0.59
0.90

0. 18
0.65
l.0l

0.05
0.08
0.06
0.07
0. 18
0.10

0.03
0.23
0.07

0.04
0.02
0.12

03
06

04
08

04

0.28
0. 89

0.07
0.15

0.25
0. 78

0,06
0.24

0.40
0. 88

0.22
0. r5

0.03
0.r7
0.11

0. t5
0. 85

0.02
0. r6

l0- I t- 76

24 - It-76

9 -12-76

22 - 12 -?6

6- L-77

20- t-77

l0- :-77

r0- 3-77

7- 4-77

5- S-77

t- 6-77

()- 7 -77

3- 8-77

ll- s-77

3t- 8-77

7- 9-77

t7- 9-77

24- 9-77

v- t-17

t2 - r0 -77

22- t0 -77

.t-tt-77

0 .07
0.09

0.06
0.09

0.07
0.09

0.06
0, I0

0.06
0. I0

0.26
0.64

0.25
0.63,

o:26
0.68

o,24
0,77

0.25
o.77

0.29
0. 80

0.27
0.82

0.26
0. 7s

0 .06
0.09

0.07
0 .09

0.06
0.10

0.07
0. t0

0,06
0.ll
0.03
0.15

0.06
0. r5

0.06
0.15

0.05
0.20

0.06
0. l9

0.04
0. 19

0. 31

0. 7l
0.99

0.09
0.68
0.97

o.02
0.19
0.07

0.0s
0.19
0.07

o.L2
0. 60
0.96

0.0 3
0.r3
0. l1

96
20
70

0.1r
0.8r

0.03
0. 16

0.06
0. 14

0.21
0,81

0.23
0. 80

25

64

0.0s
0.23

0.07
0.14

0.07
0. tó

0. 18
0. 84

0.09
0,L2

0.07
0.09

0.06
0.08

0.t2
0.54
0.94

0.15
0. 85

0.17
0,89

0.25
0.65

0.24
0.63

0.26
0.68

0.23
0. 76

0.24
0.79

0.03
0. r3

0
0

0. I9
0.35
0.65

0,22
0.77

0.07
0.t7

0.rr
0.09

0.0s
0.17
0.lt

0.r8
0.50
o.92

0.20
0. 84

0.05
0. l5
0.12

0.0s
0,24

0.24
0. 39
0 .60

o.2l
0.32
0,82

0.15
0.28
0.87

0,04
0.07
0,1ó

0.03
0.09
0 .09

0.06
0.14

0.0s
0,01
0.r7

t4
82

0
0

23
s7

0
0

0
0

0

0

04
08

0

0

0.04
0,07

0.07
0.05

0.2L
0.61

0
0

0
0

0
0

0.17
0.48
0.86

o.20
0.54

0.2L
0.62

0.02
0.03

0.03
0.04

0.03
0.05

0
0

0.26
0.83

0.06
0, t4

0,22
0.63

0. 19
0.73

0.20
0. 7s

0.25
0.77

0.2s
0.80

0.23
0.76

0.26
0.81

0.20
0.76
t .01

0.29
0. 82

0,77
r.03

09

0.
0.

0.
0.

30
84

0.06
0 .17

0.04
0.09

0.05
0. 10

0.06
0 .17

0. 3l
0.83

0,20
0 .47
0.93

0, 31
0. 86

0.06
0.14

0.23
o.12

0.91

0.03
0.20

0.I7

0.01
0.lt
0.Il
0.05

0.32
0. 86

o.62
0.98

0.02
0,17

0.03
0.20

0.07
tJ.12

I Tcchnitlucs of Ilar,Jing (1949) and Cassie (1954).

2 Tcchniquc dcvclopcd by llasselblad (I9ó6) '
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All techniques gave similar results for the parameters of

the polynodal distribution,'but because the calculations for

the cunulative frequency technique of Harding (1949) and

Cassie (1954) were very time consurning, without a corresponding

increase in information produced, it was not used for any other

species. NORIVI,SEP was also linited because the technique

depends on a sr-rbjective decision of how many modes are present

in the data to be tested (Cohen, 1966). By arbitrary selection

of hypothetical rnodes on a set of data the effect of this

decision was tested. Two nd.hods of testing the validity of

the number of modes r^rere used, firstly the X2 value where

possible, ffid secondly the upper limits of the number of

iterations that the program allowed (i.e.L25). By either of

these techniques the number of rnodes visually selected

required the Iorvest number of iterations for the parameter

estimates, and the X2 value was the nost significant. Another

limit of this progran for life cycle data analysis was the

requirement of more than 100 specinens, preferably rnore than

400, per sample. Although nost sanples met this requirement

the parameters of the few that did not were calculated using

the visual selection technique. The size range and calculated

mean values vrere plotted as a representation of seasonal growth

of each species.

Results.

Size frequency histogranr-s for each collecting date are

given for each species. These histograms include the size

frequency information for each sex, and the total number of

IV.3
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specinens used in their construction. Because the interpretation

of the life cycle from a series of size frequency histograms

involves assinilation of numerous sets of data, it is often

difficult to determine imnediately the seasonal cycle. Therefore

the size ranges and calculated means of each generation were

plotted against tine to represent the seasonal growth curve of

each species. Above each seasonal curve is included information

on the presence of adults or the presence of last instar nymphs,

but no adults. The presence of first instar nymphs was

considered to be evidence of egg hatching.

A consistent nomenclature of generations is rnaintained

throughout, with the first generation emerging in the sampling

period referred to as generation Gl; the second as G2 and

subsequent emerging generations as G3, G4 etc. Generations which

correspond to either Gl, G2 ot G3 of the previous year, are

referred to as GI' , G2' or G5 For example, a generation in

late 1976 is referred to as Gl, and its analogous generation in

1977 ís GI In this way the annual cycle was definable, and

the origins of each generation v/ere apparent.

Family GAENIDAE

Tasmøtocoenis tiLLAar&L : Deep Creek.

The size frequency histograms are given in Figs. IV.1a, b.

Fig. IV.3 is the seasonal growth curve which illustrates a

bivoltine life cycle.



Fig. IV.1. Life cycle size frequency histograms of ?asmanoeoenis

tiTTgardi at Deep Creek, South Australía. â, September 22, L976 -
April 7, 1977. The number of nymphs used in the construction

of each histogram is recorded below each date.
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Fig. rv.1. cont. Lífe cyele sÍze frequency histograms of ?. tiTJgard.i
at Deep Creek. b, May 5, 1977 - Novernber 4, 1977. The number

of nymphs used in the construction of each hístograrn ís recorded

below each date.
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At the beginning of the sanpling progran in September 1976,

two generations were present, one mature, nearing emergence

(Gt) and one of early instar nymphs (G2). Adults from G1 were

first recorded in early November 1976 when spent females were

for.rrd on the water surface, ffid males were collected in cobwebs

above and beside the creek. The nunber of dead adults

increased throughout November to early December and then

declined throughout Decenber with very few collected in early

January 1977. Hatching of eggs laid by generation Gl was

first recorded in November L976 and hatching was continuous

urtil May 1977. Although egg development of T. tiLLyaz,di was

not studied in the laboratory, evidence fron other species

suggests that the length of the recruitment period was

exaggerated by hatching of eggs laid by generation G2 in

April-May I977.

Generation G2 developed relatively rapidly throughout

Novernber 1976-January 1977, and although last instar nymphs

I^iere recorded in mid-February 1977, no adults were recorded

until late February, early March. The duration of the

emergence period of this generation vras only half as long as

that of its predecessor. The emergence of G2 completed the

two generations present at the beginning of the sampling

program. Both were replaced by their respective offspring

forming distinct generations Gl' anð. G2'.

Generation Gl was first evident in November 1976 and

recruitment was continuous througlr the long emergence period,

depressing the calculated nean size of this generation.



Fig. TV.2. Seasonal changes of water Ëemperatut. (oC) at Deep Creek,

South Australia.

Fig. IV.3. Seasonal growth curves of Tasmanocoenis tiTTgardi aË Deep

Creek, South Australia from September, 1976 - November, 1977.

Vertícal bars indicate the size range of nymphs in each generation

used to compute the mean size.
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Growth rates therefore appeared slower during the summer months

tharr in March-Apri1 1977, when recruitment ceased. Generation

G2 was distinguishable in early March 1977, and recruitnent

continued trrtil early May 1977,

Developnent of Gl and G2 was slow during the cooler nonths

of May to August L977, but as the water teÍIperature began to

increase in August and September, growth rate increased, and a

short period of recruitment was observed in September. These

early instar nynphs were indistinguishable from G2' by early

Noverb er 1977. This recruitment occurred at least one week

before any last instar nyrnphs were collected. Laboratory egg

development experiments on other species (see Chapter 5),

suggested that eggs may become dorrnant at low temperature.

Therefore, it is suggested that this hatch was probably fron

eggs laid by G2 adults in late Auturn, with the eggs over-

wintering in a donnant state.

South Australia experienced a period of warm weather in

October I977 , with high air temperatures, and consequently

elevated water temperature (Fig. IV.2). During this short

warm period some ?. tiLLyardí from Gl emerged; a few early in

October, with numbers increasing daíIy. With the return of

cooler weather, and lower water temperatures, in Novernber 1977

(after the sampling program had ceased) emergence halted, even

though last instar nymphs were still present. No further

energencetook place r-lntil early December when temperatures

again began to rise, thus completing the emergence of Gl By

this time both Gl' und G2 attained similar sizes to generations
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G1 and G2 of October 1976, suggesting the above is an annual

cycle.

The life cycle of T. tiLLyædt in Deep Creek can be

surnmarised as bivoltine with emergence occurring in Spring-ear1y

Summer, and a second emergence period in later Summer-early

Autumn. Both generations were present throughout the winter

months, but the earlier energing generation had its origin frorn

eggs oviposited by the Spring-Sunmer generation the previous

year. The Summer-Auturn generation had its origin in the

Surnmer-Autunul hatching of eggs oviposited by its analogous

generation of the previous year. Therefore both generations

occur as nymphs throughout the Winter months, and require sorne

L2-I3 months to complete their development.

Nymphal Stage

Nymphs of T. tiLLgardt are difficult to sex, except in the

last instar when the developnent of genitalia in rnales, Ðd

eggs in fernales can be observed through the nymphal skin. The

stemum of fenales is much broader than males, but was not

always easy to neasure. The most successful technique in

determining the sex of penuttirnate and last instar nymphs was

the relationship of head width to mesothoracic wing sheath

length. Nynphs with a head width greater than 0.90mn and wing

sheath length exceeding 1.50rnm were all fernares, and conversely,

with head widths greater tha¡r 0.90nm and wing sheath length less

than 1.45nm were rnqle.
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The sex ratio of last instar nymphs varied from month to

rnonth, with males usually more numerous than females. on ten

of the seventeen sampling dates the sex ratio was statistically
different from unity at p < 0.05 using X2 (Table IV,2). Of

these significant comparisons only three reversed the normal

nale doninance. over the annual cycle 2,488 last instar nymphs

were collected and the ratio of nales to fenales was 1.00 : 0.65.

Assurning an equal sex ratio a X2 comparison was highly

significant (p . 0.001), indicating the sex ratio was

significantly different from a 1 : 1 ratio.

The doninance of male over fenale numbers is possibly due

to the reproductive strategy of T. tiLLyandL. This species

emerges in the evening (see below) and mating swarns occur at

night, and extend into the early dawn. Collections from these

swarnìs indicate that they are dominated by ma1es, with very few

females recorded. It is assumed that the females fly into

this swarn, and the high number of males virtually guarantees

successful nating of each female. The dawn swarms weïe almost

entirely nale, being the residual anirnals necessary to ensure

successful mating. This large percentage of residuar males rnay

accornt for the 1.00 : 0.65 sex ratio observed in the nymphal

collection.

The size of the last instar nymphs of both males and females

tends to decrease as the energence season progresses. The early

Spring-Sunmer emergi-ng generation appears to be Iarger than the

late Summer-Autunn generation. The size changes of the last

instar are given in Table IV.3. Similar changes have been



TABLE IV.2.

Numbers of rnale and fenale last instar nymphs of

Tasmøtocoenis tilLgaz,&L from Deep Creek, South Australia, on dates

when the sex ratios deviated significantly fron unity as tested by Xz

* pS0.05; ** p{0.01; *** pf0.001.

Date No. of Males
(oo)

No. of Fenales x2 Dorninancefoo)t++'

B-10-76

20-I0-76

10-11-76

24-rL-76

9-L2-76

22-12-76

6- t-77

r0- 3-77

30- 9-77

12-L0-77

18

58

344

350

198

r12

52

44

88

32 3.92* *

6.92***

159.16***

17.40**x o

o

o

4.03**

5.35**

6.13**

46.30***

5.88**

14.67*** o

56.03**tr o

I
I

o

9

90

83

248

160

80

?<

24

980

I
o2

44

o

Annual Total 1508



TABLE IV.3

Mean Flead Widths of last instar nyrnphs of. Tasmanocoenis tiLLyardL
fron Deep creek, south Australia, illustrating the decrease in size
throughout the energence period.

Date Generation Mean Head
l{Iidrh

Males (nm)

Mean Head
ltlidrh

Females (mn)

n n

8-10- 76

20-r0-76

10-11-76

24-LI-76

9-r2-76

22-I2-76

6- r-77

20- I-77

L0- 2-77

L0- 3-77

30- 9-77

12-r0-77

22-r0-77

4-II-77

G1

G1

G1

G1

GI

G1

G1

I .09

1.13

1.08

1.09

1.04

t.07

r.07

0.98

0.98

0.95

0 .94

0.91

0.92

0.95

18

58

344

350

198

TT2

9

32

90

83

248

160

80

23

IT2

G2

G2

G2

G1

G1

G1

G1

0.90 5

0. 89 t32 r.02

0. 86 52

0.99 44 1.15

0.97 88 t.t2

0.97 48 L.12

0.96 44 1.r3

24

44

36

34
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observed by many authors with species which develop over Winter

larger than those of summer generations, (Harker, L9521'

Pleskot, 1958; Macan, 1957b; Minshall, 1967; Coleman and

Hynes , L970; Corkun, 1978; Cianciara, 1979). It is not clear

if this size change is due to a change of the number of instars,

or the duration of these. Minshâl1 (1967) suggested that

ternperature was not the best explanation of size changes in

Epeom,s pLeuraLis (Banks) and postulated that decreased

competition in areas with smaller populations nay be a better

explanation. Cianciara (1979) illustrated the effect of two

food cultures on growth of CLoeon &Lptem,tm (L.). She noted

differences in rnoult number and development duration, but the

Itfinal 1arva1 size was the same on each food ....rr. Since

both generations, and all aninals within each generation of

I. tíLLyardL required L2-L3 months to complete their life

cycle it is unlikely that food was so different, but the stage

at which each generation over-wintered differed. Generation

GI/GI were larger than G2 over the winter period, and were

also larger at the tine of emergence. This ternperature

difference at different stages may have some effects on the

physiology of development. Cianciara (1979) noted two larval

stages in which the relationship of netabolic rate and body

weight were significantly different. If such development

differences occur in nymphs of T. tíLLyardL, the stage at

which an individual over-winters may be inportant in

deternining its size at ernergence. Corkum (1978) suggested

that high water temperature "probably forced the emergence of

the srnallest nymphs". This also could explain the decrease in

size al rnaturity of T. tiLLyard| as the emergence season

progressed.
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Subinago Stage

Emergence did not conmence r-rrti1 dusk when direct sunlight

was no longer on the stream. At Deep creek the study section

was in a gorge, md the hillside shading created an effective

twilight approximately two hours before sunset. Ernergence

continued after dark, for as long as the air temperature

exceeded r2-r4"c. subimagos $/ere collected at a blue actinic

fluorescent light trap for three to four hours after slrrset.

Although no emergence was observed prior to dawn, swams of

adults were observed urtil the sun actually illuninated the

gorge. Energence therefore probably occurred all night as long

as the air temperature remained high enough, and wind was

absent.

The length of the subimago stage was variable, depending

on humidity and air temperature. On one evening in November

1977, when the air tenperature was 24" C, water temperature

1B.5oC and humidity near 20% (as recorded by the Bureau of

Meteorology for Adelaide City); subimagos of ?. tiLLyædø

were moulting within 30 seconds of emerging. Many energed

directly onto the water surface and inmediately moulted to

imagos and took flight.

Adult Stage

Adult 7. tiLlyardi had very short life spans; those that

emerged in the evening were dead before daln. In the

laboratory the maximum observed life span was 4l hours. Under

natural conditions longevity may be different, but it is

rurlikely that the life span is much longer than observed in the

laboratory.

!
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Only dawn swarms could be clearly observed and, as

nentioned above, collections fron these u/ere almost all nales,

with only an occasional female being collected. Swarning

ceased once the stn directly illuminated the creek. 0n cloudy

rnornings swarming did not continue long after dawn, suggesting

that a change in light intensity, rather than absolute

intensity influenced the flight period.

Oviposition was never observed, but bodies of numerous

dead females, with ruptured abdomens could be for¡rd on the

water surface each morning during the emergence period.

Eggs :

The hatching of eggs, as recorded by the presence of first

instar nymphs (head width = 0.l0nun) occurred throughout the

sunner months frorn November 1976 to May 1977. Although

experimental development of 7. tiLLyatdi eggs v¡as not carried

out in the laboratory, observation of developnent of eggs of

other species (Chapter 5) illustrated the dependence of

development tine to incubation tenperature. Because

temperatures were lower in April-May than observed in

December-January the duration of incubation was probably

longer in the Autunn than in the Surnrner. Some of the eggs

oviposited in late March 1977 apparently did not hatch after

the temperature feIl below a rnean of between 10-12oC. These

eggs hatched in late September 1977 once the nean water

ternperature began to rise and exceeded l0-12'C. This is

consistent with the hatching results obtained for

AtaLoneLLa inconspicua and AtalophLebia austraLis (see

't
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chapter 5) and therefore a similar mechanism of egg development

for 7. tiLLyardi is postulated.

r. ü.LL av,dL : Spring Creek.

The life cycle in Spring Creek differs fron that in Deep

creek in that there are more generations per year, three, rather

than two as in Deep Creek. The size frequency histograns

Fig. IV.4 and growth curves Fig. IV.5 denonstïate that the

period of eadr generation is shorter than in Deep creek, ranging

between eight and twelve months.

At the beginning of the sampling program in Septenrber 1976,

two generations were apparent, one already emerging (Gl) and

a second (G2) consisting of nuch srnaller nynphs. By early

0ctober 1976, generation Gl had almost completed emergence.

Early instar nynphs were also collected in 0ctober suggesting

that eggs laid by Gl were hatching. This recruitnent was the

beginning of the third generation G3. As observed in Deep

creek, the recruitment period was very rong, with first instar

nymphs recorded fron October 1976 to February 1977. The length

of the recruitment period was exaggerated by the hatching of

eggs laid by generation G2 in November-December-L976.

Generation G2 developed rapidly during Septenber-October

1976, and although no adults were collected on the sampling

date in October, last instar nymphs were abundant. Very ferv

last instar nymphs were collected in November-December 1976,

which suggests that a large eneïgence occurred during October,

betleen the sampling dates. Eggs oviposited by this generation

commenced hatching in Novernber 1976 and continued until January

1977, initiating generation Gl'.

-a



Fíg. IV.4. Size frequency histograms of ?asmanocoenis tiTTgardi at
Spring Creek, South Australia for the períod September 11, 1976 -
April 2, 1977. The number of nymphs used to construct each

histogram ís recorded below each date.
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Fig. IV.4. cont. Síze frequency histograms of ?. tí77gardi at

Spring Creek, for the period April 30, 1977 - December 17, 1977.

Ihe number of nymphs used to consËruct each histogram is recorded

below each date.
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Generation G3, recruited from the offspring of Gl, grew

rapidly during summer and comrnenced ernergence in Februaty 1977.

Emergence was not continuous, but occurred in two parts, the

later period in March-April 1977. Eggs raid by GS hatched in

March-April, and recruitrnent continued throughout Auturm and

Winter until August 1977. This long period of recruitment,

influenced by decreasing water ternperatures (Fig. IV.6) and

increasing incubation times, depressed the average size of the

resultant generation G2 throughout these months. Even so, two

generations weïe apparent throughout the Winter, GI anð. G2

During February-May 1977 GI was not evident in the fine

samples, creating some uncertainty in life cycle interpretation

during this period. However, the presence of early instars in

November-February, and their absence trntil April, when two

rnodes were appaïent, suggests that Gl' "u, ineffectively sampled

during the ensuing period. Considering that the sampling

technique was capable of collecting first instar nynphs, their

absence may reflect the movement of the smaller sized nymphs

into hyporheos during the period of zero surface flow. This

would also explain why only newly hatched nymphs and rnature

nymphs approaching ernergence size r^/ere recorded in these samples.

Once hatched, the snaller nynphs may have entered the hyporheos

to escape the high summer temperatures; sornetirnes exceeding

28oC in the pools, as recorded in February-March 1977 (Fig.IV.6).

In the subterranean waters during this period the temperature

did not exceed 22.5"C at 61cn, and consequently grorvth rates

may be depressed. This slorver development would allorv the

animals to remain in the hyporheos rmtil the available living



Fíg. IV.5. Seasonal growth curves of Tasmanocoenis tilTgardi at
Spring Creek, South Australia. Vertical bars indicate Èhe size

range of nymphs of each generaÈíon.

Fig. IV.6. Seasonal changes of water and air temperatures

at Spríng Creek, South Australia.
(oc)
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space became lirniting, when they would have to return to the

surface \^raters. The presence of nynphs of T. tiLLyatdL (Head

Width = 0.68nun) in water 55-40cn below the dry strean bed

supports this suggestion, but further exanination of the

hyporheos is certainly required.

In Jr¡re L977, once the strean had recommenced flowing, the

aninals returned to the surface habitats, nigrating vertically

with the rising water table and therefore the two distinct

generations were evident. The origins of these two generations
2¿

(Gl and G2 ) were from eggs laid in December-January

(oviposited by G2' fernales) and in February-Apri1 (oviposited

by G3 females) respectively. Both developed slowly during the

cooler months, wíth recruitment to G2 continuous for four to

five nonths frorn April to August. As temperature increased in

August and early Septerber, the growth rate also increased,

with Gl ernerging in August-Septen"ber L977. Eggs oviposited

by Gl' h^rched in late September and were recorded in the

early October sample; beginning generation G5

Sampling ceased in October 1977, but in the 12-13 month

sampling period an annual cycle was completed with generations

Gl and Gl energing in September (1976, 1977 respectively),

and G2' rrrd G3 at sinilar size in October 1976. Generation

G2 (G2 ) emerged in Novenber-Decernber (1976, and probably 1977)

and G3 (G3 ) emerged in February-April (Ig77, and probably

1978). The duration of each generation differed rçith the

winter generations Gl (Gl ) and G2 (G2 ) requiring some 10-12

months and the sunmer generation G3 requiring only eight

months to complete its development.
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The najor difference between subimago and adult

observations in Deep creek and spring creek were the flight
tines during the year. rn spring creek four emergence periods

were observed over the sampling period compared with three in

Deep Creek.

\ynphal Stage

Nymphs were sexed as described previously for Deep Creek,

and sex ratio and size changes with tirne of last instar nymphs

urere recorded.

The sex ratio of last instar nymphs in Spring Creek

differed significantly (p < 0.05) fron a 1 : 1 ratio for three

months of the year, september and October 1976 and March 1977

(Table TV.4). In only the October sample, females hreïe nore

abundant than males, but their nurnbers were so great that they

dominate the annual comparison x2 varue that suggest females

r^rere more abundant than males. 0f the 1,988 rast instar nymphs

collected, 1,810 were collected in the October sample.

Including the October sample the annual ratio of males to

females was 0.89 : 1.00, with 957 nales and 1,051 fernales.

Th" X2 value for this is significantly different fron the

I : I ratio (p . O .02). 0f the 1,051 last instar females

collected, 1,000 were collected in October. For the same date

810 males were collected. The difference in this sample is

is inconsistent with at1 others in which males dominate, (as

in Deep creek). The sex ratio without the october sample was

1.00 : 0.54, sinilar to the ratio observed in Deep Creek.



TABLE ]V.4 Nurnbers of last instar nymphs of Tasmanocoenis tiLLyatd.i.
from spring creek, South Australia, on dates when the sex ratio
differed significantly from unity as tested by X2.
* p ( 0.05; ** p ( 0.01; *** p S 0.001.

No of Males
(dd)

No. of Females 2 DominanceDate
(çg)

4- 9-76

2-L0-76

s- 3-77

5

1 000

3

8. Bg*

19 .95***
16 .33***

16

8r0

24

d

I
ó

TABLE IV.5. Size changes of last instar nynphs of Tasmanocoenis

tiLLyædi frorn spring creek, illustrating the tendency of nymphal size
to decrease in each emergence period.

Date Generation

Mean Head
Width

Males (nm)

Itlean Head
l4lidth

Femal es (nun)
n n

rr- 9-76

2-70-76

6-IL-76

4-I2-76
L- r-77

5- 3-77

2- 4-77

4- 9 -77

4-I0-77

G1

GI

G1

0.99

I .0r
0.99

16

810

2

1.14

r.20

1 .30*

3

100

l*

19

8

3

T7

G2

G2

G3

G3

0.96

0.91

1.08

L.07

24

18

r.10
1 .05

0.95

0. 89

23

I2

32

80

G1

GI

0.92

r.02
r.07
I.T7

40

97

* only one measurement.
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TLe fact that only three samples were significantly

different from a I : 1 sex ratio would suggest that they

reflect a bias of the collection tine for matures, especially

in Octob et 1976. In Deep Creek there appeared to be a high

percentage of residual males, and observations of mating svrarms

at Spring Creek would suggest that this is also the case for

the streams of the Flinders Ranges. It is possible that the

October sample was taken after a large, precocious male sr^rarm,

thus resulting in the collection of more female nymphs the

next day.

The average head width of last instar nymphs followed

sinilar trends to those observed in Deep Creek (Table IV.5),

but the details of the trends are not as clear in this data,

probably because the less regular sanpling in Spring Creek

reduced the effective nonitoring of size change. Holever, the

observations made in Deep Creek appear to apply also in Spring

Creek, with the over-wintering generations larger at rnaturity

than the summer generation.

Eggs:

The hatching of eggs in Spring Creek was alrnost

continuous, with only six samples not containing first instar

nymphs of T. tiLLyar&i. The periods of egg hatching over the

sampling period were October 1976 to February 1977, Aprit 1977

to August 1977 and November-Decenber 1977. The record of no

hatching in March 1977 was an artifact resulting from the loss

of the fine net sample. It is 1ike1y that hatching was

therefore continuous from October 1976 to August 1977. The
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other period of no hatching, between late August 1977 anð.

October L977, was during the period of lowest water

temperature (July to November) (Fig. IV.6). However, it
followed a long period of ernergence, and therefore it is

unlikely to be the result of an absence of eggs, but rather a

quiescence of developrnent at the lower temperatures, as

suggested for the Deep creek population. As soon as water

temperatures began to rise, recruitment recommenced.

Fani LEPTOPHLEBIIDAE.

AtaLoohLeb ia austraLasica

A. austraLas'Lca was the only leptophlebic represented in

consistent enough numbers in Deep creek to a1low assessment of

its life history. AtaLoneLLa ínconspícttn was irregularly

recorded in the study area, but the numbers were very Iow,

suggesting their presence was only as casual immigrants from

upstream populations, rather than permanent residents.

Fiv. IV.7 illustrates the size frequency histograrns for

AtaLophlebia austtaLasíca, and Fig. IV.8 shows the seasonal

grorvth curves as determined from the size frequency data.

These curves and the emergence periods are consistent with a

multi-voltine life cycle with three generations per year.



Fíg. IV.7. Size frequency histograms of ÄÈal.ophJebia austraLasica
at Deep Creek, South Australia. The number of nymphs used to

construct each histogram is recorded below each date.
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In Octob er 1976, when sampling of the population of
A. austz,aLasicabegan, two generations were pïesent, G1 of
near nature nymphs and G2 of early instar nyrnphs. Adults fron
Gl were first recorded in November 1976 anð, ernergence continued

into nid-Decembe r 1976. Hatching of eggs laid by Gl was first
recorded in late November 1976 and, although no first instar
nymphs were collected in late December 1976-early January rg77,

it is 1ike1y that recruitment was continuous throughout this
tine. The offspring of Gl constituted generation GS and part

of Gl (see below).

Generation G2 developed rapidly during Novenber and

December 1976, and adurts were recorded in nid-January 1977.

Eggs laid early in this emergence period probably hatched

during February, but were indistinguishable fron offspring of
late emerging G1 (energing in December 1976) using either

NORMSEP or visual selection techniques. They were therefore

regarded as part of GI Eggs laid by late emerging G2

adults hatched in March and April 1977 to initiate generation

G2

As mentioned, the offspri.ng of Gl forned a distinct
generation, G3, which developed rapidly during the sumner

months, Novenber 1976 to April L977, and began emerging in

early April. Adults from this generation were recorded ,nti1
early May 1977. Eggs oviposited by G3 began hatching in

early Jr.ule . The resulta¡rt offspring were indistinguishab Ie

from the offspring of G2 and later size frequency analysis

shorved that generation G2 constituted sorne offspring of both

G2 and G3.



Fig. rv.8. seasonal growth curves of. etaTophlebia austral-asica
at Deep Creek, South Australia. Vertical bars índicate the

síze range of nymphs in each generation.
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Developnent during the winter months r^ias slow in both

generations Gl and G2 By late August 1977, last instar

nymphs were rrecorded, but no adults were collected rntil eatry

October L977, when the \^rater temperature began to increase.

This period of recruitment probably resulted from the hatching

of eggs, oviposited in May, which had lain quiescent for two

nonths while the water temperature was low.

At the end of the sampling progran all generations

observed during the study had conpleted their furl cyc1e. The

three generations recorded in septenber and October 1977 were

alrnost certainly analogous to the three generations present at

the beginning of the sampling progran in 1976, i.e. Gl, G2,

G3: Generation G3 appeared earlier than G3 in the previous

year, but with the hatching of eggs fron Gl due in early

November the two groups would have been combined, resulting in

a slightly depressed nean size of GS The precocious

hatching in late August was probably initiated by hatching of

eggs oviposited in late Autwrn. An explanation is that as the

water temperature fe11 a quiscence occurred sinilar to that

observed in A. austy,aLís Chapter 5). If these eggs were

successful in conpleting their development, and hatched in

Autumn before the water cooled to below the quiescent

initiating tempeïature, then GS would not have begun u¡rtil

after the energence of Gl , as occurred in November 1976.

Reference to Adelaide air temperatures prior to the

beginning of sampling (Fig. IrI.s), shorvs that the autunn

period in 1976 was cooler than in 1977. This may accotrnt for

the late start of generation G3.
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The life cycle of.4. austraLasica ís therefore multivoltine,

with three distinct generations emerging in Spring, Sunmer and

Autunn. Of the three generations, two develop over the winter

months, requiring some I0-I2 months (Gl and G2) while G3

completes its developrnent during the warm sunmer months,

requiring only 7 rnonths.

Nynphal Stage

The sex of nynphs was easily deternined early in their

developnent at stage IIc or IId as defined by Clifford (1970a).

At this and subsequent gror,rth stages, the medial eye developnent

of the male nymphs was apparent.

The sex ratio of. A. øtætraLsíca, as calculated from the

1,385 male and female nymphs collected during the 14 month

study, was close to 1 : 1, with only two sampling dates having

significantly more females than rnales as testeðby y2,

x2 significance
i. e. 7 . 9.L976 35 55 4,44 p < 0.05

9.12.1976 18 58 21.05 p < 0.001

Over the annual cycle, the ratio of nales to females üras

1.00 : l.llwliichwas significantly different from a I : 1

ratio (p.0.05). The two dates above, bias the ratio towards

female dominance, whereas all other samples are consistent

with a 1 : I ratio. It is therefore suggested that

A. austraLasica tras a sex ratio near I : 1.

The size change of last instar nymphs throughout the

annual cycle followed similar trends to those observed in

-a
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T. tiLLyardL, with precocious emergers larger than those

collected later in the emergence period. Also, nymphs that

developed over the winter months were larger than those which

completed their life cycle in the summer months (Table IV.6).

In all cases the fenales üÍere rnuch larger than the ma1es.

The head width range of last instar fenales was 2.28-2.90rnm,

conpared with 2.12-2.60run for the males. Cianciara (1979)

noted that female nyrnphs of CLoeon &Lptez,um passed through a

greater nurnber of moults, and that they were larger at maturity

than males. This phenomenon could elplain the consistent size

difference in .4. austraLasica.

Subirnago Stage

Subimagos were observed to emerge in the afternoon, but

the p::esence of rnany subinagos in sheltered culverts and

beneath bridges in the early norning suggests that nany nay

emerge during the evening or night. None was attracted to

the ultra-violet light trap.

The nymph rises to the water surface of slow flowing pools

or flats where the subinago energes, using the cast skin as a

raft. The newly emerged subimago then flies to a stable

surface to dry. The duration of the subirnago stage was not

determined, but specimens in ernergence containers at 20oC in

the laboratory remained as subimagos for between 12 anð 36

hours before the final noult. Once the subimago skin

ruptured along the thorax, mouLting was cornpleted in less

tha¡r three minutes.



TABLE IV.6 .

Size changes of last instar nymphs of AtalophLebia australasiea
fron Deep Creek, South Australia, illustrating the tendency of nynphal

size to decrease in each emergence period.

a

Date Generation
Mean Head

l¡rridth
Males (trun)

Mean Head
l^Iidrh

Females (nn)
n n

20-r0-76

10-11-76

24-Ir-76

9-r2-76

22-L2-76

r0- 2-77

r0- 3-77

3I- 8-77

7 - 9-77

17- 9-77

24- 9-77

30- 9-77

12-I0-77

22-L0-77

4-rI-77

G1

G1

G1

GT

G1

2.45

2.40*

2.28

2.32

2.25

2.28

') a')

2.46

2 .48*

2.54

2.60

2.45

2.39

2.30

')

7

3

1

7

5

2.72

2.42

2.35

2.33

2.47

2.30

2.66

2.68*

2.7I

2.70

2.66

2.87

2.61

2.57

2

I713

G2

G2

t2

9

8

5

G1

G1

G1

G1

G1

GI

G

1

2

3

3

4

2

4

I

3

6

2

10

GI

1

3

4

4

* only one record.
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Þago Stage

The life span of the imago of A. austz,aLasíca is rnknown,

but laboratory observations suggest that it is relatively long,

being measured in days rather than hours. Reared imagos

survived for two to three days, but rnder natural (non_

confined) conditions survival tine nay be different.

Mating r'swarnsrr were observed during the day when the air
was sti11. Swarms of 3-20 males .patrolled'r the srnooth flowing

reaches of the strearn, flying up and dor¡m the length of these

reaches, about lm above the water surface. These swaïÍìs

dispersed rapidly with the first evidence of a breeze, and the

males alighted in sheltered vegetation or rocks. During the

rrpatrolsrr males approached and touched each other, but disengaged

rapidly, repeating these approaches r.rrtit they contacted a

female, at which time rnating night occur.

The length of tine after copulation before oviposition, is
unknown. Females were observed to fly close to the smooth

water surface, dipping their abdomen into the water, releasing

nany individual eggs. No oviposition was observed in regions

of broken or rapidly flowing ürater.

Eggs :

The presence in collections of first instar nynphs (Head

width = 0.lOmm) was considered indicative of egg hatcrring.

During the study period there were five periods of recruitment,

from Novernber-December 1976 ; January-February r977 ; lvlarch-

April 1977; April-May I977 and August-September I977. Each
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period of hatching followed a period of ernergence with the

exception of the August-septenber L977 hatch. As mentioned

above, this rnay be explained by a tenpeïature enforced

quiescence of eggs laid in late Autunn. Eggs laid earlier

in the emergence period (April Lg77) developed in water of

higher temperature (15'C) and were observed to hatch in May,

but the eggs oviposited later in May when the water temperature

approached 10-12"c probably over-wintered in a quiescent state

until the water temperature began to rise above l0-12"C.

A. anstz,aLasíea the-refore appears to have a sirnilar egg

development rnechanisn to Á. austyaLís, with a teÍperature

induced quiescence (Chapter 5).

At aLone L L a in c on s pi eua Spring Creek

A. inconspicua. was the only leptophlebiid recorded in

Spring Creek during the study period. Fig. lV.g illustrates

the si ze raîge frequency histograms recorded during twelve

months of sampling. The seasonal growth curves are given in

Fig. IV.10, and show three generations per year, with

emergence and recruitment occurring over at least nine months

of the year.

In September 1976, three generations r^reïe represented, one,

emerging (Gl) was represented by last and penultimate instar

nynphs. The second generation (C2) consisted of specirnens

with head widths ranging from 0.43-l.40nm (x = 0.9j). The

third generation (G3) consisted of early instar nymphs with

head widths less than 0.40nm. By November 1976, Gl had

completed its ernergence. Hatching of eggs, oviposited by Gl,

began in October 1976 anð continued until December 1976



Fig. IV.9. Size frequency hístograms of .AÈal.onel_la inconspicua
at Spring Creek, South Australia. The number of nyrnphs used to

construct each histogram is recorded below each daÈe.
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giving rise to Gl

Generation G2 adults hrere recorded in January 1977 and

emergence continued into April-May 1977, by which time adults

fron G3 were also energing. offspring of G2 weïe recorded in

April 1977, but, since the March fine nesh sampre was rnisplaced,

earlier evidence of hatching was not available. The incubation

period of A. ínconspieud eggs, at temperatures experienced in

Spring Creek during February-Match 1977 (average of 21"C),

would be relatively short, approxinately L4-20 days (see

Chapter 5). Therefore eggs laid by G2 females probably

cornmenced hatching in February 1977. clearly the .kick, samples

fro¡r the available pools in February were inadequate to sanple

the earry instars of the .4. ínconspicua popuration during periods

of zero surface f1ow. However, the recorded offspring of G2 ín

April-May 1977 gave rise to generation G2

By May 1977 G3 began to emerge, but the offspring of these

early ernerging adults were initially indistinguishable from

the offspring of G2 However, by July, a third generation

was apparent, being the of'fspring of late ernerging adults of

G3. These hatchings initiated generation G5

Generation Gl emerged continuously from June to october

1977. Eggs laid by this generation probably hatched from

July-september 1977 and were therefore initially confused

with early instars o f G3



Fíg. IV.10. Seasonal growth curves of. AtaTonel-l-a inconspicua

aÈ Spring Creek, South Australia. VerÈical bars indícate the size
range of nymphs ín each generation.
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At the end of the twelve month sampting period in

Octob er 1977 three generations were present, G1 , G2 , G3 ,

all of which had a mean size similar to that reached by

GI, G2, G3 in Octob er 1976. Therefore a conplete cycle was

duplicated over the twelve month period with the three

generations Gl , G2 and G3 in Ig76 analogous to G1 , G2 and

G3 of 1977. All generations required 10-12 nonths to

cornplete their developrnent .

Nynphal Stage

The sex of A. ineonspíeua nymphs was easily deterrnined

once they had reached the IIc or IId development stage as

defined by Clifford (1970a). At this and subsequent growth

stages the medial eye developrnent of the nale nymphs was

apparent.

'l'he sex ratio of the nymphs collected varied throughout

the year, with six sanples having ratios significantly

different fron I : I (p. O.OS) as tested by X2. There was

no consistent pattern of rnale or female doninance with both

rnales and females dominating three samples. The significant

samples are given in Table IV.7. Over the annual cycle in

which 1,160 males and 1,206 lemales were collected the X2

test was not significant. This suggests that A. inconspicua

has a 1 : I sex ratio, and that the six significant values

(Table IV.7) were artifacts of point sampling and their
effects were obscured rvhen the annual cycle was considered.



TABLE TV.7.

Numbers of nymphs of AtaLoneLLa ineonspicua fron Spring Creek,

South Australia, on dates when the sex ratio differed significantly
fron u¡rity as tested by X2.

* p S 0.05; ** p S 0.01; **'r p ñ 0.001.

Date
No. of Males

(dd)
No. of Fenales

(çç) x2 Doninance

2-L0-76

4-L2-76

5- 3-77

30- 4-77

5- 7 -77

4- 9-77

150

18

24

13

53

65

88

52

85

92

44

4

16.15***

16.51*rr*

5.88*

4.76*

6.62*

4.64x

6

I

I
6

I

I
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Last instar nymphs of A. inconspícua which developed over

the winter rnonths were larger at the time of emergence

than generations which had the najority of development during

the summer months. AIso within any one generation a steady

decrease occumed in the mean size of the last instar nynphs

over the duration of the emergence period (Table IV.8). In all

cases, the average size of last instar fernale nymphs rvas equal

or larger than their male cor.nterparts (Table IV.8) . The size

ranges of head widths of last instar fenale and male nynphs

were 1.40-1.98nm and 1.34-I.BOmm respectively. The consistent

size difference nay be explained as suggested for AtaLophLebía

øustv,aLasiea by the fenales having at least one more moult than

males.

Subimago Stage

Subirnagos were observed emerging frorn exposed rocks during

the morning and afternoon. Once the nymph had clirbed to the

air-water surface, the subimago energed onto the dry upper

surface where it either remained, or flew to other dry rocks

on the stream bank. On hot, sunny days the subimagos could be

found in the shade between rocks or beneath the Spring Creek

highway bridge, avoiding the direct heat of the sun.

The duration of the subinago stage is unknown. The

presence of numerous inagos and few subimagos early in the

rnorning, suggests that the final moult to irnago occurs during

the night, and therefore the subimago stage is probably less

than 24 hours.



TABLE IV.8.

size changes of last instar nynphs of AtaLoneLLa ínconspicua

fron spring creek, south Australia, illustrating the tendency of
nymphal size to decrease in each emergence period.

Date Generation
Mean Head

ltlidrh
Males (nn)

Mean Head
Width

Females (run)
n n

Ir- 9-76

2-10-76

6-II-76

L- t-77

2- 2-77

5- 3-77

2- 4-77

30- 4-77

5- 7-77

I0- 8-77

4- 9-77

4-I0-77

GI

G1

G1

1.68

r.62

1 .60*

1.49

1.60*

4

1

39

10

L.72

1.69

r.52

I .68

10

23

10

I2

23

23

T4

15

26

7

I

G2

G2

G3

G3

G3

G1

G1

G1

GT

4

1.45 T2 1 .50

1. 38 22 r.46

1 .45 L2 1 .45

r.75 L.82

L.79 I.82

1.68 1.83

1 .56 1.68

7

6

20

28

* only one record.
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Imaso St age

The mating swarms of A. inconspicua wele usual ly large,
with 50-100 irnagos, flying between two and four metres above

grotn'rd level. Males were observed to fly vertically for about

a metre, beating of wings then ceased, and the inago dropped

slowly to near its original position, at which point it frew

vertically again, repeating the rapid active rise and slow

passive fall of its nating flight. Many swarms were observed

over pools and above the dry cobbles of the strearn bed. one

curious behaviour of the imagos was to s$raïm over a white sweep

net herd above the gror.md. rf the net was moved along the

creek bed the swarm tended to follow, maintaining its position
above the net. swarms were also observed over the roof of a

stationary car. It is likery that the sr^rarnìs orientate to
bright reflecting surfaces such as poo1s, white cobble beds,

and consequently the white net and reflective metal surfaces.

Mating was observed in these sürarrìs, and lasted less than

10 seconds. The time interval betrseen nating and oviposition

is rmknown. Females were observed to fry over the srnooth

surface of pools where they dipped their abdomens into the

water, releasing many individual eggs which sank to the

bottom at a rate of about rmm sec-I. No eggs were oviposited

in broken or rnoderately flowing water.

Eggs :

First instar nymphs (Head lvidth = 0.10mn) were recorded

during trvo nain periods, from october-Decenber 1976 and fron

Apri 1 (February-Nlarch?) -october 19 77 , with only January-March
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1977 without direct evidence of egg hatching. This apparent

period of no recruitment resulted from the absence of adults

during November-December 1976, ffid, as discussed above, the

loss of the March fine net sample. Otherwise, whenever there

were adults present, there appeared to be continuous recruitment

even throughout the winter rnonths. The water temperature during

the winter months and the evidence of egg development of

A. inconspicua may explain this continuous recruitment (see

Chapter 5). The ninirnun water temperature recorded was 9oC

in August 1977, but fluctuated between 9-lSoC and þrobably

never fe11 below 10-12oC long enough to halt developrnent.

Fanily BAETIDAE.

Baebis aoror. Deep Creek.

Field data of B. soror from Deep Creek are illustrated as

size frequency histograns in Fig. IV.11. Fig. IV.Iz

illustrates the seasonal growth curves, showing evidence of

three generations during the study period. The number of

nymphs collected after January 6, L977 ís dramatically lower

than for the previous rnonths. Over January 2, 3 anð. 4, a spate

scoured the stream bed rernoving the cLadophoz,a bed, and clearly

affected the population of B. soror. At no tirne during the

study did numbers of B. soror recover to tl'reir previous leve1s,

suggesting that the effect of the spate rvas at least semi-

permancnt.



Fig. IV.11. Síze frequency hístograms of Baetis soror at Deep

Creek, South Australia. The number of nymphs used to construct
each hístogram is recorded below each date.
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The first sample in september 1976 was from near a ford on

Deep creek, 1kn above the study aïea. A previous survey had

deterrnined thât population numbers of B. sororl were high in this

area. Prior to the September sarnple a substantial flood

occurred displacing the population of B. soyoy downstrearn to

the stretch of water above the River Torrens confluence. Froñ

october 1976 to the end of the study this stretch of wateï

became the pernanent sarpling locality for a1I species.

The field data for October 1976 suggested the presence of

three genqations, one energing with nymphs approaching last

instar (G1); a second generation with head widths between

0.30nm and 0.66mn (G2) and a third generation of early instar

anirnals of head widths less than 0.20nm (GS).

Generation Gl began to emerge in october 1976 but continued

over an extended period to January 1977. Generation G2

developed rapidry over this period and began to emerge in late

April-early May 1977. The growth curve discontinuity of GS

during Decernber and January was caused by recruitrnent from

early hatchings from eggs laid by Gl females. Not r.ntil March

1977 could offspring of Gt be distinguished from Gj and

therefore were included in the calculation of G3 mean size

classes. Generation G1 , therefore began in February-Nlarch

1977. Recruitment from eggs of G2, oviposited in April and

May 1977 caused the clepression of the mean si ze of GI , and

frorn June to August 1977 the two hatches appeared as the one

generation Gl'. Therefore Gl' was the sole generation

developing throughout the wj-nter period. Last instars rvere

collected and emergence began in late August 1977 continuing



!

Fig. IV.12. Seasonal growth curves of Baetís soror at Deep Creek,

South AusÈralia. Vertical bars indicate the size range of nymphs

in each generation.
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through until the end of the study in Novemb er 1977.

Although first instar nyrnphs were missed in the August-early

septernber L977 samples, evidence of a ne\ir generation (G2 ) in

the form of instæ 3+ nymphs was apparent. These, perhaps

recruited from eggs laid by G3 fenales in May to June, developed

slowly in the low ternperatures of winter. Laboratory experiments

showed that no quiescence or diapause occurred in eggs of

B. soror (see Chapter 5), and at the winter ternperatures

experienced (greater than 5"c) development üras continuous

although very slow. Recruitment was observed in late september-

early October 1977, from eggs laid by the early ernerging adults
)u

of Gl beginning generation G3 and conpleting the annual cycle

of three generations.

fn summary, generation G1 gave rise to G3 and part of

G2 gave rise to the rest of Gl' und G2 originated fromG1

G3.

The duration of each generation from earriest hatching to

rast emergence, as extrapolated from the annuaL cycle, is as

follorvs, Gl (Gl ) eleven months (February-January) ;

G2 (G2 ) eight months (September-May) and G3 (GS ) eight

months (November-Jr.rne). The generations rvhich developed

during warmer months of Spring, Summer and Autunn, (G2 and

G3) had sinilar development periods of eight rnonths, rvhile

Gl which had the majority of development during the lvinter,

took about three rnonths longer to complete its life cyc1e.
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Nynph aI Stage

As in the Leptophlebiidae, sex of B. soror nymphs could

be deterrnined very early in the generation as nedial eye

developnent appeared in males in all stages after stage IId as

defined by Clifford (1970a).

Over the entire sampling períod sex ratio was not significantly

different fron 1 : l, but on five occasions collections differed

significantly from this ratio (p < 0.05). 0n December 9, and

Decenber 22, 1976 two generations, Gl and G2, were considered

separately, and both significantly deviated fron the expected

1 : 1 ratio. Of the seven significant comparisons, three showed

a fenale bias, and four a male bias (Table IV.g).

The size of the last instar nymphs of B. sovov also showed a

tendency to decrease throughout the emergence period, and

generations Gl and G1', b.oth of which developed over the winter

nonths, were generally larger than their spring-autumr counter-

parts , G2 and G3 (Table IV.10) . In Table IV.10 it is clear that

the mean head width of the last instar female nymphs was snaller

than the rnales. This contrasts with observations made of

T. tiLLyardt, AtaLophLebia au,straLasica artd AtaLoneLLa

inconspí,cua. Although it was postulated that females of the

latter species had an extra instar, it appears that the

consistent head width difference in B. sororl is due to the

developnent of the turbinate eyes of the males, greatly

increasing the last instar head width. The size range of rnale

and fenale nyrrphs, in terms of head width, was 0.84-l.24mm and

0. 80- 1.08mm respectively.

'a



TABLE IV.9.

Nunber of nymphs of Baetis soror fron Deep Creek, South Australia
on dates when the sex ratio differed significantly from unity as tested
by x2.

* p .< 0.05 ; *?t p 5 0.0I; *** p S 0.001.

Date Generation
No. of Males

(do
No. of Females

(gg) x2 Dominance

24-Ir-76 Gl L02

9-L2-76 Gl 56

9-L2-76 c2 69

22-12-76 cl 61

22-12-76 c2 r42

37

213

190

L7

7

4

30.40***

31 .50***

26.41*xtt

49.98**tr

6.94**

19.96***

s.26*

d

d

I
d

I
d

I

6- I-77 Gl 3076

66- 7-77 Gl



TABLE IV.10.

size changes of last instar nymphs of Baetis sororl fron Deep

creek, south Australia, illustrating the tendency of nynphal size to
decrease in each emergence period.

Date Generation
Mean Head

l\Iidrh
Males (run)

Mean Head
I{lidth

Females (nul)
n n

20-L0-76

I0-LI-76

24-Lr-76

9-I2-76

22-L2-76

6- I-77

I0- 2-77

t0- 3-77

7- 4-77

5- 5-77

I- 6-77

3- 8-77

2I- 8-77

3r- B-77

7 - 9-77

17- 9-77

24- 9-77

30- 9-77

4-rL-77

G1

G1

G1

G1

G1

G1

G2

G2

G2

G3

G3

G1

G1

G1

GI

I .04*

0.99

0.90

0. 89

0.92

0. 8B

0.91

0.94*

0.97

1

18

57

52

55

48

0. 86

0.87

0.82

0. 84

0.82

0.74

0.96*

0.92

0 .91

0.91

0.91

I .08*

20

8

2

26

8

1

4

3

1

3

16

8

11

1 .00

I .00

1

I

r.02

I.02

I .04

0.99

1.03

1 .00

1.0r

1.01

5

8

4

I

3

11

5

3

4

4

2

I

I

G

G

G 1

* only one record

G1

0.97
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Subimago Stage :

subimagos were observed flying fron the stream surface from

nid-day to early evening, but actual emergence was not observed.

Subimagos were found in the overhanging vegetation. The

duration of the subimago stage is unknown.

Inago Stage

Large swarms of males were observed during mid-day and

afternoon, but the latter swarms hrere more obvious because the

rays of the setting sun were reflected fron the swarming

adults. These nating swarms occurred above r^/ater, oï over

the riparian vegetation. Mating was never observed.

Females oviposited by successive dipping of the abdornen into

the water in pool areas above the riffles oï in areas of broken

water. A strearn of very sticky eggs was released at each

subrnergence, these sank s1owly and adhered to any substrate

surface.

Eggs :

First instænymphs, with head widths of 0.08mm were

recorded in Octobet 1976, from Novenber 1976 to May 1977 and,

in September and October L977. A1l hatches weïe preceded by a

period of emergence, and as demonstrated artificially in the

laboratorL no dornancy occurred. At all temperatures

experienced at Deep Creek development was continuous.
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Baetis soror Spring Creek.

The life history of B. soror in Spring Creek was similar to

that described for this species in Deep Creek, but included an

extra generation. Fig. IV.13 shows the size frequency

histograrns, and Fig. IV.14 illustrates the annual growth curves

as interpreted from these histograms and field observations.

From both graphs the period January to llarch L977 vtas apparently

inadequately sampled for this species; the reason for this

being absence of flowing water in the sampling area. In April

this also was the case, but about one kilometre upstream of the

sampling site perrnanent running r^rater was fou'rd. A sarnple from

this area collected B. soror, and allowed interpretation of the

life cycle.

The first sampling date in Septenber 1976 showed the presence

of two generations, Gl and G2. Generation Gl consisted of last

instar nymphs and nymphs nearing maturity. Adults were also

present. This generation completed its emergence period in

early November. Generation G2, of smaller nymphs, developed

steadily until emergence began in December 1976. The eggs laid

by Gl commenced hatching in October 1976 and recruitment

continued until early December 1976, initiating generation G3.

The protracted emergence period of Gl explains the long period

of egg hatch, and the resultant depression of the average size

of G3 in December 1976. Although development of G3 was not

followed because of the inadequacies of sampling, it is likely

tlrat this generation developed parallel to G2 and emerged in

February-lr{arch I977 . This suggestion is supported by the

presence of first instar nymphs in April -\lay 1977 . This hatch



Fig. IV.13. Síze frequency histograms of Baetis soror at Spring

Creek, South Australia. Ttre number of nymphs used to construct
each histogram is recorded below each date.
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occurred four months after the emergence of G2 during a period

of high water ternperature, and associated rapid egg development

(Chapter 5). Therefore it is unlikely that the eggs hatching

in April-May originated from G2, but an intermediate generation,

G3. Sirnilarly the eggs oviposited by G2 females probably

hatched in January-February 1977 ínítiating generation G4 wl-rich

was approaching maturity in April 1977.

Emergence of G4 began in May 1977, and ended in Septernber

1977. This long emergence period was characterised by two

peaks, the first in May-June, and the second in early August.

This nay suggest two generations, or alternatively a period of

air and water temperatures too low for emergence to occur, thus

dividing the normal emergence period in two. Analysis of the

temperature conditions between June and August suggested that

the latter is a 1ike1y explanation.

The G1 generation began in April-May 1977 from eggs laid

by G3, developed slow1y during the Winter and then, as water

temperatures began to rise in August, increased its rate of

development to emerge in September 1977. During the slow

development period June-August 1977 there was continuous

recruitment to Gl', as eggs from the early emergence of G4

started to hatch. This recruitnent depressed the average size

of G1' through the winter months and therefore exaggerated the

spring grorvth rate.

A period of egg hatching occurred in late September and

initiated generation G2'. These eggs were from the second

period of emergence of G4 lVith the imninent eniergénce of



Fig. IV.14. Seasonal growth curves of Baetis soror at Spring

Creek, South Australia. Vertical bars indícate the size range of
nymphs in each generation.
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so?o?

I

Gl , and the presence of G2 in late Septenber 1977, 1-he

annual cycle of B. soror at Spring Creek was virtually

completed, although no adults from Ct' had been collected.

The duration of each generation, as calculated from the

seasonal growth curves, were Gl (Gl ) five-six months;

G2(G2') four-fi-ve months; G3 five nonths and G4 seven-eight

months. The winter generations, Gl and G4, both required

longer development periods than the summer generations G2 and

G5.

Nytnphal Stage

Throughout the sampling period the sex ratio of B.

nynphs did not significantly depart from the expected I

ratio as tested by X2.

As observed in Deep Creek, the last instar nymphs tended to

decrease in size as the emergence period progressed, and the

summer generations hrere snaller than their winter counterparts

(Tab1e IV.11). Last instar females also were consistently

srnaller than the males. The size range of last instar nales

and females, in terms of head width, was 0.80-1.10run and

0. 80-1. 00mm respectively.

Subimago and Inago Stages

Observations of subimago and imago stages at Spring Creek

were similar to those rnade at Deep Creek h/ith only the time

of the emergence periods differing.



TABLE IV.1I

Size changes of last instar nymphs of Baetis soyor from Spring

Creek, South Australia.

Date Generation
Mean Head

I/t'idth
Males (run)

Mean Head
I^Jidrh

Fernales (nn)
n n

tr- 9-76

2-L0-76

6-II-76

4-t2-76

3- 6-77

70- 8-77

4- 9-77

4-r0-77

GI

G1

G1

G2

G4

G4

1 .0s 10

1 .05 L7

0.90* I

0.96 45

1 .00 4

1.06 L7

1 .05 11

1. 10 2

0.97

O. BB

0. B8

6

22

49

26

0. 84

0. 88

0.94

0.93

0.94

4

2

1

1

G

G

6

7

* only one record.



IV,4.1

24s.

W.4. Discussion

Comparison of Life Cycles Between the Deep Creek and

Spring Creek Populations.

Direct conparísons can be nade only with those species

common to each locality, nanely ?. tiLLyar&L and B. soror.

The most obvious dofference between the two populations of

both ?. tiLLyatdt, and B. soro? was the increase in the number

of generations in Spríng Creek. T. tiLLyar&L had two

generations per year in Deep Creek, and increased to three

gcnerations in Spring Creek; B. sor.or increased fron three

to four generations. The much higher air and water

temperatures at Spring Creek nay explain this. In Spring

Creek, the nean nonthly water tenperature fe11 below 12"C for

only July and August 1977 (Fig. IV.6). In contrast, in Deep

Creek the rnean \^/ater temperature was below l2oc in October

L976, and from May to September 1977 (Fí9. IV.2) . During

Summer, temperatures u/ere higher in Spring Creek with rnean

monthly hrater temperatures exceeding 18oC fron December 1976

until April 1977. In Deep Creek lBoC was only exceeded from

January to l4arch 7977. Although the differences between the

two localities does not seem that great for the Summer

temperatures, in Deep Creek the mean water temperature never

exceeded 20"C, whereas at Spring Creek 20oC was exceeded from

January to Nlarch 1977. This higher temperature regirne

(by 3-4"C), allowed more rapid development throughout the

year, especially during Sumner, and therefore one more

generation could conrplete its cycle within the year.
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A further physical difference between the two localities

was the flow regime. The stationary pools in Spring Creek

exacerbated the higher temperatures when compared with the

flowing Deep Creek. Algal and detrital build up in both

localities was high, with CLadophora and diatom species

doninating in Deep Creek in contrast to Spíz,ogyta., colonial

blue greens and diatons doninant in Spring Creek. Food supply

therefore was unlikely to be limiting in either locality during

the stmmer months.

Analogous alteration of life cycle has been known since

1935 when Ide showed that a species could have different life

cycles in different areas of the same stream. Ulfstrand (f968)

noted locality differences in the life cycle of Heæagenia spp.,

and lvlacan (1970) stressed that a definite life cycle in any

locality may differ at another locality if environmental

conditions are different. More recently Flowers and Hilsenhoff

(1978) recorded alteration of the number of generations in

Stenonema trLptmctatun (Banks) , Stenaez,on interptarctatum (Say)

and Heptagenia hebe McDtnnough. In each species the life cycle

was univoltine in cooler strearns, ffid bivoltine in warmer

streams. Newel1 and lt{inshall (1978) showed that the life cycle

of Tr"Lcorythodes mLnututs Traver varied from a nultivoltine

cycle in one section of a stream (warm) to bivoltine in another

cooler section of the sarne stream. Clifford (1970a) recorded

a univoltine cycle in Alberta for T. mLnutus. Nervell and

Ir{inslrall (1978) considered that "the life cycle of T. mLnutus

is unquestionably influenced by rvater temperature". lVith the

observations madc on Tasmøtocoenis tiLlyardL and Baetís soro?
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the influence of tenperature in South Australia is also

apparent. rt is likely that a univoltine cycle may be possible

at more southern localities e.g. in Northern Tasmani_a, for

T. tíLLyardí..

IV.4.2 Life Cycle Classification and South Australian l"layflies.

The numerous life cycles utilised by ephemeropteran species

have resulted in the production of classification systerns

(e.g. Macan, 1965; Landa, 1968; Sowa, 1975). Hynes (1961,

1970a) developed an annual classification based on non-, srorrr-,

and fast- seasonal pattems. Both Hynes and Landa systems have

received a wide acceptance with the latter schene being

commonly adopted for the Epheneroptera.

Landars (1968) classification was constructed using

evidence frorn European nayfly life histories, and no attempt

was made to include any other Order of the stream faura. The

classification was based primarily on the number of life

cycles per year.

Group A : Univoltine species

Group A1: rrWinter species"; species in which the eggs

hatch 'rabout one month after oviposition" and the nymphs

develop through the Autumn and lVinter and emeïge in Spring

and/or Summer.
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Group C2 : Three year development.

Group D : Development cycle to yeaï cycle relationship

variable.

Group Dl : Three generations in two years.

Group D2 : Two generations in three years.

'Landars classification was accepted by clifford, Robertson

and ZeLt (1973), Sukop (1975) and Sowa (1975), but rhe larter
author redefined the life cycles of the carpathian mayflies

into three groups, the senivoltine, univortine and polyvoltine

cycles, each of which was subdivided. Sowa included ovo-

viviparous species in the latter group, species which were

ineffectively accormted for by Landars classification. Flowers

and Hilsenhoff (1978) also nodified Landars scheme to include

the uni- and bivoltine species recorded in lVisconsin. They

observed, however, that life cycle classification may be

valuable for nany species, but certain species will fall into

more than one category depending on environmental conditions.

Landa (1968) in fact made a sinilar proviso in recognising that

species need not beconfined to any one of his groupings, and

that they rnay alter position due to ternperature changes at

different latitudes and altitudes.

In all the classifications mentioned above only the Landa

and sowa schemes mention polyvoltine species, and in each case

this refers to a three generation per year cyc1e. In south

Australia all species studied, except ?. tillyardL in Deep

Creek, had polyvoltine life histories with at least three
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generations per year. Baetis soror in spring creek was the

only species which exceeded this with four generations annual1y.

on close examination, only the rife cycle of B. soror¿ in Deep

creek was covered by any of the classifications; resenbling a

B5 cycle in Landars scheme.

Tasmø¿ocoeni.s tiLLgardí ín Deep creek is bivoltine, but is
distínct fron the four group B life cycles defined by Landa.

Both generations developed over the winter months, with one

emerging in spring and the other in Autumn. Eggs laid by each

of these generations led to the two successive generations of

the following year. suter and Bishop (19g0 : Appendix L2) showed

how mesh size of collecting nets could lead to erïoneous

classification of the life cycle of this species. with only a

coarse net (480pn) sampler, ?. ti.LlyatdL appears to have a

bivoltine life cycle with one winter geneïation and one summeï

generation, similar to a Br cycle in Landars scheme. with both

fine (rr0un,) and coarse nets (480pn) Suter and Bishop suggested

a modification of Landats scheme hras necessary; a 85 cycle of

two rrwinterrr generations per year. rn Spring creek the annual

cycle of r. tiLLyædi had three generations peï year, with one

generation completing development in the sunmer period, and two

generations developing over the winter months, one emerging in

Spring, and the other in Summer. Both the polyvoltine

classifications, Landa (1968) and sowa (197s) account for one

winter and two summeï generations, but not the reverse.
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The life cycle of AtaloneLLa lnconspicua in Spring Creek

resembles that of 7. tíLLgardi at this 1oca1ity, with one

summer generation and two winter generations. This cycle is

also rmlikely to be consistent throughout the geographícal range

of A. inconspicua. Casual observations in the cooler strearns of

the southern Fleurieu Peninsula showed that no adults emerged

except during the Spring-ear1y Autunn months (Septenber-March).

This suggested a decrease in the number of generations in

cooler localities, similar to that recorded for ?. tiLLyardL.

In Deep Creek the other leptophlebid studieð,, AtaLophLebia

anætraLasíea, also exhibited a polyvoltine life cycle with one

sunmer and two winter generations. The flexibility of life

cycle of this species throughout its geographical range is

unknown, but in cooler regions the number of cycles may

decrease.

As nentioned, the only species with a life cycle which

could be categorised using Landats scheme was B. soror in Deep

Creek. This species had a ttvo sunmer, one rvinter generation

cycle, similar to a 85 cycle proposed by Landa. Holvever, in

Spring Creek this species bred almost continuousty with

possibly four generations, three developing in the summer

rnonths and one over Winter. A cycle of four generations per

year has not previously been observed or classified.

Clearly the South Australian rnayfly fauna do not conform

with the classifications established for the Epherneroptera in

the Northern Ilemisphere. H1.nes and Hynes (1975) were unable

to include many Australian stonefly species to the "fastrf or
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rrsrorvrr life history categories devised for the aquatic insects

of the Northern Hemisphere. The south Australian mayflies have

a high number of cycles pen year, but this may only reflect the

warm-temperate environmental conditions under which developrnent

takes place. Although each species examined was somewhat

opportunistic, there appeared to be definite seasonal cycles,

since, in each case, at the end of the sampling period each

generation completed an annual cycle with sinilar sized animals

as those collected twelve months earlier. The cycles appear

well synchronised with water temperature as the environmental

cue. The energence period of each winter generation was long

and not confined to a short definitive period. Minsharl (1967)

suggested that a long energence period was a response of

species living in a mild climate, and Boerger and Clifford

(1975) dernonstrated the trend of increased emergence periods in

warm temperate climates. However, the requirement for accurate

control of emergence time, concentrated over a short period, as

occurs in nany species in the Northern Hemisphere (e.g. Macan,

1975b; Leonard and Leonard, L962; Ulfstrand, 1968;

Coleman and Hynes, 1970; Harper and Magnin, 197l; Thibault,

I97Ia; Clifford, Robertson and ZeIt, I973i Boerger and

Clifford, 1975) may be unnecessary because of the long,

protracted, warm sulnmer conditions and the broad niche

occupation of each species. The wide range of habitat type

utilised may result in greater numbers of developing nymphs

being present throughout the emergence period than in the

Northern llemisphere where distinct niches are occupied by

different species. In South Australia, the speciesr nunber

is reduced, but the nunber of nayflies occuring in streams is

probably comparable to any other locality. Given a similar
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number of niches but fewer species, the problern of synchrony of

emergence is somewhat reduced and overcome by high density and

relatively long emergence periods. Newell and Minshall (lg7g)

observed similar emergence strategies in TrLcorgthodes mLnutus

noting ?rthe problen of synchronization of emergence is oveïcone

by high densities of nymphs energing simultaneously over rnuch

of the yearrr.

The flexibility of life cycle, as observed here and in

various other studies, e.g. Ide (1955); Pleskot (1958, 1960);

Petra (1961); Ulfstrand (1968); Macan (1970); Thibault

(1970a, b); Flowers and Hilsenhoff (1978); Newett and

Minshall (1978), has been suggested as an important

requirernent for a widely distributed species (Zahar, 1951;

Newell and Minshall, 1978) . I. tilLyardí fits into rhis

category. The flexibility of its life cycle has enabled

T. tiLLyaxdt, to occupy streams and lake habitats from cool

temperate northern Tasmania (Tillyard, 1935) to tropical

localities in northern Queensland and northern l{estern

Australia (Chapter 6). The distribution of B. soroy, although

inadequately knor,^m because of the limited taxonornic studies on

the Baetidae in Lustralia, also appears relatively wide.

With the life cycles of only four species determined it

would be premature and speculative to develop a life cycle

classification based on the South Australian material,

particularly as the great flexibility of the species in their

life cycle expression tends to question the value of

classification schemes. The influence of environnental

conditions, latitude and altitude, is such that any one
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species may have different life cycles in two successive

years. A classification scheme tends to erect a rigid

framework , a rigíðit/ which clearly is not justified. The

value of any life cyóle classification scheme is ther'efore

questionable, especially if it'ãoes not provide for a number

of variable categories. However, since such schemes have been

erected to simplify comparisons of life cycles of different

species it is important to note that they are inadequate, in

their present form, to categorise the South Australian

nayflies, Ðd probably the Australian mayfly fauna as a whole.

Hynes and Hynes (1975) also fowrd that Northern Hemisphere

classifications were inadequate for the Australian stonefly

faura. They suggested that the flexibility of life cycles of

the Australian Plecoptera was a response by the fauna to the

Australian clinate (famed for its savage droughts aad general

uncertaint)i;. Hynes and Hynes also considered that this

flexibility of life cycle had "probably reduced the total

number of niches available on the continentt?. It is r:ntikely

that the real number of niches has been reduced but perhaps

flexibility of life cycle and broad ecological tolera¡rce have

enabled each species to occupy a range of the available niches,

which in the Northern Hemisphere would be occupied by many

species; one per niche. This strategy appears to have been

adopted by the South Australian mayflies, and may apply in the

wider context of other components of the Australj-an freshwater

faura. This would require many more observations before the

life cycle strategy of the Australian freshwater fauna can be

understood.
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CHAPTER 5

Post Oviposition Development of Eggs

V.1 Introduction.

During the study of life cycles of some South Australian

nayflies the seasonal occurrence of first instar nymphs

suggested at least two distinct egg development relationships.

First instar nymphs of AtaLophLebia austraLasiea and

Tasmøtoeoenis tíLLyar&L wère never recorded during the cool

winter months but were found in early Spring, before any

emergence of adults had taken p1ace. In contrast, first

instar nymphs of Baetis aovor ulere recorded in the tvinter

months, and an emergence period preceded each recruitment

period.

The differences observed in the presence of the first instar

nymphs of A. austraLaßica and T. tiLLyar&L could be accounted

for by two alternatives :

1) that the nymphs may have lived for several months without

growing, but were inadequately collected; or

2) they remained as egBS, unhatched, over the winter months

The sampling technique effectively collected first instar

nymplrs during the Spring, Summer, and Autunn, and for B. sor.or,

first instar nymphs were recorded throughout the year,

suggesting that the absence of observations was not an artifact

of the sampling technique, tmless the early instars of
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T. tilLyatdL and A. austz,aLasica entered the hyporheos

immediately after hatching, (in which case they would not have

been collected), remaining there r-rntil Spring.

I1lies in 1959 observed Baetis eggs remaining uthatched

over Winter and Elliott (1972), Benech (1972) and Elliott

(1978) have since shown close correlation between egg

development time and water tenperature in Baetis rhodøú

Pictet and EphemereLla igníta (Poda). Similar temperature

dependence \^¡as observed in eggs of Heæagenia rLgída

McDunnough, by Friesen, Flannagan, and Lawrence (1979) and

in Baetis aþiruts (Pict.) by Hunpesch (1979). Bohle (1972)

concluded that an obligatory diapause occurred in the tenth

stage of the embryo of EphemereLLa ígnita, below 13. ioc, but

Elliott (1978) found no evidence of this. A further study by

Tsui and Peters (1974) on Toz,topus inceytus (Traver) indicated

that hatching in this species did not occur at 1ow temperatures,

and development was blocked at 13.65'C. Flannagan (1979) 
,

suggested that eggs of Heæagenia LínbataandH. r,Lgida nay

overwinter and not hatch until the following Summer, and

Friesen et.aL (1979) working with eggs of H. r"igida found the

lower threshold of hatching to be between BoC and 12"C, Eggs

stored at 8"C hatched after the incubation temperature was

stepwise elevated, although percentage success was reduced.

Delayed hatching and/ot migration into the hyporheos could

lead to errors in the interpretation of life histories, growth

Tates, and production estimates. Therefore a series of egg

development experiments at constant temperature, as suggested

by Andrewartha and Birch (1954), were designed to determine if
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the observed phenornena could be erçlained by delayed hatching

Other environmental parameters, other than temperature,

were also considered in the developnental experirnents. Elliott
(1978) suggested that the differences between his developmental

data and those presented by Bohle (1972) fot Ephenez,eLLa ignì.ta

night be explained by photo-period diffeïences. rn the present

study eggs at different temperatures were allowed to develop in

total darkness and in norrnal sunmer photo-period of long day i

short night (16 hours : 8 hours). Wiltians (1968) noted that

mayflies have never been recorded in any Australian lakes that

were even slightly saline. Because saline waters dominate the

athalassic water bodies of South Australia the effect of

salinity on egg development was also tested. Eggs were also

tested for resistance to drying.

V.2 lvlaterials and Methods.

Eggs artificially inseminated with crushed male reproductive

tissue (Pescador and Peters, L974), failed to fertilize any of

the eggs stripped from female imagos reared in the laboratory,

therefore eggs which had been fertilized naturally had to be

obtained. All species examined, Baetis soror, AtaloneLLa

fuscula, A. ínconspicua and AtaLophLebia austz,alis oviposited

by dipping the abdomen in slow flowing reaches of streams or in

stationary pools or lakes. The eggs, once liberated, sank

individually towards.the bottom, and therefore no convenient

egg nass could be collected fron the substrate (c.f. Baetis
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y.hod.ani Elliott, 1972, and Benech, 1972) '. Females in the

process of ovipositing were collected and allowed to continue

laying into a clear plastic vial of stream water. This

technique of collection was not reliable, but it was the only

successful method available. The vials of collected eggs were

naintained at or near stream temperature and were inmediately

returned to the laboratory.

A series of 5cm diarneter plastic petri dishes containing

stream water 4-Smm deep were prepared and approximately 100

eggs were transferred to each dish. The petri dishes were then

placed rnder different experinental conditions.

(i) In constant temperature cabinets at 24"C, 22 or 20"C,

19 or 18"C, 14"C, 12.SoC and lloC. A further series

of 9oC, SoC and 4oC were added for Ata\oneLLa

fuscuLa and Baetis so?or.

(ii) Under dark conditions at 24"C, 20oC and 18 or 19oC

constant temperature.

(iii) In saline waters prepared from natural saline

streams, diluted with fresh stream water to

salinities of 3.75, 4.6, 5.1, 5.8, 7.7, and 8.9

parts per thousandrnaintained at 19oC.

In all experiments at temperatures below 24"C the temperature

variation was t loc, but at 24"C the ïange was t 2oC.

Experiments (i) and (ii) rvere performed for all species,

but (iii) was performed only on eggs of AtaLoneLLa fuscuLa

because more eggs of this species rvere collected. In all

experiments replicates of 2-3 petri were used.
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The petri dishes were examined daity and deveLopment

recorded. After eyes becane apparent, the dishes vrere examined

every three to four hours, and when hatching commenced the

nymphs were counted and removed fron the petri dish using a

fine pipette. The vorume of water in all experirnental dishes

was maintained every 3-4 ðays, or as required. When hatching

ceased, the petri dishes were maintained and exarnined daily for

a further 2I days, and the number of tndeveloped eggs and dead

enbryos then counted.

V.3 Results.

The incubation period, percentage egg hatch and duration of

eclosion for each species are shown in Table v.1. Two incubation

periods were determined; a ninimum time, taken as the number of

days from oviposition to the initial egg hatch, determined by

regular observation, and a rnean time, as the number of days fron

oviposition to the day on which 50% of the eggs ultinately

hatching successfully had hatched. Both varues were used in the

calculation of subsequent regressions. The rnean value is

probably more relevant to the population especially if used as

a predictive tool as it overcomes the extreme cases of early and

late hatchings that occur under normal circumstances, but

comparisons between the minimum and mean values were considered

valuable.

In the follorving discussion each species is considered

individually, but the data presentation is consistent

throughout, and is therefore discussed separately.



Ti\BLE, V,l. Incubation teml)erature, number of eggs, nininun incubation period (r:ntì.1 first egg hatched), nean

incubation Period (50%), total duration of hatching and hatching success for eggs of four South Aust1'alian rnayflies.

Species Tenrperature (oC) No, of
Eggs

Minimum
in cubati on
period (d)

Mean
incubati on
period (d)

Tot al
duration of
hatch (d)

Hatch
SUCCeSS

(e")

Atalophlebia aus tnali s

AtaLonella inconspicua

A..a1.orzl!a fæcula

Ba¿tis sot'ot,

3.5

r,7
?

56 .0

79 .4

?

16,0

24

19

l2
l5*

25

ó8

ac

25

9.0

5,U

?

8*

12.S

L4 .7

?

?

24

z2

20

20

l8
t8

l5

72

ll

53

262

24

50

r15

z9

63

26

23

10.0

13.0

r.5 .0

r5 .0

t6. 3

18.2

10. 3

14.1

L7 .2

16. 8

L7 .0

19. 7

I.8
3.8

4.3

5.8

4.6

5.9

79.s

82. 8

83. 3

82.0

87.0

69.0

24

l9
l9
1.4

l4
12.s

L2.S

12.5

I
9

9

4

4

4

74

65

86

55

ll8
54

68

90

82

85

93

llt
78

63

r3.9
r7.9
t7.9
30.9

30.9

34.9

35.2

35.9

71.9

7r.9
72.0

L4 .3

20.0

20 .3

35 .5

36.9

36.0

36.2

J/,)

73.0

7 3.2

74.4

5.0

5.0

5.0

5.0

7.0

5.1

4.1

4.7

t4.0
7.7

6.0

24

t9

t9

t4

l4

12.5

12.5

9

4

86

20

l0

t2

L2

24

22

50

t6

7.8

r0.9

10.9

2r.9

2r.9
26.O

26.0

62.t

8.4

tt.6
rl.9
22.S

22.5

26.7

27.7

3.0

4.0

2.0

2.0

2.0

1.9

1,9

18.8

93.2

76,9

72.r
s2.7

s2.s

88. 9

92.7

67.8

69. s

72.9

55.9

87.2

90.0

50.0

9t.7
66 .7

87. 5

68.2

34 .0

Eß3s incubatùd tt 12"C lor 120 days wcrc transfcrrcd to ls'C. llatching occurre<l after eiglit days at the new
tL.Trrf,turc,
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The number of eggs that hatched and the total hatching

success was variable with temperature, and therefore counts of

newly hatched nymphs were expressed as cumulative percentages

of the total number of eggs that hatched at each temperature.

These data were plotted against time and the resulting sigrnoid

curves alLowed determination of the mean incubation period for

each tenperature. The relationship between the incubation

period and water terrperature was linear on a logarithmic sca1e,

and is given by the regression equation

log Y loga-b1ogT

aT -borY

where Y = incubation period (days) and T

a = a constant.

ternperature

("C) and

The relationship between the rate of development (V)

(V = the reciprocal of the duration of the hatching) and

temperature is also given by a linear equation

V bT+a

When this is the case) the regression line may be extrapolated

to determine the temperature at which V = 0, where theoretically

no development occurs, i.e. the I'threshold temperaturerl

(Andrewartha and Birch, 1954). Andrewartha and Birch (1954)

and Elliott (1978) both enphasized that this threshold

temperature may not be a biological threshold, as development

may continue below this tenperature.
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If the regression lines represent the relationship between

hatching time and temperature the number of degree days required

by the eggs to hatcli can be calculated using the equation

D d(r-t)

where D = total number of days required for hatching,

d - days after oviposition, T = incubation temperature and

! = threhold temperature.

At aL ophLebi a aus tv. aLi s

Part of the total egg compliment from one .4.. austraLis

fenale imago was obtained and eggs were allowed to develop at

24"C, 19"c and 12"C.

Eggs hatched at the higher temperatures, none at I2"C.

The duration of hatch curves for,4. austraLis are shown in

Fig. V.la. With only two values determined, no regressions were

calculated and consequently a threshold value could not be

determined.

After four months at 12oC the eggs hrere transfered to

15oC, where hatching comrnenced within eight days, and continued

for three days. A reduced rate of hatching success r^ras

observed, with only 24% of the eggs hatching at the elevated

temperature. The requirement of only eight elapsed days to

hatch at 15oC compared with ten days at 25"C and 13 days at

IgoC suggests that much of the ernbryonic developrnent had

occurred at 12"C. The three ocelli of the developing nymph

could be clearly seen in the egg after 18 days, but no further

development was apparent at 12"C. 0n dissection of some eggs,

'a
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the embryos were found to have differentiated cephalic, thoracic

and abdoninal regions, and the thoracic appendages were

distinguishable. Wigglesworth (1972) defined this type of

arrested developnent i.e. ?rcontrolled directly by external

conditions and brought to an end when the temperature or water

relations are favourable againrr, as quiescence, and eggs which

rrundergo an arrest of developnent which nay persist even though

environmental conditions are favourablerr as diapause. These

definitions have been accepted throughout the study.

Eggs of A. austraLís are considered to enter a period of

quiescence when water tenperatures fal1 below a temperature

between 12oC and 15oC. lvlore accurate determination of the

quiescent initiating temperature was not possible as no further

fertilised eggs of this species were obtained.

Unfortunately no eggs of 4. anætraLasica were obtained for

comparison.

AtaloneLLa inconspicua

A greater number of experimental temperatures ralging from

11"C to 24"C were included for eggs of A. inconspiaza, but once

again no hatching occurred at the lower temperatures.

The duration of hatch curves, fron which the mean

incubation period v¡as determined, are shown in Fig. V.1b. The

length of the mininlum incubation period varied betrveen 10.0d.

and 18.2d and was linearly related to water temperature on a

logarithmic plot (Fig. V.1c) . The regressíon constants are

tabulated in TabIe V.2.



Fig. V.1. Egg development of etaTophTebia austraTis (a) and

AtaloneTLa inconspicua (b, c).

a,

ausÈral.is at
duration of incubation of eggs of AtaTophlebia

19 and 24oc.

b, duraËion of incubation of eggs of AtafoneTfa inconspicua

at 18, 20, 22 and 24oC.

c, relat.ionshíp between the time required for hatching
(days of íncubation) and ¡¡ater temperature (oC) for ínítial hatch (Hi)

and mean hatch (IIi).
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The duration of the initial and mean incubation periods were

correlated with tenperature and a linear relationship was found

when the rate of development (v) was plotted against temperature

(T). The values of these regrssions for the rninimum and mean

incubation periods are given in Table V. S.

An iterative process l,üas used to calculate the value of the

threshold temperature from the regression equation. The

threshold temperatures of the nininum and mean incubation

period were 9.34oc and 10.63"c respectively. The values of the

mean number of degree-days, with 95% confidence linits are

155 (145-165) degree - days above 9.34oC (t 0.0018"C) for the

first hatching and 148 (136-158) degree-days above 10.6S'C

(r 0.0026"C) for 50e; hatch. Clearly this cannot be a

realistic situation with the mean number of hatchings occurring

before the initial hatch. However, the values aïe really only

applicable for deveropment above 15oc. The threshold tenperatures

calculated above bear 1itt1e resemblance to the observed hatching

data obtained, because no hatching occurred beloru 1s"c. The eggs

were observed to stop developing at a similar stage to that

observed for AtaLophLebía austraLis and a similar development

mechanism is suggested for both these species.

Eggs maintained at 20oC and I8"C, and in total darkness,

hatched at the same time as those in the normal summer

photoperiod, suggesting that light and/o-r photoperiod were of

minor importance in determinì-ng the incubation period of

AtaLone LLa inconspi cua.



TABLE v.2. The relationship between length of incubation perioci (y)
and incubation ternperature (T) for initial (Hl) and mean egg hatch
(H*), where Y = aT-b.

* p I 0.05; p { 0.0r; *** p ( 0.001.**

Species a b T 2 95% conficl-
ence limits
ofb

Prob-
abi 1 ity.

AtaLoneLLa inconspicua H1 2964.33

H- 4991.99x

AtaLoneLLa fuscuLa

r.77
t.92

1. 75

1.69

2.r2
2.08

0.93

0. 89

0.99

0.99

0 .47

0.67

**
**

**
**

***
** -Ì

Baetis soror

H1

H-x

H1

H-
X

0. 14

0.12

3t36.66

2835.92

5904.09

5485.61

0

0

99

99

0.20

0.24

TABLE V.3.

temperature

V = bT+a.
* P*'0.05;

The relationship between rate of developrnent (V) and

(T) for initial (Hl) and mean egg hatch (Hi), where

** pf0.01; *** pS0.001.

Species b a
95% confid-

T2 ence linits
ofb

Prob-
abi lity

AtaLoneLLa inconspícua H1 0.0065

H- 0.0069x

AtaLonelLa fuscuLa Hl 0.0040

0.0037H

H1 0.0078

H- 0.0072x

i

-0.061

-0.073

-0.022

-0.020

0.95

0. 88

0.99

0. 99

0.99

0 .99

:0.0018
10.0026

to. oooz

t0. 0002

t0.0006

+0.0005

**
**

**
**

-0. 059

-0.0s2

Baetís soror ***
***
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AtaLoneLLa fuscuLa.

In contrast to the previous species, eggs of,4. fuscuLa

were observed to develop and hatch at ternperatures from 9"c to

24"C. Eggs at soc did not hatch.

The duration of hatch curves are shown in Fig. y.2a. The

rninimum incubation period varied from 1s.9d to 72.0d depending on

the water temperature. The relationship of incubation tine to

ternperature was linear on logarithmic plot (Figs. y.2b, c) and

the regressions for the minimurn and mean incubation periods were

highly significant (Table V.2).

The relationship of rate of developnent (V) and temperature

was linear, and the regressions for both initial and mean hatch

were also highly significant (Table V.3).

Using an iterative process with each regression the threshold

temperature for 4. fuscuLa was determined, being 5.40oC

(t 0.0002"C) and 5.38oC (10.0002"C) for the initial and nean

hatch respectively. The values of the mean number of degree-

days with 95% confidence limits were 255 (245-265) degree-days

above 5.40oC for the initial hatch, and 267 (257-277) degree-

days above 5.38oC for 50e" hatch.

The calculated degree-day values at each tenperature were

very similar for each of the initial and mean incubation periods

of the eggs of .4. fuscuLa, and therefore they may be useful in

predicting the hatching times of field populations. The adequacy

of these values was not tested for the type of fluctuating

tenrperature regime experienced in streams. However, a



Fig. V.2. Egg development of AtaTonelTa fuscul-a.

a, duraÈion of íncubatíon of eggs at 9, I2.5, I4r 19

ar'd 24oc

b, relationshíp between Ëhe Èime required for hatching
(days of incubatíon) and water temperature (oC) for inítíal hatch (Hi).

c, relationship between the tlme required for hatching
(days of incubation) and water Èemperature (oC) for mean hatch (Hx).
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different mechanism of development to that observed in

AtaLophLebia austraLis and AtaLoneLLa inconspicua is

indi c at ed.

The extrapolated threshold value of approxinately 5.4oC

was not a biological zero tenperature because developnent did

occur in eggs maintained at 5oC. The ocelli of the developing

nymphs were visible after five nonths at the experimental

temperature, but no hatching was observed. The calculated

threshold temperature may therefore be close to the minimum

hatching temperature rather than the temperature of zero

developnent. Eggs were initially placed in a 6oC constant

tenperature room, but a misadventure occurred and all the eggs

were frozen. 0n thawing, and raising the incubation temperature

gradually to 18oC, no hatching occurred, suggesting that eggs

may not survive being frozen. It is noted that freezing is

not a likely natural stress on eggs of this species in South

Aus trali a.

Eggs maintained at 24"C and 19oC and in total darkness

hatched at the same time as those in the normal sumner

photoperiod, suggesting that light and/or photoperiod were not

important in the determination of the incubation period of

A. fuscuLa.

The effect of salinity on hatching of eggs of A. fuscuLa

was also tested. One hundred and tlenty eggs were placed in

natural saline water diluted to KIB values between 3.19 and 7.51

rns. Trventy eggs were placed in each of six experimental

concentrations and were incubated at 19"C, The results of this

experiment are sholvn in Table V.4.
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No eggs hatched at the higher salinities, and there

appeared to be a decrease in the hatching success with increasino

salinity. However the numbers were snal1 and because of paucíty

of egg material no replicates could be performed. Therefore

definite conclusions about hatch success cannot be drawn.

Drying of A. fuseuLa eggs was also performed at 24"C to

determine if eggs r^rere capable of surviving in temporaïy streams

in resistant egg stages. WiIliams (1968) suggested nayflies

were able to survive in the temporary stream habitat because

their eggs diapause, and Williams and Hynes (1976a, Ig77)

postulated the presence of resistant eggs. Two batches of 48

and 60 eggs u/ere allowed to dry at 24oC. Drying was gradual,

and took eight days, a process sinilar to drying pools in

temporary strearn beds, Sorne eggs were observed to collapse,

but nany rnaintained their shape. After 28d at 24"C tine dry

eggs were re-wetted with fresh water (KrA = 311US) and

subsequently observed daily for a further 28 days. No eggs

hatched, and no development took place. It was concluded that

eggs of A. fuscula were unable to survive periods of drying.

Baetis soyor.

The eggs of B. soyorl also hatched at temperatures between

9oC and 24"C, with minirnum incubation periods ranging from

7.Bd to 62.Id respectively. At 5"C no hatching occurred.

The curves for duration of egg hatch are shorvn in Fig.V.ja.

The relationship between incubation period and temperature was

linear on logarithmic plot, (Figs.V.5b, c) and the regressions

for the minimum and mean incubation periods are given in Table v.2.



Fig. V.3. Egg development of Baetís soroî.

a, duration of lncubation of eggs at 9, L2.5, L4, 19

and 24oC

b, relationship between the tíme required for hatching
(days of incubation) and water temperature (oC) for initial- hatch (Hi).

c, relaÈionship between the time required for hatching
(days of incubation) and water temperature (oC) f or mean hatch (Hi).
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The linear regressions of developrnent rate versus

tenperature were both highly significant and regression values

are given in Table V.3.

The thieshold temperatures were calculated using an

iterative process and were 7.55"C (t 0.0006"C) and 7.25"C

(t 0.0005"C) for the initial and rnean hatched respectively.

Using these values the number of degree-days required for

initial and rnean hatching with 95% confidence linits were

calculated, 126 (118-134) degree-days above 7.55oC and 137

(129-145) degree-days above 7.25" C respectively.

As for AtaLoneLLa fuscuLa, the calculated nurnber of

degree-days required for egg developnent and hatching shows

good correspondence for all the experirnental water teilpetatures

used. This agreement with the concept of thernal sumrnation and

degree-days may enable prediction of egg hatches from field

observation of adult emergence periods, if mating and

oviposition occur imnediately.

Development hras not tested trnder fluctuating ternperature

regimes, and therefore the applicability of the above data to

field conditions is stil1 unknown. An attempt was made,

however, to assess these mean hatching data by using the

observed field emergence times and calcutating the date at

which the first ins nymphs should have been collected. The

date at which collections of adults were first rnade was taken

as the zero time for each emergence period and it was assumed

that eggs were oviposited on that date. It{ean temperatures

were obtained by taking the average of maximum and ninimum
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temperatures recorded between collecting dates. The area

under the temperature curve was used to calculate the number of

degree-days enperienced between collecting dates, and therefore

estimates of the earliest date at which hatching should occur

were obtained. Although this technique is crude, close

correspondence with the predicted and observed dates was

obtained.

For eggs laid on 8 October 1976, initial and mean hatching

should have occurred by l0 November 1976. Similarly, for eggs

laid on 6 January 1977 hatching should have occurred by

20 January 1977; for eggs laid 1 June 1977 hatching should

have been evident by 3I August L977 and for eggs laid on

21 August 1977 hatching should have been evident by 12

October 1977. Fron the derived tife cycle graphs of B. soyoy

(Chapter 4) there is some agreement to these calculated dates,

if the presence of second or third instar nynphs is considered

evidence of hatching. The 31 August 1977 sample did not include

early instar nymphs, and in fact they were not recorded until

24 September 1977. This suggests that developnent under

fluctuating stream temperatures may not be as simple a

relationship as indicated under constant conditions.

Alternatively early instar B. soror may enter hyporheos during

cooler, high discharge periods. Twenty-six eggs of B. soror

were allowed to dry as described for A. fuscula, at 24"C. The

results were sirnilar to those observed for 1. fuscul,a, with no

eggs hatching after drying and no microscopic evj-dence of any

development. Thus B. soror lvould appear unable to survive in

temporary streams as dry, resistant eggs.
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Discussion

Detailed studies of egg development of nayflies have been

performed by Bohle (1969), Erliort (1972) and Benech (Lg72) on

Baetis v,hodani pictet; Bohle (1972) and Elliott (1978) on

EphemereLLa ignita (Poda), Friesen et aL (f979) on

Heragen'La rígida McDunnough and Hurnpesch (1979) on B. aLpínus

(Pictet). rn B. z,hodani the incubation periods were shown to

be conelated with incubation temperatuïe; all three studies

(Bohle, Elliott and Benech) foturd similar results. Elliott
(1972) concluded that the agreement between his and Bohlers

(1969) results suggested that 'the regression equations

calculated fron the results of al1 experiments are applicable

to a population of Baetis thodawL, and both the start and

length of the hatching period can be estimated for a1l water

temperatures between soc and 22"c., The results obtained by

Benech (1972) strongly supported this conclusion. Humpesch

(1979) recorded that embryonic deveropment of B. aLpinus was

dependent on water temperature and was continuous, without any

delay in hatching, between 4t0.S"C and 15t0.SoC.

similar continuous development over a range of temperatures

was observed for B. sot,oy, and AtaLonella fuscuLa, but the

threshold temperatures for these two Australian species were

higher than for B. rhodani and B. aLpinus; 5.4 (s.Sg).C and

7.55 (7.25)oc respectively. rncubation periods above these

thresl-ro1d temperatures were linearly related to tenrperature

when plotted logarithmically, while rates of development r,/ere

directly relatcd to ternperature. Flattun (196s) and Friesen

et a1' (1979) recorded no hatching of H. r,igida eggs at goc and
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it was suggested that this rvas near the threshord temperature.

Above 8"c egg hatching of H. rigid.a was d.irectly rerated to
temperature. Brittain (L977) recorded similar temperature

dependence for egg hatching in the stone fry Taenioptez,yæ nebuLosa

(L).

Elliott (1978) recorded comparable rinear rerationships with
EphemeneLLa ignita at ternperatures between 5.goc and 14.2"c.

At higher temperatures, above 15"c, he found the incubation

periods lengthened, being Iinearry related to tenperature, in
direct contrast to the hyperbolic relationship at lower

temperatures. These resurts differ fron those obtained by

Bohle (L972) in which an obrigatory diapause at temperatures

below 13.3oc was indicated. The hatching tirnes determined by

Bohle therefore differed greatly frorn those recorded in
Elliott's study. Elliott suggested that differences between

the two studies could be exprained by different development

mechanisms occurring within a single species, with some

populations entering an obligatory diapause, and others not.
He also suggested that photoperiod differences may have

accounted for the different results.

A third development mechanism for ephemeropteran eggs was

suggested by Tsui and peters (1974) from eggs of To'topus

íncev'tus (Travers); a non obrigatory temperature controlled
quiescence or dorrnancy. This pattern of development rvas

evident ror Ataloph\ebia austv,alis and. AtaloneLla inconspiaø..

The observed enforced quiescence in these species supports the

conclusion that the first instar nymphs collected during the life
history studyin early Spring, before a period of emergence,
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came from eggs which were oviposited during the previous

Autumn and remained quiescent until temperatures increased,

allowing developnent to be conpleted. Because eggs incubated

in dark conditions hatched at sinilar tines to those incubated

under normal light regimes, photoperiod changes are of little
importance in determining the incubation period. Bohle (rg72)

assurned no photoperiodic effect, and Brittain (rg77) with

raníopteryæ found sinilar results to those obtained in the

present study.

The three types of egg development,

(i) the direct relationship between ternperature and

incubation period (Boh1e, 1969; E11iott,Ig72; Elliott,
1978 in part; Benech.,1972; Brittain,I!TT; Flattum,1965i

Friesen et aLrlgTg; Humpeschr1979; and the present

study) !

(ii) development with an obligatory diapause (Boh1e,1969) ;

and

(iii) a direct relationship between temperature and

incubation period with a temperature enforced

quiescence (Tsui and petersrIgT4; and the present

study);

allow different mechanisms of regulation of life cycle in

the egg stage. The direct relationship is the least

effective of the three. The obligate diapause and developmental

quiescence strategies of egg development a11ow the animal to

persist in the egg stage during periods of unfavourable
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environrnental conditions (i.e. 1ow stream ternperatuïes, high

stream f1ow, 1ow algal biornass, reduced organic detrital

material) and synchronises hatching when the conditions

become favourable. This facilitates re-colonisation during

conditions conducive to survival of the nymph. Hatching frorn

the obligate diapause stage is a more complex mechanism than

from simple quiescence, requiring very specific conditions to

break the diapause. This strategy therefore synchronises the

hatching of eggs more precisely than the quiescent mechanisrn.

In South Australia both direct developrnent and quiescent

developnent occurred, but an obligatory diapause was not

observed. Danileoskii (translated by Johnston and Waloff,

1965) suggested that diapause was usually associated with

species occupying severe climates, especially cold climates,

conditions foreign to the south Australian environment. The

two AtaLoneLLa species, ,4.. inconspicua and A. fuscuLa,

exhibited both forms of development, with quiescence occurring

in ,4. inconspicua. at teÍperatures between 15oC and lgoc.

AtaLophLebia austraLis also had a quiescence at temperatures

belolv 15oC.

The technique of measuring rates of development under

constant conditions in the laboratory inevitably imposes

reservations on any extrapolation back to field conditions.

Sweeney and Schnack (1977) and Sweqney (1978) considered the

development of eggs of the corixið, Sigara aLtennata (Say) and

the mayfly fsonychía bicoLoi" (Walker) in a fluctuating

experimental regime. In both studies development rate was

positively correlated vrith "increased magnitude of the diel

'a
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temperature pulse' and for sigara they fo,nd that the

relationship between ,degree-hours and temperature does not

support the rule of rsum of degree-hoursrr. They concluded

that rtthermal summation, should be abandoned because rrthe

relationship between developnental rate and temperature is not

linearrr. lVith rsonuchia., sweeney (197s) suggested that
trfluctuating regines are best characterised for egg hatching

by a thermal value lying between average and naxirnun diel
temperature and more closely aligned with the 1atter.il

In both the above studies no constant temperature

experiments hrere performed. so the developnent types of sígaz,a

and rsonychía were not determined. The conclusions drawn for
sigara by sweeney and schnack (1977) nay be valid if the

development of sigara eggs $/as continuous over the range of
the diel fluctuations, but if not, and a quiescence occurred at

lower temperatures, then the fluctuating regimes may be

introducing a considerable eïror in the degree-hours calculated.

sweeney and schnack observed an inverse relationship between

development tirne and accunulated degree-hours with thernal

increments above 15oc. This suggests that development may be

retarded at temperatures below 15oc and introduces error into
their degree-hour calculation.

Because of the problems inherent in either technique of
recording egg deveropment, where possible both should be used.

The rates at constant tenperature should be determined first
and once these have been established, studies in fluctuating

ternperature regimes would be useful to determine their validity
in the field situation.
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Hynes and Hynes (1975) working with eggs of Austrarian

stoneflies used an alternative method, involving temperature

conditions ranging fron lOoc in winter to 16oc in sumrner.

Their temperature conditions were adjusted fortnightly to allow

a rtsmooth seasonal transitionrr. Many species hatched at all
temperatures, suggesting a direct relationship between

temperature and incubation period, while other species

remained dormant for long periods without change. It appeaïs

that the Plecoptera, like the nayfties, have different egg

developnent mechanisns deternining life cycle regulation.

Hynes and Hynes stressed that no attempts were made to discover

the seasonal control of the incubation period, but suggested

that this would be an interesting field of study.

rn the present study day length or light appeared to be of

minor inportance in regulation of the life cycle, with water

temperature explaining the duration of incubation for all
species.

Arso considered was the effect of drying. V.Iilliams (196g)

discussed the exj-stence of mayflies in ternporary stïeams in

Australia, and stated that the eggs of these had a diapause.

williams and Hynes (r977) claimed that the Ephemeroptera

survived in temporary stream habitats with resistant eggs,

but presented no direct evidence to support this. Since

temporary streams dominate the lotic habitats in South

Australia, the mechanism or survival during the sumrner nonths is

of prj-me importance. Edmunds, Nielsen and Larsen (1956) noted

that desiccated eggs of Ephoron aLbwn (say) from a ternporary

canal system did not remain viable, and concluded that early

!
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instars of Epheron appearing in the canal after flooding could

not be explained by a hatching of dried eggs. Non-viability of
dried eggs of B. sov,or and A. fuscuLa was observed in this study.

unfortunatety eggs of all south Australian species could not be

collected to allow a complete assessment of the effects of

desiccation. However, resistant eggs of the Ephemeïopteïa

still remain to be recorded, and available evidence suggests

that survival in tenporary habitats is not by resistant eggs,

but by alternative mechanisms.

Surunary

The egg developnent of ephemeropteran eggs can be

explained by three mechanisms, all related to the water

temperature experienced during incubation.

1) Direct development, in which the incubation period is

related to water teÍrperature above a threshold temperature,

or a temperature at which no developnent or hatching

occurs. This type of development has been recorded in

Baetis rhodani (Bohle, 1969; Etliotr, 1972; and

Benech, 1972) , B. aLpinus (Humpesch, 1g7g) , Heæagenia

rigida (Friesen et aL, 1979) , EphemereLLa.Lgníta (Elliott,

1978) and in AtaLoneLLa fuscuLaand Baetis soron from

south Australia. Brittain (rg77) recorded this rnechanisnr

in the Plecoptera, and the observations of Hynes and Hynes

(1975) from Australian plecoptera are also consistent rvith

this development type.
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2) Developnent includes an obligatory diapause which

persists until conditions required to break the diapause

are experienced, as recorded by Bohle (L972) in

EphemereLLa ignita. No evidence of an obtigatory

diapause hras recorded in the south Australian species.

3) Direct developnent above a certain temperature, below

which a quiescence or dormancy is naintained until
temperatures are increased above the quiescent inducing

temperature. Developnent of this type has been recorded

ín Tontopu"s íneertrzs (Tsui and peters,I974) and in

AtaLophLebia austz,aLis and AtaLoneLla ínconspicua from

South Australia.

Light and photoperiod have little, if any, effect on the

incubation period of mayfly eggs in south Australia. saline

conditions and desiccation appear to be dereterious, with

reduced viabirity with increased salinity and non-viability

after drying. 0f the environrnental parameteïs tested, under

norrnal conditions, i.e. in fresh water, the most important

determinant of the duration of egg development periods for the

South Australian mayflies was temperature.



VI.1

277 .

CHAPTER 6

Geographical Distribution of south Australian Mayflies.

Introduction

Examination of the published riterature demonstrates that

the taxonomic understanding of the Australian mayfly fauna is
very limited. As a result, detailed geographical distribution

data, even for individual species, ir'virtually non-existent.

Many species distribution records are linited to one rocality,

allowing no possible interpretation of ecological factors

controlling their distribution. Sini1arly, many locality
records accompanying taxonomic studies include little , íf any,

infornation on the habitat from which the material was collected.

In South Australia the published distribution data for

rnayflies are linited to three papers, Eaton (IB7l), Harker

(1954) and Timms (1974). Only three species were noted,

AtaLoneLLa ineonspicua(described as LeptophLebia ínconspieua

by Eaton) fron Adelaide; AtaLophlebia austtaLasica (recorded

by Harker in Tillyard's 19s4 collection) frorn near Mt. Ganbier

and Tasmanocoenis tiLLgaîdi recorded by Timms as caenis sp.

from the lakes near Mt. Gambier.

Fron the present taxonomic and ecological study of the

south Australian rnayfly fauna detailed examination of the

geographical distribution of each species is possible, but tl.re
overall zoogeographical picture, relative to the rest of the
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Australian continent, is stirr limited by scanty systemati_c

knowledge and collections. Therefore the forlowing discussion
of zoogeographical relationships is, at present, tentative.

The distribution of each species in south Austraria is
based both on collections made during this study, and on

naterial previously collected by colreagues in the Departnent

of Zoology, university of Adelaide. The localities of all
collections are recorded in Table vr.1 and illustrated in
Fig. VI.1. Records of a1r mayflies herd in the south Australian
Museum were also examined, but no new rocalities were

represented.

collection of mayflies was successful from lJl distinct
localities, but nany other sites were visited r4rithout nayflies
being recorded. Distribution data based onry on positive
records present only part of the information available, therefore
the absence records are also included. The rocalities previousry

identified and annotated in Fig. vr.r represent positive
Ephemeroptera sites, whereas those marked, but without a

corresponding number, Tepresent l0calities from which

collections of benthic invertebrates were made, but at which

no mayflies u/ere recorded. At each correcting site salinity,
temperature, substrate and flow conditions u/ere recorded in an

attempt to compare these physical conditions with mayfly

distribution.



TAIILE VI . I.

Localitics and map grid leferences of collecting sites at which mayfLies were present in South Australia

Thc sitcs are grouped in sub-provinces (see text) â¡d each site is nunrbered to coincide with Fig. VI.l
Grid ¡cfcrenccs all rcfcr to National Map Series I : 250,000; Australia.

No Loca I i ty Grid Reference

N0l{l'llERN ITLIND[RS Ri\NCUS

Arkaroola Creek, Arkaroola
Hot Springs Creek, Paralana Hot Springs
Stubbs lvaterhole

Nepouie Creek

Balcanoona Creek

Trib. Mt. McKinley Creek, E. of Nepabwrna Mj.ssion

Trib. Tea Tree Creek, Wearing Gorge

I'lt. Chanbers Creek, nearrrMulga Viewrl

Trib. I'ft. Chambers Creek, Little Bodnonie WeIls

Bendieuta Crcek

Old l.lirrealpa Spring

lÍirrealpa Creek, 5km W. of lVi¡realpa Homestead

Eregrurda Creek, Fountain Spring
Enu Crcek, Aroona Da¡n

Willigan Creek, 3rd Spring

Oratunga Creek, 4.5km N,E. of Mt. Mary

Parachilna Creek, at Mt. Maty

Par¿chilna Creek, 2kn E. of Mt. Mary

Wockerawirra Creek

Enorama Creek

Elatina Creek

Brachina Crcck

Bunycroo Crcck

Oraparinna Creek

Trib. l{ilpena Creek, at ltlilpena turnoff
l.L:r¡lura Creek, BIucks Cap

Arkaba Creek, Little hleepowic

Kanyaka Creek, at Death Rock

llarren Gorge

S0tfl] lL R\ F L I )l t)l: RS -i{0RTl lE tL\ I'rT. LOFTY RAN GES

].
)

J.

4.

5.

6.

7.

8.

9.

10.

ll.
12.

I5.
I4.
15.

16.

17.

18.

19.

20.

21.

22.

23.

21.
t3

lo.
1a

28.
to

229243

237263

230244

229226

2222L9

199211

2tsL79

209t74

202164

r98 I 59

1 80155

I82148

r78148

6472rr

14815 8

L43rs2

141 t46

143145

LS7 t37

l5 812 I
15012 I
t43120

r48l l0
1621 I 8

l5ó099

142089

r45 0 75

6 38031

6080 I 8

30.

31.

32.

33.

il .

35.

3ó.

57.

3E.

39.

10.

4I.
42.

43.

44.

{5.
46.

47.

Old lt/oolshed Dam, near Hesso

Nectar Brook Dam, and Creck

Spring Creck

Back Crcck in Port Gcrmein Corge

hilcl Dog Creek, 7km N. of I'furray Town

Rocky Rivcr, N. of lVirraba¡ra
Rocky River, S, of llirraba¡ra
Rocly Rivcr, ncar Tandowie

Rocky River, Skn N. of Laura

Ril'er Broughton at Ìlutt River junction
llutt River near Clare

0hlenmcyer Park Reservoir, Sevenhills
Skillogalcc Creek, ncar Sevenhills

Schumachcrs Crcck, Spring GuIly

Rivcr l{rkoficld ne¿r Lcasingharl

Julia Crcek, lV. of Eudunda

North Para River, Chateau Yaldara

Littlc Para River, Lower Herrnitage

543029

601956

62095 4

6t6924

629936

632917

6s29r4

634908

6 34901

157855

1598r 7

l598t r.

15 9 8I0

1528r0

164 799

r99776

t88726

177700
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No Local i ty Grid Reference

SOI.ÍTIIE R\ FLI N DIRS -NORTI IE RN I'IT, LOFTY RANGES (Cont . )

Little Para River, Paracombe

The I'larne River, S. of Eden Valley
The Marne River, near Cambrai

The I'larne River, near BIack Hill

liff , LOFTY IÙ$ICIiS-FLEURIOU PENINSULA

Torrens River at Birdwood

Torrens River, 2kn E. of Gurneracha

Torrens River at Guneracha

Cudlce Creek

Torrens River at Kiosk

Torrcns Rive¡ at road to Priarie
Torrens River, Castanbul

Deep Creek, Castambul

Deep Creek at ford
Trib. Deep Creek near Montacute Conservation Park

Fifth Creek near Montacute

Fourth Creck at Morialta Falls
Deep Creek at Knotts Hill Road Bridge

Dcep Creek near Ashton

Dam, Carcy's Gully

C<lckrs Dam, Ashton

First Crcck, near l{aterfail Gully Reserve

Torrens River at Torrens C.A.E.

Pool at hlaite Institute, ÀlitcharD

Bro*¡hilI Creek, I'titcham

TÌib. Sturt River at Blackwood

Sturt River, Corana¡del VaIley
Chambers Creck, Coramandel Valley
Sturt River below Flinders llniversity
Onkaparinga River at Balhannah

Trib. 0nkaparinga River at Careyrs GuIly
Algatc Crcek, Algare

Scr¡tt Crsck at Scott Cr(jck

Blackfcllow Crcck at Kuipto Colony

Bull Creck on Kuipto Colony Road

KangariìIa Creek, I'leadows Road

Finnis River at I'lt. Effie
Tookayerta Crcek

I'fyponga Rivcr E, of ¡,lypong:r

Carrickalingr Creek near lVattle Fìat
furacotilla Creek ncar Yankalilla
Bungala Rive¡ nea¡ Normanville

Yankalilla Rivcr near Lady Bay

lio Whcro Ilsc Crcck at fìapi<l lìay

Yankalilla Creek on road to Parawa

Yankalilla Creck at llay Flat
'l'he Decp Crcek, Delamerc

Cold Digging Swarnp

Coolawang Creek

Inman River, E. of Vi.ctor Harbour

llindmarsh River on Sawpit Road

lnlnan Rivcr on Srwpit Roûd

llindnarsh River at Hindrnarsh Falls

47.

48.

49.

50.

I 7969s

2097L7

2287t8

2467t3

t97699

193698

I 89698

I 85694

r 84696

I 8 3696

t76692

t76692

17769L

I 78690

I 746 89

L72687

L77685

L76683

I 786 8l

t74684

ló7683

1556 86

1646 80

t63678

t6467s

L6367t

16 366 9

L54677

I 836 78

17868r

t73675

I 7066 I
L7264s

178643

l6 86s I
1686s7

16 86 3r

64 862 9

648622

63t621

6 326r 8

629619

6r86l2

63ó6t2

636612

622602

637608

642603

65 t6 l6
I606 r9

I5s6l5
L60622

51.

s2.

5?.

53.

5.t.

55.

56.

56.

57.

58.

59.

60.

ó1.

62.

ó5.

61 .

65.

6ó.

67.

68.

69.

70.

71.

72.

73.

71.

75.

76.

77.

78.

79.

s0.

8L
a)

83.

81.

85.

8ó.

þ7.

88.
i2

89.

90.

9l.
92.

93.

93.

9{.
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No Locality Grid Reference

I'fI', LOI.'I'Y I{AJ';C[S-ITL[URIIJU PININSULA (Cont. )

X,\\CÅROO ISLÀ\U

98,

99.

t00.

t0l.
102 .

103.

104.

105.

106.

t07.

l0 8.

109.

I r0.

llt.
I r2.

tr3.

SOI.IIH EÂST SOUTII AUSTRALIA

u4.
I t5.
1I6,

tt7.
lt8.
l l9.

t20.

tzt.

125.

t21.
125.

126 .

127 .

t27 .

t28.

t29.

129.

130.

130.

l3l.
t 3l.

l'¡ib. Currency Creek at Bromló

Finnis River near Finnis
Lake Alexandrina - MiIang

Ì'liddle River near Middle Rive¡ Station
I'lirlrllc River near Glcncorric
t'liddle River N.E. of Binnowie

l\iestern Ri.ver, Karawatha

Dc Molc River
Breakneck River
Rocky River, Flinders Chase National park

South lVest River nea¡ Riverdale
South l\,est River at St. Andrews

South west River nea¡ Brigadoon

Stmsail Boom River nea¡ Kâratta
North East River near Car¡arvon

Elcanor Rivcr near Daws Diggings
Cygnet River
Grassy/Sheep Creek near Moorlands

Tin Hut/Bullock Creek

95.

96.

97.

168622

I 826 3l
200628

50859 7

5095 89

5025 88

4965 96

474589

4 ó1 s66

470563

484560

4 84566

484570

4995 5 9

49956 3

s24578

521588

5 155 8s

5 los 86

Drain K., West Avenue Range

Drain L., neat Robe

Reedy Creek Drain, N. of Greena!,ays

Eastern Divísion Diversion Dtain atrrCeresrl

Èbsquito Creek at Robinsonrs Bridge

8aÌcrs ftange Drain, E, of Penola

Suthcrland Drain, near Beachport
rrT¡'ib . I' l*lt. Hope Drain

Recdy Creck Drain at Fu¡ner

Eastern Division Diversion Drain, N.lrl. of t"lillicent
Drain near IKee¡a Parkrl

Drain ¿t I'White Heath"

l.lt. Hope Drain nea¡ Lake Frome

Brown Lake , I'lt. Garnbier

Val Iey Lali.e, I'tt. Gambie r
llitchcock Drain

Uight Milc Crcek

Trib. of Eighr Mile Creek

Dccp Crcek at Cheese Factory

Drain h. of Deep Creek

Jerusalern Creek ncar Port I'facdonnell

Crcss Crcck, P<¡rt l"lacdonncll

31 84 31

284414

3r5 42 8

329394

380424

35 739 5

30738r

327381

335386

323390

349382

345 378

323368

378334

378s34

383309

381 309

38r 309

379308

378308

375 30 I
37330 8



Fig. VI.i. Distributíon of collecting localities ín South Australia
shorving sites where mayflies \Àrere present, and absent.
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The Natural Environment of South Australia.

The general physical features of south Austraria are

documented in the south Australian year Book (1975) and a brief
sunmary of this article is given below.

south Australia has generarly low relief with the inland

area predominantly f1at, featureless plains or desert. The

Mt. Lofty-Flinders Ranges extend up the centre of the state
like a central spine. Kangaroo rsland is essentiarly the

extension of the southern part of the Mt. Lofty Ranges (known

as the Fleurieu Peninsula) which, with the Frinders Ranges,

extend some 800 kr4. from cape Jervis to Lake Torrens. rn the

south the Mt. Lofty Ranges are of low altitude, with Mt. Lofty
reaching 727 m above sea lever. To the north, the Flinders

Ranges attain greater height hrith St. Mary peak, at 1,166 n

the highest peak. Midway along the Mt. Lofty-Ftinders Ranges

the Barrier Range diverges in a north-easterly direction

towards Broken Hi11.

The Nft. Lofty-Flinders chain has a dranatic effect on

climate, especially rainfatl (Fig. vr.2) and temperatuïe

(Fig' vI.5). Rainfalr exceeds 300 mm per annum throughout

the greater part of the Ranges, and exceeds 500 mn in the

southern region of the Mt. Lofty Ranges. rt rapidly dininishes

to the east of the Ranges at about 20 mm per km. rn terms of
total rainfalr, 82.66% of the total area of south Australia

receives under 250 mm and only 3.gsv" more than 500 mm. The

seasonal distribution of rainfall is also important in defining

the crimatic conditions of the state. Frorn November to lvlarch,



Fig. VI.2. Isohyets of average annual rainfall (uun.) for SouËh Australia.
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rainfall is slight, but during this time evaporation is

intense. rn the southern half of the State 60eo of the totar

precipitation fal1s between April and october (Specht, rg72)

with June to August usually the wettest months. In the

interior, however, rainfall is erratic and scanty with littte
seasonal bias.

In terns of temperature, the isotherms paral1el the

coastlíne, but the cooling effect of the mountain ranges is

clearly evident (Fie. VI.3) . The period December - February

is generally warn in the south to veïy hot in the northern

regions (Fig. VI.3a) . The winter months are cool (Fie. VI. Sb)

with Jrme, July and August the coolest rnonths. In the arid

north daily ternperatures during Winter may exceed 20oC for

nany days, whereas the mean temperature in the east and south-

east of the Ranges is nearer lOoC.

A major feature in the South Australian climate is the

annual evaporation. Andrewartha and Birch (1954) divided

Australia into a series of bio-climatic zones determined by

moisture. with the aridity increasins further from the

coastline. These bio-climatic zones were defined in terms of

the ratio of precipitation to evaporation (p/E). South

Australia was divided into four such zones ranging from warm

temperate/desert (P/E > 0.5 for 1 - S nonths) in the north,

through warm temperate/ a'rid; warm temperate/semi-arid to

wafln temperate/senr-i-humid (P/E > 0.5 for 7 - 9 months). In all

these areas evaporation exceeds precipitation, and rvhere these

conditions occur the potential for saline lake deveropment is

present (Langbein, 1961) as shown by Buckney and Tyler (1976)



Fig. VI.3 Mean maximum (a) and rninimum (b) temperatures for

South Australia.
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in Tasmania. compounding this saline lake developnent

potential is the relatively recent emergence (in the Tertiary)

of the coastal plains from the sea, especially the yorke

Peninsula, Adelaide plains and the coorong. rn the arid
rrcentrerr, saline lake developnent has occurred, with the

innumerable dry salt pans, and frequently-dTy Lake Eyre as

distinct exarnples. where regions of higher rainfall occur

along the Ranges and in the south-east, precipitation and

gror.nd water discharges naintain relatively fresh surface

waters

rn south Australia and the arid areas of the Australian

continent the najority of athallasic waters are saline.

williams (1964) adopted an arbitrary dividing line between

fresh and saline waters at 3%o (based on his ohrn taste

threshold) and Bayry and willians (rg7s) continued the use of

this value as a useful criterion for distinguishing fresh and

saline waters. Buckney and Tyler (1976) compared the

divalent cation proportion of fresh and sarine waters from

Tasma¡ia and noted wide variation at low total ionic concentration,

but much less variation as salinity increased. The range over

which this variation decreased was from I - 11%o. using this
definition, many of the waters salty to taste would be

considered "fresh'r. However, in the present study the

criterion of 3%o, as used by Williams (1964) and Bayly and

williams (1973), has been chosen to deliniate fresh fron

brackish waters. combining the criteria a salinity nap of
south Australia has been compiled from records rnade from

1970-77 by the Engineering and Water Supply Department,
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Adelaide, the Zoology Departrnent, university of Adelaide and

Itlilliams and Buckney (1976). Freshwater has been defined as

below 3%o, slightly brackish waters 3 - L}%o and saline waters

> I0%o. The distribution of these waters is shown in

Fig. vI.4 illustrating how freshwaters are limited to the

Ranges, Kangaroo Island, the south-East and a limited area on

the south-eastern side of Eyre peninsula. The Musgrave Ranges

in the north-west of the state also are known to have peïnanent

fresh water ho1es, but during this study no sampling for either
water or nayflies, üras possible.

The Distribution of Mavflies in South Australia.

Australian surface r4¡ater drainage has been grouped into

12 drainage divisions (Fig.vr.5) on the basis of their location

along the major physical divides, or their position in najor

river systems. The Epheneroptera in south Australia occupy

four of the drainage divisions, South Australian Gulf, Lake

Eyre, Murray-Darling and South East Coast. Each of these

basins can be subdivided into drainage divisions or major

river catchments, Fig. vI.6 (after Australian water Resources

Council, L976). These have been adopted to simplify

discussion of the mayfry distribution. A comparison of the

salinity map and distribution map clearly shows that the

distribution of the mayfly fauna of south Australia is closely

correlated with the distribution of water less than 3%o, with

rare collections from waters in the 3 - l0%o regions.



!

Fíg. VI.4. Salinity map of SouËh Australia based on available
records from the Engineering and l{ater Supply Departmerit, Zoology

Department, Uníversíty of Adelaide, and l^Ii1liams and Buckney

(L976). Areas noË shaded represent regíons which lack water, or
lack salinity records.
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Fig. VI.5. Draínage divisions of Australia (after AusÈralian
lrTater Resources Council , I976) .
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Fig. VI.6. Major river catchments in SouËh Australia (after
Australian hlater Resources Council, 1916).
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vI.3.1

vr.3.1.1

Distribution of Individual Species

F t lebiidae

AtaL ophlebi a aus tz, aLís

The distribution of A. austnaLis is illustrated in

Fig.VI.7. The records of Á. austraLis are limited to the

south East of South Australia; the Torrens, Gawler, Broughton

Rivers and Mambray coast Drainage basins. A singre record of

the species by Dr. J. E. Bishop from spring creek in February

1976 was the only record from the willochra catchrnent. rn the

catchments of the Mt. Lofty and southern Flinders Ranges this

species is always limited to the upper catchment tributaries,

but this is not the case on the south eastern drainage system,

which are lowland drainages.

Not only are the positive records of the species noteworthy;

the localities from which it is absent are just as important.

with the exception of the River Torrens records, .4.. austraLis

is absent from the Southern Mt. Lofty Ranges, the Fleurieu

Peninsula, and Kangaroo Island. To the north, ,4. austraLis

occurs in the Southern Flinders Ranges, but was found in the

most southerly streans of the Mambray Coast drainage (Back

Creek) and of the Willochra Basin (Spring Creek). Back

Creek rises frorn the same ridge as Rocky Riv.er, the northern

tributary of the River Broughton. The headlaters of both

streams arc less than one kilometre apart.



Fig. VI.7. DistribuÈion of AtaTophlebia austra-Zjs in South

Australia ( O ), also showing localiÈies at whích this species

\^ras not recorded. The inset shows the present knovrn distribution
A. austl.a-Zis in Australia.
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The absence of A. austz,alis rnay be because it has been

erininated from these streams during periods of unfavourable

conditions, orf alternatively northerly colonisation is still
progressing, and the Mt. Remarkable streams have not been

successfully colonised. The presence of populations of

Baetis soror, AtaLoneLla inconspicua and ?. tiLLyardL in these

streams would suggest conditions have not alteïed enough to

eliminate them, and since B. soï,or has specific habitat

requirements of flowing water (Chapter 3) it would seem

likely conditions unfavourable to A. austraLís would also

disadvantage B. soror. Also the absence of relictuar populations

in isolated permanent waters, i.e. Goat Rock in spring creek,

would also tend to suggest 4. austr.aLis has not successfulry

colonised these streams.

A. austraLis was found to co-occur with AtaLoneLLa

inconspícua, TasmØtocoenís tiLLyardL and, in flowing reaches,

Baetis soror.

AtaLophlebi a aus traL asi ca

Fig. VI.8 illustrates the knov¡r distribution of

A. austz'alasica in south Australia; limited to the Southern

Mt. Lofty Ranges, Fleurieu Peninsula, Kangaroo rsland and the

coastal streams of the south east corner of the State.

A. austraLas'ica was not recoïded north of the River Torrens,

and was never recorded at the sarne locality as ,4. austraLis.

These two species are therefore discretely distributed, hrith

the River Torrens the only catchnent occupied by both.



Fig. VI.B. DisËribution of AtalophTebia austraLasìca in South

Australia ( a ), also showing localities at r¿hich this species
was not recorded. The inset shows the present known distribution

of A. austral-asica in Australia.
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A aus tz' aLas'L ca co - o ccurre d w íth AtaLone LL a .Lneonspi cua,

Baetis soro, and Tasmønocoenis tiLLyaz,di. In Tookayerta

creek a¡rd the coastal stïeans south of Mt. Gambier it also

co-occurred with AtaloneLLa fuscula anð. AtaLoneLLa piLosa

respectively.

AtaLophLebia auyatus

This species was onry recorded fron the type locarity at
Bakers Range Main Drain, east of penola (Fig. VI.9) and it
appears to be a south Australian endenic. rt is probable that
A. anæatu,s is present in the upper reaches of Bakers Range

Main Drain, but the rerative inaccessibility of the area has

limited the records to this single locality. Extensive

collections from the drain system in the south East did not

rcveal its presence elsewhere, A. az,ættaLis is arso found at
this locality emerging at similar times to A. antyatus.

AtaLoneLla ínconspi cua

A- inconspicua is arso probabry endemic to south Austraria
with its distribution linited to the south Australian Gulf

Division (Fig. VI. t0) . The record by Ulmer (1908) from

Western Australia has not been substantiated, although

collections have been examined. Therefore 4. inconspícua is
considered to be so1ely a South Australian species.



Fig. VI.9. DisÈribuËion of AtaTophlebia auratus in South Australía
( | ), also showing localities at which this speeíes \^ras noË

recorded. The species is known only from the marked locality.
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Fíg. VI.10. DisËribution of AtaJ-onel-7a inconspicua in South

AusÈralia ( a ), also showing localities at which this species

\.ras not recorded.
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Within the South Australian Gulf Division, A. ineonspicua

is present in almost every freshwater lotic habitat from the

southern Flinders Ranges to Kangaroo rsland. In the southern

Flinders this species extends beyond the strearns occupied by

AtaLophLebia atæLzalis and occupies all strearns draining the

Mt. Remarkable massif. To the south, only the upper, non-saline

catchments of the Broughton and wakefield Rivers are occupied;

the Gawler River and Light River are without populations of

AtaLoneLLa inconspícua. Almost without exception the

freshwater streams of the Southern Mt. Lofty Ranges, Fleurieu

Peninsula and Kangaroo Island support populations of

A. incoræpieua.

A. ineonspíeua coincides in distribution with

AtaLophLebia austtaLalíca in the southern localities, and

with .4. qustraLis in the north. North of Spring Creek

A. inconspicua is the only leptophlebiid species occurring

in the other streams of the Mt. Remarkable nassif. It is

therefore the most northerly distributed leptophlebiid

recorded in South Australia.

AtaLoneLLa fuscuLa

A. fuscuLa is limited to only four localities in South

Australia; only one on the Fleurieu Peninsula, the others in

the coastal streams south of Mt. Gambier (Fig. VI.fl). In all

cases the streams occupied by A. fuscuLa are cool, permanently

flowing, 1ow salinity streams. In Tookayerta Creek on the

Fleurieu Peninsula A. ftæcuLa co-occurs with .4. ineonspieua



Fig. VI.11. DisËribution of AtaTonell-a fuscuLa in South Australia
( a ) , also showing localities at which this species \^ras not
recorded. The inset shows the present knovm distríbution of

A- fuscuTa in Australia.
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but the emergence and fright times differ, with su/aïms of one

or other species recorded at any time. rn the south-eastern

streams it co-occurs with A. piLosa. sinilarry, recorded

fright times do not overlap suggesting an ecol0gical isoration
of the species. AtalophLebia austz,aLasica, Jappa pipinna,

Baetis sovor, and Tasmqnocoenis tiLlyazd| also co-exist with
A. fuseuLa.

AtaLoneLLa piLosa

This species can hardry be considered a "south Australian"
species as its distribution within south Australia is
exclusively the coastal streans south of Mt. Garnbier

(Fig. vT-.r2). This species is trury a victorian írnrnigrant

into the political region designated as south Australia, but

its presence necessitates its record. A. píLosa was found to
co-occur with AtaLophLebia aus traLasiea, AtaLoneLLa fus eu\a

and Baetis soror. rts co-occurrence with ,4. fuscula was also

recorded in Northern Tasmania and the Grampian Mountains in
Vi ctoria.

Jappa pipinna

J. pi,pírwta, Iíke AtaLoneLLa piLosa, is a Victorian

immigrant foturd in two streams in the south East coastal,

system (Fig. vr.13) . rt is apparentry limited to the western

victorian region and the southern Grampians, but more extensive

collections in victoria may broaden its known distribution. rn



Fig. VI.12. DisÈribution of Atal-onel-La piTosa in South Australia
( a ), also showíng l-ocalities at which Èhis species r^ras not
recorded. The inset shor^rs the present known distribution of

A. píJosa in Australía.
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Fig. VI.13. Distribution of Jappa pipinna in South AusËralia
( 0 ), also showing localiÈies at which this species \nlas noË

recorded. Ihe inset shows the present known distribution of
J. pipinna ín Australia.
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South Australia it co-exists with AtaLophLebía austtalasica,

AtaLoneLLa piLosa, A. fuseula, Baetis soror. and Tasmøtocoenis

tiLLyaz.di.

a

vI .3. t .2 F. Baetidae:

Baetis soror

The distribution of B. soroï' is disjunct, with discrete

centres of distribution in the Northern Flinders Ranges, the

Mt. Remarkable massif, the Mt. Lofty Ranges, Fleurieu

Peninsula and the South East coastal streams (Fig. VI.14) .

B. soroy does not occur on Kangaroo Island, nor in any of the

upstream sites of the GawIer, Wakefield or Broughton River

Drainages. Sinilarly B. soz.or was not recorded in the

extensive man-made drainage system of the South East Region.

The distribution of this species is alnost strictly limited

by the presence of permanent, fresh, flowing water. In all

localities in which mayflies are found, but which lack

B. soror, the flowing requirement is not met all year round.

B. soï,or was recorded co-existing with almost all species

recorded in South Australia with the exceptions of the CLoeon

species. TasmøLocoenis tíLLyardL was recorded from al1

streans in which B. sovoï, occurred, but B. soror appears to

be the only species restricted to the permanent flowing

streams.



Fig. VI.14. Distribution of Baetis sorot in South Australia
( a ), also showing localities aË which this specíes $ras not
recorded. The inset shows the present knov¡n distribution of

B. soror ín AusÈralia.
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C entroptiLum e Longatum

Fig. vr.15 illustrates the distribution of c. eLongatum

in South Australia. In contrast to the wide distribution of

B. soror this species is linited to tü/o localities on the

south Australian mainland, but is the only baetid species

recorded on Kangaroo rsland. Apart fron the wide distribution
of this species on Kangaroo Island, the two nainland localities
of record are carrickalinga creek on the Fleurieu peninsula,

and Mosquito creek in the south East. At the latter locality
c. eLongatum was for.md with B. sor.or, but this was the only

co-occurrence of these two baetids. C. eLongatum also

co-existed with AtaLoneLLa ineonspícuta, Ata\ophLebia

aaßty,aLas.i, ¿q and T asmqnoeoenís tiLLaæd:i .

CLoeon fLuui.atiLe

C. fLuuiatiL¿ is widely disrributed in the Norrhern

Flinders Ranges, and sparsely distributed throughout the

Mt. Lofty and Southern Ftinders Ranges (Fig. VI.16) . With

the exception of the creek records in the Flinders Ranges this

species occupies many of the farm dams in the Mt. Lofty and

Flinders Ranges. Even in the creek localities c. fLuuiatiLe
was recorded principally from large, standing, stationary,

waterholes. No records of this species were made from either

Kangaroo Island or the South East Drainage area. In all
localities from which c. fLuuiatíLe was recorded it was the

only baetid species formd. ?asmanocoenis tiLLgardi

occasionally was found to co-occur with C. fLuuiatiLe.



Fig. VI.15. DistríbuËion of CentroptiTum eTongatum ín South

Australia ( a ), also showing localities at which this species

r^ras not recorded. The inset shows the present knovrn distribution
of C. eTongatum in Australia.
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Fig. VI.16. Distribution of CJ.oeon fluviatil-e in South Australía
( a ), also showing localities at which this species was not recorded.

The inset shows the present knornrn dístribution of C. fTuviatil-e
in Australia.
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CLoeon para&teniensis

This species was recorded at only two localities in south

Australia, one in the Little Para River in the Gawler River

drainage, and one in the agricuLtural drain system 7 kn east

of Furner near trKeera Parkil in the South East (Fig. VI.17).->

This species does not appear to occupy farm dams to the same

extent as c. fluuiatiLe and therefore has not broadened its
distribution utilising this man-made habitat. Its very

linited distribution nay reflect specific habitat requirements

or inadequate sampling specifically for this species.

c. para&ieniensis was found co-existing with AtaLophLebia

austraLis at both localities, and in the Little para

River AtaLoneLLa ineonspíeua was also recorded.

F. Siphlonuridae:

T as mør oph Lebi a L acus - eo e z.ulei

The only siphlonurid species recorded in South Australia

was 7. Lacus-coeruLei. It occuïs at only two localities

within the State borders, both on the Fleurieu peninsula

(Fig. vI.18). Both localities have similar substrates of sand

containing fine particulate organi.c rnaterial. Tookayerta

Creek differs from Yankalilla Creek in having a high annual

discharge and being relatively coo1, originating from springs

sorne 2 - 300 m above the collecting locality. Belorv this site

much farming and clearing activity has altered the creek, and



Fig. VI.17. Distribution of CLoeon paradieniensjs in South

Australia ( a ), also showing localities at which Èhis species

hras not recorded.
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no 7. Lacus-coez,uLed was recorded. In Yankalilla Creek,

this species was only recorded in the upper reaches where the

substrate is sinilar to that present in Tookayerta Creek.

Although the strearns of the south eastern corner of

South Australia have sandy substrates, 7. Lacus-eoeruLei v,+s

not recorded there. The nearest record to_these localities was

in the Glenelg River near Dartmoor, south western Victoria.

These records increase the known distribution of this genus

which previously was believed to occur in rr.... the lakes and

streams at high altitude from Tasmania to the Blue Mountains

in N.S.W.r' (Riek, 1970a). Both records in South Australia are

in foothill or lowland localities.

T. Laeus-eoeruLeí in South Australia co-occurs with

AtaLoneLLa ineonspieua, and ?. tíLLyatdi at Yankalilla Creek,

and in Tookayerta Creek it was recorded with B. soz,or, A.

inconspicua, A. fuscuLa and AtaLophLebia austy,aLasiea.

-a

vr.3.1.4 F. Caenidae:

Tasmano co eni s tiLLA æd:í,

T. tiLLyaz,dL is the nost widely distributed mayfly in South

Australia, occupying nearly every freshwater habitat available,

with the exception of those on the Eyre Peninsula (Fig.VI.f9).

T. tíLLyaz:di was the only species of mayfly recorded west of

Port Augusta in a farn dam near Hesso. T. tiLLyaz,di co-exists

with almost all other mayfly species recorded from South



Fig. VI.18. Distribution of TasmanophLebìa Tacus-coerul.ei in
South AusËralia ( ¡ ), also showing localities at r^rhích this
species rn/as not recorded. The inset shows the present knovm

distributíon of T- Tacus-coerulei in Australía.
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Fíg. vr.19. Distribution of Tasmanocoenis tiJ-l_7ardi in south
Australia ( a ), also showing localities at which this species
\¡ras not recorded. The inset shows the present known dísÈribution

of. f. tiTTgardi in Australia.
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Australia with cLoeon paz,adieniensis the only exception. rts
tolerance of a broad range of stream conditions, as recorded in

Chapter 3, aids in its wide distribution.

Discussion of Mayf1y Distribution.

The distribution of mayflies in south Australia is clearly

limited by the availability of persistent surface fresh water

without which completion of their life cycle is impossibte.

Each species has different environmental pressures exerted on

it, and these and geographical barriers to dispersal have

influenced the distribution of each species as outlined above.

Documentation of the distribution of each individual

species is artificial if interactions of other species are

ignored. rf an overall view is taken of the distribution of

the south Australian nayflies five major faunal regions or

sub-provinces within south Australia are evident. Not onry

does each of the regions possess a particular fauna, but also

uniformity of geology, vegetation, clirnate (especially

temperature and rainfall) and drainage. Each sub-province is

discrete, being isolated by geographical barriers of either

athallassic saline waters, or as on Kangaroo Island, by the

sea. These sub-provinces are :

1. Northern Flinders Ranges (Localities L - 27)

Southern Flinders - Northern Nlt. Lofty
Ranges (Localities 28 - S0)

-a

vr .3.2

2

3. Mt. Lofty Ranges Fleurieu Peninsula (Localities 51 - 97)
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4. Kangaroo Island (Localities 98 - 11S)

5. South East South Australia (Localities 114 - 13f)

Description of the South Australian Faunal Sub-P nces

The Northern Flinders Ranges

This sub-province is geographically isolated from the

Southern Flinders Ranges by the f1at, open denuded and saline

Willochra Plain, which appears to be an effective barrieï to

nayfly colonization. clinatically the Northern Flinders Ranges

are distinct from the southern Ranges, with rainfall much lower

(250-350 nm) and the summer periods tending to be hotter (+S'C)

exceeding 37.5"C for more than 20 days annually (South

Australian Year Book (1975) ). Andrewartha and Birch (I9S4)

included this region in the warm-temperate arid climatic zone,

with a precipitation to evaporation ratio (P/E) > 0.5 for 1- S

rnonths each year. The drainage of this sub-province tends to

be spatially and temporally intermittent. only after extensive

rainfalls do the majority of water courses have flowing surface

water. For rnost of the time the rrstreamsrt are characterized by

short flowing stretches between deep water holes or large

shallow pools originating fron multiple spring systems. OnIy

a few streams are perrnanent, but these nay also experience

periods of drying and form pools in excessively dry years.

These streanls are usually fresh from their sources to the

point at which they debouch onto the u/estern and eastern plains

surrounding Lake Torrens and Lake Frome where they rapidly

becorne saI ine.
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In terms of rnayfry fauna this sub-ptovince is distinguished

by being occupied by only three species, Tasmanocoenis tiLlyat,di,
Baetis soroï¿ and cLoeon fLuuiatiLe. The true distinguishing

feature faunistically is not so much the pïesence of these

species, but the absence of any leptophlebiid species. The

distribution of both AtaloneLLa inconspicua and. AtaLophLebia

austraLis extends into the southern Flinders Ranges, but does

not penetrate beyond the wilrochra plain into the Northern

Frinders Ranges. Two possible explanations can be suggested to

explain this. Either the Leptophlebiidae have been elininated

from the Northern Flinders, or they have not been able to

colonize the drier, warmer, less reliable northern localities.
rn chapter 3 it was shown that AtaLoneLLa inconspícLLa. was

capable of occupying any niche available at spring creek,

depending on the flow regirne being experienced at the time.

Observations on AtaLophLebia austraLis suggest that this
species is also opportunistic, being capable of surviving the

seasonal flow regimes expeïienced in the semi-arid stleams.

with these capabilities it would seem unlikely that both

species have been eliminated from the Northern Flinders

Ranges unless the temperature conditions were unfavourable.

Normal temperature conditions in the southern streams of the

Northern Flinders Ranges differ littre (+2"c) from the

temperature conditions in northern rocalities of the

southern Flinders Ranges. However, in tenns of survival it
is the extreme conditions which determine an anima|s

capacity of maintaining viable populations. During very hot

weather in sumrner the Northern Flindersr streams may reach
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ternperatures in excess of 30oc which may be deleterious to both

AtaLophLebi,a austtalis and AtaLonelLa inconspicua. The thermal

tolerances of these species is unknown.

The geological history of the IlIilrochra Basin would suggest

this area was adequate mayfly habitat during the early turìia"y.
The willochra Basin sedinents are highly leached, reflecting a

higher rainfall than at present, and these sediments "were 1aid.

down under quiet fluviatile and lacustrine conditions rr

(0rDrisco11, 1955). This georogical evidence of higher rainfall
is supported by pollen grain studies (Kemp, Lg76; Twidale and

Harris, 1977) and fossil evidence (specht , Lg72), as discussed

in detail in section vI.5. central Australia had abundant

conifer forests during the early Tertiary, indicative of high

rainfall and a sub-tropical climate. with increased aridity
and erosion as the Tertiary progressed, the sub-tropical

forests were eriminated and replaced by the present dune

system characteristic of central Australia (specht, lg72).

with the cljnatic changes of the late Tertiary the lvilrochra

Basin changed frorn a wet, freshwater stream and lake system to
a dry saline basin. 0tDriscoll (lgss) stated that ,weathered

bedrock invariabry contains quite a high proportion of soluble

salts which are dissolved by surface water during flol, the

salinity of the water being increased when flat gradients

prolong the tine of contact, and also increase the evaporation

raterr.
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During the early Tertiary the Willochra Basin was

probably suitable habitat for rnayflies. rf leptophlebiid

mayflies occupied the centrar Australian region during this
tine it might be expected that relictual populations could

exist in the drainages of the Northern Flinders Ranges, as i_s

the case for B. sonoz., C. fLuuiatiLe anð. T. tillyandi. SrrÌ

the high tenperature conditions which may periodically occur

could have eliminated the reptophlebiid nayflies. However,

based on the present day southern distributions of

AtalophLebia austz,aLis and AtaLoneLla ínconspicua it is
suggested that they are probably recent invaders into the

Northern Mt. Lofty and Southern Flinders Ranges; the

Willochra Plain acting as a barrier to their northerly

invasion. rn contrast, the thïee species which occupy this

sub-province are widely distributed throughout Australia

(see insets Fig. VI.14, Vl.t6 and VI.19), and probably

occupied the freshwater habitats of central Australia during

the early Tertiary. with the increased aridity they are now

restricted to the freshwater streams of the mountain chains.

Tasmanoeoenis tíLLyardL occupies all habitats available in

the Northern Flinders drainage, but c. fLuuiatiLe, although

widely distributed, was never recorded in any frowing water.

This latter species is well adapted to the stream conditions

of the Northern Flinders, which, for most part of the year,

are a series of stationary poo1s. Unlike C. fLuuiatiLe,
B. sororl was found in the lirnited flowing stretches of the

northern creeks. As discussed in chapter 3, Baetis requires

florving water to allolv oxygen replenishment along the surface
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of its imnobile gi11s. consequently the distribution of
B. soror in this sub-province is considerably narrower than

either 7. tiLLyaz,di or C. fLuuì.atiLe.

VI.4.2 Southern Flinders /Northern Mt. Lofty Ranges Sub-provir.¿e

This sub-province has as its northern edge the ba*ier of
the willochra Plains, and to the south the Gawler River

catchment. The precipitation in this area ranges between

500 - 600mm per annu'n and the ternperature is sinirar to that
experienced in the northern sub-province , but 2 - 50c cooler

during summer. The p/E ratio exceeds 0.5 for 4-6 nonths,

and the region is zoned as r^raïm temperate, semi-arid (Andrewartha

and Birch, 1954). The relief is low with the mourtains rounded.,

unlike the steep rugged scar?s of the Northern Flinders Ranges.

within this sub-province Mt. Remarkable is the highest peak

rising some 950 mabove sea level.

Drainage of the region is to the west into the Gurf st.
vincent with the Broughton, wakefield and Gawler River

catchments draining the majority of the area. The eastern

slopes drain into the willochra creek, and the Lower Murray

River Basin. The st'earns within these catchments are

characterízed by fresh upper reaches with the salinity
increasing near the foothirls as they frow onto their
respective eastern and western plains. similarty marly streams

are terry)orary' flowing on the surface for only short periods,

and becorning a series of pools during the summer months,

similar to those creeks of the Northern Flinders sub-province.
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At the southern boundary of the southern Flinders/Northern

Mt. Lofty Ranges there is no apparent geographical bourdary to

ephemeropteran colonization, but faunistically this sub-

province is distinct from the Southern Mt. Lofty Ranges/

Fleurieu Peninsula sub-province. The species occupying the,

nid-northern region include two leptophlebiids, AtalophLebia

austyaLis and AtaLoneLLa inconspictø; three baetid species,

B, soror, CLoeon fluuLatíLe and C. paz,a&Leniensis; and the

ubiquitous caenid Tasmqnocoenis tíLLyæ&L. Again the rnajor

distinguishing feature of this sub-province is the absence of

species, especially AtaLophLebia austy,aLasica, AtaLoneLT-a

fuseul.a, Centroptilum eLongaknn and the siphlonurid

TasmøLophLebia Laeus-eoeyuLei. With the exception of

AtaLophT,ebia austtaLasiea all the other species have limited

distribution in the Southern N{t. Lofty Ranges and Fleurieu

Peninsula sub-province. Therefore, sepaïation of the two

lvlt. Lofty Ranges sub-provinces may appear quite artificial.

However, C. para&Leniensis was not recorded in the southern

sub-province, and the two widely distributeð, AtaLophLebia

species do not overlap in their distribution. It appears that

A. austraT:Ls is better adapted to occupy the less reliable

streans of the mid-northern sub-province, whereas

A. austv,aLasica occupies the more certain habitats of the

southern Mt. Lofty Ranges and the Fleurieu Peninsula. Both

species occur in the River Torrens Catchment, but were never

recorded at the same loca1ity. The reliability of stream

habitat may explain the discrete distribution of the two

species. There is some circumstantial evidence for

competitive exclusion between the species but no experimental
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evidence to support or test this hypothesis. Distribution

evidence supporting this hypothesis comes fron the River

Torrens, where ,4.. aust,aLis is present in the upper reaches

which are semi-permanent, but .4. austz,aLasíca is absent.

Below Kangaroo creek dan on the River Torrens the reverr" t,
the case. since ,4. austraLis is capable of inhabiting both

permanent and intermittent streams there would seem to be no

Teason why this species could not occupy the generally rnore

reliable southern Mt. Lofty Ranges drainage, conversely, if
A. anætraLasíea requires consistent stream habitat,

characteristic of the southern sub-province, it would tend to

be linited to its present distribution.

The circumstantial evidence for competitive exclusion is
reasonably strong. Exclusion of A. austraLis to the otherwise

favourable southern stream suggests direct competition with

A. austv'aLasica, but this is not necessarily so. competition

may come from other rnsect Orders with similar distributions

and habitat requirements. since no investigation of cornparative

stream faunas (with the exception of the mayflies) was

performed, no evidence for or against this suggestion can be

presented. However, the absence of ,4. austz,aLis in the

southern Mt. Lofty Ranges/Fleurieu peninsuLa sub-province is
considered to be biologically influenced rather than

geo graphical ly determined.

The distribution of species within the nid-northern sub-

province is closely correlated with the distribution of fresh

water (. 3e'o). rn the majority of cases the increase of

salinity as the streams flow onto the plains tends to 1imj.t
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all species to the upper catchment streams . cLoeon fluuíatiLe
occupies similar habitats to those in the Northern Flinders

Ranges sub-province, but in addition utilises the farm dams and

reservoirs that are frequently found within the southern

Flinders/Northern Mt. Lofty Ranges sub_province. The 
)

distribution of c. fLwi.atiLe has probably been influenced by

farm dam construction, which has allowed effective colonization.

unlike c. fluuiatiLe, c. para&Leníensis has a very limited
known distribution in the North para River. The distribution
in the Para River catchment ïnay be greater than corrections

suggest, as a resurt of the apparent disappearance of this
species during winter nonths. During winter, when the creek

was flowing, no specimens were corlected either from the type

locality or from nearby. The relatíonship between the two

cLoeon species is unclear, but both species were never recorded

together at any one locality.

The distribution of Baetis so'or is again linited to
permanent fl0wing streams comprising only the Mt. Remarkable

drainage (i.e. Spring Creek), and the upper reaches of the

Rocky River. The sluggish temporary system of the Light,
wakefield and Gawrer Rivers do not possess populations of
B. soror.

Tasmanocoeni,s tiLLgandi is almost ubiquitous, occurring in
the upper reaches of alr systems lvhere sali'ity was below

3%o. However, ?. tillyardt \n/as not recorded in the eastern

flowi'g Marne River catchment, this is surprising since the

species is the most widely distributed in south Australia.
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Possible explanations for its absence may be either periods of
high sarinity of the Marne River \^¡aters during summer, or

historically it has not recolonized the stream after a períod

of severe drought. During the egg development study (chapter 5)

it was shown the eggs of A. inconspicua can survive salinities
up to 7%o,but to exprain the absence of T. tiLLyardt the eggs

of this species would have to be incapable of surviving in
brackish waters. No eggs of ?. tíLLyandi could be collected,

and therefore no salinity tolerance was determined. The

alternative explanation that T. tiLTaatdL has not recolonized,

is quite likely. The tife span of adult ?. tiLLgañi is very

short, certainly less than eight hours, and more likely less

than three hours. since the species flies only at night,

when wind is absent, the recolonization potential is limited.
The Marne River has probably been dry at periodic intervals

thereby eliminating most freshwater species. The presence of
AtaLoneLLa inconspicua and AtaLophLebia austraLis is not

inconsistent with this idea, because their recoloni zatton

potential is much higher than that or T. tiLLyardi. The

duration of adult life is measured in days, rather than hours,

and they swarm, mate and oviposit during the day at which time

wind is more like1y to be present. Recolonization from the

River Torrens catchment is rikery to occur. The distribution
of AtaLoneLLa inconspícz,ø is similar to that of ?. tiLLyatdL,

with the Marne River the obvious exception.
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Southern Mt. Lofty Ranges/Fleurieu Peninsula

Sub-Province.

As mentioned above, this sub-province lacks a distinct

northern barrier but is geographically isolated to the West by

Gulf. St. Vincent, by Backstairs Passage to the South and b.y

the dry, saline Murray Plains to the East. The Southern lt{t.

Lofty Ranges are of low relief with Mt. Lofty the highest peak

at 727 n above sea level. Although of low altitude, the

orographic effect on the climate of the sub-province is

obvious, with conditions cool and wet compared to the northern

sub-provinces. Precipitation is at its maximum on Mt. Lofty,

where observations from 1972-1974 suggested the mean annual

rainfall nay be as high as 1600 rnm (Schwerdtfeger, L976), but

decreases to below 500 nm in the rain shadow on the eastern

slopes. The najority of the province, however, receives in

excess of 600 mn per year. Although rainfall is relatively

high, it is concentrated during the winter months, and the

surnmeï months are characterized as hot and dry.

Summer average temperatures for the sub-province are near

25"C r^Iith average winter minima between 2 - 5"C on lvft. Lofty and

5oC over much of the Fleurieu Peninsula. More detailed climatic

discussion for the sub-province can be found in the South

Australian Year Book (1975); Schwerdtfeger (1976) and Bureau

of Meteorology "Climate of Adelaide" (1978). Andrewartha and

Birch (1954) include this region in the warm-temperate, semi-

humid bioclimatic zone rvhere P/E > 0.5 for 7 - 9 months of the

year.
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The drainage of the sub-province is prirnarily to the west

and south with the four drainage basins of the Torrens River,

onkaparinga River, Myponga River and the Fleurieu peninsula.

The streams in these drainage basins are permanent, although

not always flowing during summer, and reliably contain water

throughout the year. on the eastern slopes of the Mt. r,oftly

Ranges is the Lower Murray River drainage. Mayflies weïe

recorded in the Finniss River catchment which flows south into

Lake Alexandrina, but to the north the numerous smarl water-

courses are predominantly dry, as the region is in the rain

shadow of the Ranges. The creeks only flow after heavy rain,

but since the soil arornd Lake Alexandrina north of the Finnis

River is highly saline, they are very salty. No mayflies h/ere

recorded from this atea.

Four nayfly species are widely distributed:

At aLophLebí a aus tt aLas i ca, At aLone LLa incon spi cua,

Tasmøtocoenis tiLlyædi and Baetís soror. As in all other

sub-provinces B. soror was only recorded in streams which had

permanently flowing stretches, whereas the other species were

for.u-rd wherever fresh water occurred. The absence of

AtaLophLebia austraLís was discussed above.

Two comparatively raïe species also occur in this sub_

province, although their clistribution is very limited:

T asmanophleb i a Laetæ - coez.ul.e i and C enty,op ti Lun e Long atum.

T. Lacus-coez'uleí was only recorded in south Australia from

two strearns, in a 200 m length of Tookayerta Creek, and a

similar small stretch of the Yankalilla River. Both localities
have sandy substrates rich in fine particurate organic material.
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In the case of Tookayerta creek, the strean is unique in the

south Australian ranges, as it is a pernanent spring-fed stream

which has a high atl year discharge, 1ow sunmer temperature

(< IB'C) and a high winter temperature (t 6.C). During Sumrner

a ruxuriant growth of watercress (Nastuxtiun sp.) occurs, 
)

trapping large amounts of fine particulate organic material and

creating a stable environment for ?. Laeu,s-eoerulei. Ternperature

and discharge data were not colrected for yankalilla creek as the

presence of T. Laeus-eoezwleí v,ras not recorded here until near

the end of the present study. However, sunmer discharge was ress

and rnore variable, and temperature higher than at Tookayerta

Creek.

rn Tookayerta creek,AtaLoneLLa fuscuLa anol-her species

unconmon in South Australia, co-occurred with ?. Laeus-coeruLeí.

rn the southern Mt. Lofty Ranges/Fleurieu peninsula sub-province

this species was found only in Tookayerta creek. As mentioned

A. fuscula and f. ineoncpieua. co-occurred, but were

reproductively isolated by energence and flight times.

A. inconspieun emerged in early Spring, while ,4. ftæcuLa

ernerged later in Sumrner and Autumn.

That A. fuseuLa is restricted to Tookayerta Creek,

suggests that this is the only strean which satisfies its
environmental requirements. Tookayerta creek resembles the

more southern, south East sub-province streams, permanently

flowing and relatively cool. The distribution or A. fuscuLa

in the southern Mt. Lofty Ranges therefore appeaïs limited by

the distribution of permanent, cool stream habitats.
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centroptíLum eLongatum is also limited to one locality in

this sub-province; carrickalinga creek. This stream was

ternporary in 1977 with the type locality being dry in the summer.

upstream the surface water was restricted to smalr areas of

spring influence with pools and short inter-connecting wet

stretches. The uppeï reaches of other streams in this ,.rb-'

province nay also contain this species, but until more corlections

are rnade this is speculation.

The only other species recorded in this sub-province was

cLoeon fLuuiatíLe; recorded in large stationary pools in the

River Torrens and sturt River during the sumrner months. These

were the most southerly records of this species.

Kangaroo Island Sub-Province

Kangaroo rsland is the largest island off the coast of south

Austraria separated from the Fleurieu peninsula by Backstairs

Passage. structurally it is part of the Mt. Lofty Ranges and

Fleurieu Peninsura (Daily et aL, rgTg), but has been isolated

from the mainland since the sea level rose at the end of the

Pleistocene.

Rainfall on Kangaroo Island is simitar to that of the

Fleurieu Peninsula with precipitation concentrated during the

winter months. Rainfall is highest on the rvestern half of the

island, exceeding 600 mm annually (with higher altitude regions

receiving some 900 mm), decreasing to 500 mm or less in the

east (Burrows, 1979). Evaporation is also high, and the
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salinity of surface waters reflect the west-east rainfall

effect, with fresh waters in the west and saline waters in the

east (Fig. vI.4). summer: average temperature for the island is

approxinatery 22.5"c and winter aveïage 7.5"c. Thus the clinate is

tenperate, with a relatively mild wet Winter and a warrn dry

summer. For a detailed clinatic discussion see Burrows Crs;gl.

The island has a similar bioclinatic classification as the

Fleurieu Peninsula, h¡ith P/E > 0.5 for 7 - 9 months of the year

(Andrewartha and Birch, I954).

Clearly isolated geographically, Kangaroo Island has a

distinct nayfly fauna made noteworthy by the conplete absence

of Baetis soror, a¡rd its replacement by centz,optíLum eLongatwn.

The distribution of c. eLongatwn is restricted to the freshhrater

streans of the rn/estern half of the island, but unlike the sparse

distribution on the South Australian rnainland this species is

present in alrnost all available streams. The absence of

B. soror may be the result of the temporary nature of the

Kangaroo Island creeks, which during Sunrner often become a

series of spatially isolated poo1s. Although the winter

conditions in the streams would suit the flow requirement of

B. soroy this may not be met in the dry summer months. 0n the

Fleurieu Peninsula C. eLongatum occupied the temporary

Carrickalinga Creek, which had a similar annual flow regime to

that of the Kangaroo Island creeks. The distribution of

B. soror and. C. eLongatum appears mutually exclusive except at

Mosc¡uito Creek in the South East where both species were

recorded. It appears that B. soror has an advantage in

permanent flowing streams, and C. eLongatum an advantage in

temporary streams.
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Only three other species of rnayfly were recorded on

Kangaroo rsland ; Atalophlebia austraLasíca, AtaLoneLT,a

inconspieua and Tasmanocoenis tíLLyædí. These species are

widely distributed in the Southern Mt. Lofty Ranges and

Fleurieu Peninsula, and the similarity to the Kangaroo rsland

fauna is obvious. A1l three species were found co-occur"irig

at many localities, but the distribution in the cygnet River

is worthy of particular mention. unrike the rnajority of

streams on Kangaroo rsland the cygnet River drains to the

east and is fresh at its source, grading to saline along the

lowland reaches. This natural salinity gradient could be

useful in describing the salinity tolerance of the various

mayfly species. Records of salinity have not been made in the

river and therefore definite values cannot be expressed.

However, in the lowland reaches the water is salty to taste

and therefore exceeds 3 - 5%o. No mayflies l/ere recorded in

these lowland reaches. upstrean at locality 111 the water rn/as

just salty to taste (sarinity 3-s%o) and only A. inconspicuø

was recorded. Further upstrean at localities ll2, and 113

the water was fresh (< 3e"o) and both ?. tiLLyardi, and,

A.ínconspisua were recorded. The less saline western and

southern drainages were occupied by ar1 four species. rt
therefore appears that the widespread Z. tiLLyar.&L and the

South Australian endemic,4.. inconspicua are capable of
occupying rvaters of higher ionic content than ,4. austraLasica

and C. elongatum.
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South East Sub-Province

The fifth epheneropteran sub-province consists of the

south-east of South Australia. This sub-province is

geographically isolated from the other sub-provinces by the,

northern bor.rndary of the large Murray Artesian Basin extending

throughout New south wa1es, south Australia and victoria. This

basin has a complex history of sedinentation during the

Mesozoic and Tertiary (Glaessner and parkin, lg5g). rn south

Australia the Basin can be divided into two divisions; the

northern Murray Basi¡ proper and the Ganbier Enbayment

(Glaessner and Parkin, 1958; Alderman, IgTS) separated by a

higher structure, the Padthaway Horst. The padthaway Horst is

the northern bou¡rdary of the South East sub-province.

The geology of the Gambier Embayment is doninated by the

Mt. Gambier limestone deposited by Oligocene seas which covered

the entire Murray Basin. During the Quaternary, regression of

the seas occurred, caused by uplifting of the region, notably

during the Pleistocene (Alderman, r97s), and a series of coastal

dunes were deposited at each successive water leve1. These lorv

northwest-southeast trending dtnes, separated by level plains,

are the dominant geomorphological feature of the south East,

with the notable exception of the few extinct Quaternary

volcanoes in the Mt. Gambier-Millicent area.

The climate of the Murray Basin is predorninantly semi-arid

whereas high winter rainfall occurs in the Gambier Embayment,

with annual rainfall exceeding 500 mm over the entire region

and 800mm in the Mt. Gambier and Millicent area. The
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temperature regime is tenperate, with a mean maximum surnmer

temperature less than 30oc, and a mean minimun winter

ternperature greater than 5"c over much of the sub-province.

The region u/as classified as warm-temperate, semi-humid by

Andrewartha and Birch, and p/E , 0.5 for 7 - 9 months per year.
)

As recorded in Section VI,2, evaporation exceeds

precipitation over the whole state. However, the south East

sub-province differs from the rest of the state in predominantty

overlying permeable limestone. This limestone and the sand-dune

ranges become charged with water by the high winter rainfall,
and from various narginal intake areas, the nost inportant

being the Goroke-Edenhope district in Victoria (Glaessner and

Parkin, 1958; Wi11ians, rg74). Ground water novement is
towards the north-west, with high quality in the south-east

deteriorating, in terms of salinity, to the north_west.

The low topography of the south East sub-province and the

absence of surface drainage characterized this region before

Europeal settrement of South Australia. The plains between

the sand-dune ranges were subject to prolonged and extensive

flooding during the high rainfall winters because of the

obstructions of natural drainage by the dtmes, and a high

gronnd water 1evel. lllilliams (1974) has reviewed nan's

activities in these regions fron 1g63 when the first moves

were rnade to drain portions of the south East. since then a

series of drainage channeLs have been cut between the ridges

and at right angles to the direction of the ¿*", (i.e.
NE-sw). These have effectively drained the area, so that the

former swamp-lands of the south East are no ronger subjected
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to extensive flooding. The swamps have now been replaced by

streams.

Although the water quality, i.e. salinity, sti1l tends to

deteriorate towards the north-west along the dune systen, the

direction of surface flow has been sornewhat modified, with Jhe

north flowing water intercepted at several points and diverted

westward to the sea. Two najor drains, Bakers Range Main Drain

and Reedy creek Drain both flow south-east to north-west until

reaching the right angle Eastern Division Diversion Drain where

the drainage alters, to northeast-southwest to the sea. The

northern extensions of both these drains flow northwest-

southeast to the Eastern Division Diversion Drain. This

directional flow (i.e. north-west direction of the southern

sections and south-east direction of the northern sections)

has had an obvious effect on the mayfly fauna which will be

discussed below.

CIearly the South East sub-province is distinct in norphology

and drainage from the other four sub-provinces. rn terms of the

nayfly fauna it is also distinct, possessing a distinctly
rrVictorian" fauna. Only two species are fairly widely

distributed; T. tiLLgardi anð, AtaLophTebia austï,aLís. Both

species are distributed in such a way as to appear almost

mutually exclusive, but this appears to be caused by the water

quality (salinity) and the direction of the surface drainage.

T. tiLLyædL occupies the lower quality north-west waters

which flow south-easterly to the Eastern Division Diversion

Drain, while 1. atætz.aLis occupies the lorver salinity southern

waters. The southern drainage tends to the north-lvest and
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therefore passively assists colonization in this direction

until the Eastern Division Diversion Drain is reached. The

south-east flowing Reedy creek Drain and Biscuit Flat Drain,

because of their directional flow, obstruct further northerly

colonization by A. austraLis. These two species are the only

ones which have successfully utilized the man-made drainage'

system of the dune ranges. cLoeon par.a&f,eniensís was also

recorded in a 'ttributaryrr of Reedy creek Drain near'Keera park",

but this was the only record of this species in the drains.

To the north-east of the dune drains is Bool Lagoon,

filled by Mosquito creek which rises in victoria. The Bool

Lagoon Out1et Drain on the western side of Bool Lagoon connects

to the Eastern Division Diversion Drain to maintain a relatively
static water level in the Lagoon. r. tiLLyaz,dí occupies the

inlet and outlet of Bool Lagoon, but .4. austraLis was not

recorded there. centroptiLun eLongatum was also recorded in

Mosquito Creek, but not in the Bool Lagoon Outlet Drain.

This was the only record of this species in the south East

sub -province .

0n1y one other species hras recoïded in the man-made drainages

of the dtu:re ranges, the endemic AtaLophLebia auratus. This

species hras recorded fron one locarity in Bakers Range Main Drain,

where it was formd in association with ,4 . austraLis. This

limited distribution appears to be the result of the drainage of

the swamps. A. auratus is morphologically distinct from both

A. austraL'is and A. austz,aLasiea., not only in the male genitalia,

but also in the nynphal norphology. The leg measurelnents of

A. aut'atus are sj-nilar for all legs, with the ratiqs of femur
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length to tibia and tarsal lengths sinilar for the fore, mid

and hind legs (i.e. I.00 : 0.98 : 0.49; 1.00 : 0.96 : 0.48;

1.00 : 0.96 : 0.47 respectively). In contrast, both

A. austraLis and A. austy,aLasica have leg lengths that

progressively increase from the fore to the hind leg. The

short fore legs and ronger hind legs tend to orient ttre nyrnitrs

of A. austraLis and ,4. australasica with the head lower than

the rest of the body. In a stationary body of water (i.e.

swamp) this inclined orientation would have no obvious

advantage over the horizontal orientation of .4. anwattts.

Howeverrunder flowing conditions this inclined orientation

would effectively utilize the forces of the ftowing water to

push the nymphs onto the substrate, whereas the horizontal

stance of A. auratus would be a disadvantage. A. annatus is

perhaps adapted to the swamp-like conditions which predominated

in the South East before European settlement, and to which it

is apparently endemic. Since the building of the artificial

drains the swamp environment has been altered, giving an

advantage to those species adapted to a lotic environment.

Therefore, the limited distribution of ,4. anu,atus may be a

result of the drainage activities of man. Although Bakers

Range ltfain Drain was dredged in the 1880s, its effect was

limited until the Eastern Division Diversion Drain was

constructed betleen 1944-1970 (Williams, Ig74). The change

from swamp to flowing rrriverrr is therefore only recent, and

Bakers Range ltlain Drain services one of the last areas drained.

It may therefore be the last refuge of 1. au.z,atus which now

appeaïs to be in direct competition with the invading

A. austraT:Ls. The limited distribution of ,4. australis in the

drains suggest a recent colonization.
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Along the southern coast of the south East sub-province are

a series of spring-fed streams which have high permanent

discharges. These streams, of which Eight lvlile creek is the

major systen, were all channelled in the 1900-194J period.

Accessory drains were also constructed during this period, to
encouïage drainage of the grorxrdwater and therefore d".r"rr"
flooding of the area. These permanent coastal drains and

streams have the richest mayrly fauna of any streams in south

Australia, with the exception of Tookayerta creek. species

occupying these streams and drains include ?. tiLLyardL,

AtalophLebia austt,aLasíca, AtaLoneLLa fuscuLa, A. piLosa,

Jappa pipínnaand BaetLs soror. Jappa pipínna and A. pi.Losa

were only recorded in the South East sub-province, but this

apparently limited distribution is because the present study

was confined predomina¡rtly to the south Australian political
borders. In the Glenerg River catchment, the southern streams

of the Grampians (i.e. wannon River catchrnent) and adjacent

victorian coastal streams these two species aïe ubiquitous.

similarly the other species, with the exception of.4. auxatus

are also common in these victorian streams. The south East

sub-province of south Australia is therefoïe nore correctly

considered as a rtvictoriantr sub-province, as the aquatic fauna

are not limited by political bor¡rdaries.

AtalophLebia austz,aLis and A. aust*alasica both occurred

in the south East sub-province, but were never recorded from

the same localíty, a situation parallel to that in the River

Torrens a:rd the Northern and Southern Lofty Ranges sub-

provinces
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Origins of the South Australian It'layfly Fauna.

The Ephemeroptera are useful insects for the study of

biogeography as they require water throughout their nyrnphat

life, and tend to have low tolerance to saline h/aters. The

adult reproductive stage is very short, which greatly )

ínhibits its ability to disperse widely in the only stage not

totally dependent on water. Barriers of marine areas, arid

land, saline athalassic r^¡aters and high nountain ïanges are

effective and dispersal therefore only occurs when habitats

ate aval-lable for colonization, or aerial mechanisms, i.e.

wind dispersal, can act over a short distance in a relatively
short time. Dispersal would therefore be relatively slow

r:nless barriers were reduced by changing climate, or the

creation of suitable habitat occurred by alteration of the

status quo e.g. by drain construction.

The study of zoogeography involves interpretation of

present day distributions and, with botanical, geological and

zoological evidence, the elucidation of the origins of this

distribution. The technique obviously has inherent problems,

especially in regions where fossil records are absent, and

therefore no direct evidence exists. Also manrs activity has,

in many regions, altered the environment in such a way that

the faunal assemblage is no longer a product of natural

historical interactions, but rather a very recent event.

'a
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The Australian zoogeogïaphical region can be sub-divided

into three faunal provinces, which can be crassified both

ecologically and by faunal characteristics (Fig. vI.20). These

were described and discussed by rdackerras (1970) and Tyler
(1976). The Bassian province is the moist temperate region

consisting of south-western western Australia, the south-eait

coastal region of the Australian mainland, and Tasmania. The

Torresian Province has a wet-moist tropical to sub-tropical

climate and consists of the northern and north-eastern coastal

belt of Australia. The arid central region of the continent,

with rainfalt below 500 mm per year comprises the Eyrean

Province. lvlackerras (1970) left the linits of the Bassian

Province open in the south Austrarian region, but Tyler (1g76)

considered that the Bassian province ended in the south East

corner of south Australia, leaving the Mt. Lofty-Flinders Ranges

in the Eyrean Province. The uncertainty of the limits to each

province is caused by the rnosaic of species composition at the

botndaries. Faura from each province interact and mix forning

transitional zones. Therefore, the general position of the

limits of each province is probably of more value tha¡ a

specific position, unless there is an obvious physical barrier.

with the limited avairabre distribution records of
AustraLian mayfties collated fron the taxonomic papers, very

little zoogeographical interpretation can be nade. similarly
the absence of a fossil record, wi.th the exception of a record

in southern Tasmania from Triassic fluvial deposit (Riek , 1962) ,

make zoogeographical discussion very conjectural. In an

attempt to clarify the origins of the South Austrarian mayfly
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fauna, additional collections from victoria, Tasmania and

south-west Western Australia and north_hrest Western Australia

were examined. Material held in the south Australian Museum,

and the National Nfuseum of victoria was also studied, but

collections in the National rnsects collection of c.s.r.R.o. in
canberra were not available for examination. From the 

"*"n'irru¿
material, and published records, the distribution of nany of
the south Australian species throughout the whole Australian

region were traced, and the possible origins of the south

Australian fauna are discussed. rt is stressed that the

following discussion is conjecturar and is supported only by

present day distributions, po11en graín and fossil plant

evidence, and geological evidence.

0f the thirteen species of nayfly present in South

Australia, two are endemic (AtaloneLla inconspícua anð.

AtaLophLebia aunatus) and one (cLoeon paradieniensis) appears

endernic, but this may only reflect poor collection or cLoeon

in the material examined. The other species have wide

distributions throughout the Bassian province (see insets of
Figs ' vr.7 - vr. 19) with ?. tiLLyardi having an ubiquitous

coastal distribution in the Bassian and Torresian provinces.

None of the south Australian species were present in the

south-west western Australian material exarníned, although

B. soror is described from this area. ttre species with the

relatively wide Australian distributions are those that give

nore complete information on the factors affecting their
present day distribution.
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0f possible factors deterrnining the distribution of the

south Australian Ephemeroptera, two appear to have been

extremely irnportant, namely climate and eustatic changes in

sea leve1. when the climate and sea leve1 changes in the South

Australian region are examined, the south Australian mayfly

fawra appears to consistpredominantly of a relictual faura,'

influenced, as has been the vegetation of the area, by increasing

aridity and the invasion of the seas. Although rinited fossil
evidence of Australian mayflies is available (Riek , 1962, 1970b),

fossil evidence from paleo-botanical studies is useful in

determining the past climatic conditions of the arid regions

which today are totally unsuitable for mayfly colonization.

studies of polren grains have shown that during the early

Tertiary the nain elements of the extant flora of Australia

were present on lateritic, podsolic soils which were developed

under a sub-tropical climate of high rainfall and high

temperatures (specht, 1972). Kemp (1976) for:nd no indication

of marine influence in central Australia during the early

Tertiary, but did find an abundance of conifer po11en of

MLcrocachrys anð Podocatpus, both forms indicative of high

rainfall. Twidale and Harris (1977), in a study of Ayers Rock

and the Olgas in central Australia, fotmd the Tertiary f1ora,

as indicated by pollen grains, to closely resemble the extant

vegetation of the Gippsland and Otway Basins of Victoria.

As the Tertiary progressed, the climate of northern South

Australia changed and became less humid, urtil by the end of
the Tertiary early Quaternary, the climate ivas arid to
desertic (Jessup, 1961). Throughout the Quaternary,
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interspersed with wet periods, were a number of severearid

periods occurring predominantly in the pleistocene and up to

the present. During the arid periods of the pleistocene

widespread erosion occurred and in the pïesent-day arid

regions the sub-tropical vegetation was destroyed, and

replaced by the extensive dune systens which are characteriìtic
of Central Australia (Specht, 1972).

Aridity was not the only major destructive infruence on

the early Tertiary flora and Fauna. During the Tertiary

(Oligocene and Nfiocene) there hras a major invasion by the sea

onto the Murray-Otway Basin, the st. vincent Basin and the

Eucla Basin of south Australia. It was during this time that

the Gambier lirnestone assemblages were deposited. The

Ivlurray-Otway Basin seas are the nost inportant in terms of the

south Australian mayfly fauna as they probably destroyed any

freshwater fatrnal assemblages previously occupying these

regions, and created an extensive barrier between central

victoria and south Australia, thus isolating the respective

fauna. The freshwater fauna were therefore probably restricted
to the Mt. Lofty-Flinders mountain chain, bordered to the east,

and south by the oligocene seas, and to the north and west by

arid deserts. Towards the end of the Miocene, and continuing

into the Pliocene, the seas ïeceded and the Basins began to

upwarp in relation to the sea (Kenley, l97f). During the

Pleistocene glaciation (which was only of indirect influence

on the south Australian fauna) the sea level dropped, because

water was loclced in the ice masses, The extent of the drop is

uncertain, but Davies (r974) considered that 125 m below

present-day 1eve1s would not be an over-estimation. During this
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time Kangaroo Island was continuous with the Fleurieu peninsula

(Daily, et aL, r97g) and further to the south, Tasmania was

continuous with the Victorian mainland. At the end of the

Pleistocene the sea level again rose and reached its present

level some 9,000-10,000 years B.p.
)

The consequence of the climatic changes, eustatic sea level

changes and man-made environmental alterations as documented by

williams (r974) can each be considered as factors determining

the south Australian mayfly distribution. The mayfly fauna

consists of three groups of species: the endemics

(AtaloneLLa inconspícua and AtaLophLebia au.z,atus); the species

widely distributed, but isolated to mountain ranges

(AtalophLebía austnaLis, A. az*straLasica, AtaLoneLla fuscuLa,

Baetis sorlor, CLoeon fLuuiatiLe, C. patadLeniensis,

Centz,optiLum eLongatum, Tasmanocoenis tiLLy ardt and

rasmanophLebia Lacus-eoeruLei); and the recent invaders fron

victoria (Jappa pipinna and AtaLoneLLa piLosa). some species

occur in more than one grorp, ê.g. AtaLophlebia austy,aLis,

A. anætralasica, AtaLoneLLa fuseula, Tasmanocoenis tilLyatdL,

centz'optiLum eLongatum and Baetis soror, ar1 of which were

isolated to the Ranges, but have also re-invaded from

Vi ctoria.

The distribution of T. tiLlyardi and c. fLuuiatíLe overrap

at least two Australian zoogeographical provinces (Figs.

vI. 16 and VI.19) . The records of c. fLuuiatile are limited

because the permanent pools and dams in Australia have not been

extensively collected. As mentioned in chapter 2, this species

was described from New Guinea (Ulmer, 1g1g) and recorded at
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Armidale by Harker (1950a). None of this material could be

examined, therefore conclusions drawn about this species are

perhaps tentative. conversely, the distribution of T. tiLlyandi
as illustrated in Fig. vr.19 is based on examined rnaterial and

its distribution includes the Bassian and Torresian provinces.

The other widespread Bassian species with a predominarrt ,oútn-

eastern distribution (with the exception of B. soror,) have been

affected, and isolated by sinilar factors to the two species

discussed above.

During the early Tertiary when Australia was predorninantly

tropical-sub-tropical, with extensive coniferous and

Nothofagus forests in the south-east of the continent, the

ancestors of T. tiLlyar&L and c. fLuvLatiLe were probably

extensively distributed throughout the freshwater habitats of
Australia with extensive populations from the central areas to

the northern, eastern and southern coasts. In contrast, the

ancestors of AtaLophLebia austraLis, A. australasica,

AtaLoneLLa fuscuLa, B. soroï', Cloeon paz,adíeniensís,

c entz' op ti Lwn e L on g atum an d T as møtophl eb i a Lacus - co e y,uLe i w er e

probably restricted to, but widely distributed throughout the

southern regions of the continent. whether these species, or

their ancestors, were pïesent in Tasmania during the Tertiary

is unclear, but of those that do occur in Tasmania, their

present day distribution in the northern half of the State

would suggest that they are moïe recent invaders.

lvith the onset of the arid period in the late Tertiary the

distribution of freshwater habitats probably rvas restricted. to

the Ranges and coastal belts of the Australian continent.
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The distributional ranges of all the above species decreased.

The climate changes affected the flora in a similar fashion.

"During the arid periods much of the vegetation died of

drought and the soils became unstable and subject to wind

erosion and then to water erosion whenever stoïms occurred.,

In South Australia much of the early Tertiary flora was

destroyed:- Nothofagus and Malaysian closed-forest cornmunities

no ronger existrr (specht, 1972). specht also noted that nany

of the more hurnid elenents of the Australian sclerophyll flora

also suffered. The flora of the Grampians of victoria has a

close affinity h/ith the vegetation of the south-west corner of

western Australia (wilris , r974), and this disjunct distribution

was a result of the changes in clinate.

Tyler (1971, 1976) discussed the distribution of two

closely related species of frogs, Pseu.dophryne oceLdentaLis

and P. bibz,oni from Western Australia and south-east Australia

respectively. He recorded the Western Australian species

P. occidentaLis in the north-west of South Australia in the

Everard Ranges. This record suggested that the two species

were once components of a continuous distribution, now linited

by extensive drought and arid conditions. p. occidentaLis

and P. bibroni are nor^/ isolated within regions where permanent

u/ater occurs. In South Australia P. bibroni is found in the

Ranges and on Kangaroo Island. The south-eastern Australian

distribution also extends into the south-east of South

Australia. As the extent of desert increased in south Australia

the mayfly and frog species were probably forced back into the

wetter ranges and coastal be1ts. Conbined with the decrease in
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fresh water habitats during the Tertiary, was the onslaught of

the 0ligocene-lrliocene seas which separated the Mt. Lorty/Frinders

Ranges area from the victorian region. The Murray-otway Basin

seas created an enonnous barrier to distribution of any

freshwater fauna, separating not only the mayflies, but arso the

distribution of Pseud.ophzgne bibz,oni. crocker and wood egqll
showed that many EucaLyptus spp. which now have disjtnct

remnants in south Australia had a continuous distribution with

south-east Australia.

The ancestors of the widely distributed south Australian

mayfry species were probably restricted to the Flinders/Mt.Lofty

Ranges, Fleurieu Peninsula and Kangaroo Island. During this

period of isolation the endernic species AtaLoneLLa íneonspieua

may have evolved to occupy the restricted freshwater habitats.

The distribution of T. tiLlyardL and CLoeon fLuuiatile
suggests that their ancestors rt/ere also restricted to the

mountain ranges and coastal streams of the north-western

western Australia and northern Queensrand. Further collections

may reveal that these two species are distributed all along

the northern coast and down the north-east coast of Australia.

The ancestors of ?. tiLLyædí probably also occurred along the

victorian coast and Dividing Ranges into New south lvales and

Queensland. No records of this species have been made in

south-west western Australia. In contrast, c. fLuuiatiLe has

not been recorded further south than Armidale near the east

coast of northern New South Wales and therefore, with the

exception of the south Australian records, this species appears

to have a predorninant Torresian distribution.
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of the Bassian species, B. soror is the only one that also
occurs in south-west western Australia. The distribution of
this species is sinilar to that of the frog pseudophrgne and

the Grampians f10ra, arl 0f which were apparently isolated by
the incneased aridity. The other species which were also
isolated during the late Tertiary probably had an extensive
distribution throughout the south-eastern region of the
Bassian Province.

As the seas receded there lvas a reinvasi-on from the
distributional refuges of the Grampians, and Great Dividing
Range. 0nce freshwater habitats became availabre the ancestors
of B. sorov" AtaLophLebia austraLasiea, AtaLoneLLa fuscuLa,
and T. tiLLyardL re-occupied the coastal streans. rn south
Australia they probably invaded the south Eastern coastar

streams south of Mt. Ganbier. The extensive swamprand which

developed between the sand-dune ranges as a resurt of the
increasing rainfalr a¡rd high ground water were invaded by an

AtaLophlebia specíes from which .4. au,atus probabry evorved.

T. tiLLyaz'dt- or its ancestors arso probably invaded these

swamps.

Other species invaded fron victoria, and these make up the
recent invading group, AtaLonelLa pilosa, and Jqpa pípinna.
These species colonized the southern frowing streams along the
victorian and South Australian coastline. This series of
invasions probabry occurred. since the pteistocene when the sea

levels were berow their present day revels. Also during this
period 7' tt'Llyat&L' Ata.LoneLla fuscula, AtaLophlebia

a'æ tralis anð T asmanophlebia Lacus - coez,uleí perhaps invaded
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Tasmania explaining their restricted northern limits of

distribution on that island.

Kangaroo Island, which during the pteistocene hras

continuous with the Fleurieu Peninsula, may also have been

colonized at this time by the ancestors of. AtaLophLebia )
austy,aLasiea, AtaLoneLla íneonspicun, Centroptilum elongatum

and Tasmøtocoen'is tiLLyardt. rf flowing streams existed on

this extension of the Peninsula B. sorov probably colonized as

we1l, but with the recent arid climate throughout South

Australia, and the temporary nature of the Kangaroo Island creeks,

B. sor.or has not rnaintained viable populations. Conversely

centroptilum eLongatun nohr occupies all availabre habitats on

Kangaroo rsland, and only maintains a rerictual population in

a temporary stream on the Fleurieu Peninsula. The other

species that invaded Kangaroo Island are all capable of

surviving the temporary nature of the streams, and therefore

remain part of the island mayfly fauna.

Clinatic changes and eustatic sea leve1 changes have

therefore been instrumental in determining the present day

distributions of the South Australian nayflies, either by

isolation or by increasing the salinity of the athalassic

r^/ater, i.e. in the Murray Basin, Spencer GuIf Basin and

Adelaide Plains. One other factor has also been important

for colonization, especially in the South East of the State

As rnentioned in discussing the distribution of

AtalophLebia auratus, the influence of man in draining the

swarnps has disadvantaged this species, and has created a

suitable habitat for A. austy,aLís. Since effective
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drainage was not accomplished until the east-west drains

L, K, and M were completed (1900_1945) the extent of
A- austraLis distribution in this area has armost certainry
occurred in less than 80 years.

rn conclusion, the nayfly far.ma of south Australia consl_sts

of three groups, a snall endenic group of two species, a

recent invading group of two species and the relictual group

which are isolated in the streams of the Mt. Lofty and Flinders

Ranges, including nine species. within this latter group are

species which are also widely distributed in the south-east of
Australia, and which have recolonised the water courses of
south East South Australia since the withdrawal of the

Tertiary seas, and the construction of the extensive drain

system. The two disjunct faunas of the Ranges, and the south

East are the result of the extensive decrease in freshwater

habitats caused by increased aridi ty, by marine invasion and

by nan's activities in the alteration of the naturar environment.
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CHAPTER 7

Conclusions.

General Conclusions

Previous to this study only three publications had

recognised the presence of a nayfly fauna in south Australia.
Eaton (1871) described a mayfly fron Adelaide, LeptophLebia

ineonspícua, later to be placed in the genus AtaLophLebia

(Eaton, 1884). Harker (1954) recognised, AtaLophLebia

austraLasica irTillyardrs 19s4 collection from Mt. Gambier,

and Tinms (1974) recorded a caenis sp. from the volcanic lakes

of south-eastern South Australia.

After extensive exanination of freshwater habitats in
south Australia, thirteen species of nayflies from four

families and eight genera have been recognised. All of these

species have been deternined from adurt males and associated

nature nynphs. Five new species have been recognised and

described; AtaLophLebia auratus, AtaLoneLLa píLosa, Jappa

pípinna' cLoeon patadieniensis, centnoptí.Lum elongatwn, and

one species transferred from the genus AtalophLebia to

AtaLoneLLa (AtaLoneLLa inconspicua (Eaton) comb. nov.). The

first associated nymphal descriptions of five previously

described species have been incruded lA. inconspicua (Eaton),

A- fuscula (Tirlyard) , Baetis soroï, u1mer, cLoeon fluui.atiLe
Ulmer and Tasmanocoenis tíLLyædi (Lestage) ] .

)

VII.l



327

A. fuscuLa was associated with a nymph by Tillyatd (1936) , but

this study has shown that Tillyard's description was probably

of the nymph of A. piLosa sp. nov., which co-occurs with

A. fuscuLa. The adults and nymphs of AtaLophLebia austraLis

(Walker), .4. aL¿stv,aLasiea (Pictet) and TasmøtophLebia

Laeus-coev,uLeí Tillyard have been re-described in detail fìon

South Australian rnaterial.

The character expression of all species was examined to

document any variation occurring within the South Australian

populations. Qualitative characters, especially genitalia,

ürere consistently expressed in nale inagos, and those of gi1l

structure, mouthpart structure and abdominal tergite spination

were consistently expressed in the nymphs. In nymphs, the

nandibular dentition and prosthecal structure, labrum shape,

labial and maxillary palp structure were all valuable

specific characteristics. The najor wing venation lvas

considered valuable at the generic level with the features of

the hind wing most useful. The cross vein systems varied

extensively, even within an individual, and therefore were

not considered useful taxonomic characters. Abdoninal colour

pattern of nynphs also was variable, although a basic pattern

in each species was determinable. Very little reliance was

placed on this character.

An analysis of variation of morphometric character

expression was rnade for the common South Australian species.

Many characters were geographically and sexually variable, with

the ¡ange of expression so great that their value as taxonomic

characters was doubtful at the species 1eve1. Those characters
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which were statisticarly inconsistent at the species leve1

also had a wide range of expression and courd onry be used

as rsecondaryr characters, supporting the classification
based on rnale imago genitalia and nymphal rnorphotogy.

rn south Australia rnany of the freshwater systems are neaï

the linits of permanency. Two streans were selected; one

coo1, pernanently flowing (Deep Creek) and one warm and

intermittent (spring creek); to examine how their respective

nayfly faunas had adapted to these two environments. The

streams were compared in terms of physical environment! geology,

temperature, discharge, substrate, pH, conductivity (or

salinity) and water chemistry. Their rnayfry far¡ras differed;
two species urere common to both streams , rasmanocoenLs tillyædi
and Baetis soror, while AtaLophLebia austraLasica occupied only

the pernanent stream, and AtaLoneLLa inconspicua only the

intermittent stream.

The habitats occupied and rife cycres of this group of
species were examined by using a dual net box-sanpler with an

inner coarse net of 480 um aperture, ild an outer fine net of
110¡rm mesh aperture. This sanpler enabled colrection of first
instar nymphs of all species, and since at each rocality ar1

species were from different families, identification of the

early instar nymphs was relatively simple.

The habitats occupied by each species from both streams

indicatecl that Baet'Ls soror was the most specific, with the

greatest number of nymphs collected in the florving water habitats
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AtaLophLebia austt'aLasica occupied most habitats, but the

majority of specirnens was collected in slower, deeper rpoolsr

or rflatsr, with reduced numbers in rrifflesr and fast frowing

habitats . AtaLonella ínconspicua and Tasmøtocoenis tiLLyazdL

occupied all habitats, except fast rrifflesr, equarly, but the

greatest numbers b/ere recorded in slower flowing reaches. i"
spring creek both .4. íneonspiana and, r. tilLyatdt were recorded

in the hyporheos below the dry stream bed in March rg77. These

species also occurred in the spatially isolated pools in the

u/atercourse. EarLy instars apparently enter the hyporheos to

avoid the high h¡ateï temperatures that occuï in the pools

during summer. Recolonization, once the strearn recornmenced.

flowing, was most probably from the farna occupying the

hyporheos, and by downstream drift of animals from the isolated
poo1s.

Examination of life cycles of each species showed that in
the cool permanent Deep creek ?. tiLLyatdL had two generations

per year with immature nymphs fron both generations devel0ping

throughout the winter months. rn the wanner spring creek,

T. tiLLyædL had a polyvoltine life cycle with two winter
generations plus a summel generation. Baetis soyor showed a

sirnilar increase in the number of generations, with three

generations in Deep creek (one winter, and two surnmer) and

four generations in spring creek (two winter, two summer).

AtaLophLebia austraLasíca in Deep creek anð, AtaLoneLLa

inconspícua in spring creek both had polyvoltine life cycles

with three geneïations per year.
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During the life cycle study first instar nymphs of
AtaLophLebia atætraLasica anð, T. tiLLyardi weïe recorded in
early Spring before " p"".""ãing adult emeïgence, but first
instar nymphs of B. soror¿ were arways record.ed after an

emergence period. The devel.pment of eggs of four species,

unfortnnately not including 1. australasì.ca ot T. tiLLyar&L,

was examined to determine if there hreïe more than one

developrnent strategy. Eggs of ,4. austz,aLis and AtaLoneLLa

inconspricua did not hatch in water below lloc, but renained

viable until the temperature increased above this 1evel. rn

contrast, AtaLoneLla fuscuLa and B. soror eggs did not have a

quiscent stage, and development h¡as continuous over the

examined temperature range (g - 24"c). In all cases development

was directly related to water temperature above either a

threshold ternperatuïe, or a quiescent induced temperature. A

third stTategy, obligatory diapause, \^ras not recorded for any

species examined. Light and/or photoperiod have litt1e if any

effect on the tength of the incubation period.

The ability of eggs to rernain viable under conditions of
eLevated sarinity and after dessication was examined for
comparison with conditions that occur in the temporary

st'eam habitat. Reduced viability of A. ftrscuLa eggs occurred

with increased salinity, and eggs of neither A. fuscuLa or

B. sororl survived dessication. This strategy was therefore

unlikely to operate, and survival of mayflies in the temporary

habitats of south Australia was probably by entïy into the

hyporheos, or by isolation in tl're pools associated witli springs,

from wl¡-ich locations recolonization took place once the stream

Tecommenced flowing.

!
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The distribution of each species in south Australia was

documented, and cornpared with the distribution of fresh and

saline waters. Alr species weïe apparently limited by the

availability of persistent surface fresh water, without which

completion of their life cycle was irnpossible.
)

comparative distribution of species groups indicated five
distinct fa'nal conponents in south Australia. These sub-

provinces within the Bassian zoogeographical province not only

have distinctive rnayfly fat'as, but also distinctive clinatic
conditions (tenperature, rainfarr, evaporation) vegetation and

geology. By exanining the distribution of each species within
these sub-provinces, and in a wider context throughout

Australia, an attempt hras made to determine the origins of the

South Australian species.

Three distinct conponents of the south Austrarian nayfly
fat¡na hrere apparent, the endemics, AtaLophLebia aztvattæ and,

AtaLoneLLa inconspicua; the species restricted to the central

rnountain chain of the Mt. Lofty-Flinders Ranges (including the

Fleurieu Peninsula and Kangaroo rsland) , AtaLophLebia

autstz'aLasica, A. aLtstz.aLis, AtaLoneLLa fuscuLa, Baetis soror,
centroptíLwn elongatum, cLoeon paz,adieníensís, c. fLuuiat¿\',
TasmanophLebía Lacus- coez,uLei and Tasmøtocoenís tiLLya'dt ;

and the species which are probabry more recent invaders from

Victoria: Jøppa pipinna, AtaLoneLLa piLosa, A. fuscuLa,

AtaLophLebia austnaLís, A. austz.aLasíea, cLoeon pæa&Leniensis,

Baetis soror and Tasmanoeoenis tiLLyar&L. The 'invadingr fauna

closely resembles the isolated species group suggesting that
the faunas were once continuous, and have been separated by two

najor factors, climatic change and. eustatic sea 1evel changes

-a
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during the Tertiary. Geological, floral and zoological

evidence demonstrates that the climate of central Australia was

much wetter in the early Tertiary than at present, but that as

the Tertiary progressed the clinate changed, beconing more arid,
eliminating the previousry lush fl0ra of central Australia.,
conbined with this, sea revels arso rose, encroaching on the

1ow lying areas of the Murray-Otway Basin, the St. Vincent

Basin and the Eucra Basin in south Australia. These two

changes restricted farura and flora to the refuge areas of the

hills and moturtain ranges. The sea level change isolated the

south Australian rTanges'r fat¡na a¡rd the rVictorianr farna.

with the recession of the sea and subsequent uprifting of the

land since the Pleistocene, re-invasion of the coastar streams

has occurred. However, the now sarine Murray plains have

maintained effective isolation of the two fauras.

More recentry, man-made alterations to the naturar

environment have had noticeable effects on the mayfly fa,na.

cLoeon fLuuiatíLe is commonry fou¡rd in farm darns and may have

moved into these r^/ateï bodies to exploit a widespread and

vacant habitat that occurs throughout the state. Numerous

channels have been constructed to drain the extensive swarnps

and marsh lands of the south East. AtaLophLebia euratus,

which was probably endenic to the swamp lands, appears

adversely affected by the new flowing habitat and is apparently

being replaced by A. austz,a7,ís.
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Areas of Future Research

The present study has indicated several possible areas for
future work on the Australian Ephemeroptera.

1) Further exanination of speciest survival strategies in ¡
intermittent streams is required, with emphasis on

recolonization after the dry summer periods, occupation

of the hyporheos, size distribution of anirnals in the

hyporheos, Ðd resistance to dessication of the nynph and

egg stages. The present study has shown i']'.at AtaLoneLLa

ineonspicua artd Tasmcnocoenís tiLLyatdL defínitely enter

the hyporheos during the dry summer months, but this

behaviour was not exarnined in detail. The inabirity of

eggs of Baetís soroz, and A. fuscula to survive dessication

suggests that these mayflies do not utilise drought

resistant eggs to survive. Also the presence of a

generation of /. inconspieua and T. tiLlgardi that

originated during the period of zero surface discharge

in Spring Creek, suggests that these species also do not

utilise drought resistant eggs as a survival mechanisn.

However, more detailed exanination may record this

strategy in other species of the Austrarian mayfly farura.

2) Further life history studies are required to determine

whether more Australian species have flexible life cycles

similar to those displayed by the South Australian species.

If this is the case, the systems developed in the

Northern Henisphere for classifying life histories may be

inapplicable to the Australian nayfly fauna.

-a
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3) More detailed exanination of rnicro-habitat occupation and

requirements of different species fron different genera

are necessary. sone information on the South Australian

species was obtained, but demonstrated a broad, ecological

tolerance. This may not be true of ar1 species, especially
)

of those occupying the alpine streams of eastern Australia.

4) Further studies on egg development tnder constant and

fluctuating temperature conditions, and the applicability

of the results to field conditions would be vaIuable.

Examination of thernal summation and day degree developrnent

of B. soror eggs indicated some similarities between

calculated development rates and field observations, but

some discrepancies were apparent, especially over the

winter-spring period. The technique of thermal summation

could prove a useful predictive nethod for life cycle

studies.

5) All the preceeding require a functional systematic

framework that enabres reliable identification of genera

and species. Without this framework, ecological

comparisons are hampered, and information can be lost,

especially when comparisons at the specific level are

necessary, but conclusions can only be based on family

identifications. Changes in species composition can be

unobserved and therefore loss of definition may be

extensive.
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with the taxonomic study on mayflies nearly comptete in
south Australia, ecorogical studies are now possibre, but no

other Australian state has this required taxonomic framework

yet. The najor objective for research on the Australian

Epherneroptera must be to establish this taxononic rmderstanding,

both for adult and nymphar specimens, the ratter being most

important for ecologists.

Recornmendations

Three important recommendations have come fron the

present study :

(1) Extensive evaluation of character variation withín a

species throughout its distribution range must be

carried out to give adequate taxonomic definition.

(2) Ethanol preserved adult naterial shourd be used in
preference to dry pinned inagos.

(5) A net rnesh size which wirl collect representatives of
early, preferably first instar nymphs has to be used in
life history and ecologicar studies to avoid erroneous

conclusions based on inconplete data.

Evaluation of rnany morphometric and non-rnorphornetric

(i.e. quaritative) characteristics of the south Australian

mayflies illustrated wide variation, ffid therefore Iinited
value in species identification. Morphometric characters hreïe

fotnd to vary sexuarly and geographically, however, those that
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were significantly different also exhibited wide variation
within a population. Therefore, as many specimens as possibre

from as rnany localities as possible should be examined to gain

some insight into the amount of variation that can exist
within each species. rn a few cases this was not possible

with the species studied, especially for those species that'

had very restricted distributions. However, these were

distinctly different from the other species present, and could

therefore be described.

Genitalia, the rnajor characteristic of the nale irnagos

used for specific identification, showed great structural

differences when air-dried and ethanol preserved specimens

virere compared. Air-drying usually resulted in distortion due

to shrinkage, separation of semi-fused penes and occasionally

extensive contraction of lateral 1obes. rn ethanol preserved

naterial the genitalia were consistently expressed, and

retained the true structure of the genitalia of living naIes.

0nly ethanol preserved specimens should therefore be

described and irlustrated in future work. For producing scanning

electron micrographs of male genitalia drying is a necessity,

but critical Point Drying is the method of choice, as the

structure of the genitalia is not distorted, resembling Iiving
or ethanol preserved material.

Use of a fine mesh, which will collect early instar
animals, has been advocated nany times (see Appendix 12), but

nany life history and production studies are still conducted

using rneshes which collect only late instars. From the data

that are obtained conclusions are drawn on egg hatching and
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duration of generations. Both aspects require direct
observation of first instar nymphs. The present study was

able to define the life cycles of Tasmøtocoenis tiLLyatdi and

Baetís so?or in Deep creek, south Australia, and showed that
the conclusions based onry on the 4g0 ¡rm mesh d.ata were

inaccurate when cornpared with the conbined 4g0 pm and lto uì
collections which sampled all instars (suter and Bishop, lgg0,

Appendix 12). Therefore it is imperative that autecorogical

studies on nayflies, and other benthic macro-invertebrates,

rery onry on data colrected with nets capable of correcting

the snallest size classes, the first instar.
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Appendix t
Localities, Dates

South Australia.
and Collectors of Ephemeroptera in

Locality Date Collectors

NORTHERN FLINDERS RANGES

Nepouie Ck.
Balcanoona Ck.

25.7 .76 PS,Arkatoola Ck. - Arkaroola
Hot Spring Ck. , Paralanna
Hot Springs
Stubbs lVaterhole Ck.
Stubbs Waterhole

27 .9 .75
24.7 .76
24.7 .76
24.7 .76
24.7.76
27 .9 .75

JEB.
PS , RIVI,
PS, Rl4,
PS, RM,
PS, RM,
JEB.

Rl4 BM.

BM.
BM.
BM.
BM.

Trib. Mt. McKinley Ck.
19 km E. of Nepabunna Mission
Trib. Tea Tree Ck, trVearing Gorge
Ivlt Chanbers Ck.
Trib. Mt. Chambers Ck. neaï
Little Bodmonie Well
Bend.i euta Ck .

Old Wirrealpa Spring
Wirrealpa Ck. 5 km Í/. of Wirrealpa

Eregunda Ck. Fountain Spring
Emu Ck, Aroona Dam

Willigan Ck, Third Spring

Woodenclimna Ck. Nirrana
Oratunga Ck. N.E. of Mt.
Parachilna Ck, Mt. Mary

Mary

trVockerawirra Ck.
Enorama Ck.
Elatina Ck.
Brachina Ck.
Bunyeroo Ck.

Oraparina Ck.
Trib. l{ilpena Ck.
Irloralana Ck, Blacks Gap
Arkaba Ck, Little tVeepòivie

Kanyaka Ck.
lVarren Gorge

24.7 .76
25.7 .76
zs.7 .76

PS, RM,
PS, RM,
PS, RM,

PS , R{, BM.
PS, RM, BM.
JEB, JHD.
JEB, JHD.
PS, RM, BM.
WDIV.
PS
JEB, JHD.
JEB.
PS , RM, BNT.
JEB, JHD.
PS.
JEB, JHD.
PS, RM, BM.
JEB.
PS , RM, BIU.
I,\/DI\I.
JEB, JHD.
PS.
PS, M{, BI\,1.

PS , RM, Blvl.
PS, RM, BIU,
IVDW.
PS , RM, Blvl.
JEB, JHD.
PS.
JEB.
PS , RI,I, BII.
JEB , JIID.
PS , RI, BIU.
JEB, JHD.
PS.
JEB, JHD.

BM.
BM.
BM.

25.7 .76
2s.7.76
15.12.76
16.12.76
2s.7 .76
25.8.76
r0.4.77
16.12.76
7.70.76
23.7.76
15.12.76
9.4.77
1ó.12.76
2s.7 .76
8.10.75
26.7 .76
26.8.76
26.I2.76
8.4.77
26.7.76
26.7 .76
26.7 .76
29.8.76
26.7 .76
17 .I2 .76
17.7.77
8.10.75
26.7 .76
15.12.76
26.7 .76
17 .12.76
16.7 .77
15.12.76
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SOUTHERN FLINDERS RANGES - NORTHERN MT LOFTY RANGES

0ld lVoolshed Dam,
Nectar Brook Ck.
Nectar Brook Dam
Spring Ck.

Hesso 11.12.76
10.12.76
11.12.76
9.10. 7s
17.4.76
10.12.76
L7 .12 .7 6
L2.9.76
2.L0.76

2 .76

77
1'7

.76

.77
76

L0.8.77
4.r0.77
IL.9.76
I0.8.77
10.12.76
22.I0 .76
26.rL.76
26 .LL .7 6
27 .8.77
27.8.77
27.8.77
26 .II .7 6
14.12.76
28.8.76
10.10.76
20.L0.76
r.4.76
28.8.76
26.s.76
26.s.76

27.I.78
2.7 .76
1r.8.76
28 .r0 .76
4 .I .77
6.2.77
t2 .T0 .7 7

16.12.77
9.I2.76
22 .12 .76
12.r0 .77
17.3.76
20.I0.76
18.3.76
9.4.76
12.4.76
28 .r0 .7 6
4 .3.7 7

28.3.76

JEB, JHD.
JEB, JHD.
JEB, JHD.
JEB.
AI\I.
JEB, JHD.
JEB, JHD.
PS.
PS, AS.
JEB, JHD.
PS, JHD.
PS
PS, JHD.
PS.
PS.
PS, AS.
PS, JHD.
PS.
PS.
PS, JHD.
JEB, JHD.
JEB.
JEB.
JEB.
PS, AS, AIUMR.
PS, AS, AMIVIR.
PS, AS, AMMR.
JEB.
PS , l4B.
PS.
JHD.
PS, JHD.
JEB, JHD.
PS.
PS, AW.
PS, AW.

PS , BI{.
RS.
PS.
JEB.
PS.
PS.
PS.
PS.
PS.
PS.
PS.
JEB.
PS.
JEB.
JEB.
JEB.
JEB.
JEB , AtV.
JEB.

Back Ck, Port Germein Gorge

l\riId Dog Ck, N. of Murray Town

Rocky R, N. of WiTTabarra

Rocky R, S. of Wirrab arra

Rocky R, N. of Stone Hut

Rocky R, N. of Laura
Broughton R. at Hutt R. Junction

Hutt R. near Clare
Ohlenneyer Park Reservoir
Skillogalee Ck.
Schumacher Ck.
R. lVakefield near Leasingham
Julia Ck
North Para R.
Little Para R., Paracombe

Little Para R, Lorver Hermitage
Marne R. S. of Eden Valley
Marne R., Canrbrai Picnic Ground
Marne R., Black Hill

MT. LOFTY RANGES FLEURIEU PENINSULA

10.1
4.10
5.7 .

10.8
12 .9
4 .10
1.9.

Torrens R
Torrens R
Torrens R
Cudlee Ck
Torrens R at Kiosk

Torrens R. near road to priarie

Torrens R. at Castambul

Deep Ck., Castambul

at Gumeracha
2 kn E. of Gumeracha
at Birdwood

Deep Ck., at Ford



Trib. Deep Ck.

Fif th Ck, lvlontacute

Fourth Ck, Morialta Falls

Deep Ck., Knotts Hill Rd.
Deep Ck., Ashton
Dam, Carey's Gully
Cock's Dam, Ashton
First Ck. Waterfall Gully
Pool at trVaite Institute
Brownhill Ck.

Trib. Sturt R. , Blackwood

Sturt R., Coramandel Va11ey
Chambers Ck, Coramandel Valley
Sturt R., below Flind.ers University

Onkaparinga R., Balhannah
Trib. Onkaparinga R., Carey's Gully
Algate Ck., Algate
Scott Ck., at Scott Ck.
Blackfellow Ck, Kuitpo Colony

Bul1 Ck. on Kuitpo Colony Rd.
Kangarilla Ck., Meadows Rd.

Finnis R. at IUt. Effie
Tookayerta Ck.

lvlyponga Ck., ll . of liÍyponga

Carrickalinga Ck, near IVattle Flat

1.5
6.8
11.
1.5
4.3

.76

.76
11.75
.76

I7. :2 .7 7

23.9.77
L2.LL.76
24.8.77
6.8.76
L5.7.76
3r.3.75
- .10. 75
3.Ir .77
30 . 1L.7 7
3.3.76
20.3.76
L2 .8.76
29.4.76
31.8.76
29.4.76
3L .8 .76
22.4.76
29.4.76
27.8.76
L.L2.76
28.3.76
6.6.76
23.9.77
27.I0.76
16.12.76
27 .I0 .76
27 .4.76
11.1L.76
27.6.76
16.12.76
6.I0 .76
27.L0.76
29.12.76
TI .I.77
zs.I.77
8.2.77
8.2.77
L7.4.77
28.4.77
26.8.77
6.r0.77
14.11.77
2r .t2 .7 7
28.2.78
5.4.78
8.4.78
17 .4.78
26.8.77
2I .12 .77
14.1r.77
21 .12 .77
13.3.78

s40

PS, AS.
PS.
JEB.
PS,AS.
JIIB , AW.
JEB.
JEB.
JEB.
PS.
PS.
PS.
JEB.
JEB.
PS.
MG.
JEB.
JEB.
AI\I.
PS.
PS.
PS.
PS.
PS , AI,V.
PS.
AW.
RB.
AIV.
PS.
JEB.
JEB.
ATV.
JEB.
JEB.
JEB.
PS.
JEB.
JEB.
JEB.
JEB.
PS, TL.
JEB, AW.
PS.
JEB , AI\r.
PS.
JEB.
PS.
JEB , AIV.
PS.
PS, JEB.
PS, JEB, AW.
PS.
PS.
PS, JEB.
PS , AN{IÍR.
PS, JEB.
PS,
PS.
PS.



Anacotilla Ck., near Yankalilla

Bungala R. near Normanville

L.9.76
11.10.76
20.r0.76
2L.7.77
6.r0.77
L5.4.76
L.9.76
20.r0.76
7 .L2.76
15.1L.77
23.8.77
23 .8 .77
6.Il-.77
14.1I. -7
16.12.76
14.1r.77
r.9 .76
11.10.76
7 .L2.76
15.2.77
2r.7.77
23.8.77
T5.2.77
16.12.76
6.7 .77
16.1r.77
5.6.76
20.L0.76
26.3.76
29.8.76
20.8.76
11.10.76
20 .10 .7 6
27 .L0 .76
8.2,.77
26.8.77
25.I.76
LL.L.77
6.II.77
s.4.77

20.I0.76
8 .Ir .77

20 .II.77
20 .Lr.77
20.17.77
20.tt.77
20 .Ir .7 7

20.rl-77
15.12.76

13.12.76
18.12.76
20.rr.77
19.12.76
19.1r.77

34r

JEts.
JEB.
JEB, AI1/.
JEB, AW.
JEB, AW.
JEB.
JEB.
JEB.
JEB.
JEB , AlV.
PS, AMI\4R, BM.
PS, AIMR, BM.
JEB, AW.
PS.
PS, JEB.
PS.
JEB.
JEB.
JEB.
JEB, AW.
JEB, AW.
PS, AMMR, JEB.
JEB.
A}V.
JEB, AW.
JEB , AlV.
PS.
JEB.
JEB, AW.
PS.
PS.
JEB.
JEB.
JEB.
PS.
PS, AMMR.
JEB , Al.V.
PS, TL.
JEB.
JHD, MG.

JEB.
JEB, AW.

JEB.
JEB.
JEB.
JEB.
JEB.
JEB.
I{DI\I.

IVDll/.
IVDIV.
JEB.
\VDIV.
JEB.

Yankalilla R., near Lady Bay
No lVhere Else Ck, Rapið, Bay
Yankalilla R., on Rd to Parawa

Yankalilla R., at Hay Flat
The Deep Ck, Delanere

Gold Digging Swanp
Coolawang Ck.

Inman R. on Prouse Road.
fnman R. on Sawpit Rod.
Hindmarsh R. at Fal1s

Hindnarsh R. on Sawpit Rd.
Finniss R. near Finnis
Trib. Currency Ck, at Bromlé
L. Alexandrina, Milang
Ck., below Knobs Hi11, near
Normanvil 1e

KANGAROO ISLAND

Middle R, lvliddle R. Station
Middle R., Glencorrie
It'liddle R., N.E. of Binnowie
Western R., Karalvatha
Del'lo 1e R.
Breakneck R.

Rocky R. Flinders Chase National
P ark

So uth lVe s t R. ne ar Ri ve rdale
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South West R. at St. Andrews
South lVest R. near Brigadoon
Stunsail Boom R.

North East R. near Carnarvan
Eleanor R. near Daws Diggings
Cygnet River

20 .II.7 7

20 .II.77
20.Lt.77
20 .Lr.77

JEB.
JEB.
iVDl\r.
JEB.
JEB.
JEB.
JEB.
IVDI\I.
JEB.
JEB.

PS, DS.
PS, DS.
PS, DS.
PS, DS.

19.
19.
L2.
19.
19.
19.
20.
16.
20.
20.

11
11
I2
11
11
11
11
I2
11
11

11

'7 1

.76

.77

71
7'7

.76
'7 1

11

4.77
II.77
LL.77
4.77
II.77
TI.77
II.77
LI.77
IT.77
17.7 7

r.77
4.77
r.77
IL.77
r.77
IL.77
IT.77
4.77
II.77
II.77
4.77
TL.77
rt.77

Gras sy/ Sheep
Tin Hut/Bul1o

CK
ck

near Moorlands
ck.

SOUTH EAST SOUTH AUSTRAL]A

Drain K West Avenue Range
Drain L near Robe
Reedy Ck. Drain, Greenaways
Eastern Division Diversion at "Ceres"Eastern Division Diversion near
Beachport
Mosquito Ck.
Bakers Range Drain, W. .of Penola
Sutherland Drain near Beachport

Trib. , Mt Hope Drain, NW of Millicent
Reedy Ck. Drain at Furner
Drain near rKeera Parkt
Drain at "White Heath'r
Mt. Hope Drain near L. Frome
Brown Lake Mt. Gambier

Va1ley Lake Mt. Garnbier
Hitchcock Drain

Eight NIile Ck.
Trib. Eight Mile Ck.
Deep Ck., at cheese factory
Drain lVest of Deep Ck.
Jerusalen Ck.

Cress Ck, Pt. Nfacdonnell

24.
23.
'))
24.
18.
20.
20.
20.
20.
zr.
15.
23.
15.
'))
15.
aa
'))
¿5.
??
2.2.
23.
)')
22.

PS,
PS,
PS,
PS,
PS.
PS,
PS,
PS,
PS,
PS, r

PS
PS,
PS.
PS,
PS.
PS,
PS,
PS,
PS,
PS,
PS,
PS,
PS,

DS.
DS.
DS.
DS.

DS.
DS.
DS.
DS.
DS.

DS.

DS.

DS.
DS.
DS.
DS.
DS.
DS.
DS.
DS.

ABB REVIATI ONS

JEB
MB
RB
JTID
MG
TL
RNf

BM

J. E. Bishop
M. Brock
R. Buckney
J. H. Diener
M. Geddes
T. Laver
R. ltlarchant
B. Mitchell

AMIqR
RS
AS
DS
PS
AI\/
I\/DlV

A
R
A
D
P
A
W

I{. M. Richardson
Shiel
Sute r
Sute r
Sute r
lVe 11s
D. lVilliams



Âppcndix z 343'

.- ..List-of-ntorphol[ctric characters of male and fenrale nyrnphs of AtatophJeÞia aust¡atjs fronÀlr' llopc Drain, rvhich did not show significant <lifference! i^,n"n.orfã;¿ã--bt 't,,test.
Significant char;rcters are presentod in Table 11.4.

lesI'la Fema IesCharacter x SD Ran ge x SD Ran ge d.f

NL/lilr

P¡r-li/ I llr'

l.t\ll/ PNIìi

FFL/ FIìIi

NTiL/ÀlFL

If TaL / Àil;L

HTiL/lrFL

H1'aL /lt FL

\rcL/ Frr.

Labial Palpi

BLlBl(

l.rllBL

AL/B L

Paraglossac

L/t{

itlaxillary Palpi

IftsL/lrBlç

I'f I'lL/ I[] L

I't¡.1 / ltB L

Lab rum L/l{

1.4s

0.96

1.14

3. 16

0 .97

0.43

r.02

0.43

1.01

l.8r
0.80

0.60

0.97

2 .24

r .22.

0.66

0.36

0.06

0 .07

0.07

.0.15

0.02

0.02

0.02

0.01

0.01

0.06

r ,42

]-02

1.1ó

3.18

0 .97

0.43

1.03

0.4?

1.03

L.02

0.07

0.08

0 .10

0.13

0 .02

0 .01

0 .02

0.02

0.05

0.11

1.40-1.58

0.8s-1.04

I.06-t.24

3.00-3.48

0.94-1.00

0. 35-0.44

0.97-1.05

0.39-0.44

0.99-1.03

1.50-2 .10

0.75-0.86

0.48-0.73

0.86-1.06

1.50-2.57

0.88-r.s3

0,s0-0.77

0.33-0.38

r.34-1.s2

0.88-1.14

1.08-1.35

3.01-3.48

0.94-0.99

0.41-0.44

0.99-r.06

0.38-0.43

0.96-1.07

L.67 -I .92

0.65-0.90

0.40-0.71

T2

T2

I2

2S

25

25

22

))

24

?,6

26

2S

0 ,16

0 .04

0.08

7.77

0.78

0.57

0.08

0.08

0.10

0.30

0.14

0.09

0.02

2.05

L.24

0.63

0.35

0.24

0 ,10

0.10

0.02

24

20

20

T2

0.86-1.2s z3

L63-2.40

1.05-1.35

0.50-0.s2

0.33-0.38



Âppendix 3

. . !irt of rnorpholretric characters of nale irnagossigni.ficant geographical variation rvhen compared"by

Significant characters are presented in Table 11.5.

344.

ausÈ¡a-Iis which did not displayof
t't

Atal oph). ebi a
test.

Character
Rocky R. Pop

S
ulation
Dx ckedyRe Drain. Population

RangeRange

0.29-0.39

0.16-0.20

0.13-0.15

I.75-2.08

L 26 -r .47

2.68-2.92

1.54-1.69

1.28-1.43

0.45-0.s4

0.10-0.12

0.16-0.22

0.97-1.06

0.08-0.11

0.08-0.10

0.07-0.09

0.16-0.19

x SD d.f

NL/¡l L

Àln'l(/ ts L

PNI''/BL

NL/ÀL\lv

IfNrv/ P.\h'

R{L / R\'lV

H liL/i llli h'

FTi L/ FFL

FTI L,/ FFL

I\IT, L/}f FL

NTsL/t'tFL

l'lTiaTl L/llFL

il1'2L/HFL

H1'31/rr FL

llT4 L/il FL

ÌrT 5L/il FL

0 ,34

0.18

0. r3

1.8ó

1.35

2 .83

1.6r

1. 33

0 .50

0.11

0.19

1.03

0.10

0.09

0.08

0.17

0.03

0.01

0.01

.0.13

0.09

0.09

0.05

0.06

0.03

0.01

0.0?

0.03

0.01

0. 01

0.01

0.01

0.33

0.r7

0 .13

I .91

I.32

2,7r

1.65

r.34

0.51

0.11

0.19

1.04

0.10

0.08

0.07

0 .L7

0,02

0 .01

0. 01

0.08

0.08

0.2s

0.16

0.04

0.03

0.01

0 .02

0 .07

0.01

0.01

0 .01

0 .02

1ó

16

a

9

9

16

L6

14

T4

15

t3

13

13

T2

13

13

0.31-0.55

0.16-0.19

0 .L2 -0 .L4

1.81-2.00

I.2I-7.4?,

2.40-s.12

1.50-1.89

r.29-L.40

0.48-0.53

0.10-0.12

0.15-0.21

0.93-1.09

0.09-0.11

0 .07-0 .10

0.06-0.08

0.15-0.20



Appendix 4

List of no
Jcrusalcnr Ck,

345.

rplrotttctric characters of ntale and fentale nynphs of etalophlebia aus ù¡a-tlsi ca, f rom
rvhich did not shotv significant differences'when compared by 't'r test.

Si.gnificant characters are presented in Table 11.7

Character xx
Mal es

SD Ran ge
Fenales

SD Ran ge d.f

r'lFr./NFlv

I'ITi L/TIFL

ÀtTa L/ì\tFL

rrTi r/HFL

ilTaL/lt FL

III;I,/FFL

Labial palpi

BLlBI{

l,lllts L

ALl BL

trlaxillarl.palpi
NBL/Ißl(

Labrun L/l/

3.56

].00

0.38

1.08

0 .37

r. 19

0.14

0.02

0 .01

0 .02

0 .02

0 .02

5.48

0.99

0.38

7.07

0.36

T .2I

0.14

0.02

0 .01

0 .02

0,02

0.02

I4

T4

14

I4

T4

L2

3.32-3,72

0.97-1.02

0.36-0.40

1.05-1.11

0.34-0.39

L.L7 -I .23

1.55-1.82

0 .63-0 .7 7

0.70-0.78

2.7r-3.14

0.25-0.33

3.30-3.69

0.96-1.01

0.36-0.40

r.05-1.09

0.32-0.37

1.18-1.2s

1.58-2.00

0.ó8-0.84

0 .64-0 .7 4

z.7s-3.57

0.31-0.52

L.7t

0.7r

0.73

1.78

0.74

0. 70

0.14

0.0s

0 .05

14

13

11

0.10

0.07

0.03

2.96

0.50

0.14

0.03

2.9r

0 .32

0.s2

0 .01

13

6



r\ppcn<tix s 346 .

. .!itt of nrorphornetric characters of nale nylpls of etaTophLebia ausÈra.l.asica which did not displaysignificant geographical variation when conparâd'by "¡,, a"ra.
Significant characters are presented in Table 11.g.

Sturt R. Population _Jerusalen Ck. Population
x SD RangeSD RangeCharac tc r x d.f

HFL/nrv

FTi L/ FFL

FTaL/ FFL

ÀtTi L /Àf FL

ìtTaL/ÀlFL

ltTaL/t{ FL

Àil1l/ FFt.

Labrurn L/l{

1.02

r.02

0.50

0.97

0 ,37

0.36

1.05

0.29

0.98-1.05

0.88-1.08

0.46-0.5s

0.96-1.00

0.55-0.38

0.35-0.37

1.01-1.09

0.28-0.33

1.03

1.03

0 .51

1.00

0.38

0 .37

1.03

0.30

0 .02

0.02

0.02

0.0?

0.01

0.02

0.01

0.03

1.00-1.06

1.01-1.06

0.48-0.53

0.97 -r.02

0.36-0.40

0.54-0.39

1.01-1.05

0.25-0.53

l8

19

18

19

19

1ó

16

9

0.02

0.05

0.03

0 .02

0.03

0.01

0.03

0 .02



Å¡r¡rendix 6

l)e.tuiLs of llrorl)Ììornctric clìarûcters of
Dcep Crcck r,'hich did rìot shorv significant

Significltìt clìrt'actct's arc ltrescntctl

s47 .

lralc and fenrale nymplis of AtaLonella inconspjcua from
differences when conrpared by ',t" test.

i¡r'l'itb1c 11.11

Clraractcr xx
Males
sn Ran ge

Fenales
SD Ran ge d.f

NL/llr{

.r' L / .t ¡.1 1ç

¡l\ lt / i, r"li

FI]L/ IìFIç

FTiL/FFL

I'lFL/ I'il:h'

iuTiL/ilFL

llI;L/lll:lv

ilTi L/r r FL

il]'aL/ilFL

I'lFL/ FFL

llFL/ FFL

Labial palpi

ll L ¿/ tsli

IlL,/ ll L

AL/BL

Irlaxil lary palpi

f.0,{L/ MB t
I\t\ L/ ltIB L

Labrurn L/h'

1.20

r .26

1.06

3.17

0 .92

3 .20

0.92

3. 35

0.98

0.36

0.99

1.08

0.04

0.05

0.05

0.18

0.03

0.?r

0.04

0 .22

0.03

0.03

0.03

0.02

I.12-r.25

1.20-1.33

1.00-1.12

2.91-3.s5

0.88-0.94

2.96-3.s7

0.85-0.97

3.04-3.81

0.91-1.01

0.33-0.40

0.95-1.03

1.03-1.11

I.29

r.22

1.03

3.22

0,93

3.11

0.94

3 .37

0.97

0 .37

1 .00

1 .10

0.11

0.10

0.0ó

0.30

0 .03

0.13

0.02

0 .?r

0 .02

0.02

0 .02

0.01

0.17

0.04

0 .0s

1.11-1.35

L.06-r.32

0.96-1.10

3.00-3.81

0.88-0.96

2.92-3.25

0.91-0.96

3.12-s.63

0.93-1.00

0.33-0.39

0.99-1.02

1.08-1.11

I.70-2.25

0.72-0.88

0.55-0.71

0.73-1.10

0.64-1.00

0.45-0.50

11

11

11

I7

L7

15

15

20

18

L7

11

15

t.98

0.79

0.61

0.08

0 .07

0.07

r.92

0.80

0.60

24

z3

z3

r.78-Z.t3
0.61-0.88

0.50-0.71

n.8n-1.0q

0.70-0.90

0.45-0.57

n. o2

0.80

0.50

n.nR

0.05

0 .04

0.88

0.78

0 .47

0.10

0.12

0 .02

7)

19

11



348.
Appendix 7

Dctails of ntor.phontetÌic characters of male imagos and nymphs of Atal,onel-1a inconspjcua which

did not show significant geographical variation when cornpared by "t" test.
Significant characters are presented in Table 11,13.

Character xx
Spring Ck.

SD Range
Deep Ck

SD Ran ge d.f

iilalc Inrago

ÀlNlr'/ IJ L

PNI{/BL

iuNti/ PNli

N L/IrNr{

cLlBL

,\D/ ts L

AIJ/ c L

Fr{L/ Fr$.]

lllt L,/tll{l{

FFL/I]L

FTiL/ [FL

FT4 L/ FFL

ÌuT 
2 
L/ rrFL

ùr'i'3t/Àl¡L

\tT{ L/IrFL

HT 2L/HFL

HT4 L/H FL

Ny mph s

NL/Hr(

NL/ I'lNl'l

r't\l(/ PNi

lrri L /llFL

}IFLl FFL

HFt./ rrL

Labial palpi

B L/ BrÍ

ÀLlts L

I'faxil lary palpi

I'Ur L / r,UJr(

IlÌ,!Ll IIJ L

Labrurn L/lÍ

r.67 -2.s7

0,47-0.73

1.80-2.50

0.73-1.00

0.39-0.5ó

0.14-0.19

0.11-0.1ó

1.11-1.43

r.78-2.52

1.33-1.80

r.64-2.28

r.05-1.31

3.2r-3.78

]-44-r.73

0.20-0.31

1.28',-1.55

0. z6-0.35

0.06-0.09

0.07-0.10

0.04-0.10

0.07-0.10

0.06-0.08

1.11-1.35

1.06-1.34

0.96-1.12

0.91-1.01

0.95-1.03

1.03-1.11

r.70-2.?5

0.s0-0.71

1.81-2.50

0.73-1.10

0.45-0.57

0. 16

0.13

| .24

1. 89

1 .44

L .67

1.Ió

3 .20

1.56

0.30

I .4?

0. 33

0 .09

0.08

0.07

0.08

0.07

0.01

0.0r

0 .0ó

0.L2

0.08

0.r2

0.05

0 .37

0.14

0.04

0.03

0 .01

0.01

0.01

0.0r

0.01

0 .01

0.15-0.17

0 . 12 - 0 . 14

1.17-1.33

L.75-2.r0

1.36-1.54

1.51-1.78

1.08-1.23

2.60-3.68

1.36-1.75

0.22-0.33

1.38-1.46

0.31-0.34

0.08-0.09

0.07-0.09

0.06-0.08

0.07-0.09

0.06-0.08

0,r7

0.13

L.23

2.04

r.52

1.87

L.?5

3. 39

1 .5s

0 .26

1.48

0.53

0.08

0.08

0.07

0.08

0.08

0,02

0.02

0 .11

0 .23

0.20

0.zz

0 .07

0.19

0.rz

0.04

0.09

0 .04

0 .01

0.01

0 .02

0.01

0 .01

I4

I4

L4

14

I
I
8

L4

I4

10

10

t0

14

t4

T4

13

13

1.28

t.22

1.04

0.93

0 .99

1.08

0 .15

0 .r2

0.05

0.05

0 .06

0.04

1.00-1.48

1.00-1.43

0.96-1.15

0.96-1.06

0.80-1.05

1.00-1.15

L.Z4

L.Z4

1.04

0 .93

1.00

1 .09

0.09

0.08

0.05

0.03

0.03

0.02

2I

2L

2T

35

29

ta

1 .99

0.59

0.23

0.05

1 .9s

0 ,62

0.13

0.06

44

43

z .05

0. 89

0.51

0,r7

0.07

0.03

1 .99

0.90

0.49

0.r5

0.09

0.04

47

40

2l



r\ppenclix t tyn.
Ilctails of nto-rphontetric characters of male and fenrale nynphs of etatoneLta fuscufa which didnot show si.gnificant differences when compared by "til test.
Significant characters are presentecl in Table 11.1S,

Charactcr xX
l"lales
SD Ran ge

Females
SD Range d. f

N L,/ltl{

PNIV,/ llN'

N L,/ ¡tNh'

¡r\lvl PNÌlf

FFL/ FFlv

¡lFL/IlFIr'

I'11'aL / I'lFL

fi Ftl il Fh'

HTi L/l r FL

ilTa L/lt FL

ÀIFL,/ FFL

HFL/ FFL

Labial palpi

B L/Bh'

TIL/ B L

.ALlD L

Paraglossae L/l{

Àlaxillary palpi

Ì'lllL/IIBI{

If.\lL,/.\fu L

1. 19

0.93

L .25

1.04

2.74

2 ,82

0.39

3 .12

0.91

0.38

L .02

t-19

1.57

0.70

0.7r

0 ,97

z,14

0.69

0.07

0.05

0.07

0.04

0.10

0.18

0.0r

0.14

0.03

0.0r

0.02

0.05

0.?t

0.06

L27

0.98

r .25

1.04

2.76

2 .67

0. 38

3 ,07

0.93

0.38

1.04

r.z3

0.08

0 .04

0 .rz

0.08

0.21

0.14

0.01

0.19

0 .02

0.01

0.03

0.03

1.04-1.25

0.87-1.00

1.11-1.30

0.96-1.08

2,62-3.00

2,6L-3.L7

0.37-0.40

?.96-3.29

0.85-0.94

0.36-0.39

0.98-r.06

1.11-1.26

r.L4-r.37

0.92-r.06

1.18-1.31

0.99-L.22

2.48-3.08

2.4I-2,78

0.37-0.40

2 .75-3.27

0.91-0.98

0.37-0.59

1.00-1.08

1.19-1.29

1.46-1.67

0.65-0.77

0.6s-0.73

0.85,0,95

i 
^^-', 

7A

0.54-0.75

IZ

IZ

IZ

T2

16

18

I8

t4

14

l4

I6

14

0.07

0.0ó

0.05

0 ,07

1.55

0 .7r

0.ó8

0- 92

0 .06

0.04

0.03

Q .04

L4

14

14

1ó

L.44-L.67

0.64-0.78

0.63-0.79

0.88-1,!7

1.80-2.50

0.60-0.78

z .13

0.óó

0.13

0 .07

16

15



350.
,\l)pcndix 9

Details of ntorphontetric
sllor,' significant differences

Si gni fi.cant clÌaracters are presented in Table 11.18.

characters of nrale and fenale nynphs of ¡aeÈjs so¡o¡ whichwhen cornpared by "t" test,
did not

Char¡rctcr i Itfales
SD Ran gc x

FemaLes
SD Range

NL/l'lNlv

ÀrNr''/ PNtv

FFL/ FFIV

Ff iLl FFL

FTa[,/ F IiL

I'lFL/l'lFl.j

ÀlTiL,/ÀlFL - -

ll FL /r1 Frf

trf i L/il FL

I t1'a L,/H FL

}IF'Ll FFL

Lab iul palpi

iul/BL

glossae L/h'

Labrum L,/t(

0.68

5.55

0.58

0.04

0.26

0.04

0.ó0-0.70

3.25-4.00

0.s3-0.64

0.67-0.80

3.50-3.75

0.53-0.64

r.20

]'46

3 .23

0.7r

0 . ó4

3. s4

0 .70

3. 81

0.66

0.55

t.0z

0.05

0.14

0.24

0.04

0.06

0.3ó

0.03

0 .42

0 .02

0.03

0.05

1.30

1.33

3.08

0.72

0.61

3.61

0.69

3.82

0.66

0.54

1 .04

0.14

0.13

0 .2r

0 .02

0.02

0 .31

0.03

0.31

0.04

0.03

0.07

0.05

0.12

0.04

1.13-1.30

1.29-r.74

2.86-3.64

0.65-0.79

0.56-0.74

3.rs-4.10

0.66-0.74

3.08-4.44

0.63-0.71

0.51-0.60

0.95-1.r4

1.09-1.50

1.21-1.55

2,73-3.42

0.68-0.7ó

0.58-0.63

3.2L-4.09

0.66-0.7s

3.17-4.18

0.6?-0.76

0.49-0.61

0.88-1.12

1ó

1ó

24

23

23

24

24

22

22

'))

24

0. 71

5.58

0.59

19

z0

LZ



351 .

Âppcndix l0

Detail's of ntorpllometric characters of rnale irnagos and nynìphs of Baeris soror w¡ich did notsltorv significa¡tt geogra¡rhical variation rvhe¡r.onporäã by "t" test.
significant characters are presented in Tables 11;19 anil 11.20.

-a

Character xx SD Range SD Ran ge d.f

l.laIe I magos

NNr{/ ß L

¡"L,/ ltl.\l{

I$il{/ PNI{

Fl(L,/ RVI'¡

FTi L / FFL

t:'t LL/t:rL
FT2Ll FFL

IrTiL/NFL

ÀlTr L/ NFL

I'fT2 L/ r'tFL

If T 3LllrFL
HTi L,/IIFL

ilTrL/MFL

llT ¿L/l'lFL

lll' jLll'lFL

H FLll'r FL

ItFt-/ t:t:L

IIFL/ FI:L

0. 16

t.73

r.47

2 .67

1.84

0.07

0.79

0.98

0.16

0.13

0 .07

0.98

0.16

0.13

0.07

0.98

0. 8r

0. 84

0.02

0. 11

0.72

0.11

0.10

0.01

0 .04

0 .04

0.03

0.02

0.01

0.02

0.02

0 .01

0.01

0 .09

0.03

0 .06

0.18

1.85

r. 35

2.67

l.7s

0.09

0.76

0 .98

0 .r7

0.13

0.08

0.96

0.16

0 .t2

0.07

L.01

0.81

0 ,8?

1.96

0.01

0 .23

0.11

0.15

0. r8

0.03

0.09

0.04

0.02

0.01

0.01

0.06

0.03

0.02

0.02

0.03

0.04

0.05

0.13-0.20

1.59-1.89

1.29-1.63

2.49-2.86

1.71-1.98

0.06-0.10

0.75-0.87

0.9r-1.03

0.13-0.21

0.11-0.16

0.06-0.09

0.95-1.03

0.14-0.19

0.11-0.15

0.06-0.09

0.76-1.06

0.78-0.85

0.73-0.97

0.1ó-0.20

I.58-2.08

1.18-1.43

2.49-2.96

1.56-1.98

0.0ó-0.15

0.63-0.90

0.90-1.02

0.11-0.20

0 .11-0.15

0.08-0.10

0.82-1.05

0 .rz,0 ,23

0.09-0.15

0.05-0.10

0.93-1.05

0.77 -0.87

0.77-0.91

I.67 -2.75

0.30-0.46

10

10

l0

z9

16

16

15

2T

2I

?L

2T

z0

z0

19

19

23

16

16

li)'mrrh s

FF L/ lrri

:,tFLlil1í

ll FL /l ll\'

FFL / FRI

FTiL / FFL

l.lFL/ FFL

}IFL/ FFL

Labium L/l{

LabiaI palpi

BLlBrv

.dL / rJl{

0.88

0.90

0.95

3. 16

0.71

1.03

1.07

0 .59

2 .07

0. 3s

0 .20

0.05

0,24

0 .06

0.08

0 ,11

0.10

0 .?3

0.03

0 .06

0 .06

0.04

0.76-1.00

0.76-1.05

0.79-L.07

2.85-3.64

0.65-0.79

0.88-I.14

0.90-1.19

0.53-0.64

0.88

0.88

0. 89

3 .02

0.73

r.03

1.08

0.55

0.10

0.15

0.11

0.28

0.04

0 .04

0.03

0.07

0.76-1.00

0.66-1.08

0.79-1.05

2.ó8-3.58

0.65-0.79

0.87-1.08

1.05-1.14

0.44-0.67

25

26

23

38

37

34

29

2r

L80-2.50

0,27-0.40
35

0 .37 36



352.
Appcndix 11

The numbcr of nayflies collected on each sampling date fro¡n each habitat as defined by water
depth and velocity.

a) Deep Creck. Ilayfly species present were Bae¿is soror, Atalophlebia austrataslca, lasnanocoenis ëitlgardi
and Àtalone-Ila inconspicua.

Date Dcpth
( cn)

VeIoci
(cnS -

Hab i tattv
1i

B.soror

SPECI
À. a us È-ra-lasi ca

ES

T.tíllgardí
A.ínconspicua

20. t0.76

10.11.76

24.LL.76

9 .L?.76

?2.12.7b

6.L.77

20.r.77

L0.2.77

25

35

34

29

31

32

37

19

31

26

2?

2I

32

34

23

20

30

l5

LZ

)')

l8

15

28

18

TZ

16

T2

49

151

75

476

296

376

388

r27 4

105

578

440

534

__s_7 3

258

662

324

)

52

277

148

36

1

s20

I7

56

101

104

76.7

31. 3

50.5

19, B

34 .3

20.0

24.2

59.4

20 .0

28.0

3r.1

59. 6

72 ,6

8.0

__ 28 .0

31. 3

4.5

15.5

48.5

15.4

44 .3

54 .2

1.4

5.5

14 .0

4

3Z

26

27

37

101

?5

46

5

6s0

32

Fast riffle
FI at

Run

FI at

Ri ffl e

Flat

F1 at

Fast riffle
Fl at

F1 at

Fl at

Ri ffl e

Flat
Poo 1

jLaju

Flat

Shallow pool

Fla t

Ri ffl e

F1 at

Ri ffle
Fas t Riffle
Shallorv pool

Shallow pool

Fl at

164

332

186

334

724

787

4L2

420

588.

1145

170

I
456

1408

451

13

5I2I

432

115

466

L97

5

826

1ó03

Isz

15

2

45

2I

6

9

2

2

I
)

L2

4

7

1ó1

103

51



r\p¡rcnrlix 1l conti¡ruc<l

Datc De¡r tìr
( cnr)

r0,3.77 L7

t1

31

11

3l

ló

35

25

2T

LZ

37

t3

26

33

31

2L

23

32

20

?4

3Z

34

3t

32

23

34

23

25

7.4.77

5-5.77

r.6.77

Shallow Pool

F1 at

Shallow Pool

Ri ffl e

F1a t
Ri ffle
Run

Fast Riffle

Fl at

Ri ffl e

Pool

Fast riffle

Ri ffl e

Run

Ri ffle
Fast riffle
F1 at

Fl at

Fast ¡iffle
Fast riffle

Run

Fast riffle
Fast riffle
Fast riffle
Riffle

Run

Ri ffl e

Fas t riffle

6 .7 .7 7

3.8.77

7.9.77

6

13

138

28

233

10

2Z

23

r10

9

L0

'59

4

13

22

6

14

3

6

4

4

276

9

8

')

134

1

555

370

10

32

,3
2368

224

Veloc
( cnrS -

Habitati. ty
11'

SPECI

A.aust.ralasica

149

393

61

164

35

zs

60

16

51

t2

L2

37

43

7

15

23

z3

19

23

,

zs

15

4

5ó

10

61

5

6

A, inconspicua

ES
I.tí779ardi

1050

LI7 7

544

4L7

954

2s5

275

61

351

153

L73

398

295

17?

183

151

304

118

264

108

364

184

194

189

198

310

?L4

20

B .sorø I

484.4

31 .0

s.2

37 ,0

31.3

54.3

32 .0

62 .6

25.0

39.6

8.0

62 .6

37 .0

39.ó

44.s

67.L

31.3

25.0

54.2

93.9

44 .3

76,7

85.2

s4,2

34.3

34 .3

44.3

65.7

?

3

1

7

1

1

I
I

5

4

)

2

3

6

)

b) Spring Creck' I'la)'fly species present were 8aeÈis sotor, AtaLone).J.a inconspicua ând Tasn;,nocoenjs tiJlgatdi

B.soror A.inconspìcua r,tilTgardi

Lt.9.76 3.4

20 .0

33. 3

5.5

2.6

7 ,9

10.5

0

t7

I
?02

39

457

166

55

134

L7

ll
14

3l

11

1l

9

31

ShalIorv pool

Fl at

Ri ffl e

Shallorv pool

Shallow pool

Shallow pool

Fl at

Stationary pool

180

2.r0 .76

84

33



Appcndix 11. continued

Datc Depth
( cm)

6. 1r.76

Velocitv
(crs-rí

33. 3

88.5

50.5

34 .3

r.6

2 8..0

15.3

.3.1

1.5

0

1.3

0

0

0

0

3t

0

10.0

22.2

44 .3

L6 .7

24.3

9.0

50.5

24 .3

10 .0

10.5

44.3

28.0

7.9

3,1

34.3

6.0

0

0

42.0

4.5

4.5

Habitat

Run

Fast riffle
Fast ri ffle
Ri ffI e

Pool

F1 at

Fl at

Shal lorv poo I

Shallorv pool

Stationary pool

Shallow pool

Stationary pool

Stationary pool

Stationary pool

Stationary pool

Fl at

Stationary pool

Shallow pool

Fl at

Ri ff1 e

FI at

Fl at

Poo 1

Fast riffle
F1 at

Shallow pool

Poo I
Riffle
Flat

Shallow pool

Shallorv pool

Ri ff1 e

Shallow pool

Stationary pool

Stationary pool

Ri ffl e

Shallow þool

Shallow pool

354

SPECIES
A.inconspicua I.tiTlgaûtiB, sotor

4.12.76

7

52

6

24

129

17 ,7 24

320

ó9

I

43

23

z7

15

40

I

L7

TZ

5

20

lt
?.0

20

1ó

19

45

15

6

40

13

21

23

48

I6

27

27

34

IO

2T

?8

2T

t0

20

24

z8

8

15

22

16

127

30

40

322

98

?))

76

?

7BZ

304

19

468

34

ó36

L02

15

327

44

I
40

20

11

656

96

s79

48?

2 .2 .77

I a aalt

2.4.77

30.4.77

3.6 .7 7

L,1.77

s.7 .77

4

890

362

439

L32

491

l0rz
7

58ó

742

277

I

I0.8.77

J.9.77

{. t0.77

l:inc nct sanr¡rle not taken
on tlli.s dat(- ,

r64

1

2r44

tz

99

L2T

2t4

L29

47

68

324

236

?

64
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Appendix 12

The Effect of Mesh Size on the Interpretation of the

Life History of Two Mayflies fron South Australia.
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