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SUMMARY

The patterns of distribution and diets of the anuran fauna of the Magela

Creek system of the Northern Territory have been examined. Frogs may be

potentialìy important in the transfer of contamÍnants away from aquatìc

ecosystems to terrestrÍal ecosystems through food webs by vÍrtue of

theÍr role as prey and predator, their life histories and their coloni-

sation of local mining sites.

The aim of this study was to predict whÍch species of frogs are most

important in thîs transfer through Íngestion of prey with wholly or

partial'ly aquatic I ife histories. The t6 study species comprÍsed s'ix

genera. Seven faunal groupings were recognised: aquatíc frogs (Litoria

dahlÍÌ); arboreal frogs (L. rothii, L. bÍco]orr L. rubella); ground

hyl ids (sensu Moore, I96I) (L. p¡Ilida, L. inermis' L. nasuta, L.

ttrllie-Lir L. wotjul urnensis); wide-mouthed burrowing f rogs (Cyclorana

australis' Q. longjpes, Limnodynastes ornatusr L. convexiusculus);

narrow-mouthed burrowÍng frogs (Notaden me'l anoscaphus); toadlets

(Uperole'ia inundata); and f rog'lets (RanÍde]la bil ingua).

The patterns of spatÍaì dÍstribution of this fauna were surveyed to

determine which species forage in aquatic macrohabitats, these species

being considered most likely to encounter prey of aquatic origin.

Stomach contents were c'lassi f f ed to the 'lowest 'level necessary to

determine the nature of their onigin and quantified to compare the

relative occurrence of prey of aquatic origin.
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Macrohabitats in close vicinlty to waterbodies were found to be impor-

tant as foraging areas for only the aquatÍc frogs t-tfú dahlii, the

arboreal frogs L. rothii and L. bÍco]or, the ground hyìids and froglets.

However, all specÍes may encounter prey of aquatic origin durÍng at

'least two stages of thei r post-metamorph ic ontogeny, as j uveni'l e f rogs

leavÌng the larva'l habÍtat and as adu'lts visiting waterbodies for

breedi ng purposes.

Biases Ín sampling technÍques enforced inclusÍon in stomach content

analyses of species which forage in terrestrial macrohabitats. The

occurrence of prey of aquatic origin was not sÍgnificant in the stomachs

of these frogs. An index of food consumption (stomach distention) was

significantìy Ínfluenced by breeding activity of frogs collected at

waterbodÍes and it is proposed that breedÍng activities are p'laced at a

premium over foraging activities by adults at breeding sÍtes. Juveniles

of most species were collected rarely at waterbodies.

The frequency of occurrence of aquatic prey orders in stomachs con-

taining food was'low; less than L2% for 12 speciesrand'less than 50% for

aquatic and arboreal specÍes examined in stomach content analyses. It

is concluded that the aquatic frog,Litoria dahlii ringests the greatest

amounts of prey of aquatic origin in terms of frequency of occurr€flc€r

number of items and bÍovolume. Larva'l and adult forms of the Odonata,

Zygoptera, Trichoptera, and aquatic Coleoptera and Hemi ptera ,were comrnon

in stomachs of thÍs species, which forages withÍn waterbodies and their

lÍttoral zones. The arboreal species,Litoria rothii and L. bÍcolor,
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consumed alatc prey predomfnately¡and are considored of secondary

importance in predation upon organisms with wholly or partia'lly aquatic

I ife historfes.

The leve'ls of consumption of these prey types by LïtorÍa dah'lÍ Í were

shown to vary wide'ly with seasonalr mfcro-temporal and spatial factors

in the Mage'la Creek system.

i

i

i



1 . 1 INTRODUCTION.

The Magela Creek system drains a large catchment on

the western border of the Arnhen Land plateau and

a diverse and abundant flora and fauna. 0f major

ance to any study of the area is the fact that

miner Þrocessing plant and. mining settlement are

Jabiru i-n its watershed.

Tyler and Crook ( I geO ) surveyed

reproductive biology and natural Ievefs

Activities associated with the extraction and process-

ing of uranium ore, and construction of a mining township,

produce poIì-utants including heavy metals, sources of

ionising radiation, herbicides and pesticides ( Jeffree and

!lilliams, 1980, Tyler and Crook, 198O). The bioaccumul-a-

tion of such material-s in aquatic organisms can occur when

the material-s are directed selectively to speci-fic cells

whi-ch take in more than they release. SimilarÌy, trophic

accumulation in aquatic ecosystems can occur as each step

of a typical- food chain may increase tissue concentrations

of these material-s several orders of magnltude above that

of preceding lower level-s.

Bioaccumulated materials may leave aquatic ecosystems

through food chains. FirstIy, terrestrial- animals may

directly consume aquatic flora and fauna as food.

Secondly t ãtthropods and frogs may disperse from aquatic

larval habitats upon metamorphosis into adult form, and

subsequently be consumed by terrestrial- predators.

supports

signific-

a uranium

Iocated at

the distribution,

of skeletal abnorm-
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al-ities of the poorì-y known frog fauna j-n the Magela creek

system. Their studies indicated that frogs rtrere J-ikely to

persist in or recolonise the mine sites at Jabiru, and rvere

seasonall-y so abund.ant that they const j- tuted a signif icant
ì

food source for oth.er vertebrates in the area. Therefore,

frogs may be particularly inportant in the transfer of

material- alray from aquatic ecosystems to terrestrial

ecosystems as both prey and predator.

The major objective of my study is

1 6 species of frogs are most important

material through ingestion of prey with

aquatic lif e histori-es.

to predict which of

in this transfer of

wholly or partially

has been addressed in two nain 14rays .

frogand temporal- distributions of the

determine which species forage inr or

natural- and. artificial- water bodies. Secondly,

col-l-ected from majorcontent analyses of species

This objectj-ve

tr'j-rstfy, the spatiaJ-

fauna hrere studied to

near,

stomach

natural- and artificial habitats in the Magela Creek system

of prey of aquati-cwere us ed to represent the ingestion

or181n.

A concomitant aim of my study l{as to supply, to the

0ffice of the Supervising Scientist for the Alligator

Rivers regì-on, baseline quantitative data on patterns of

frog abundance and diet. This statutory office has a

mandate to develop, . co-ordinate and undertake programs of

research in rel-ation to the effects of uranium mining

operations on the environment of the reglon. Priorities in

ecologicaJ- research carried out by the 0ffice have

been gi-ven to deternining the major pathways of potential_
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contamlnatj-on and to the sel,ection of biologicar monitoring

points along these pathways. My study directl-y conplements

other studles on the trophic rel-ationships of bird.s, rep-

tiles, mammars and fish. To permlt the office to model-

energy flows through the anuran link in food chains, I

sought to quantify stomach contents in terms of frequency

of occurrence, number of individuals and vol-ume occupied by

prey taxa in a sampl_e.

Fundamental- to my discussion of the use of l-ists of

stomach contents is a revier¿ of the l-iterature on the food

and feeding habit of adult Anura.

1 .2 LITERATURE REVIE\¡{ THE FOOD AND FEEDING HABITS OF

ADUIT ANURA.

There j-s a paucity of information on the food and

feeding habits of Australian anurans, and no studies have

been pubJ-ished on the species included in the present

study. Consequently, the few Australi-an lnvestigations

have been carrled out simply to describe the stomach

contents of a range of species, without attenpting to

examine the mechanics behind observed intraspecific and

interspecific differences (". g. Lee, 1967, PengiIley,

1971 ). The species examined and numbers involved are

presented as Appendix (t.t). OnJ.y a singl-e study has

compared the availability of arthropod prey against stomach

contents to establish the exi-stence of any resource

partitioning between species with respect to food

(MacNalIy, 1987).
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EJ-sewhere, the abundance of frogs and the nature of their

feeding process ira$e resulted in a proJ-iferation of

Ilterature on their prey and feeding habits. From a survcy

of papers on the food and feeding habits of anurans Ï

established that frogs which Iive in close association with

waterbodies ingest large amounts of prey of aquatic origin.

ExampJ-es of the studles documenting this phenomenon are

given 1n Table (I.t). Representatj-ves of the Ranidae

figure prominently, partly because of their TÀIorld - wide

distri-bution and partly because of a l-ack of studies of

other species occupying similar niches in tropicaJ- and

subtropicaì- areas. Few studies have analysed anuran

stomach contents with the specific aim of determj-ning the

andaquatic component of diet. Exceptions

Sandison (l 9lz) , Johnson and. Christiansen

and Metter (tgeO).

are Stewart

(tgte ), and Corse

In this review of the l-iterature I do not dwel-L on the

wide range of prey itens record.ed from frog stomachs.

Rather, I document the evolution of a presistent paradigm

of anuran foraging, discuss the discriminatory powers of

the anuran in prey seLection, and outl-ine a new holistic

view of ecological, behavioural and physiol-ogical

correl-ates to anuran foraging mode. FinalJ-y, the factors

influencing the accuracy of l-ists of stonach contents in

representing diet are reviewed.

Detail-ed documention of the prey of a diverse range of

anuran families began to appear in the late nineteenth

century (".e. KirkLand, 1897)r." biologists took advantage

of improved microscopes and an expanslon in the cl-assifica-
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AUTHOR SPEC IES FAMILY i

HaniLton (1 948)
Cohen and Howard (tg¡e)
Tyter (tS¡e)
Turner (1959)
Berry (tge0)
Jeaeseu and Klinstra (1966)
Hedeen (l gZl )

Stewart aucl Sandison (1972)

Bruggers (lglt)
SLackith antt Speight (IgZ+)
Duraut ancl DoIe (tgl+)
ELliott and Karunakaran (f974)
Johueou ancl Christiansen ( I gZe )
Krauek (gle)
Hulse (1 9?S)
Coree aucl l¡Ietter ( I 980 )

lana clanitans
Rans catesbeíana

Rana esculenta
Rana pretiosa pretiosa
AnoLops larutenis
Rana c lani. tans
Rana septent¡ionalis
Rana pipiens
Rana septentrionaLis
Rana cLamitans
Rana catesbeiana
Rana catesbeiana

Rana tenporaria
AteloÞus oxyrhynchus
Rana cancrivora
Acris crepitans
Rana septentrionalis
Lepidobatrachus 1Ìanensis
Rana catesbeiana

Ranidae

ÁteÌopodidae
Ranidae
Hylidae
Ranidae

Leptodactyliclae
Ranidae

Table (t.l); Published accounts of j.ngestion of prey of aquatic origin by frogs.

tion of arthropods. Studies

out to evaluate the rol-e

of anuran food ¡rere carried.

of anurans as

specific prey such as pest insects, to

specific variation in feeding habits and

patterns of resource partitioning within

ties. Examples of these three types of

species investigated, are presented in Tabl-e

predators on

examine intra-

to j-nvestigate

c ommun I-

and the

anu r an

studies2

(t.z).

1.2.1 THE APPEARANCE OI' A PERSISTENT PARAD]GM.

The ease of studying anuran diets afforded bj-ologists

the opportunity to specul-ate upon why certain organisms

1{ere present or absent in stomach contents. From early in

this century (Cott, 197),) until relatively recentl-y

(Creding and Hellebuyck, 1 980) even the briefest summaries
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Tabl-e (t -z)¡ ExanpLes of three types of studies of anuran food and
feeding habits.

1. A SEARCH FOR SPECIFIC PREY TYPES IN STOMACH CONTENTS.

Perez (tS¡l)
Hanilton (l gç+)

Hinckley (t gez)

Bai).ey (rgZ0)
Corse aud Metter ( t gAO )

Rana

Bufo
Bufo
Bufo
Rana

catesbeiana
spp.
narl-nus
narl,nus
catesbeiana

2. THE DOCUMENTATION OT' INTRASPECIFIC VARIATION IN SlOMACH CONTENTS.

ryler (tg¡e)
Berry (1966)
Houston (tgll)
Labanick (tgle)

Rana esculenta
.ÀnoLope larutensis
Rana tenooraria
Acris crepitans

,. AN EXAI¿IINATION OF RESoURcE PARTITIoNING BEll.IEEN sPEcIES

Berry (lge¡) Rana sp.,
Mi c rohyla

Rhacophorus s P't Leptobatrachiun s
SPP

Inger ancl Greenberg
roft (1981 )

MacNatIy (tga¡)
roft (1985)

(t9?4) nana sp

Dendrobati.dae, Bufonitlae, LeptodactyLidae
Ranidell-a gignifera, R. parinsignifera
Review Paper

of anuran

upon the

response.

(1.r).

stomach contents vrere accompanied by specul-ation

role of prey choice in the anuran feeding

Some of these studi-es are summarised in TabIe

Most authors considered that ranids, hyJ-ids and

bufonids are indiscrimi-nate , opportunistic predato rs. In

general terms r the anuran was considered to be a visual-

carnivore whose diet is governed by prey abundance, habitat

util-isation, predator agility and foragì-ng period rather

than predator choice (".e. Labanick, 1976). It was

presumed that the existence of any prey discrimination is

based on prey movement and size alone (".e. Clarke, 1974)i

al-though in most cases the range of "acceptable" prey is



Table (l.l); Speculatlon upon the role of prey cholce from
stonach content analyses of anurans.

AUlHORS

serry ( t gZo) Bufo asper

Brusgers (tgll) R ana

cates elana

Berry (r966) Amolops

Iarut

Bro'¿n (19?4 )

Qualitative reference
to sone taxa.

Qualltative reference
to sone taxa.

Qualltatlve survey of
abundance of sorne prey
taxa.

No data on prey
abundance presented

Qualitative ¡eference
made for some taxe.

ROLE OF PREY CHOICE

"leeding depends on the abunclance a¡d
avallabll1ty of prey taxa although
selection for prey of ce¡ta1n E1zå-
exists".

"An opportunlstfc carnivore - prey
utlllzatlon Beenlng to parallel
prey ava11ab111ty".

"Prey consumed is governerl largely
by lts avaitabtlity although a

preference exists for prey rlthin
a certåin size range".

"Anurans appear to have a degree
of food selectlon based upon the
species and lts habits".

"the dlversity of taxa in the gut
contents 1s consletent ïith the
hypotheeis that toads of the genus
Bufo are lndlscrlminate feedere".

Hyl.a cinerea,
Bu fo
uoodhousei
Gastrophryne
carollnenEis

Ba11ey (1976) Bu fo
na rinue

SPEC IES ESTIMÂlION OF PREY
ÀV¡,I IJABI LITT



Bush and

Menhinnlck (t gøz)

BLacki th and

Speisht ltSf+)

Berry and

Bullock (1962)

crarke (19?4) i

I

I

I

I

Christian (lgez)l
I
I

Bufo
woodhousei
fowl.eri

Rana

tenporaria

Bu fo
nelanostictus

sP'r
chium s

Mlcrohyla spp.

Bufo spp

Pseudacris
triseriata

Berry (tg6¡) Igg sp''
Rhacop horus
Lep

No data on prey
abundance presented.

No data on prey
abundance presented.

No data on pley
abundance presented.

No clata oD Prey
abunclance presented.

No data on prey

abundance presented.

Quantitative survey
of abundance of preY

taxa.

"Interspecific differences in diet
are dependent on the seasonal
availability of insectar reletive
abundance of prey itens and the

kinds of habitats fron which the

toads were colLected".

"Unselec tive and se<lentary in lte
feeding habits, selectlon bY frogs
for prey of a certain eize range.

"Apparently entirely unselective,
includi.ng noxious forns such as

centipedes and scorpions".

"l{ide variation exists in the

degree of selectlon of preY bY

Singapore anuÌans and dlet depends

on the prey available ln a Particu-
Lar habitat, on the size of PreY
ani¡naIs, on frog sl-ze and especially
mouth gape " .

l "The "a.rge of gut contents of toads

I of the genus Bufo refiects availeb-

I ility of food of approprlate size".

selective foraging strategY of
P r eriatâ ls based on PreY eize

P'r

The

and varies with predator size".

-t



governed by upper and l-ower physical-

mouth gape and vislbiì-ity of smal-1 prey

1962).

8

l-imits i-mposed by

(Berry and BuLlock,

Bl-ackith and Speight (197+) liken the feeding process

of Rana temporaria to the "action of an un-baited pit fal-1

trap"¡whiIe Zug and Zug (tgZg) conclude that Bufo marinus
La

"wiLl- eat almost any animate object they can catch", both

studies emphasising the importance of prey movement as an

ingestlon stlmulus. tr'or many years thi-s popular view of

anuran feeding behaviour remained sinplistic, inaccurate

and unproductive r, being based l-argeJ-y upon speculation and,

until- recently, remaining untested.

This situation arose from a combination of three main

factors. In comparison with the extensive body of litera-

ture on items ingested by anuransrthere is a relative l-ack

of data on the cues and motivationaL states involved in

eliciting a feeding response. The theory on anuran feeding

behaviour outstripped the empirical data on how anurans

feed. The feeding response itsel-f has been poorly docu-

mented for the majority of anurans. Finally' there has

been wid espread mj-suse of Iists of stomach contents alone

to speculate upon the rol-es of prey discrimination and

preclator choice without considering diet in relation to

availability of prey in the field (Ing1e, 1971, Smith,

1981, Freed,1982).

The Iack of obvious morphologicaL correlates to feed-

ing in the Anura also may have contributed to the popular

belief that, in general, they are not specialist feeders
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(nmerson, 1976, 1985, Brown, 197tf , Drewes and. Roth, 1981 ).

1.2.2 THE ANURAN T'EEDING RESPONSE WHAT CUES ARE USED IN

I'EEDING ?

centraL to the persi-stent view that anurans are i_ndis-

criminate feeders Ìras the bel-ief that the cues util_ised
during f eeding are simple , vi_sual- stimuli.

The basic feeding response of most phanerogJ-ossan

anurans consists of a sequence of three najor conponents

involving orientation toward a prey stimul_us r approach

toward the prospective prey item (ir the item is outside of

striking range ) and prey capture. Capture of the item

involves a Ìunge with open mouth and use of the adhesj-ve

tongue to a greater or l-esser extent (lite, 1975, Heatwole

and Heatwole, 1968, Kramek, 1976, Regal and Gans, 191l-6).

Movement of objects within a range of acceptable sizes

has been supposed widely to be the primary rel_easer of such

behaviour (see TabI " (l.l) for examples). However, experi-

mental work by IngIe (1 971) and Freed (1 9Bo, 19BZ) nas

shown that anurans respond differently to different types

prey

thi s

Anurans can discriminate betweenof prey movement.

types on the basis

discrimination can be

of prey activity patterns, and

quite subtl-e.

In behavioural- studies , Ingle and McKinIey ( t gZA )

showed that the configuration of a moving stimulus is an

important prey selection parameter. Hori zorrtal length adds

to the "qua11ty" of a feeding stimulus, and. ¡rorm-r-ike forms
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prove better feeding stinuli for toads than similarJ-y

moving square objects. These experimental stimul-us

movements represent crude simplifj-cations when compared

with the repertoire of actlvity patterns of natural prey.

Subsequently, tr'reed ( I gAO , 1982 ) cornbined studles on

treefrog feeding ecoJ-ogy with faboratory preference

experiments utilising natural prey items to determine the

mechanisms whereby treefrogs select food items " He showed

that Hyla cinerea consistentl- y is capabJ-e of sel-ecting

specifi-c prey. Although prey length is an important cue

utili-sed by the frog, it can be overshad owed by the cues

provided by prey activity. H. cinerea differentially

sel-ects prey in rel-ation to the proportion of time a prey

speci-es rerna j-ns act j-ve, as well- as the types of activity

most often displayed. TIies ( Musca sp. ) , which d.evoted the

greatest proporti-on of their time to the activity patterns

of greatest stinulus val-ue ( crawling, f l-ying) , were

consumed much more frequently than mosquitoes, whj-ch

remained. motionless for over 6O% of the observed time.

An increasing body of

ol-factory and auditory stinuli

anuran feeding response. It

information suggests that

nay

has

some anurans are

feeding response

any other visual-

attracted to prey odour

toward prey odour aLone, in

aLso play a ro1e 1n the

been demonstrated that

and

the

ore

exhibi t a

absence of

or tactil-e stimul-i. Buf o b as and Rana

p]-p]-ens respondcd,only towards odour of prey taxa on which

they had

between

fed previously, and were able to discriminate

these odours; blinded R. pipiens proved adept at

( sni-n.tfocating and capturing p""t'fu"irg olfaction al-one
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and Dol-e, 1978, 1979, DoLe, Rose and Tachiki-, 1981 ).

Rossi ( 1 981 ) "nggested that the extrusion of the

tongue by toads excited by prey odour may have had a

sensory rol-e as terrestrial anurans are known to possess

weIl- devel-oped Jacobsen' s organs.

In nature , the odour of prey

information in addition to the cues

anuran s

items may

suppl-ied by

may mod i- f y

when excited

provide

visual-

their

by the

stimuli. It is known that

criterion for optimal size of

od our of f amili-ar prey items,

obj ects or very large obj ects

avoid (Ins1e, 1971).

PreJIr

and

tha t

snap a t

no rmaI J-y

stationary

they woul-d

Learning is involved in the use of otfactory cues but

there may al-so be some innate response to chemical

compounds of arthropods and, organic materials. This may

explain the otherwise puzzl-ing ingestion of vegetabl-e

matter, carrion, faeces and canned dog food by members of

some populations of Bufo marinus and other anura (lerry and

Bullock, 1962, Alexander, 1965, Zug, Lindgren and Pippet,

1975, Zug and Zug, 1979).

Despite the sensitive phonotactic responses exhibited

by anurans in breeding aggregations (no¡ertson, 19BZ), th."e

has been little speculation upon the possibility of the

existence of a roLe for auditory cues in the anuran feeding

response.

Zug and zug (lglg) sugge"teltrr"t Bufo marinus recog-
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nises the sounds made by prey. They found that toads were

attracted to the sounds made by ants repairing a dissected

nest, and subsequently fed on the ants. simitarly, toads

were observed occasionally to l-ocate breeding aggregations

of Physalaemus pustul_osus for feeding purposes by fol_lowlng

the cal-1s of maLes in the choruses (.raeger, 1976, zug and

Zus, 1979).

0bse

prey are
,r't¿¡.¡¡¿¡t r(3

that Rana
,l_

taxa largely have been overl_ooked in

model for the anuran feeding response.

olfactory and. auditory cues alone r or

rvation on the use of auditory cues in location of

not
o€

restricted to B. marinus. Smith (t gll ) f ound.

catesbeiana '!ùere attracted to rand greatly excited

by, the distress call_s of R. pipiens and juvenile conspeci--

fics - The frogs were al-so attracted by tape recordings and

human imitations of the catrs from distances of over 1 z

metres.

It i-s cl-ear that sound.s and odours

the

produced by

developnent

p rey

of a

The abiJ-ity to use

combined wi th visual-

cues, couJ-d

darkness.

be of considerable use to anurans

Hor¡ever, the cues utilised by anurans

(carabY,

feeding in

which feed

1960, Avil-aunderground or underwater are unknov¡n

and Frye, 19'lB, Brown, 19?8).

1.2.3 THE ROLE OI' PREY SELECTION AN HOIISTIC MODEI OF

ANURAN FORAGING.

Many studies of anuran feeding habits

"resource partitionj-ng" (Schoener, j97+)

syntopic anurans (reviewed by Toft, 1gB5),

have documented

of food be tween

or attenpted to



determine the role of prey choice ( see Table

exampJ-es ) f rom lists of stomach contents al-one.

hli thout comparing stomach

prey taxa in theabiì.ity of field, it is impossible to

13

(t.l ) to"

contents wi- th the avail-

determine the exi-stence of prey sel- ec tion ,

mechanisms behind

and thus to

causal-investigate the

parti tioning of

interspecific

f ood. lf idespread specul-ation upon the rol-e

of prey choi-ce from l-ists of stomach contents has been a

maj or factor in persistence of the simpl-istic view of

anuran feeding behaviour outLined earl-ier.

q'o¡^b

studies by Labanick (lglA), Toft (tOaq, 1981 ),

Christian ( t 9ez ) , tr'reed ( 1 982) and McNal-l-y (lgal) have

compared some quantification of stomach contents with a

measure of prey abundance in the fiel-d to derive an

"el-ectivity ind.ex" (Ivlev, 1961 ) to represent predator

choice for different prey taxa. In each caseoabundance'hIas

used directly to estimate avaif.¡:-lity of prey taxa to the

pred.ator. Hor¡rever, Freed (tgAZ) ft"s shown that the

"functional- density" (lÍerner and HaIl-, 1974)r or actual-

availability of a prey taxon to the anuran, is not rel-ated

dlrectl-y to the fiel-d abundance of that taxon. Functional

densi ty wiLl vary between taxa, depending upon the speci-fic

activity patterns utilised as cues for prey capture by the

anuran. Freed found also that, d,epending on the number of

prey farnilies included in the statisti-cal- analysis of
{hc*

electivity indices, it is possible to conclude^ either3 Hyla

cinerea is : (t) a non-selective feeder, or (Z) a

discrim j-nating f orager.
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Despite these basic probl-ems i_n anaJ_ysls of prey

preference, there is firm evidence that anurans preferen-

tiaJ-J-y select prey taxa in natural situations (Tof t, 19gOa,

19BOb , 1981 , tr'reed , 1982) . More inportantì_y, recent studies

of ecol-ogicaì-, physiologi-ca1 and behavioural correl-ates of

foraglng nod.es of anurans, andlFotrr"r ectothermar- verte-

brates, have reveal-ed a complex suite of interrel-ated

characters leading to a ne'w, holistic view of anuran

foraging (Taigen and. Pough , 1987, Toft, 1 985 ).

inrrabiti'5
Studies on feeding habits of diurnal- l_itterÀanurans in

Amazonian Peru and Panama (rort, 19Bo a, 1981 ) "tro""f 
that

species of l"itter frogs form a continuum from species that

specialise in feeding on ants and rni_tes to specles that

avoid these items. Mod.es of foraging, anti-predator

defence and taxa of litter frogs are correl_ated with

position along the continuum.

Toft recognj-""$ three feeding guilds ( sensu Root,

1967 ) comrnon to the same ecorogical association of anurans

composed from two clifferent faunas in di-fferent envj-ron-

ments. Two special-ist guilds are present: dendrobatids

and buf onids that eat hard-bodied, sl-ow-uroving arthropods

such as ants and nites (ant specialists)¡ "tta,l"ptodactyl-ids
that eat soft-bodied, nobile arthropods, prinarily orthop-

terans and large spiders. General_ j_st species are recog-

nised also for Peru: Dend.robates femoralis which takes prey

in proportions not significantly different from those in

the l-eaf 1ì-tter, and f or Panama; Col_ostethus s

ants and soft-bodied arthropod.s.

pp. which eat
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Ant special-ists search for prey, foraging constanJ-y

over wide areas and eating many smal-1- prey per unit time.

Prey are captured with littre effort by leaning forward and

snapping up the item with the tongue. rn contrast, non-ant

speciarists sit and wait for prey whil-st hiding beneath

l-eaf l-itter. Typically they wai-t for prey to move by on

the surface of adjacent l-eaves and reap or lunge at the

item with open mouth. OnJ-y a few large prey are taken per

day t and ants are eaten rarely. Ant special-ists take

snal-l-er prey for a given mouth width ttran4f non-ant

special-i-sts, and generallsts are intermediate (Tof t, 19BO

a).

The anti-predator defences employed within the three

guilds also are correfated with foragi-ng node. Actively

foraging ant speciaLi-sts are more visibl-e to predators, and

nearly all are poi-sonous, possessing skin toxins

(Dendrobates Phytlobates ) or poisons in parotoid glands

( Uufonids ) . Both generalist dendrobatids and J-eptodac tylid

members of the "non-ant special-ist" guild are not known to

be poisonous, and rely instead on cryptic colouration and

motionless conceal-ment beneath l_eaf fitter to hide them

from predators.

Toft (l9eOa, 1981 ) and Emerson (lglø) pred.icted that

the different foraging modes of special-ist anuran predators

woul-d entail- dif f ering physiological costs. They

consi-dered that sit-and-wait foragers have lower energetic

costs in searchj-ng for prey, which come by them, and l_esser

physiological costs j-n digesting Ìarge, soft-bodied prey.

conversely, higher energetic costs are entaired in captur-
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ing and handling 1arge, actj_ve prey which must be subdued

¡uith mouth and forelimbs. Ant or termite specialists

which forage widely may be advantaged by an increased

probabiJ-ity of encountering individual-s of dispersed but,

abundant prey 2 or of finding a concentration of prey, such

as an ant nest. The major direct cost of active foraging

is the energetj-c expense of extensive movement. A smarrer

cost of capture per iten is incurred i but active foragers

must capture many more of the smalJ_, chitinous prey-which

are presunabl-y more dif f icul_t to digest. Risks of

predati-on are higher for active foragersrand "the production

and deposition of toxins presumably involve energy

expenditure.

These general-lsatlons lead to the prediction that

metabol-ic capacitles al-so will- be correlated with feeding

habits. Taigen and Pough (lgeZ) t"sted this hypothesis by

analysj-ng interspecific differences in oxygen consunption

and capaci-ty for anaerobic metabolisrn. The species studied

included taxa in Toft' s ( I 990", 1 981 ) feeding guilds. In

accordance with earlier pred ictions , they found that

predation on ants and termites is correLated with high

aerobj-c capacity, J-ow anaerobic capacity and high resting

netabol-isn. ConverseJ-y, special_i_sation on larger, more

mobil-e prey such as orthopterans and coleopterans is

associated with Ìow aerobic capacity, high anaerobic

capacity and low resting netabol-j-sm.

Sit-and-wait foragers such as the leptodactylids are

capable of bursts of muscular activity, such as leaping

rapidly away from predators (Umerson, 1976) or seizing and



subduing prey, but they tire easiJ_y.

the bufonids are less capable of these

can sustain activity for Ìong periods.
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ActÍve foragers l_ike

rapid movements but

The current paradign gives an hol-istic view of the
ecol-ogical , behavioural- and physiol-ogical f ac to rs i_nvol-ved.

in anuran f oraging , through a mul-ti-discì-plinary approach.

Two extremes are presented | : active searchers and sit-
and-wait foragers; but it is certain that the l-ack of

intermediates or other speciallsations indicates onJ-y a

lack of quantitative data. To daterthe model has been

applied only to communi-ties of d.iurnal litter anurans and

awaits further testing in other communj_ties. sinilar

correLates to anuran foraging are certain to be found

elsewhere. rt is al-so possi-ble that foraging mode and its

correl-ates may be exclusi-ve to different taxonomic groups

on a generar basis. For exampl-ercl-arke (lgl+) reviewed.

l-iterature on feeding in bufonid s from a wide range of

habitats and concl-uded that; 8s a group, they coul_d be

consldered to be ant specialists.

tr'rom the literature reviewed here , it is clear that
anurans shourd be consiaereffefficient predators capable of
subtLe discrimination and sel-ection of prey types. Their
feeding response is governed. by complex interrel_ated
factors, and consequentry stomach content analyses shoul-d be

used with restraint in studying feedj_ng habits.

1 .2.4 I'ACTORS INFLUENCING THE ACCURACY OF LISTS OF STOMACH

CONTENTS IN REPRESENTING ANURAN DIET.

Lists of stomach contents present a picture of di_et



which i-s stationary in both space

real- terms, only to those ani_mal_s

However, prcy abundance is knot,l¡r

spatiaJ- and ternporal factors rand.

with developnental stage.

loIO

and tirne and ref e rs , in

inc l-ud ed in the sampì_ e .

vary considerabì_y withto

anuran feeding habits vary

The preniun praced. on foraging activities during the
anuran life history, and the size of prey ingested 2 vary
wi th post-metamorphic ontogeny. During juvenile phases the
range of avail-able prey will depend. on predator size;and in
some studies it has been concruded that juvenir-es occupy

food niches differing frorn adul_ts (Ctarte, 1974, Christian,
19e2) . During juveni-r-e phases, f oraging is pì-aced at a high
prenium to maximlse growth; but l-ater food. consumption is
cJ-ose1y rel-ated to reproductlve cycles and cycles of fat
body producti-on- During the breeding seasonrmares place a

premium on attrac ti-ng mates and maintaining calJ-ing sites
over foraging activities. Food consumption is l-owered

unti-l- rate in the breeding season when energy reserves are
nost depleted (,lenssen and. KLinstra , 1g66, christian , 1gF.z,

MacNalry, 1981). As eggs enJ-arge in the femal_e ¡ food

consunption rises ancl fat bodies are depleted., until_ the

end of the breeding season when energy d.emand.s decrease and.

food intake is directed toward fat deposition (.¡enssen and

Klimstra, 1966, Johnson and christiansen, 1976). Males and

femal-es paired i-n ampJ-exus have been reported. to contain
Less food than unpaired frogs (lurant and DoIe, 1974).

The nature and amount of stomach contents have been

shown to vary intraspecificalJ-y with time and si-te of
coll-ection of sampJ-es on both fine and coarse grain scares.
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The foraging microhabitats occupied by juveniles and cal_-

J-ing mal-es often differ from those occupied by other devel--

opmentar stages (Martof , 19fi). rn the case of juveniles,

such spatial separation may be maintained to avold.

predati-on by larger, cannibal-istic conspecif ics ( Tyl-er,

1958). On a wid.er scaJ-e, the stonach contents of species

assumed to be l-ess selective in their foraging, such as

raniils, have been shown to vary markedly bet¡reen sl tes

within the spec j-es' range (HaniIton , 1g48, Corse and.

Metter, 1980).

seasonal- and dail-y variation in stonach contents have

been documented mainl-y for species inhabiting microhabitats

cJ-osel-y associated with waterbodies; such as the ranids.

The avail-ability of insect prey of aquatic origj-n changes

seasonall-y with water l-evel-, and in the shorter term, d.uring

vast "hatches" characterising the life historles of these

insects (HamiJ-ton, 1948, J enssen and Klinstra , 1966 ,

Hedeen, 1972, Houston, 1977, Corse and Metter, 1 9BO).

Frogs often fitr their stomachs with spent naj-ads during

the emergence cycles of these insects, which are not

recorded again from stomach contents in time series
(Turner, 1959). stomach contents vary arso with the dail-y

activity patterns of predator and prey. For example, it
has been denonstrated that aquatic insects and freshwater

crayfish are ingested. more frequently at night by Rana

both diurnally and nocturnal-ly
(ttanilton, 1948).

The Level of satiation of the anuran has been shown to

bo th

clani tans which feeds

modify its response to potential prey ltems in
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l-aboratory and f iel-d observati-ons (tteatwol-e and Heatwole,

1968, Kramek, 1976). As satiation i-s approachedothere is a

lowering of the upper si ze-tir,reshol-d of acceptable prey.

The l-evel- of satiatj-on may govern the identity and number

of prey sel-ec ted and consequently recorded in stomach

contents.

As the feeding habits of anurans are dynamic, and

governed by these inter-rel-ated factors, stationary

pictures of diet obtained from stomach content analysis

wilI be biased. Further bias can be introduced by the

quantifications used in anaLysing stomach contents. Rare,

Iarge prey wil-1 dominate analyses of biomass or biovolume;

and , conversely, small- , very abundant items wil-l- overshad.ow

other items in numerical analyses. Frequency of occurrence

of prey items in stomachs gives only an indication of

presence or absencerand do,es not give an index of abundance

of prey. Independent of these analyses is the bias

introduced by differential- rates of digestion of prey

ite¡ns. Large prey r,rith heavily chitinous exoskel-etons

persist in stomach contents rnore than smaJ-1, soft-bodied

prey such as mosquitoes. Hence, rapidly digested prey are

under- represented in stomach content analyses.

Despite

useful tools

questions are

selec ted fo r

variabiJ-ity

appropriate

these bi-ases, Iists of stomach contents remain

in descri-bing diets of anurans if specific

addressed and appropriate quantifications are

the questions at hand. The potential for

must be recog.nised and accounted for by

sampling of populations.
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¿ THE STUDY AREA.

2.1 .1; GE0GRAPHIC L0CATI0N.

The study area encompasses the fower catchment and

floodplain zones of the Mageì-a Creek system within the area

clefined by Christian and Al-drick (lgll) as the Alligator

Rivers Region of the Northern Territory. My studies trere

concerned mainly wi th the habitats in and adj acent to the

Ranger uranium pro j ec t area at Jab j-ru.

Jabiru is located at 120 40' S; 132o

of 25.O m a.s.J-., approximatel-y

study area is

E at an ele-

kn East of

shown in Figure

54'

25ovation

Darwin.

(z.r).
The l-ocation of the

2.1.2; CLIMATE.

The dominant feature of the clinate in the

is the marked seasonal-ity of rainfal-Ì producing

dry seasons.

study area

distÍnct,

annual we t and

High temperatures are sustained throughout the year,

with a mean annual- temperature of approximately ZToC and. a

range between mean nonthJ-y temperatures of only 5.6oC.

Day J-ength also varies little from a mean minimum of 11.2

hours in June to a mean maximun of 12.7 hours in January

(Cfrristian and AIdrick, 1977).

Rainfall- is not onJ-y narkedly seasonal, but its month-

Iy distribution pattern within the wet season arso varies
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greatl-y from

sites.

year to year and, to some extent, between

The wet season vari-es j-n length but generalJ-y is

confined to the period November - U""Jn, with January,

February and March being the wettest months. Eq.uatorial- or

monsoonal- troughs, and the convection systems associated

with themr produce widespread raj-nfal-1 during the wet

season. Local-ised fal-l-s of high intensity and thunder-

storms are produced by tropical cyclones and local-

convection systems.

The monthly rainfall recorded at Jabiru during the

period January 1971 to December 1982 is shown j-n Tabl-e

(2. I ). The total rainfall- recorded during the study did

not d j-f f er markedLy f rom the average annual- rainf all ( I le O

nm) reported by Christian and, Altlrick (lgll).

Virtually no rain falls during the dry season which

is considered to extend from May to September and

represents a period of intense annual drought. The average

annual- evaporation in the region has been estimated at

about 22OO ro, rising from approximately 100 mm in tr'ebruary

to 260 mm in 0ctober, and exceeding the average annual

rainfall by some 640 mm. As a result relative and absol-ute

humidities are high during the ttry season. Soils dessi{ate

rapid'Iy in the dry season, and ephemeral- vegetation dies of f
(Cn",slran atd {ld,rrck, rltl)

and is burnt in widespread wild fires-.

2.1.1; THE HYDROLOGICAL REcIME IN THE STUDY AREA.

The MageIa Creek system is a northward - fl-owing trj_bu-
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labte (2.1 ); Rainfall iD nillinetres by year anal Eonth
at Sta.tion 0l 41 98. Jabiru.
(Data fron the Bureau of I'leteorology, Darwin)

YE¡,R JAN FEB MAR APR MAY JUN JUI AUC SEP OCT NOV DEC TOTAL

1g'-t 1 o o 1 ,1 109 169

1972 19t 21A t45 11 18 0 0 0 0 2 212 114 1151

| 973 461 1 17 465 49 7 o 0 0 44 ttz 167

1914 46A 256 548 7t 22 0 0 60 O 7't 173 21A 1695

1975 276 43t tO2 170 * oo 6 111

1 97 6 476 516

197 7 94 414

1974 129 429 124 25 1 0 0 5 0 27 20 204 302 1 475

1979 470 324 154 4 1 0 0 0 0 26 118 1t9 121a

1 980 506 768 268 64 5 O 0 O O 25 49 148 2011

STUDY 1981 125 186 457 18 16 f o t 26 41 227 264 l31t

PER IO D

19A2 164 22A 2AA 2 * oo

Ìleans and Medj.ans for the period 1971 - 19e2 (aI1 aval.labte dsta).

Mean

Rainfall t87 t71 tO6 46 9 i 1 7 7 56 1?0 2t7 1577

l{edian
Ra infaL l 412 tr' toz 2' 7 0 0 0 0 t4 146 21a I 584

"-" = Mlssing obs€rvatlon
(+" = RaiDfal.I bet¡reen O.1 and 0.4 nn
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tary of the East A1l-igator River and drains an area of 1600
)

km' (W:-r1iams, 1979). Its headwaters arise from the Arnhem

l-and pl-ateau and descend through a precipitous escarpment

to adjacent l-owl-ands. The najor features of the MageIa

Creek system are shor,¡n in digr'.." e (z.z). tr'low occurs onJ-y

in the wet seasonsrand consists of a serj-es of flood peaks

superimposed on a base flow which begins normalJ-y durj-ng

nid-Decenber and. ceases about the end of June (ttart and

McGregor, 1980). Rising fl-oodwaters run down the Magela

Creek to the floodplain, connec ting pond s , swamps and

waterhol-es in the lowlands which are isolated in the dry

season. This flow, eombined with onshore winds and high

tides, causes extensive fLooding of the plalns, forming a

vast sheet of water up to 150 k^2 (Wil11ams, 197g). Poorly

drained areas in the lowl-ands are also inundated by

concentrated rainfal-1 and increases in the level of the

water table.

The se patterns

seasons, a diverse

habitats for anurans

of inundation provide, during the wet

range of breedíng sites and foraging

2.2.1; ANURAN HABITATS IN THE STUDY AREA.

Tyl-er and Crook ( t gAO) adopted seven units to d.escribe

the habitats utilised by breeding anurans in the Magela

Creek system. Habitats on the Arnhem l-and pì-ateau and the

escarpment region Tüere described as "sandstone scrub and

woodland in escarpment" and " sandstone rainforest

remnants". In the adjoining lowlands "open sclerophyll
tttttrrt^.ttìroresf, , rnundated grassland", "fringes of bil-labongs" and
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"fLoodp1ains" were

"Artif j-cial- pools,

to be significant

species.

recognised as i-mportant anuran

scrapes and ponds" rlere al-so

'i.n provirling l-arva1 habitats

and artificial units descri-bed for
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habitats.

considered

for many

The present study is restric ted to the five natural

the Magela Creek

the Magela Creek

nining project are

system. Habitats

the l-owland portions of

in these lowl-ancls, or

at the Ranger uranium

here separately.

fl-oodplain

considered

and

2.2.2i LOITüLAND HABITATS

Thi s description is

vegetation andof

essentially

so j- I type s

brief as a

and drainage

detaÍ1ed

patterns

( cirapt e r

su rvey

wi thin

4.1.8).

the study area is provided el-sewhere

Material eroded from the escarpment and Arnhen Land

plateau has been deposited on the surrounding IowIand.s

forrning the present l-and surface of 1ow, undul-ating hiIls

and ridges. In general, soil-s are sandy or J-oamy and

highly susceptible to erosion.

Major assembJ-ages of vegetation i-n the lowlands

include open eucalypt woodland with a variable understorey

of shrubs, grasses and sedges interspersed with expanses of

perennial and ephemeraf grassland. SeasonalJ.y inundated

areas bordering the MageJ-a Creek channel are characterised

by stands of Melaleuca spp. and sedge/grass herbfields.



2.2.3; FIOODPLAIN HABITATS

The fl-oodplain of the Magela Creek systen

2B

consists of

and annual

( wi-LJ-iams,

po o rly

swamps ,

1979).

drained paperba,rk swamps, open perennial

Iagoons and grass/sedge herbfiel-ds

Intense blooms of macrophytes and emergent sedges and

grasses occur after inundation of the floodplain. As water

l-eveÌs decl-ine, this vegetation dles and breaks anay from

the substrata forning dense fl-oating mats. During the dry

season these same areas dry to form deepJ-y cracked clay

pans and bLack soil p1aì-ns.

Perennial lagoons on the floodplain ( Uiflabongs ) , are

cluurps of scre!r p al-ms (Pandanus aquaticus ) andbordered by

freshwater

phytes, such

shalLows at

mang rov e

as the

(garringtonj-a acutangula). Macro-

water J-iJ-y Nympha e a gigantea , grow ].n

the bill-abong margins.

2.2. 4, ARTIFICIAL HABITATS

Feral aninals and ac tivi-ties

extraction and processing of uranium

l-and s c ape

system.

habitats

markedly in l-ocali-sed areas

associated with the

ore have a1 tered the

of the Magela Creek

These alterations have destroyed

the form

some anuran

of artificialand created others i-n

waterbodies.

The wallows and. pug marks of feral- water buffal-o are

widespread on the MageIa f l-oodpl-ain and aJ-ong the c reek



channel- in swampy areas, and

anurans. The physical effects

Large amounts of contaminated

with the mining and processing of

Run-off and seepage from ore stock

provi-de breeding sites

of nining are Iocalised

water are associated

uranium ore at Jabiru.

piJ-es and waste rock

pits is held in three

2A

for

and.

more i-ntengc.

A plan of the Ranger uranium nining project area at

Jabiru is shown 1n Figure (+.2¡.

dunps, and water punped

retention ponds.'[tlater

from the mine

of the uranium milJ-ing

tailings dam.

containing wastes and by-products

process is stored j-n a Iarge

The developnent of a regional urban centre at Jabiru

also has resulted i.n the fornation of artificial habitats

for anurans. Gravel scrapes excavated to supply naterials

for road construction are flooded in the wet season and

provide breeding sites for many anurans. Eutrophic ponds

at the Jablru sewerage treatment works afford an ideal-

habitat for anuran larvae, and provide a perennial habitat

for frogs nornally associated with waterbodies. New

habitats

erection

aLso may have arisen

of buildings and siting

from clearing of Iand,

of vehi-cl-e tracks in and

around the pro j ec t area.
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7 THE ANURAN T'AUNA OI' THE MAGEIA CREEK SYSTEM.

7.1.1; THE ANURAN FAUNA.

I

The anuran fauna of the Magela Creek system is notable

for both its diversity and abundance. During an extensive

survey

species

families.

of the area in 1 9BO, Tyler and Crook found 24

of frogs representing eight genera

0f these taxa, seven were hitherto

and three

undescribed.

They found anurans in natural- and artificial habitats

throughout the floodplains, lowlands and escarpment regions

constituting the Magela Creek system, and considered them

to be the most abundant form of terrestrial vertebrate

present, in the area during the wet seasons.

It is worth notlng that within Austral-j-a as a whole

about 180 native species of frogs are currently recognised,

comprising 26 genera in the farnilies Hylidae, Leptodac-

tylidae, Microhylidae and Ranidae.

TabIe (r. 1 ) tists the species comprising the anuran

fauna of the Magela Creek system and. indicates their

distrj-bution and abundance according to TyIer and Crook

( I ggO ) . Species included in the present study are marked

with an asterisk.

The

tation,

the area

spatial and

Iand forms and

affords a wide

tenporal heterogeneity in precipi-

fl-oraÌ assemblages characteristic of

variety of anuran habitats, and has

di-versity in form and function with-resulted in a

in the IocaI

st riking

anuran fauna.



Table (r.1 ); Dj,stribution ard
l.lageIa Creek area

the frog fauna of the
anal Crook, 1 980 ) .
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EscarpEent: Sand-
stone and wood.land

Escarpnent: Rai-n-
forest rennants

J Inunrlated grassland

4 0pen sclerophyll
forest

5 Bil.labong fringes

6 Floodplains

7 A¡tificial pooIs,

gravel scrapes

abuqcìauce of
( after Tyler

O Absent
I Rare
2 Connon
, AbuDdaDt 12J4567

r l,ito¡ia bi-colo¡
L. caerulea
L. coÞIandi.
L. dahLii
L. inernis
L. pallida Davies,
L.Eeiriana
L. nicrobeLos

* L. nasuta
L, Dersonata

(cray)
Whi te

(ryre¡)
( Soulenger )

(Peters)
l,larti,n & llatson
(nyrer)
( cosser)
Tschudi
Davies & Ma!ti-n

(ae vis)
(cray)
(uieaen)
( Coplana )

o

)

3

o

0

o

o

o

2

o

o

o

o

o

o

2

o

1

o

2

2

2

2

2

o

o

2

2

0

o

o

3

o

o

o

o

0

o

2

o

o

o

o

2

2 o

'I

o

2

2

2

o

2

o

2

2

2

o

2

2 o

o

o0 o

o

o

o

o

o

2

o

o

o

+

+

*

2

*
*
*
+

* Linnodynastes
* L. o¡natus

l.leeistolotis

| * Notadet ne 1 ano s caphu s

TyLer,

lignarlus TyIer, Martitr i

& Davj.ee i

convetiugculus (uacl,eay)l 1 I

(cray) i z i

l, . ¡o thii

o

2

o

o

2

2

,l

o

2

1

o

o

3

o

1

1

o

J

2

t

o

o

L. rubella
L. tornieri
L. wotiulunensi-s

| + CycLorana australis (Cray) 
I

| * C. Iongipes TyLer & Martin i

o

o

I

o

o

o

2

o

o

Hosne¡ | o

I

I

Ma!tin, Tyler I O

& Davies I

o

o

2

o

o

2

0

o

U

o

o

o

o

o

* Ranidella bilingua

UÞe¡oleia arenicola Tyler, Davies
& Ìlarti.n

o

o

t

o

o

2 o

o

*u eroleia lDundata

Sphenophryne robusta (r.y)

TyJ.er, Davies I

& Martin i

o

2

* SPECIES INCLUDED IN THD CURRENT STUDY
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Many of the typicaJ- morphological features attributed

to anurans occupying xeric, mesic, aquatic and arboreal-

habitats throughout the worl-d are readiJ-y recognisabl-e

amongst the species Iiving in the Magela Creek area.

Despite these differences, all of the specì-es recorded

from the Magela Creek area (with the exception of

Sph eno ph ryne robusta) share a common dependence on

perenniaJ- or ephemeraL water bodies for breeding purposes.

Breeding activities occur on an opportunistj-c basis i-n the

wet seasons, depending upon the spatial and tenporal-

variation in rainfal-1. Larval Iife histories are short.

During
-.cde s]-catr-on

seasonal- periods of drought, the

j-n burrows or by shel-tering in the

frogs avoid

crevices and

interstices afforded by rocky

cracking cl-ay soil-s.

outcrops, pÌant litter, or

1.2.1; TARGET SPECIES

The choice of specj-es to be incÌuded in the current

study involved a number of factors.

Time available for fieLdwork !ras limited to less than

11 months, over two wet seasons. The number and nature of

anuran habitats available for study also was Iiruited due to

the curtail-ment of vehicul-ar travel in the region during

the wet seasons.

Consequently, species inhabiting remnants of monsoonal-

rainforest, the Arnhem Land escarpment and other isolated,
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inaccessibl-e areas Ïrere excl-uded from this study.

0f the species studied, the range of sizes and number

of individuals avaiLabl-e for research purposes varied

according to the naturaÌ patterns of distribution and

abundance of each species, and my ability to coll-ect them.

As a result, examj-nation of rare, flighty or cryptic

speci-es Ïras restricted to relatively f ew indivi-duals ' and

juvenile and sub-adult material was lacking for the more

common spec]-es.

After consideration of the above

representing six genera were included in

These specles were sub-divided further

factorsr'l 6 species

the present study.

into seven faunal-

of their functional- morphofogy and

A l-ist of the target specles in faunal groups is

presented in Tabl- e (7.2).

1.2.2; AQUATIC FROGS

l,itoria dahlii rìIas

groupings on the basis

taxonomic status.

faunal- group. It j-s

vent lensth (s.V. t. ) )

swimmer with muscular

the only species incfuded

ì-arge f rog ( 
"p to BO mm

in this

snout to

is a powerful-

webbed toes.

head i

other

AS

a

and 45 C weight.

hind l-imbs and

It

fuI ly

The eyes and nares are situated high atop the fl-at

and superficially, L. dahlii bears a resemblanc e to

species closely associated with water, such

L. raniformis of south eastern Austral-ia.



7+

Tabl- u (l .Z); Target species in f aunaJ- groupings.

FAUNAL GROUP SPEC IES

Aquatic frogs

Arboreal frogs

G ro und
( sensu

hyJ-ids
Moore (lger))

hlide-mouthed, burrowing
frogs

Narrolr-mouthed, burrowing
frogs

Toadlets

Frogl-ets

Litoria dahlii

Litoria rothi-i

Litoria bicolor

Litoria rubel-la

Litoria pal-lida

Litoria inermis

Iritoria nasuta

Litoria tornieri

Litoria ruot jul-umensis

Cyclorana aust ralis

Cyclorana Iongipes

Limnod,ynastes ornatus

Linnodynastes convexiusculus

Notaden mel-anoscaphus

Uperoleia inundata

Ranittella bilinsua



Adul-ts and juveniJ-es

and during the day at the

f Ioodplain, but sel-dom were

'!{ere observed readiì-y

75

at night

and themargì-ns o f

sighted away

bi-Il-abongs

from water.

7.2.7; ARB0REAL FR0GS

The three species comprising this faunal group are

proficient climbers possessing expanded digital discs, l-ong

slencler l-imbs and J-arge mouths characteristic of most " tree

frogs " .

Litoria rothii is the Iargest of these Ìightly buil-t

specl_es,

of this

and L

growing to 55 mn

weigh

S. V. L. in the

as Iittle as 5

study area.

g. Litoria

40

AI]

A frog

rubel-1a

mm and 10 mm

three species

1 eng th

bicol-or

may

respectivel-y in

c an be ob se rved

are smaller, growing to

snout to vent length.

at night on vegeta tion near strearns and

billabongsrand on the wal-1s of human dwellings in the area,

where they forage near el-ectric Iights.

3.2.4; GR0UND HYLIDS

. Five species, possessing essentially similar morpho-

Iogical features, were characterised. as ground hyJ-ids in

the sense of Moore ( t g0t ). A1l are ground-dwellers with

slender bodies, 1ong, triangular snouts and 1ong, muscul-ar

hind Limbs. They are aLI strong Ieapers, capable of

several- Iong, high jumps in rapid succession.

Litoria wotjuLumensis and I. nasuta are the two

J-argest species, growing to 75 mm and 55 mm respectively in



snout to vent J-ength. Both

36

are capable of executing J-eaps

Al-though L. wot jul-umensis hasfar exceeding one metre.

extensively webbed toes,

rareÌy found in water.

and can swi¡r powerfully, i L t.tas

The o ther three species in this faunal group are so

si-milar that cl-ose examination j-s required to separate

them. Litoria tornieri can be distinguished on the basis

of a

the

skin

pattern of

from 10 mm

to about 6

well- defined dark line along the anterior margin of

tibia and fibia, L. inermis has coßparatively "rùarty"

on the dorsun, and L. pal-lida dif f ers in the colour

the thighs and eye stripe. Each species

to 55 mm in maximum snout to vent length

C in totaL weight.

ranges

and up

The ground. hylids

terrestrial microhabitats

rüe re f ound a wide variety of

often far

l-n

fr om free water.

7.2.5; IIIDE-M0UTHED SURRO}IING FROGS

tr'our species of Cyclorana and Limnodynastes Ìrere

p1 ac ed

robus t

in this category. AII are strong

bod ies, muscular l-inbs and capacious

burror{ers wi th

mouths.

The Iargest of the

which attains a snout

wei-ght of about 'l 00 C.

and I. convexiusculus

four species j-s Cycloranq austral-is

to vent length of 100 mm and a body

Limnodynastes ornatus, C. Iongipes

respectively in snout to

grow to 45 ßr r 55 mm and 60 mm

vent J-ength.

The inner metatarsal tubercle is nodified for digging
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i-n C. austral-i-s C. Iongipes and L. ornatus, be j-ng horny

and shovel shaped. This feature is Iacking in L. convex-

ius culus ,which al-so differs in having many low fl-at

1n the skin on the dorsum. These
\

gJ- and s

f l-uid when the f rog is grasped, ¡uhich

sticky film.

3.2.6; NARR0hI-M0UTHED BURRO}IING FROGS

This faunal grouping

caphus al-one on the basis

habits.

express

dries to

glands

a milky

form a

rùas erected for Notaden mel-anos-

of its specialised morphoì-ogy and

Notaden mel-anoscaphus is

short lirnbs, a truncated snout

powerful- burrower possessing

tubercle of hard keratin which

a gJ-obular, robus t

and "rùarty" skin.

a black inner

is shovel--1ike in

frog wi th

It is a

metatarsal

prof iì-e.

This species reaches a maximum snout to vent length of

about 55 mm and a weight of 20 g. The skin of the dorsum

is extensiveJ-y glandutar, and when grasped the frog exudes

copious quantities of a viscous, yeJ-Iow f Iuid t¡hich dries

to form an adhesive mass of rubbery consi stency ( pers.

obs. ) .

In comparison with other

mouth of N. mel-anoscaphus is

species of sinilar size, the

small , and the mandible,

fl-exi-ble in

al-so differs

maxilla and premaxil-la are poorly ossified and

1ife. The method of locomotion of this frog

marked l-y f rom

oscaphus does

that of the other species studied.

not leap, but waLks or runs.

N. mel-an-
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3.2.7; T0ADLETS

The toadJ-et, Uperoleia inundata ,is a smalI, stout frog

with short, stubby Iimbs attaining 10 mm in snout to vent

length and + C in weight. Because of j-ts short limbsrthis

species is an inefficient jumper and often walks with a

gait simil-ar to that of N. meLanoscaphus. Like N. mel-anos-

caphus ^ the toadlet can prod uce smaff

-2
secreti-on from parotoid, coccygeal and

the dorsum. U. inundata is al-so a

wel-l developed inner and

amounts of a nilky

inguinal glands on

capable burrohler,

outer metatarsal-possessr_ng

tubercles.

7 .2.8; I'R0GLETS

The

spe c i-e s

snout to

froelet Ranidella bj-linsua is the smallest of the,
included in the current studyr Srowing to 25 mm rñ

,lo r^
vent length andr,about one gram,nweiCht.

It is a terrestrial species with a sl-ender body and'

relatively J-ong toes lacking webbing.
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4. MATERIAIS AND METHODS.

4.1.1; FIELD STUDIES.

tr'ieId stutlies rùere undertaken during the periods

January - April 1981, August 1981 and October 1981 - May

1982. The 1 1 months spent at Jabiru included tr¡o wet

seasonsrwhen frogs are most active and abundant, together

with a short period in the niddl-e of a dry season. Each

fiel-d component was designed to address a separate

obj ective.

4.1.'2; I'IELD STUDIES (;tlu¡.nv APRII 1 981 ).

The main aim of the first period of fiel-d work rùas to

coll-ect numbers of frogs of a range of species fron di-verse

naturaL and artificial- habitats 1n the study area. Sampl-

ing took place at night, with commencement times ranging

from 21OO hours to O43O hours.

To ensure maximum returns, in terms of

species of frogs

congregations of

congregations were

capturecl , col1ec tions '!'Ie f e

caIJ-ing males at spawning

Iocated by visiting customary

sites, or by Iistening for the specific caLls of

numbers and

made anongst

sites. Such

spalfn]-ng

desired

species in lnundated areas. Frogs in such congregations

lrere caught by hand wÍth the aid of a torch. 0ther

specimens ÏIere located upon the surface of wet roads in the
l¡

l-ights of a sJ-owl moving vehicle.

The dates, l-ocations and tines of collection of frogs
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are shonn in Tabl-e (4. 1 )

4.1.7; INHERENT BIAS IN SAMPLING PROCEDURE

(.1¡ru¡,ny-APRrr 1 981 )

Frogs, incl-uding rare and cryptic species, were

capturecl readily by naki-ng collections at spawning sites.

However, this procedure introduced consid erable bias into

samples of frogs retained for stomach content analyses.

By virtue of their vocal- advertisementrmale frogs'!{'ere

far more susceptible to capture at spawning sites than

silent femal-es. It is al-so possible that at these times

advertisement and other activities associated with spawning

are placed at a premj-um over feeding activities. If so,

the stomach of a caJ-ling mal-e is J-ikely to contain fess

f ood than a f rog not cal-l-ing.

By sampling around breeding sites, the si-ze distribu-

tion of collections comprised mature adul-ts and recentiy

metamorphosed juvenj-les which had not yet dispersed from

the larval- hab i ta t .

As a result of these sampling bi-asesrfemale frogs and

subadul-t specimens were J-acking in coll-ections made in the

first period of field work.

It was also

species approach

maj ori ty do no t

stomach contents

recognised that, whereas all- of the target

water bodies f or spawn j-ng purposes, the

aggregate

of frogs

there for feeding. Hence the

collected at such sites may not
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TABLE (¿. r )

CO],LECTING ÀCTIVITIES JÂNUARY - APRIT 1981

Date Tirne Sanpling Location

Jabiru Airstrip
Retention Pond. No. 1

Retention Pond No. 2

Tailings Dan

Boonjinnie Road, creek crossing
Mlnesite pool near Tailj-ngs Dan

Tailings Dan

Road - West end of Jabj-ru Ai-rstrip
Roadside poo1, Jabiru East/turnoff Arnhen
Arnhen Highway
Roaclside Poo1, 8OO n West of GulunguJ- Creek
Jabiru East roads
\lest end of Jabiru ÀJ.rstrip
Jabiru Airstrip
2.6 Km West of Jabiru, Borrow Pit
12.1 Kn ïJest of Jabiru, Borrow Pit
Re tenti-on Pond No . 1

Jabiru Sewerage Treatnent lJorks
Gulungul Swanp, Roadside
800 n lJest of Gulungul Creek Roadside
4.4 Kn West of Jabiru, Borrow Pit
2.6 Km I,Iest of Jabiru, Borrow Pit
Road, I{est end of Airstrip
4.4 Km West of Jabiru, Borrow PÍ-t

Roads, Jabiru East
Boonjinnie Road
'l 2.5 Kn Weet of Jåbiru, Borrow Pit
lfestern end of lake, New Townsite
Western end of Iake, New Tor¡nsite roads
Roadsicle Poo1, Jabiru East turnoff
Floodplai.n edge, Nankeen Billabong
Floodplain edge, Nankeen Bil-labong

14

16

20

20

21

22

22

)7
t7

21

t7

26

26

26

2A

28

29

)o

30

30

70

51

31

31

2

2

¿

2

7

5

27

11

Jan. I

Jan. I

Jan. I

Jan. I

2too
2200

21 00

2200

227O

21 3o

23tO

21 tO

223O

27OO

2130

21 00

2200

2300

21 1o

27OO

2200

2340

21 10

21OO

2350

21 20

21 00

2430

2200

2200

2300

2400
o1 00

o2 00

1 200

o4to

Jan.
Jan

Jan

Jan.
Jan.
Jan

Jan.

Jan.
Jan.

Jan
Jan

Jan
Jan

Jan

Jan

Jan

Jan.

Mar.

Hi ghwa y

Jan

Jan

Jan. I

Feb. I

Feb. I

Feb. I

Feb. I

Feb. I

Feb.

Âpr
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be representative of the normal range of items ingested in

fo raging areas .

These collections provided a

use 1n

sion in

in the

Crook,

preliminary stomach content

a study of the incidence

Magela Creek system by

1 980, Tyler et âf. , 1 981 ) .

J-arge sample of frogs for

anal-yses , and f or inc Iu-

of skeletal- abnormalities

other vrorkers (lyter and

+.1.4; I'IELD STUDIES (¡,UCUSr 1gB1 ).

A week-1ong visit

intended to estabLish

to the study area 1n August 1981 was

the existence of any activity by

frogs in the dry season.

Efforts w'ere made to locate individuals of any

species. At night, tracks through woodLand and the margins

of ma j or natural- and arti-f icial- water bod j-es were searched

on foot with the aid of a powerful- torch. During the day

sandy creek beds and deep crevj-ces in cLay pans !{ere

excavated with pick and shovef in attenpts to locate frogs

sheltering within. Logs, debris and other potential-

sheltering sites adjacent to water bodies al-so were

examinecl .

Two pit - trap grids in the GuIungul Creek area were

opened for severaJ- nights to capture any frogs foraging

there. Each grid consisted of six lines of si-x pi ts each

approximately four metres apart. The pits vrere steel pails

of 20 L capacity buried with their lips flush with the

ground surface. Ìlater was pfaced in each pit to prevent
cde sication of captives.
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Bampl-ing attemptsThe times, dates and locations of

are shown in Table (4.2)'.

TABLE (+.2¡

COLLECTING ACTIVITIES AUGUST 1 981

Date

24

2+

25

25

26

26

26

26

27

27

2A

2A

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug.

Aug -

Aug.

Aug.

Aug -

Aug.

1 7oo
2220

1 945
2400

041 0

21 00

235o

2470

1 200

2200

1 400

2300

T ine Sampling Location

Blacksoil plains, Jabiluka
Retention Pond No. 1

Retention Pond No. 1

Retention Pond No. 1

Retention Pond No. 1

Tailings Dam; Gulungul Pi-t
Georgetown Billabong
Retention Pond No. 2

Georgetown Billabong
Jabiluka Billabong
Magela Creek
Gulungul Creek; GuIungul

grids opened

Pi t grids closed

4.1.5; FTELD STUDTES (OCrOnnn 1 gB1 MAY 1982 ).

The concurrent aims of the fi-nal field component were

three-fol-d.

FirstrJ-Tr there was a perceived need to col_lect f rogs in

such a manner as to miniurise the lnherent bias associated

wi th the proced.ures enpl-oyed 1n the previous we t season.

To present stomach content l-ists which best represent the

di-et of different species it tloas most desirable to catch

specimens while they uJe(< in the process of foraging in

their respective foraging areas.

Second. ly, to predict which specimens ¡souId be most

likeIy to encounter po tentiaL prey of aquatic origin, it
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rdas necessary to determj-ne which species forage in or near

natural- and artif icial- water-bodies.

A third ai-rn of the field studies involved detailed

investigation of vari-ation in f eeding habi-ts, distributioI

and abundance of f rogs in rel-ation to spatial, ternporaÌ and

biol-ogical factors.

To futfil-l- these objecti,Ves three main sanpling pro-

ceclures were ernpJ-oyed.

4.1.6; PIT TRAPPING

Pit-trap Iines and drift fences were used in attempts

at qualifying the existence of any habitat partitioni_ng

between members of the anuran community in the study area.

Their utilisation lras planned to provide a means of frog

collection not subject to the biases introduced through

nanual capture of specimens located visuaIly.

Six l-ines of pit-traps with drift fences tqere erected

in the Magela Creek and Gulungul- Creek areas during 0ctober

1981 . The design of each l-ine is shown in Figure (4.1 ).
In each area, trap fines were set up 1n paperbark sr{amp

(Melal-euca ep. ), sedge and. grassland, and open woodland

assemblages rcJ-assified as habi-tat types 5, I and 1 in later

surveys ( see sec tion 4. 1 .8 ) . The locations of trap lines

in the Magela Creek and Gulungul Creek areas are shown in

Figures (+.0 ) and (+.1) respectivet-y.

At the onset of the wet season, in mid-November 1 981 ,
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Figure (+. I ); The design of pit-trap lines used. in the

study.



the wa te r

pails used

buffal-o and

table rose at

out o f the

pigs damaged

these probl-ems, the use of pit trap lines rùas

in early December 1 981 .

+.1.7; SAMPLING STATI0NS

Regular, frequent colLections of frogs rsere made at

stations in the Jabiru East townslte, àt the Ranger uraniun

ninì-ng site and on the Magera creek flooclplain at Nankeen

Bil-labong. The l-ocatj-ons of major sampÌing stations and

assoclated sampling dates are sho¡un in Figur e (4.2) and

TabI e (4.3) respectively.

4.1.7.1; RANGER URANIUM MININc SITE TAITINGS DAM.

At the Tailì-ngs dam, col_lecting .was carried out at

night. Both the shorel_j_ne vegetation and exposed earth-

works of the Tail-ings dan were searched in regions A and B

( see Figure 4.3). The maj ority of specimens Iocated in the

torchbeam used rùas caught by hand. However, in region B a

thick tangle of inundated speargrass (Sorghun sp. ) necess-

itated rocating the frog with a torchbeam and then angring

for it with rod, Iine and baited hook. A smaLl piece of

dyed dragonfly mounted on a snall fishhook was jiggled to

attract and catch the frog.

0ccasional collections of frogs for stomach content

(numbers rrl rr and

( Sa. Fg, ce *'^).

each site and forced

ground. High luinds,

some drift fences. As

46

the plastic

feral water

a resul-t of

discontinued

anal-yses

"4 " ), and.

also nere made at retention ponds

withi-n the uranj-um minlng pit rrJtr
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TRANSECT
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Figur e (4.2) | Jabiru townsite and. minesite 1^ith associated

sampl-ing locations. Not To Scale
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rABLE (+.2)

SAMPLING DATES 1 981 1982 hIET SEASON

Mo nth Dates Site

Tai l-ings Dam

No vemb e r
December

Janua ry
February
March
April-

Townsite Roads serüerage treatment works ) *

7*, 11x, 2Ox i

7*, 22x i

2,

4,
1O'

5,
12,
14

24

14,
20,
6,

70

27

22

25

A

A

B

DÐ

B

( and

Novenber
Dec ember

January
Feb rua ry
March
ApriJ-

Nankeen Billabong

lzt
I t¡
lg
tt l>

and Fl-oodplain

I

I

Edee

November

December

January
Ieb rua ry
March
April

10,

10'
10,
't,

17

8,

22,

17,
12

26

16

24, 26

28



Fì-gur " (+.1); Sampling

Tai I ings

49

PUMPÍNG STATON

Exposed

(n.^^Ð
regions 

^wi 
thin the confines o f the

dam. Not To Scale



Collections
l¡

in a slowimoving

road and Jabiru

of frogs

vehicle,

road ( see

4.1.7.2; JABIRU EAST T0l'¡NSITE

50

were made at night by traversing,

a circuit formed by Boonjinnie

Figure 4.2). Specimens located.

caught by hand with the aid of a

works at the Jabiru townsite to

dump and

capture
4 '2"see Figu resr4 4) .

in the vehicle lights hrere

to rchb eam.

sewerage treatment

any frogs foraging there (

tr'requent visits also were made to the refuse

4.1 MAGELA CREEK FIOODPIAIN NANKEEN BILIABONG

At the Nankeen Bil-l-abong r oû the MageJ-a creek f lood-

pl-ain ' sampling rüas carried out at stati-ons A, B and c

( Figure 4.5). The foliage of vegetation fringing the

billabong at stations A and B ( mainry Barrj-ngtonia

acutanguLa and Pandanus aquaticus ) was searched intensively

at night f or arboreal- f rogs. This rras undertaken f rom the

deck of a floating punt or airboat, and required the use of
a powerful torchbean. Frogs sighted in the torchbeam rùere

caught by hand.

Parts of the western Ievee bank of Nankeen Bil_labong,

7.7

adjacent to station

exposed depending on

these

frogs

areas were exposed

A, were inundated seasonall-y and

the rate of f l-ow of f lood.waters. ltlhen

they were

torchbeam

entered on foo t ,

were captured by

and any

hand.Iocated there in a

0n the froodplain margins at station ct" number of
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RETENTION POND IÊI

BY

1.:..

A. EARTHEN EFFLUENT PONDS

B. CEMENT
CIRCULATION

PONDS

PLANT ROOM

Sampl ing

treatnent

c.

l-ocations at the Jabiru seI'Ierage

works. Not To Scale

tl

Figure (4.4);



(1,s, c)
Figure (+"¡); Sarnpling stations^'at Nankeen BiIlabong

and on th.e MageIa Creek floodplain.

Not To Scale
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nethods of capture were used. At night, f rogs r,rere located
amongst i-nundated sedges and grasses and shore l_ine vege-
tation, and captured by hand with the aid of a torchbeam.
During the daï ¡ frogs were caught by dragging a large dip
net through fr-ooded buffato waJ-Ìows, 

"rraf,Jrr",.J-ing i to m

seÍne net through shalrow waters. The seine net used had a

"Rachel-le" mesh of 2.j cm (measured diagonally), a drape of
1 50 cm and a 1 50 cm pocket or bunt built into the centre.
rt was used in areas free of extensive macrophyte growth
and snags.

dhrch r^¡ere.
Attempts lrere mad.e to capture frogÞ ¡ sitting on

emergent macrophytes at station c, and in the bil_rabong

waters ' wi th a rùeighted throw net or by making a rapid
sweep with a l_arge dip net.

4.1.8; TRANSECTS

Sampl-ing al_ong foot transects passing through a

variety of habitats Ï¡as undertaken to qualify the existence

of any separation between specJ-es, in terms of foraging

areas,

whil-st

and to coll_ect frogs for stomach

they v¡ere f oraging there.

content analyses

Transects were rocated in the Gurungur creek and

Mageì-a creek areas because it lras possibl-e to recognise in
both areas five of the broad habitat types characteristic
of the Magera creek system, and to position these transects
to pass through each of those habitat types.

rn view of the extreme difficurties experi-enced. in



sighting and capturing frogs

is also characteristic of the

the transects along the paths

for most of the wet season.

in the thick

54

undergrowth that

decided to sitetùa sarea, it

of vehicl-e tracks, inpassable

Sanpl ing

Magela Creek

area on the

IÙA S

area,

dates

carried
aloaS

and 
^ 

two

and at

out along

transects

the times

one transe c t in the

in the GulunguL Creek

shown in Table (4.4).

the route followed aceThe l-ocation of each

shown in Figures (+.S)

transect and

and (+.1) .

rABLE (q.+)

SAMPLING DATES FOR MAGELA CREEK AND GUIUNGUL CREEK TRANSECTS

Magela Gui-ungul

1

I

7

4

5

6

7

I
9

10

6

I

I
15

24

19

4

23

2

16

Novenber

Decenber
Decenber
De c enbe r
December

Janua ry
February
February
Apri I
April

'I 981

1 981

1 981

1 981

1 981

1 982
1 982
1 9e2
1 9e2
1 942

1 6 November

2 December

9 Decenber
16 D.ecember

25 Decenber
25 January
4 February

1 1 March
1 April

1 I April

1 981

1 981

1 981

1 981

1 981

1 982
1 9ez

1 982
1 982
1 9e2



Figur" (+.6); Location of the Magela Creek transect

the route followed during sampling and

line" (ç.r -Prâ),the location of pit-trap

Not To Scale
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{oo
Figure (4.?); The Iocation of thenGulungul Creek transects

and nearby pit-trap Iine" (Ptt^Pt3)'
'Not To 8cate.
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4.1.8.1; MAGELA CREEK TRANSECT

The Magela Creek Lransec L had a total Iength of
4^'l.

metres r ,t passeo( through open woodland to f of l-ow

Creek and low-1ying areas of swamp and sedgeLand.

walking slowJ,y along the Ieft wheel- rut of the

attempts were made to capture all frogs encountered

the confines of a torchbeam' which Iùas approxinately

wide when aimed approximately two metres in front of

A Rotatape terrain wheel- was pushed along
{\rs

sect during sampli-ng, andr,enabl-ed the Iocation of

sighted to be recorded and determined refatlve to

transect Iength.

57

4,150

Magela

!lhilst

track,

wi thin

50 cm

ne.

the t ran-

each frog

the to tal-

4.1.A.2; GULUNGUL CREEK TRANSECTS

Bo th transec ts in

along disused vehicle

(s"" F,3^'e 4'?)

the Gu1ungul Creek area^ were sited

tracks bareì-y discernible due to

vegetation. Transect I passed through openovergrowth of

wood land fo r

and grassland

II passed through open

1 50 metres.

a short distance into a

wi- th a to taI length of

woodland for

fl-at expanse of sedge

tOO metres. Transect

its entire length of

The sampling methods used

essentiaJ-Iy were sinilar to those

Creek transect with the foll-owing

ly, two sampling runs $rere made at

along the Ieft

along the two transects

enployed for the Magela

two differences. First-

each transe c t bY waJ-king

end of the transect, andwheel rut to

the other rut

the

sampling along during the return trip.



Secondly,

date s were

only those frogs actuaJ-ly captured

recorded in population censusses.

ground hyJ-ì-ds rtlere sighted leaping al4lay from

but not captured. Such f rogs 1{ere not incl-uded

I{hil-st sampl-ing along transects, a Phil-lips

tape recorder ItIas used to record the identity of

5B

on sampling

0ccasionaJ-1y

the transec t

in counts.

4.1.8.J; cLASSIFICATI0N 0F HABITAT TYPES

During April- 1gA2, the terrain r,,rheel (which displays

only Imperial measurements of distance) tn"s used to mark

off stations at 500 foot interval-s. At each station, soiÌ

cores ( to a depth of 1 O cm) were collected and notes were

assembled on the vegetation types, l-itter cover of the

ground and drainage patterns. 0n the basis of this surve¡r2

five broad habitat types trere recognised.

4.1.9; DATA REC0RDED DURING SAMPLING

ninia ture

each

sighted or captured and the terrain wheel- readi-ng at

site. Relevant behavioural observatlons and notes on

frog

each

the

size ( jr.tenile, subadult and adult) and sex of each

specimen also were recorded. l,lhen sanpling along townsite

roads, the vehicle odometer reading hras recorded for each

spe cimen captured .
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0n or fol-lowing each occasion on which frogs were

collectecl, detailed notes were made on: -

Tenperature,

Rel-ative hunidity ( ¡y

Rainfall (from Bureau

C l-oud cov€r 2

Itind velocity,

Phase of moon,

Insect abundancer44/.

Frog vocal- ac tivity-

whirJ-ing Hygrometer) 1

of MeteoroloB¡rr Darwin),

During sampling activities in the period 0ctober 1981

- April 1982, calling mal-es and frogs found in amplexus

ï¡ere separated in collections and labeIIed accordingly.

4. 1 . 1 0; KILIING 0I' I'ROGS

Immediately after capture, each frog I¡Ias pì-aced in a

labelled kiJ-ling jar containing a solution of 1% chloral-

hydrate deposited in an insulated container of i-ce. The

ice immobilised the frog and helpecl ensure ninimal-

collection digestion of stomach contents. The dead

were then held in freezet storage pending dissecti-on.

4.2.1; DATA RECORDED DURING FROG DISSECTION

4.2.2; LENGTH AND }ÍEIGHT

post-

frog s

Spec imens lre re thawed , measured

neeks of capture, with the exception

and dissected within (

of frogs coLlec ted
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during the Augus t 'l 981

65% ethanol.

sampl-ing period, which were

prese rved in

Dial

snout to

nearest

frog rìIas

nearest

o

0.001 sm

4.2.3; CATEG0RISATI0N 0F EACH SPECIMEN

An lnci-sion lras mad.e in the ventral- body wall of the

and the inte rnal-frog from the cloaca to the l-ower jaw

speci-men in one

Table (4.5).

of the developmental

the frog

at the tine

pl ac e the

defined in

STOMACH DISTENTION AND STOMACH hTEIGHT

The degree of stomach distention Ïras quantified on an

arbitary scale of O to 6 as defined in Table (4.6 ).

Tn ¡tomach r¡¡q,s' then detached from the remainder of the

al-imentary tract. Each stomach lÍas weighed to the nearest

0.001 g and preservetl in a l-abe1l-ed vi-al- of 65% ethanof .

4.2.5; ESTIMATI0N 0F ST0MACH V0LUME

The volume of each

cal-ipers (U:-tutoyo) were useil to measure the

vent length and mouth gape of each frog to the

.1 mm (see Figure 4.8). The "wet" weight of each

measured on a Mettler top ì-oading balance to the

organs exposed. Notes on the

immediately prior to capture were

of the examination of gonads, if

activity of

referred to

visible, to

categories

4.2.4

preserved stomach included in
by

was estimatedn using two methods.stomach content analyses
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Moulh Gope
Snoul 1o Venl

Length
/4\

B

Tigure (+.4); Measurement of snout to vent length (l) and.

mouth gape (¡).
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Table (q.S); Categorisation of frogs by size, sex and
activity i¡nnediately prior to capture.

C ATEGORY DEFINITION

UNKNOWN

SÎAGE 42 *

JUVENILE (.I )

MALE ( ¡r )

MALE, CALLINC (uc)

FEMALE (T)

FEt¡lALE, cRAVTD (¡c )

I'EMALE, GRAVID,
in Âr'rPLEXUS ( rcl )

Frogs of unknown naturity and undeternined sex

Newly netanorphooecl frogs still- bearing an
unresorbed portion of the larval tail-.

Clearly imnrature frogs of undetermined sex.

Male frogs.

Itfale frogs fountl calling and/or j_n anplexub
lnnecllately prior to capture.

Fenale froge.

Gravltl fenale f rogs.

Graviil fenale frogs found i.n ampl-exus
fnnecllately prior to capture.

* after Gosner ( 1 960 )

FirstJ-y, the stonach Ìras pÌaced in a petri dish of 65%

ethanoL upon a paper grid marked off in 1omm2 squares.

81 uslne a dj-ssecting microscope the nunber of squares covered

by the stonach was counted.. The stomach lras then rotated
through 9Oo and. the maximum diameter in cross section meas-

ured to the nearest 1 . o mm using the grid r âs shown in
Fì-gure (+-g). using this methodrstomach vol-ume (sroMVoL r)
lras estinated. as cover (r*2 ) murtipJ-ied with maximum

dianeter (**).

The stomach was then blotted dry and

absolute ethanol contained

submerged in a

in a measuringknown vol-ume

cyJ-inder with

cyÌinder with

displacement

of

O. 1 ml graduations. For large stomachs, a

o

of

.2 ml- graduations ¡ras useal . The resutting

ethanol was recorded and taken as the

of stomach vol-ume (Sf OUVOi, II ).second estinate
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Table (+.0); Á,rbitrary scal-e for quantification of
degree of stomach distention.

INDEX OF
FUIII{ES S

DEFIN IT ION

VOM IT Stonach contents regurgitated and stonach everted
into buccal cavity.

Stonach enpty.

Stornach contents visj-ble through waIl; occupying
Iess than one-haÌf of lunen of stonach.

Stonach contents visibly occupying approxinately
one-half of Iunen of stomach; no distentj-on of
stonach wall-.

o

2

1

4

Stonach contents
haLf of lumen of
wa11.

visibly occupying nore
stomach; no di-stention

than one-
of stonach

5

Stomach contents visibly occupying entire Ìunen of
stonach.

Stonach distended; stonach walL stretched
sufficj-entIy to render detail of contents visible
through lrall.

Stonach greatl-y di,stended; stonach contents
extending into oesophagus and buccal cavity.

6

The disptacement

was not detectable due

the ethanol and the

of ethanol by small stomachs often

to the effect of surface tension of

separation of the graduations used.

distended stor¡achs IiIasConversel-y, the volume of large

und erestirnat"aþsirrg STOMVOL I -

Hence) an average of the two estinates was taken to

give a final estimate of stomach volume.

4.7.1 ; STOMACH CONTENT ANAIYSES

4.1.2; S0RTING 0F STOMACH CONTENTS

small stomachs !{ere teased open f¡ith fine jewel-Iers

forceps, and large stomachs r.fere opened with surgical
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scissors, taking care not to damage the

washed out of

fo od mas s wi thin.

The contents ¡Iere then the stomach and

separated by irri63ation with 65% ethanol. In the first

instance stomach contents were sorted according to the

scheme summarised in Figure (+. t O ) .

The food bolus initiaJ-J-y

pi-1es comprising inorganic ma

rel-atively intact animals

remains. The two piles of

remains'ürere then subdivided

Ìùas separated into different

teriaJ-, vegetabLe materiaJ-,

and disarti-cuLated ani-mal-

lntac t animals and animal

l-evel- of 0rder.

into adult and

lnto taxonomic groups at the

Finally each taxonomlc group lÍas separated

IarvaI categories of that parti-cular 0rder.

4.3.7 IDENTIFICATION OF PREY ITEMS

The major obj ective of the stomach content analyses

carried out in this study rùas to qualify and quantify the

presence of prey items of aquatj-c origin in the stomachs of

the species studied. Theref ore prey iterns trere identif ied

onJ-y as far as tilas necessary to determine the nature of

their origin.

Identification to the l-eveI of taxonomic 0rder proved

sufflcient for the majority of prey items. However, within

several arthropod orders ( such as the Col-eoptera) there

exist some taxa with aquatic l-ife histories and others with

wholty terreptrial habits. Hence arthropods in these

orders !rere retained for further cl-assification and

analysis at the level of Famil-y to id.entify prey items of

aquatic origin.
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Figure (+. t O¡; Schematic diagram of procedure fol-towed in

sorting stomach contents and deriving

variabfes for a prey type (P) included in

stomach content anaÌyses.

FOODNUM
FOODVOL

SUMNUM
SUMVOL

(P)

REMVOL
WHNUM
WHVOL

(P)

WHNUM
WHVOL

(P)

REMNUM
REMVOL

(P)

NUM
REMVOL

(P)
REMVOL

Adulls
(P)

Lorvoe
(P)

Adulls
(P)

Lorvoe
(P)

Vegetoble
Moter¡ol

lnloct
Animols

(P)

Animol
Remoins

(P)

lnorgonic
Moteriol

Unsorted
Slomoch
Conlenis
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4.7.4; ST0MACH C0NTENT ANALYSIS AT THE LEVEI OF TAXONOMIC

ORDER

4.7.4.1; UANT]FICATION OI'NUMBER AND VOLUME OF PREY GROUPS

The contribution of 0rder identified to the

total sui-te of contents

each prey

of each stomach examined was

quantified in

TotaL volume

inorganic material

used to describe

(+.to) and defined

terms of both number and volume of items.

o n1y was used to quantify the presence of

and vegetable material-. The variables

these contributions are shown in Figure

in TabIe (4.7).

4.1.4.2; NUMBER OF ITEMS

The nunber of intact individuals in each prey 0rder

(wHtuuu) 
".s counted with little difficulty. In the case of

disarticulated arthropod remalns , head capsul-es, eÌytra '

wings or (r" in the case of Large 0rthopterans) limbs Iüere

counted to estimate the number of individuals in this

category (nnunuu).

4.1.4.7; V0LUME 0I' ITEMS

The voLume of items in each prey 0rder was estimated

using either one of three methods, two of which have been

described previously, for eatimation of the volume of large

and small stomachs respectiveJ-y.

The

the

ethanol displacement method was used for estimat-

total- volume of a number of Iarge individual-sang
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Table (+.1); Data obtained from anal-ysis
single stomach at the level

the contents of a
taxonomic 0rder.

of
of

VARIABLE

WHNUM

REMNUM

I{HVO L

DEFINÏTION

Nurnber of intact indivicluaLs of prey category (P).

of preyNumber of d.isarticulated
category (P).

Total volume of
ca.tegory (P).

ind ividual s

intact individuals of prey

REI',IV0 L Total volume of inorganic nateri-a1, vegetable
material or remains of disarticulateil individuals
of prey catego ry ( P ) .

(WttVOl), or their remains (nnUVOl), f or prey orders such as {he

Anura, Araneae and Orthoptera found in the stomachs of

large frogs.

For smaII intact ltens, the vofume of each individuaf
br'2\r

r{as estinatedn'using cover (mm - ) and maximum diameter in

crosssection (rr) found using grid paper (see Figure 4.9).

FinaLlJrr. variation of this method was used to estimate the

total volume of groups of smal-I animal-s of the same type,

animal remains I v€getable material- and inorganic material

such as sand grains.

A plastic petri dish r.rith grid paper (marked off into

2.l mm squares) underlying the base and taped around the

outsid.e of the r+aIfs r,{as used und.er a fow-power binocular

microscope. The group of items or material- was aggregated

in the dish forming a rough)-y rectangular shape. This
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aggregation was then gentl-y tamped downwards to an approx-

imately uniform height. The surface cover (rr 2 
)

height (*r) of the aggregation coul-d be read off

and

the

horizontal- and vertical- scaLes suppl-ied by the grid paper.

estimate ofMultiplied

vol-ume.

together, these terms gave an

4.7.5; ST0MACH C0NTENT ANALYSIS AT THE LEVEL 0F

TAX0N0MI C I'AMI LY : -

Faurll-ies with aquatic Ìife histories within the

Hemiptera and Coleoptera can be recognised on the basis of

norphological adaptations to their aquatic environment such

as reiluced, cl-ublike antennae, pâddIe-like limbs bordered

with setae and, in the case of sone members of the HemJ-p-

tera, breathing tubes.

Differences between taxa of aquatic and terrestriaf

origin within the Diptera and Araneae are subtle and can

only be seen i-n complete specimens. These discerning

features, such as antennae in the Diptera and se tae

patterns j-n the Araneae, are dissofved rapidly by digestive

juices, and only rareì-y were found on specimens from anuran

stornach contents. Theref ore , in this study, onJ-y the

Coleoptera and Herniptera lÍere incl-uded in the stomach

content analyses at the l-evel of FaniIy.

4.7.5.1; FURTHER IDENTIFICATI0N 0F PREY ORDERS

Individual coleopterans and hemipterans retained frorn

the previous stomach content anaì-yses Ïrere examined nicro-
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scopicall-y for morphologi-cal- features characterising the

nature of their origin. Specimens lrere cl-assif ied as

terrestrlal- or aquatic and treated separately in further

anal-yses. Aquatic individuals were identif j-ed to the l-evel-

of tr'aniJ-y. The lengths of aII specimens examj-ned were

measured with an eyepiece micrometer to the nearest 0.1 mm.

4.7.5.2i UANTIFICATION OF NUMBER AND VOLUME OF PREY GROUPS

the contrlbutj-on of each aquatic prey FaniJ-y to the

total group of intact arthropods retained from each stonach

Iùas quantified in terms of both number and vol-ume of

individual-s present. Number of individual-s was used only

to quantify the contribution of arthropods cl-assified as

terrestrial-.

The vol-ume
bv

Testimated - using
^

of individual-s of aquatic prey Families Ïlas

methods described. previously for large and

small- intac t i tems .

4.7 .6; COMPUTATION OF RESU],TS OF STOMACH CONTENT ANALYSES

Al-I data obtained during dissection of frogs and

analyses of stomach contents r{ere stored in extensive data

files created and edited on a CYBER 177 computer at the

University of Adelaide and outlined in Appendices (+. I ) ,

(+.2) and (+.1) . computer programs ( slt'llp (Zt¡ sof tware

from the ControL Data Corporation) were used to derive the

f ollowing j-nf ormation f or individual- stonachs (taUl-e 4.9)

and individual prey categories (taUte 4.8) included in

stomach content analyses at the Ievel- of taxonomic Order.
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specLes,

and prey

(+. a ) and

used to identify

p!ey categori-es at

fami-lies are defined in

(+.t).
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location of frog capture, frog

the l-eveI of taxonomic 0rder,

Appendices (+. +) , (+.5) ,

prey category (P) present
Índivitlual stomach.

Tabre (+.9); Data derived for each
in the contents of an

VARIABLE

SUMNUM

S UMVO L

DIGESTATE

PROPNUM

PROPVOL

index of the
prey category

DEFINITION

Total number of lntact and dlsarticulated
individuals of prey cateeory (P) (= WtttlUtl + REMNUM).

TotaI volume occupied by inta
individuals of prey category

and disartlculated
(= WUVOI, + REMV0L).

of
REMNUM

digesti-on of individuals

total number
of all prey

ct
(p)

Ln
in

degree(p) 
t SUMNUM

x 1OO

Contribution of prey category (p) to t
of lntact and disarticulated individua
catego ries found . SUMNUM x 100¡00DNuM*

he
1s

ì.

Contribution of prey
of contents found in

category (P)
the stomach.
= SUMVOL

FOODVOL* ^

to the total volume

100

* See TabIe (+. g)
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Tabl- e (+. g ) ; Data derived fron analysis of the contents
of an individual stonach.

VAR IÂBLE

¡OO DN UM*

FOO DV O L*

DIGESTNUM

DIGESTVOL

Ínl cosrt¡ut'l

Íorcnsrvor,

TotaI nunber of
prey categories

disarticulated
present.

individuals of all
( = REMNUM)

DTFINITION

TotaI number of intact
of a1l- prey categories

and disarticulated individuaLe
present. ( = SUMNUM)

Totat volume occupj_ecl by inorganic material, vegetable
material and intact disarticulated individuals of aIl
prey categories present. ( = SUMVOL)

Voluúe occupiecl by inorganic material, vêEetabl-e
naterial anit di-sarticulated individuals of alI
prey categories present. ( = REMVOL)

DIGESTNUM
FOODNUM

x 1OO

DI G ESTVOL
FOODVO L

x 1OO

* See Table (+.4)
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5.1.1; RESULTS (l); SPATIAI AND TEMPORAI, DISTRTBUTION OF

FROGS IN THE STUDY AREA

5.1.2; SAMPLING STATIONS

The number of frogs captured during.the study period.2

and the categorisation of these frogs according to si ze ,

sex and actj-vity lmmediately prior to capture qre shown in

Tabl-e (5.1).

A1

spe c ime

Litoria

though 3OO9 frogs

ns captured of eac

wot.iulumensis to

rüere col-l-ected, the number of

h species ranged from 17 for

645 for L. dahlii. TogetherT

differences in

sampling biases

differences i-n

I. dahl-ii and Cyclorana australis comprised over 30% of the

total sampJ-e. Similarly, there r,ras a marked variation in

the number of size and sexual categories represented j-n

col-l-ections of each species. AJ-though a full- spectrum of

post-metamorphic 1j-fe stages is represented in the entj-re

sampJ-e, aduL t f rogs predominated in col_1ec tions of all_

species, particularly males -which comprised 5O% of all

frogs captured.

The data in TabLe (5.1 ) do not represent interspecific

difference in abund.ance or intraspecific

size and sex ratios. Rather, they refl-ect

outl-ined previousJ-y

sampl-ing ef f ort.

However,

category has

in Chapter 4.1 .7 and

it is possibl-e to state that the calJ-ing male

been underestinated.

I,lhen sampling tüas

in categorisation of

captured frogs. carried out in breeding
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Tabl-e ( i. t ¡ ; Categorisation of all- frogs captured according to
size, sex and activity immedj-ately prior to capture.

C ATEGO RY

SPECIES CODE UN KNOIIN STAGE 42 TOTAL

L. dah].
t. roth.
L. bico.
L. rube.

L. nasu.
t. torn.
t. v¡ot

ù. aust.
I Long.
L. orna.
L. conv.
N. ne1a.
U. inun.
R. biri.

120

20

54

7 149

50

17

34

19

7

24

146

49

131

151

146

90

11

118

1

69

25

26

6

75

64

10

30

23

20

14

2g

3

45

141

75

23

1

26

10

18

4

2

39

14

12

4

4

15

6

t5
3+

52

11

15

11

10

10

5

2

5

4

5

2

7

1

645

211

302

219

248

126

148

147

11

430

77

107

13

108

125

76

1OO9

I
3

1

1

4

40

1

168

26

40

3

1

9

9

71

+

1

to t
17 2

7

3

5

2

7

17

252

15

8

28

18

2

5

5

1

FEMALE, GRAVID,
in AMPLEXUS

MALE,
CALLING

FEMALE,
GRAVI D

FE}14 LEI,lALEJUVENILE

I

I
I
I
I
I

67256356

I

I
I
I
I
I

34714051952



aggregations callj-ng

the appro ach o f the

inc luded in the mal- e

males often ceased their activity

collector. These frogs were

category upon capture.

75

upon

then

All sampling locations
,t ta

being either waterbodies,
$

terrestrial- according to the

during the study period. The

catlon and the numbers of al-I

l-ocation are shown in Appendices

ì

'rtrere classified broadly as
¿n
ephemeraJ- waterbodies or

presence of surface water

results of this classifi-

species col-l-ected at each

(f.t) and (>.2).

The numbers of frogs captured within these classi fi-

cations, by specÍes and by faunal groupings r åre shown in

Tabr-es (5.27 and (>.1) .

Although the numbers of frogs, of all species pooled,

captureil within each classification I{ere very simil-ar

3Z.S%, T.4% and 72.9% respectiv"ry) the distributlons of

captureó of individual species urece skewed.

frogs

Captures of aquatic frogs (Litoria dahlj-i),

(1. rothii, I. bicol-or and L. rubella) and

dahlii, t . rothii and L. bicolor seldom

arboreal

froglets

l-ocations(nanidel-1a bilingua) ïrere mad e predominately at

cl-osely associated

No tably, Li t o ria

with perenniaL or ephemeral l¡aterbodies.

r,rere captured elsewhere.

The greatest numbers

mouthed burrowing frogs ,

terrestrial locations ¡ but

groups also were macle in

mo,r'thed,
of ground hylids, narrow^and wide

and toadl-ets I{ere captured at

significant collections of these

cl-ose proximity to waterbodies.
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Tabl-e (S.Z'¡; The number of f rogs capturecil within each broad
classi fication of sampling locations.

CLASSIFICATION OF SÂMPLING LOCATIONS

WÀTERBO DI ES EPHEMERAL
WATERBODI ES

TERR ES TR I AT

SPEC IES

Litoria dahlii
L. rothii
L. bicolor
L. rubella
L. pall-ida
L . ine rmis
L. nasuta
L. torni-eri
L. wotjulumensis
Cycl-orana australis
C. longipes
Linnodynas t es o rna tus
L. convexiusculus
Notaden melanoscaþhus
Uperoleia inundata
Ranidella bilingua

SPECIES POOLED

137

168

180

63

78

18

50

19

1

172

24

19

1

32

10

79

488

42

112

126

87

42

¿o

20

3

10

30

B3

66

72

124

12

257

42

77

24

51

91

29

1

11

a
I

I
25

24

I

1 ,001 1,OO7 991
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Table (Z.l); Nunber of frogs in each of geven faunal groupings captured
at sampling locati-ons broadly classified according to the
presence of water.

CLÂSSITICATION OF SAMPLING LOCATIONS

FAUNAI GROUP TOTAL

645
Aquatic tr.rogs

Arboreal Frogs

Ground HyJ.ids

I'fide-nouthed,
Burrowing Frogs

Narrow-uouthecl ,
Burrowing Frogs

Toadlets

Froglets

20

(t.t)

10

(e.o)

25

(zt.t)
51

(+t . z)

991

32.e)

714

678

641

108

125

fo

3,OOg
Pooled'Groups

* = data erpressecl as percentages of totals within groups

I ,007

(tt. +)

1,01 1

(tt.z)

39

(51 .7)

29

(re.l )lro.r)

a

91

(tz.e7
24

(tg.z)

12

(2e.6)

216

Gt.z)
400

(az. z)

27

(+.t)

166

(z+. +)

155

(zz . e)

151

Gz.e¡

411

(¡e.o)
280

(ra. t ¡

41

(¡.e)

117

(zt.z)*
488

0s.a)

EPHEM ERA L
WATERBODI ES

WATERBODI ES TERRESTRIAL
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This resul-t does not refl-ect the importance of waterbodies

as foraging habitats for these groups. The data in Tabl-e

G.+) show that the greater component of col-lections of the

four groups comprised aduLt frogs in reproductive condition

and , in the case of Cyclorana austraJ-is, juveniÌes. These
J"

frogs aggregate near waterbodies to breed, orn disperse from

the l-arvaI habitat respectively.

The resul,ts presented so f ar show that al-l- of the 16

species studied were associated with waterbodies during the

wet seasons f or f eeding ar.d,f or breedi-ng purposes. Investi-

gation of patterns of spatial and temporal- distribution,

and abundance of frogs at sampling locatlons, 1s necessary

to predict which species forage in or near waterbodies.

5.1 .1; THE MAGELA CREEK I'LOODPLAIN AND NANKEEN BILLABONG.

The numbers of each species caught at a1l sampling

statj-ons on the MageIa Creek fLoodplain on specific dates

are shown in Table ( 5 .5). Changes in patterns of

distribution and abundance of frogs in the vicinity of

Nankeen Billabong Ìúere determined, to a l-arge extent, by

great changes in water levels during the sampl-ing period.

Gauge - board read.ings of water l-evels at nearby

Jabiluka Bill-abong are shown in Figure (¡.1 ) for the entire

study period . The first flush of floodwate rs fill-ed

Nankeen Billabong and overflowed onto the surrounding

floodplain in l-ate December 1981 . Water l-evels continued

to rise, sIowJ-y at first, then rapidly during the period

26/2/82 - 12/l/AZ when an j-ncrement of 60 cm was recorded
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Table (5.{); Categoriaation of all frogs captured, in faunal groupinga,
according to size, sex and activity innediately prior to capture

CATECORY

FAUNAL GROUP lOlAL

645
Aquatl.c
Frogs

7t4
Arboreal.
Frogs

67A
0 ro und
Hylicle

I{lde-nouthed
Burroving
Frogs

64t

108

125

76

,o09

'= tlata erpressed aé percentages of totåls Hithin groups.

for Nankeen Bil-labong. During this period2statlon A on the

Ì{estern levee bank of the bil-l-abong }üas inundated, and r{as

not fu1)-y exposed again unti-l 16 /q/eZ.

These changes in nater level- Ïrere accompanied initi-

aLly by an intense bl-oom in the biomass of macrophytes and

emergent sedges and grasses on the floodplain. As water

l-eveIs receded towards the end of the wet season, much oÊ{h€

vegetation began to senesce z forming floating mats of

decaying

ficial

material.

effects of

Wi thin

changes

Ìil-iesIilater

Nankeen Biltabong ¡ the super-

in water Level were not so

( Nynphaea spp. ) i-nc reasing inapparent , wi th

abundance along

67

( z.z)

256

1 e.r)
t56

(r r.e)
t47

(r 1.5)

1140

(zt . e)

5t9

(r?.9)
>¿

1 r.z)
252

1 a.r)

1

( 1.1)

7

( g.z)
6

( ?.9)(ro.o¡
1A

(rr.1)
lo

( r.3)(i?.1)

1

( o.B)

t¿

( g.o)
t>

(r 2.o)

2A

(zz.+)

64

(st.z)

q

( ¿.o)

t5

(rl.e)
+

( r.7)
I

( 7.4)

75

(6e.4)1 o.s)

5

( 4.6)

Narroc-
nouth€d
Burrowlng
Froga

loadlotg

Froglets

Pooled Croups

l8

( 2.8)

4269

4I )( ( 6.5)( I o. ? )

126

(re.6)
¿) I

(re.e¡
40

1 ø.2)( ¡. t )

20

( ¡.o)

60

( e.e)

46

1 e .t)
95

(14.0)

ta6

(56 . e)

5l

( r.5)
4

( o.6 )

t5

( 2.2)

1l

( 1.5)

99

(13.r)
,9

( s.o)
57

( 7.7)(+s.t)
101

(t t.t )

74

(10.o)

15

( 2.1)

I
I
I
I
I
I

I
I

147 15

( 5.4)(22 .1 )

7O

( +.0)(22.6)

146

(zt. t )

't 497

1 r.o)(r8.6)*
120

FCAFGFMCüJ
STAGE

42UNKNOI{N

the margins.



Table (5.5); Numbers of frogs captured. at

sites on tr: Magela Creek

during the study period "

a1I sanpling

floodpJ-ain
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1 981 1 9e2

SPEC IES 27 /1 20/4 1o/11 22/1i z+/11 26/11

L. dahl

l. roth

61 87 19 50 I

I

I r+

Il
I ze

l¡
t4

I
I

l6
I
I

I
I

ir
I
I

I
I

I
I

I

I

I

I

l<
t)

I

lz>
I tz
I rr

Ir

lzo
I rr

la
I

I

I

I

I

I

I
I

I
I

I
I

I
I

I
I

I
I

I

I

I

I

I

I

L

tl

I

+l I o

lr¡
llo

lzz
I ro

I r¿

I

I

I

I

I

I

it
I

I

I
I

I
I

I
I

I

I

I

I

I

I

I

I

I
I

I
I

TOTAI

I

I L uico

i !. rube

I I. pa]]

I L. :.ner

I L. nasu

I r. torn

I L. wotj

I C. aust

I c. rone I

I L. orna i

22

1j ', zz | >z

^tt.-¿ | 14 I lf

I rs I

I ri z

lil

22l+o
l.^
t l¿

ltt
lo

t^l
t¿t

I re i

lzo I

tttl

r68

221

42

1

I

t8

Itrl
t)t

I r+ i

2i I le i

^lt¿tt

rtlr
tttt
lol
tet

ttrt

tttt

tttt

t,rtlt
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Figure (5"1); Gauge- board readings of water level at

Jabiluka BiIlabong on the Magela Creek

f l-oodplain during the study period 
"
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Patterns

fauna varied

aqnatic froe. "2

cracks i-n the

further moistened

overLand towards

wal-Iows. These

depressions rùere

hyJ-ids, Cyclorana

sites further out onto the fl-oodpì-ains

UntiI Iate FebruaryNankeen Billabong.

these Ievee banks acted as refuges from
oF

fo r large
oÊ

numbers of adults R. bil-ingua

J uvenile¡ L. nasuta and L. palli-da.

^

of distribution and abundance of the

with the changing physical- envi-ronment.

B2

frog

The

f.ì-oorì-

b ro ught

in deep

floodplain surface.
^

As seasonal- rains

Li toria rlahlii. was not sighted on the

pJ-ain untll Ìate November 1 941 ¡ when heavy rains

them to the surfac e from their aestivati-on si tes
(pe.s, obs)

the p1a j-ns, L. dahl-ii appeared to dlsperse

Nankeen BiIlabong and to fl-ooded buffal-o

wall-ows, buf f alo pug marks and natural-

uti-lised as spawning sites by ground

longipes and Limnodynastes convexiuscuLus

adjacent to the fl-oodplain margin.

Litori-a dahlii, L. rothii L. rubelJ-a, L.pa11ida,

I. nasuta and RanidelIa bil-ingua r'rere captured at slmj-l-ar

of L. nasuta !rere

while the banks

À

captured. It

'!,rere submerged

on the banks o f

1982, sections of

rising flood waters

and L. nasuta and

seems most probabl-e that

these frogs remained in

After more than one month of inundation, porti-ons of

the Levee were exposed at Station A, and severaL specimens

fLooded vegetatÍon.

The arboreal species I. rothii L. bicofor

I. rubell-a ?vÍere often found foraging on the exposed

of Station A j and were

Pandanus aquaticus and

visibì-y common in the foliage of

and

banks

Barringtonia acutangula grow]-ng on



the margins of Nankeen Bill_abong.

B3

It appears that

on B. acutanguÌaL . ro thi- i and L. bicol-or were most common

and P. aquaticus res pectively. L. rubel_l_a was encounter ed

rareJ-y: the greater part of the

juveni-ì-es obtained from r 
"irrlf. sm

sampJ-e consi sting of 14

a r r (¡-.--e qua t i c u s )pr rr .--........--,

The abundance of arboreal- frogs in vegetati_on over-

hanging the waters of Nankeen Bil-labong rdas demonstrated. by

the defol-iation of several p. açluaticus rosettes to reveal

the frogs sheltering within. Counts ranged from 5 to j7
tndrvrÁr¡ls oÊ

L. bicolor per rosette; nany clumps of P. aquaticus on the

biLl-abong margins contained more than 5O rosettes.

During the sampling period there was evldence of

dispersal- of L. bicolor upon the fl-oodpl-ain. This species

was only encountered in fotiage along the billabong margins

untÍ1 late February, when males were found caJ-lj-ng on

exposed stens of emergent grasses and sedges alray from the

birl-abong. By ApriJ- rspe,cimens r,ùere encountered regurarly

on emergent vegetation adjacent to the receding fl_ood water

margins.

oß
Juv en i- I es

,\
L. dahlii appeared at Station C in earJ-y

January 1982 amongst frooded vegetation. rn contrast to

the adul-ts l the juveniLes rìJ'ere observed readily during the

day swimming amongst or floating on partiaJ-ly submerged

vegetation. For the remainder of the wet. season r rarge

numbers of L. dahl-ii Ïrere encountered on the fl-ood pl-ain and

bill-abong ma

emergent vege

floating upon

rgins, and up to 2.5 km of f sho re arnongst

tation. In open waters2specimens ¡rere sighted

Nvmpha e a
"pp ) lilies and. shel-tering on f toat-



ing mats of decaying vegetation. Adjacent to

water margins, the frogs shel-tered amongst

vegetation untiJ- dusk, when a movement to

vegeta tion was evident. This species seldon

more than a few metres from water.

B4

the fl-ood-

emergent

shoreline

was sight ed

The various species captured in different micro-

habitats at Nankeen Billabong, and upon the adjacent

f loodpl-ain, are shown in tr'igur e (5 .2) .

5.1 .4; THE TAIIINGS DAM

The waste water level- in the Tailings dan rose during

the 1981 - 1982 sampJ-ing period, as a resul-t of rainf all

and i-nput of water from the Ranger uranium mine processing

pl-ant. Consequently, large areas previ-ously inhabitated by

frogs became inundated. Data on numbers and species of

frogs caught at this sampling location during the study

period are shown i-n TabIe (5.6).

In January 1981) ¡uater covered approximatel-y 25% of the

area within the confines of the Tailings dam walfs. Spear-

grass ( S o rghun spp.), sedges, smaII saptings and shrubs had

revegetated nuch of the remaining area. During this tine t

14 species Ì¡ere either captured or heard calling inside the

dam waLl-s. Breeding aggregations of arboreaf species

L. rothii L. bicolor L. rubella), grouniÌ hylids

( l. paJ-J-1da, I. nasuta L. inermis, L. tornieri ) , toad. Iets

(UprroLeia inundata), fro gLets ( Ranidell-a b il-i-ngua), wide-

nouthed burrowers ( Cy"lorana augtralis, C. fongipes, Limno-



Figur e (j.Z) i Diagrammatic representation of species

captured in clifferent microhabitats at

Nankeen Billabong and upon the Magela

Creek floodPlain.
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dynastes convexiuscul_us L. ornatus and

burrowers (wotaalen mel-anoscaphus Ïtere

B6

narrow - mouthed

encountered at

body of ¡,¡aste

was not found

1981 sampling perj_od.

several- hund red metres

)

puddles derived from rain or in the main

water. Despite a careful_ search, L. dahlii
I

in the Tailings dam during the

However, many specimens rùere obtained.

away j-n Re tention pond # 1 .

During the

the diversity,

sampJ-es taken 1n

such an extent

than 7O% of the

abundance and

the Ta i 1i-ng s

that at the

popul-ation struc ture

dam. The water l-evel

concLusion of

shi ft in

of frog

rose to

the study more

rras inundated.

1981 - 1982 wet seasonrthere was a

area within the dam wal-Is

Vegetation cover in the renaining area was sparse.

Notaden neÌanoscaphus U. lnundata , L. ornatus and

C. Ion es r{ere found at station A untll this area becamel_

inundated in late December. Habitat destruction presumabry

contributed to the absence of these terrestriaJ- species

f rom subsequent sanpl-es. cycJ-orana austral j-s rras not

encountered in collections made after 5/2/BZrand
ground hylids taken in sampÌes also declined..

l evel- s

or else

numbers of

the dam. It is

either drowned

caused them to

first sighted

0n severaÌ occasions

U. inundata rÁrere observed

lndrur4qs'ls oF

r^C. australis, grouncl hyJ-ids and

crossing the dan wa11s, inf err j-ng

Also, in early January 1982,

austral-is and C. l-ongipes ïrere

area offound. fl-oati-ng in a neluly inundated

probabl-e that the rising water

fossorial or terrestrial species,

vacate the Tail-ings dan. Litoria da

dispersal to

several- dead

outlying areas.
oF

sub-ad.uIts C.

hli-i was
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TabLe (¡.S)t Nunber of frogs of 16 species captured at the Taillngs Dan during the study periocl.

1 981 1 982

SPECIES 1O/1 20/1 22/1 22 /z 2/11 24 /11 4/12 14/12 23/12 10/1 20/1 22/1 6/2 25/2 12 /3 30 /3 31 /3 14/4 T OTÀL

L. dahl

1,. roth

t¿ I 11

q

19 9 10 26 24

11 15

4

7 35 1'

7 16 14 96

5

I

4

44

4

¿ó

11

i. bico 7

2
,l

7 4

2

)1

2

16

I. nasu

I. torn

L. wotj

C. aust

C. long

I. orna

L. conv

N. nela ¿t

U. inun

R. bili 12

SPECIES POOLED )7 26 )n

5¿5

42

4

6

7

55 21

2

2

1

2A

5

¿¿

2z

2 7 9 18 15 2A1



in early December 1 981

probably col-onised the

Retention pond # 1.

dominant species (itt

mad.e at a].l "t"ìi-ons.

NEIÙ

1 9A2

8B

in large numbers. This species

dam by moving upstream from

Sl¡bseqlrently it became the most

numbers and biomass ) in col-Lec tions

li-toria dahl-ij- spawned in the waters

Feb rua ry,

of the Tail ings

recruits to

dam in earJ-y December, and l-arge numbers of

the popul-ation were no ted from
lqrl

until termination of sampJ-ing in ApriI..

The Tailings dam appeared to offer an ideal habitat

for L. dahlii during the sanpl-ing period. Prey in the form

of aquatic 0donata, Hemj-ptera and Coleoptera were abundant

in the ¡'raterbody. The absence of predatory fish, and the

rarity of other vertebrates at this site o would also be

advantageous for the growth and reproduction of L. dahlii.

Towards the end of the sampling perlod, the suite of

species encountered in the Tailings dam was similar to that

found in bill-abong habitats. The arboreal- species,

I. rothii, L. bicol-or and L. rubel-l-a , rirere found in snal-l-

numbers on inundated and l-ittoral- vegetation such as

speargrass and small sapJ-ings. Litoria dahl-i j- was f ound in

large groups amongst lnundated vegetation, and on the

margins of the water body. 0n the shores of the water bodyt

Ranidella bilingua, Litoria nasuta and L. pall-ida r!¡ere

encountered. with Limnodynastes convexiusculus. No frogs

rockwere found on the Iarge expanses of bare earthworks or

walIs of the Tailings dam in that period.
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5 .1 .5; JABIRU EAST TOWNSITE AND ROADS.

During both the 1 980 - I 981 and 1 981 - 1 982 wet

seasons, coll-ections of frogs were made along the roads, and

aLso in the sewerage treatment works at the Jabiru East

townsite. The numbers and identifications of the frogs

captured. at these focations are shown in TabLes (> -l ) and

(i.a).

Frogs were captured crossing roads from the beginning

of the wet season until the termination of the sampling

period in earÌy April-. The largest collections ¡{ere made

adjacent to ephemeral or perennial- water 3 bodies. A

proportion of these frogs presumabl-y Iüere adults migrating

for spawning purposes and juvenil-es dispersing from larval

habitats in the water 3 bodies. The greatest numbers of

frogs'tlrere captured during or immediately fol-lowing heavy

rain I êspecialì_y in the first few hours of darkness.

Whether similar patterns of movement occur in natural

habitats is unknown, but highJ-y probabl-e. 0f particuLar
of

note rùas the fact that both adult and juveniles^!rto49

dahlii rfere captured crossing roads only adjacent to the

se¡rerage treatment works and Coon j imba Swamp.

Cyclorana australis Limnodynastes ornatus and C. longiPes

were the frogs nost frequently encountered on ro adways .

regularly.Numbers of ground

CoLlections of L.

hyl-ids afso t¡ere collected

rubella, Uperofeia inundata and Notaden

number. Ranidell-amelanoscaphus were infrequent

bilingua ItIas not collected or

and few in

observed

the study period.

on roadways during
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TabIe (¡.r); NuroberSand species of frogs captured on Towasite roads during tr¡o wet seasons'

---r--
1 982

27 /1 26 /1 51 /1

1 981

2/2 1/11 11 /1 15/4 T OTAL

SPEC IES

Litoria dahl
. rothii

b icolor
bella

t. pallrig
L. inernis

nasuta
L. tornierl

nensLs
C c1 ran a australis

loneipes
Linnodynastes ornqtrql
L. convexi-us cuf us
otaden ne anosca hus

U erol-eia lnundata
Rani e a bilin ua

SPECIES-POOLED 22 12 31 10

2 74
l_

t. ru

L. w

2

)

1

1

7

2

3

1

4
6

1

c

1

2

z
1

4
1

3

2
1

2

I
I

I

I

4
13
10
13

2
1

2

112
16
to

2

I

1

6
8
2
o

5

3
4

6
z
1

41 6

2

1

1

9

I

22
1

5

1

11 221

21 /1 15 /222/123 /1220/1115 /11

-T

35 691

I

I
I
I
I

I

1919z
I

I
I

I
I
I

2A 4



o\ Table (5.8); The numbersand species
treatment works during

SPEC IES

Litoria dahliÍ
t. rothii
I. bicolor
t . rube l- la
t. pal-lida
t. inermis
I. nasuta
I. tornieri
I. wot jul-urnensis
Cyclorana australis
C. lonsioes
Trimnodvnastes ornatus
L. convexius culus
Notaden meLanoscaphus
Uperofeia inundata
Ranidella bifingua

SPEC IES POO],ED

frogs captured at the Jabiru serùerage
study period.

of
the

1981

JAN 29 Nov 1 Nov 20 DEC 3 ÐEC g DEC 22 T OTAI

4
10 11

56 12

6B 29 7 10 12 6 128

2

tr22

32

2
'l

9
6

I

7
1

92
11

2
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Cycl-orana australis, C. longip€s r Limnodynastes

ornatus, Litoria pa11ida, L. inermis and L. rubel-l-a

commonly were found foraging j-n or on the edge of the area

iLl-uninated by street J-ights aJ-ong roadways. These f rogs

often were observed feeding on alate isopterans, lepidop-

terans r coleopterans and other arthropods attracted to the

ì-ight. Some individual-s were so distended with f ood that

partial-l-y ingested insects protruded f rom their mouths.

Large numbers of frogs al-so rùere captured in the grounds of

the Jabiru ser{erage treatment works (Figure 4.4).

However rmost specles

l-ongipes and several ground hylids, were utilising the

works only f or spar,\rning. During the 1 981 - 1 982 we t seasont

smalI populations of L. dahlii I. rothii and L. rubel-l-a

ïrere resident in and around ponds A, B and C at the works.

Recently- metamorphosed juveniles of these three species

r{ere observed emerging from the ponds in January 1982. An

outffow of effl-uent from the treatment works into Retention

pond # 1 ( see Figur e 4.4) formed a large expanse of

inundated grassl-and linking the two sites. Large numbers

of I. nasuta, L. pal-1ida and L. inernis were captured in

this area t together with I. dahlii and L. rubel-1a. Many
i¡i,r,:d,¡el¡ .€
L. dahl-1i also were

c

inc l- ud ing, C. austral-is

aI ong the margins o f the

effluent overfl-ow.

sighted

to theretention pond adjacent

It is probable that L. dahlii colonised the TaiLings

dam and selÍerage treatment works via the ternporary

corridors linkj-ng these water bodies to Retention pond /l 1

and Coonj irnba Swanp. The proximity of these water bodies

{o !lagela Creek is il-l-ustrated in Figure (+.2).
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5.1.6; DRY SEAS0N ACTIVITY.

,4, brj-ef visit rùas made to Jablru in August r '1 981 to

investigate the existence of any frog activity. Several-

species were active in the area. Those captured r and

l-ocations sampled, are shown in Tabl-e ( f . g ) .

Captures and sightings of frogs were confined to the

bodiesimmediate vicinity of natural- and artificial

in the area. No frogs were found in woodLand

areas despite intensive searchlng and use

traps.

water

and grassfand

of pit-fall-

Large numbers of Litoria nasuta, L. inermis, L. pal-lida

L. wot.julumensis and L. tornieri were si-ghted along the

sparsel-y vegetated margins of Retention ponds # 1 and # 2,

the TaiÌings dam and Georgetown Bill-abong. Just before

dawn many of these frogs were observed sittj-ng in shaÌlow

wa te r prio r to re turning

bil-Iabongs, f rogs sheltered

in holLows beneath Iogs and

to daytime refuges. At the

in deep cracks in dried mud or

Ieaf Iltter. In Retention pond

rock# 1 , however, the f rogs sheltered in crevices i-n the

walls around the water body.

No arboreal species were sighted during the sampling

period ¡ and fossoria species were rare. Singì-e specimens

of L. ornatus and U inund.ata were sighted on the margins
ttolrvrolqaì

"F
of the Tailings dam, and one^9:@,-E lras uncovered from

a shallow burrow in the sandy bed of Magela Creek. Several-

spe c r-mens of R. bil-ingua also Itere dug from moist sand in

the undercut banks of Magela Creekrand from the margi-ns of



rable (¡.g); Nunbers of
dly season

differeut speci.es captured during a
sanpling period.
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No. captureil

14

Da te

24 /8 /81

25 /8

26 /8

26 /8

26/e

26 /8

27 /8

27 /8

28/8

28 /8

01 00

041 0 Retention pond. No. 1

21 00 lailings Dam

23tO Georgetown Billabong

01 00 Retention pond No. 2

1 400

1 100

1 600

L. nasuta
L. ine¡mis
L. pallida

l. inerni.s

L. nasuta
L. inermis
L. pallida

L. wot.julumensis
L. inermis
U. inundata
L. pallida

L. inermis

6
5
1

L a

t
I
1

I
7
2

4
t
1

4

1

I

1

L. tornieri
L. nasuta

L. inernis
L. paJ-l j.da

L. inernis

1

2

5

L. i-ne rmi-sRetention pond No. 1

L. pa111da
L. nasuta

Retentiou pond No. 11 945

Re tention poncl No . 12200

( rrrs )
T ine

I
I
I
I
I
I
I

Locâtion Specj-es captured

Magela Creek R. biJ-ingua

Ja Ja Billabong

0eorgetown 3i1labong C. longipes



ponds j-n the creek bed. Individuaf s of this

rìrere heard grass tussocks

95

specl-es

i.n the

also

Tail--

was active, aJ-thottgh comlaîa-

no t one was captured . They

ings dam.

calling

Litoria

from amongst

dahlii aL so

tiveJ-y few were

were observed on

sighted,

the sho re and marginal

was found in

shal-Iows of Jabil--

Retention pond #2.

ancl

uka Billabong at night. One

5 .2.2

It is cl-ear that the presence of perennial- water-

bodies in the area permits dry-season activity of anurans.

Theref ore , artif icial- luater bodles such as the Taí1i-ngs dam

have great potentj-a1 as dry season habitats and may attract

frogs to the immediate area for shel-ter and foragJ-ng.

5.2.1 ; THE MAGELA CREEK AND GUIUNGUL CREEK TRANSECTS.

CLASSIFICATION OF H¡,BITAT TYPES AIONG TRANSECTS.

The vehicl_e tracks sel-ected for use as transects were

routed for engineering convenience rather than reffectlng

natural boundaries between focal floraL assembJ-ages and

drainage systems. Delineation of habitat types along the

transects Lrq.s further compJ-icated by the spatial and tempor-

af patchiness of the floral assembÌages and water regime in

the area. For example, speargrass cover ( Sorghum spp. )

along the transects varied from being sparse to dense in a

period of several months. Low-Ìying sections of the tran-

sects became inundated for J-ong period srwhilst others show-

ed no signs of surface water for the entire study period.

Notes on soil and floral- assemblages produced for

stations along the Magela and GuIungul Creek transec ts ,



together wi th the

types,

habitat

are shown

types recognì-sed are

classification into
(¡.lo) and (¡.tl).

as fo1Ìows:

resul tant

in Tabl-es

96

habitat

The five

GRAVE LLY5.2.2.1; Habitat Type # 1 - OPEN I¡íOODLANDS,

I,ATERITIC SOII.

llel1- drained areas of open wood. l-and with stony or

gravell-y lateritic soil- were placed in thj_s category.

Ground l-itterwas generaJ-1y sparse, dry and comprised

nainì-y of Leaves. The tussock grasses, S o rghun sp. ( spe ar-
grass ) , Heteropogon triticeus (Qr."ens1and speargrass) and

Panicum sp.r were the most notabl-e feature of the under-

storey. The upper storey consisted predomlnantl_y of

Eucalyptus tetrodonta and E. miniata interspersed with
pl-ants such as Planchonia sP' t Petal-ostj-gma pubescens and

Livistona huniLis.which are indicative of drier habitats.

5.2.2.2; Habitat Type # 2 OPEN hIOODLAND, SANDY SOIL.

Areas placed in thi-s category were characterised. by an

open wood.Ìand assemblage with orange or yellow sandy soiÌ.

speargrass tussocks were the most notabre feature of the

understoreJ¡ r with a wide variety of sedges, grasses and.

herbs al-so present. These j-ncÌuded: Rhynchospora longiseta
(grass), tr'inbristyris sp. (sedge), Sowerbaea aLl-iacea

( fify) and the perennial herbs , Xyris conpl-anata, Scleria

sp. Pl-anchoni a sp. , Pandanus s P't Grevil-l-ea s P'r Acacia

sp. and Banksia dentata were present amongst talLer Mel_a-

leuca nervosa and

storey.

LqcaJ-yptus species comprising an upper
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Table (5. lO)¡ Claeelficatlon of habttat types at statlons along the Magela Creek Transect

Stn. Claesfn

Sedges, grasseeÄcaciaEucaIyÞtus,MonocotDark aand25

Pl.anchoniå, grassesGrevillea, Pandanusl{onocotS and24

Sedges, grassesMonocotDark aand2t

Petalostigma, sedgeaEucaLyptueLeavesCraveI22

DucalyptusLeavesSanal I gravel Petal-ostigma, Sorghun

EucalyptuaLeavesSånd, gravel20

21

SorghunPetalostiAma

EucelyptusLeAveSCrav€I19 Sorghun

L€aves llucalyptusGraveJ,lð Sorghum

EucalyDtus, ûrevilIeEHonocot, IeavesStone, sand Sorghun

S o rg h un, s e d g e sEucaIyÞtusr LivistonaLeaves, MonocotSand16

17

P e t a I o s t i gm a , SorghuELivlstonaEucalyptus,Leaves, MonocotStony graveL15

PetBlostigma,Eucal-yptusLeavesGravelr4

PetsloatÍgma, SorShu0EucalyÞtusLeaVegCraveI

Sedges, grasses, herbaAlgaI matDark sand

Petalostigma, SorghunEucalyDtugLeaves, Monocot0range-IelIov
eand

Sedges, grassesPandanus.â,Iga1 oatDark sand

Sedges, grasseaanu9LeavesDårk sand

Uark aand Sedges, grassesCrevllleaMonocot

SedgesPandanus, CrevilleaMonocotDark sand

Sedges, graeseaPandanus, GrevilleaMonocotDark aand

Sedges, grassesPandanue, CrevilleaMonocotDark gand

U rasses, sedges!lucs J-yÞtual¡lonocotDark sand

EucåIyptus¡,eaves, l{onocotSanal Sedges

Gråvel, sand SorghunEucalyDtusLaaves

Grasaes r sedgesl{onocotOrange-yeIloY
Sand

SoLl lJnder storeyUpper storeyGround Litter

Classiflcatlona: 1 0pen Voodland, Cravelly Lateritlc soll
2 0pen fJoodland, Sandy soi,l.
1 Sedge/ grassland , Sandy oofl.
4 Sramp sedge/grassland, BIack solI.
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TabIe (:.tt ¡; Classifi.cation of habitat types along the Gulungul Creek Transects.

Under storeyS tn. CIassfn.

2

3

1

2

t

TRANSECT I

Yellow saud

Dark sand

Da rk sancl

TRANSECT ]I

l,ateritic gravel

Lateriti.c gravel

Monocot

Monocot

Ìlonocot

Leaves,

Leaves,

Monocot

Monoeot

Eucalvotus MelaIeuca

Pandanus Grevillea

Pandanus Grevi-llea

EucaLv¡tus woodLand

wo oci landEucalyptus

Sorghun, sedges

Sedges, grasses

Sedges, grasses

Petalostigna,

P lanchonia ,
2

S o rghun

S o rghun

Upper storeySoiL Ground Litter



Ground litter generalJ-y was abundant

both monocot remnants and leaves. Areas

2 were considered to be well- rìra'i ned.

99

and consisted of

in habitat type #

5.2.2.7; Habitat Type # 5 SEDGE/CN¡SSLAND, SANDY SO]I

This category comprised habitats dominated by expanses

of Iow sedge and grass tussocks in l-ow J-ying, Poorly

drained. areas. SOiIs in these areas I4Iere moist, sandy and.

generally dark in colour.

Larger plants, as Pandanus sP., Grevil-leasuch

and. Banksia dentata , were present

vegetati-on

IittoraJ-is,

sP' t

but

F unctata

Mel-aleuca nervosa

rel-ativel-y scarce in coüparison with other habitat types.

The densely packed tussocks of in habitats

of this typ e i-ncluded Finbri-styfis

and Leptocarpus shuLtzíi (sedges), Rhynchospora J-ongiseta

and Eriachne sp. ( grasses ) and. Eri-ocaufon spectable (nert).

remnantsGround litter comprised a moist mat of monocot

and, in wetter areas r aIgae.

Areas in this category often rüere inundated to dePths

for long interval-s d.urì-ng theof up to several- centimetres

wet seasons.

5.2.2. 4 i Habitat Tvpe # 4 SWAMP SEDGE/CN¿,SSLAND, BI,ACK SOIT.

Swamp margins wi th black sandy so j-f we re pì-ac ed 1n

Pandanus sp. rthis category. Melaleuca Ieucadendron and

which are abte to withstand partial inundation for Iong



perlods, were present in smal-Ì stands in such areas.

and the ground llas covered by

Fimb ri s t lis

100

Lepto-

Speargrass was absent

densely packed tussocks of

carpus s chul-tzj-i- ( sedges ) , Eriocaulon

spp. and

spectable,

pal-udosum and Borreria australlana (nerbs) and grasses

as Rhynchospora longiseta. The insectivorou

peltata ,a1so occurred in exposed areas.

Ground litter consisted of a moist mat of

re¡nnant s overgrolùn

were i-nundated to

wi th algae . Areas

various degrees

in habitats

for most of

gtonf,¡
s Drosera

monocot

type # 4

the we t

5 .2.2.5

seasons.

Habitat Type # 5 PAPERBARK SIf AMP.

Stands of cl-osed MeIaleuca l-eucadendron forest on the

1ow Iying margins of creeks were incl-uded in this category.

During the wet seasons 2 paperbark s¡Iamps are inundated

directly by floodwaters or indirec tly through back fl-ow

from creek channels. Emergent macrophytes, such as the

grass Pseudoraphis spinescens, and a quatic nacrophytes form

floating mats beneath the paperbark canopy.

The soils in these s'!ùamps

which, during the dry seasons, are

Melaleuca bark and leaves.

are dark al-Iuvial clays

covered with a l-itter of



5.2.7; CALCULATI0N 0I' THE AREA EXAMINED IN EACH HABIT

dctcrminc the rel-ative abundances of differentTo

spec].es

cal-culate

in the habitats examined,

in each

it was necessary to

habitat type.the area examined

Assuning a torch beam width of

examined in each habitat type during al-1

transect was estimated. as being: -

50 c0 r the area

traverses of the

(0.¡ m

habitat

X number of traverses X transect l-ength 1n each

tvp. ) .

Partitioning of the MageIa

transects by habitat type and

habitat type are shown in Tables

Creek and Gulungul Creek

the area exanined 1n each

(ç.tz) and (z.tl).

5.2.4; THE MAGELA CREEK TRANSECT.

The numbers of frogs of 16 species captured aì-ong the

Magela Creek transect during each of 1O traverses are shown

in Tabl " (5.1 4 ). When population censusses were carrj-ed

out along this transectrall frogs sighted were incfuded in

counts. These sightings are recorded in Table ( I . 1 5 ) .

Data have been pooled for aIt nine censusses. Estimates of

relative abundance for different species in each habitat

type were based on these censusses, and are shown in Tabl-e

(i.to¡.

Sightings of frogs

and between habitat

were not uniformJ-y distributed within

TYPE.

types along the Magela Creek transect.



Table (S.tz1; Total
along

area exanined in
the Magela Creek

each habitat type
transect during !

102

rec ognised
traverses.

Habitat
Type

Transect
Leng th

m

Transect
Area

( one t¡averse )
m!

Total area
examined

(alr t yverses )

1

2

3

+

900

1,650
300

1 ,2O0

450

825

150

600

4,O50
7 ,425
1,35Q

5 ,400

Table (Z.ll); Total- area exaroi-ned i-n each habi-tat type recognised
along the Gulungul Creek transects during 1O
traverses. (Transects I and II pooted. )

Habitat
Type

Transect
L eng th

m

100

45

555

Transect
Area

( one t raverse)
2

TotaI area
examined

(a11 t verses)

1 ,5OO

225

2,775

1

2

1

150

22 .5
277.5
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l.\o
6/11 16/+ T OTAT

c0 E S C IES

l,itoria dahlii

L. rothii

I. bicolor

t. rubeLla

L. pallida

t. inernis

t. nasuta

S1

s2

s3

ò4

S5

¡o

ù/

òö

S9

s10

s11

s12

s1l

s14

s15

s16

2¿

22 6

t
2

9 22

8

24

,1

10

11

6

11

17

4

2

173 10 4

L. tornieri

L. wot iulur¡ensi-s

Cyclorana australis 10

C. l-oneipes

Linnodvnastes ornatus

L. convexiusculus

N otaden nel-anos caphus

Uperoleia inundata

Ranid e 1l-a bi Lingua

SPECIES POOIEÐ 14

lable (¡.1+); Nunbergof frogs of 16 species captured along the Magela Creek transect cluring each of 10

5947,

2

56)

6

42É

1

z

4

1 2

4

¿

1

3

45

7

5

1

187

I
I
I
I
I
I
I

2/425 /24/219/124/1215 /12
I
I

I
I
I
I
I

8/121/12

2120
I
I

I
I
I

1t1531
I
I
I
I
I

25102119

traverses.



TabIe (¡.t¡); Nunbersof frogs sightecÌ in each of
recognisecl along the MageIa Creek
for 9 sanpling nights.)

104

four babitat tYPes
trausect. ( data pooletl

H ÀBITAT TYPE

CODE

Habitats
Poolecl

S1

S2

S]

S4

S5

s6

S7

s8

s9

s10

s11

s12

s1,

s14

s15

s16

Lltoria dahlii

l. rothii

L. bicolor

I. rubelLa

l. pallida

I . ine r¡oi s

L. nasuta

L. tornieri

L. wot.'i ulunens j-s

CycÌorana australis

C. longipes

Linnodyuastes ornatus

L. convexiusculus

Notaden úelanoscaphus

Uperolela inundata

Ranidella bilingua

SPECIES POOIED

2

1

2

2

1

2

5

23

18

19

1

1

46

9

26

7

9

14

1

10

12

6

1

15

4

11

1

6

4

5

12

5

7 5

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

1

4

2

5

2

1

10

7

¿

4 4

2

2

184

21SPEC IES

I
I
I
I
I
I

t 4
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Table (f . t 0¡ t Estinates of number of frogs sighted per square
metre erami-ned (x 1OO0)in each of four habitat
types recognised along the IIageIa Creek transect'
(äãt" pootãa for 9 sanpling nights')

HÀBITAT TYPE

Habitats
Pooletl

CODE

5

7

5

,1

o

0
S1

S2

S'

S4

S5

S6

s7

s8

S9

s10

s1l

s12

s1,

s14

sl5

s16

Li.toria dahlii

L. rothii

L. bicolor

L. rubella

L. pallida

I. ine rnis

L. nasuta

L. tornieri

I. wot,iulunensi.s

Cvclorana australis

C. l-onsipes

l,irnnoclynastes ornatus

I. convexiusculus

Notaden nel-anoscaPhus

Uperoleia inundata

Rani-d ell-a bi Ìi ngua

SPECIES ?OOIED

a)

o 9

2

9

v

0.1

o.3

1.2

o

2

6

8

1

1

0

0

2 7

7

0

o0

u.¿

0.5

2

7

6

9

o

o

0

o

1.7

5.2

t.o
1.5

0.?

1.0

o

o

2

U

1

5

q

4

4

5

't .o

I

5

B

4

I

4

o

1

o

o0.5

0.4

o.2

1.9

o

o

o.8

0.1

9.9

0.5

SPEC IES 1 2 3 4

12.7
I

I
I
I
I
I

2.2 1 0.2 291
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Poorly-drained areas with sandy soils produced the greatest

number and highest dj-versity of sightings of different

species. Frogs vJere si ghted only rarely in areas of open

woodland with wel-l--drained ' 
gravelly soil-s (traU j-tat type #

1 ). In such areasrburrowing species such as Lj-mnodynastes

ornatus and Notaden melanoscaphus Iüere sighted most common-

Iy. It should al-so be noted

ol-eia inunilata, occasionally

periods of

here that the toadlet, Uper-

ÏJas heard calling in habitat

heavy rainfall, although thistype #

species

1 during

l{as no t sighted on the transect in this habitat.

As a group, ground hyJ-ids ¡{ere the most commonJ-y

sighted frogs, being found in relatively large numbers in

poorly dralned areas with sand.y soils (traUitat types # 2, #

7 and, # 4 ) . A single specimen of the highJ-y nobile

species, Li-toria nasuta, was sighted in habitat type # 1.

Few

sighted

sedges

aqua t i- c

al-ong the

and grasses

f rogs, arboreal- f rogs and f rogl-ets Ïrere

transect r occurring only amongst flooded

1n swampl and ( fraU i ta t type # 4) .

Cycl-orana austral-is Ìfas the most commonly sighted species
tiilh

along the transect I n âduIts being encountered only in the

weII-drained. areas of habitat type # 2 , but juveniles al-so

be ing fo und in

inundati-on.

areas of sedge anil grassland prone to

Si-ghtings of other wi-de-mouthed., burrowi-ng f rogs al-so

were widespread throughout the habitat types along the

transect, particularJ-y of Limnodynastes ornatus whi-ch was

found commonly in aLI four habitats.



The species sighted in each

al-ong the MageIa Creek transect

abundan c e in tr'igure (S .l) .

The

woodland

1) l'rere

Cyc lo rana

hab i- ta t type

are shown 1n

107

recognised

order of

5.2 .5; THE GULUNGU], CREEK TRANSECT

The nunbers of frogs captured along, and in the

vicinity of, transects # I and # II during the study period

are shown in Table (5.1'l). Data have been pooled for both

transec ts. During population censusses along the two

transects 1 only those individual-s actuaJ-Iy captured were

incl-uded 1n counts. The captures made during censusses

have been pooled for transects # I and # IIrand are shown

in Tabl-e (5.18). Estimates of relative abundance for

different species, in each of three habitat types recog-

nised. al-ong the transects r âre presented i-n Tabl-e ( 5. 1 9 ) .

The main features of these resul-ts are slmilar to

those outlined for the MageIa Creek transect ' with one

maj or exception. Counts of frogs , per square metre

examined, r{ere greater for the Gulungul Creek transects

despite the fact that only those frogs actualJ-y captured

were included in censusses.

numbers of frogs captured in

with well--drainecl, gravelly soils

very low, consisting of single

areas of open

(fraUitat type #

specimens o f

and UperoleiaLongipes , Notaden me lano s c aphu s

inundata and four individuals of Cvcl-orana australis-

The greatest density of frogs occurred at the smal-L



Figure (5.1); Species of frogs sighted in each of

four habitat types recognised along

the Magela Creek transect.



O

I3

Sedge / Grosslond Open Woodlond

Grovelly l-olerilic Soil

2

open Woodlond

Sondy Soil

t--
'n*

lì

lornieriL.

C. ouslrolis

L- ornolus

L. inermis
L. pallido

L nosutq

N. melønoscoPhus

C. longþes

U. inundola

L. convexiuscu/us

3

Sedqe / Grosslond

HABITAT TYPE : 4

Swomp

lnundoled Sedges

C. oustrolts (jw.)

L. nosulo

L.onotus
L.conveiusculus

L.døhlii

L. bicolor

L. pollido

L. inermìs

L. rothii

R. bilinguø

L. pallido

U. inundola

L. nosulo

L. ornolus

L inernis

L. ruþello

C. ouslrolis

C longþes

L. cenvexiusculus

N. melonoscoPhus

L.wotjulumnsis

SPECIES SIGHTED ' lN ORDER 0F ABUNDANCE

L. ünofiis

N. melanoscoPhus

C longþes

L. nosulo

U.



TabIe (5 "17); Nurnbers of

and around

II ) dur j-ng

of 16 species

GuIunguI Creek

study perì-od.

captured along

transects (f and

frogs

the

the
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C ODE S PEC IES

Litoria tlahlii

L. rothii

L. bicol-or

L. rubel-1a

L. pallicla

L. iuertris

!. tornieri

L. wotiuLu¡oensis

Cyclorana australis

C. lonpi¡es

Linnodynestes ornatus

I. convexiuscuLus

Notaden nelanoscaphus

eroleia inundata

RsnideLl-a bilingua

SPEC IES POOLED

4

to

5

l1 14

9S1

S2

S'

c/

S5

S6

S8

S9

s10

s11

s12

sll

s14

s15

¡to

8

4L. nasuta

272z1

21(

8

1

20

2

26

25

1

4

16

10

46

12

4

I

z7

1

12

2

1

2

14

t

2 2

7

6 r1 4 18?

11/ 4
I
I
I
I

I
I
I

1/411 /324 /24/2to/125 /122/125/1216/129/122/1212/115/11

1 982

TOTAL

14

I
I

I
I

I

1522 4

I

I
I

I

I

I

191122 17lÕ
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Table (f .te¡; Nu¡nbersof frogs captured in each of
types recognised along the Gulungul
(aata poolecl for 1O sanpling nights
transects I and II.)

HÀBITAÎ TTPE

OD E SPEC IES 2

S1

S2

S]

s4

S5

S6

s7

S8

S9

s10

s11

s12

S1'

s14

s15

s16

Li toria dahlii

I. rothii

L. bicolor

I. rubelLa

L . pa Ilida

L. inernis

L. nasuta

L. tornieri

L. wotjulunensis

Cyclorana australis

C. longipes

Lj-nnodynastes ornatus

L. convexiusculus

Notadeu mel-anoscaphus

UperoÌeia inunclata

Ranidella bi lingua

SPECTES POOLED 25

three habitat
Creek transects
at both

110

Habitats
Pooled

5 5

4

2

I 6

15

¿

86

'|

19

4

14

4

1

7 7

1

4

4

9

27

10

18

2

6

5

10

24

10

2

1

118



Table (¡.tS); Estinates of
examined ( r
niseil along
1 O sanpling

Litoria dahlii

L. rothii

L. bicolor

I . rube l- l-a

I. pallida

1,. i-nernis

L. nasuta

l. tornieri

l. wot.iulunensis

Cvclorana australis

C. longlpes

Linnodynas tes ornatus

L. convexius culus

N otatlen rne Lanos caPhus

Uperoleia inund a t a

Rani delLa bilineua

SPECIES POOLED 7 111.1 31 .O

number of frogs captured per square metre
lOOO) in each of three habitat types recog-
the Gulungul Creek transects (¿ata pooled for
nights at both transects I and I ')

111

Habi.tats
Pooled

HABITÀT TYPE

4.4

17.O

8.9

55.O

31 .1

8.9

4.4

7c0 DE

S1

n¿

S]

S4

S5

S5

s7

S8

S9

s10

s11

sl2

sl l
s14

s15

s16

1.8

5.4

o.7

22. O

2

0

1.1

2

ô

4

0.9

3.1

4

1.3

o

4

2.7

0.7

0.7

o.7

4

5

4

4

4

2

7

6

1

3

B

3

1.1

2.2

5.3

¿.¿

26 .2

SPEC IES 1 2
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portion of transect # I passing through an area of open

wood.l-and with wel-l- drained, sandy soil- (fra¡itat type ll 2).

Hererthe number of frogs capturerl llas estj-materì at l1/n2
oF

examined , pred omi-nantly adults C. australis and the ground
,1

hyl id , L. nasuta. These high nunbers may be co rrel-ated in

some way with the proximity of this part of the transect to

the sandy Gulungul- Creek road ( see tr'igur e 4.6) .

A wide range of species r{as

grassl-and sub j ect to annual

aì-ong transec t I.

areas of sedge

(na¡itat type #

captured i-n

inundationand

1)

Tempo ral- changes in

abundance were discernibl-e

regime. Six of the seven

captured in habitat type

juveniles, coll-ected with

patterns of distribution and

with changes in the local- water

specimens of Cycl-orana austral-is

# 5 were newly metamorphosed
oç

five juveniles Litoria dahlii when

inundated to the fullest extent in l-ate

No individuals of L. dahl-ir rrere captured

times , a1 though

a nearby pond

the

transect # l- was

January, 1 982.

or sighted along

nine specj-mens lrere

when water l-eve1s had

transect at

captured on

receded.

any other

4/z/82 at

Numbers of froglets, toadlets, ground hylids and

burrowing frogs also were captured foraging on moist

terrain at the edges of the floodwaters on the transec t.

Notaden mel-anoscaphus andHowever,

Uperoleia

the high numbers of

inundata captured in habitat type # 3

species

came mainly

in fl-oodedfrorn breeding aggregations of these

po rtions o f the transec t.



0nly a single arboreaf frog, Li-toria

censusses along

numbers of L.

113

rubella, rras

the GuJ-ungul

bicolor were

captured during populati-on

Creek transects i although

collec ted from a breeding
\

and grassland nearby.

aggregation j-n inundated sedge

The western end of transect # l- abutted a paperbark

slranp ( iraUitat type # 5) , where many specimens ÏÍere

cofl-ected for stomach content analyses. Population

censusses were not possible here due to flooding and

overgrowth of ta11 grasses and emergent macrophytes. The

species sighted in the paperbark slramp, and the species

captured in each of three habj-tat types along the GuIunguJ-

Creek transects, are shown in Fi-gure (>. +) .

5 .2.6; THE MAGELA AND GULUNGUL CREEK TRANSECTS; TRENDS IN

PATTERNS OF DTSTRIBUTION AND PROBIEMS IN INTERPRE-

TATTON OI' RESULTS.

There are a number of sources of error in the

construction of estimates of rel-atlve abundance expressed

here. 0bserver behaviour and frog behaviour both intro-

d.uced bias into data collectioniwhile the data, in the form

of frogs counted, '!ras relativeJ-y sparse. These problems

are compounded further when extrapolating estimations of

patterns of abundance to areas adjacent to the transects

and, indeed, to the Magela Creek System as a whoIe.

The tenporal heterogeneity

vegetation led to difficulties

in rainfaLl and growth of

capturingin si ghting and

frogs along the transects. At times ¡ flooding and erosion



Figure (5.4); Species of frogs sighted in paperbark

s!¡amp and species captured in each of

three habitat types recogni-sea along

the Gulungul Creek transect.



$ SPECIES SIGHTED IN

MELALEUCA SWAMP
(nol in order of obundonce)

SPECIES CAPTURED : IN ORDER OF ABUNDANCE

U. inundølo

L. pollido

R. bt'lrnguø

N. melonoscophus

C øuslrqhs

L. nosulo

L. dohlii

L. ornolus

L. convexiusculus

L. inermis

C. longips

L. nosulo

C. auslrolts

L. pol/ido

L. ornolus

L. nermis

L. convexíusculus

C. ouslrolts

C lotgìæs ,t4,1
L. coeruleo

L. rothii

L. bicolor

L. rubellq

L. convexiusculus

L. microbelos

R. bìlinguo

L. dqhlii

U. -inundolo

N. melonoscaphus

U. nundola

L 4

,

(.
¿ ,ul

\

Creek
Chonnel Meloleuco Swomp

Sedge / Grosslond

lnundoled ín Wet Seoson

Open Woodlond

Speorgross Underslorey

Open Woodlond

Speorgross Underslorey

Grovelly Loferilic Soil
Pondonus Grevtlleo S Soil

I2HABITAT TYPE , 3



115

al-ong the

prob ab J- y

Magela Creek track made censusses imposslble, and

prevented frog movement in the imnediate vicinity.

The cryptic habits of species
\

such as Ranidella bil-in-

and Uperol-eia inundata (which of ten shel- tergua

l-eaf

beneath

when ap-

skill ofproached, such

the observer in

as litoria wotjulumensis, made the

of bias. Frogs

sighting

counted

the terrain surface, so

mation of numbers for cryptic species and arboreal- frogs.

l-itter), and the rapid departure of others

Frogs may

nature of

and capturing frogs a najor source

were those sighted or captured on

tending to introduce an under-esti-

have been attrac ted to , or deterred from, the

the transects. Terrestrial- prey presuroabl-yopen

wo uÌd be easier to l-ocate and capture on the f 1at, open

adjacent undergrowth r and there is evidence

attracted to portj-ons of the transects for

tracks than in

that frogs'!'rere

breeding purposes.

During the study period, flooded wheel ruts offered

breeding sites previously unavailable in the open woodland

habitats; whj-1e inundation of the grassl-and and swampland

portions of the transect refilled customary spawning sites.

Incl-usion of congregations of calling males

tion censusses would lead to over-estimatlon of

densities. Therefore , the hig h numbers of U

in popula-

l-ocaI frog

inundata,

L. nasuta and N. melanoscaphus estimated for the GuJ-unguI

L. nasuta andCreek transect I, and the numbers of

U. inundata estinated for portions of the Mageì-a Creek

transectsrmust be considered over-estimates.
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FLooded portions of the transects aLso offered ldeal-

larva1 habitats. Hence, the high numbers of Cyclorana

austral-is euLiru¿terl for areas of swamplautl and grassland

along the Magela Creek and Gulungul Creek transects are

attributed to the inclusion of a number of nerrly neta-

morphosed juveniles energing fron the larvaI habitat.
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6.1.1; RESULTS (Z); STOMACH CONTENT ANALYSES.

The ua Lure ancl c¡uau L j- Ly o-[ stonach contents wet'e

examined to permit interpretation of the time devoted to

foraging for food as opposed. to other activities such as

breeding. Particular ernphasis was placed on dj-stinguishing

which species ingest prey of aquatic origin.

6.2.1i INDEX OF STOMACH DISTENTION.

To compare the amount of food present in the stomachs

of different devel-opmental stages of post-larval anurans 
'

an index of stomach distention Ìüas assigned. to each frog

examined.

The categorisation of al-l frogs coll-ected according to

developmental stage and. enployment of an index of stomach

distention i-s presented in Appendix ( e. t ) and as

percentages of rav¡ data in Tabte (6. I ) .

Signifi cant

distention rúere

differènces i-n the of stomach

the eightobserved

degree

each o fin frogs

the basis of

1n

categories recognised on developmental- stage.

Recently- metamorphosed juveniles ( stage 42) , calling

males and gravid femal-es in amplexus were determined as

having the Ieast amount of stomach contents on the basis of

index of stomach distention. tr'or these frog categories,

over 84l , 24% and 1|il of specimens respectively had empty

stomachs ("r ind.ex of O). These categories al-so included
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DEVELOPUENTAI STAGE *

T OTAI

INDEX OF

STOMÀC II
DISTENTION

Unknowu
S tage

6.35

6.75

15.e7

18.25

17 .86

18.10

1 5.48

6 .35

VOMIT

Categorisation of
stonach distention

Variabtes defÍned ia Chapter 4 '2'3 and 4'2'4

0

1

¿

7

4

5

6

1.85

84 .62

9 .62

1 .92

0. o0

o. oo

0. 00

0. o0

1.11

9. o9

23.38

21.52

16.33

12.24

10.20

o.rl¿

2 .98

12.02

27.98

20 .61

17 ,24

9 .10

7 .11

2,46

o .29

24.50

29.11

20.46

14.12

b. b,

4 .12

0. 58

2 .81

6.74

25.OO

22.75

11 .20

9.83

11.80

t.Õt

2 .73

8.20

19.14

19.14

20.31

11 .33

10.16

B. 98

0. 00

14.93

32.84

19.40

8.96

11.94

B. 96

2 .99

2 .51

12.e6

24.96

20.34

16.09

9 .97

B. 87

4 .39

Table 6 allfrogscollectedaccorclingtodeve].opnentalstageandindexof
erpressed as percentdges of totals within frog categories'

Fenal e t
G ravicl , in
Ànpl erus

Fenale,
Gravicl

F enal eMale,
Calling

ùlaIeJuv eni 1 eStage
42

*



the greatest numbers of frogs with a mass of food

stomach occupying less than one half of the stomach

(over 94%, 51% and 5O/. respectively) -

119

in the

lumen

The maLe category probabl-y comprises many caJ'J-ing male

frogs which ceased calling upon the approach of the
oc#{,o

col-l-ector ( Crrapter 4.1 .1) . This f actor may ^ reduce the
¡ oÊ t'rt o'lc"c..{cr.l! fuSt ,

percentage of stomachs n scored" as having distention ind i-ces

in the range 2 - 6, and increasing the percentages for

indices of l-ess than 2 îo, 1\cs' Êo¡t .

Frogs of unknown sex and maturity, gravid females,

females and juveniJ-es had the greatest amount of stomach

contents on the basi-s of the index of stomach distention.

For these frog categori-es ? over 74%, 70%, 28% and 28'l

respec tively of specimens had a nass of food at l-east

fì-11ì-ng the stomach and, at the most, causing narked

distention of the stomach.

In Tabte (6.2)rfrog categories have been cornbined into

BREEDING and NON-BREEDING classifications. Indices of

stomach distention have been pooled to form EMPTY' MEDIUM

and FULI classifications. A row by column test of

j-nd ependence of these data, using the G-statistic of Sokal-

& RohIf (1977), demonstrated that the index of stomach

di-stention is significantl-y dependent upon breeding

actlvity at the levet of P < 0.005. Calling mal-e frogs and

gravi-d females in anplexus have significantly less material-
[o t¡h¿'r,

in the stomach thannthe other frog categories^pooIed.
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DEVEIJOPMENTÂ], STAGE

SREEDIN C

-Male, Calling
-FenaLe, Gravid

in .Anpl exus

NON -SREEDINE

-Uuknown stage
-Stage 42 ì

- Juveni I e

-Ma Ie
-FenaIe
-Female, Gravid

POOLED TNDEX OF
STOMACH DISTENTION

EI,IPTY

I{ED I UM

TULL

I NDEX T OTÂL

0

1 ,2,1

4,5,6

95

262

56

tat

1 ,585

645

187

1,847

699

TOT¡,L 413 2,52O 2,911

G-test statistic =

significant at P < O.OO5 (¿.r

Table 6.2; Categorisation of frogs pooled according to frog category and
index of stonach distention.

6.1.1; ST0MAcH CONTENT ANALYSES STATISTICAL

CONS]DERATIONS.

Detailed anal-yses of the number and volume of prey

categories in the stomach contents of 15 species yieJ-ded an

extensive data base. In Iine arith originaL research

obj ectives , I chose to quantify the contribution of a prey

Order (pi) to the total range of contents in a stomach in

terms of occurrenc" ( p"esence or absence) , number of items

of Pi and volume of items of Pi.

The standard method of summarising such a set of data

is to cal-cufate the arithmetic mean and the variance from

this mean. These two statistics can be sholrn to contain as

much information as the original data ' 
provitted that the

frequency distribution of food item "scores" ( itt terms of

54 .17
=1)
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nunber or volume) i" normal- (Sitert and Obrebskl, 1981 ).

Scores r{ere calculated for the percentage contribution

of items of a prey 0rd er Pi, in a singl-e stomach, to the
\

total pool of itens from aIl stomachs examined. These

scores '!{ere expressed as a variable, PR0PNUM, hrhere, for a

single stomach of specj-es Sj, and a single prey 0rder Pi;

PROPNUM ( sutvlt'tul,t
x 1OO( rornuu

)

)

and

SUMNUM Nunber of items of prey orders Pi,

TOTNUM Total- number of items of a1l prey orders found

in al-1 stomachs of species Sj examined.

In Table (6.1.1) 1 results are presented for the most

frequently occurring (in terms of presence or absence) prey

orders identified in samples of the 15 study species.

Scores for PROPNUM for each stonach have been ranked from

zero ( recorded when Pi does not occur j-n that stomach) to

the maximum recorded value. Rankings for sampl-es of each

species rìrere divided into 1O percentiles in Table (6.7.1).

In general-, frequency distributions of food item

scores ryithin stomachs of study species are not normal but

skewed, with a relativel-y high proportion of zero scores



Table 6.7.1 Frequency

for most

st omac hs

divided

distributions of "pROPNUM" scores

commonly

of study

into ten

occurring prey orders in

species. Scores are

percenti'Ies.
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N

PREI ORDER

SPECIES

COLÐOPTERA,
Lltorla dahlll

HIIIEilOPfERÁ - non-ãlatel
Notaden Eel¿noscsDhus

HII'tEN0PTERÀ - noD-Àlat6
UDe¡oIsla lnundsta

COLLEI{BOT,T,
BBrIdella blllngua

PROPIIUII SCORE BY IO PERCENTILE

too

2.1 l1

t2.716

2. O08

5.168

o. 559

9.8t9

1,O57

1,299

0. 8o)

6.151

?.588

7.50O

8.t6t

t o.575

90

o.2l I

o.776

o.16,

1.212

0. 284

o.165

0. 6o9

o ,15t

o,402

o.608

1.44'

5.000

2 .962

I .820

2.6tt

80

0.t06

o .259

o ,217

0.649

0.095

o .25A

o,406

o.4tt

o. 201

o.29t

0. 990

4. OOO

r .9r8

o.97 2

r.096

?0

o.o?0

0.r29

o' 154

o .556

0.095

o .254

o .20,

o .411

0. 201

o.098

0.825

2 .5OO

1 ,510

o.7t9

o,7rr

60

0. or5

0

0,07?

0.278

o. 095

o ,254

o .20,

o.l)t

o

o, o9B

o. 660

o.5oo

o. 868

o.552

0.48?

50

o

o

o,o?7

o,ta5

0

o

o

o

o. o98

0. 495

o

0.449

o.tto

o,165

40

0

o

0. o9l

o

0

0

o

0

o.tto

0

o .211

0. t71

o.219

lo

o

0

0.056

0

o

0

o

o

o

o ,247

o

o.t56

o. t l?

0

20

0

o

0

o

o

0

o

o. 124

o

o, o94

o, o?8

lo

o

ô

0

0

0

o

o

o

o. o82

o

0,ot9

o

0

0

0

o

0

o

o

o

o

o

o

0

o

0

DI PTERA,
L. rothll

DIPTERA,
L. blcolor

HII,IEN0PTERÀ - non-alato,
L. ¡ubolls

c0LE0PTER^,
1,, palllda

COLEOPTERA,
L, LnornlB

c0LEoPlERt,
L. nasuts

ORlHOPlERA,
L. to¡nlerL

0RTH0PT 8n^ |
cyslorana auEtraIIE

coLE0PIERA,
C. lonBlpeg

HTI{Ell0PTERÂ - ¡on-alate,
Ll.ûpodynåst€a ornatug

COLEOPlERÀ,
l¡. convet{usculus

9.tt,
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and a l-ong tail- containing a f ew very high scores. This

trend is clearly evident from Table (6.1.1), despi-te the

fact that it includes only results for the most frequently

occurring prey 0rder. tr'or exampÌe, at least 60/. of Litoria

rothii stomachs do not contain dipterans, 40% have scores

of O to 12.7 1 6rand very high scorea are restricted to less

than 1O% of the stomachs examined. h¡ithin the sample of

Notaden mel-anoscaphus stomachs, J-ess than 1O% f ack nonal-ate

hymenopterans, but l-ess than 1O% of stomachs have hi-gh

scores of 2.962 to 8.363.

It is considered, therefore r that the use of means and

associated variances as summarising statistics for data

from stomach content analyses are not justified in the

present study. Consequentlyrny analyses of data will be

restricted to simple comparisons of resuJ-ts, rather than to

analyses of variance and other parametric tests based on

means and variances from the mean.

6.4.1; STOMACH CONTENT ANAIYSES AT THE IEVEL 0F PREY ORDER.

Stornach content analyses ïrere performed on 1665 frogs

representing 15 specles. The Ìength- frequency clistribu-

tions, site of collection and categorisation of specimens

examined accordj-ng to size, sex and activity prior to

capture, are presented in Append ices (0. +. t ) , (ø.+.2) and

(6 .4.7) .

Information on to tal Iength

frogs examined is lacking for 22

anaJ-yses. ft comprises data for

and catego risation of

s pec imens inc l-ud ed in

2 Litoria rube1la, 6 L.
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pal-l-ida L. inermis,1 1 L. nasuta , 4 L. tornieri, 5

Limnodynastes ornatus, 7 Uperol-ei-a inundata and 2 Ranidell-a

bilingua.

Insufficient numbers of Litoria wot.jul-umensis rüere

coll-ected f or incl-usion in sto¡rach content anal-yses.

The frequency of occurrence, numbers and volumes of 47

prey orders for each of the 15 study species are presented

in Appendices (6.4.4), (6.4.5) and (e.+.A). These quanti-

ties are expressed as percentages of totals 1n the l-ists of

stomach contents to f oll-ow f or each spec j-es.

Each of 41 prey orders identified has been classified

as aquatic, terrestrial or terrestr iai-/ aquatic j-n Tabl-e

(0.+. t ) according to the Iife histories of the fa¡nilies

included. Aquati-c orders, incl-uding the Anura and 0donata,

are fanil-ies which have a parti-a11y or fuIly aquatic life

history. 0thers such as the Isoptera and Hynenoptera,

comprise famil-1es which are cl-assified in this study as

fulLy terrestrial-.

0rders classified as terrestriaL/aquatic contain

families of fully terrestrial- origin and others with

partiaJ-l-y or fuJ-Iy aquatic Iif e histories. For exanple,

the Dytiscidae and Cicindellidae are col-eopterans which

compi-ete their l-ife histories in aquati-c habitats and

terrestrial- habitats respectively.

For the purpose of

comparison, prey orders

intraspecific and interspecific

are grouped according to these
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the
fenilies.

Table 6.4.1; Classificati-on of prey orders according to
life history pattern and habitat of member

PREY ORDER

ANURA ADULT
ANURA LARV¡.
EPH EMER O PT ERA
ODONATA ADULT
ODON.A.TA NYMPH
OSTRAC ODA
PLEC OPTERA
TRICHOPTERA ADULT
TRICHOPTERA NYMPH
ZYGOPTERA ADULT
ZYGOPTERÁ, NYMPH

ARANEAE
COLEOPTERA ADULT
COLEOPTERA LARVÂ
DIPTERA
GASTROPODA
HEMIPTERA
OTHER, VERTEBRATE
OTHER, INVERTEBRATE
UNDETERMINED, ADUI,T
UNDETERMINED, LARVA

CLASSIFICATION
OF ORIGIN

T ERRES TR I¡, L

PR EY
C ODE

29
37
28
20
16
39
14
18
26
25
40

16
15
17
11
24
3e
12

1

14
21
27
10
13
t1
to

6
22
31
41
32

AQUATIC

CODE OF
ORIGIN

TA
TA
TA
TA
TA
1A
TA
TA
TA
T¡,

A
A
Âö
A
A

A
A

A
A

A
Á.

T
T
T
T
T
T
T
r
T
T
T
T
T
T
T
T
T
T
T
T

tl

tt

il

il

it

tt

tl

lt

lt

ll

5
2

21
1

15
+

42
4t

9
19

T ERRES TR IA L /AQUAT I C

ll

tl

tt

tt

tl

tt

ll

tt

I

tt

il

I

tt

ll

il

ACARINA
BLATTODEA
CHI LO PODA
COLLEMBO LA
DERMAPTERA
DIPLOPODA
HYMENO PTERA
HYMENO PTERA
ISOPTERA AIA
ISOPTERA NON
ISOPODA
LEP I DO PT ERA
LEP I DO PT ERA
MANT ODEA
OLI GO C HAETA,
ORTHOPTERA
PHALANGIDA
PHA SMI DA
SCORPIONIDA
THYSANO PTERA

ALATE
NO N -.dLATE
TE
-ALATE

ADULT
LARVA

tt

tt

I

ll

tl

lt

lt
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cl-assi-fications j-n l-ists of stomach contents presented for

each species.

6.5 AQUATIC T'ROGS.

The sample of 2O7 dahlii included the complete
sçec in rca s oÊ

Litoria

range of post-metamorphic developnental stages recognised

in the current study. These frogs were collected mainly at

the Magela Creek floodplain near Nankeen Biltabongrand at

the Tail-ings dan.

Resul-ts of stomach content anal-yses of the sanple are

presented as Tabte (6.5.1 ), and summarised in terms of the

six most fr.equently occurring prey orders in Fi-gure

(0. ¡. I ) . The incidence of aquatic, terrestrj-al and

terrestr ial-/ aquatic prey ord.ers is quantified by frequency

of occurrence, numbers and voLume of items identified in

Figure (A.>.2).

6.5 OCCURRENCE OI' AQUATIC PREY ORDERS.

Orders of aquatic origin rüere identified in over 46%

of stomachs, comprising both adults and nynphs of the

0donata, Zygoptera, Trichoptera and Ephemeroptera' Anura

and the wholly aquatic 0stracoda. Aquatic prey orders

constituted the greatest vol-umes of prey items identified'

and occurred at a frequency sinil-ar to those of terrestrial-

orders,

Predominant prey orders, in terms of frequency of

occurrence and numbers identifiedrwere the terrestrial/



Table

PREY ORDER

ANURA ADULT

EPHEIT{ER OPT ERA

ODONÀTA ADULT

ODONATA NYMPH

OS TRAC ODA

TRICHOPTERA A}ULT

TRICHOPTERA NYI4PH

ZYGOPTERÂ ADULT

TOTAL

ARANEA E

COLEOPTERA ADULl

COLEOPTERÂ LARVA

D I PTERA

HEM I PT ERA

OTHER, INVERTEBRATE

UNDETERMINED, ADULT

UNDETERMINED, LARVA

T OTAL

ACARINA

BLATTO DEA

CHILOPODA

COLLEMBO LA

DERMA PT ERA,

HTI4ENOPlERA ALATE

HYMENOPTERA NON-ÂTATE

ISOPTERA NON-ALATE

LEPIDOPTERA ADUI,I

LEPIDOPTERA LARV¡,

OLIGOCHAETA

OR THO PTERA

THYS ANO PTERA

TOTAL

INORGANIC I{¡,TERIAL

VEGETABLE I{ATERIAL

(6. ¡. t ); Percentage Frequency of 0ccurrence, Nur¡bers ancl Volune
of prey 0rders ldentifled cluring Êtomach content
analyses of N = 207 speclnens of Litorla <lahLii'

29

2B

20

16

t9
1B

26

25

4.47
5 .80
7 .71

27.19
2 .90
4.15
2.90
1 .78

46 .31

11 .84
46.e6
2.90

17.6A
15.75
o. 4B

1 .91
15.94
85.02

o.42
't t. o0

o. 60

4.02
o .21

1.06
o. 28

o.15
19 .94

1 .67
22.AO

0. 49

22.21
5 .64
0.04
o. o7

2.68
57.58

0. 04

o.t2
o.42

12.12
0. 04

o.63
5.41
1 .20
o .53
o.42
o. 04

2.89
o. 04

22.44

o. oo

o. oo

5

2

21

1

4

41

9

19

r6
15

17

1f

24

12

1

21

10

11

3O

6

72

0. 48

4.15
1.38

12.08
0. 4e

5.80
22.71

1 .45
6.76
4.75
o. 48

25.12
o. 48

61.81

7

B

Í ¡'nnQunncv
OF OCCURRENCE(l ¡.0.)

PREY
CODE

NUMBER S

SUMNUM )(fi (%
VOLUMI]

suMvoL)

18.?1
o .64
2 .26

29 .67
0.01
0.10
o.16
o.14

52.O4

4 .59
o qo

0.19
0.82
2. 01

0. 09

o.15
0.90

14. t5
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PR EY
ORIGIN

A

A

A

A

A

A

Â

A

AQUATIC

TA

TA

TA

TA

TA

TA

TA

TA

TERRESTRIAL
and AQUATIC

T

T

T

T

T

I
T

T

I
T

T

T

T

T ERR ESTR IAL

0. 00

1.00
1.80
o. 06

o .26
0. 49

1.48
o .51
2 .90
o.71
o. 02

16 -31
0. o0

25 .21

1.06

3 .28



Figur e 6.5 " 1 ; Percentage frequency of occurrence of

princ ipal prey, orciers in stomach

contents of Litoria dahlii.

Ny - Nymphs Ad - Adults



co
c!

Odonoto Ny. (23) "/")

Orlhoptero (25.1%)

Aroneoe (31 '8 %)

Coleoptero Ad. (46'8 %)

Diptero (37'6%)

Hemiptero (35'7 %)

Litorio dah/ti



Figure (6.2.2)i Contribution of aquatic, terrestrial

and terrestrial/aquatic prey ord.ers

to the sampJ-e of stomach contents of

Litoria dahlii quantified in terms of

prey occurrence, numbers and volume"

T = Terrestrial ord.ers

= Terrestrial/aquatic ord,ers

: Aquatic ord.ers

ñ^
I ,II

A
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aquatj-c orders

Araneae ) , the

Hymenoptera an<1

0donata.

1to

( Coleoptera, Diptera, Hemiptera and

terrestrial orders (nainly Orthoptera,

Collemhoì.a) and the aquatic nymphs of the

6 6 ARBOREAL FROGS.

The najority of the 142 specimens of Litoria rothii
{lae spec iaøas ot

and 
^ 

249 n t. bicolor whose stomach contents lrere analysed,

r{ere coll-ected on the fol-iage of Barrj-ngtonia acutangula

and Pandanus aquati cus overhanglng the waters of Nankeen

BilLabong. Specinens of L. rubel-l_a 1{ere obtained from a

breeding congregation i-n a roadslde gravel scrape (Sl%),

from a group of juveniÌes in a P. aquatj-cus palm at Nankeen

Bil-labong

lease.

(Zli6 ) , and from the area o f the Ranger nining

Lists of stomach contents for each species are pre-

sented in TabIes (6.6.1), (6.6.2) and (6.6.1). The six

predominant prey orders, in terms of frequency of occur-

rence, are shown f or each of the arboreal_ species in tr'igure

(6 .6.1) .

The incidence of aquatic prey orders is quantified in

Fi-sure ( 6 .6 .2) .

6.6.1; 0CCURRENCE 0I' ORDERS OF AQUATIC PREY.

0rders of aquatic prey occurred

samples of l,itoria rothii (Zl . +% ) and

frequently

L. bicolor

in the

(t ø . +"Á)

rareÌy(predomJ-nantJ-y Trichoptera), but rüere identif ied onJ_y



Table (0.6.1 ); Percentage Frequency of 0ccurrence, Numbers and Volune
of prey 0rders i-clentified durj-ng stomach content
analyses of N = 142 specinens of Litoria rothii.

111

PR EÏ
OR IG TN

ÂQUAT IC

TERRESTR IAT
and ÂQUATIC

TERRESTR IA I,

PREY ORDER

ANURA ADULT
ODONÀT.A ADULT
PLEC OPTERA
TRICHOPTERA ADULT
ZTGOPTERÀ ÂDULT

TOTAL

^AR¡.NEAE
COLEOPTERA ADUIJT
D I PTERA
HEM I PTERA

Í FREQUENcY
OF OCCURRENCE

(É r.o. ¡

1 .41
5 .61
0. 70

li.ot
0. 70

27.¿16

PR EY
C ODE

29
20
14
IB
25

0. o9
o.t4
o. 04
2. 07
0. 04

.92

.14

.11

.15

86

oo
oo

5 .77
6.ot
o.01
1 .56
o.tt

A
Â

A

A

A

ADULT
LÁ,RVA

27 .46
27 .24
19 .44
14.79

1 .52
2.1 1

5
2

3
4
9
9

16
15
17
24
12

1

14
10
17
11

6

7
¿

a2
1

ô

2 .59 11.7 1

48.19

I .16

17.80

o.03
0. 2B

49
54

15. 06
11.49
16.12

4 .2t
1 .01
o. 08

TA
TA
TA
TA
TA
TÀ

UNDETERMINED,
UNDETERMTNED,

T OTÂL

ÂC AR ]NA
BLÀTTODEA
C HI LO PODA
DERMAPT ERA
HYI/IENOPTERA ALATE
HYMENOPTERA NON-ALATE
ISOPTERA AI,ÂTE
LEPIDOPTERÀ ADULT
LEPIDOPTERA IARVA
MANT ODEA
ORTHOPTERÂ

l OT À],

INORGÀNIC MATERIAL
VEGETÂBLE MATERIÀL

72.51 90.56

o. 70
11 .27
0. 70
4 .21
8.45

11.27
r .4l
6 .34

11 -27
0. 70

11.27

.09

.26

.14

.07

.09

.60

.81

.04

.04

.86
0
0
0
0
1

I

U

0
1

0
0

6

0
0

0. ol
7.47
0. 09
2.17
B .27
o .62
0. o5
2. 0B
B. O0
0.66

T
T
T
T
T
T
T
T
T
T
T.69

54.22

7
B

0. 70
2.1 1

f t'¡u¡,r¡nns(f su¡tttu¡'l)
fr
$

V O I,UME
suMvoL)
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Table (6.6.2); Perceútage Ìrequency of occurrence, Nunbers and volune of
prey 0rdere identified ciuring stonach content anaJ.ysee of
l{ = 249 specinens of Litoria bicolor.

PRET ORDER PREY
CODE

PRET
ORI GIN

EPHEI,TEROPTERA
ODONAÎA ÀDU],T
TRICHOPTERA ADULT
ZYCOPTERA ADULT

T 01¡,L

ARANEÂE
COIEOPTERA ADUTT
COLEOPEERA IARVA
DIPTERA
HEM IPlERÂ
UNDElERMINED, ÂDUIT
UNDETERMINED, IARVA

T OTI,L

ACÀRINA
BL¡,TTODEA
C OLIEMBO],A
DERMAPTERA
HYMENOPTERÂ ALÁ,TE
HYMENOPTERÂ NON-ÂLATE
I S OPODA
IEPIDOPTERA ADU],7
LEPIDOPTERÂ IARVA
ORTHOPTER.û,
THYSANOPTERA

TOT¡,I

INORGANIC M.û,TERIAI
VEGET.{,BIJE MATERIAL

2A
20
18
tq

1 .20
2.41
B.0l

2.61
o-+e
8.1't
1.O8

0. 20
7 .22
1 .56

0. 00
2.15

10.34

A

A

A
A5 .62

1 6'46 AQUATIC

2

5
2
j

1
4
9
9

17 .27
20.88
o. 80

51.41
24.90
22.09

2.41

4.17
7. B0
o .2t

19.92
B.01
0.15

12.28

60.77

8.26
9 .57
o .20

11.06
11 .42
5.51
o.i5

19 .31

46.76

TA
TA
!A

TA
TÀ
TA
TAo .46

16
15
11

24
12

1

27
10
11

6

32

89 .55

0. B0
5 .62
¿.vt
0.40
6.41

11.73
0. 40
9 .64
4.42
2. 01
0. 80

50.60

0. oo
4.02

o .19
1.08
1.16
0. o8
2.19
6.17
o. 08
1.17
1 .79
o.39
o -3t

0. oB
12.06
o.17
o.t4
7 .17
9 .52
o.07
2.72
2.89
0. 8l
o. oJ

26 .80 31 .77

TERRES TRIAL
and AQUATIC

TERRESTRIA],

T
T
T
T
T

T
T
T
T
T
T

7
I

0. 00
0.15

NUMBERS
SUMNUM )

v 0 LUME
suMvoL )

I
(fr

I
(fr

É rnnQuurcr
OF OCCURRENCE(f r.o.¡



TabIe

PRET ORDEB

TRICHOPTERA ADULT

T OTÀL

ARANEA E

COLEOPTERA ADULT
DI PT ERA
HEMIPTERA
UNDETERMINED, ADUTT
UNDETERMINED, LÂRVA

TOTA],

AC ARINA
BLATTO DEA
CHI LOPO DÀ

COLI,EMBOLA
DERMÂPTERA
DI PLOPODA
HYMENOPTERA AIATE
HYMENOPTERA NON-ATATE
ISOPTERA ALATE
ISOPTERA NON-ÂIÀTE
LEPIDOPTERA ADULT
T,EPIDOPTERA TARVA
ORTHOPTERA

TOTAL

INORCÀNIC UATERIAI
VEGETABLE !{AIERIÀL

1 .20
t .89
9 .55
2.04
0. oo
o. 46

1.42
7 .50
2.19
7.21
o.12
o .21

TA
TA
TÂ
TA
TA
TA

137

PREY
ORIGIN

À

AQU.ÀT I C

TERRES TR IAL
aud AQUATIC

TERRESTR IÂL

(ø.6.1); Percentage Frequency of Occurrence, Nunbers and Volune of
prey 0rdãrs idãntifiecl cluring stonach conteÃt analyses of
Ñ = 122 specinens of Litoria rubells'

5
z
1
4
9
9

'l I

16
15
17
1t
24
78
12

1

14
21
10
15

6

9.02
28.69

4 .92

4 .92

2.41

2.41

17.15

o.7 4
o.65
o. 28
2.69
o. o9
0. o9
6.02

60. 89

80. 44

0.71

0. 71

16.68

0. o2
2.62
0. 96
o.21
o .21
0.17
4.60

35.96
21.09

0. 78
1 .06
7.19
7.OO

80.10

05
75
82
2A

27.
14.
0.
2

56.5'

4.92
5.74
2.46
9. 84
o. 82
o. B2
4.92

7 .38
3 .28
t.2a
4 .92
1.28

86 .88

70.49

T
T
T
T
T
T
T
I
T
T
T
T
T

6. e6
o.37
0. 65
o. 65
o. 46

7
I

11.11
4.10

o. oo
o. oo

1 .42
1.10

T'REQUENCT
OCCURRENCE

(É F.o.)
PREY
C ODE

d

OF
%

(%
NU}lBERS

SUUNUM)
É vo¡uun(l surirvol)



Figure 6.6.1; percentage frequency of occurrence of
pri-ncipaJ_ prey orders in stonach

contents of arboreal frogs.

n.Al. - non Alate Ad - Adults
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Hymenoprero n. At. Ul.Z%)

Blottodeo (11.2%)

Hemiptero (14.7%)

Trichoptero (l9.Ol%)

Coleoptero Ad. (23- 2"/")

Litoria rothii

Litoria bicolor

Litoria rube/lo

Diptero (39 4%)

Aroneoe (27'4%)

Diptero (51'4%)

Hymenoplero n. Al. ß3'7%')

Hymenopfero (7O'4"h)

Aroneoe (17'2%)

Coleoptero Ad. (20'8%)

Undetermined Adull Qz'O%)

Hemiptero (24'9%l

Collembolo (9'O4%)

Aroneoe (9'O

Hemiptero (14'7%)

Diptero (27'O%)

Coleoplero ee'6%l



Figure 6. 6.2; Contribution of aquatic, terrestrial

and terrestrial/aquatic prey ord.ers

to the sample of stomach contents of

arboreal frogs quantified in terms of

prey occurrence, numbers and volume.
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i-n stomachs of L. rubel-l-a (+-g%) - These

were represented by the

and a singJ-e anuran from

aJ-ate, adult stages
raøtrurdu¡-|3 oF

a single^ L.-.ro!hii.

176

aquatic orders

of arthropods

sampJ-es of
sroï

common ^ for

For each specì,es aquatic orilers Ì{ere of fesser import-

ance, in terms of all- quantif ications usecl , than both

terrestrial- and terrestriaÌ/aquatic classificatj-ons.

Al_ate prey were predomj-nant, both in terms of f requen-

cy of occurrence and of numbers present r in
ba13the

L. rothii and. L. bicolor, with dipterans 
^ 

most

both species.

These

Coleoptera,

sanpLes of

L. rothii

terrestriai-/aquatic prey (including aLso the

Araneae and Hemiptera) occurred frequently in

aIl- three species, and Iüere predominant f or

and L. bicol-or.

Terrestrial- prey orders, mainly non-al-ate

terans, were the dom j.nant items in stomachs of

in terms of frequency of occurrence çeø.A%) '

items (60.8%) and volume (75.9%).

L

hym eno p-

rubell-a

number of

6 7 GROUND HYLIDS.

Four speci-es of ground hylids were incLuded as sub-

jects in stomach content analyses. The naj ority of

specimens v¡ere nales collected in the vicinity of water-

bodies, and were taken amongst breeding congregations

throughout the studY area.



Lists of stomach contents of Litoria

177

paJ-J-ida,

L. ine rmi- s , L. nasuta and L. tornieri are presented as

rabr-es (e .t . t ) , (6.1.2) , (6.7 .3) and (6.7.4) . The six

predominant prey orders, in terms of frequency of

occurrence, are presented in tr'igure (6.7. j). The i_ncidence

of aquatic, terrestri-a1 and terrestriat/aquatic prey ord.ers

is quantified in terms of frequency of occurrence, numbers

and vol-ume for each species in Figure (6.7.2).

6.7 .1; 0CCURRENCE OF AQUATIC PREY ORDERS.

Aquatic orders occurred in stomachs of Litoria paLl-ida

(a.l%) , I. j-nernls (l I . l%) and L. nasuta (2.tfr) t,rt rrere

The predoninate

of the 0donata,

absent f rom the sample of L. torn j-eri.

aquatic prey comprised al_ate, adult forms

Zygoptera, Trichoptera and Ephemeroptera.

When presentraquatlc orders were onJ-y of minor signi-
ficance in terms of numbers and volume in comparison with
terrestrial- and terrestrj-ar/ aquatic ord ers, as shown in
Figure (6 .7.z).

The prey orilers occurring most commonry t¡ere simil-ar

for each of the four ground hylids, and comprised the

terrestrj-aL/aquatic ord.ers col-eoptera, Araneae, Hemi-ptera

and Diptera , and the terrestrial ord ers Hymenoptera and

Lepidoptera.

B IfIDE-MOUTHED BURRO}í ING FROGS.6

CycJ-orana australis, C. Iongipes Limnodynastes orna-



Tabre (6.2.1);

PREÏ ORDER

EPHEMEROPT ERA
ODONATA ADULT
ODONATA NYMPH
TRICHOPTERA ADULl
ZYGOPTERA ADULT

TOTAL

ARAN EAE
COIEOPTERA ADULÎ
COLEOPTERA ],ARVA
DIPTERA
HEI'1 IPlERA
OlHER, INVERTEBRATE
UNDETERMINED, ÀDULT
UNDElERMINED, ],ARV¡,

T OTAI,

ACARINA
BLATTODEA
CHILOPODA
C O LLEI{BO LA
DERMAPTERÀ
DIPLOPODA
HYMENOPTERA AIATE
HYMENOPlERA NON-Á,I,ATE
ISOPTERÁ ALATE
ISOPÎERA NON-AIATE
IEPIDOPTERA ADULT
LEPIDOPlERÂ IARVÂ
O LI GOC HAETA
ORTHO PTERA
PHAIANG I DA
THYSANO PT ERA

T OT A],

INORCANIC MATERIAL
VEGETABLE M¡,TERIÀ],

Percentage Frequency of occurrence, Nunbers and volume of
prey Ordere identified tluring stonach coDtent aualyses of
N = IBO specinens of Litoria palLicla.
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PREY
ORIG IN

AQUATIC

28
20
)b
1B
25

43
9

19

o .56
4.44
o .56
1 .67
1.11

o. o9
o.76
o. o9
o .47
o.19

o.01
5 .64
0. lo
o .17
o. ,0

À
A
Á
]{
A

8.31 1 .61 6 .61

z1 Õ.7

0. 0B
0.66
1 .99
0. 04
o. 90
0. 05
2.42
1 .42
4 .51
0. 02
4.26
6.86
4.72

21 .47
0. o6
0. oB

50.35

5
2

21
3
4

32 .22
46.11
3.53

16.67
15.OO
0.56

18.89
1 .67

2

7
4

9
3
o
o
o

.69
Ên

.Je

.oB

.09

.oo

.68

.38

5.71
11.15

1 .42
5.05
7 .82
o.10
4.24
0. 02

TA
TA
TA
T¡,
TA
TA

TA

16
15
17
11
24
38
12

1

14
21
10
1t
3O

6

22
t2

88.11

1 .67
2.74
1.31
1.33
1 .67
o.56

11 .67
26.11
5.56
0.56
7 .22

1 0.00
2.74

40. oo
o .56
1.11

74.44

65.88

o. 28
o.47
o.57
o.57
0. 28
o. o9
7.01
7 .49
5 .50
o. o9
1.52
2 .27
o.47
9.48
o. o9

72.51

0 2A

TERRES TR IAL
and AQUATIC

TERRES TR TÂL

T
T
T
T
T

T
T
T
T
T
T
T
T
T
T
T

7
I

17.78
5.56

0
o

oo
oo

4.02
1.04

PREÏ
CODE

f uuu¡nns
( Í sulr¡¡uu )

FREQUENCT
OC CURRENC E

r.0. )

I
OF
(%

Í voLUME
(É suuvoL)
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Table (6.1 .z);

PREY ORDER

ODONATA ADUIT
TRlCHOPTERA ÀDULT
ZYGOPTERA ADULT

TOTAL

ARA NE AE
COLEOPTERA
D I PTERA
GASTROPODA
HEM I PT ERA

¡,DULT

Percentage tr'requency of Occurrence, Nunbers autl Volume of
prey Orders ittentifj.ecl during etonach content anaLyses of
N = 72 speclneas of Litoria i-nermis.

6 .94

1 .79

PREY
ORIGIN

AQUAlIC

4.71
o.t2
0.14

2 .25
2.O1

É wuu¡rns
( I suuuu¡'r )

1 .29
o. 78

2.13

%

(%
V O LUT,IE

suMvoL )

20
18
¿> o.26

A
A
A

11.1'l

2.74
4.17
4.17
4.17
2.74
1 .79
8.17

77.50
2.74
8.15
1.19
8.11

11.11
1 .39

17.77
1 .79

e7.17

56.o7

o .52
o. 78
0. 78
o. 78
o .52
o .26
1.55

12.92
7.62
5.17
o .26
2 .54
2 .44
o .26
8.57
o.26

41 .60

0. o0
o. o0

c to

24.t4

o. 01
t.1a
2 .71
o. o1
1 .62
o. o9
o. 71
1 .29
1.71
1 .12
o .29
9.15

14.48
o. o9

24.O1
o.14

õõ. ¿¿

UNDETER}IINED,
UNDETERMINED,

ADULT
LARVA

5
z
1

t5
4
9

19

10
17
17

6
22

27.74
47.06
20.87

1 .79
26.39
9.72
5.56

6 .20
21 .71
1 4.21
o.26

12.14
0. oo
1 .55

1.50
12.44
2.19
o.t6
5 .61
1 .11
o. 68

TA
TA
TA
TA
TA

TA

TOTÂL

ACARINA
BLA 1T O DEA
CHILOPODA
COLLEMBOLA
DERMAPT ERA
DIPLOPODA
HYMENOPTERA ¡,LATE
HYMENOPTERA NON-ATATE
ISOPTERA ALATE
ISOPTERA NON-T,IATE
ISOPODA
LEPIDOPTERA ADULÎ
I,EPI DOPTERÂ LÁ,RVÂ
MANT ODEA
ORTHOPlERA
PHALANG IÐA

T OTAL

INORGANIC }IATERIAI,
VEGETABLE MÂTERIAL

16
15
17
11
24
te
12

1

14
21
27

lERRESTRIAL
and AQUATIC

TERRES TR IAL

T
T
T
T
T
T
T
I
I
T
T
I
T
I
T
I

7
I

19.44
1t .89

É rnnQunncv
OF OCCURRENCE(f r.o.¡

PREÏ
C ODE
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TabIe (A.1.1)i percentage Frequency of 0ccurrence, Nunbers and Volune of
prey 0rtlers iatentified during stoDach coDtent analyses of
N = 108 speci.nens of Litoria nasuta.

PREY ORDER PREÏ
CODE

PREY
ORIGIN

ODONATA ADULÎ
ODONÀTA NYMPH
TRICHOPÎERA ADULT
ZYGOPTERA ADULT

T OTAI

20
t6
'l I
)ç,

0
0
o
0

9t 0. 20
o.61
o. 20
o .20

1 .22

64 .70

0. 20
1 .01
1 .42
0.41
0. 61

0. 20
4 .26
9.7 4
1 .0'l
1.04
o.20

11.76
0. 41

34 .28

o. oo
0. 20

1 .15
8. 98
0. 01
o .27

17.10
11.15
0. o2
1 .41
1.14
2.41
o.22

A

A
Á

A

.97
oz

.91

2.77

81.73

72.41
42 .59
o.91

24.O7
20.17
1 4.81

o .91

10.61 AQUAlIC

ÀRANEAE
COLEOPlERA
COLEOPTERA
DIPTERA
HEMIPTERA

ADULT
tÂRvÀ

,
¿

27
1
4
9

19

9.94
2t .71

0. 20
24.14
5.88
0. 20
0. 20

TA
AA

AA

TA
TA
TA
TA

UNDETERMINED,
UNDETERMINED,

ÂDULT
LARVA

TOTÂL

ACARINA
BLATTODEA
CHILOPODA
C O LI,EMBO LA
DERMAPTERÀ
DIPLOPODA
HY¡¿IENO PlERÀ
HYMENO PTERA
TEPIDOPTERA
LEPI DOPTERA
MANTODEA
ORTHOPTERA
PHASMIDA

ÂLATE
NON-AI,ÂTE
ADUIl
LARVA

16
15
17
11
24
18
12

1

10
13
t5

6

71

o.95
4.67
5.56
o.9t
2.74
o.97
8.11

24.07
7.70

12.96
o .91

39.e1
1 .85

15.48 TERRESlR IAL
and AQUATIC

0. 00
o .54
o.62
0.o1
1.O0
0. o9
0. 85
1 .19
0. 48
6 .41
2 .24

76.08
1.54

51 .26 TERRES TR IAL

I
T
T
T
T
T
I
T
T
T
T
T
T

T OlAI

INORGAN]C MÂTERIÀI
VEGETABLE ¡,ÍATERIAL

70.77

7
I

t
1 11

70 o .67
1.98

É rnsQuuNcv
OF OCCURRENCE

(f ¡.0.)

f NUMBERS
( f su¡,lNuM ) f suuvol )(

VO LUME



lab1e (6.?.4); Percentage Frequency of 0ccurrence, Nunbers and VoIume of
prey 0rdere itlentified during stonach content analyses of
N = 89 specinens of Litoria torni'err'

141

PREY
OR I GIN

o. 00 AQUAT I C

PREÏ ORDER

T O1ÂI

ARANEAE
COLEOPTERÄ ADULT
COLEOPTERA LARVA
D I PTERÀ
HEMIPTERA
UNDETERMINED, ADUIT
UNDETERMINED, LARVA

T OTAL

AC ¡,RINA
C O LI,EMSO T,A

HYMENO?TERA AÏ,¡,TE
HTMENOPTERA NON-AI,ATE
ISOPTERA ALATE
ISOPTERÂ NON-ÄLÀîE
LEPIDOPTERA ADUTT
TEPIDOPTERÂ ],ÀRVA
ORTHOPTERA

T OTAL

INORCÀNIC MÂTERIÀL
VEGETASLE MATERIAL

5
2

21
1
4
9

19

20.22
15 .96

8.99
12 .54
12.16
1.12

9 .52
18.61

1 .30
5 .61

18.61
0. o0
o .41

0. o0

74.15

69.66

0. 00

54.11

45.89

0. 00
0. 00

8. ?6
8.13
1 .45
o .59
7. BB
1 .69
0. oo

TA
T¡,
TA
TA
TA
TA
TA

16
11
12

'I

14
21
10
11

6

1.12
2-25
8.99

14.61
5 .62
1.12

10.1 1

6.74
43.82

o.41
1 .10
t .90
5.63
6 .91
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3 .90
7.03

20.15

10 .71
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2.61
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6.05
4 .16

46.08
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T
T
T
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11.24
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Figure 6.7 "1; Percentage frequency of occurrence

of principal prey orders in stomach

contents of ground hylids.

Ad - Adults n.Al. - non Alate
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Diplero (16'6 %)

Hymenoplero n.Al. Q6'l%)
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Hemiptero (35'O %)

Diptero eO I %)

Hemiptero (26'3 %)

Aroneoe Q7 7 %)

Orthoplero (33'3 %)

Hemiplero (2O.3 %l

Hymenoptero n. Al. (24'O %)

Diptero (24.O %l

Aroneoe (32'4%l

Undetermined Adull (12'3

Hymenoptero n. Al. (14'6

Aroneoe eÙz%)

Litoria inermis

Litoria nosuto

Litono tornieri

Coleoplero Ad. (46'l%l

Orthoptero (4O'O%)

Coleoptero Ad. (43'O %l

Hymenoptero n. Al. ß7'5%)

Coleoptero Ad. Ø2'5%)

Orthoplero (39'B%)

(43.8%)

Hemiptero (32'5 ro Ad. (35'9%)



Figure o - I - ¿; Contribution of aquatic, terrestrial

and terrestriaL/aquatic prey order to

the samples of stomach contents of

ground hyl-ids quantified in terrns of

prey occurrence, numbers and. volume.
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tus and L. convexiusculus were cl-assified as wide-

mouthed., burrowing species. The sampJ-es of C. australis,

C. Ionglpes and L. ornatus were coLlected predoninantly on

roads in the Jabiru townsite along the MageJ-a Creek
\

transect and from breeding congregations at the Jabiru

ser¡erage treatment works. Specimens of Limnodynastes

convexiuscul-us were coÌlected on the Magel-a Creek fl-ood-

and GuIunguI Creek transects,pJ-ain,

and on

along the Magela Creek

townsite roads.

Lists of stomach contents and the number of stomachs

examined for each species are presented as TabIes (0. g. I ) ,

(e .e.z), (6.8.3) and (6.8.4). The six predominant prey

orders fo r each species, in terns of frequency of occur-

rence, are presented in Figure (0.4.1). The contrj-bution

of aquatic, terrestrial and. terrestrLaL/ aquatic prey orders

is quantified in terms of frequency of occurrence ' numbers

and. volume for these species in Figure (e.g.Z).

6.8.1; 0CCURRENCE 0F AQUATIC PREY ORDERS.

Aqua t i- c

CycJ-orana

orders occurred infrequently in

7.8%) and

but were absent

convexiusculus.

stomachs of

C. l-ongipes

from samples(fr:-choptera and Odonata

of T,imnodynastes ornatus

aus tral-is ( Anura

6.o%)

and L

Terrestrial orders occurred most frequently in sampJ-es

of C. australis and L. ornatus and e quallecl terrestrial-/

aquatic orders in frequency of occurrence within samples of

C. longipes and L. convexiusculus. TerrestriaL orders were

most important in terms of numbers and volume in the



lab1e (6-g.l ); Percentage Frequency of 0ccurrence, Nunbers and vol-une o
prey 0rders identifieal during stonach content anal-yses o
N = 78 specinens of CycLorana australis.

PREY ORDER f vo¡,uun(Í suuvol)
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PREY
ORIGIN

f
f

¡,NUR¡, ADULl

T O T¡,I

ARANEAE
COI,EOPTER.A. ¡,DULT
COLEOPTERA TARVA
DlPTERA
HEM IPTER¡,
OTHER, VERTEBRATE
UNDETERMTNED, ADULT
UNDETERMINED, LARVA

T OTAI

BLATTO DE¡,
CHT LO PODA
C O LLEMBOIA
DERMAPTERA
DT PLOPODA
HYMENOPTERA ALATE
HYMENOPTERA NON-ALATE
ISOPTERA ALÂTE
ÏSOPTERA NON-ALÀTE
LEPIDOPlERA ADULT
],EPIDOPTERÀ LARVA
ORTHOPTERA
?HASM IDA

T OT.A,],

TNORG.{,NIC MATERIAL
VEGET¡,BIE M¡,TER I,á.L

29 -52

.52

.63

.o1

.01

.41

.63

.15

3.e5

1 .85

0. 60

0. 60

4.02
7 .47
0. 20
t.oo
3.01
o. 20
0.40
0. 40

16 .67

1 .20
2.41
1 .41
0. 40
1.00
1 .00

15.06
14.74
11.85

1.O0
2 .61
8.84
o .20

81 .77

o. 60
0. 40

1

1

2
9
U

o
U

0
I

A

AQUATIC

5
2

)7

t
4

42
9

19

23.08
15.90

I ao

5.11
10.26

1 .28
5.11
2-56

1A
TA
TA
TA
TA
TA
TA
TA

15
17
11
24
18
12

1

14
21
I0
13

6

11

51 .82

7 .69
14.10
1.2A
2.56
6 .41
5.11

20'5t
19.21

5 .13
5.13

12.A2
15.90

1 .24

7B .20

41 .Ot
30.77

o.24

14.91

4.46
12.08
0. o0
o.26
o' lo
o. oB
o'52

12. 07
1.O7
o .22
2 .16

41.84
t.¿¿

76.28

4.87
2.42

TERRESTRIAL
and AQUATIC

TERRES TR IA L

T
T
T
T
T

T

T
î
T
I
T
T
T

7
B

f nuu¡uns(f su¡rruu)
f ¡'nnQunNcr

OT OCCURRENCE(f r.o.¡
PREY
CODE
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TabIe (6.4.2); Percentage Frequency of 0ccurrence, Numbers and Volune of
prey 0rders ideutifietl cluring stonach cotltent analyses of
N = 66 specinens of Cyclorana Iongipes.

PREY ORDER

ODONÂÎA ADU],T
lRICHOPTERÂ ADULT

TOlAL

ARANEAE
COLEOPTERA ADULÎ
DIPTERA
HEI'IIPTERA

Í NUÌTBERS
( f suu¡tuu )

f vor,uu¡(f suuvol)
PREY
ORIGIN

20
't I

7.Ot
5.01

.97

.52

.52

17 .64
24 .24

5.06

87.77

o. 20
0. 78

0. 98

16.16

62.66

0. 00
0. o0

o .22
o.27

0. 50

A

A

AQUATIC

UNDETERMINED,
UNDElERMINED,

ADULT
LARVA

5
2
1
4
9
9

t6.16
57.58
30.70
16.16

1 .52
4 .55

t .91
21.41

6 .26
4 .59
o. o0
0.20

1.02
7.79
1.15
5 .12
o .32

TA
IA

TA

IA

BLAlTODEA
CHIIO?ODA
COLLEMBOLÂ
HYMENOPTERA ALAlE
HYI,IENOPlER¡, NON -ALATE
ISOPTERA ¡,LATE
ISOPTERA NON-ÀLATE
LEPIDOPTERA ADULT
LEPIDOPTERA TÂRVA
M.ANT ODEA
ORTHOPTERA
PHALANGIDA
PHASM IDA

TOTAI,

TOTAL

INORCANÏC ÌIATERIAL
VEGEÎABLE MAÎERIAL

.o6

.o6

.58

.88

.18

.55

.64

.?o

o. 49
0.49
0. ?8
1.t7

14.76
11.44
20.92

1.17
4 .20
o.10
6 .55
0.'l o
0.10

TERRESTRIAL
and AQUATIC

TERRES TR IAL

15
17
11
12

1

14
21
10
11
t1

6
22
71

't
6
6

7
17
18

4
17
19

1

46
I
1

58

.52

17.70

79.41

o .16
o.39
0. o1
o.12
a a7

11.66
2. 09
t.06

17.74
0.05

36.07
0. 02
1 .21

T
T
T
T
T
T
I
T
T
T
T
T
T

87.77

7
I

o.67
1.16

É ¡n¡Qu¡r¡cv
OF OCCURRENCE(f F.o.)

PREY
CODE
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TabLe (6.8.1); Perceutage Frequency of Occurreuce, Nunbere anil Volune o

prey 0rclers ldentifietl tÌuring stomach cotrteut analyses o

N = 100 specinens of Linnociynastes o rnatus .

f
f

PREY ORDER

T OTAI

ARA NEA E

COI,EOPTERA ADULÎ
COLEOPTERA LARV¡,
DIPlERÀ
GASTROPODA
HEM I PT ERA
UNDETERMTNED, ADULT
UNDElERMINED, I,ARVA

T OlAL

PREY
ORIGIN

t5
4
9

19

5
2

27
t

16
15
17
11
24
18
12

1

27
to
17

6
22

18.00
72.OO

5 .00
10.oo
2. 00

17.00
6 .00
I .00

0. 00 o. o0 0. oo

'¿ ).66

0.05
o.45
o.15ô ^,0.02

1 .50
40 .19
21 .50

o .83
0. 50
o .26
o.26

o.17

71 .19

2 .14
o.97

AQUATIC

o. 99

o .29
o.66
0. 08
1.07
o. 08
o. 04

o.65
19.59
o.2t
0. 08
o. 08
1.86
1.16
0. oo

TA
1A
TA
TA
1A
IA

TA
TA

ACARINA
BLATTODEA
CHI LO PO DA
C O LLETIBO LA
DERMAPlERA
DIPLOPODA
HYMENOPTERA
HYMENOPTERA
ISOPTERA ATA
ISOPÎERA NON
ISOPODÀ
LE PI DO PTERA
LE?IDOPTERA
ORTHOPlERA
PHALANGI DA

ALÂ18
NON-ALATE
1E
-AI,A1E

ADUI,T
LARVA

14
21

89.0O

6.oo
6.o0
5. 00
5 .00
1 .00
B. 00

11.o0
96 . O0
15.00
,.00
1.00
4. O0
5 .00

1 0.00
7 .00

98. O0

10 .91

o.25
o .17
o .21
o .1J
o. 04
o .54
3 .92

aç nç

5 .12
o.7 4
o .21
o -11
o.21
o.49
o.1i

89. O7

o. 00
0. oo

TERRES TR IÁL
and AQUATIC

lERRESTR IAL

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

lOTAL

INORGANIC MAÎERIAL
VEGETABLE MATERIÄL

7
I

t4.oo
6.00

PREY
CODE

f rnuQu¡¡lcY
OF OCCIJRRENCE

(Í F.o. )

I tqu¡¡¡nns
( Í sul.rwutt )

I voLUÌ4E
(Í suMvor)
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Table (6.8.4)j Percentage Frequency of Occurrence, Numbere and Volune of
prey 0rders íttentifie(l during stonach cotrteut analyees of
N = 22 specimens of Linuody nastes conve,(iusculus.

PREY ORDER

TOTAL

,A.RANEAE
COT,EOPTERA ÂDUIT
HEM I PT ERA

T OTÂ],

BLATTODEA
CHILOPODA
DERMAPTERA
HTI.{ENOPTERA NON-ALATE
LEPIDOPTERA ],ÂRVA
OLIGOCHAETA
ORTHOPTERÂ
PH¡.LANGIDÂ

TOTÂL

INORCANIC I¿IATERIAI
VEGETABLE I.ÍATERTAL

PREÏ
CODE

PREY
ORTCIN

5
2
4

0. o0

59.o9

9. 09
40.91

9. 09

o. o0

5.OO
40.00

7 .50

52 .50

o. oo

74.11

AQUATIC

1O .25
17 .66

1 .09

TÂ
TA
TA

2r.oo TERRES TRIT,L
antl AQUATIC

TERRESTR IAL

15
tt
24

1

4 .55
4 .55
9.09

13 .64
4 .55
4.55

27.27
9.09

2.50
2.50
5.OO
7 .50
2 .50
2.50

15.OO
10.o0

25 .95
1.17
1.50
0.r4
0. 05
0.10

42.16
1.04

T
T
T
I
T
T
T
T

17
30

6

22

59.09 47 .50

7
a

11.64
9. 09

oo
oo

0
o

0.46
o.47

Í NUI,IBERS
( I sUMNU¡I )

f rnnQunncr
O¡ OCCURRENCE(l r.o.)

f voLUr,rE
( f sunvor, )



Figure 6.8.1; Percentage frequency of occurrence of

principal- prey orders in stomach contents

of r¡ide-mouthed, burrowing f rogs.

Al - Alate n.Al. - non Alatå
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Lepidoptero Lorvoe (|,2.8%

Chilopodo (14'l%)

lsoptero Al. (19.2%)

Hyrnenoptero n.Al. (2O'5%)

Cyclorona austrqlts

Cyclorona longipes

Coleoptero Ad. (35'9%)

Orthoplero (35'9 %)

Lepidoptero Lorvoe (19.7

Hemiptero (36.3%)

Aroneoe (36'3%)

Hymenoplero n. Al. (37.8%)

Hymenoptero Al. (ll.O
lsoptero Al. (15.O

Hemiptero (17.O %)

Aroneoe (18.0%)

Coleoptero Ad. (72.O%)

Limnodynostes ornotus

Coleoptero Ad. (57'5%)

Orthoplero (46'9%)

Hymenoplero n.Al. (96'0%)

Limnodynostes convextusculus

Dermoptero (9.O

Hemiptero (9'O

Aroneoe (9'O%)

Hymenoptero n. Al. (13.6%)

Orthoptero (27.2%l

Coleoptero Ad. (4O'9%)



Figur e 6 "8.2; Contribution of aquatic, terrestrial

and terrestri-aL/aquatic prey orders

to the sample of stomach contents of

wide-nouthed, burrowing frogs quantified

in terms of prey oecurrence, numbers and

voLume.
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sampl-es of al-l- f our species.

The Coleoptera,

Iùe re the f our mos t

CycJ-orana austraì-is,

0rthoptera, Hymenoptera and Araneae

commonly occurring prey orders for

C. Ionglpes and Limnodynastes

convexiuscul-us. Non-alate Hymenoptera occurred in 96% of

the I. ornatus stomachs examined and predominated i-n terms

of numbers and vofumes of itens for this species.

Alate isopterans, lepidopteran Iarvae and hemipteran s

al-so were predominant prey orders in the stomach contents

of the wi-de-mouthed, burrowing spec:.es.

6 .9; NARROIf -MOUTHED BURRO!TING FROGS.

Sga.,^.rr'S ot
Most of the Notaden melanoscaphus examined were mal-es

collec ted from breeding congregations at the Jabiru East

alrstrip, the Tailings dam, GuJ-unguJ- Swamp and along the

Gul-ungul Creek and Magel-a Creek transec ts.

Results of analyses of stomach contents of thi-s

species are presented in fuLl as TabIe ( 6. 9. 1 ) , and in

terms of the six predominant prey orders as Figure (0.g.t ).

The contribution of all orders classified as aquatic,

terrestrial and terrestríaI/aquatic is quantified in Figure

(a.g.z).

6.9.1; 0CCURRENcE 0F AQUATIC PREY 0RDERS.

No aquatic prey orders were

of N. mel-anoscaphus. Non-aIate

identified in the stomachs

Hymenoptera doninated in
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Tabre (6.9.r ); Percentage Frequency of occurrence, Numbers and volune of
prey 0rders ialentified during stonach content anaÌyses of
ll = 7? specinene of Notatlen melanoscaphus.

PREÏ ORDER I nuu¡uns(l suu¡¡uu)
f votùuE(l suuvor)

PREY
ORIGIN

T 01¡, L

ARANEAE
COI,EOPlERA ADULT
HEMIPTERA
UNDElER}f INED, ¡,DULT

101ÄL

ACÀRINA
CHILOPODA
HYMENOPTERA .A,IATE
HYI,IENOPTERT, NON-AIAlE
ISOPTERA AI,ÂTE
ISOPlERA NON-¡,I.â,TE
OR THOPT ER¡,
PHALA,NGI DA

T OTA],

INORGÀNIC MATERIAL
VEGEIASÍ,E MAÎERIÂL

o. 00

48.05

90
90

1 .to
¿. bu

92 .20

58.44
'r 6. 88

0. o0 o. oo ¡,QUATIC

5
2

4
9

2 .60
46.75

1 .90
1'1o

o. 08
2.62
o.12
0. 04

0. 02
Ê aa

1 .01
0. 02

r¡.o,
1.56

TA

TA
TA

16
17
12

1

14
21

6
22

I

)
1

o2
1
)

.to

.90
-10
.21

0. 04
o.16
o.12

9r.12
1.O2
o .55
o. 04
0. o8

2 .85

97.11

0. o0
o. o4

6 .26

80.55

0. o1
o .24
o .24

7 8.95
0. 61
o .17
0. 0,
o.l0

T ERR ES ÎR I.á, L
and ÂQUÀ1IC

TERRESTR IAL

T
T
T
T
T
I
I
T

7
I

OF OCCURRENCECODE
f rnsQunNctPREY

(f r.o.)



tr'i-gure 6.9 " 1 ; Percentage f requency of occurrence of

principaJ- prey orders in stornach contents

of narrow-moutúed, burrowing frogs.
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Notoden melanoscophus



Figure 6 .9 .2; Contribution of aquatic, terrestrial

and terrestrial/aquatic prey orders

to the sanples of stomach contents

of narrow-mouthed, burrowing frogs

quantified in terms of prey occurrence,

numbers and volune.
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terms of frequency of occurrence (92.2%), number of items

(g¡.1%) and vol-ume of items identif ied (lA.g%). Ord.ers

classified as terrestri-al-/aquatic occurred l-ess frequentì-y,

consisting al-most ent j-reJ-y of adult Coleoptera. All- other

orders occurred. in l-ess than 4% of stomachs examined.

6. 1 O; TOADLETS .

Specrìrnerto d
The stomach contents of 91 n

Uperoleia inundata 't^rere

examined. Most of these toadl-ets were coflected within or

adj acent to breedi-ng congregations along the Magela Creek

and Gulungul- Creek transects and in Gulungul Swamp.

Resul-ts of stomach content anaÌy ses for U. inund ata

are presented as Table (6.10.'1 ) and summar j-sed in terms of

the six predomlnantl-y occurring prey orders, as tr'igure

(O.l O.l ). The contribution of al-l- orders cl-assif j-ed as

aquatic, terrestrial and terrestrial/aquatic i-s quantified

in tr'igure (0.lo.z).

6.10.1; 0CCURRENCE 0I' AQUATIC PREY 0RDERS.

Aquatic prey orders r,rere not identified in stomachs of

Uperol-eia inundata. Non-alate Hynenoptera !üere predominant

in terms of frequency of occurrenc" (AA.g%) and number of

j-tens identi-f ied (eZ.g%). Non-alate Isoptera occupied the

greatest volume within the items identified (+ø.+%). Very

smal-1 prey animal-s ( Col-Lembola and. Acarina) !Íere signif i-

cant 1n terms of frequency of occurrence.

Orders classified as terrestri-al-/aquatic were o f



156

Table (6.1o.f ); Percentage Frequency of occurÌence, Nunbers anil vol-une o
prey 0rilers identifietl cluring atomach conteDt anaì-yses o
N = 91 specinens of Uperoleia lnundata.

PREY ORDER

f
f

PREÏ
CODE

I
(ft

VOLU}fE
su¡rvoL )

PR EY
ORIGIN

T OlAL

ARANEA E

COLEOPTERA ÀDULT
COIEOPTERA LARVA
DIPTERA
HEI'Í I PT ERA
UNDElERMINED, ADULl

TOTAL

T OlAL

INORGANIC MATERI¡,I
VEGETABLE }ÍATERIAI

0.00 0. o0

2.68

o. oo AQUATIC

5
2

27
t
4
9

9 .89
29.67

1.10
4.40
4. 40

17.19

o.47
1.75
0. 04
o .27
0.16
o. o4

o .23
2.91
o.29
o. 08
o .21
1.11

TA
TA
TA

TA
TA

AC ARINA
BLATTODEA
CHILOPODA
C O LI,E}IBO LA
DIPIOPODA
HYMENOPTERA ALATE
HYMENOPTERA NON-AL¡,TE
ISOPÎERA ALATE
ISOPlERA NON-ALATE
ISOPODA
I,EPIDOPTERA L¡,RVA
ORTHOPTERA
SCORPIONIDA
THYSANO PTERA

16
15
17
f1
18
12

I

14
21
27
13

6

41
)¿

+1.¿,

96.70

17 .58
1.10
2 .20

70.77
1.10
4.40

86 .81
1.to

15 .78
2.20
1.10
8. 79
1.10
'l .10

0. 04
o .41

65 .94
1 .91

22 .98
0. o8
o. 04
o.15
0.04
0. 04

4 .87

86. 87

46. 40
o.67
o. 12
o.47
0. 01
0.01

0.
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Fi-gure 6.10.1; Percentage frequency of occurrence

of principal prey orders in stomach

contents of toadlets.



tr-'
t^

lsoptero n. Al. (15.3 %)

Underermined Adulr (13. I %)

Acorino (17.5%)

Coleoptero Ad. (29'6 "/.)

Hymenoptero n. Al. (86'8%)

Collembolo (3O.7 %')

Uperoleio inundata



tr'igure 6. 1O.2 Contribution of aquatic, terrestrial

and terrestrial-/aquatic prey orders

to the sample of stomach contents of

toadlets quantified in tet'ns of prey

occurrence, numbers and volume.
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adul-tsecondary

Coleoptera

significance,

and unidentified

comprised mainJ-y

aduLt arthropods.

6.1 1 i FR0GLETS.

The sample of 62 specimens of Ranidell-a biì-ingua

comprised mainly caJ-ling males collected at the TaiIi-ngs
a(og

dam, Nankeen Bitlabong and the^GulunguI Creek transects.

Li-sts of stomach contents are presented in Tabl-e

(6. 1 1 . 1 ) and summarised in terms of the six predourinantJ-y

occurring prey orders as Figure (6.1 1 .1 ). The contribution

of al-I orders cl-assif ied as aquatic, terrestriaL and

terrestriaL/aquatic is quantifi-ed in tr'igure (6.11.2).

6.11.1; OCCURRENCE OI' AQUATIC PREY ORDERS.

A singJ-e aquatic prey 0rder, the Ephemeroptera 
'

occurrecl in l-ess than 2% of the stomachs examined. Aquatic

prey lrere of ninor significance in comparison l¡ith

terrestrial- and. terrestr ial-/ aquatic orders. The smalf

terrestrial ColIembol-a, Hymenoptera and Acarlna occurred

most frequently and j-n greatest numbers. The Cofeoptera,

Hemiptera and. Diptera were the most frequently occurring

orders classified as terrestri-al-/aquatic in origin and

occupied the greater vol-ume of Ítems identified in stornach

content analyses.

7 .1 ; STOHÂCH CONTENT Ä.flALYSES AT THE LEYEL OF PREY FAHILÏ.

Col-eoptera, Herni-ptera, Diptera and Araneae were the
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labl,e (6. I I . t ); Percentage Frequency of 0ccurrence, Nunbers aud. Volune
prey 0rders ialentifietl during stonach content analyses
N = 9l specinens of Ranidella bilingua.
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Figure 6.'l 1.1; Percentage frequency of occurrence

of principal prey orders in stomach

contents of froglets.
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Figure 6. 1 1 .2; Contribution of aquatic, terrestrial

and terrestriaL/aquatic prey orders

to the sample of stomach contents of Froglets

Ranidella biJ-ingua quantified in

terms of prey occurrence, numbers and

vo'lume.
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most important prey orders cl-assified as terrestriai-/

aquatj-c in origin. To determine the proportion of the

Coleoptera and Hemlptera j-n stomach contents of each

species of aquatic origin, relativeì-y intac t specimens were
a4al1sr5 \

identif ied to Farnily level-. This ^ resulted in recognition

of 17 coleopteran and 7 henipteran families of aquatic

origin.

The frequencies of occurrence of 22 prey fanilies are

presented as percentages of total numbers of stomachs

examined for each species in Table (?. 1 . 1 ) , and as

unprocessed data in Appendix (2. t . I ). The numbers of items

of each prey FamiIy identified are presented as percentages

of total- numbers of itens identified for each species in

TabIe (2.1.2) and as unprocessed data i-n Appendix (l.l.z) 
"

The results of these analyses have been sumnarised

further in Tabl-e (2.1.1) and Appendix (l .l.l) by presenting

the pooLed contributi-on of both terrestrial and aquatic

prey families of both the Col-eoptera and Heniptera to the

totaL number of prey items identified. These pooled data

for each speci-es are presented in Figure" (2.2.1) to

(z.e.l).

7 2 AQUATIC FROGS.t

Aquatic prey families of the Coleoptera (Z) and Hemip-

tera (Z ) were identified in 71 .9% and 21 .2i¿ respectively,

of stomachs of Litoria dahlii. These fanilies comprised

26.9'l of the total number of items identif ied f or this

specr-es.



Tabre (1.1"i) Frequency of

identified in

occurrence of 22 prey farnilies

stonach content analyses;

expressed as pèrcentages of

stomachs examined for each

total number of

of 15 species.
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Table 7.1.2; Nunber of iterns of 22 prey families identified

i-n stonach content anaJ-yses;

of total number

expressed as

of prey itemspe rc entag e s

identified for each of 15 species.
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Table 7.1 Nunber of aquatic and terrestrial itens of

two prey ord.ers identified to the level of

Fanily in stomach content analyses of 15

stud.y species; ""n""ssed as percentages of

total numbers identified "
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Figure 7.2.1; Incidence of aquatic

farnilies of t¡ro prey

quantified in terms

and terrestri-al

orders,

of frequency of

and'nunber of iterns

stomachs of Litoria dahl-ii.

occurrence

present in
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Figure 7.3.1; Incidence of aquatic

fanil-ies of two prey

in terms of frequency

and terrestrial

orders, quantified

of occurrence and.

number of j-tems present in stomachs of

arb'orea1 f rogs.
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Figure 7.4.1; Incidence of aquatic

families of two prey

in terms of frequency

and terrestrial

orders, quantified

of occurrence and

number of itemå present j-n stonachs of

ground hyli-ds.
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Figure 7 .5.1; Incidence of aquatic and terrestrial

fanilies of two prey orders, quantified

in terms of frequency of occurrence and

number of itenå present in stomachs of

wide-mouthed, burrowing frogs.
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Figure 7.6.1; Incidence of aquatic

famil-ies of two prey

in terms of frequency

and terrestrial

orders, quantified

of occurrence and

number of itens present in stomachs of

Notad en melanoscaphus.
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Figure '1 .7.1; Incidence of aquatic

families of twó prey

in terms of frequencY

and. terrestrial

orclers, quantif ied

of occurrence and

number of items present in stomachs of

Uperol-eia inund.ata.
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tr'igure 7 " 8.1 ; Incidence of aquatic

fanilies of two prey

in terms of frequency

and terrestrial

orders, quantified.

of occurrence and

number of items present in stomachs of

Ranidella bilingua.
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7 .7; ARB0REAL I'R0GS .

The occurrence and numbers of aquatic famj-l-ies varj-ed

j-n samples of the three species of arboreal- f rogs. Aquatic

Hemiptera rlere not identified in stomachs of Litoria rothii

and L. rubelLa , and samples of both species conta j-ned only

single aquatic famil-ies of the Cofeoptera. The Hel-odidae

occurreil frequentl-y in stornachs of L. rothii and comprised

over 19% of the total- number of items identified. The

Hydrophilidae occurred rarely in L. rube l- l-a.

Two fanifies of aquatic Hemiptera and four aquatic

families of the col-eoptera occurred in the sample of

L. bicol-or: conprising over 19% of the items identified.

7 .4; GR0UND HYLIDS.

C6l.ogle.o, [lc. i p*e.f
Aquatic families of both orders examined^ were absent

from the sanples of Lj-toria nasuta and L. tornieri. The

largest numbers of aquatic prey occurrecl in the sample of

I. inermis ; four fanilies of aquatic Cofeoptera comprising

11.1% of the prey items identified. Aquati-c fanil-ies of

the Col-eoptera and Hemiptera occurred. onl-y in the sanple of

I. pa1lida, but represented Iess than 6% of all- items

identified.

1ÙIDE-MOUTHED, BURRO}IING FROGS.

Wi thin the sampl es

and Limnodynastes

of Cycl-orana australis, C. long-

7.5

r_pes, ornatus , aquatlc PreY families

of the stomachs examined andoccurred in less than 7%



comprised

prey items

these rras

less than 6/' of the items i-dentified- 0nl-y

175

n ine

Ìrere identified for L. convexiuscul-us ,and one of

an aquatic coleopteran (l I . l%) .

7.6 NARRO}I- MOUTHED SURR0ITIING FR0GS .

Tw

Notaden

enty prey items

melanoscaphus

¡üere identified in a samPle of 16

stomachs, and onì.y three hydrophilid

7.7

beetles comprised 15% of the items identified. Aquatic

Hemiptera were not included in thj-s snall- sampl-e.

TOADIETS.

0nl-y 22 prey items '!ùere identified from 15 stomachs of

aquatic Col-eoptera

smalJ- sampl-e and

the toadJ-et, Uperol-eia inundata. Bo th

and Hemiptera ÌIere identified in this

comprised. 22.7% of the items examined.

7 .A; I'R0GLETS.

Over 71% of stomachs examined in the sample of

Ranidel-1a bil-ingua contained aquati-c CoÌeoptera. These

prey, from four faniliesr rêpresented over 27% of the prey

identified. Aquatic Hemiptera !{ere absent from the sample.
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8.1; VARIATI0N IN ST0MACH C0NTENTS.

To examine temporal and spatiaJ- varÍation in stomach

contents,

locations

sampJ-es of Lj-toria dahlii , varying in tines ancl

of coll-ection, have been analysed.

8.1.1; lEMPORAL VARIATION IN STOMACH CONTENTS.

The percentage frequencies of occurrence of prey

orders identified in seven sanpJ-es of Litoria dahl-ii

col-lected at the Magela Creek fl-oodpl-ain are presented in

Tabte (8.1.1) ztogether with the number and average l-ength

of the frogs examined. The seven samples 1{ere co}lected

during months approaching the end of a dry season' the mid-

period of a wet season, and the wetf ð,ry transitional stage

of two wet seasons. Stages were recognised on the basls of

water 1eve1s in billabongs and rainfall ( Cfrapter ( f. I .3)) .

These results are summarised in Figures (g.t.l), (g.t.e)

and (9. t . J ), luhere the percentage frequencies of occurrence

of seven predominant prey orders are presented for each

sampJ-ing date.

The occurrence of princ i pal prey

between samples

orders and aquatic

of Litoria dahl-iiorclers varied wì.de1y

coll-ected at dif f erent ti-ures f rom the same l-ocations. The

occurrence of aquatic prey in samples coincided with rising

water l-evels in the Magela Creek system, as ilocumented in

Chapter (5.1.7).

Aquatic prey orders were not identified in stomachs

collected during the Iate dry seaaon in 1981. Terrestrial-
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Figure 8.1 " 1 ; Percentage frequency of occurrence of

princi-pal prey orders in stomach

contents of Litoria

at the MageIa Çreek

the Iate dry seasoD.'

dahlii collected

floodplain during

1981 .
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Fi gur e 4.1 "2; Percentage frequency of occurrence of

principal prey orders in stonach

contents of I,itoria dahlii collected at

the Magela Creek floodplain during the

1982"nid wet geason,

The presence of aquatic prey orders

by shading.is represented
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Figure 8. 7. Percentage frequency of occurrence of principal

prey orders in stonach contents of Litoria dahlii
collected at the MageIa Creek fl_oodplain during
the Iate wet sqason, 19Bi and j9gZ.

The presence of aquatic ord.ers is represented by shading.
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prey, incJ-uding the 0rthoptera and Chilopoda, predominated

in these samples. Fol-lowing J-ight f all-s of rain ¡ the

surface of the floodplain was moistened only eJ-ightly and

many terrestrial- arthropods rìIere sighted on the cracked

al-luvial- soil.

Aquatic orders Iùere i-dentified in each of five sampÌes

collected during two wet seasons but the occurrence of

these orclers varied between the samples. The nunber of

aquatic orders present ranged from five for samples

collected on 20/4/81 and 16/4/82 to one for stomachs

obtained on 17/7/82 and 19/4/ez. Prey orders such as the

Ephemeroptera and Col-eoptera predominated in sone samples,

but y{ere absent f rom others col-Iec ted at the same l-ocation

onJ-y days late r .

Large numbers of flying Ephemeroptera, Coleoptera and

Herniptera were observed at the sampJ-ing l-ocatlons on the

occasions ¡uhen these orders occurred most frequently in

stonachs (g/+/az and 16/4/ez).

8.2; SPATIAL VARIATION IN STOMACH CONTENTS.

The results of stomach content analyses for sampÌes of

Litoria dahlii collected at the Tailings dan and. Magela

Creek floodplain during the 1 981 -82 we t season have been

pooled, and are presented in Tabte (8.2.1) - Resul-ts are

summari-sed in Figure (8.2.1) in terms of percentage

frequency of occurrence of those prey orders present in at

l-east 1Oi¿ of stomachs examined.
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TabIe A.2.1; Percent frequency of occurrence of prey orders
identified in all samples of Litoria dahlii collectecl
at the Taili-ngs dan and the Magela Creek floodplain.
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Figure 8. 2.1 ; Percentage

princ ipal

of Litoria

frequency of

prey orders in

occurrence of

stomach contents

dahlii collected at the Magela

dan.Creek floodplain and Tailings

The presence of aquatic prey orders is represented by

shad ing.
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The princj-pal prey orders and diversity of prey orders

identified varied between the poolecl samples- In stomachs

collected from the MageIa Creek f1oodp1ainr20 orders were

identi-f ied , incì-uding eight aquatic orders. Coleoptera,

Hemiptera and Diptera predominated r each occurring j-n over

15i¿ of these stomachs.

The diversity of prey in sanples fron the Tailings dam
1\a¡ al rye (voaTlnin

was Iower (tl ord,ers)^ and. the principal prey orders identi-

fied were Odonata (nymphs and adults), Araneae and Diptera.

Col-eoptera and Heniptela also !ùere significant but occurred
' r^ Ê'5n Ft'^ 4he f;'rtin5r øb"n

less frequently^than in frogs fron the MageIa Creek fl-ood-

pIain.



9.1 DISCUSSION

I

Creek

specl-es

aquatic

studied the distributions

frog fauna to answer a

are most signifi-cant in

185

and diets of the Magela

specifi-c question: which

the ingestion of prey of

most frequentì-y

r¡ith sandy soil,

considered that

origin? Cl-ear resuf ts w'ere obtained, despite the

fact that the study was undertaken in an area of environ-

mental heterogeneity characterised by wide and rapid

variation 1n patterns of inundation and primary production.

9.2 FORAGING MACROHABITATS

The spati-al and temporal patterns of distributj-on of

16 species were investigated to determine which species

forage in or near waterbodies. Regular collections made at

major waterbodies and along transects through different

types of habitat showed that specj-es comprising different

faunal- groups forage in different macrohabitats.

Sightings of aquati-c frogs (Litoria . ....\ctahlr-r/, two

and frogl-ets

the immed ia te

arboreaf species ( I. rothii t. bicolor)

(Ranidel-1a billngua) were restricted to

vicinity of water during the sampling perì-od; and it is

concl-uded that these specj-es spend the greatest portions of

their foraging tj-me in close proximity to aquatic macro-

habitats. The ground hylids ( L. allida, L. inermis,

I. nasuta L. torni-eri and. L. wot,ìulumensis), which Iack

presumed to havefossorj-al- adaptations and which are
(pecs. obs.)

l-imited ability to store Ìuaternr lùere

encountered along transects in moist areas

and at the edges of waterbodies. It is
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macrohabitats in close vj-cinity to waterbodies are

important f oraging areas f or these highl-y mobi-1e species -

Toadl-ets ( Uperolela inundata) were record.ed. in all- macro-

habitat types recogni-sed, includì-ng those associated 
, 
with

waterbod.ies. Aì-ong the transects, poorly drained

areas with sandy soil-s (ttauitat types # 2, # 7 and. # 4)

support a more di-verse and abundant anuran fauna ttranf"wett

drained areas with hard gravelly solls (ita¡itat type # 1 ).

MuscuIar, fossorial- species with the ability to store large
(ge,^s. obs.)

amounts of water in the bladder, such as Notaden melanos-

caphus and

found in

Li-mnodynastes ornatus !{ere the most common frogs

Habitat type # 1. However' sightings of these

areas. AduIts andspecies were not restricted to such

sub-adufts of the wide-mouthed

austral-is ,were most

woodfand with sandy

burrou'ers 
2

Cycl-orana

common along transects in areas of open

soil- (tta¡itat type # 2), anð' were sel-dom

sighted elsewhere. Consequenfl-y2 I propose that aquatic

macrohabitats are of minor significance as foraging areas

for wide-mouthed and narrow-mouthed burrowing frogs

( Cy"lorana australis, C. lonei¡es Limnodynastes ornatus

and Notaden melanoscaphus).

The spatial distribution of the frog fauna varies

temporalJ-y with rising water Ievels at waterbodies 
'

inundation of grassland and woodfand and the onset of

breedi-ng act j-vit j-es. Al1 species studied are active in

aquatic macrohabitats as newly metamorphosed juvenil-es

departing the Larval- habitat, and as breeding adults.

Therefore, i-t is concLuded that al-1 species could encounter

prey of aquatic origin during at l-east two stages of their

post-larval- life histories.
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My resul-ts show that an index of food consumption

( stonach distention) is significantly inftuenced by

breeding activity. Cal-l-ing nal-es and gravid fernales in

ampJ-exus both had significantly less food in the stomach
ot.a .!+t5o'ìt, .f

than ^ other ^ f rogs. tr'rogs of undetermined deveì-opnental

stage, gravid females, femafes and juveniles had the most

food in the stomach. Such findings have been reported by

Johnson and Christlansen (lglø) and Durant and Dole (lglq),
da

and ^ outlined in my l-iterature review. I propose that

foraging activj-ties are pl-aced at a fower premium than

breeding activities whil-st frogs are aggregated at water-

bodies for breeding purposes.

f n accordance with thj-s proposaJ-r I consider that ' with

the exception of aquatì-c frogs, food itens identified in

stomachs of calJ-ing mal-es ancl gravid femal-es at waterbodies

are consumed el-sewhere in fo raging habitats. In the case

of L. dahlii , breeding sites coincide with the foraging

habitat. The MageIa Creek fauna comprises opportunistic

breeders and, because of the wj-despread inundation of the

region in the wet seasons, breeding sites can be found in

close proximity to terrestrial- foraging habitats. During

roadway surveys on nights of heavy rain, Cyc I o rana

austral-is , considered. to be a terrestrial forager r was

observed often to move across to breeding aggregations at

waterbodies and then back to drier areas before dawn.

Species which normally forage in mor.e terrestrial habitats

may encounter prey of aquatic origin during breeding

activitiesrbut I assume that the l-evel- of ingestion of this {yf"l

prey by such species is not significant.
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To test thi-s predictlon adequately, it would be

necessary to compare the stomach contents of both breeding

and foraging frogs col-l-ected simul-taneousl-y, j-n such a

nanner as to stand.ardise al-I other factors governing

feeding habi-ts such as slte and ti-me of collection' prey

avail-abiì-ity and levet of satiation. Such research ïIas

beyond the scope of the present study, but supporting

evidence is avall-ab1e f rom stomach content anal-yses. By

necessity, the majority of specimens of Notaden

melanoscaphus, Up erol-eia i-nundata, Ranidel-la b j-J-ingua 
' the

four ground. hylids and Litoria rubell-a incl-uded in stomach

content analyses !{ere coll-ected fron breeding aggregations

at waterbodies . Despi te the proximity of these breeding

frogs to water, aquatic prey orders lrere absent from
rtere

stomachs of N. melanosca hus and U. inundata ,and,npresent in

less than 12% of the stomachs of the other species.

There is a l-ack of data on the ingestion of prey of

aquatic origin by juvenile frogs departing the l-arvaI

habitat. Over B4% of al-l- recently metamorphosed juveniles

stil1 possessing a portion of the l-arvaL tail had empty

stomachs. Newly metamorphosed juvenifes of al-l species,

with the exception of Litoria dahl- j-i, were not col-l-ected in

l-arge numbers adjacent to waterbodies containing great

numbers of l-arval- conspecif ics. Presumably juvenJ-J-es

depart the littoral zones of waterbodies rapidl-y as they

are vulnerabte in these areas to a range of fish, birds 
'

reptil-es and. mammal-s known to prey on anurans i-n the Magela

Creek system (tyter and Crook, 1 9BO, TyIer and Cappo,

1982).
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El-sewhere it has been found that garter snakes

Thamnophis) "onverge on anuran larval- habitats to prey on(

metamorphosing anurans, which are consj-dered to be

intrinsically vul¡erab1e, specificaLIy because they are

inept at f ocomotion ( ArnoId and i¡Iassersug, 1 978 ) . These

authors proposedthat transformation is an ecol-ogical hurdle,

overcome in some cases by satiati-on of predators ' through

synchronisation of metamorphosis j-n time and space ? and by

fornation of sel-f ish herds (Harnirton ' 1971) in which

individuals gain protection by association with more

vulnerabl-e conspecifics. Bragg ( I gfO ) t"ported the

complete dispersal- overnight of many thousands of
rno(rurdt¡als ol

synchronous 1y me tamo rpho sing^ Scaph j-opus holbrooki- arùay fron

their larval habitat. I found no evidence of such mass

movenents in

Litoria dahlii

the

and

study area ?

Limnodynastes

but Cyc 1o rana australis

convexi-us cul-us are known

to form dense

of individuals

1982).

pre-metamorphic school-s containing thousands

(tyter and Crook, 1 980, Tyler and Cappo 
'

9.3 C0NSUMPTT0N 0F PREY OF AQUATIC ORIGIN

Lists of stonach contents produce a stationary

picture of frog diets which are known to be dynamic 
'

varyi-ng with developmental- stå8€ I notivational state and

prey availability. To overcome this bias in stomach

content analyses of each species, I poofed samples of a

range of d.evelopmental stages coll-ected over two wet

seasons at different locations. I am confident that this

spread. of saurpling effort, often enforced by sampling

baises outLined earlier, gives an accurate refl-ection of
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the relatlve l-evel-s of j-ngestion of pïey of aquatic origin

by 15 lÊ spec 1es.

At the l-evel- of prey 0rder, there were marked dif f er-

ences in the frequency of occurrence of aquatic prey in

stomach contents of each specles. This occurrence is

summarised in TabIe (9. 1 ). Trom these results I conclude

that only Litoria dahl-ii and two arboreal- species,

L. rothii and L. bicolor, consume significant amounts of

prey of aquatic origin. Aquatic prey orders 1¡ere compl-ete-

l-y lacking frorn stomachs of Litoria tornlerí, Limnodynastes

o rna tus ,

Uperoleia

L. convexiuscul-us Notaden mel-anoscaphus and

inundata ,despite the fact that the colÌections of

these species conprlsed i-ndividuals found in cl-ose associa-

tion with waterbodies. 0ther ground hylids 
'

Litoria

rubella and Cyclorana Longipes -consumed al-ate stages of the,

Odonata, Zygoptera, Trichoptera and Ephemeroptera; but in

al-I cases rthe frequency of occurrence of such aquatic prey

vras less than ,2"¡.TIv-l,nura constituted the only aquati-c

0rder identified in the sample of Cy c l-o rana aus t rali s ,a

species notorious for consuming other frogs in captive

situations (pers. comm. G. Crook, pers. obs. ). Predation

on conspecificsr or other frogs, l¡as observecl regularly

only for C. austral-is and Litoria dahl-ii.

0rd.ers comprising both terrestrial and aquatic prey

stomach contentf amil-ies were of ma j or

analyses of aquatic frogs,

impo rtanc e in

arboreal- f rogs, ground hylids

lÉ Lj.toria wotjulumensis was not j-ncluded in stomach content

anaì-yses.
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aquatic prey families in stomach content ana)-yses

of the 1 5 study spec:.es.
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AQUATIC PREY -
ANALYSES AT THE

LEVEL OF PREY FAMILY
Í TOTAT NUMBERS IDENTIFIED

26 .9

SPEC I ES

AQUATTC FR0CS

Litoria dahlii

ARBOREAI, FROGS

L. rothii

L. bicoLor

L. rubella

CROUND HÏLIDS

I. pallida

L. inernis

L. nasuta

L. tornieri

h'IDE-UOUTHED,
BURRO}TINC FROGS

Cyclorana australie

C. Iongipes

Li¡nnotlynastes o rna tus

L. converiusculus

NARROL'-UOUTHED,
BURROTIINC FROGS

Notaden nelanoecaphue

TOADIETS

Uperoleia inundata

FRO CLETS

Ranldella bfllngua

46.4

27 .5

16.5

4.9

19 .1

lo ,)

1.8

8.1

11.1

2.1

0 0

5.6

11.1

15.O

22.7

8

U

1

6

0

o

5.1

1.5

4.2

11.1

o

o

AQUATIC PREY -
ANALYSES AT THE

LEVEL OF PREÏ ORDER
I rnsQueNcY oF occuRRENcE

1.6 2t .6
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and hride-mouthed, burrowing frogs, and were of secondary

inportance as a contribution to anaLyses of narrow-mouthed

burrovrers, toadlets and froglets. It was possible only to

identify whole individual-s of the Coleoptera and Hemi-ptera

to tr'anily l-eve1. The percentage of individual-s identif ied

as bel-onging to an aquatlc tr'amiì-y is shown for each species

in Table (9.1 ).

These results ì-argeÌy reflect the frequency of occur-

rence of aquatic orders,

melanoscaphus, Uperol-eia

with the exceptions of Notaden

inundata and Ran j-dell-a bilingua.

Aquatic coleopterans comprised a significant proportion of

the ltens identj-fied for these three specles, aÌthough the

number of i-tems identified for N. melanoscaphus (ZO) and

U. inundata (ZZ) are low. A large percentage of the

henipterans and col-eopterans identified in the stonach

contents of t. dahlii L. rothii and L. bicol-orwere of

aquatic origin, relnforcing earl-ier predictions concerning

their roles as predators of such items. SimiJ-arJ-y'

t. rubella, the four ground hylids and the wide-mouthed'

burrowfng species did not have significant proportions of

prey from aquatic famil-ies in their stomachs.

Dipterans !{ere the most common prey items found in the

specles, L. rothii andstomach contents of

L. bicolor

the arboreal

consider that the maj ority of these,andI

ctipterans originated from the waterbodies at which the

arboreal- f rogs were coLlected. These prey rlere smaII, and

superficialJ-y resembl-ed chironomids and chaoborj-nids which

occur commonly at these rtlaterbodies (Uarchant, 1982)¡ but

the rapid digestion of taxonomic features prevented identi-
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role of these arboreal- frogs as

aquatic origin was consequentlYofpredators of prey

under-estimated in the stomach content analYses.

9 4 LNGESTION OF PREY OF AQUATIC ORIGIN SPATIAL AND

TEMPORAL VARIATION

In a survey of the littoraL zones of five permanent

billabongs along Magela Creek, Marchant (lgAZ) found that

in shallow billabongs ( simil-ar to Nankeen BiLl-abong in the

current study) there were wide temporaÌ fluctuations in the

abundance and diversity of the macroinvertebrate fauna.

Greatest numbers of taxa and of individual-s I¡ere caught in

the fate wet season and early dry season. By the end of

the dry season (Oecember) , the diversity and abundance of

the fauna had declined , rêspec tivety, to levefs one- third

and. one-fifth of previous values. These changes ÏIere

associated with the extensive growth of macrophyte bed's

(Nymphaea, Nynphoides, Utricularia, El-eocharis, Aponogeton)

which occurs during the wet seasons i-n aLl- billabongs and

on the MageIa Creek f IoodPì-ain.

The diversity and abundance of prey of aquatic

contents varied

origin in

tenpo ral-samples of Litoria dahlii-

J-y in a similar manner.

fl-oodplain near Nankeen

season, when soaking

aestivation si tes

rains caused them to emerge from their

This species was not

Billabong until Iate

in deep cracks

ti-me , o nly

contents,

stomach

seen on the

in the dry

f Ioodplai-n. At this

predoninated in stonach

pedes and spiders. The

i-n the surf ac e of the

terrestrial arthroPods

rnainly crickets, centì--

occurrence of aquatic orders lIas
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associated with great changes in water l-evel-s on the

floodplai-n and the resultant bloom in vegetative growth

from buried seeds anil corms. The Anura, Ephemeroptera 
'

0donata, 0stracoda, Trichoptera and Zygopteta were repre-

sented in sanples of frogs col-lected during the middLe and

l-ate wet seasons, but there were marked differences between

sampl-es. 0ne of these differences can be attributed

d j-rectly to microtemporaJ- dif f erences in prey abundance.

On April, 9, 1982, vast hatches of ephemeropterans occurred

from within and arounal Nankeen Bil-Iabong; and all- frogs

captured there contained large numbers of these insects.

0nJ-y one week Iater, no ephemeropterans Iùere observed or

found in stomach contents l but, instead, a smaf l- coJ-eop-

teran, observed in great numbers on emergent macrophytes 
'

occurred. in 86% of stomachs examined.

Pooled stomach contents of Litoria dahlii col-l-ected at

the Tailings dam and the MageIa Creek floodplain differecl

marked.J-y in the diversity and abundance of prey taxa. At

l-east some of these differences can be attributed. directJ-y

to spatial differences in prey abundance. In the pooled

samples from the Tailings dam and fl-oodplain there were 
'

respectiveJ-y, 17 and 29 prey types present. Principal-

prey, in terms of f requency of occurrence in- sarnples , r!¡ere
ie?r.ter.lc.+ru¿t ollh¿ oÊthø

rOdonata and Araneae at the Taillngs dam, and^Coleoptera and

Hemiptera at the floodptain. There was no growth of

macrophyte beds in the Tailings dam, and the only emergent

vegetation present for most of the study I{as flooded spear-

gras s (Sorghurn) and dying eucalypt sapJ-ings. Marchant

(l geZ ) found littte variation between billa'bongs in the

mean conposition of the macroinvertebrate fauna ¡but in the



shallows of the Tail-ings

were seen to be abundant

was a Iower diversity of

the Tailingsliving in

macrophyte

dam, only the

in my study.

prey types

dam be c aus e of the lack of any

growth in the waters there.

The stomach contents of litoria dahlii vary with

seasonal, microtemporal and spatial factors. The

occurrence of prey of aquatic origin in the diets of all-

species presunably varies aIso. My objective I¡¡as to

establ-ish the rel-ative Ievel-s of consunption of prey of

aquatlc origin and , despi te the probability of absol-ute

var j-ation j"n diets, the f oIl-owing conclusions can be drawn.
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nymphs of the 0donata

I believe that there

avail-abIe to L. dahlii

By virtue of their foraging

and the nature of their stomach

activities at waterbodies,

contents, I conclude that

spec].es

o11g1n.

arboreaL frogs,

most significant

the aqua ti c

L. rothii and

frog, Litoria dahlii , and two

I. bicolor , are the

in the ingestion of prey of aquatic

Litoria dahlii, in particular, is norphol-ogical-ly

adapted for foraging in waterbodies and may have the
(gecs, obs.)

ability to feed underwater^. In the Laboratoryrthis species

fed on tadpol-es but it was not determined whether the frogs

captured this prey bel-ow the surface or at the air f watgr
6 gcnr. "bl )interface^. A wide range of aquatic prey was i-dentified in

stomach contents ¡ including adults and Iarvae of henip-

terans, dytiscid beetl-es, trichopterans and odonatans,

ostracods and conspecific frogs. This species forages in

large numbers amongst flooded grasses and sedges on the

floodplain and aLso on the bare surface of the lj-ttoral-
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zone of waterbodies, Marchant (lgAZ) found that these

areas support the greatest diversity and abundance of

aquatic insects, associated with macrophyte beds and

organic detritus. In habits and morphology, Litoria dahlii

resembl-es the ranid ecotypes of the northern hemlsphere

which are known also to consume significant amounts of

aquatic prey, i-ncluding other frogs (u.g. Bruggers' 1977).

A1 tho ugh seldom found far from water, L. dahlii

demonstrated great ability to disperse al-ong the temporary

corridors prov j-ded by l-inkage of waterbodies in heavy rain.

At these times, individuaLs were seen to move upstream from

Coonj imba Swamp across roads to large rain puddl-es ' the

sewerage treatment works and retention ponds. Within a

year of construction, the retenti-on ponds and Tail-ings dam

near the Ranger uranium mine r,Iere colonised by large

numbers of L. dahlii -which presumably had moved up the

Magela Creek. Breeding occurred soon after col-onisation.

The aboreal- species, Litoria rothii and L. bicolor,

forage in the fol-iage of trees, such as Pandanus aquaticus

and Barringtonia a cu t ansu 1a overhanging waterbodies.

Litoria bicol-or, which is smaÌ1, slender and green' moves

over the floodpl-ain to forage on the stems of emergent

macrophytes. It is apparent that the foraging micro-

habitats of the two species do not overlap widely on

foliage, perhaps
S?Cc¡oC¡l oC

single^ L. bicol-or Ìras f ound. in a L. rothii stomach f rom

Nankeen BilIabong.

because L. rothii preys on L. bicol-or. A

Alate prey predominated in analyses of the stonach
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species, especially dipterans and

also trichopterans, ephemeropterans and

of the Herniptera and Col-eoptera. Vast

i-nsects occur at waterbodies, and many

rùere observed to a1i-ght on overhanging

zygopterans. but
tnen[¿rs of

¡ aquatic famil-ies

hatches of these

spent individuaÌs

vegetation,

Emerging and

and Diptera

so thickJ-y at

spent adul-ts of

times as to form a fil-n.

woul-d afford a continuous source of

prey for L.

the Trichoptera, Ephemeroptera

presumabl-y

rothii and L. bicolor foraging in this foliâBe ,

as Marchant (l gAZ ) founa that these insects breed and

emerge throughout the year at MageIa Creek billabongs.

Both species rapidly coLonised the Tailings dam, retention

ponds, selrerage treatment works and townsite buiÌdings

duri-ng the study period. Both species may be particularly
*he

important in^potential- transfer of material away from these

waterbodies as they consume many small prey items of

aquatic origin. Srnal-J- aquatic larvae have higher surface

area to weight ratios rand hence may absorb more water-borne

contaninants prior to emerging as alate ad.uIts.

In fulfill-ment of my original obj ectives , this thesis
ú||ôÉ¡4,ô

has outl-ined which n species are most significant in the

ingestion of prey with whoJ-1y or partially aquatic l-ife

histories. Quantitative data on stomach contents and

spatial- distributions of 15 species also have been

presented. It is antj-cipated that this inf ormation wi-l-l- be

utiLised to model paths of energy ffow from aquati-c to

terrestrial ecosystems rand to sefect anurans as points for

biol-ogical monitoring of environmental contamlnation j-n the

MageIa Creek system.
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Appendix (l.l ); Australian studies of frog food and feecling hablts.

AUTHOR SPECIES Nunb e r
Exaninecl

calaby (lg¡e)
calaby (rgeo)

llain (rg¡z)

Main ancl
Calaby

Barc Iay-Ro se

Ìlotherspoon (lgAl)

Lee (lgez)

PengilÌey (tgZl)

MacNally (lge:)

Myobatrachus gouldii
Linnodynastes spenceri
Cyclorana cultrÍpes
C ri-nia rosea
C. l-eai
C. georRiana
C. glauert!-
C. insignifera
C. pseudinsi.gnif era

Uperoleia russelli
l,innodynastes sDencerl
Cycl-orana cuLtrÍpes

Heleio orus australiacus
innodynastes peronii

L. ornatus
L. dorsalis
Pseuclophryne 

"¡g¡¡s].isP. bi-bronii
Crj-nia signifera
Litoria caerulea
L. phvllochroa
L. verreauxii
L. freycineti
L. .iervisiensis

Mi xo h es fas ciolatus

HeleloDorus albopunctatus
H. eyrei
H. inornatus
H. barycragus
H. psamnophiÌus

Ps euclo h ne corroboree
P. dendyi
P. bibroni
Crinia signifera
HyIa verreauxli

Ranidella signifera
R. parins j-gnif era

Li.toria aurea

¿ô
9

12
?
?
?
?
?
?

( I g¡r ) Ã

9
12

2
6

1

2
4

1

7

¿

1
1

1

1

(t gt q)

4
78
11
20
12

722
54
29
+6
21

148
40

?
2

Hunphries (lgZg)
L. raniformis
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Appenclir (+. t ); Data recorded for each specimen on the

MORFROCMETRICS conPuter file.

FROG SPECIES CODE.

FROC IDENTITY NUMBER.

FROG CATEGORT.

SNOUT-VENT LENGTH (tt)

MOUTH CAPE ('')

TOTAL }JEIGHT (e)

INDEX OF SIOUACH DISTENTION

sloMAcH IÍEIGHT. (e)

DATE OF CAPTURE.

TIME OF CAPTURE.

LOCATION OF CAPTURE.

Appendix (+.2); Data recorded from stonach content analyses at

the level of taxonomic 0rder on the DISSECT

computer file.

FROG SPECIES CODE.

FROG IDENTITY NUMBER.

sroMvoL I (ntrt2 )

sroMvol rr ("*2 )

AVERACE STOII{VOL (''2 )

FOODNUM.

FooDvoL (rr2 )

DIGESTNUM

DIGESTVOL (''2 )

f orcnstnuu

f otcnsrvor,

For each prey cateSory (p) found in the stomach contents;

PREY CA1EGORT CODE,

}IHNUM, REMNUM, WHVOL, REMVOL, SUMNUM, SUMVOI,'

DIGESTATE, PROPNUM, PROPVOL.
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Appendix (q.l); Data recorcled for arthropods lncluded in stonach

content analyees at the level of taxonomic Fanily

on the FAMLEV conputer fi1e.

FROG SPECIES CODE.

FROG IDENT ITY NUI{BER .

NUMBER OF ARTHROPODS MEASURED.

PREY CATEGORÏ CODE.

PREY FAMILÏ CODE.

TOTAL LENGTH OF PRET INDIVIDUAT

VOLUI{E OF PRET INDMÐUAIJ (only Fanily Code >O) (rr3 )

(*)

>0 if Prey



Appendix (+.+); Codes used to identify sampling sites.

CODE LOCATION

SITE I

SITE 2

SITE 1

SITE 4

SITE 5

SITE 6

SITE 7

SITE 8

SITE 9

SIlE 1 O

SITE 11

SITE I 2

SITE 1 ]

SITE 1 4

SITE 15

SITE 1 6

SITE 17

SITE 1 8

srTE 1 9

SITE 20

SITE 21

SITB 22

SITE 2]

SITE 24

SITE 25

SITE 26

SÏTE 27

SITE 28

sIlE 29

SITE 
'O

SITE ] I

MACELA CREEK TRANSECT

GULUNGUL CÌEEK TRANSECT # 1

GULUNGUL CREEK TRANSECT # 2

JABIRU EAST ROADS

JABIRU EAST ROADS, ADJACENT TO SÌIAI,IPI,AND

MINESIlE TAILINGS DAM

JABIRU EAST SEWERÂGE TREATMENT WORKS

I4INESITE RETENTION POND # 1

MINESITE RETENTION POND # 2

14INESITE RETENTION POND # ]

JABIRU TOWNSITE ROADS

JÂBIRU TOv.¡NSITE ARTIFICIÂL I,AKE

GOANNA BILLABONG

NANKEEN BILLABONG

NANKEEN BILLABONG LDVEE, STATION A

NANKEEN BILLAB0NC, Pandanus
STAlION

aquaticus foliage
B

MAGELA CREEK FLOODPLAIN

MACELÀ CREEK ¡'LOODPLÀIN MARGIN, STATION C

MAGELA CREEK FLOODPLAIN, DRAINAGE CH^ÀNNEI,

JABIRU EAST AIRSTRIP

ROAD, }.IESTERN DND OF JABIRU EAST AIRSTRIP

ARNHEM HICHWAY

ARNHEII HIGHWAY, Roadside borrow pits

ARNHEM HIGHtlAY, Adjacent to swarnpland

GULUNGUL CREEK, SandY creek bed

MINESITE ORE BODY, PIT.,J''

JABIRU EAST REFUSE DUMP

CULUNCUt, CREEK St,tAMP

NÂ,NKEEN BILLAB0NG, Unspecified follage

ÀRNHEM HIGHWAY' Grassland 8O0 metles uest
Gulungul Creek

MAGELÂ CREEK, Sandy creek bed

NANKEEN BILLABONG, Barrinetonia acutangula foliage

STTE ]2

of
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Appendix (+.5); Codes used to identlfy frog species

C ODE SPEC IES

L. dahl. Litoria dahlii

L. ro th. Litoria rothii

L. bico. Litoria bicolor

I. rube. Litoria rubelfa

I. paJ-J-. Litoria pal-Iida

I. iner. Li-toria inermis

l. nasu. Litoria nasuta

L. torn. Iritoria tornieri

L. wotj. Litoria wot u lumens i s

C. aus t. Cyc J-o ran a australis

C. Ìong.

L. orna.

L. conv.

Cycl-orana longj-pes

Limnodynastee ornatus

L imno dynastes convexiuscufus

N. me1a. Notaden melanoscaphus

U. inun. Uperoleia inundata

R. biri Ranidel-l-a bilinsua



Âppenatir (4.6); Codes used to ictentify prey Orders

CODE VERNACULAR TERM

r6

29

t7

5

t5

17

2

2t

11

24

te

5

2A

t5

4

12

1

14

21

27

10

tt

20

,b

,o
6

,9

22

51

t4

4l

5?

t8

?6

25

40

42

41

9

't9

I

7

ÂCÂRINÄ

ANURA - ADULT

ANURA - LARVÀ

ARA NE AE

BLA TTO DEA

CHILOPODA

COLEOPTERA - ADULT

COLEOPTERÄ - LARVA

CO L LEM BO LA

DERMA PT ER A

D I PLOPO DA

DIPTERA

EPHEMEROPTENA

CASlROPODA

HEÌif I PT ER A

HY¡IENOPlERA - ALATE

HII,IENOPlERA - NON-ALÀTE

ISOPTERA - ALATE

ISOPTERA - NON-ÂLAlE

ISOPODA

IEPIDOPTERA - ADULT

LEPIDOPTERA - LARVA

I.IANTO DEA

ODONAÎA - ADULT

ODONATA - NYMPH

OLIGOCHAETA

ORl HO PlER A

OSlRACODA

PI{ALANC I DA

PHA SI,I I DA

PLECOPTDRA

SCONPIONIDA

THXS ANO PT E R A

TRICHOPTERA - ADULT

TNICHOPlERA - NTMPH

ZÏCOPTERA - ADULT

ZXGOPTERA - NYI,IPH

OTHER, VERlEBNATU

0THER, INVERIEBnAIti

UNDETERI,IINED ADULT

UNDETENUINED LARVA

VECDlABLE I.IÂlERIAL

IIIORCANIC I,fATERIAL

Mites

Frogs \

Tadpoles

Spiders

Cockroaches

Centipeales

Beetles

Beetle grubs

Springtails

BarHigs

Hillipedes

lilosquitoes, gnats anal two-yinged flles

Mayflies

Snails

Bugs

Ants, uasps anil bees

Ants

Terni.tea

Ternites

Pill lice

Moths anil butterfLles

Caterpillarê

Mantises

Dragon flies

tludeyes

Earthvo rns

Grasshoppers and crl-ckets

Harvest spiders

Stick insects

Stone fLies

Scorpione

Th rl ps

Caddis flies

Caddie

Damsel flies

Grass, tyigs

Sand, stones

PNEY ORDER

21 2
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Appendix (+.1); Codes used to id entify prey famil-ies.

CODE PREY I'AMILY

TERRESTRIAL C0IE0PTERA and HEMIPTERA

AQUATIC COLEOPTERA

o

1

7

4

20

6

7

a

9

10

11

16

17

18

2

5

12

11

14

15

19

DYTISCIDAE

GYR IN I DAE

HALT PLI DAE

HEIODIDAE

HISTERIDAE

HYDRAEN I DAE

HYDRO C HI DAE

HYDROPHIIIDAE

HYGROB I I DAE

LIMNICHIDAE

PS EPHENI DAE

SPERC HE I DAE

SPHAERI IDAE

AQUAT I C HEM] PTERA

GERR I DAE

HEBR I DAE

MESOVELI IDAE

NAUC ORI DAE

O C HTERI DAE

PLE I DAE

VELIIDAE



Appendix ( 5. 1 ); claesification of
Waterbod j-es ( w) , E
and Terrestrial- (t

Sanpl ing Irocations as
l,laterbodieshemeral (nw¡p

)

S ITE CLASSFN

1

2

7

4

5

6

7

8

9

10

11

12

11

14

15

16

MAGELA CREEK TRANSECT

GULUNGUL CREEK TRANSECT # 1

GUTUNCUL CREEK TRANSECT # 2

JABIRU EAST ROADS

JABIRU EAST R0ADS' Àdjacent to swampland

MINESITE TAII,INGS DAM

JABIRU EAST SEt,llERAGE TREATMENT 1{ORKS

MINESITE RETENTION POND # 1

MINESITE RETENTION POND # 2

MINESITE RETENTION POND # 5

JABIRU TOWNSITE ROADS

JABIRU TOWNSITE ARTII'ICIAL LAKE

COANNA BILLABONG

NANKEEN BII,LABONG

NANKEEN BILLABONG LEVEE, STATION A

NANKEEN BILLAB0NG, Panclanus
STATION B

aquaticus foliage

NANKEEN BILLABONG, Barrinetonia acutangula foliage

T

T

T

T

T

hI

I,/

T

T

T

T

ll

T

li

lJ

17

1B

19

20

21

22

21

24

25

26

27

28

,o

1o

11

MAGELA CREEK FLOODPLAIN

MAGELA CREEK FLOODPI,AIN MARGIN, STATION C

MAGELA CREEK FL00DPLAIN, Drainage channeL

JABIRU EAST AIRSTRIP

ROAD, IIESTERN END OF JÀBIRU EAST AIRSTRIP

ARNHEM HIGHl.lAY,

ARNHEM HIGHVAY, Roadside borrow pits

ARNHEM HIGHt,rAY, Adiacent to swanplancl

GULUNGUL CREEK, SandY creek bed

MINESITE ORE BODY, PIT..J''

JABIRU EAST REFUSE DUMP

GULUNGUL CREEK SIJAMP

NANKEEN BILLABONG, Unspecified foliage

ARNHEM HIGHWAY, Grassland BO0 metres west
Gulungul Creek

14ACELA CREEK, SandY c¡eek bed

l'l

lJ

l.¿

ll/

I'I

T

T

T

EW

ES/

T

T

T

EW

H

El|l

T

SAMPLING LOCAlION

t2

of

21 4
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LOCÀ1I0N

S ITE

SIlE

S ITE

SITE

SITE

SIlE

SITE

S ITE

SITE

S TTE

SITE

S IlE

SITE

SITE

SITE

SITO
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A¡'pendir 6.4.1; Length frequency distributions of species erani¡etl in stonach content analyses.

SNOUT TO
VENT I,ÐNGTH

SPEC IES CODE

LENGTH
CLÂSS (nn)

TOTÀL 207 142

L.
to th

L
dahl

lOlALR

bili.
U.
].nun.

N

neLa.

0 - ,.o
5.1- 10.0

10.1- 15.0
1 5. 1 - 20.0
20,1 - 2r.O
25,1- 10.O
to.1 --t5 .o
15.1- 40.O
40.1- 45.O
45.1- 50.O
50.1- 55.0
55.1- 60.0
60.1- 65.0
65.1- 70.O
70.1- 75.0
75.1- 80.0
80.1- 85.0
85.1- 90.O
90.1- 95.9
95.1-10O.0
o0. 1 -1 05 .0
05.1-110.0

28
41
,
0
U

0
0
0
ô
0
0
0
0
0

0
0
I

10
4
9

77
28
11

4

0
0
U

0
0
0
U

0
n

0
0

0
0

14
)t
16

ô

0
0
0
0
5

t6
)q

0
ô
1

1o
128

t
0
0
ô
U

U

0
o
0
0
0

0
U

0

0
0
0
0
0
1

0
4
o
0
0

o
0
0
0
0
0
0

0
0

2

6

0
U

1

I
)tr
70

7
0
0
0
0
0
U

0
0
0
o
0
0
ô
0

71174120249

ô
0
0

10
24
o3
)¿

2
U

0
0
U

0
U

0
0
o

0
0
o

o
0
0
U

U

U

0
0
0
0
0
0

o
0
0
o
0
0
o
0

0
0
0

)q

2

69
24

U

0
0
0
o
0
0
0
0
0
0
0
U

0

0
0
0
0
1

1
5
2
6

1

0
0
6
2
2
8
¿

o
ô
0
o

0
ô
0
0
2
1

7
4
7
1
2

0
0
0
0
0
0
0
0
0
0

0
0
1

4
6

1

9
5
0
0
0
0
0
0
0
U

0
o
0
0
U

0
o
I

11
12
19
t2
21

I
o
0
0
0
0
o
0
0
0
0
0
0
0

0
0
1

4B
9
0
U

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

60 1 64188

ô
0
0
1

0
0
7

16
40
17

0
0
0
0
0
0
0
o
0
ô
0

0
0
0
¿

71
15

o
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
5

110
255
294
148
188
161
115

49
17
21
t2
15
11

2
o
0
0
o
U

26
17
15
Itr

10
7

1
0
0
o
0
0
0

2
1

10? Qtr

I
I

I

I

I

I
I

I

I

I

I

¡

I
I

I
I

I

I

I

I
I

Tõne conv.wot j.
Lt.L

o rnaaus ttorn.
L

I
I

I
I

I

I
I

I

I

I

I

I

I
I

L.
pãr r

L.
ine¡ nasu.

L.LL
¡ube.bico,

77
I
I

I

I

I

22976678o



214

SPDC IES

S ITE

SITE

S ITE

sIrE

SITE

S ITE

SIÍE

SITE

SITE

S IlE

S ITE

t

2

t
4

5

6

7

a

9

to

rt

l2

1t

14

t5

r6

t7

t8

r9

20

21

22

2t

24

25

26

27

2A

29

to

,1

t2

122

129

6

?8

2l

207

59

to
1a

¡t

o

54

5

6

85

t62

?o

,4

156

9

a2

62

98

to
20

2

I

5A

27

I

0

S ITE

S ITE

S ITE

SITE

S ITE

SIlE

S ITE

S ITE

SITE

SITE

S IÍE

S IlE

S ITE

S ITE

SITE

SIlE

SITE

SITE

SITE

S ITE

SITE

TOTA L 60772297667885to??lt74120249142207

4

tf
0

0

o

2l

o

0

o

o

o

o

o

0

17

0

o

0

t

o

o

0

0

o

6

o

o

0

o

o

o

o

l2

41

o

4

'lt

5

I

5

o

o

o

o

o

o

o

0

o

0

o

o

I

2

0

o

6

0

o

0

2

0

o

0

to

a

I

?

o

20

o

o

0

0

o

+

o

0

0

o

0

o

o

'I I

o

0

o

4

0

o

o

t0

o

0

o

t1

4

o

9

o

2

1

I

I

o

o

't t

2

o

0

0

0

o

I

o

t
24

o

ô

I

0

I

o

o

o

o

0

o

o

0

0

o

o

o

o

o

0

6

0

ô

o

0

o

0

o

0

o

o

o

o

5

I
o

2

o

to

2

1

t5

o

'I I

o

I

o

o

5

o

0

0

o

ô

ll

0

4

4

2

o

o

0

o

o

o

o

o

o

5

o

t
t4

o

I

ta

5

o

o

o

2

o

0

0

o

o

o

0

22

t
o

o

I

o

o

o

o

0

o

I

o

9

o

1

2

o

0

0

0

o

0

0

0

0

0

o

26

o

42

o

o

4

o

0

o

o

0

o

t8

17

0

9

,
t9

0

6

o

o

0

1

o

0

1t

0

o

o

17

0

o

2

o

o

I

,
0

0

0

0

o

0

6

6

o

6

o

,
o

t
o

o

0

7

I

o

t
0

o

o

t
0

'I 6

o

o

l2

o

,
o

o

o

o

o

0

r9

ta

o

l2

7

t5

0

t
l2

2

o

2

o

0

2

o

o

o

o

0

a

I

o

t2

t0

5

0

0

5

0

I

o

6

o

4

4

7

o

o

o

4

o

o

2

2A

o

0

o

0

o

o

o

0

4

o

6

7

0

46

o

o

2

I
0

0

0

7

0

I

o

0

o

0

o

0

1t

97

t8

0

57

9

o

0

0

o

5

o

0

o

4l

1t

0

o

0

o

0

0

o

4

4

o

o

2

o

o

0

o

15

,1

52

o

tt
o

0

o

o

t
o

o

o

0

o

l4

o

o

o

6

0

o

o

74

0

o

o

o

o

o

o

6

22

0

o

t4

65

o

o

o

o

o

o

o

o

o

o

o

o

o

b1t11nun.Eeleco¡vo rua.loug.auEt.BAaU.torn.lner.pall.ruba.b1co.ro thdahlS ITE

Appendlx (6.4.2)¡ Slte of coLlectlon of't5 apecie6 of frogô eranlned 1n stoEach content analysea.

1 64t



Appendj.r 6.4.3i CategorÍsation of frogs eranined in stonach contetrt anatrysea according to sizet
sex ancl activity innecllately prior to capture.
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Appendix (6"4.4); Frequency of Occurrence of 41 prey

orders Identified in stomach content

anal-yses of 15 study species "
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Appendix (e .+.5); Nurnber of iterns (WtttUUl,l) of +7 prey

orders identified in stomach content

analyses of 1 5 study species.
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Appendix 7.1"2; Nurnber of items of 22 prey families

identified in stonach content

analyses of 15 study species "
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Appendíx 7.1.1; Nu¡ober of aquatic and terrestrj-al- itens of
to the ÌeveL of fanily i-n stonaeh content

two prey orders
analyses of 1 5
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