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SUMMARY

A¡urans display considerable morphological diversity in the female

reprocluctive system, and a great variety of reproductive rnodes ' In this

study I defined the relationships between interspecific norphological

'r¡ariation and reproductive modes anong L08 species'

Associations between reproductive rnode and morphology must be

related to the natule of the spawn, therefore I constructed a classifi-

cation of rnodes based on egg dianeter and the degree of embryonic

dependence on stored yolk, to facilitate conparison with rnorphology:

l,lode I - eggs with little yolk' larvae aquatic and feeding

I'lode II - eggs containing moderate yotk TeseIVe, only late

1arva1 stages feeding

Mode III - eggs containing large yolk reserve which nourishes

embryo or larva throughout development

lrlode IV - viviparity (not considered here, because the eggs

contain little yolk, therefore reproductive

morphology is not influenced by the same pararneters

as in sPecies of Modes I - III) '

In defining egg characteristics for each mode, r observed the

following features:

1) unpignented eggs in species which oviposit away frorn sunlight, and

a significant trend towards loss of pigrnentation frorn I'lode I to III;
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2) egg diameter (a) is positively correlated with snout-vent length in

speciesoflrlodesllandlllbutnotl,and(b)incrcasessignifi-
cantly from Mode I to III;

3) ovarian complement (a) is positively coI.related with snout-rrent

length within a mode, and (b) decreases significantly fron lt{ode

I to III;

4) a negative correlation between egg diarneter and ovarian complement;

5) for a given snout-vent length, ovarian complement volume remains

sinilar regardless of rnode'

I investigated the nature of morphological variation and the

ontogeny of the reproductive systern. Those features which exhibited

significant interspecific variation, together with correlations with

reproductive mode, were as follows:

1) the nurnber of ovarian Lobes is positivel'y correlated with snout-vent

length and decreases from Mode I to III. These correlations reflect

changes in surface area of ovarian epithelium (larger in larger

species, srnaller for a smaller number of larger eggs)' which is

achieved by changes in the number of lobes;

2) ovarian as)4runetry, which occurs in Rheobatrachus siLus, was not

observed in other species, and therefore appears to be unrelated to

reproductive mode as defined here;

3) the nurnber of convolutions of the pæs conÐoLuta of the oviduct is

proportional to the length of that region, and is positively

correlated with snout-vent length in lrlodes I and III but not in Mode

Il.ItiSnegativelycorrelatedwitheggdiameter,andsignifi-
cantly smaller in Modes II and III than in I'lode I. These correla-

tions probably reflect changes in surface aTea of secretory oviduct

wal1, achieved by altering oviduct length, in species with different
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egg diameters and/or ovalian complelnents, which therefore rcquire

different quantities of oviduct secretions;

4) oviduct width (an indicator of hmen diameter) is positively

correlatedwitheggdiarneter,andissignificantlylargerin
lr{odes II and III than in l.{ode I, thus enabling the large eggs of

N{odes II and III specì-es to traverse the oviduct;

5) in foam-nesting species the posterior-rnost convolutions aÏe

greatlyenlargedandthereforeprobablySecretemucusforfoan

production;

6) the ovisacs remain separate, or unite posteriorly' or are com-

pletelyunited.SeparateovisacsaÏepresentonlyinspecieswith
srnall eggs, and there is a significant trend towards fusion from

Mode I to III; fusion rnay reduce the risk of large eggs inpacting

during oviPosition.

Thereisnoapparentcorre].ationofanypatternofreproductive
norphology with taxonomic status. sinilar rnorphological rnodifications

have evolved in unrelated species which share the same reproductive

mode, presumably in response to srrnilar physiological and environmental

pressures.



].v.

DECLARATION

This thesis contains no rnaterial accepted for the award of any

other degree or diplorna in this or any other university'

To the best of ny knowledge this thesis contains no naterial

previously published or written by another person' except when

due reference is nade in the text '

Shouldthisthesisbeacceptedfortheawardofahigherdegree,
I consent to it being nade available for photocopying and loan'

PHILIPPA HORTON



ACKNOl,'lLEDGEMENTS

MydeepestglatitudeisextendedtomySupelvisot,l.lichaelJ.Tyler,

whowasalwaysreadytoanswerquestions,rekindleenthusiasm,discuss

ideasrellcouragepublicationofcornpletedwork'andconstructively

criticisedraftsandmanuscripts'Forhisguidance'inspiration'
tolerance and hunour I give many thanks'

Much assistance and guidance was also given by ny two colleagues

MargaretDaviesandTornBurton;theirinterestandcheerfulnessalso

added greatly to enjoyment of my research'

FortheloanofspecimenslamgratefultoCaliforniaAcadenyof

Sciences (Dr R.C. Drewes), Blitish Museum (Natural History) (Miss A'G'C'

Grandison),southAustralianl,,Iuseunr(MrM.J.Tyler),l{esternAustralian

Museurn(DrG.Storr),andtoKeithMcDonald.Prof.J.D.Lynchvery
kindly provided me with specimens of several species of ELeutherodactyLus'

TomBurtongenerouslynadeavailablemanyofhismicrohylidspecirnens,

and I was fortunate to be able to use much northern Australian naterial

co]lectedbyMichaelCappo.MrPaulBennof''MinnanuTra''FishFarm,

Balhannah, gave rne permission to collect frogs from his property' other

material was given to me by Jane Moller, Janet Pedler, John Reynolds and

Michael Thompson. To all these people I extend my thanks'

Manyotherpeoplehelpedindiversewayswi.thnyproject,andlwish

to express rny gratitude to them all' Marjorie Quin' Chris Mi11er and



v1.

sandy Powell gave advice on hj.stological procedtrres. Laboratory

naterials and general laboratory aid were given by David l¡|lil1ians, chris

Mi11er, Sal1y Spurrier, Jane hrilson, Kerstin Lungershausen and Julie

Francis. Phil Kernpster gave extensive help and guidance with my photo-

graphic requj-rernents, and Ruth Altman and Margaret Davies gave advice on

preparation of illustrations. Inking and lettering of illustrations I

undertook in the peaceful and hospitable home of Trish and Greg Betros'

Keith l,falker aided me with statistical procedures. Prof . M.H. lt'ake and

DrR.F.LauIentkindlysuppliednewithinformationonparticular
species of frogs. on occasions when I was away, Janet Pedler, Torn Burton,

Davj.d Booth, and my nother, tended my livestock. Sandra Lawson, Jean

Russell-Price and Heather Kirnber typed my corlespondence and manuscripts

of papers. The staff of the Barr smith and south Australian Museum

Libraries were always helpful in locating publications'

Invaluable comments and criticisns on the thesis were given

Ty1er and Torn Burton; I am particularly grateful to thern for the

effort they gave to reading the manuscript' Dr R'I' Sommerville

steven churches also read some sections of the thesj-s, and their

were greatlY aPPreciated.

by Mike

tine and

and

comments

TypingofthethesiswasskilfullyexecutedbyMrsPamJowitt,and

Iamverygratefultoherforhercooperation'Mynother'MrsPauline
Horton, I thank for her help in proof-reading the thesis'

I wish to thank Dr R.I. sornnerville in his capacity as Departrnental

postgraduate coordinator and as ny tenporary supelvisor in Mr Tylerrs

absence

My research work was funded by a co¡nmonwealth Postgraduate Research



vl1 .

Award, for which I arn deepLy grateful to the Conrnonwealth Departmcnt of

Education and Youth Affairs. I am also extremel'y grateful to the

University of Adelaide for the short-term postgladuate award granted to

rne after the ternination of ny commonwealth Award.

Finall,y, for their tolerance, support and care during my research

work and thesis preparation, I an indebted to my mother and father'



I

INTRODUCTION

(a ) BAC KGR OUND AND AIMS

(i) Reproduct ive DiversitY in the Anura

The traditional view of the reproductive cycle of a frog is that it

involves the deposition of large numbers of small eggs in a pond or

similar \^¡ater body, the hatching of these eggs into tadpoles which then

feed and grow, and the rnetarnorphosis of the tadpoles into juvenile frogs'

But more recently there has been an increasingly widespread recognition

that this breeding pattern is atypical of a large proportion of anuran

species. This growing recognition has culminated with the discovery of

gastric brooding in Rheobatrachus siLus (corben et aL., 7974)' Lamotte

and Lescure (1.977) have reviewed most of the literature concerning

species with reproductive patteTnS, or nodes, which diverge fron the

totally aquatic rnode described above; they include more than 90 genera

in their account. Not only are there many species with divergent repro-

ductive modes, but anurans also display perhaps the rnost diveTse aTTay

of reproductive nodes of any vertebrate gIoup. Anuran reproductive modes

range fron completely aquatic to completely independent of free-standing

water, with varying degrees of parental care involved, including gastric

brooding fn Rheobatrachus, ovoviviparity, and viviparity in

N ect ophnynoide s occiÅentaLi's'
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Many of the features which characterize reproductive mode in frogs

are behavioural, but many are related to the nature of the eggs and their

protective coatings, and therefore directly involve the fenale reproduc-

tive system. Thus the female reproductive system may be a structuTe

which displays distinctive morphological variation among frogs ' surpris-

ingly, in view of the diversity of reproductive modes, few herpetologists

have considered the reproductive SySten, but the linited evidence

gathered to date indicates that the system does exhibit norphological

diversity. what is the precise natuTe of this morphological variation in

the female anuran reproductive systen, and how is it related to reproduc-

tive node? These questions are as yet unanswered, and are the ones which

I address in this studY.

(ii) Published Data on the Fernale Anuran roductive stem

The anuran reproductive system as a whole has received only frag-

nentaly attention, other than in part of the work of J.L. Bhaduri and his

colleagues, who examined the urinogenital systems of a large number of

species, as detailed later. A nurnber of accounts, such as those of Noble

(1931),Lofts(Ig74),K1uge(1977),RometandParsons(1'977)'andWake

(1979), deal with the form and developrnent of the gonads and reproductive

tract of anurans in general. They note that the ovaries generally are

lobed, sac-1ike stmctures, and that the oviducts usually are highly

convoluted tubes terminating in thin-walLed sacs which empty into the

cloaca,asshowninFig.l,buttheydonotconsideranyspeciesin
particulal, nor make comparisons between species'

Individual species of diverse fanilies have been studied for their

particular interest either as laboratory frogs or because of their taxo-

nornic status or divergent reproductive mode. Arnong other featureS, the

morphology of the female reproductive system of such species has been



FIG. 1 Generalized female anuran reproductive system,
ventral view.
k. = kidneY; os. = ostium; o.sac = ovisac;
ov. = ovarYi p.conv. - par¿s conuoLuta;
p.r. = pats Tecta; r. = rectum.
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examined; thesc observations are st¡nirnarized in Tab le 1

The first cornparative account of female anuran reproductive mor-

phology was that of Spengel (1876). He noted that the ovaries consist

of longitudinal rows of thin-walled pouches, or lobes, and that the

nuilber of lobes is different in different species but reasonably con-

sistent within a species. He found that Pelodytes ptmctatus possesses

unlobed ovaries , ALytes obstetricalls possesses 3-4 lobes pel. ovary,

DiscogLossus pictus 5, 'trraLust' sp. and' PoLypedatus "quadtilírteatustt 6-8'

pelobates fuscus 9-L2, HyLa sp. 9, Rana spp.15, and Bufo spp' up to 30

Iobes. He recorded that the oviducts are highly convoluted, and that the

nature of their termination in the cloaca varies. In HyLa sp.,

PoLyped.ates "quaåriLíneatustt, ttfæaLus" sp' , DíscogLossus pich'Ls' Rana

spp.,andPelobatesfuscus,theoviductsremainseparate'Butinallof
t}ìe Bufo species which he examined they unite shortly before the single

opening into the cloaca, and are united even further in ALytes

obstetnícans. He reported a variable condition in Bonbina bombina [as

Botnbinator igneus): in one individual the oviducts entered the cloaca

separately, but in the remaining seven the oviducts united so that there

was only a single opening into the cloaca'

Bhaduriandassociatespublishedaseriesofpapersonthemor-

phology of the anuran urinogenital system (Bhaduri, 1'932, .]'946, 1953;

BhaduriandBanerjee,l'939;BhaduriandRudra,.J.944;BhaduriandBasu,

1g57; Bhaduri and Mondal, 7962,1965). These contributions constitute

the nost important and detailed published study on female anuran repro-

ductivernorphology.Thoseoftheirdatarelevanttomystudyare
summarized in Table 2,

Bhaduri noted that the number of ovarian lobes nay differ between
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TABLE 1 lvlorphological data on the fernale reproductive system, from
p.rUfisneã accounts of individual anuran species' Familial
^classification follows Duellman (1975) except for Australian
i"paoa..tyloids which are retained in the Leptodactylidae'
following TYIer (1979) .

Family, SPecies,
and Source of Data

Features of Reproductive llorphology

- sacciform, unlobed
- rvith 5 or 6 Pronounced curves;

ovisacs united
- simple sacs
- narrow, unconvoluted; terminal

portions are extremelY dis-
tensible sacs which are united
posteriorlY and function as
uteri

ovarles
oviducts

ovar].es
oviducts

ovisacs united

OVATIES
oviducts

oviducts

oviducts

ovarres
oviducts

oviducts

ovaries - greatly folded sacs with large
internal cavitY divided bY
partitions

oviducts - ttigftfy convoluted; ovisacs
remain seParate

- sacciform
- narrow and convoluted'

anteriorlY, PosteriorlY in the
form of dilated sacs; terminal
portions united to form a
Lo*on chamber which contains
develoPing Young

- rnuch coiled, unite Posteriorly

- broad and convoluted; ovisacs
unite

- with few lobes
- broad with few convolutions;

ovisacs united basallY

- only the right one, which is
dilated and coiled, Present
anterior to the ovisacs;
ovisacs united

ll e c t op hry n o i de s m aLc olsni
(li'ake, 1980, and in Lítt.)

À/. occidentalis
(Angel and Lamotte, 7944;
Xavier, 7973)

Leiopelrnatidae
LeiopeLma archeYi
(stephenson and StePhenson,
1ss7)

LeptodactYl idae
ELeuther odac tYLus j asPer i
(lr'ake, 1978)

Heleopht'yne PurceLLi
(Hoffrnan, 19 31)

Myobatrachus gouldí
¡it'atson and Saunders, 1959)

RheobatracLas siLus
(Horton and TYler , 'J'982;

Horton, 1983)

SmLn thi-L Lus Li-mb atu s
(Griffiths,1959)

Bufonidae

Hylidae
Litot'i,a. GuTea
(Briggs, 1940)
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Features of Reproductive MorphologyFamily, Species,
and Source of Data

oviducts - poorly convoluted; ovisacs
united

ovaries - appear nanY-lobed in
illustration

or¡iducts - appear highly convoluted in
i1 lustration

- nany-lobed
- narroüI, highlY convoluted;

ovisacs remain seParate

oviducts - convoluted, posteriorly with
a 1-arge Pad of tissue (the
"foam gland'r) on the ventral
surface, consisting of three
large, swollen oviducal folds
held together bY connective
tis sue

oviducts - much coiled; ovisacs united

OVATICS

oviducts

Ilicrohyl idae
Breuiceps uerrucosus
(Beddard, 1908a)

Pipidae
Xenopus
(Deuchar, 1975)

Ranidae
Rana catesbeiana
$finkoff, L975)

R. e'seuLenta
(Ecker,1864)
R. pipiens
(Rugh, 1951; Minkoff,
Ã. temporaria
fEcker , '],864; Marshall,
7972; Borradaile, 1945)

Rhacophoridae
Chironøttis rufesceræ
(Coe, 797 4)

Rhinoderrnatidae
Rhinoderma daruini
(Beddard, 1908b)

197s)
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species, and that in some the ovaries aÏe unlobed. lje observed that tlìe

oviducts aTe narrow, straight tubes in juveniles, but are highly con-

voluted in adult individuals. He found no significant norphological

variation in the paîs coru)oLuta, except that in a few species the

posterior region of the poI's cotx1oLuta is enorrnously enlarged (Tab1e 2)'

It was to the ovisac, which he termed I'utelusr', that he paid the grcatest

attention. His investigations shorved that the ovisacs may remain

separate or nay unite and that the extent of union may differ. He pro-

posed three categories (Bhaduri, 1953): (i) the uterus separatils group,

in which the ovisacs renain sepalate and enter the cloaca separately;

(ii) the uterus septatus gIoup, in which the ot'isacs a].e separated to a

greater or lesser extent anteriorly but unite posteriorly; and (iii) the

uterus cotmnunis gToup, in which the ovisacs are cornpletely united to form

a comnon chamber, with a single opening into the cloaca. Fina1ly, he

observed the presence of a urinogenital sinus in three species (Table 2) '

Apart frorn Bhadurits work, few of these investigations are detailed

enough to a1low the comparison of reproductive rnorphology between species

and they do not perrnit coÏ'l'elation with reproductive rnode' Bhadurirs

contributions are the rnost valuable for detecting variation in reproduc-

tive rnorpìrology because he examined several particular features in a

relatively large number of species. From Bhadurirs work it is apparent

that the gross rnorphology of the female reproductive system follows a

similar pattern in all of the species which he investigated; this pattern

is illustrated in Fig. 1. Since the basic function of the system is the

same for almost a1l species, i.e, to produce ova capable of being ferti-

lized and of surviving in the external enviTonnent, it is not sulprising

that the systen should rernain relatively uniforrn in gross rnorphology'

However, Bhaduri's descriptions and illustrations also indicate that

there is considerable variation in particular details of reproductive
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rnorplÌology, for example in the number of lobes of the ovary. unfortu-

nately Bhaduri examined only one specimen of almost all species he

considered, so the existence of intraspecific variation is not apparent

from his work. Therefore it is impossj-ble to define the nature of inter-

specific variation in reproductive norphology from his studies, or to

asccrtain correlations with reproductive mode. Nonetheless, Bhaduri

believed that some of the variation might be related to differences in

reproductive modes. In discussing three species of PLatymantis (as

t'Corrufer,') , Bhaduri and I'londal (1965) cornmented that saclike (i'e'

unlobed) ovaries containing ferv large eggs are an adaptive feature of

terrestrial breeding habits. Bhaduri (1953) and Bhaduri and Basu (1957)

considered that the greatly enlargecl posterior region of the pørs

colUoluta, which they found in five species of foam-nesting frogs, is

probably the site of formation of the mucus for foam production' Bhaduri

(1953) noted that the oviducts of Denå.robates and PhyLLofutes ate

relatively broad in transverse section, and suggested that this feature

nay be associated with their large egg size. Bhaduri and }{ondal (1965)

considered that partially or cornpletely united ovisacs are colrelated

with the large size of the eggs of the species in which such fusion is

found. However, none of these suggestions was substantiated with firm

evidence.

(iii ) Aims of This StudY

My principal aims in this study are to establish and define the

nature of rnorphological variation in the fernale anuTan reproductive

systeln, and to estimate the extent of intraspecific and interspecific

variation amongst a wide range of species. In the main part of rny study

I describe those features oï parameters of reproductive morphology which

exhibit significant intelspecific variation, and I also consider the

ontogeny of some of these features in order to detect possible intra-



11.

specific variation betHcen differcnt dcvelopnental stages. I then con-

sider the interspecific variation in conjtrnction with the reproductive

modes of the species concerned in order to detect and describe relation-

ships betrr,een reproductive rnode and morphology. I discuss anulan repTo-

ductive rnodes in detail in section (b) in order to devise a s¡'51st tt

classification of rnodes which will facilitate correlation with rcpro-

ductive rnorphology of the species I consider. I also consider the

possible functional constraints associated with reproductive rnode which

necessitate morphological change in the reproductive system. To do so,

I investigate parameters which may affect reproductive norphology: body

size, egg dianeter, number of eggs per ovary, and egg capsule thickness'

and correlate these paÌ-ameters with features of reproductive nrorphology'

Predictions have been made regarding the reproductive rnode of

species for which the node is unknown, based on ovarj.an egg complernent

andeggdiarneterandpignentation,forexamplebyTyler[1976a)for

ArenophTyne notunda, and by clarke (1983) for I'lannophz'gs species' The

work of salthe and Duellnan (1973) on factors associated with reproduc-

tive mode (none of which concerned reproductive rnorphology) substantiated

the relationships of egg and clutch size with reproductive rnode' The

results of ny study may substantiate predictions about unknown reproduc-

tive nodes based upon the natuTe of the reproductive system, such as that

of l{atson and saunders (1959) who inferred from the female reproductive

systen and eggs of l,lyobatrachus gouldi that this species undergoes

terrestrial and direct development (habits verified by Roberts, 1981).

It nay also be possible to make such predictions fron the reproductive

morphology of juvenile indivj-dua1s, unlike those predictions based on

nunber and size of eggs, which must be rnade from matu1'e or alrnost nature

individuals. A seconclary airn of my study is thus to determine the

suitability of fernale reproductive rnorphology for inferring reproductive
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mode if the latter is unknown

The gastric brooding frog Rheobatraclrus siLus possesses probably the

most bizarre of a1l anuran reproductive modes, in which the young are

reared in the stomach of the female (Corben et aL'' 7974; Tyler and

carter, 1981). A further aim of my study is to examine the female r:epIo-

ductive system of rR. siLus in detail, and in the light of the nature of

variation in anuran reproductive rnorphology observed in the nain part of

ny study, to determine any features peculiar to Ã. síLus reproductive

morphology which nay be related to the gastric brooding habit ' The data

published in Horton and Tyler (1982) and Horton (1983) (Appendices IV and

III, respectively) are those which I gathered during this investigation

of the reproductive systen of ''?' siLus'

(b) ANURAN REPRODUCTIVE MODES

An extremely diverse arlay of reproductive strategies is displayed

amongst the Anura, in terms of site of egg deposition' of parental

behaviour following oviposition, and of embryonic development' The com-

bination of environmental, behavioural and developrnentaL characteristics

of reproduction constitutes the reproductive mode of the species' To

facilitate the comparison of reproductive modes of frogs, as in this

study, it is convenient to assign these modes to categories' I will out-

line sorne of the reproductive rnodes that have been described by other

authors in order to illustrate the range of modes, and their alLocation

to categories. Published classifications of reproductive modes will then

be discussed, followed by rny own classification and reasons for its

choice. In referring to the young of frogs, for convenience I consider
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,,embryost'to be those prior to hatching from the egg capsules,

to be those which have hatched but not completed metamorphosis,

"tadpolesrr to be motile, feeding larvae'

trl arvaert

and

The najority of frog species are totally aquatic in their breeding

strategies. The eggs are sma1l and are laid in pools, ponds, lentic

streams, or sirnilar bodies of water. They hatcl'r within a few days, re-

leasing tadpoles which rnetamorphose into juvenile frogs. Such an

entirely aquatic reproductive mode is found in members of alrnost all frog

families, and is the least specialized. while retaining a pattern of

totally aquatic development, other species provide a gleatel. degree of

protection for their young. For example, species of the Hyl'a boans gToup

1ay their eggs in basins constTucted in mud on banks of rivers or lakes

(Lutz, 1960; Lamotte and Lescure, 7977). A nunber of diverse and pre-

doninantly rainforest-dwel1ing species from several families make use of

srnall pools of water which have collected in banboos, t1'ee trunks or the

bases of broneliad leaves (Lamotte and Lescure, Lg77). l'lany mernbers of

the Leptodactylidae and Rhacophoridae 1ay their eggs in nests of foam,

constructed from mucus secreted frorn the oviducts. This mucus is filled

with air bubbles created by the female beating her hands, or it is beaten

to foan by the feet of one or both parents. Such foamy nests are laid

floating on the water surface in some Australian limnodynastine

leptodactylids (Tyler and Davies, 1979), in cavities adjacent to water in

some species of Leptod.actyLus (Heyer, 1969), or in trees overhanging

water (Chironantie; Coe, L974)'

A lotic environment presents difficulties to aquatic breeding frogs

because of the likelihood of eggs and tadpoles being swept downstream to

less favourable habitats. Sorne species have overcome such difficulties

by attaching their relatively large, yolky eggs to the underside of
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submerged rocks. Tre eggs hatch into relatively large tadpoles of

strearnlined, rnuscular form, with well developed suctorial mouthparts'

Such torrent-breeding species include Ascaphus truei in which the eggs

develop very slowly and the large tadpoles hatch after one rnonth (Noble

and Putnam, 1931).

Iürether or not the aquatic breeding site is 1otic, the eggs and

early 1arval stages of anurans are particularly vulnerable to environ-

rnental depredations. The aquatic site may also be ephemeral and unable

to support larvae for their entire developnent. Many anurans a1'e not

confronted with these problems as their eggs are laid away from bodies

of water and early larval stages are non-motile and non-feeding, o1. else

ernbryonic development may be extended, so that only later stages adopt

an aquatic, feeding lifestyle. The eneïgy requirernents of early develop-

mental stages of these species are provided entirely by extra yolk stored

within the egg, thus the ova are somewhat larger than those of species in

which development occuÏS almost entilely as tadpoles. The eggs nay be

deposited on the ground under stones, moss, logs, or buried in soil, for

example in Pseud.ophnyne bibroni, in which the embryos develop to stage 27

of Gosner (1960) (Woodruff, 7976) and then, following heavy rains which

flood the site, hatch, whereupon well-developed, feeding tadpoles are

released (Tyler , 1,g78). Other species deposit their eggs in vegetation,

for example Centrolenella species oviposit on leaves overhanging streams;

advanced tadpoles hatch and fal1 to the water below to feed and complete

development (Lanotte and Lescure, L977). A male adult ín Pseudophryne

bibroni and CenttolenelL.a. species is often found with the eggs and

possibly Temains with them until they hatch. other species exhibit a

greater degree of parental care. For example, dendrobatids 1ay their

eggs on the ground or in vegetation; these hatch and the larvae wriggle

onto the back of an attendant parcnt and are carried for one to many days
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until they are relcased into water to feed and dcvelop there (Silverstone'

1975, 1976). Females of some species of Gastt'otheca' caTTy their eggs and

young in a dorsal rnarsupium until the young reach an advanced stage of

developnent whereupon they aÏe l.eleased and complete developncnt as free-

srvimming tadpoles (Duellman and Fritts, 7972). A nunber of other species

protect their developing eggs by laying then in nests constructed in

folded leaves of vegetation overhanging water, for example species of

PhyLLornedusa,inwhichtheeggnassmaybeprotectedateachendofthe

leafnestbyegglessjellycapsules[Cannate1la,1982).Pyburn(1980)

has demonstrated that in P. hypochon'dr'íalis the enclosing leaf and eggless

capsulespreventdryirrganddeathofenbryosduringtheS-gdayspriorto
hatching.

lr{any frogs lay large eggs which contain sufficient yolk to enable

thedevelopingernbryosorlarvaetobetotallyindependentofexternal
food sources and usually also of free-standing water' The young may

hatch before the end of metamorphosis but do not swim or feed, or else

the embryos may remain within the egg capsule throughout development and

hatch as juvenile frogs; there al.e no rnotile, feeding larval stages'

young which hatch before the end of metamorphosis are found in members of

several fanrilies; such species inc]Iude KyæTanus species in which the

eggsaTelaidinburrowsinwetorfloodedearthormosswherethelarvae
remain (lr{oore, 1'96L; Ingran and Corben, :l97S; Anstis ' 1981) ' and

IeiopeLma (Be11, 1978) . cornplete intracapsular embryonic developrnent

with no larval stages at arl has also evolved, apparently independently'

in several families. l,'tembers of the genus EleutherodactyLus follorv this

patteln;theylaytheireggsconcealedbeneathmoss'leaflitteror
sirnilar, and juvenile frogs hatch rapidly from them (Lamotte and Lescure,

Ig77).ThenicrolrylidfrogsofNewGuineaalsoovipositinleaflitter
or sirnilar concealed sites, and an adult rnale is often found with the
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eggs and may rernain with them until the¡' hatch as juvenile frogs (Tyler,

1963; Ilenzies, 1975).

Parental brooding of the young, often striking in form, is exhibited

by a number of species either with non-feeding larvae or lacking larvae,

as detailed by Lanotte and Lescr.rre ( 7977). For exarnple, several species

of Gastt,otheca retain their young within the dorsal narsupiurn thror'rghout

their developrnent, and the juveniles finally ernerge through the posterior

aperture of the pouch (Duellrnan and Fritts, lg72) . Assa daTlingl;oni also

broods its young, but in inguinal pouches of the rnale only (straughan and

Nfain, 1966; Ingram et aí., 1975). In Rheobatnachus silus, the female

swallows her eggs or larvae and retains them in her stomach throughout

their development, during which time her digestive functions cease, and

she gives birth to them via the mouth (Tyler and carter, 1981). One

species of ELeutherodactyLus (8. iasperL), and two species of

Nectophrynoid.es (À/. tornieri and 1t/. uíttipø'us) are ovoviviparous and

retain their young in the oviducts of the fernale fBarbour and Loveridge,

1.928; Orton, 1949; Larnotte and Xavier, 7972; ltrake, 1'978) ' Nectophrgnoides

occ.ídentaLis, which also retains its eggs in the oviducts, has treen

dernonstrated to provide nutrients, secleted fron the oviduct wa11s, for

its developing young and is therefore viviparous (Xavier , 7973).

Anong the Anura there is alrnost a continuum of patterns of develop-

rnent of the young from aquatic, motile and feeding larvae, to those with

early embryos or larvae nourished by yolk and only advanced larvae

aquatic and feeding, to those in which the ernbryos or larvae rely on

stored yolk and are completely independent of external energy sources'

There are also many combinations of developmental pattern with site of

oviposition and form of parental cal.e. Nonetheless, a feature which is

also apparent is the extent to which parallelism in reproductive modes
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has occurred, apparently in response to similar environrnental pressures'

For exarnple, among rnontane species, I'epI.esentatives of several unrelated

gnoups have overcome the problems of breeding in fast-flowing water'

similarly, the construction of foan nests to contain eggs has evolved

apparently independently in members of two farnilies. lr{artin (1970) has

discussed paralle1 evolution in breecling ecologies of the foam-nesting

LeptodactyLus and. Australian limnodynastine leptodactylids, both of which

show trends from aquatic to te]'restrial der¡elopment in accordance with

changes in habitat characteristics. Many species inhabiting humid and

frequently montane aleas, where terrestrial eggs can survive without

desiccation, have evolved sinilar developmental patterns which reduce or

avoid dependence on free-standing water, and in these frogs the eggs are

relatively Iarge due to increased yolk reserves to supply the developing

embryos or non-feeding larvae (Goin and Goin' L962) '

Because of such parallelisrn it is possible to aLl'ocate the majority

of reproductive rnodes to particular categories. Jameson (1957) rnade the

first detailed attempt to c1-assify reproductive modes and Listed the

fol 1-owing categories :

I. Aquatic developrnent: (a) without nests

(b) aquatic nests

(c) terrestrial nest.s

(d) tadPoles carried to watel'

II. Direct developrnent: (a) terrestrial nests

(b) embrYo carried until birth'

Salthe and Mecha¡n (1g74) followed much the same categotízation' but noted

that the situation is highly cornplex and that there are internediate

patterns falling between the subcategories. For example, a few species

1ay eggs terrestrially but early-stage tadpoles hatch and developrnent is
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almost entirely in water, so they lie betwcen I(b) and I(c) (in the

latter Salthe and Mecham (1974) include only species in which consider-

able development takes place before hatching and subsequent aquatic

developrnent). There are also species in which there is a tadpole-like

larva, but it is entirely non-feeding, and therefore intermediate betleen

I(c) and II(a) (in the latter Salthe and l,lechan (7974) include only

species in rr'hich only vestiges of tadpole form are appalent during

developnrent). Crump (1974) considered 10 different reproductive modes in

three categories to cover the breeding patteTns of 78 species at her

study site in Ecuador:

I. Eggs and larvae in water

A. Mode 1 - unconstrained body of water

B. Mode 2 - tree cavity above ground

C. lnlode 3 - constructed basin;

II. Eggs out of water, larvae develop in water

A. Mode 4 - eggs on vegetation above water

B. Mode 5 - eggs in foam nest, tadpoles in water

C. Mode 6 - eggs on land and Larvae carried to water;

III. Neither eggs nor larvae unprotected in water

A. Mode 7 - eggs and tadpoles in terrestrial nest

B. lrfode 8 - non-aquatíc eggs, and direct developnent

C. lr{ode 9 - eggs and young buried in pits of dorsum -

aquatic

D. lrlode 10 - eggs and young attached to dorsum -

terrestrial.

McDiarrnid (1978) considered one aspect of anuran reproduction: parental

caTe, and constructed a classification with 12 ðífferent forms of

parental care grouped in two broad categories: 1) investment (of eggs) at

fixed site, and 2) investrnent at nobile site (i.e. parent). But
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McDiarnidrs (1978) classification does not consider the rcproductive

nodes of the numerous species rt'hich exhibit no apparent parental cale'

considering the diversity of breeding strategies in the Anura, a

classification such as that of crump (1974), which covers every conbi-

nation of egg deposition sj-te and pattern of development arnong the

speciesinvestigated,isprobabl¡,thernostsatisfactory.Further
categories could be added to accomodate other species if their reproduc-

tive rnodes differed fron those already listed. rt is probably inpossible

to construct a sinple classification of only a few categories unless one

particular factor is to be considered, such as degree of parental care,

or extent of aquatic and feeding larval developrnent'

Unlike the studies of Jameson (1957), Crump (1974) and Salthe and

Mecham (tg74), who examined frog reproductive modes from a general point

of view, I consider reproductive mode here only as it affects the rnor-

phology of the female reproductive system. Its bearing on the reproduc-

tivesystemmuststenlargelyfromthenatureoftheeggssuchastheil
size and number, i.€. frorn the form of embryonic and larval developrnent

and its eneTgy souTce. The nature of the jelly surrounding each egg nay

also affect the reproductive systern, but largely in its histochemical

propertiesratherthanitsmorphology.Therefore,forconvenience,the
classification of reproductive modes enployed here will be a sinplified

one based principally on the nature of the rnaternal investrnent in the

young,andthusonthetypcofdevelopmentpriortotheendofmetanor-
phosis. Little enphasis on par.ental care or environmental factors is

given'exceptwhererequiredtohighlightrelevantpeculiaritiesinre-
productive rnodes of particular species considered in this thesis' The

following cLassification therefore does not necessarily accommodate the

reproductive modes of all anuran species'
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small eggs with 1ittle yolk reserve (ncan rnature egg diameters

of species considered in this study: 0'B - 1'9mrn, Fjg'3); small

early-stage tadpoles hatch and develop aquatically'

(a) eggs laid in water without foan nest

tb) eggs laid in foarn nest.

eggs with moderate yolk reserve (mean mature egg diameters of

species considered in this study 1-.7 - 4'Omm, Fig'3); only

well developed or later stage lartrae notile and feed and

develop aquaticallY.

(a) eggs laid and young develop in lotic environment
o'r an land"

(b) eggs laid in lentic environnenf, not in foam nest

(c) eggs laid in foam nest

(d) eggs and/or early larval stages carried by parent'

MODE III - eggs with large yolk TeseIVe sufficient for entire development

up to the end of rnetamorphosis [mean nature egg diameters of

species considered in this study: 1.9-5.Ûmrn, Fig.3); larval

stages may or maY not be Present'

(a) eggs, and larvae if present, terrestrial

(b) eggs and larvae, or larvae on1y, carried by parent

(c) ovoviviParous.

}IODE IV viviparous (Nectophwynoides occidentaLis) - eggs containing

scarcely any yolk [Angel and Lamotte, 1'944)'

lrlodes I and rI are equivalent to the aquatic developrnent and l'{ode III to

the direct developnent of Jameson (1957) and Salthe and l'lecham (7974)'

These authors, and lt'ake (1980), used the term "direct developnent" in

this broad sense, to include both species in whi'ch non-feeding larvae
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hatch from the eggs and those in which dcvelopment is entirely intra-

capsular and juvenile froglets hatch. other authors, however, such as

Lanotte and Lescure (1,977), and apparentty Noble (1931) and crump (7974) '

consider t'direct developrnentil in a narrolveI. sense, Iestlicted to those

species in which the eggs hatch into fully metamorphosed juveniles' with

no larval stages. The latter usage is correct in that the egg hatches

,,directlyil into a froglet, but since the ecological larva, i'e' the

tadpole,islostinspeciesinwhichthenon-feedingyounghatchbefore
the end of metamorphosis, and at least sorne tadpole features may be

present in the embryos of species with post-metarnorphic hatching' it is

nore satisfactory to use the term in a broad sense'

Thereproductivemodesofsornespeciesconsideredinthisthesis

cannotbeconfidentlyassignedtoanyofthecategoriesgivenabove,

either because their breeding biology is not or poorly known, or because

of the sinplified nature of the classification. These species a1.e as

follows.Criniageorgiannlaysnoderatelylargeeggsinshallowwatel,
and in the field they hatch after about seven days (Main, 1957) ' which

is slightly delayed in comparison with species with totalLy aquatic and

unspecializeddevelopment.Thusthisspeciesfallsbetween}|odeI(a)and
I{ode II(b). since there is this slight modification of reproductive rnode

andenlargerDentofeggs,C.geongianaisassignedheretoModell(b).

ThereproductivebiologyofTaudactylusspp.isnotknowningreatdetail.
Their eggs aTe attached to rocks in flowing creeks (Liem and Hosrner' 1'973)

and are of significantly larger diameter than those of sirnilarly sized

speciesoflr{odel.speciesofTaudactyLusmaythereforebetolrent-
adapted frogs with larvae which are well-developed at hatching, so I

place thern in lrlode II(a). Fot AfriæaLus species (schifitz, 1975) and

chit,omantis petersi and c. rerønpeLina (coe, i,974) there night be a

slightdeìayinhatching,orafterhatchingadelaybeforethelarvae
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becone free-swinming, but since the delay is short and there is no

obviousincrcaseineggdianeter,thesespeciesareassignedhereto

ModeI.(ThethirdChiromantisspecies,C.tufescens,wourdbeclassed

asaModellspeciesbecausethereisasignificantdelaybeforetadpoles
are released (coe, 1974)). The reproductive node of caLLi'xaLus pictus is

not known, but it is a bamboo-dr',e11ing species and nay lay its eggs in

the internodes of bamboo Stems (R.F. Laurent, in Litt.). Since nany

other hyperoliids are Mode II (b) species and since the nature of the

ovariesoftheoneirnmatulespecÌrnenofC.pictuslexaminedsuggests

thattheeggsaTerelativelylarge,thisspeciesistentativelyallotted
to Mode II(b). The breeding biology of most New Guinean rnicrohylids and

of rnany ELeuthez,od"actyLus species has never been observed, but those few

species for which it is known are all of lr'fode III(a)

Menzies , tg75; Lamotte and Lescure' 7977) ' Therefore

Guinean microhylids and EleutherodactyLus spp' which

III (a) .

(Tyler, 1963;

I allocate all New

I dissected to Mode
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II

MATER I ALS, tVlETHODS AND TERYIINOLOGY

(a ) S PEC I MENS

Forthisstudy,representativesofasgreatadiversityofreproduc-

tive modes as possible rsere obtained. However, the choice of species was

influencedbyavailability,sothenaterialwaspredominantlyAustralian
and particularly of Mode I. In all, females of l-08 species' Iepresenting

5lgeneraandllfarnilies,ü/ereexamined.Theyarelistedwithany
details of collection in Appendix I '

Recentconceptsofanuranfanilies,suchasthoseofDuellrnan(1975),

l¿urent(1979)andDubois(1983),areconflictinginsornedetails.The
mostconservativeclassification(Duellman,1975)isfollowedherewith
the exception that the lrtyobatrachidae is not recognized as separate from

the Leptodactylidae, following the argr-rnent of Tyler (1979) '

Specimens were dissected with the aid of a 1ow-power binocular

dissecting rnicroscope. lrleasurernents were made with dial calipers and

taken to the nearest 0'1 run'

SIZE OF S PEC IMENS(b)

I'leasurernents of reproductive organs may alter with size of the
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species, and therefore for comparative purposes need to be rclated in

some way to body size. Because the reprocluctive olgans are three-

dirnensional, a measure of body mass or. volume for each species would be

desirable. However, there aTe nunellous ploblems associated with

expressing measuTements against body mass or' volume because of the

variability of the latter: 1) gut content and fat-body accumulation may

vary dramatically; 2) whilst abdoninal volume may renain similar, the

head and limbs nay differ between species, Iendering body volume variable;

3) reproductive condition nay alter mass or volume consider'ably' Ovarian

vollmes in two matulle fernale Notad.en meLanoscqhus dissected for this

study were 0.6 ml in one which had recently oviposited, and 3.6 mI (about

20e" of the total body volume) in the other in which the ovaries were

matuTe. Kluge (1981) calculated that the average clutch of eggs accounts

for 22.7eo of the fenale's weight in HyLa Tosenbergi; 4) the state of

preservation and the degree of lung distension at the time of preserva-

tion may alter vohme; 5) preserved specimens may already have been

dissected for other puTposes' as was usually the case in this studYr so

volrrrne measulements cannot be taken. Salthe and Duellrnan (I973)

encountered sirnilar problens and remarked:

,,ït woufd have been desirabfe to estimate bodg vofume of femaLe

frogs. as was done for saLamanders bg Safthe (7969) ; however '
the bodg shapes of frogs are far l-ess uniform than are those

of saLamanders. There is no mathematicaTTg simpTe shape xhat

canbeusedtogeneraTizethebod.gshapeofa]-ffrogs,norin
most cases is there ang means of assigning to a given species

ang one of a series of mathematicaTTg simpTe, ideaTized bodg

shapes. Therefore, voTumetric data on aduft ftogs have not

been utifized-"

Because of the inherent variability of body volume measurements'

snout to vent length (SVL) was used as a size index in this study,
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measuredonlyinleproductivelymatuÏespecimens.AnunavoiclableerroT

associated with SVL neasurements of preserved specimens is due to the

degree of flexure of the body, but there are no other significant e1.rol.s

as there are for body nass or volurne. Relationships of some reproduc-

tive variables may be geometric with body Jnass or volune but allometric

r^¡ith SVL, but since correlations or trends were the primary considera-

tion here and not the nathematical form of such relationships' SVL was

an adequate measure.

(c) EGGS

The stage at which secondary oocytes complete their rneiotic

divisions and become ova probably takes place shortly after ovulation

(Lofts,1974;Frye,7977).Forconvenience,thetermtlooc)rte||was

appliedheretoovarianeggspriortoovulation,and|'ovum''toalleggs
which have been ovulated but not fertil'ized. In species with pigmented

eggsrlnature,postvitellogenicoocyteswereconsideredtobethosewith
pignented anirnaL henispheres clearly defined fron the vegetal henispheres'

Inspecieswithunpignentedeggs,judgementofoocytematuritywasmore

difficultandwasbasedoneithermeasulementsofanyovapresent'o1
published data on egg dianeteÏs, or previous observation of the appeal-

ance of an ovary with mature oocytes '

(d ) SIZE OF EGGS

ForreasonssinilartothosediscussedaboveforthemeasuTementof

body size , eEE volrrne would be a desirable expression of egg size.

However, it would have been necessary to estimate egg volume fron egg

diameter,thusrenderingvolumesveryinaccurate,sinceeTrolsln
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diameter neasurenents would be greatly magnified. In addition, diameter

is the measure used most frequently in the literature as a measulcment

of egg size. Therefore, e88 diarneter was employed aS a measure of egg

size.

Egg diameter was calculated as the mean of 20 ova or. mature oocytes

(dissected from the ovaries) per individual, or of ferver if nurnbers of

eggsweresmall.Kaplan(1979)hasnoteddisadvantagesofdiarneter

measurements of oocytes: oocytes not all at the same stage of vitello-

genesis; irregutarities of oocgte shape; shrinkage in preservation;

swelling of freshly dissected oocytes. If ova or matule oocytes were not

present in specimens dissected, measurements of egg diameter wele quoted

fron the literature. These values are rnostly of fertilized eggs and may

not correspond with rneasurements' of preserved oocytes, particularly as

developing ernbryos are subject to size changes (Kaplan, 7979). such in-

accuracies nay be significant in detailed cornparisons between -populations

or species, but since onl.y correlations and gross trends between gÏoups

of species were analysed here, these inaccuracies in egg dianeter were

considered to be of relatively minor significance'

(e) NUMBER OF EGGS

Ovarian complernents were calculated as the number of mature oocytes

perovaly,thustheyarenottheconplementperindividual,i.e.ofboth
ovaries, and therefore are not comparable with the clutch size values

used by some authors (e.g. salthe and Duellrnan, 1973). If oocytes vreTe

i-rnrnature, ovarian complement was taken as the nr-unber of vitellogenic or

maturing oocytes; these were readily distinguishable in species with

pigrnented eggs. For species with unpigmented eggs, those oocytes judged

to be of the largest size (generally somer+hat yellower than the srnaller'
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irunature oocytes) were counted. For ovaries with a smal1 complcment'

all nature/naturing oocytes we1'e counted under the dissecting microscope'

In the case of ovaries with a large compLement, a small portion of ovary

was excised, blotted to remove excess a1coho1, weighed (weight a)' and

its contained rnature/naturing oocytes (x) counted under the nicloscope'

The remainder of the ovary was then blotted and weighed (weight b) ' and

its number of oocytes estimated: Y = bx/a' Approximate ovarian comple-

nent was then: x+Y'

(f) VOLUME OF EGGS PER OVARY

TheapproximatevolumeofanovumoTmatureoocytewascalculated

for each species from values of egg diameter (thus volume values may be

highly inaccurate, since inaccuracies in diarneter values were cubed) '

and the total volume of mature eggs per ovary estimated by calculating

ovarian complement x egg volume. This total volurne, termed cornplement

volume, is not equivalent to ovarian volurne because it dOes not include

the volumes of oogonia and irunatuTe oocytes, interstitial spaces between

eggs, or ovarian tissue. But conplement volume closely approximates

ovarian volume, since the mature oocytes constitute the bulk of the

ovary'Complernentvoluneisanadequatemeasurenentsincethefactor

considered here is the total amount of energy, in terms of mass or voh¡ne

of yo1k, invested into each reproductive effort (i.e. the mature eggs in

an ovarY).

(s) OV I DUCTS AND OVIDUCT LENGTH AND CONVOLUTIONS

Anuran oviducts are termed 'T\lü1lerian ductsrr by some authors (for

exanp1eBhaduri,1953;Griffiths,1959;Potemkina,1963),butarecent
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trend is towards use of the term'rovidrrctsrr. The latter terrn is applied

here

The Length of an oviduct \^'as Ineasured by removing it from the

specirnen, freeing it of attendant connective tissue, and floating it in

65% ethanol in a petri dish under rr'hich was attached 1nm gauge graph

paper. The longitudinal midtine of the oviduct r{as then projected by

eye against the grid and its length estinated'

In specirnens with convoluted oviducts, the nunbers of convolutions

per oviduct were counted; successive convolutionS were considered to

constitute each crest of a fold in the oviduct (Fig' 2)' In some

specirnens the histological structure of the convoluted portion of the

oviduct was exarnined, by removing portions of the tissue, sectioning then

at 7-Spmand staining the sections with Mayerrs haematoxylin and eosin'

(h) OVIDUCT I^lIDTH

Oviduct widths were measured at two points on each oviduct, the

first approxirnately half way along the length of the pæs coru)oluta, and

the second at the posterior end of the pæs conuoLuta (Fig. 2); the mean

of these two values was then calculated for each oviduct. In foam-

nesting species, in which the posterior region of the oviduct is enlarged,

each oviduct v/as measrrred at one point only: at appToximately the mid-

point of the pæs conuoLuta. Oviduct width was used as an index of the

dianeter of the oviduct lunen, but as such it may be unduly variable

because it includes the oviduct wal1 which may not be the sarne thickness

in all species. width was measured only in specimens with mature or

almost matuTe oocytes in the ovaries so that the oviduct wa11s could be

expected to have been at their maximtlm thickness, prior to the release



FIG. 2 Generalized anuran oviduct with 15 convolutions.
Numerals repllesent apices of convolutions.
A and B represent the points at which oviduct
width was measured.
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of nucopol'ysaccharide j elly during ovulation. Ilowever, the assrrmption

that repletion of oviducal glands is synchronous with oocyte maturation

nay not be valid; repletion may follow some tirne after the end of

vitellogenesis. In addition, oviduct wa11 thickness rnay be,affected by

the length of time between ovulations; if there are sevelal ovulations

per breeding season the glands may not Teturn to maximum stolage capacity

between each one. Thus the rr'idth measuTements should be considered with

caut ion.

(ì) OV I SACS

Twotermsareconmonlyappliedtothedistensiblechamberatthe

posterior end of the oviduct:t|uterus|t (for exanple by Christensen, 1930;

Rugh,1951;Bhaduri,1953),and||oViSac'|(forexanplebylr,Iarshall,L972;

Briggs,1940;Griffiths,1959;l{atsonandsaunders'1959;Hortonand

Tyler,1982).Bhaduri(1953)arguedthatthecharnbershouldbedescribed
from a point of view of anatomical rerationships or homology, rather than

function,andthatalthoughitisdifficulttohomologizethisstlucture
with the mammalian uterus, the term rtuterustt is to be preferred' Holmes

(1g7g) gives a generalized definition of "uterus" as I'an enlarged portion

of oviduct nodified to serve as a place for developrnent of young or of

eggs.ff However, in only four anuran species (Nectophrynoides æcidentaLis'

N. towtíerL, N. uiuipatusand ELeutherod.actyLus iasperi) is the terminal

portionoftheoviductknowntofunctionasaprotectivechanberforthe
developingyounguntilbirthofthefully-formedjuveniles.Inallother
species it serves rnerely to store the eggs for a short period between

ovulation and oviposition. For this reason the term "ovisacil is applied

here.
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(i ) DI SPOS IT I ON OF OViSACS: HISTOLOGICAL PROCEDURES

To determine the coul'se and fate of the ovisacs as they approach

the cloaca, if indeterninable under the dissecting microscope, the

ovisacs, rectum and cloaca were excised from the specirnen' The tissue

was then processed through ethenol and xylene, embedded in paraffin wax'

sectioned at 8 or 9pm, and the sections stai-ned with Mayerrs haematoxylin

and eosin.

( k) ENETIC MATERIALONTOG

Developrnental series of tadpoles of four South Australian specr'es

of frogs were reaTed for ontogenetic studies. Línmodynastes tasmaniensis

spal{n was obtained from a breeding colony of adults collected from

various localities near Adelaide and maintained at room ternperature in a

large tank in the laboratory. Details of spawn collection for other

species are: Lirrmodyrnstes dzmeriLi l).Uraidla, Sth Aust., 13.x.1981,

J. lrloller; 2) ì.aid by adults coll. R. Torrens, St Peters, Sth Aust.,

13.x.1gg1, M. Thompson. Pseudophryne bibroni: L) Mitchan, Sth Aust"

27.v.1981, P. Horton; 2) laid by adults col1. Fifth Ck, lrlontacute, Sth

Aust.,Ilay1981,J.Mol1er;3)Greenhill'SthAust"14'viii'1981'
c. I,titler. Litoría euirryi: 1) Mitchan, sth Aust., 27.v.1981, P' Horton;

2) Brorrnhill Ck, Sth Aust', 19'ix'1980, D' Towns'

Tadpoles wele leared in glass tanks with aerated, filtered and de-

chlorinated water, in a 30oc controlled tempenature room with daylength

set fron 0600 to 2000 hrs, and were fed thawed, deep-frozen lettuce (not

previouslyboiled).Smallnurnbersofindividuals-werekiliedat
intervalsfromearlyStagesunti]metamorphicclimax,preservedin
T1,1er's tadpole fluid (Tyler, 1962), and staged according to Gosner

(1960). some individuals tçere reared beyond netamorphosis, maintained
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in glass tanks and fed adult DrosophiLa nteLanogasten and srnall larvae of

Tenebrio molitot', and killed at intervals in 3% chloral hydrate solution

and preserved in 659" ethanol.

(l ) PROCISSING OF ONTOGENETIC MATERIAL

Initiatly specinens were dissected under the microscope. To

deterrnine the stage of gonad differentiation, plogressively earlier stage

individuals were sectioned for histological exarnination. Gonads of

tadpoles were excised together with the kidneys and dorsal musculature,

with the cartilaginous spinal column removed. Gonads and oviducts of

juveniles were excised together with kidneys, dorsal musculature, and

vertebral and pelvic skeletons, and decalcified in Perenyirs fluid for

four to six hours. These tissues were processed through ethanol and

xylene, ernbedded in paraffin wax, sectioned at 7 or 8pm, and the sections

stained with Mayerrs haematoxylin and eosin.

(m) URINARY DUCTS

Various terms are applied to the ducts carrying urine frorn the

anuran kidneys: Wolffian ducts (Bhaduri, 1953), ureteIS (Ecker, 1864),

archinephric ducts fMinkoff, 1975), opisthonephric ducts (K1uge , 1977) .

According to species, the archinephric duct rnay drain the kidneys and

testes, or an accessory duct (opisthonephric) may be formed to drain the

rnore posterior part of the kidneys, or in sone' such as ALytes (Roner and

parsons , 1977), the entire kidney nay be drained by this extÏa duct,

leaving the archinephric duct to caTTy spern only. In female anulans

there is a sirnilar but more Ietarded developnent of an accessoly duct,

despite the lack of other use of the archinephric duct (Romer and

Parsons, Ig77). In no species, however, is this accessory duct equiva-
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lent to the mammalian ureter, which is mctancphric in origin. The

origins, aTchinephric or opisthonephric, of urinary ducts we1'e not

determined in this study, so the general telm rrurinary ductrt was applied

throughout.

(n) STATISTICAL ANALYSES

Nunerical data were subjected to analyses following the methods of

sokal and Rohlf (1969) and canpbell (1,974), in conjunction with the

critical values given by Rohlf and Sokal (1969) and Campbell (1'974) '

variables were checked for norrnality (Kolrnogorov-srnirnov one-sample test)

and homogeneity of variances (F rnax test) before alt statistical analyses

involving parametric tests. If necessary, the variables were transformed

to their natural logarithmic values in order to produce normal distribu-

tion of data points and to reduce heterogeneity of variances, so that

parametric tests could be enployed. some values of egg diameter wele

less than 1.Omm, therefore egg diameters were transforrned to the

logarithms of 10 tirnes their value. Regression lines were required in a

number of instances, but Model I regression could not be used because in

no case did the dâta neet the requirement of the independent variable

being measured without eïroT and under the control of the investigator

(soka1 and Roh1f, 1969, pp.408-409,410). Analysis of covariance

therefore was not enployed either. Regression lines wer'e calculated with

Bartlettrs three-gr:oup rnethod for I'lode1 II regression, as detailed by

Sokal and Rohlf (1969).
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RESU LTS

(a) REPRODUCTIVE MODES

Each of the 108 species considered in this study (Iisted in Appendix

I) rvas allocated to one of the categories of reproductive rnode detailed

in the Introduction (under Anuran Reproductive Modes). Allocations of

some species were only tentative, as also discussed in the Introduction,

due to a lack of inforrnation about their breeding ecologies. The nain

categories of reproductive mode considered are: lrtode I (eggs sna11 with

little yolk reserve; smal1, early stage tadpoles hatch and develop

aquatically), lrlode II (eggs with rnoderate yolk reselrve; only well

developed or later stage larvae notile and feed and develop aquatically),

and l'{ode III (eggs with large yolk reserve sufficient for entire develop-

rnent up to the end of rnetanorphosis; larval stages may or may not be

present). Fifty-nine species were classed in Mode I, 1'6 in lrlode II, and

33 in lrlode III. The node of each species is given in Table 3.

(b) SNOUT-VENT LENGTH

Ir{easurements of snout-vent length (SVL) of adult individuals are

presented in Table 3. In sorne instances only juveniles of a species were

available for study, so published values of SVL of rnature individuals are

quoted. Ranges of SVL are:

III



TABLE 3:

Taxa

Pelobatidae
PeLobates fuscus

R
R
TaudactY
ry

Renroductive rnode, snout-to-vent lcngth (SVL)' and presence
'¡;lj':i";;;;;.;"i;j or egg pigrncntatión' in arr species in-
vestigated. l¡,-t*ùät-or !i"tit"n= '""n óf each species is in

oarentheses. SVL values are mean values for each species

ä.ö;";;t-ir,ot" of which only one specimen was seen'
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Egg
Pi gmentati on

Lei op elmat idae
AscaPhus tnueí
f eioP eLma hochs Lettet i

Pipidae
XernPus Laeuis
X. mueLLeY'i

1

1

1
1

IIa
IIIa

43.7
40.7

o
o

Ia
Ia

Ia

Ia
IIIa
IIIc

88 .9
s5.5

80. 0

+
+

+
1

Bufonidae
Bufo mæiras -
W e"ctoPhrY noide s malc oLmi
iV. totnieri

LeptodactYl idae
LirnnodYnas t l-nae

Ad"elotus bteuis
HeLeioPoz'us eYreí
Lechriodus meL a
LinmodYrnstes 2".
L. L'L

L. orrtntus
L. PeronL
L. tasmarn'enst's
Mea ístoLoti s Li4rnríus
N e"obatrachus ? c entraLi s

1V. sp.
N otaden m e I'ano s caPhus
À7. nichoLLsi

lrlyobatrach ínae

Assa darLíngtoni
iøta

g ouI-d"i
bibroni

Língua

rLparLa
sígniferu

Lus acutt'Tostyus
díurnus

1
)
2

130.0
24.2
25.4

+
+
o

2
2
1

5
3
)
1

Ib
IIc

rb
Ib
Ib
Ib
Ib
Ib
Ib
Ia
Ia
Ia
Ia

IIIb
IIb

I II a
IIb
Ia

35.8
53 .8
44.9
s6. 5
61.9
40.2
49.8
36.6
46.3
47 .8
43.6
46. 0
53.2

29.8
55.5
30.3

17 .4
20.0
24.7
23.9
32.5
26.7

o
o
+
+
+
+
+
+
+
+
+
+
+

nulne]1OUs
7
3
3
4
1

1

1

5
2
1

5
2
7
1

1

19 .6 o
+

o
+
+

+
+
+
+
+

7

Ia
Ia

IIa
IIa
fa

'up e rol eia inurt'd.ata

1 From h!ertens (1960)
2 From I'tartin eL al. (1980)

SVL
(mm)

Reproductive
Moden

27 .4
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Egg
P igmentati onTaxa

Rheobatrachinae
Rheobatrachus siLus

EleutherodactY 1 inae
EL euther odactY Lu s acVnt irn'¿ s
E. chLororntus
E. curtiPes
E, deuiLLei
E. uaLkeri

Dendrobatidae
PhyLLobat e s aur otaen'in'

Hylidae

o

o
o
o
o
o

+

Cuclorana australis
C. þTeuLPes
C. LongíPes
C. maini
Litoría aLboguttata
L. bicoLor
L. caeruLea
L. chLot'is
L. coPLandi
L. dahLi
L. eucnemis
L. euingi
L. irtermis
L. iris
L. Lesuewí
L, mícrobeLos
L. modíca
L. nnnnotis
L. nnsuta
L. PaLLi'da
L. PeronL
L. Prattí
L. r'aniformie
L. rheocol.a
L. rothí
L. rubelLa
L. tornieri
L, uotiuLunensis
NyctirnYstes Pqua
PLwynohyas ueruLosa

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
o
o
+
+
+

o
+
o
+
+
+
+
o
+

Ranidae
Arthu' oLeP tel 7a L i4ht fo ot i
Ar tÍr oLePti s P oeciL orn tus
Cac oster-rn m bo ettg er i
Rarn cascadea
R. grisea
R. Pqua

o
o
+
+
+
+

SVL
(run )

Reproductive
I'loden

79.9
45 .0
42.2
46.4
66.7
27 .6
7 2.3
55.6
35. 0
73.6
67 .0
35.4
34.4
37 .8
6s.3
74.4
33. /
63. 0
49.6
37 .2
60 .4
34.0
72.2
37 .5
48 .8
s2.4
36.3
s4.t
77.5
76.3

22.01
29.7
27. O

s5.0
87.5
84.3

50. 6

3
0
0
0

50. 6

40
36.
39.
21..

Ia
Ia
Ia
Ia
Ia
Ia
Ia
Ia
Ia
Ia
fa
Ia
Ia

IIb
Ia
Ta

IIa
IIa
Ia
Ia
Ia

IIa
Ia

IIa
Ia
Ia
Ta
Ia

IIa
Ia

IIIb

IId

IIIa
IIIa
IIIa
IIIa
IIIa

IIIa
IIIa

Ia
Ia
Ia
Ia

8
1
1

2
)
4
2
2
7

umerous
7
2
4
4
1

1

2
2
.)

5
2
2
1.

2
7
6
L

1.

4
1

21.

5
5
6
5
3

1.

1
1
1

1

1

3

n

Frorn Poynton (1964)



36.

Egg
PigrnentationTaxa

Hyperoliidae
AfniraLus donsaLis
A. fornasiniA. quadriuittahts
CaLLiraLus pictus
Cry pt othy Lan gr e shof f i
Hy p er oLius nwn'mor q.tu s
Leptopelis bocagei
L. macrot'Ls

Rhacophoridae

Chírotnantís petersi
C. rerønPeLinn

Microhylidae
Ast erophryinae
Aster opTtt'y s turPicuLa
Bæygenys nnna
Hylophorbus tufescens
Phry nont anti s hwnic ola c ornP ta
P. h. hwnicol'a
P. LateraLís
P. Louisiaã.ensis
P. robusta
P. stíctogaster
P. uilheLmarw.
X enobatTactu s t' o stratus
Xenorhirn bouuensi

Sphenophryninae

C ophíæaLu s darLirq toní
C. neglectus
C. ov'natus
C. pækeri
C. t'ipæius
CopiuLa fistuLans
7reophryne biroi
Sphenopht'yne schL ag inhauf eni

Dyscophinae
CaLLueLLa guttuLata

I'licrohyl inae

o
o
o

+
+
o
o

o
o

o
o
o
o
o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o

+

Chqez'ina
I'aLouLa p
Mia,ohgLa

fusca
uLchtv.

heymonsi

+
+
+

t

Reproductive
Mode

SVL
(mm)n

25.9
3s .9
26.2
41.0
s1.9
30. 4
48.6

77.7
64.3

42.0
26.4
37 .4
53.9
46 .6
48.4

s7 .8
79 .3
49 .0
37 .O
27.6

23.4
25.7
27 .4
29.6
50.5
33.9
28.5

37 .9

23.L
54 .3
23.6

1
1

1

1

1

1

1

1

1

L

1

1

1

1

1

1

4
1
1
3
J
2
1

1
1
7
1
1
2
1

7

1
'1,

1.

Ia

Ia
Ia
Ia

IIb
Ia
Ia

rrb
IIb

Ib
Ib

IIIa
IIIa
IIIa
IIIa
IIIa
IIIa
I IIa
IIIa
IIIa
IIIa
IIIa
IIIa

IIIa
II Ia
IIIa
IIIa
IIIa
IIIa
I IIa
IIIa

Ia
Ia
Ta

Fron Laurent (in Litt.)
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Mode I species:

Mode II species:

Mode III species:

14 .4 - 130 mn (mcan 49.8 t 21.8 mrn)

26 .7 - 71 . Smr (rnean 47.0 ! 13. 1 mm)

19.6 - 79.3mm (nean 37.4 ! 14.0 nm)

Values of SVL are from a population rvith norrnal distribution (Kolmogorov-

Smirnov one-sample test) and their variances are not significantly

heterogeneous (F max test). The rnean for lrlode I species does not differ

significantly from that for l'{ode II, nor lrlode II from lrlode III (Studentrs

t-test), but the mean for Mode I is significantly greater than that for

lrfode III (0.001 < P< 0.01).

(c) EGGS

(i) Eqg Diameter

Values of egg diarneter (mm) are given in Table 4 for species for

which ova oï natule oocytes could be measured or for which published

values were available.

Conpar ison of egg dianeters between rnodes

A histogram of egg diameters for species of Modes I, II and III is

given in Fig. 3. Rangesof egg diarneters are:

lr{ode I species: 0.8 - 1.9 nnn (mean l'32 ! 0'23 mm)

Mode II species: 1.7 - 4.0 nm (mean 2'44 ! 0'72 nn)

Mode III species: 1.9 - 5.0 rnm (nean 3'38 1 0'96 nm)

Values of egg diameter are from a population with normal distribution

(Kolnogorov-Snirnov one-sample test) but the variances are significantly

heterogeneous (F max test, P<0.01). values of 1og (10 x egg diameter)

are also normally distributed and the variances are not significantly

heterogeneous. Thus 1og (10 x egg dianeter) values weTe enployed for

paranetric tests. (Dianeters weTe nultiplied by 10 before 1og trans-

formation since some values were less than 1.0). Results of these and



TABLE 4:

P ip idae
Xenopus
X.

Taxa

Laeuis
mueLLet'i

Egg dianeter, egg volume, ova-rian complement' and complernent

uõi*", for aI1 ipecies investigated' Egg dianeters are nean

values for each species. Ovarian cornplements ^are mean values
for 1eft and righi ovaries for at1 spècinens for that species'

38.

Complement
Volune
(cu.mn)

905

483
252

Leiope lmat idae
Ascaphus truei
feiop elma hochstetteri

27
18

690
360

4,366
t7
16

7,728
206
3s9

473
2,560

584
1 ,030
2,845

386
813
L28
770
25s
s93
639

Pelobatidae
Pelobates fuscus

Bufonidae
Bufo marirrus
N e-c t ophrY noide s m aLc olmi
N. tonnierí

LeptodactY 1 idae
LimnodYnastinae
AdeLotus breuís
HeleioPorus eYrei
Ie c\w io dt't s m eLanoP Y g a
Linmodyrnste s dot salis
L. dunerilí
L. orrtatus
L. Peroni
L. tasmaniensis
Megist oLo tís Ligrørius
N eôbatrachus ? c entralis
N. sp.
Notaden melarnscqhus
N. nichoLLsi

lrf yob atrachinae
Assa darlingtoní
Cvinia geoz'gi'ana.
lLyobatrachus gouLdi
PseuÅ.ophrYne bibroní
RanideLTn biLingua
R. z'iparí.a'
R. si4nífera
TaudactyLus a.cutir o str'í s
T. díurnus
lJperoLei.a inundnta

I Fron NobIe and Putnarn (1931)
2 Fron Ì{ake (1980)
3 From Lee (7967)

4 From l'fartin (1967)
5 From Martin et aL. (1980)

267
736
s08

1,r32
1,707

424
707
741^
787
776
335
444

6
88
39
36
28
24
59
29
24
30

69
268

7,623
294

2S
42
85
88
62
35

0varian
Cornpl enent

Egg
Vo lume
(cu. mm)

Egg
Diameter

(mm)

2
2

33. 54.01

0
0

0.7
0.7

1.1
1.1

1.8
72.7
22.5

1.8
18.8

7.2
0.9
2.6
0.9
7.2
0.9
0.9
1.4
1.8
1.4
1.8

1.5
3.33
1..3
1.2
r.74
7.2
1.3
1,.2
7.2
7.4
1.5
1.4
1.5

11.s
3.L

4L.6
8.2
0.9
1.8
7.4
3.7
2.6
t.2

2.8
1.8
4.3
2.5
-J. .2s
1.5
7.4
1.8
7.7
1, .3

1.5
) '7 _7
3.0-4



Egg
D iameter

(run)

39.

Comp 1 encnt
Vo lurne
(cu . nm)

611

Taxa

Rheobatrach inae
Rheobatrachus silus

EleutherodactYl inae

EL euther odactY Lu s acløt iru s
E. chloronotus
E. cwtiPes
E. detsíLlei
E. uaLkeri

Dendrobatidae
Phy Llobate s auY otaeni'a

Hylidae
Cyc\orartn austraLís
C. breuiPes
C. LongiPes
C. maini
Lítot'ia alboguttata
L. bicoLor
L. caeruLea
L. chlorís
L. coPlanåi
L. dahLi
L, eucnemis
L. euingi
L. inermis
L. iris
L. Lesuanri
L. microbeLos
L. modíea
L. rtannotis
L. rtasuta
L. paLLida
L. Peroni
L. Prv.tti
L. t'øtiformis
L. rheocoLa
L. rothi
L. rubeLla
L. tornieri
L. untjuLunensis
Nyetinystes Pqua
Plvynohyas ueruLosa

Ranidae
ArtLw oLePteLLa Li4htfooti
Ar tVtz' o LeP t i s P o ec iL orto tu s
Cac o st ernt'm bo ett g eri
Rana cascad.ea
R. grisea
R. papun

184
105
22r

18

43

3,758

373

r,497
1,67
510
847
246

589
159
t2l
9s6

28
t79

1 ,661
!,242

L75
4s0
204

1- ,77 3
707
s81
201,
153

2,23L
7,825

702

683

2

0varian
Conpl ernent

Egg
Volune
(cu.nm)

181
175

25
7,366

704
JI
74

1, 080
192
374

42
L,23r

50
505
287
168
868
327

t2

t2

2,610

410

1,981

16

224

16
19
27

5

2,130
322
729
588
L7L

2.2
0.9
4.9
0.7
0.3
4.9

22.s
7.2
0.9
7.2
4.9
'J. .4

14.7
1.2
0.7
0.9
2.6
5.6

51.0

3.6

11.s
5.6
8.2
3.6

7.4
7.4
0.9
0.9
0.7
0.5
0.7
7.4
r.4
o-n

6.4
0.4
3.1
3.7
7.4

4.6

1.9

2.8
2.2
2.5
1.9

7.4
7.4
7.2
7.21
1.1
1.0
1.1
1. .4
7.4
7.2

7.6
7.2
2.1
1.1
0.8
2.7
3.5
'1,.3

1.2
1.3
2.1.
7.4
3.0
1.3
1.1
7.2
7.7..,

2.3
0.92
1.8
1.8
1.4

1 From Ty'ler and I'lartin (1977) Fron Jurgens (1979)

2,853



Hyperol iidae
AfrLæalus dorsaLis
A. forrnsíni
A. quafiuittatus
CalliraLus Pictus
Cryptothyl an gr e sho f fi
Hy p er oLíus m at"rn oratu s
r,eþtopeLís bocagei
L. macrotis

Taxa

Cophi,æaLus
L.
C.

40.

C omp 1 enent
Volume
(cu. mrn)

t44

804

Rhacophoridae
Chiranøttís Petersi
C. neranPelína

lrlicrohylidae
AsterophrYinae
AsteroPhrYs tunPicuLa
BarygenYs rnna
HyLophorbus rufescens
PVwynomantís hunicoLa c omPta
P. " h. lutníeoLa
P. LateraLís
P. LouLisindensis
P. robusta
P. stíctogastez'
P. uiLheLmana
Xenobatrachus r ostratus
Xenorhirn bouuensL

SphenophrYninae

64s
s89

82
268

525
292

465
1, 309

s80

2L

da-z'Lingtoni
negLectus
ornntus
parkerí
rLp1ILuS

fistuLans
yne biroi
-Vny nn s chLag inha't' f ení

140
20L

630
Dyscophinae

CaLLueLLa guttuLata

Microhy I inae
Chqerirø fusca
lhLoula PuLcTæa
Mí.crohyLa heYmoneí

1 Ftom Schiótz (1975)
2 From Zweifel (7972)
3 Fror Parker (1'934)

Ovarian
Complement

Egg
Volume
(cu.mm)

Egg
D iamet er

(mm)

67

144

692

448
193

8
4
8
9

11
13

t2
20
73
19

5

8
1.8

8
13
12
11

6
72

378
270

4
3

5
5

2.02

2
4

9
. o3

8
4
6

2

38.
65.
44.

4,

0.9r.2

1.2
2.2

r.3
1.6i

3.6
t.2
5.6

1.9
7.3
2.2

t.4
3.1

7.4
L.8

20.6
33.5

3.4
4.02

47 .7
22.5

72.8
33.5

0.9
0.7
0.5

7.2
1.1
1.0

4.2
5.02
4.4

265
140



FIG. 3 NLmbers of species with egg diameters in given
size classes, for species of Mode I, lrtode II,
and l,lode III.
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SubsequentStatiSticalanalysesalesrrnrnarizedinTab|e72

The mean of }{ode I log (10 x egg diameter) values is significantly

less than those of l,lodes II and III (studentrs t-test, P < 0'001) and the

mean of Mode II is significantly less than that of lilode III (0'001 < P <

0.01) .

Correlation of egg diameter I,rith SVL

Log(l0xeggdiameter)isplottedagainstSVLforspecirnensof

each rnode, in Fig. 4. There is a significant positive correlation

between egg diameter and SVL-for lr{odes II and III (Kendall's coefficient

of rank correlation, 0.001< P< 0.01), but there is no significant corT'e-

lation for Mode I. For a given SVL, 1og (10 x egg dianeter) is altvays

greater in Modes II and III species than in lr4ode I species, and is

generally greater in lrlode III than in lrlode II'

(ii ) Ovarian CornPlement

Values of the number of rnature or vitellogenic oocytes per ovary

(ovarian complement) are given in Table 4 for each species examined for

rvhich this could be estinated; these figures are for one ovaTy only'

Comp ari son of ovarjan comPlem ents between modes

Ranges of ovarian comPlements are:

Mode I species: 24 - 4366 (mean 638'4 ! 806'2)

Mode II species: 72- 327 (mean 75'7 Ì 83'4)

Mode III species " 4 - 39 (mean 73'4 ! 7 '2)

values of ovarian conplernent are frorn a population which deviates

significantly from normal (Kolnogorov-smirnov one-sample test, P' 0'01)'

but log (ovarian complernent) values form a normal distribution'



F]G. 4 Log (10 x egg diameter) vs SVL for species of
lr{odes I, II and III.
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Variances of ovarian conplement values are significantly hcterogeneous

(F nax test, P< 0.01) and those of log (ovarian complement) are also

significantly heterogeneous, but for convenience log (ovarian conplement)

data were subjected to palanetric tests despite the slightly hetero-

geneous variances. Results of these and subsequent statistical analyses

are summarized in Table 12.

The mean of Mode I 1og (ovarian complement) values is significantly

greater than those of lilodes II and III, and that of Mode II is signifi-

cantly greater than that of Mode III (Studentrs t-test, all P<0.001).

Correlat ion of ovarian complement with SVL

Log (ovarian conplement) is plotted against svl for species of each

rnode, in Fig. 5. For a given SVL, 1og (ovarian complement) is generally

greater in lrlode I species than Mode II, and generally greater in Mode II

species than in Mode III. There is a significant positive correlation

between ovarian complement and SVL for each of lrfodes I, II and III

(Kendall's coefficient of rank correlation, P < 0.001 for I'fode I, and

0.01 < P< 0.05 for lrlodes II and III).

Corre 1at ion of ovarian cornplement with egg diameter

Values of 1og (ovarian conplenent) are plotted against 1og (10 x egg

diameter) for each species of Modes I, II and III, in Fig. 6. There is a

trend towards a decreasing ovarian complement with increasing egg

diameter, and application of the Kendall's coefficient of rank correla-

tion test indicates a significant negative correlation (P'0.001).

I\'ithin each mode there is considerable scatter of points (Fig. 6) and no

significant correlation between egg diameter and ovarian conplement

(Kendallrs coefficient of rank correlation).



FIG. 5 Log (ovarian cornplement) vs SVL for species of
lvlodes I, II and III.
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FIG. 6 Lo
fo

g (ovarian complement) vs log (10 x egg diameter)
r species of Modes f, II and III combined.
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(iii) Comp l ernent Volume

Cornplement volume, calculated fron ovarian complement x egg volume

(the latter calculated from egg diameter), is given for most species in

Table 4. Complement volurnes are plotted against SVL for each species in

Fig. 7, frorn r*'hich it can be seen that for a given SVL ovarian volume

falIs over a relatively narror{ range, regardless of reproductive mode.

Complenent volume therefore remains similar in species of similar size,

despite clifferences in egg sizes and ovarian complements.

(iv) Egg Pigmentation

In many species, the animal hemisphere of each mature egg is in-

vested rr'ith melanin, giving it a dark bror,rn to alrnost black appearance.

Presence or absence of egg pigmentation in each species is given in Table

3. Of the lrlode I species examined, 53 possess eggs with pigmented anirnal

hernispheres, and six possess unpigmented eggs (AdeLotus breuis, three

AfriraLus spp. and two Chirornantis spp.). Six of the li{ode II species

possess pignented eggs, and seven species unpigmented eggs. All but one

(NectopVnynoides malcoLm|, in which the animal hemispheres are pignented)

of the lrlode III species lack egg pigmentation.

(v) Egg Jel 1y Capsu I es

I'teasurements of the thickness of jelly capsules surrounding ova were

obtained for a few species. These few rneasuTements, together with

published values for other species , are given in Table 5. These values

are not of capsule dia¡neters but of the thickness of mucopolysaccharide

je11y rnaterial covering the egg at one point. lrlost values taken fron the

literature were calculated thus: \ x (capsule dianeter - egg dianreter) .



FIG. 7 Complement volume (= ovarian complement x egg
volume) vs SVL for species of Modes I, II and
III combined.
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TABLE 5: Thickness of egg jelly capsules

Thickness (mm)

- measuTernents from ova in ovisac)+(Taxa

0.25 (fron Noble and Putnarn, 1931)

approx. 0.3 (from Fteeman, 1968)

approx. 1.0 (fron Ingram et aL',
It O . 6 (fron Main, 19 57)
tt !.2 (frorn Roberts, 1981)

r.7*
approx. 0.3 (fron Martin et aL' ,
1,-.4 ffron Harrison, 7922)

approx. 1 .8 (from hrager, 1'926)

1s8o)

1s7s)

0.5
0.7*

0.7*
approx

ll
(from Harrison,
(fron tr

0.4
7.2

0 .8*
0 .35

rs22)
")

LeptodactY lidae
Linnodynast inae

Línm.o dyrn st e s t asmani ens i s
N o tad.en m eLano sc aPhus

Leiopelmatidae
Ascqhus trueí

Pipidae
Xenopus Laeuis

lr{yobatrachinae
Assa darlirrytoni
Crinin geongíana
Muofu.trachus gouLdí
P\eudopVrcyne bibroní
RaniÅeLLa biLingua
n. signifena

Fty l idae
CycLoz'arn austraLis
Litoria caeruLea
L. euingi

Hyperoliidae
Hyperolius marmoratus

Microhylidae
Copiula fístuLans
Sphen oP Vtr Y rte s chL ag ínlnuf eni
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Thicknesses for the Mode I species lange from 0.3 to 1.4 nn, and

values for the three Mode II species and for the four lr{ode III species

cover similar ranges. No statistical analysis of the data was made since

numbers of species were too smal1 for lilodes II and III, but there are no

apparent trends with reproductive mode'

(d) OVAR I ES

(i) The Anuran OvarY, General DescriPt ron

The bilaterally paired ovaries are situated ventro-rnedial to the

kidneys,suspendedfromthebodyrvallbyapairofmesenteries'the
rnesovaria, through which enter blood vessels and nerves supplying the

ovary. I','hen enlarged with mature oocytes, the ovaries occupy much of

the bod1, cavity and may envelop other abdominal oTgans. Each ovary is

saccular and is covered with a thin gerrninal epithelir¡n which is con-

tinuous r*.ith the peritoneum. oocytes lie enbedded in cortical tissue

underthegerrninalepitheliun,and,astheydevelop'bulgeintothe
ovariancavity,whichislinedbyathinlayerofmedullarytissue
(Lofts , Lg74). The ovary may be a single sac, but frequently is divided

into a number of sacs or Lobes (Fig. 1) between rvhich usually 1ie najor

divisions of ovarian blood vessels. The lobes may be separated frorn one

another only at their extrernities so that they are indistinct, or they

may be diYided almost completely. several ovaries, from unlobed to Inany-

lobed , aTe iltustrated in a variety of species of l'lodes I, II and III, in

Figs. 20-27 .

(ii) Nunber of Lobe s of the Ovary

lobes of each ovary was counted for nost specfmens

individuals it h'as not possible to determine the
The number of

exarnined. In some
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numberdueeitlrertopoolpreselvationoftheovariesorclsetocom-
paction and hardening afteI' pTeservation of large, ripe ovaries, the

lobes of which were then impossible to separate. The results of all

statistical anaLyses concelning ovarian lobe numbers are sunmarized in

Table 12.

Intraspeci fic variabilitY in lobe nunber

For those species of which several specimens wele exajnined, it is

apparent that lobe number remains relatively consistent rr'ithin the

species. For example in 28 specirnens of Linvtodyrnstes tasnqníensis

reared frorn eggs in the laboratory and in seven others collected frorn

field localities, there were 3- 5 lobes, tvith one ovaly in one individual

bilobed. In 20 individuals of RheobatTachus siLus there were 2-4 lobes

peT ovary, one unlobed ovary, and one tvith five lobes (Horton and Tyler,

1,gg2 - Appendix IV) . There is no apparent correlation of lobe nunber

with tine of year of collection, as itlustrated in 18 individuals of

R1æobatracvu,ts siLus (Horton and Tyler , L982), indicating no seasonal

variation. within a species there appears to be no appreciable increase

in lobe nurnber with an increase in size of the individuals, as is illu-

strated in Fig. 8 for 35 individuals of Lítoria dahli which were all at

a sirnilar stage of reproductive maturity rr'ith the oviducts beginning to

convolute (no significant correlation bettveen sVL and lobe number;

Kendallrs coefficient of rank correlation) '

Conparison of lobe nunb ers between modes

l,leans and standard deviations of lobe numbers were calculated for

each species and are given in Table 6. A histogram of lobe nurnbers for

species of Modes I, II and III is given in Fig' 9' Ranges of lobe

numbers are: l,lode I species: 7-24'5 (rnean 8'77 x 5'69)

lrlode II species: 7- 8'8 (rnean 3'58 t 2'97)



FIG. 8 Nunber of ovarian lobes (rnean of left and right
ovaries) vs SVL in 35 individuals of Litoria
dnhli, coll. near Nankeen Billabong, N.T.,
27.íií.1981, M. Cappo.
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TABLE 6: Number of lobes per ovaÏy for all species investigated' The

ntrnber of lobes is the nlan for left and right ovaries of a1l
sp"ci*e,'softhatspecies.Standarddeviationsareinparen-
theses.

Number of LobesTaxa

0.4)

3)

6.s (1 0.7)

(! 1.4)

(t 2.s)

(1 0. 7)

2.8 (r 0.8)

0
0

1
1
1

1.0
1.0

(l 0
(r024.5

77 .5
.7)
.7)

6.3
6.0
6.1
7.7
6.8

(t

1.5
1.0
1.0
1.0
1.0
1.0
7.3
1.0
1.0
3.0

20
1

1

(1
(1
(r

.6)

.o)

3.6
3.5
7.7
6.8
9.9

11.5

(r 0. 8)
(r 0.7)
(r 1 .0)
(! 1.2)
(1 1.3)
(1 0.7)

Leiope lnatidae
Ascaphus truei
Leiip eLma hochstetterí

Pipid ae

Xenopus kteuis
X. mueLleri

Pe 1ob atidae
PeLofu.tes fuscus

Bufonidae
Bufo marinus
N eb tuphryrn íÅe s naLc oLmi
N. torníeri

LeptodactYlidae
LinnodYnastinae
AdeLotus breuis
HeLeioPot'us eYreí
Le ehY'iodus meLanoP Y g a
Linmody rn st e s doY' saLi s
L. dtaneriLí
L. ornntus
L. Peroni
L. tasmanierrcís
Meg istoLoti s Li4rnríus.
N ebb atrachus ? c entY'aLí s
Ài. sp.
Notaden meLanoseaPhus
N, nicholLsi

lr{yobatrachinae
Asso darLingtoni
CYinia georgíarn
MuobatracVws gouLdí
eieud"ophryne bibroni
RaniÅ.eLln biLingua
R. r'íPat'i'a
R. si4nif ez'a
T øtdacty Lu s ocutir o str i s
T. díuYrws
lJperoleia inundnta

Rh eobatrachinae
Rheobatrachus síLus
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Number of LobesTaxa

22.t (! 2.s)
11.s (r 0.7)
11.s (r 0.7)
13.s (r 1.0)
22.3 (i 1.s)
4.6 (1 0.s)

14.8 (! 4.2)
1.2.8 (t 1.0)
6.s (! 2.t)

74.6 (! 2.6)
L2.0
s.s (1 0.7)
s.o (1 1.4)
7.3 (i 0.s)

1s.s (1 0.7)
3.0
3.3 (l 1 .7)
s.8 [1 1.3)
s.8 (1 1.3)
s.7 (r 0.8)
7.s (! 1.3)
2.8 (t 0.s)

13.0
4.s (t 0.6)
8.1 [! 1.s)
6.3 (! 7 .2)
4 .s (t 0.7)
s.s (1 0.7)
8.8 (t 1.3)

16.0

(t
(t

72.0

(t 0. 8)

1.0

(r 0.7)

(1 1.4)

0.s)
0. 6)

a1

1.0
1.3
1.5
1.0

2.5
1.0
5.0
6.0

EleutherodactYl inae

Eleuther odac tY Lu s achat inus
E
E
tt
E

chLoronotus
cuntipes
deuíLLei
uaLkerí

Dendrobatidae
Phy LLob at e s aur otaen'ía

Hyl id ae

Cuclorana australis
C". breuiPes
C. LongíPes
C. maLrll'
Lítoria aíboguttata
L. bicolot'
L. caeruLea
L. chLoris
L. coPLanå.í
L. dahLí
L. eucnemis
L. euingi
L. inetnís
L. írís
L. LesueuY'i
L. mícrobeLos
L. modi.ca
L. rnnnotis
L. rnsuta
L. PaLLida
L. Peronl'
L. Pratti
L. raniforTnís
L. r'heocoLa
L. rothi
L. vubeL1-a.
L. tornieri
L. uotiuLunensis
Nyctírnystes Pqua
PVuynohyas ÐeruLosa

Ranidae
Ar t\w oLePt eLLa Lightfo otí
Az,thr oL ep t í s P o e c iL onoht s
Cae o st er-rutm bo e ttg er í
Rana cascadea
R. grisea
R. PCPUa
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Taxa Number of Lobes

Iìypero 1i idae
Afz'iraLus dorsaLis
A, fornnsiniA. quadriuittatus
CaLLiæaLus píctus
Cr yptothy Lar g r e sho f fi
Hypenolius mæmorahts
Lepl;opeL'Ls bocagei
L. macrotis

Rhacophoridae
Chiromantis petensi
C. æerctnpeLírn

Microhylidae
Asterophryinae
Aster opVtry s tutp icuLa
Barygenys nnna
Hgloplnrbus rufescens
Pfuynønantis hwnícoLa compta
P. h. hunicoLa
P. LateraLis
P. Louísiaã.ensis
P. r'obusta
P. stíctogaster
P. uiLhelsnarn
X ernbatr acLu'¿s t' o stz'atus
Xernr.hinn bouuensí

Sphenophryninae
CophiæaLus dæLingtoni
C. negLectus
C. oz'rta.ttts
C. paz'keri
C. r'þarius
CopiuLa fistuTnns
)reopVwyne bù'oi
Sphen op hry ne s chlag inhauf eni

Dyscophinae
CaLLueLT.a gutl;uLata

lrli crohyl inae
Chqerina. fusca
KaLouLa puLchna
Mícrohyla hegmonsi

6.0
2.5
3.5
2.0
5.5
3.0
8.0
8.5

(1 0. 7)
(1 0.7)
(r 1.4)
(t 0.7)

(r 0.7)

13.0
10.0

1.0
1.0
3.0
2.5
2.0
3.0
5.0
3.0
5.0
2.8
4.5
1.0

[t 0 7)

(1 1 .2)
(r 0.7)

1.0
1.0
1.0
1.0
2.O
1.0
1.0

2 0
010



FIG. 9 Nunbers of species with ovarian lobe numbers in
given size classes, for species of lt{ode I, lrlode
II, and lnlode III.
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lr'lode III species: 1- 5 (nean 1'89 i I'2t)

values of lobe ntrmbers are from a population with normal distribution

(Kolnogorov-smirnov one-sample test), but the variances are significantly

heterogeneous (F nax test, P< 0'01)' Values of log (Iobe nurnber) are

also normally distributed and the variances a1'e not significantly hetero-

geneous, therefore these transformed values were emplo¡'ed for parametric

tests.

TTre rnean of Mode I log (lobe number) values is significantly g]'eatel.

thanthoseofModesllandlll(studentrst-test,P'0.001),andthemean
for Mode II is significantly greater than that for lr{ode III (0'01 < P<

0.0s) .

Correlation of 1obe numbers with SVL

Log(lobenumber)isplottedagainstSVLforspeciesofeachmode,

in Fig. 10. For a given sVL, log (1obe nrrnber) is almost always gT'eate1.

in Mode I species than in Mode III species. \¡alues of 1og (lobe nr¡nber)

for Mode II species are scattered but tend to be intermediate between

those of l,,lodes r and Irr. There is a significant positive correlation

between lobe nunber and sVL for each of }lodes I, II and III (Kendallrs

coefficient of rank correlation; P < 0.001 for l'lode I, 0'001 < P < 0'01 for

ModeII,0.01<P<0.05forlr{odeIII).Trendsinlobenunberareclearer
arnong larger speciesbecauseinrnanyofthesmallerspecies'particularly

of Modes II and III, the ovaries are unlobed

Correlation of Iobe numb ers with egg diarneter

Values of log (Iobe number) are plotted against 1og (10 x egg

dianeter) for each species of }lodes I, II and III, in Fig.71. There

trend towards a srnaller number of lobes r,'ith increasing egg diameter'

applicationofKendall'scoefficientofrankcorrelationindicatesa

].sa

and



FIG. 10 Log (ovarian lobe number) vs SVL for species of
l'lodes I, II and III.
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FIG. 11 Log (ovarian lobe number) vs 1og (10 x egg
dianeter) for species of lr{odes I, II and
III combined.
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significant negative corlelation (P.0.001). within each rnode thcre is

considerable scatter of points (Fig. 11) , and f or lr{odes I and I I species

there is no significant correlation of lobe number with egg diameter

(Kendallrs coefficient). For lilode III species there is a significant

positive correlation.

(iii) D iffer entiation of Gonads

Differentiation of the gonads was investigated in four specles:

Linmody nas t e s dum erL Li, L. tasm aní ens i s, Lít ori a euirLg i and Ps eudopLry ne

bibroni. The point of differentiation was taken as being that stage at

which in transverse section of the irunature gonad the medullary cells had

either degenerated, forming a presrmptive ovary, or proliferated, forming

a p1esumptive testis, oï at which oogonia could be distinguished (parti-

cularly tn Pseudophzn¿ne bibt'oni in which it was difficult to distinguish

between cortical and medullary cefls)'

Three series of Limnodyrøstes tasmaniertsis tadpoles were exarnined,

and the gonads were found to differentiate at late stage 25 and stage 30

(Horton 7982 - Appendix II), and at stage 28 - 29' Iespectively. In two

series of Límrnd.ynast.es duneriLi tadpoles the gonads differentiated at

stage 35 and at stage 36. Differentiation occurred at stage 41 in one

series of Lítoria eüingi tadpoles. In one series of Pseudophryne bibroni

tadpoles the stage of differentiation was deternined approxirnately as

between stages 39 and 41.

Externally visible lobing of the ovaries was not appalent immediately

after differentiation of the gonads, but forrned when the ovaly was sti11

in a very irnmature state. In one series or Límrødyrnstes tastnartieræis

the ovarian lobes were apparent at stage 32 - 33' In two series of
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I;imnodyrwstes dumeriLi they weÏe apparent at stage 40 - 41 and at stage

4l, respectively, and in Litoria euirryi they formed shortly after

netamorphosis. The numbers of lobes which form in these imrnature stages

correspond with the lobe numbers seen in adult specimens ' Therefore it

appears that the number of lobes developed initially is a set number

that the ovary will retain throughout the life of the frog.

(iv) Ovarian AsYmm etry

Sufficient numbers of specimens of a few species weÏe exanined to

give some inclication of inequality, if present, between the left and

right ovaries in their numbers of lobes and cornpLements of eggs' Twenty-

one individuals of Rheobatrachus siLus wetfe examined; lobe numbers and

ovarian complenents aI'e detailed for these in Horton and Tyler (1982)

(Appendix IV). Among the 18 specirnens for which left and right lobe

counts were made, the left ovary possessed more lobes than the right in

two specimens, the same nunber of lobes in three specimens, and fewer

lobes in 13 specirnens. Arnong the 14 specimens for which left and right

oyarian complements were counted, there wel'e more eggs in the left ovary

than the right in one specimen, the same number of eggs in two specimens'

and fewer eggs in the left ovary in 11 specimens '

counts for nine other species are given in Table 7. only the counts

of lobe number for Litot'ía d.ahLí were tested statisti-calLy; there is no

significant difference in numbers between left and right ovaries in this

species (l{ilcoxon signed rank test) ' No significant asyrnmetry is

apparent in Linmodynastes tasrnøtiensis, RøtideLla sígnLfera,

ELeutherodactgLus acLntirus anð Litoría rothi. In Myobatrachus gouLdi'

four of the five specirnens possessed moTe oocytes in the left ovary than

in the right, as did all EleutherodactyLus cttrtipes and cycLorana



TABLE 7a:
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Numbers of specimens of nine species in which the nunber of
ovar.ian tobes is equal in both ovaries (L = R) or is gleater
in the left ovary (L > R) or is smaller in the left ovary
(L. R). n = total number of specinens for each species'

Spec ies n Nurnber of Specimens

L=R L>R L<R

Línnodyrn ste s t asmani ens is
Myobatrachus gouLdi
RanideLl,a. si4nifera
ELeuther odacty Lus a.chatinu s

E. cuttiPes

Cyclonarø attstralis
Litoria dahLí
L. rothi
L. z'ubeLl.a.

18

5

T2

5

6

8

38

7

6

8

5

8

0

4

4

0

3

2

0

6

0

1

3

2

2

9

2

)

4

2t
1

4

2

8

4

0
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TABLE 7b ovarian complements of left (L) and right (R) ovaries in
individuals of five species. n = total number of specimens
per species; L > R = more oocytes in the left ovary than
in tnã right; L < R = fewer oocytes in the left ovary than
in the rigrrt. Numbers of ovarian lobes are given in paren-
theses.

n Ovarian Complernents

L>R L<R
RL RL

Species

5

6

5

7

5

18 ( 1) 23 (1) 28 (1)

27(1)
61(1)
46 ( 1)

2s(1)
30 ( 1)

64 ( 1)

77(1)

s4 (1)
61 (1)
7s (1)

38 (1)

s8 (2)
6s (1)

s8 (2)
64(1)
8s ( 1)

so(1)
62 ( 1)

64(2)

20 (2)
22(1)
23 ( 1)
2s(1)
23(1)

1s (2)
1s ( 1)

L0 (2)
1s ( 1)

22(3)

170 (6)
sss (8)

3oo (8)
72oo (8)

348 (10)

32s ( 6)
4s3 (10)

368 ( 9)

372 ( e)

s41 t10)

1_246

2222

7283
2607

30s6

2440

2998

(23)
(22)
(23)
(1e)
(26)
(77)
(23)

1.457

2347

27 43

2877

3453

3735

4009

(26)
(2r)
(2s)
(18 )
(26)
(1e)
(24)

ìlyobatrachus gouLdi

RanídeLLa signifera

EL euther odac tY Lus eurtiP e s

CycLorana australís

Litoria rothi
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austna.Zzls specimens for which counts wcre obtained. In two specimens of

Lítoria rubeLla the number of lobes was equal for both ovaries but in the

remaining four the left ovary possessed rnore lobes.

( e) 0V IDUCTS

(i) The Anuran 0viduct. General Description

Anuran oviducts are bilaterally paired and lie firmly held by peri-

toneum along the dorsal surface of the body cavity, extending from a

position adjacent (usually ventral) to the lung apices posteliorly to

the cloaca (Fig. 1). Frorn its ostium, each oviduct is more or less

discretely conposed of three regions (Fig. 1): 1) the anterior-most

par.s recta, a short, straight, thin-walIed tube which extends dorso-

laterally from the ostium and then culves posteriorly; 2) the pars

conuoLuta, an elongate and thick-wa1led tube which in the mature frog is

irregularly folded into numerous convolutions; these convolutions are

tightly bound by peritoneal foLds and increase in size posteriorly as the

oviduct cross-sectional diameter increases, although in nany individuals

the pars conuoLuta narror4rs near its termination so that the posterior-

most convolutions aTe slightly smalLer, as sholn in Fig.268; and 3) the

ovisac, a thin-walled and highly distensible chamber rr'hich enters the

dorsal wall of the cloaca posteriorly, generally through a small papilla.

The paired ovisacs remain separate and open into the cloaca independently,

or else they unite at some point along their Length so that there is only

a single opening into the cloaca. Exarnples of anuran oviducts are

illustrated.for a variety of species of I'lodes I, II and III, in Figs.

20-27.

In some species a urinogenital sinus rnay be present; this is a

cavity in the rectal wall which usually lies betwcen the ovidr.lcts and the
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rectum, and which ends blindly anteriorly and oPens into the cloaca

posteriorly. The oviducts may enter into the sinus before the latter

opens into the cloaca, or else the oviducts may open into the cloaca,

posterior to the entrance of the sinus into the cloaca. The function of

the urinogenital sinus is not understood.

The oviduct wal1 consists of an outer SeToSa, a lamina propria, and

an inner, sirnple, cuboidal or low-colurnnar epitheliun. The epithelium

is folded into longitudinal ridges which are deepest in the pars recta

and become shallower posteriorly. Epithelial ce11s on the crests of the

ridges generally are ciliated. Tubular, je11y-secreting glands in the

lanina propria constitute the bulk of the wall in the pæs conloLuta,

and may also occur in the posterior-most and anterior-rnost regions of

the pars recta and ovisacs, Iespectively. The glands are of similar

histological structure throughout the oviduct. lrfucopolysaccharide com-

pounds secreted fron these gl,ands coat the ova as they are propelled

along the oviduct folLowing ovulation.

(i i) Convolutions of the s conùoLuta

The number of convolutions of the pæs con'ùoLuta of each oviduct was

counted for most specimens examined. In some individual,s it was not

possible to deterrnine the number due to poor preservation and disinte-

gration of the soft oviduct tissue, or because undue ðamage would have

been caused to museum specimens in dissecting them. The results of

statistical analyses concerning numbers of convolutions are surnrnarized in

TabIe L2.

lation between number of convolutions and oviduct lengthCorre

The length of the para coru)ohuta was neasured in 13 specimens of
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seven species of Litot,ia aII riith relatively narrow oviducts at repro-

ductive maturity. The measurements are given in Table 8 and plotted in

Fig. 72. There is a significant inclease in length with increasing

nunbers of convolutions, indicating that the latter is a measure of

oviduct tength. There are too ferv points on the graph to determine the

nature of the relationship; it appears allometric rather than linear,

but those individuals rr'hich diverge furthest from a straight line near

which rnost points lie are L. chlot,is no.2 anð L- v'othi no.S in which the

oviducts weTe comparatively broad (thus lengthening the oviduct) ' There-

fore the relationship may be linear, as would be expected if oviduct

width remains the same.

fntraspeci fic variation in numbers of convolutions

For those species of which several individuals were examined, it was

apparent that the number of convolutions remains relatively consistent

within the species. For example, left and right oviducts of six indivi-

duals of CycLonana austïlaLis yíe\ded the follorving counts (srnalíest to

largest individual):

L 18s 169 166 1.63 274 787

R L 8 3 'J.7 6 169 766 190 180

and left and right oviducts of 11 RanidelLa si4nifera (smallest to

largest individual):

L 26 2s 27 28 38 30 33 34 37 36 31

29 30 29 30 39 32 36 38 31 33 35R

There is no correlation of the nunber of convolutions with time of year

of collection, as is illustrated in 18 individuals of Rheofutrachus silus

(Horton and Tyler, lg82). Thus there appeals to be no seasonal variation

in convolution nunber. lVithin a species there appeaÏs to be no signifi-

cant increase in the nunber of convolutions with an increase in size of
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Length and width of pars eonuoLuta, and number of convolutions,
in 13 individuals of seven Litoria species. L = left oviduct,
R = right oviduct.

TABLE 8:

L. bicoLoz'

L. chLoris 1

1

1

2

L. i,nermis

L. Lesueuri

L. palLída

L. rubelLa

L. rothi 1

2

3

1

2

3

Species SVL
(mn)

Number of Convolutions
LR

Length (tnn)
LR

Width (mm)
LR

26.2
27.8

49.3
61.9

s5.4

65.3

36. 5

45.6
48.2
48.6

31.5
3t.6
35.7

42

48

39

42

93

78

99

81 86

707 1L0

85 89

100 101

94

10595

76

78

81

81

60

89

43

46

30

43

201

116

227

116 118

156 162

119 727

136 742

1.28

L84160

83

69

91

88

63

1.08

r.2 1.1
1.0 1.0

- t.4
2.4 2.3

2.0 1. 8

L.7 1.7

2.0 2.0

1.8 1.8
- 1.6

2.0 2.2

t.2 L.2
1.1
1.3

1.0
1 4



FIG. 72 Length of the pa.Í¿s conuoluta vs number of
coniolutions of the pars conuoLuta in 13

individuals of seven Lítov'ia species '

b.
i.
p.
ru

= Litoria bícoLor;
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= L. paLlida;
= f'. rubeLl.a.

= l'. chlot'is;
= 1,. Lesueutii
= f,. rothi;

c.
1.
rto

The data points for left and right oviducts
of the same individual are joined by lines'
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the individuals. For example, in 11 rcproductively mature RanideLLa

signifera (numbers of convolutions given above) with sVL ranging from

20.8 to 25,7nn there is no signi-ficant increase in convolution nrrmbers

from the smallest to the largest individual (Kendallts co]efficient of

rank correlation). lr{ean convolution numbers of left and right oviducts

in 20 adult females of Rheoba'tv'achus silus are plotted against SVL in

Fig. 13 (data frorn Horton and Ty1er, l-982), and the scatter of points is

randon with no appaTent trends (no significant correlation; Kendallrs

coefficient) .

Conparison of nunbers o f convolutions between rnodes

Means and standard deviations of numbers of convolutions per oviduct

were calculated for each species and are given in Table 9. A histogran

of convolution numbers for species of lr{odes I, II and III is given in

Fig. 14. Ranges of convolution numbers are:

Mode

ìlode

Mode

I species: 11

II species: 8.3

III species: 7

179 .8 (rnean 89 .76 t 45.16)

84.5 (nean 37.77 t 2t.03)

52.5 (mean 26.67 I 11.14)

values of convolution numbers are from a population with normal distri-

bution (Kolnogorov-smirnov one-sample test), but the variances are

significantly heterogeneous (F nax test, P< 0.01). Values of 1og (nunber

of convolutions) are also norrnally distributed and the variances are not

significantly heterogeneous; these transformed values were therefore

employed for Parametric tests.

The mean of Mode I 1og (number of convolutions) values is signifi-

cantLy greateT than those of Modes II and III (Studentrs t-test,

P< 0.001), but the mean for Mode II is not significantly different from

that for I'lode III.



FIG.13 Nunber of oviduct convolutions (mean of left
and right oviducts) vs SVL in 2O individuals
of Rheobatrachus siLus.
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TABLE 9: Number of convolutions per oviduct, and oviduct wiclth, for
aIl species investigated. Each value is the mean for left
and right oviducts for all specimcns of that species'
Standard deviations are in parentheses.

Oviduct Width
(mn)

Nurnber of
ConvolutionsTaxa

2.60 (t 0.3s)

2.72 (r 0.17)

)
)

35
25

2.3s

68

1

0

1

3

(1 0. 11)
(_r 0.30)

0.36)
0. 10)
0.0e)

83 (1
(t

o .04)
0. 2s)

83
98

(r
(r

0.04)
0.04)

7.2s
L.70
7.63

0. 14)
0. oe)
0. 18)
0.04)

4.38
3.63

1.s8
2.18
7.26

(;
(t

(1
(1
(1

(1
(r
(r
(1

1.35
1.s3

(;
(r
(1

0.
0.

0.37)
0. 28)
o.2t)

1 .35
1.s4
1 .90
1 .38

e0.0 (1 8. s)

7
32
29

8

29.3

22.5
32.0

156.5
110 .0

1L0 .

74.
o

65 .0
87. s

115 . 0
L52.0

28.9
32.4
28.5
23.5
48. s

(! 2.3)

(r
(t

0.7)
2.8)

0 (t 2.8)
s (1 1.7)

(r
(1
(r
(1

6.4)
s.7)
s .4)
7 .t)

.0

.0

.4

.3

(r
(1
(t
(t
(r

2.4)
3.7)
2.L)
2.7)
2.L)

(1
(r

6 .4)
8.s)

(1
(r
(t

2.8)
3.4)
3.4)

Leiopelmatidae
Ascaphus truei
Leiop elma ho chst etteri

Pipidae
Xenopus Laeuis
X. rruelLeri

Pelobatidae
Pelobates fuscus

Bufonidae
Bufo marinus
N ectophrynoide s maLcoLmi
N. tornieri

Leptodactyl idae
Linnodynastinae
AdeLotus breuis
HeLeíopotus eYrei
Lechriodus meLanoPYga
Linmo dynaste s dor s aLi s
L. dumerili
L. otnatus
L. Peroni
L. tasmaniensis
MegistoLotis Lignat'ius
N eobatrachus ? centrali s
N. SP.
Notaden meLanoscaPhus
N. nichoLlsi

Myobatrachinae
Assa daz'Lingtoni
Crinia georgiana
Myobatrachus gouLdi
Pseudophryne bibroni
RanidelLa bilingua
R. riParia
R. signifera
Taudacty Lu s acutit'o s tri s
T. diuYmus
IJperoLeia inundata

Rheobatrachinae
Rheobatrachus silus



16

Oviduct l{idth
(mrn)

Number of
ConvolutionsTaxa

1. es (1 0.3s)

2.73

2 .s0 (t 0. 07)

7.s3 (t 0 .04)

35

290 )

(+ 0.23\

0
0

1

1
L

1

3
1

2
1

0.18)
0.0s)
o. o7)
0.3s)

13)
70)
s4)
07)

0.17)
0.43)
0.33)

(t
(1

48)
0e)

(t
(r
(r

2 .47
1. 53
2.22
1. 65

o. 1s)
0.02)
0.14)
0.1s)

o.oe)
0.28)
0. 1s)
o. o7)

.23

.9L

.40

(r
(1
(r
(t

2. 80
2.70
1 .35

2.39
3. 53
2.28
1..7 3

2.37
3. 30
2.58
1.90
1 .18
1. 45
2.20
3. 30

(;
(t
(t
(t

It
(r
(t
(t
(t

L7(1 0
70 (r 0
86(io
4s(10

16.0 (t 1. 8)

104. s (t 3.s)

7.0

8
0
5
4
3
7
5
0
9
3

37 .0
28.0
40.6
40.0
27.0

179.0
104.5

88 .5
92.5

13s .0
42.3

179.8
86.3

733.
74.
59.
84.
32.

108.

0 (t18.1)
0 (! 4.2)
s (! 0.7)
s (t 3.1)
3 (! 2.6)
s (r 2.1)

19.
27.
99.
99.

115 .

14.
155 .

19.
1.02.

77.

89.5
60. 8

746.0

(i
(1
(t
(t
(1

2.8)
2.7)
s.4)
2.6)
2.2)

(114.4)
(1 3. s)
(! 2.1,)
(t 7. s)
(r 3. s)
(t 3. s)
(r44. s)
(r11.6)

(t s. 0)(r s .0)
(1 4.2)

s (1 2
0 [r2

1)
8)

45.
55.

(1 3
(t0
(!4
(111
(!7
(1 s(le
(t7
(t8

.3)

.8)

.2)

.7)

.3)

.s)

.2)

.2)

.6)

Eleutherodactylinae
ELeuther odacty Lu s acVntínus
E. chLoY'onotus
E. curtíPes
E. deuiLLei
E. uaLkeri

Dendrobatidae
PhgTLobates anrotaenia

Hy1 idae
CycLorana austz'aLi-s
C. breuiPes
C. LongiPes
C. naini
Litoria aLboguttata
L. bicoLor
L. caeruLea
L. chLoris
L. coPLardi
L. dahLi
L. eucnemis
L. euingi
L. inermis
L. iris
L. Lesuewi
L. mícY'obeLos
L. modica
L. nannotis
L. nasuta
L. PaLLída
L. Peroní
L. Pratti
L. raníforrnís
L. rheocoLa
L. r,othi
L. r'ubeLLa
L. tot'nieri
L. uotjulwnensís
Nyctímystes Pqua
Phrynohyas uemtLosa

Ranidae
Ar thr oLept eL La Li'ghtfoo tí
fu' thtt' oLeptis po e c íLonotu s
Cacosternwn boettgeri
Rarø cascaåea
R. grisea
R. p67ua
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Oviduct Width
(run)

Nurnber of
ConvolutionsTaxa

3. 00

(r o.ozl

L.44

i 1.23)

7.73
1.0

1.55
'J..63

2.70
3.25

s7 (;

30. 0 (t r. +1

5s. 0
84. s (r 3. s)

14. 0
19 .0
25. 0
28.0
32 .3 (t 7. o)

26.0 (t 1.+7
1s4.0

53. 0

(t

702.0

Ct r. +1

14. 0
77 .5
11.0

(t 1. 4)(r o.z¡
(t 1.4)

.6)

.7)

.7)

.7)

7.4)

4. s)

43.0
52.5
35. 5
23.5
18 .5

(t1o
(+ 4
(to
(ro

27 .7 (r

74.0
28.0
16. 0
29.0

Hyperol i idae
AfriæaLus dorsalis
A. forrnsiniA. quaÅrùuittatus
CaLLiæaLus pictus
Crypl;othy Lan gr e shof fi
Hyp er oLíus marT noratus
LeptopeLís bocagei
L. macv'otis

Rhacophoridae
Chiromantis petersi
C. æerønpeLírta

I'licrohylidae
Asterophryinae

A steropVtt'y s turpícuLa
Barygenys nnna
Hylophorbus rufescens
Pfuynønantis huní,cola c omPta
P. h. hunícoLa
P. LateraLis
P. Louisíadensis
P. z'obusta
P. sti.ctogaster
P. wilhelmona
Xenofu,tr achus t' o stT att't s
Xenorhina bouuensí

Sphenophryninae
CophiæaLus danLíng t oni
C. negLech'ts
C. orrtntus
C. parkeri
C. riparius
Copiula fistuLans
OreopLwyne biv'oi
SphenopVw y ne s chLag inhauf eni

Dyscophinae
CaLLueLLa guttuLata

Microhyl inae
Chqerina fusca
KaLouLa puLclwa
Micnohyl,a. heymonsi



FIG. 74 Numbers of species with oviduct convolution
numbers in given size classes, for species
Mode I, lr{ode II and Mode III.
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Correlation of numbers of convolutions rvith SVL

Log (number of convolutions) is plotted against sVL for species of

each Mode, in Fig. 15. For a given SVL, 1og (number of convolutions) is

generally greater in li{ode I species tl'ran in I'lode III species, but the

values for lrlode II species are widely scattered. There is a significant

positive correlation between collvolution numbers and SVL for both I'lodes

I and III (Kendallrs coefficient of rank correlation; P< 0.001), but

there is no significant correlation for l'{ode II'

Correlation of nunb ers of convolutions with egg diameter

. Values of log (nurnber of convolutions) are plotted against 1og (10 x

egg diarneter) for each species of Modes I, II and III, in Fig.16.

overall, there is a trend torvards a smaller nurnber of convolutions with

increasing egg diameter, and application of Kendall's coefficient of rank

correlation indicates a significant negative correlation (P' 0'001)'

Within each mode there is considerable scattel of points about the

regression line (Fig. 16), and for each mode there is no significant

correlation between convolution number and egg diarneter.

(iii) Ontogeriy of the Pat,s cont¡oluta

The development of the pq?s conÚoLuta was investigated in juveniles

of four species. The oviducts do not develop until netanorphic climax in

Linmod.ynastes dumez'íLi and L. tasmaniensis, and shortly after the end of

metamorphosis in Litoria eurLngi anð Pseud.opvwyne bibroni. Initially they

are straight, narrow cords of undifferentiated cel1s, later becoming

hollow tubes, and finally convoluting when the frog approaches reproduc-

tive rnaturity. The convolutions forrn almost simultaneously along the

entire length of the paîs com)oLuta, so the full cornplement of convolu-

tions can be seen shortly afteT the onset of convolution formation. The



FIG.15 Log (number of oviduct convoluti-ons) vs SVL for
species of Modes I, II and III.
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FIG. T6 Log (nunber of oviduct convolutions) vs 1og
(10 x egg diarneter) for species of Modes f,
II and III combined.
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numbers of convolutions in very immature oviducts corlespond with the

nunbers seen in adult individuals. Therefore it is almost certain that

the convolutions developed initially are a set nunbel that the pars

coru)oLuta wiIl retain throughout the life of the frog.

(iv) Diameter of the Pars conuoLuta in Transverse Section

The transverse-sectional dianeter of the paIls conÙoLuta of each

oviduct, hereafter termed "oviduct widthr', was rneasured in rnany specirnens'

The results of all statistical analyses concelning oviduct width measure-

ments are sulnmarized in Table 12.

Intraspecific variation in oviduct width

Despite the fact that neasurements were confined to individuals

which hleÏ'e ïepÌ'oductively mature or apploaching reproductive rnaturity,

it is apparent that oviduct width varies substantially within a species'

For example, the oviduct widths (nnn) for left and right pæs co7ÐoLuta

of five CycLorarø anstraLís were (smallest to largest individual):

(nean of the 10 rneasurements: 2.89 I 0.48 nm). Nonetheless thele is also

considerable interspecific variation, for example oviduct widths (run) for

left and right pæs conÐoLuta of six RanideLLa signifera were (sma1lest

to largest individual) :

L

R

L

R

2.8 2.9 3.7 3.0 1.9

2.8 3.0 3.2 3.2 2.4

2.1 L.4 7.2 7.9 1. s L.7

2.0 7.4 1.2 1.8 7.4 7.7

(mean of the 12 measurements: 1.61 1 0.30 nn); these are considerably

snaller than the measurements for Cyclorana austraLis' Therefore oviduct

width measulelnents tiere subjected to similar analyses as other variables,
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although for those species of which only one or a small number of indi-

viduals was examined the nìeasurernents may not be particularly represen-

tative. Within a species there were no apparent trends of oviduct width

with s ize of the individuals.

Compar is on of oviduct width between rnodes

Means and standard deviations of oviduct width were calculated for

each species and are given in Table 9. Ranges of oviduct widths are:

lr{ode I species: 0.98 - 3.30 nm (nean 7.76 ! 0.54 nm)

Modellspecies:7.26-3.63nm(mean2.52t0.72nm)
Mode III species: 1'35 - 4.38 mm (mean 2'54 ! 0'91 nm)

Values of oviduct width are from a population with norrnal distribution

(Kolmogorov-Smirnov one-sample test), and the variances aTe not signifi-

cantly heterogeneous (F nax test) '

The mean of Mode I oviduct width values is significantly smaller

than those of Modes II and III (studentrs t-test, P.0.001), but the mean

for Mode II is not significantly different fron that for Mode III'

Correlation of oviduct width with SVL

In Fig . 17, oviduct width is plotted against svl for species of each

mode. For Mode I there is a significant positive coTrelation between

oviduct width and SVL (Kendall's coefficient of rank correlation, 0'001<

P<0.01). For Modes II and III the points are scattered and there is no

significant corre lation.

Correlation of oviduct width with ess diarneter

Values of oviduct width are plotted against

for each species of l'lodes f , I I and II I, in Fig '

(10 x egg diarneter)

There is a trend

log

18.



FIG. 17 Oviduct width vs SVL for species of Modes I
II and III.
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FIG. 18 Oviduct width vs
species of Modes

1og (L0 x egg diameter) for
I, II and III combined.
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towards a greater oviduct width with increasing egg diameter, and

application of Kendall's coefficient of rank corrclation indicates a

significant positive correlation (P.0.001). l{ithin each mode there is

a considerable scatter of points about the regression line (Fig. 18),

but for Modes I and II there is a significant positive correlation of

oviduct width with egg dianeter (P.0.001 and 0.01<P<0.05 respectively);

there is no significant correlation for l,lode III species.

Correlat ion of oviduct width with numbers of convolutions

There is no significant correlation between oviduct width and con-

volution number, either within each ¡node oT over all three modes

(Kendall's coefficient of rank correlation)'

(v) The paz's conu oLuta in Foan-nesting Speci es

Eleven species which lay their eggs in a nest of oviducal nucopoly-

saccharides converted to foam (Modes Ib and IIc) were examined:

LEPTODACTYLIDAE

AdeLoh'ts breuís
HeLeíoporus egrei
Le cLs'i odus meLanoPYg a

Línntodyrns t e s dor s aLis
L. duneriLi
L. oz'natus

L. Peroni
L. tasmaniertsis
Meg i st oL oti s Lignnn ius

RHACOPHORIDAE

Chíranantis Petensi
C. æenønPeLíra

In each species at least the posterior-most convolutions of the pæs

conuoLuta are greatly enlarged, to several tirnes the width of convolutions
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imrnediately anterior, and are tightly bound togcther and more or less

coalesced into a large mass of glandr.rlar tissue anterior to the ovisacs

(Fig. 20). The nunber of convolutions involved in this enlargement is

difficult to deterrnine because the convolutions are not readily dis-

tinguishable externally. There is much variation in the extent of

enlargernent, from involving only the posterior two or three convolutions

(MegistoLotís Li4narius) to involving nost of the oviduct (Adelottts

breuis). Such enlargement of the posterior regions of the pars conuoLuta

occuïs only in the species listed above; it does not occur in any of the

species exarnined which do not 1ay eggs in foam nests.

Portions of the greatly enlarged region of pæs conuoLuta were

removed, sectioned, and stained, for the following species: AdeLohts

bt'euis, Lechrciodus meLarnPUga, Limnodyrnstes onnatus, L. peroni,

L. tasmaniensis and Chiromøttis petersi. In each species the structure

of the enlarged region is similar to that of normal regions of pæs

conloLuta. However, the tubular jelly-secreting glands are greatly

enlarged and more numerous, often several layers deep, So that the

oviduct walls ar.e very rnuch thicker than in rnore anterior regions.

(vi ) Fusion of the Ovisacs

In rnany specirnens the degree of fusion of the ovisacs was noted.

In some, particularly those with completely united ovisacs, it was

possible to determine the degree of fusion in situ without sectioning,

but in others it was necessaï:y to deterrnine the extent from serial

sections. Usually naterial f¡om only one specirnen of each species was

sectioned. For a nurnber of species the degree of fusion is unknown

because it was not possibLe to renove rnaterial frorn museum specimens for

sectioning. The degree of fusion was observed in reproductively mature
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or naturing individuals on1y, because in species with united ovisacs,

fusion may not be complete in juveniles (as in PseudopVwyne bíbnoní, see

below).

The ovisacs were found a) to remain sepalate, condition "0" (Figs'

2g, 294) or b) to unite at some point anytvhere between near their

anterior end to neaï their entry into the cloaca, condition "1r' (Fig.

2gB), or c) to be completely united, condition "2" (Fig. 29C). The

ovisac condition is given in Table 10 for species for which it was

deterrnined.

Correlat ion with reproductive rnode

Table 11 gives the observed frequencies of species of each of l{odes

I, II and III with ovisac conditions 0, 7 and 2, together with the fre-

quencies expected if there is no association betr+een mode and ovisac

condition. The observed frequencies diverge significantly frorn the

e;çected [P.0.001, chi-squared distribution) and there is a significant

association between ovisac condition and reproductive rnode' Separate

ovisacs are found only in Mode I species, and completely united ovisacs

occur largely in Mode III species; there is a trend towards increased

ovisac fusion fron Mode I to lrlode III.

Egg diameter and sVL are plotted for species of ovisac conditions

0, 1 and 2, in Fig. 19. There is a trend for partly or completely unite{

ovisacs to occur in species with large egg diarneter and srnall SVL, with

some outstanding exceptions such as Bufo møinus (SVL 130 nn, egg

diameter 1.5 run) anð Xenopus Laeuie (SVL 88.9 mm, egg diameter 1'1 nn)'

isac fusion in an ontogenetic series of Pseudoplt\lne bibroniOv

Tissues from a series of juvenile Pseutl,ophryne bibrcni (a species 1n
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TABLE 10: Ovisac condition (0 = separate; 1 = partly united;
completely united), and presence (*) or absence (o)
urinogenital sinus, for alI species investigated'

a
)

of

Urinogenital
SinusOvisac ConditionTaxa

o

o

+

+
+

o

o
o
o

o
o
+

o
+

o
o

o
o
+
o

o

1

2

1

1

1
1

2

1

1.

0
1

0

0
0
0
0

:

0
0

)
2
2
2
0
0
0
2
1

Leiopelmatidae
Ascaphus truei
Leí,op eLma hochstett eri

Pipidae
Xenopus Laeuis
X. mueLLeri

Pelobatidae
PeLobates fuscus

Bufonidae
Bufo marinus
N ec tophn¿ rn i.de s malc oLmi
IV. tornieri

LeptodactYlidae
Linnodynastinae
AdeLotus breuis
Heleioporws eYrei
L e cht'ío dtts melanoPY g a
Limnodynastes dor saLis
L. dunerili
L. ornattts
L. Peroní
L. tasmaníensis
MegistoLotis Lignæius
n eobatr achus ? centnalís
,¡l/. sp.
Notaden meLanoscaPtas
À/. nicLtolLsi

lrfyobatrachinae
Assa dæLirqtoni
Cvinia geongiana
l,Iyofu.trac\ws gouLdi
P:s atd opTu' yne bibr o ní
RanideLLa biLínguo
R. riPæi.a'
R. sí'gnif era
T anda ctyLus acut it' o str i s
T. diurruts
'up eroLeí.a. inurtdata

Rheobatrachinae
Rheobatrachus siLus
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Urin ogenit a1
SinusOvisac ConditionTaxa

:
o

;
o
o

:

o

;
:

o

;
o

;
:
o
o
o

o
o

+

0

0

i
0
0

:

0

1

1
1
2

1

;
2
0

1

1

0
7
0

)
2
2
2
2

2

;
7
1.

0

E leutherodactYlinae
EL euthen o dn ct Y Lu s acVø'tinu s

Dendrobatidae
Phy LLob ate s aur o taen'[n'

Hylidae
CycLorana austtaLis
C. breuiPes
C. LongiPes
C. maini
Litoria aLboguttata
L. bicoLon
L, caeruLea
L. chLot'is
L. coPlandi
L. dahLi
L. eucnanis
L. euingi.
L. inermis
L. iY'is
L. Lesuewi
L. microbelos
L. modica
L. nannotis
L. rtnsuta
L. PaLLida
L. peroni
L. Pratti
L. nanífortnis
L. rheocoLa
L. z,othi
L. rubeLLa
L. toz'nieri
L. uotjuLwnensíe
Nyctimysl;es PCPUa
PfuynohYas uenulosa

Ranidae
Ar thro Lep tel 7.a. Lí'ghtf oo ti
Ar t?tro Lept i s P o ec íL onoht s
Caco sterntnn bo ettg eni
Rørn cascadea
Ã. grisea
R. pqua

E
E
E
F

chl,ororptus
curtipes
d.eÙL L LeL
uaLkeri
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Ovisac Condition Urinogeni ta1
SinusTaxa

o

o

2?

2
2

i
2

2

;
?

2

2

;
2
2

2?
2?

Hypero 1i idae
AfriraLus dorsaLis
A. fonnasíní
A. quadriuittatus
CaLLiæaLus Pictus
CYypto thY L-a.r gr e sho f fí
Hyp erolíus marmo Y' atu s
LbptopeLis bocageí
L. macrotis

Rhacophoridae
Chiromantis Petersi
C. æerarrtPeLina

I'licrohy l idae
AsterophrYinae
AsteroPhwYs turPicula
BarygenYs nnnn'
HyLophonbus rufescens
PVæynomantis httni-c ola co.mpta
P. h. hwnicoT'a
P. Lateralís
P. Louisí.a.densis
P. z'obusta
P. stictogastet'
P. uiLheLnçrta
Xenob atr achus t' o s tr akts
Xenov'hin¡t bouuensi

CopíuLa fistuLans
Oreophryne bíroí
Sphànop?vyne s chLag inhanf ení

Dyscophinae

CaLLueLLa guthtLata

l'licrohylinae
Chqerina fusca
KaLouLa PuLclv'a
Mierohy\a heYmonsi

SphenophrYninae

Cophi*alus
C.
C.

C.

darlingtoni
negLectus
omatus
parkeri
riparius
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TABLE 11: contingency table for the number of species of each of lrlodes
I, II ãnd ifl ":.ttt ovisacs separate (0), partly united (1),
or completely united (2).
0 = oblerveô frequency, E = expected frequency if no
association between ¡node and ovisac condition'
x', = qo' 99 *** '

Reproductive Mode
II IIII

Ovis acs

o

E

o

E

o

E

0

3

5

3

6

4

o

E

0

E

o

E

2l

23
25

71

29
4

20

0

E

0

E

0

7

3

6

0

E 9.1

=23
= 72.3

=t3
= lt.2

=l
= 15.5

0

1

2

23 73 spp.1139



FIG. 19 SVL vs egg diameter for species with ovisacs
which remain separate (condition O), with
ovisacs which are partly united (condition 1),
and with ovisacs which are completely united
(condition 2).



130

120,

110

100

90

40

30

20

o

.'Ô

ao

o
ovi sac s

. separate
o partlY un¡ted

^ completelY united

À

o

A

^

o

o

a80

70

E
E

ct)

a

o

a o

o

a
o

a
Â

o

o

o
o

^50 t
a

a
a

a

o

^

a o

A

A
^

A

^
o

A
Ao

A

^
^ o

A

^

^oo ^o

^o

2.2 2.6 3'O10 1.0 1.4 1.8

egg diameter (mm)

3.4 3.8 4.2 4.6



FIG. 20 Female reproductive sYstem
right ovary), ventral view,
Línmodynastes dumeriLi (St
13.x.L981, M. ThomPson).

enlgd p.con. = enlarged portion of pars conuoLuta;
os. = ostium; o.sac = ovisac; ov. = ovarli
p.conv. = pdrs conuoLuta; p.r. = pars recta;
r. = rectum.
Crosses represent bases of 1imbs.

(left oviduct, immature
Mode I species.

Peters, S. Aust. ,
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FIG. 2T Female reproductive system (1eft oviduct, right
ovary) ventral view, Mode I species.
A. Litoria v'ubeLLa fMitchetl Plateau, W. Aust.,

Jan. 1978, I{.J. T}ler et aL.)
B. Cyelorana Lorryipes (131 lon S. of Northern and

Duncan Hwys junction, W. Aust., 24.t.1978,
M.J. Tyler et øL.)

os. = ostil¡m; o.sac = ovisac; ov. = ovary;
p.conv. = pqrs eonÐoLuta; p.r. = pØs reeta;
r. = Tectun.
Crosses represent bases of limbs.
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FIG. 22 Female reproductive system, Mode I species.
A. Plwyrøhyas ueruLosa flunapuna, Trinidad,

17.ix.'J.967, N. Gradwell), left oviduct and
right ovary, ventral view;

B. Raníd¿Lln. signifera (Balhannah, S. Aust.,
29.viii.1981, P. Horton), left oviduct
(ventral view) and left ovary (dorsal view).

os. = ostiûn; o.sac = ovisac; ov. = ovary;
p.conv . = pq,Ts contsoLuta; p.r. = pqr.s reeta;
r. = rectum.
Crosses represent bases of limbs.
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FIG. 23 Female reproductive system (1eft oviduct, right
ovary), ventral vieur, lr{ode II species '
A. LeptopeLis macrotís (CAS 103699);

B. Aseaphus tvuei (Touchet R. , Oregon, U'S'A' ,
Sept. I970, N. Gradwell).

os. = ostium; o.sac. = ovlsâc!
p.conv. = pdTS conÐoLuta; p.T.
r. = rectun.
Crosses represent bases of linbs.

ov. = ovary;
= ?AYS reCtAi
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F IG. 24 Fenale reproductive system (left oviduct, right
ovary), ventral view, lr{ode II species.
A. PhyLlobates aurotaen'í'a' (SAlt{ R13567);

B. Litoría itis (SAI{ R9141).

os. = ostium; o.sac = ovisac; ov. = ovarli
p.conv. - pars corLÐoLuta; p.r - = pØs recta;
r. = Tectun.
Crosses represent bases of limbs.
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FIG. 25 Fernale reproductive systen (1eft oviduct, right
ovary), ventral view, l'lode III species.

A. ELeuilierodactyLus uaLkeri (Santo Domingo de
1os Colorados, Ecuador, J.D. LYnch);

B. Cophiralus dat'Lingtoni (Tomba, Mt Hagen,
P.N.G., 5.i.1982, T.C. Burton)-

os. = ostium; o.sac = ovl-sâci ov. = oVarYi
p. conv . - pars conuoLuta; p. r. = pa.TS rectal
r. = rectum.
Crosses represent bases of 1imbs.
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FIG. 26 Female reproductive system (1eft oviduct, right
ovary) , ventral view, lr{ode II I species .

A. ELeutherodactYLus deuilLei;
B. E\euthet'odactYLus curtiPes,

(A and B both coIl. 1-3 km E. of Papallacta,
Ecuador, JIIY 7977, J.D. LYnch).

os. = ostium; o. sac = ovisac; ov. = oValrYi
p.conv. - pa?s conÐoLutq.; p.r. = paIS Tecta;
r. = rectum.
Crosses represent bases of 1imbs.
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FIG. 27 Female reproductive system (1eft oviduct, right
ovary), ventral view, lr{ode III species'

A. I'lyobatrachus gouLdi ¡tunv R58108);

B. NectophvynoLdes toz'nieri (BM 197 4 .446) .

o.duct = undifferentiated oviduct; os' = ostirnn;
o.sac = ovisac; ov. = ovarY! p.conv. = pÚs
conuoLuta; p.r, = pdrs z'ecta; r. = Tectum'

Crosses represent bases of 1imbs.
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which the ovisacs are completely united in the adult) were sectioned to

follow ovisac development. In the youngest individual, in which the

oviducts had only just developed and the ovisac walls were only a single

cell layer thick, the ovisacs wel.e separate except at their posterior

extremity where they united, inmediately before ending blindly in the

cloacal rr,a11. In the oldest individual , in r^¡hich the oviducts were

beginning to convolute, the septurn dividing tl're ovisacs was breaking down

so at intervals the lattel wele united. Individuals of intermediate ages

displayed intermediate degrees of fusion. Thus cornplete ovisac fusion

was taking ptace at the onset of reproductive rnaturity. such may be the

case in other species, but it was not possible to test this hypothesis

because series of juveniles were not available'

[vii) Occlusion of the Ovisacs

In order to deterrnine whether or not the ovisacs open into the

cloaca only at reproductive maturity, the fate of the ovisacs as they

approach the cloaca was followed by sectioning tissue frorn one specimen

of each of 43 species. Amongst these, the ovisacs were occluded from the

cloacal lumen and ended blindly in the rectal wall in eight specinens.

Four of these eight (Limnodyrnstes peroni, Lito?iamicrobeLos,

Nyctimystes pdpua., RanQ cascaåea) were reproductively mature with mature

oocytes in the ovaries; two (Lítot'i.a Lesueuri, Raní'deLLa rípæiø) were

approaching reproductive rnaturity; one (RanídeLLa biLingua) was rnaturing

but the oviducts were not fulty convoluted, and the eighth (CyeLorarn

austraLis), although possessing matuIe oocytes, had been held in captivity

and the oviducts had regressed. In the rernaining 35 specimens the

ovisacs opened into the cloaca; most of these r¡¡ele Teproductively matul.e'

but sorne were approaching maturity, or were fu1ly grohrn but possessed no

nature oocytes (probably post-oviposition), or were irnrnature. The rnost
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innature specirnen was a Litoria rothi in which the oviducts had not convo-

luted, clearly suggesting that opening of the ovisacs is not necessarily

associated with the attainment of reproductive matulity.

The ovisacs of series of juvenile Li;rntodynrtstes duneniLi, L.

tasntan'Lenszls and PsandopLwyne bibroni vtete also sectioned in order to

determine whether or not ovisac occlusion night be related to stage of

development. In Limnodynnstes dwnerili juveniles in which the oviducts

were beginning to convolute, the connections between ovisacs and cloaca

had not devetoped fin fact the ovisacs were united posteriorly with the

urinary ducts); no more mature specirnens weT.e available. In the most

rnature Linmod.ynastes tasman'Lensis individual available, in which the

oviducts had convoluted and the ovaries contained sone almost matule

oocytes, the ovisacs ended blindly in the rectal wall. The most matule

pseud.ophryne bibnoni juvenile available rvas one in which the oviducts

were beginning to convoLute and in'this and in all less natuTe specinens

the ovisacs were also occluded from the cloaca. Thus in these species

at least, it appears that the ovisacs may remain occluded fron the cloaca

until a late stage of development.

(viii) The Urinogenital Sinus

The cloacal regions of individrrals of 43 species were sectioned

prinarily to follow the course of the ovisacs, but presence 01. absence

of a urinogenital sinus adjacent to the posterior end of the ovisacs was

also recorded (Table 10). Seven species of six genela from four families

were found to possess a urinogenital sinus. In six of the species the

sinus is of sinilar forrn (Fig. 288), anteriorly ending blindly in the

rectal wa1l between the cloaca and the ovisacs and urinary ducts, and

extending posteriorly until it unites with the cloaca before either
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ovisacs or urinary ducts enter either it or the cloaca (except in

RaníÅ.eLLa ripøni.a in which the urinaly ducts fuse with the sinus before

the latter enters the cloaca). The seventh species, Rana PQua, exhibits

a different patteln: the sinus is situated dorsal to the ovisacs and

urinar¡f ducts as well as the rectum, and both sets of ducts fuse with it

before it enters the cloaca (Fig. 28C). There is no apparent correlation

of presence of a urinogenital sinus with reproductive rnode.



FIG. 28 Transverse sections through posterior regions of
intestine and ovisac in female frogs.
A. Rani.delLa signifera, in which the ovisacs

remain separate;
B. Límrndyrnstes peroní, in which the ovisacs

remain separate and there is a urinogenital
sinus between them and the rectun;

C. Rana papun, in which the ovisacs remain
separate and open into a urinogenital sinus
which lies dorsal to then (the urinary ducts
entered the sinus anterior to this section).

b =bladder; o =ovisac; r =rectun;
u = urinary duct; ugs = urinogenital sinus.
The line represents 40Oun.
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FIG. 29 Transverse sections through posterior regions
of intestine and ovisac in fenale frogs.
A. Limnodynastes tasmaniensís, in which the

ovisacs remain separate;
B. TaudaetyLus di.urnus, in which the ovisacs

unite near theiT posterior end;

C. Pseudophwyne bibnoni, in which the ovisacs
are entirely united.

b =bladder; o =ovisac; r =lectum;
u = urinaty duct; uo = united ovisacs;
uu = united urinary ducts.
The line represents 400un.
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1'ABLE 12 : Sunmary of results of statistical analyses'
ir,.r. = not significant; * = O'01<P<0'05i ** = 0'001<P<
ò. of ; *** = P ¿ 0.001; reproducti've rnodes represented as I '
II and III).

ResultsPurpose of analYsis,
and Test EmPloYed

SVL: n. s .
egg dianeter: **
1og (10 x egg dianeter): n.s.
ovarian comPlement: **
1og (ovarian conPlement): **
number of lobes: *x
1og (number of lobes): n.s.
number of convolutions: **
1og (number of convolutions): n's'
oviduct rvidth: n. s .

SVL: n. s.
egg dianeter: n.s.
1og (10 x egg dianeter):
ovarian comPlement: **
1og (ovari.an comPlenent) :

number of lobes: n.s.
log (number of lobes): n.

n.s

n.s.

n.s

egg diameter: I, II
II + III -rve ***

L in 35 Litoria dahLi:

s
number of convolutions: n.
1og (number of convolution
oviduct width: n.s.

;.
s)

SVL: I vs II n.s-; II vs III n's';
I>III **

1og (10 x egg diameter): I < II G III **i';
II < III *'t

1og (ovarian conplenent): I > II Ê III ***'
II > III ***

log (number of lobes)' I > II Ç III ***;
I > III *

1og (number of convolutions):
I>II & III ***' II vs III n.s.

oviduct width: I < II & Iff ***; II vs III
n.s.

egg diameter G SVL: I n-s.; II G III +rve

ou"t;.ll complenent
rr & trt *

ovarian comPlement
& III n.s.; I

nurnber of lobes &

n.s.

& SVL: all +tve, f ***,

number of lobes q SVL
II *,t, III *

¿ll +rve, f ***,

q

+
SV

Detect heterogeneitY of
variances; F nax test

Detect divergence from
normal distribution;
Kolnogorov- Smirnov
one-sanPle test

Cornparison of means;
Student I s t-test

Detect correlation;
Kendall's coefficient of
rank correlation
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Results

number of tobes Q egg diameter: I 6 II

l;ì., 
III +rve *; I + II + III -rve

nurnber of convolutions & SVL in L1

RanideLLa signifeTa: n. s.
number of convolutions Ë SVL in 20

RheobatracLas siLus: n. s.
nurnber of convolutions Gr SVL: I & III

+rve ***; II n. s.
number of convolutions & egg diarneter:

I, II & III n.s.; I + II + III -rve
***

oviduct width & SVL: f +rYs **; II 6 III
n.s.

oviduct width & egg diameter: I +rvs ***;
II +fve *; II n.s.; I + II + III
+ lve ***

oviduct width & number of convolutions:
I, II q III n.s.; I + II + III n's '

reproductive mode vs ovisac condition:

number of lobes of left vs right ovaries
in 38 Litoria dnhL¿: n.s.

***

Purpose of AnalYsÍs,
and Test ErnPloYed

Detect divergence between
observed and exPected
frequencies; chi-squared

Comparison of rnedians
of paired PoPulations;
Wilcoxon signed rank test
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IV

DISCUSSION

Reproductive morphology is clearly correlated with reproductive mode'

I will nol dj.scuss the associations bettreen rnodes and particular features

of rnorphology, and the possible functional pressures underlying varia-

tions in rnorphology. Discussion of each palrameteI' or feature investi-

gated will follorv the order of presentation of data in Section III'

(a) SNOUT-VENT LENGTH

Within each reproductive rnode there is a wide range in SVL, so that

if trends in norphological features with increasing or decreasing sVL are

present arnong species of the same rnode, they should be cliscernible' The

nean sVL for Mode I specíes does not differ significantly from that for

I'lode II species, nor does that for Mode lI species frorn that for Mode III

species, so significant differences in reproductive features between

these nodes should not be due to divergence in body size. However, the

mean svl for Mode I species is significantly greater than that for Mode

III species, so any comparisons of reproductive features between these

two nodes must take into account the discrepancy in body size'

salthe and Duellrnan (1g73) tentatively suggested that small body

size in frogs is a preadaptation for reproductive experimentation towards
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nore teTrestrial rnodes, because clutch sizes in sma1l species al.c already

comparatively snall and gleat reduction in clutch size is not favoured in

then.ofthespecieswhichlconsidered,thoseofModesllandlllhave
undergonesuch,,reproductiveexperinentation||.TheneanSVLoftheMode

II species is smaller than that of the I'lode I species but not signifi-

cantly so. However, that for Mode III species is significantly srna11er,

thuslendingsuppolttosaltheandDuellrnanls(1973)suggestion.

(b) EGGS

(i) Egg Diameter

Thecriterionwhichlhavechosentodistinguishbetweenreproduc-

tive rnodes is the degree of dependence of the embryo or laIva on enelgy

suppliedbytheeggyolk.Thusthereísanincreaseinyolksupplywith-
in each egg fron Mode r to Mode rrr as the young rely progressively ress

onexternalfoodsoulces.Therelativeamountsofyolkcontainedin
anuran eggs should be reflected by their diarneters, so I measured egg

diarnetersforasmanySpeciesaspossible,andpredictedasignificant

increase in egg diameter from Mode I to Mode III' For reasons given in

Sectionll,Ididnotuseeggvolumeasanindicatorofyolkcontent.

Rangesofeggdiameterforeachrnodeoverlap,particularlybetween

Modes II and III (Fig. 3), therefore it is not possible to apply an egg

diameter range to define each reproductive rnode more clearly' However'

themeaneggdiameterissignificantlydifferentbetweenmodes.Aspre_
dicted,thesmallestmeanisthatofModelandthelargestthatof
Modelll,reflectingtheincreaseinyolkcontentfroml.{odeltoMode
III. I di_scuss the bearing on reproductive morphology of this increase

in egg dianeter in later sections'
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Satthe and DueIlman (1973) indicated that wj-thin a given reproduc-

tive mode there is a positive correlation between egg size and fenale

svl. This correlation holds for Modes II and III in ny study, as

illustrated in Fig. 4, and is statisticatly significant. However,

although there is a slight positive correlation for Mode I it is not

significant, contrary to salthe and Duellrnants (1973) generalization'

The ernbryos in srnaller eggs develop rnore quickly than those in large1.

ones (salthe and Duellnan, 1973), and a shorter tine to hatching would

be advantageous in an aquatic environntent so that the young are notile

as soon as possible, thus for I'fode I species selection probably favours

the retention of srnall eggs even in larger species. For a given SVL,

eggdiameterinl.lodelspeciesisalwayssnallerthaninspeciesof
Modes II and III, and generally snaller in Mode II species than in Mode

Illspecies(Fig.4),againreflectingtheincreaseinyolkcontentfrom
Mode I to lrlode III.

(ii) Ovarian CornPlement

A large frog is able to possess larger ovaries than a sma1l indi-

vidual, because of its gl'eateÏ. abdominal volume. Increase in ovarian

volume leading to increased reproductive output nay be achieved in two

ways:1)byincreasingthesizeofeachoocyte'or2)byincreasing
the number of oocytes, i.e. increasing ovarian complenent' Among indi-

viduals of the sarne size, assurning that the ovaries always grow to a

maximum volume within the constraints of abdominal volume and availa-

bility of energy Iesources for vitellogenesis, oocyte size nay differ as

demonstrated above, and the only means whereby an increase in oocyte size

nay be achieved is for the complement to decrease' Ovarian cornplernent is

therefore closely associated with egg dianeter, and may also have some

bearing on reproductive rnorphology, so I estimated complernent values for
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as nany species as possible in this study'

The following comparisons of ovarian cornplement between groups of

species are solely comparisons of the reproductive potential of species

atagiventime,i.ê.ofthenumberofeggstorvhichenelgycanbedi-
verted for vitellogenesis at one time. They are not necessarily compari-

sons of clutch sizes or of reproductive potential over an entire breeding

season (even though for most species ot'arian complenent r'rould be a close

estj.mate of these two parameters). This is for two Ieasons: 1) follow-

ing oviposition there are usually several mature oocytes rernaining in the

ovaries and there may be some ova scattered in the body cavity or in the

ovisac; and more inportantly 2) not all anurans confine their entire

reproductive effort for one breeding season to one clutch' some species

such as HyLa rosenbergi (Kluge, 1981), H' r'egilLa' H' cinerea and ä'

gratiosa (Perrill and Daniel, 1983), lY. rhodopepLø (Crump, 7974), and

Ranaclønítans(Wells,7976),[âIlaytwoolnoreclutchesperseasonif
suitable breeding conditions exist over an extended period of tine'

under such circumstances, clutches following the initial one may be re-

latively smalL if food souTces are linited, i.e. only a relatively snal1

number of oocytes may be matured in the ovaries at one time although

others nay be in an advanced stage of vitellogenesis ready for the next

clutch. opportunistic breeding with multiple clutches has been reported

tn Lirrmodynastes tasmaniensís (Tyler, 1978; and in a laboratory colony -

John,1980),andmayocculinotherspecieswhichlexanined,therefore
not all ovarian conplement values nay be entilely conparable' However'

gross differences in ovarian complement between gloups of species should

sti11 be aPParent.

Rangesofovariancornplementl,aluesofthespecieslinvestigated

overlap between modes, but the means are significantly different between
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nodes. The rnean for Mode I is grcater than those of lrlodes II and III,

and that for lvlode II is greater than that for Mode III. This is corre-

lated with the increase in egg diarneter from Mode I to III since in an

ovary of a given volume a larger egg size must be accompanied by a de-

crease in ovarian complernent (although the decrease in SVL from lrlode I

to III may also bear upon the decrease in ovarian complement; see below).

Salthe and Duellman (1973) indicated that regardless of reproductive mode

there is a negative correlation between clutch size and ovum size. There

should be a similar correlation between ovarian complernent and egg

diameter, and ny data for all nodes combined demonstrate that there is a

significant negative correlation (Fig. 6; the regression line in this

figure is a poor fit, suggesting that Bartlettrs three-group method for

linear regression is not well suited to these data). within each rnode,

horr,ever, there is no correlation of ovarian cornplement with egg diameter,

probably reflecting differences in sVL betrveen species.

A third correlation docurnented by Salthe and Duellrnan (1973) is that

within a given reproductive mode there is a positive correlation between

clutch size and female SVL. A sinilar positive correlation should exist

between ovarian cornplement, and indeed this correlation holds for all

three modes in this study, as illustrated in Fig. 5, and is statistically

significant. Whilst there is overlap in conplement between modes, this

is not usually so if only species of similar SVL are considered' For a

given SVL, ovarian complement is generally greater in Mode I species than

Mode II, generally greater in Mode II species than Mode III, and always

greater in Mode I than Mode III. Thus the differences in mean ovarian

conplements between modes are not entirely due to differences in SVL'

Among

conditions

species of a similar size, one would exPect that undel optimal

of energy input the total ovarian volume should remain sinilar,
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i . e. as I arge as possibl e r,rithin the constraints of the abdoninal cavity

(assuning that in frogs reproductir¡e potential is naxinized when

possible), regardless of reproductive node. Thus a species with nany,

snall oocytes should possess ovaries of a similar volume to those of a

sinilarly-sized species with a srna1l nunber of large oocytes. I did not

measure ovarian volurne but calculated a value approxirnating this:

complement volume - the total t¡olurne of mature oocytes in an ovary, i'e'

the reproductive effort of the ovaly at a given time. Fig.7 indlcates

that in fact cornplement volume is sinilar in sini1ar1l'sized species of

any rnode. Thus body size (represented by sVL) appeals to be a signifi-

cant constraint upon the total reproductì-ve output, as also noted by

Kaplan and salthe (1979) for salamanders. Scattering of points in Fig' 7

is probably partly due to inaccuracy of data but nay also reflect that

some species have approached a rnaximum level of reproductive output more

closely than others, due to, for example, a greater supply of energy for

vitellogenesis.

(iii) Egg Pign entation

Melanin pignentation covering the aninal henispheres of anuran eggs

occuTs in all specíes which lay their eggs in sites exposed to sunlight,

and absence of pignentation occurs in many species whlch 1ay their eggs

in sites sheltered from sunlight (Tyler, 1968; Heyer, 1969) ' It is

suggested that pignentation aids in protecting the eggs against darnaging

1evels of ultra-violet radiation, andfor in raising egg tenperature

(Saltheandl'|echarn,Ig74),orincamouflagingthem(Passmoreand

Carruthers, 1979).

There is a clear trend towards lack of pignentation from I'fode I to

I,lode III, with only a few of the I'lode I species, about half of the I'lode

II species, and all but one of the l'lode III species possessing unpigmented
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eggs. All of those species which usuall), oviposit in cxposed sites

possess pigmented eggs, and all of those which 1ay unpigmented eggs do

so in cryptic or protected situations where pigmentation is obsolete and

presumably lost through selective pl'essul.es. Hotrrever, three of the lrlode

II species rvith pigmented eggs rnay la¡' thern j.n unexposed sites:

Pseud,ophryne bíbroni, Taudactylus acutirostris and 7' dittTnus '

Pseudophryne blbroni individuals frequently conceal their eggs under logs'

rocks or leaf litter (l\'oodruff , Ig76; per'sonal observation), but may also

1ay them in exposed situations such as between grass l'oots in waterlogged

paddocks, or in smalt depressions in the ground (Jacobson, l'963; Tyler,

1976b). such apparent adaptability to a variety of oviposition sites is

probably the reason for retention of pignentatj-on that might otherwise be

lost in a species which usually conceals its eggs. TaudactyLus diutmus

lays its eggs under rocks in water, and ?. acutit'ostrís amongst rocks in

water usually in heavy shade (Liem and Hosmet, 1973). Particularly

T. diurnus would therefore be expected to possess unpigmented eggs; the

reasons for retention of egg pigmentation in these two species are not

c1ear. The solitary l,lode III species with pignented eggs, Nectophrynoides

maLcoLmi, deposits its eggs t'...at the base of short, herbaceous vegeta-

tion, ...and only rarely beneath logs and leavesrr. (Grandison, 1978), so

they may be exposed to low 1evels of ultra-violet radiation; carnouflage

from predators may also be a significant benefit of egg pigmentation in

this species.

(iv) Jel 1 Ca sules

Thejellycapsuleprotectstheeggagainstdanagefollowingovl-
position. It is possible that the amount of je1ly uhich coats each egg

differs according to the environrnent in which the eggs are deposited,

and nay therefore be related to reproductive rnode. For example, eggs

of l,lode lll species may possess particularly thick jelly capsules as
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pTotection against excessive desiccation. Thicker capsules would require

extra rnucopolysaccharide jerly to be secreted fron the oviducts, and this

nay be reflected in either the number of convoLutions of the oviduct or

its width (q.v.).

I was able to measuIe capsule thickness for only a few species -

those which were collected wi-th eggs or which had ova in the ovisacs at

the tine of collection - and these were supplenented by other values

taken from the literature. Sanple sizes are too sna1l for statistical

analysis, but it is apparent that amongst these few values there is no

trend in thickness with reproductive mode. Capsules both thick and thin

occur in all three nodes. Four of the thickness values given in Table 5

rnay not be cornparable with the remainder because I rneasured them fron ova

within the ovisac instead of from fertilized eggs. Egg capsule je1ly

swel1s following oviposition due to uptake of water (Rugh, 1951), but

jelly surrounding eggs in the confines of the ovisac of a preserved frog

may not absorb as much water, therefore these four figures may be un-

realisticaJ.ly snal1. Beattie (1980) has demonstrated that the ionic

concentration of the water in which eggs are deposited dramatically

affects capsule thickness ín Rana temponaria. The variability of my data

on capsule thicknesses nay be caused in part by ionic concentlation

effects.

(c) OVARI ES

(i) Morpho I osical Variation in Vertebrate Ovaries

The morphology of the verteblate ovary remains relatively uniform

within major vertebrate groups: elongate organs that extend from near

the anterior end of the opisthonephros posteriorly along rnost of the

length of the abdomen in cyclostomes, nost teleosts and elasrnobranchs,



86.

and mo¡e or less compact, globular, and sometines lobulated bodies in

tetrapods (Frye, 7977). Lj.ttle distinctive morphological variation in

ovaries of different species has been reported. Jones et aL. (1982)

surveyed a number of Iizard species and reported the occulrence of either

one or two germinal beds per ovaTy, or several (4 - 6) in two species of

Eumeces. They found the nunber of gerrninal beds to be closely r-elated to

geographic distribution of the species, and possi-bIy to taxonomic status

at the familial 1eve1. Anuran ovalies frequently ar'e lobed, and Spengel

(1376) and Bhaduri (1953) noted that the number of lobes may vary con-

siderably. My study documents the variation, both intra- and inter-

specific, in lobe number of anuran ovaries and indicates some relation-

ship with reProductive mode.

(ii) Lobing of Anuran 0varies

The surface area of an organ of given volume can be increased by

folding or lobing of its surface. Such a consideration should be impor-

tant in the case of the anuran ovary which is essentially a hollow sac

with oocytes developing in a single layer under the epitheliun' To in-

crease ovarian cornplement, the surface area of ovarian epithelium must

increase. The ovary could simply be expanded to form a larger and larger

sac, but this is i-npossible within the confines of the abdominal cavity,

so the epithelium must become folded. The lobing seen in many anulan

ovaries rnust be a result of this necessity for folding, in species with

large ovarian conPlements.

The results of my study denonstrate that the number of lobes of the

ovary varies widety in the Anura. such variation may be due to:

1) random intraspecific variation, 2) j-ncrease of lobe numbers with in-

creasing age or size of the individual , 3) seasonal variation, or

4) interspecific variation.
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For those species of which I exanined nlore than one specimen it is

clear that there is a snalI degree of intraspecific variation in lobe

numbers but that this variation is insufficient to account for gross

differences between species, which nay be more than ten-fo1d' In general

the lobe nurnber is similar within a species. The greatest discrepancy I

observed was in Litoria caevuLea in rr'hich one individual possessed

ovaries both with 13 1obes, and the other individual one ova¡y with 12

and one with 21 1obes. Such a substantial diffeTence between the two

ovaries of one individual is extremely unusual and may have been due to

a developmental abnorrnality of the ovary with 21 lobes'

In Linmodynastes dumeriLi and -t. tasmaniensis, young of which I

reared from eggs to sub-adults or adults, the lobing of the ovary becomes

apparent early in ontogeny and the nurnbers of lobes in tadpoles oI indi-

t,iduals at netamorphic clinax collespond with those in adult individuals'

Thus the number of lobes does not increase with increasing age, as I also

found in other species of which I dissected both juveniles and adults'

Bhaduri (1953) quoted van den Broek (1933) as writing that in o1d speci-

mens several lobes rnay unite into one. I found no evidence for this

assertion, as lobe numbers for all conspecific adult specirnens were

always sinilar. It could be predicted also that conspecific individuals

at the sane stage of reproductive maturity but of different body sizes

may differ in lobe numbers because of different abdorninal volumes. Fig.

8 for 35 sub-adult Litoria dahLi, all at a similar stage of reproductive

rnaturity but of widely differing body sizes, shows that at least for this

species such a prediction does not hold'

For those species of which sevelal specimens collected at various

times of the yeal were available there is no correlation of lobe number

with the rnonth of collection, so there is no evidence to suggest that
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lobe numbers vary temporally, for example incrcasing at the onset of the

breeding season.

Interspecific variation accounts for rnuch of the variation in

numbers of 1obes. Such interspecific variation could be related to

1) size of the species, and/or 2) egg size and oyarian conplement,

i.e. reproductive mode. Fig. 10 displays the relationship between SVL

(i.e. body size) and numbers of lobes. There is a significant positive

correlation between the two variables, as expected since in largell

species ovarian complement is greater, so a gTeater surface area of

ovarian epithelium is required to accomodate the additional oocytes; thus

there are more ovarian lobes. For lr{odes II and III the increase in lobe

number is seen rnore clearly among lalger species, because most of the

srnaller species (1ess than about 35 mm svl) possess unlobed ovaries. Any

decrease in body size below about 35 run SVL cannot be accompanied by a

decrease in lobe numbers because the rnaxinum decrease in ovarian lobing

has already been achieved, i.e. the ovaries are unlobed. Fig' 10 indi-

cates that for a given SVL, the nunber of lobes is generally greater in

Mode I species than in Mode III species. The points for Mode II are

scattered, but tend to be intermediate between those of Modes I and III.

A conparison of mean lobe numbers for each mode reveals that the nean for

Mode I is significantty gTeater than those for Modes II and III, and that

for Mode II is significantly greater than that for Mode III. Thus there

is a decrease in lobing fron Mode I to III. The reason probably lies in

surface area considerations. A frog with a large number of small oocytes

will require a certain number of ovarian lobes so that ovarian epithelium

can reach each oocyte (Fig. 30). A similarly sized frog (and one there-

fore with a similarly sized ovary) with a small number of large oocytes

r".iI1 not require as large an aTea of epitheliun to subtend each oocyte

because, although the ovaly is the sarne size, there are fewer eggs, and



FIG. 3O Diagramrnatic anuran ovaries of similar size, with
a small number of large oocytes (A) or a large
number of smal1 oocYtes (B).
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so not as many layers of epithelium are required within the bounds of the

ovarian mass (Fig. 30).

Since it is the egg diameter (and thus reproductive mode) as rvelI as

body size of a species which deterrnines the nurnber of lobes, a relation-

ship between the values I obtained for cgg diameter and number of lobes

should be discer-nibIe; a decrease in lobing with j-ncreasing egg diameter

would be predicted. This relationship is shown in Fig. 11 and is not

particularly cIear, but for all species combi.ned there is a signifj-cant

negative correlation between egg diameter and number of 1obes, as pIe-

dicted. [The regression lj-ne in Fig. 1L is a poor fit, suggesting that

Bartlettrs tht-ee-group nethod for linear regression is not well suited to

these data.) l{ithln each node, hotvever, this does not app1y. For l'{odes

I and II there is no correlation at all and for Mode III theTe is a

significant positive correlation. For Mode I the egg diameter remains

fairly sirnilar for most species, so tlends with lobe nunber would not be

expected. For Modes II and III, in which there are significant positive

correlations between egg diarneter and SVL, I would suggest that the

effect of increasing sVL increasing the number of lobes overrides the

effect of increasing egg diameter decreasing the number of lobes'

Among the published accounts of anuran reproductive rnorphology, some

include the nunber of ovarian lobes of the species in question' I'farshal1

(1912) found Rana temporatia to possess 15 "pouches" to each ovaly, and

Rugh (1951) observed 8 - 13 lobes in Rana pipiens. These are large Mode I

species and so would be predicted to possess such numbers of lobes'

ELeutheTod.actylus iasperi anð Nectophrynoídes maLcoLmí' being relatively

sma1l species with few, Iarge eggs (Drewry and Jones , L976; Grandison,

1978), and classed as Mode III, could be expected to possess unlobed

ovaries, as indeed l{ake (1978, 1980) reported. Nectophrynoides

occidentalis (l,lode IV) possesses very snall eggs, but they are few in
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number and tlìe species is small (Angel and Lamotte, 7944) so again it

would be expected to possess unlobed ovaries, as Angel and Larnotte [1944)

found. Rheobatrachus siLus, also Mode III with few, large eggs, is a

larger species than those discussed previousty (adu1t fenale svl 44'5 -

53.9 nm, Tyler and Davies, 1983) so a small number of lobes would be

predicted and in fact is observed (Horton and Ty1er, 1982). Spengelrs

(18i6) account gives the number of lobes for several species, and most

ta11y with what would be expected from rny study, except that his repoÌt

of unlobed ovaries in PeLodytes punctatus, a Mode I species of up to

45 nm svl [Mertens, 1960), is unexpected. Bhaduri and colleagues noted

lobe nurnbers for rnost species they exarnined (Table 2) . Three of these

species I also examined, and the numbers observed in both studies co1'Ies-

pond for two (Ascaphus tzuei - 1 lobe, and cacosternum boettgeT¿ - 5

lobes), but not so closely for the third (HyperoLius malrnoratus s - 6

lobes(BhaduriandBasu,lg5T);3lobes,thisstudy).Lobenumbersfor
most of the rernaining species fit reasonably closely with my data when

plotted against svl and according to reproductive mode, as in Fig' 10'

(iii) Ovarian AsYrunet ry

With the excepti-on of Horton and Tyler (1982) (Appendix IV), in

which my observations on Rheobatrachus siLus are detailed, no authors

have reported significant ovarian asymrnetly in any species, other than

that which nay have been due to developnental abnormality, such as that

noted by watson and saunders (1959) in one specirnen of Myobatrachus

gouLdi in which the right ovarfy was rudimentaly' Horton and Tyler (1982)

observed that in Rheobatrachus siLus there are frequently rnore lobes in

the right ovary than in the 1eft, and the nunber of oocytes sinilarly is

higher on the right side. Horton (1983) (Appendix III) suggested that

because the anuran stomach is sinistral, and ventral to the left ovary'

a large meal consurned by a gtavid fi. síLus nay pTess on the left ovary
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and distort the large e8gs. such a problem might be lessened by a Ie-

duction in size of the left ovary and the number of its oocytes.

If this hypothesis were correct, one would expect other Mode III

species to show such a trend towards reduction of the left ovary' I

exarnined several specirnens of each of three other l'lode III species

(ELeutherodactylus achatinus, E. curtípes anð Myobai;rachus gouLdi) and

none of these species exhibited sinistral ovarian reduction (Tables 7a

and b). However, in each of five specinens of ELeutherodactyLus curtipes

there were more oocytes in the Left ovary than in the right, as there

were also in four of five individuals of Myobatrachus gouLdi (Table 7b).

If this trend towards a greater ovarian complement on the left side is

real (and it rnay not be since samples were snall) then it is the opposite

to the situation ín Rheobatrachus silus. Thus the hypothesis of pressure

fron the engorged stomach leading to sinistral ovarian reduction is un-

1ikely. Pressure frorn a brooding stomach ful1 of developing young should

not be the cause either, since brooding follows ovulation and subsequent

vitellogenesis cannot occur until brooding has ended and the female may

resume feeding. Thus there can be no mature oocytes in the ovaries

during brooding. In addition, the brooding stomach fi1ls the abdominal

cavity alrnost entirely (Ty1er and carter, 1981), so that the right ovaly

should be affected as much as the left. No other explanation is apparent

for this characteristic of .R' siLus '

sufficient numbers of six Mode I species were dissected to observe

possible trends towards ovarian asymmetry (Table 7) ' There are no

definite trends apparent ín Línmodynastes tasmanienis, Lítoria rothí'

L. rube\,La, or RanidelLa signifera. There is no trend in lobe number for

cycLorana austraTis, but in each of the seven specirnens for whi-ch I

obtained oocyte counts there were moTe oocytes in the left ovary than in
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the right . Litoria jahLi exhibited a tendency for more lobes in the left

ovary than the right, but this,trend is not statistically significant'

possible trends towards ovarian asymrnetry are rendered less plaus-

ible by the fact that a larger number of eggs in an ovâI/¡ either left or

right, is not always associated with a larger nurnber of lobes in that

same ovaTy (Tab1e 7b). Some specirnens of several species possessed

ovaries with the srnaller number of oocytes and the larger number of lobes

(or uice uersa) in the same ovary'

I can drarv no firrn conclusions regarding ovarian asyrunetry other

than that (except in Rheobatrachus siLus) there may be a tendency for the

left ovary to possess mor.e lobes or to contain nol'e eggs. There is no

apparent relationship between ovarian asymrnetry and reproductive mode'

(d) OV i DUCTS

(i) Oviducal Modifications

Among most vertebrates the fenale reproductive tract essentially

consists of paired oviducts and the cloaca (Frye, 1977). Specialization

of regions of the oviduct has occurred, for exanple for secretion of

calciferous she11s or for gestation. In the Anura the oviduct is specia-

lized for the secretion of gelatinous mucopolysaccharide rnaterial which

forms protective capsules around the eggs. Further specialization of the

oviduct may be expected amongst anurans for two leasons: 1) the environ-

ments into which the eggs a1.e deposited vaTy gleatly fron species to

species, therefore the chemical conposition of the secreted je1ly may be

altered, and 2) the size and nurnber of ova passing through the oviducts

following ovulation differ widely between species, and nay inftuence the

quantity of jelly secreted and the norphology of the oviduct.



93.

The possibility of chenical diversity of oviducal secretions has

been addrcssed by several workers, such as Freeman (1968), Lee (1969),

Pereda (1970), Shivers and Janes (1970a), Steinke and Benson (1970),

de Martinez et aL. (1975) and Suvarnalatha et aL. (1975). Their results

indicate that the chemical composition of the secretions differs both

between species and according to the region of oviduct fron rvhich they

are secreted. Several discrete layers of je1ly material can be distin-

guished in the capsules of eggs which have traversed the fu11 length of

the oviduct and these layers correspond with the chenically distinguish-

able regions of the oviduct (Shivers and James, 1970a). Attention has

been directed to the role of these jel1y layers in fertilization, but

none to their properties in relation to the environment in which the eggs

are deposited. It is unlikely that their chernical properties can be

correlated with reproductive rnode since different numbers of jelly layers

with divergent chemical properties have been found within a species (for

example by Shivers and James,7970, and Steinke and Benson, L970, both on

Rana pipiens).

The possibility of the nature of the eggs affecting the norphology

of the oviducts is one which has received scant attention. Bhaduri

(1953), Bhaduri and Basu (1957), and Coe (I974), considered the greatly

enlarged posterior region of the oviduct in several foarn-nesting species

to be related to the production of rnucus for foarn-nest construction.

Bhaduri (1953), Griffiths (1959), Watson and Saunders (1959), and Bhaduri

and Mondal (1g65), suggested that broadened oviducts and united ovisacs

nay be associated with large eggs, i.e. with modified reproductive rnodes,

but they were not able to substantiate this prediction. I consider these

and other possibilities in the following sections'
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(ii) Convolutions of the 0viduct

It is logical to assune that the reason for the extreme folding or

convolution of anuran oviducts is to lengthen the oviduct betueen ostiun

and ovisac, i.e. to increase the number of oviducal glands so that

sufficient nrucopolysaccharide jel1y can be produced to coat a large

nurnber of eggs. Presurnably a straight oviduct is too short, since it

has been found in no frogs other than llectophrynoides occidei"talis

(Xavier , 7g73) and 1tl. tornie?i (personal observation), both of which

retain their eggs and are live-bearing, and therefore would require no

egg jelIy coating other than that which nay be necessary for fertiltza-

tion (Shivers and James, 1970b). No information is available on the

third live-bearing species of this genus, il. uiuipatus, but in another

ovoviviparous species, ELeutherodactylus jasperi, the oviducts possess

very few convolutions (M.H. Wake, ín Litt.). Alternatively, the je1ly-

secreting capacity of an oviduct could be increased by increasing the

thickness of its wal1s and thus increasing the number of jelly glands in

the wall, rather than by increasing its length. However, except in the

case of foam-nesting species, I did not observe appreciable thickening

of the wa1ls in any anurans (but see section c)); possibly the viscosity

of the jelly would render its transport frorn the outermost glands in to

the oviduct lurnen impossible if the wal1s were thickened to any gTeat

extent.

If the ovi-duct is lengthened by an increase in its convolution,

then the number of convolutions should be proportional to the length of

the pars conl)oluta, so long as the oviduct remains the same in cross-

sectional diameter. Measurernents I made of the oviducts of a few indi-

viduals indicates that this is so, as shown in Fig. 72. The number of

convolutions as an indicator of oviduct length is preferable to oviduct

length itself since the latter is awkrnard and ti-me-consuming and requires
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rernoval of the oviduct from the specimen. In addition, if only juvenile

specinens are availabte so that the rnature oviduct length cannot be

rneasured, length can still be estimated from the number of convolutions

which appeaTs to remain the same throughout the life of the fTog (see

below).

The results of my study dernonstrate that the nurnbel of convolutions

varies widely anong nurnbers of the Anura. Such variations may be re-

lated to: 1) random intraspecific variation, 2) increasing number of

convolutions with increasing age or size of the individual, 3) seasonal

variation, 4) interspecific variation'

For those species of which I examined rnore than one specimen, it is

apparent that there is intraspecific variation but that it is insuffi-

cient to account for gToss differences between species, which may be

fifty-fo1d or more. Generally the numbel of convolutions remains sinilar

within a species. The greatest intraspecific variation which I observed

was in Litoria caeyuLea (as also for the number of ovary lobes) in which

one individual possessed oviducts with 136 and I47 convolutions I'espec-

tively, and the other individual oviducts with 275 and 22'J' convolutions,

respectively. Such wide discrepancy was not encountered in any other

species.

Beddard (190sa) suggested that in a Breuiceps Del'Iucosz.¿s which he

dissected, and which he suspected to be relatively young, "It rnay be

that the oviducts are not as cornplicated in their coiling as they would

have been had the frog lived longer". I found no evidence supporting an

increase in oviducal convolution with increasing age. In young of

Linmodynastes dumeniLí, L. tasmaniensis, and Pseudophnyne bibroní which

I reared from eggs to sub-adults or adults, the nurnbers of convolutions
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of juveniles in which convolution had just occurred corresponded with

those in reproductively mature individuals. In other species in whjch

both juvenile and adult individuals were available for dissection the

number of convolutions was sinilar in both. Therefore I conclude that

the nurnber of convolutions is alrnost certainly deternined at the onset

of convolution and that there is no increase with increasing age of the

individual. Anong conspecific individuals of different body sizes, the

larger individuals may develop molfe eggs, so a longer oviduct, i.e. one

with more convolutions, would be required. However, I did not observe

such a trend in any species of which I dissected several specimens, nor

did Horton (1983) (Appendix III) among 20 Rheobatrachus síLus (Fig. 13).

For those species of which I examined several specimens collected

at different tirnes of the yeaT, there was no apparent correlation of

number of convolutions with the month of collection. There is no

evidence to suggest that the number of convolutions varies temporally,

for exarnple increasing at the onset of the breeding season.

Much of the variation in convolution numbers is interspecific.

Such variation nay be related to 1) size of the species, anòfor 2) egg

size and ovarian complement, i.ê. reproductj-ve rnode. The relationship

between body size (SVL) and the number of convolutions is displayed in

Fig. 15. For speci-es of Mode I and of Mode III this relationship is a

significant positj-ve correlation. This would be expected since in larger

species the egg complernent is generally greater. therefore nore muco-

polysaccharide jetly would be required and so a longer oviduct would be

necessary - achieved by an increase in convolution. For Mode II specíes

there is a slight positive correlation but it is not statístical1y

significant. For a given SVL, the nunber of convolutions is generally

greater in Mode I species than in Mode III species (Fig. 15). The values
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for Mode II are scattered but tend to lie amongst those of lrlode III- The

mean number of convolutions for Mode I species is significantly greater

than those for Modes II and III, and the mean for Mode II is greater than

that for Mode III but not significantly so. Thus there is a trend to-

wards a smaller number of convolutions from Mode I to lr'lode III, although

there is little difference between Modes II and III. Such a trend may be

related to two factors. Firstly, it can be shor*'n by sinrple calculation

that a sma11 nurnber of large eggs requires a considerabll' smaller volume

of jelly to encapsule the eggs than cloes a large number of snall eggs of

equivalent total volune, assuming that the eggs are coated to the same

thickness (which they are not in different species, but there appear to

be no trends j-n thickness with reproductive rnode; see part (b) (iv)).

Thus in species with laIge eggs probably less jeI1y is required, so the

oviducts need not be so 1ong, i.e. the number of convolutions rnay be

smaller. Secondly, if the eggs are larger, then the oviduct lurnen may

be Ìarger to accomodate them, assuning that there is a rnaximum elasticity

of the oviduct wa11 beyond which it cannot stretch without damage during

ovulation. Thus the dianeter of the oviduct in transverse section, or

oviduct width, must be greater. If this is so, then for a given length

of oviduct there rnust be fewer convolutions, since each convolution

covers a greater distance.

Since the egg diameter of a species may influence the number of con-

volutions, a relationship between the values I obtained for egg diarneter

and number of convolutions nay be discernible; a decrease in convolution

with increasing egg dianeter would be predicted. The relationship

between egg diameter and number of convolutions is shown in Fig' 16 (the

regression line in this figure is a poor fit, suggesting that Bartlettrs

three-group nethod for linear regression is not well suited to these

data), Overall, there is a significant negative correlation between the
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two variables, as expected, although the points aIe widely scattered'

Within each node, howeve:c, t'here is no correlation at all. For lr{ode I,

egg diameter remains sinilar for most species, so trends with nunbers of

convolutions rvould not be expected. For Modes II and III, the effect of

increasing SVL increasing convolution numl¡er probably overrides the

decrease in number of convolutions due to increasing egg dianeter.

Few published accounts of anuran reproductive norphology include a

precise count of convolution nunbers. I{ake (1980) reported "five or six

pronounced curves" per oviduct in Nectophrynoides maLcoLmi, about one

half the number that I found; possibly the curves counted by l{ake do not

correspond with my definition of convolutions, or else Wake counted only

the major curves rçhereas I also include the rninor ones. Horton and Tyler

(19g2) (Appendix IV) listed convolution numbers in 20 individuals of

Rheobaty,achus siLus. Bhaduri and co-workers did not give numbers of con-

volutions, but illustrated the reproductive system of each species so

that some idea can be gained of the number of convolutions in these, but

no direct comparisons can be nade with ny results. In general, those

species seen by Bhaduri whj-ch were Mode I species possessed many convo-

lutions, and Modes II and III species possessed fewer.

(iii) 0viduct l{idth

Anuran oviduct walls are elastic and during ovulation they bulge

around each egg as it descends. If egg dianeter increases, the oviduct

lurnen may increase in diameter to acconodate the larger eggs' Thus there

may be discernible correlations between lurnen diarneter and egg diarneter

or reproductive mode. I used oviduct width as an index of lunen diarneter,

but a combination of factors which nay affect the thickness of the

oviduct wall (discussed in section II) is li.kely to render width neasure-

ments highly variable, even though lumen dianeter may remain relatively
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stable. Therefore any trends in oviduct width bctween species rnay be

masked. In fact I found oviduct width neasurements to be quite variable

within a species; thus mcasurenents for species of which only one speci-

men was available are of dubious value. Nonetheless, I observed even

greater differences bettveen species; this interspecific variation may be

related to the size of the species, and to its egg size and ovarian com-

plenent; i.e. reProductive rnode'

Plotting oviduct width against egg diameter (Fig. 18) dernonstrates

that, as predicted, there is a positive correlation between these two

variables, although the points are widely scattered' There is also a

significant positive correlation for lvlode I species considered a1one, and

also for l,,lode II species. There is no significant positive correlatíon

for Mode III species, probably because of the unexpectedly low width

measurements (shown on the lower right in Fì-g. 13) which I obtained for

three New Guinean rnicrohylid species. These three measulements were all

based on one oviduct only and so may not be representative for their

species; excluding thern leaves a series of points which appear to be

positively correlated. Since egg diameter apparently does influence

oviduct width, a trend towards increasing oviduct width from Mode I to

III would be predicted. The mean for Mode I species is indeed signifi-

cantly smaller than those for lr'lodes II and III, but although the mean for

Mode II is slightly smaller than that for Mode III, it is not signifi-

cantlY so.

The diffelences in oviduct widths between rnodes are shown more

clearly in Fig. 17 (oviduct width vs svl), from which it can be seen that

for a given svl oviduct width is usually snallest in Mode I, but that

width values are mostly interningled in Modes II and III. The overlap in

widths (and convolution nunbers) between Modes II and III suggests either
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that the rnorphology of the oviduct is altered to a similar dcgree in

species with nodified reproductive modes regardless of how nuch larger or

fewer their eggs rnay be, or else that oviduct width may not be a satis-

factory reflection of lumen diameter. In the latter case' the lunen

diameter nay be larger in Mode III, but the oviduct walls may be slightly

thinner since less jel1y need be produced, thus leavi.ng oviduct uidth

alrnost the same. I noticed no appreciable difference in wa]1 thickness

between species of Modes II and III, but since I made no neasulernents I

cannot test the validity of the preceding suggestion. Howe\¡eT, it is

perhaps supported by the fact that there is a significant positiYe corI'e-

Iation between SVL and oviduct width in Mode I species (Fig. 17). There

is a stight increase in egg diameter with increasing svl in lrlode r, but

it is not significant, so the increase in oviduct width nay be due to

slight thickening of the walls'

A multi-dirnensional analysis of SVL, egg diarneter, ovarian cornple-

ment, number of convolutions, lumen diameter and wall thickness uould be

necessary to determine the precise effects of the former three variables

on the latter three. Similarly, there are too rnany interdependent

variables involved to deternine the relationship, if any, between oviduct

width and the number of convolutions; I found no coT¡elation between

these two variables.

(iv) The Oviduct in Foam-nesting SPecies

Frogs which 1ay their eggs in foan nests produce large quantities of

mucus which is filled with air bubbles by one or other parent, or both

parents, to form foarn. This mucus is exuded from the cloaca, therefore

rnust be produced either in the cloaca or in the oviduct' It is almost

certainly not produced in the cloaca which upon dissection appears indis-

tinguishable from the cloaca of any non-foarn-nesting species' In section'
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no distinctive or unusual glandular cells. It is far rnore likely that

the oviduct is the site of foam-rnucus production, since it is already

involved in mucus production for r-eproductive purposes.

If foam-nucus or:iginates from the oviduct, it is nlost likely to do

so from the posterior-rnost regions of the duct, because it rnust be

secreted around the outside of the je1ly capsule surrounding each egg'

Therefore the jelly capsule must be laid down first, i.e. in the anterior

regions of the oviduct, so that foam-rnucus does not interfere with its

fornation. Thus one night expect to find the cellular ,oI even gloss

st¡ucture of the posterior regions of the oviduct to be distinctive in

foam-nesting species. I exarnined 11 foam-nesting species and indeed in

each one the posterior region of the oviduct j-s nodified by gross en-

largenent and proliferation of the glands, suggesting greatly heightened

secretory potential. In none of the non-foam-nesting species was this

gross thickening of the oviduct wa1ls present. Oviducal enlargement was

also observed by Coe (L974) ín Chiromantis iufescens. He found the en-

larged region to consist of swollen convolutions held tightly together

by connective tissue, as I found, and he terned it therrfoam glandrr'

This tern is nisleading since the structure is not a discrete organ, or

pad of tissue as Coe (Ig74) described it, but rnerely a region of the

oviduct. Bhaduri and Basu (1957) found the sane oviducal norphology in

chiromantis rufescens, and Bhaduri (1953) also in the foarn-nesting

species Leptod.actylus meLanonotus, L. pentadactyLus, L- podicipinus, and

pLeurodema cinerea. Bhaduri (7932) briefly examined the female reproduc-

tive system of Rhacophorus manirmts but rnade no mention of any distinc-

tive oviducal structure. Bhaduri (1953) also dissected Pachymedusa

d.acnicoLor" (as PhylLonedusa dacnicolor) which lays its eggs on leaves

overhanging Hater but not in a foam nest (Pyburn, 1970), and found the
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posterior portion of the oviduct to be similarly cnlarged. No other

species investigated by Bhaduri and colleages were foam-nesting species

and in none was there gross enlargement of the posterior end of the

oviduct.

There is no direct proof that the enlarged region at the posterior

end of the oviduct in foam-nesting species functions as the site of manu-

facture of large quantities of ¡nucus for foan production. That could

only be gained from a detailed chenical analysis of the glanduLar secre-

tions of each region of the oviduct and of the foan-mucus and egg

capsules. But since the oviduct is nodified in the same manner in all

foam-nesters investigated to date, and since the region of the oviduct

involved is that where one would expect nodification, it seems alrnost

certain that fhis enlarged region is the site of foam-mucus production'

The only non-foam-nesting species so far described with the posterior

enlargenent of the oviduct is Pachymedusa dacnicoLor', and Bhadurirs

(1953) illustration shows that the oviduct is extremely enlarged' other

phyllomedusine hylids have been described as laying their eggs in folded

leaves with plugs of je11y protecting the exposed ends of the clutch

(Lanotte and Lescure, 1977); these je11y plugs have been demonstrated to

serve in water retention ín PhylLomedusa hypochondriaLis (Pyburn, 1980) '

pachymedzsa dacnicoLor simply lays its eggs exposed on the flat surfaces

of leaves and Pyburn (1970) made no specific reference to large

quantities of extra jelly surrounding the eggs. However, he did refer

to the rnales aiding in oviposition by "pulling eggs and ieLly fron the

femalers ventrr (itatics mine), suggesting that there is mucus produced in

addition to that of the egg capsules. Pyburn (1970) also described the

necessity for a considerable quantity of water, supplied from the

fenalets bladder, to be added to the egg mass at oviposition in order to

swe1l the jelly and prevent its desiccation. The requirenent of a
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btadder-fu11 of water per clutch suggests that a large quantity of extra

jeIly is produced with each clutch, presunably to aid in water balance of

the clutch. If this is so, the additional mucus presumably originates

fron the posterior enlarged region of the oviduct.

Substantial thickening of any part of the oviduct wall does not

appear to occur otherwise in the Anura. Lengthening of the oviduct

appears to be involved in increasing rnucus output, rather than thickening

of the walls, as discussed in section b) on oviduct convolutions,

possibly because viscous egg capsule jelly would not flow readily into

the oviduct lunen from the outside of the wa11 if the latter were very

deep with rnany glands. The mucus produced for foam-nesting is relatively

fluid (coe, Ig74; personal observations), and is considerably less

viscous than the jelly constituting the outernost layers of the egg

capsules. Therefore, thickening of the region of oviduct waI1 which pro-

duces foam-mucus should not unduly inhibit the flow of foam-mucus inwards

to the oviduct lumen.

(v) The 0visac

(1) Degree of fusion

Spengel (1876) discovered that in sone species he dissected the

terminal portions of the oviducts, the ovisacs, do not enter the cloaca

separately as they do in nany other species. Bhaduri (1953) looked at

ovisac fusion in some detail and described three states: uterus

separatus, utezus septatus anò utetus cornnwnis (which I term conditions

0, L and 2, respectively). Bhaduri (1953) and Bhaduri and Mondal (1965)

suggested that fusion of the ovisacs nay be a result of the evolution of

large eggs, but they were not able to substantiate this claim.

Spengel (1876) raised the possibility that intraspecific variation
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nay occur in ovisac fusion. He dissectcd eight specincns of Bombina

bombina (as Bombinator igneus) and ser¡en possessed united o\¡isacs whilst

in the eighth the ovisacs rernained separate. Bhaduri and colleagues

examined only one specimen of each species and so could not comnelrt on

intraspecific variability. For the majority of species which I con-

sidered, I was able to determine the degree of ovisac fusion in only one

specirnen, but for 16 species I deternined the degree of fusion fr:om two

to four specimens, and for ELeutherodactyLus cut'tipes from six specinens.

In each of these 17 species the degree of fusion was the same anong con-

specific individuals. Ovisac condition is also relatj-ve1y consistent

arnong congeners, wi-th exceptions such as Litot:ia in which all three con-

ditions occutr. For exarnple in five ELeutherodactyLus species seen by me

and three other species seen by Bhaduri (1953) the ovisacs are conpletely

united. Linited intrageneric variation suggests that the character is

1ike1y to be stable within a species. If intraspecific variation were to

occur, it would be likely to be in a species with united ovisacs, and

take the forrn of variation in the point at which the ovisacs united,

whether half way down or a third of the way down for example. In fact

this might be seen in Cacosternum boettgeri which Bhaduri and Basu (1957)

reported as possessing completely united ovisacs but in which I found the

ovisacs to be separate anteriorly and to unite at about one third of the

way along thei-r length. However, Bhaduri and Basurs (1957) illustration

shows the ovisacs separated for some distance and then uniting as they

converge, so the discrepancy is probably due to personal interpretation

rather than to intraspecific variation. The difference between s"p"ratá

and united ovisacs is a drastic one, therefore Spengelts (1876) report of

both conditions ín Bombina bombina ís unexpected, particularly as it in-

volves a change from two to one openings into the cloacal wal1. Thus,

despite Spengel's (1876) observation, I will assurne that the degree of

ovisac fusion remains the same within a species.
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Of a1l the species which I exanrirrecl , there are sinilar nurnbers

possessing separate, and partJ.y united, and contpletely united ovisacs.

But they are not equally distributed anongst reproductive modes; there is

a strong trend towards complete ovisac fusion from l'{ode I to Mode III

(Table 11). Since the ovisac serves sinply as a temporaly storage sac

for ovulated eggs plior to oviposition, anY changes in its norphology,

i.e. fusion with its opposite, is likely to be associated with changes in

the size and nurnber of eggs. Body size may also be involved particularly

in very small species in which the egg diarneter:SVL ratio nay be particu-

lar1y large. In Fig. 19 egg dianeter is plotted against SVL for species

of each ovisac condition. There are no appalent trends with SVL, but

there are with egg diarneter. AI1 species with large oT fairly large eggs

(diameter 1.8 mm or more) possess ovisacs either partially or completely

united, and the only species with separate ovisacs are those with sma1l

eggs (dianeter 1.7 run or less). Presumably fusion of the ovisacs and a

single opening into the cloaca ar'e necessaly to avoid inpaction of large

eggs as they are about to enter the cloaca at oviposition. If two ovi-

sacs and cloacal openings were present, then eggs could descend and enter

the cloaca simultaneously; if they are laIge eggs they may become irre-

parably distorted or janmed. United ovisacs and a singte opening would

al1ow only one egg through at a time. It should be noted, however, that

in Bufo species, which produce strings of eggs often in a double row (the

left row presumably from the left ovisac and the right row from the right

ovisac), the ovisacs unite shortly before the single opening into the

cloaca [at least ín Bufo mar,'Lnus, which I exarnined, and in

B. me\anost.íctus (Bhaduri and Banerjee, 1939), and in three species

exarnined by Spengel (1876) ] . fne eggs are very sna1l and do not impact

upon entering the cloaca, as in the strings of spawn two eggs rnay lie at

the sarne tlansvelse 1eve1. Ovisac fusion ín Bufo species must have

occurred for some other reason than avoidance of impaction. Fusion nay
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facilitate the fornation of a single compact string of eggs dcrived frorn

both oviducts simultaneously. The formation of strings of spawn also

occul.s in specie s of Neobatrachus (l{atson and Martin, 1973), although the

eggs may also be laid separately or in clunps (Littlejohn, 1963; I{atson

and lrlartin, 1973). If terminal fusion of the ovisacs also occurs in

species of Neobatrachus which oviposit in strings, then the h¡'pothesis of

fusion facilitating string forrnati-on tvould be supported' I was not able

to examine the telminal portions of the ovisacs in the two species I con-

siclered because they were not plesent in the material available to me,

which had been dissected previously. Litoria Lesueuri, L. nasutL,

L. rothi, xenopus Laeuis and x. rrueLleri, aTe a1so, Iike Bufo, moderate

to large species with srnal1 eggs and ovisacs which unite shortly before

entering the cloaca. None of these five species lays eggs in strings

0.,lartin, 7967; Passmore and Carruthers , 7979; Tyler et aL ' ' 1983) ' so

ovisac fusion must serve sone other function in these frogs.

Fron Fig. 19 it is apparent that there is almost cornplete overlap in

egg diameter between species with partially and those with conpletely

united ovisacs (if the above mentioned species with smalI eggs but par-

tia1ly united ovisacs are discounted), i.e- cornpletely united ovisacs are

notrestrictedtospecieswithverylargeeggsandpartiallyunited
ovisacs to those with moderately large eggs. Functionally there would be

Iittle difference between the two conditíons since they both have the

same effect of joining the two groups of ova before oviposition and re-

ducing access to the cloaca to one apertule. However, condition 2 is

strongly correlated with Mode III, as amongst the species I considered'

of 29 species with condition 2 ovisacs , 20 are Mode III (Table 11) ' It

has been proposed that aquatic reproduction, or Mode I, is the ancestral

or prinitive reproductive mode, and that delayed hatching of feeding

larvae (l.lode II) j,s an intermediate stage in the evolution of direct
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developrnent fi',lode III) (Jarneson, 1957; lrlartin, 7967; Tyler, 1979). If

this is so, then probably ovisac condition 2 is the most derived one,

which evolved only after condition l- had been attained, by progressive

reduction of the septum dividing the ovisacs'

The ovisacs of species dissected by other authors fall into this

pattern a1so. Litotia aLnea (Briggs, 1940) , Rana pipiens (Rugh, 1951)

and Ã. tempor.aria (lvlarshall, 1972), all Mode I species, possess sepalate

o*isacs . Breuiceps Ðer.rucosus (Beddard, 1908a), ELeutherodactyLus

jasperi (Wake, 1978) , Leiopelma az'cheyi (Stephenson and Stephenson, 1957)

anð sminthiLLus Limbatus (Griffiths, 1959), all l,lode III species' possess

completely united ovisacs. Of the species which Bhaduri and associates

dissected, most Mode I species possesS separate ovisacs, notable excep-

tions being the pelobatids with united ovisacs (but the two illustrations

given suggest that, as for Cacoste.t'num boettgení, the ovisacs are con-

dition 1, not 2). The Modes II and III species they examined are fairly

e.r,enly apportioned between ovisac conditions t and 2.

(2) Occlusion fron the cloaca

Bhaduri (1946) suggested that the anulan oviduct nay open into the

cloaca at the onset of the breeding season and close some time after

spawning, i.e. the ovisacs would be occluded from the cloaca for most of

the individualrs life-span. I examined the terminal portion of the ovi-

sacs in 43 species and found little evidence to support Bhadurirs

suggestion, since the ovisacs weTe open in sorne juvenile specirnens and

in some which had probably oviposited shortly before collection, and

were occluded in sone which were reproductively rnature and apparently

ready to ovulate. However, evidence from developmental series of

Límnodynastes dt+merilí, L. tasmaniensis, and Pseudophryne bibroni,

indicates that the ovisacs rernain occluded in juveniles for sorne tirne
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after their formation.

Occlusion of the ovisacs in adult individuals may be related to the

frequency of breeding in a given season. For species with one well-

defined breeding season per year, the ovisacs may well behave as Bhaduri

(1946) suggested, but for opportunistic breeder-s or those which 1ay

several clutches per breeding season the¡' may not occlude for the poten-

tially brief periods between ovipositions. The evidence which I have

gathered here is too scanty to test this hypothesis. There seelns no

obvious advantage of occlusion for long periods over occlusion for short

periods, however.

(3) Dispo sition of the ovisacs and urinary ducts

The anuran urinary ducts always lie dorsal to the oviducts after

leaving the kidneys, and in general they remain in this dorsal-rnost

position throughout their length and terrninate in the cloaca posterior to

the termination of the ovisacs. Howevet, there are a few exceptions to

this pattern. Bhaduri (1953) noted that in Scaphiopus couchi and

S. hoLbr.ooki each urinary duct passes lateral1y around the ovisac of that

side and cornes to 1ie ventro-1ateral or ventral to it; the urinary ducts

also enter the cloaca anterior to the ovisacsrentry. He did not observe

this pattern in any other species, noI did I in any I examined. However,

I did find in a few miscellaneous species with separate ovisacs that the

urinary ducts moved ventro-media1ly to the ovisacs and came to 1ie nedial

to then, opening into the cloaca slightly posteriorly or even at the sane

Ieve1. This pattern is developed further in Lechz'iodus meLanopyga in

which the urinary ducts come to lie nedial to the ovisacs and enter the

cloaca anterior to them. The functional signíficance of such arrange-

nents is not obvious; they have no apparent relationship with a particu-

1ar reproductive mode.



109 .

Displacement of the urinary cltrcts laterally around thc ovisacs, as

displayed in scaphiopus, is not known to occur in any specics with partly

or completely united ovisacs. Displacenent of the ducts bettr'een the

ovisacs, as in Lechriodus meLanopyga, is inpossible in species with com-

pletely united ovisacs, and among species with partially united ovisacs

it has been reported only ín Rheobatrachus siLus (lJorton and Tyler, 7982;

and Horton, 1983; Appendices IV and III). As illustrated by Ilorton

(1983), in one Rheobatrachus síLus specirnen sectioned the urinary ducts

pass ventrall¡, between the ovisacs just anterior to the point of fusion

of the latter, fuse themselves as they do so, and come to 1ie ventral to

the now united ovisacs and immediately dorsal to the rectum. I sectioned

a second specimen and found the same arrangement of ducts. l\trether it is

the urinary ducts which have rnoved anteriorly or the ovisacs posteriorly

or both cannot be deterrnined, and there is no apparent Ieason why the

ducts have reversed positions. The bladder of l?. siLus enters the cloaca

anterior to both uri4ary ducts and ovisacs, so perhaps the anterior

position of the bladder opening has influenced the position of the

urinary duct opening, i.e. the urinary ducts moved anteriorly so as to

enter the cloaca as close as possible to the bladder. But in a number of

other species I sectioned, the bladder also enters anterior to the

urinary ducts and ovisacs, but the lattel do not leverse positions' So

it is unlikely that the position of the bladder has influenced the dis-

position of the urinary ducts and ovisacs in R. siLus.

The majority of l.fode III species possess completely united ovisacs'

Rheobatrachus silus, a l,lode III species with extremely large eggs of

about 5 nm diameter, is a species in which one would also expect to

find completely united ovisacs. But the ovisacs of,R. siLus are united

only near their posterior end, and they are effectively prevented frorn

fusing further by the urinary ducts which run between them' Reversal
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of duct positions in ¡?. silus might therefore have occurred vcry early

in the evolutionary history of the species.

The situation described above in anurans is partially analogous to

that seen in a conparison of marsupial and eutherian mammals. In moving

ventrally to open directly i-nto the bladder, the urinary ducts of

marsupials have passed medially between the gential ducts, and those of

eutherians have negotiated the genitat ducts by passing 1atera1ly around

then (Tyndale-Biscoe, 1973). Thus , Scaphiopus paralleIs the eutherian

condition, and Rheobatrachus silus and to a lesser extent Lechriodus

meLanopyga parallel the marsupial condition, except that the urinary

ducts sti11 open into the cloaca, not the bladder. Two different

strategies to achieve the sarne end have therefore been adopted in both

groups of animals. As in R. siLus, the posterior portions of the genital

ducts, the vaginae, remain sepal.ate in marsupials because the urinary

ducts divide them. In ,R. siLus fusion nonetheless has occurred, because

the ovisacs sirnply unite after the urinary ducts have traversed thern, and

it has also occurred in rnarsupials but by different neans: a rnedian

vaginal cul-de-sac has formed at the anterior ends of the vaginae, and

this opens into the urinogenital sinus at parturition (TyndaIe-Biscoe,

I}TS). The major difference between the mamrnalian condition and that

seen in these few anurans is that in the forrner it has an obvious

functional advantage - to drain kidney wastes directly into the bladder,

but such a function has not been achieved by duct Teversal in anurans.

(4) The urinogenital sinus

Bhaduri and Rudra (t944) discovered the presence of a diverticulurn

in the rectal wal I of a femal e Mict'ohyLa onnata; they termed it a

IVolffian sinus since the urinary (l{olffian) ducts united with it'

Bhaduri (1953), who referred to the sinus as a urinogenital sinus, found



111.

the sane in a fernale Ascaphus ttuei, and Bhaduri and Basu (1957) found a

similar sinus in a female ArthroLeptis syLuaticus. I observed a urino-

genital sinus in six other rniscellaneous species, in addition to Ascaphus

ttuei. In four of tþese (Limnodynastes penoni, IlegistoLotís Lignarius,

Xenopus Laeuis and X. rm,LelLeri) the spatial relationship of ovisacs and

uri-nary ducts to the sinus is sinilar to that in Ascaphus truei, i'e',

the sinus lies dorsal to the cloaca and ventral to the ovisacs and

urinary ducts and enters the cloaca first (in which case the term

"urinogenital sinusil is inappropriate; I'cloacal sinusil would be prefer-

able). In RanifieLla niparia the situation is as Bhaduri and Rudra (1944)

observed in lnlicy,ohyLa orvtata: the urinary ducts fuse with the sinus

before the latter enters the cloaca. In Rana papua the situation is as

has not previously been observed: both ovisacs and urinary ducts first

enter the sinus, which is dorsal to thern, and which therefore is the nost

appropriately terned "urinogenital sinusrr. Thus the sinus is not

directly analogous in all species, so probably it has evolved independ-

ently in rnost - supported by the phylogenetic diversity of species in

which it occurs.

Bhaduri (1953) suggested that the urinogenital sinus rnay function as

a spermatheca in Ascaphus tyuei, in which fertj-lization is internal. But

of al1 the species in which the sinus has been observed, Ascaphus truei

is the only one known to have internal fertilization, so the sinus may

not serve as a spermatheca at aII. Bhadurirs (1953) suggestion may be

supported if a urinogenital sinus were found in the only other oviparous

species for which internal fettilízation has been reported -

E\eutherodactyLus coqui (Townsend et aL. , 1981) . In the three species

for which Bhaduri and colleagues reported the presence of a urinogenital

sinus in the fernale, they also reported such a sinus in the nale' In

addition, Bhaduri and Basu (1957) found that the rnales of Kassina
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a.ygATeil)ittis anò Phrynobatrachus nataLensís possess a urinogenital sinus

but not the females. They suggested therefore that it may serve some

purpose in the ma1e, perhaps as a vesicula seminalis, but that in the

fernale it is a vestige. I did not dissect males of the species in which

I found a sinus and so cannot further illuninate this point. There is no

obvious sinilarity in leproductive node shared by all these species that

night suggest a function for the urinogenital sinus in the female'

(e) SYSTIMATIC IMPLICA TIONS OF REPRODUCTIVE MORPHOLOGY

The review of Larnotte and Lescure (I977), concelnì'ng those anuran

reproductive rnodes which diverge frorn the totally aquatic mode, indicates

not only that the diversity of reproductive modes is very extensive, but

also that many taxonomic groups are involved. I have summarized the

occuïrence of reproductive modes in all anuran families, in Table 13' It

is clear that none of Modes I, II and III is restricted to a particular

fanily or group of fanilies. Evolutionaly expelimentation and alteration

in reproductive mode has occurred rnany tirnes (with the exception of Mode

IV which is known only in one species), and presumably independently in

a1l or nost farnilies. Not only have the broad categories of Modes I, II

and III arisen in different systematic gloups, but specific patterns of

breeding behaviour have evolved apparently independently on more than one

occasi-on, for exarnple the tlanspoTtation of young (eggs or larvae) on the

back of a parent in pipids, dendrobatids, hylids and sooglossids, and

foarn-nesting in Australian and south Arnerican leptodactylids (as noted by

Martin, 1970) and rhacophorids (although the mechanism by which the foan-

rnucus is converted to foan differs between gloups: by beating of the

hindlinbs of both rnale and fernal e in Chiromantis (Coe, t974), by beating

of the hindlimbs of the male only in LeptodactyLus pentadactylus and

physalaermts pustuLosus (Heyer and Rand, Ig77), and by air bubbles created
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TABLE 13: The occurTence of reproductive rnodes in anuran fanilies
(familia1 classification of Duellman, 1975).
iRsterisks indicate data taken from Goin et aL., 1978)'

Family Reproductive Mode

II IIII IV

Leiopelmatidae
Discogl ossidae
Pipidae
Rhinophrynidae
Pelobatidae
Pelodytidae
Leptodactyl idae
Bufonidae
Brachycephal idae
Rhinodernatidae
Dendrobatidae
Pseudidae
Hy1 idae
Centrol enidae
Microhyl idae
Sooglossidae
Ranidae

Hyperol iidae
Rhacophoridae

+

+

+

+

+

+

+

+*
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+

+

+
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+

+
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+

+

+

+
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+
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+
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by paddling of the hands of the fenale in Âustralian leptodactylids

(Tyler and Davies, 1979). Nonetheless the end product is the same - a

foan nest).

The results of rny analysis of reproductir¡e rnorphology denonstrate

that variation in morphology is usually associated with differences in

reproductive rnode. Therefore the extensive parallelism in reproductive

modes between taxonomic gloups should be reflected in parallelisn in re-

productive norphology, and indeed this is what I have found. For example,

foam-nesting Australian leptodactylids, Chiromantis, and fron Bhadurirs

(1953) work foam-nesting south Arnerican leptodactylids, all possess

grossly enlarged oviducts. Reduction in ovarian lobe nurnbels oI numbers

of oviduct convolutions is found in many unrelated genera. Fusion of the

ovisacs occurs in menbers of many families. There is no single peculia-

rity of reproductive norphology which is confined to a group of closely

related species or genera (other than sinístral ovarian reduction in

Rheobaty,achus silus). Thus the diversity of reproductive norphology

bears no taxonomi-c significance, and only refLects the paral1e1 evolution

of various reProductive modes.

(f) PRTDICTIVE AND COMPARATIVE VALUE OF REPRODUCTIVE MORPHOLOGY

Salthe and Duellrnan (1973) were able to surnnarize their observations

concerning the physical factors related to reproductive mode, in a nurnber

of generalized principles, sorne of which I have substantiated statisti-

ca11y in the course of my own work, as described earlier. some of ny

observations on the relationships between reproductive mode and rnorpho-

logy can also be sunmarized in a similar way:

(1)thenumberofovarianlobesispositivelycorrelated
with SVL
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(2) the numbcr of ovarian lobes is negatively correlated

witheggdiameterandtendstodecreasefromModel

to Mode III

(3) the nunber of oviducal convolutions is usually positively

.correlated with SVL

(4) the number of oviducal convolutions is negatively

correlated with egg diameter and tends to decrease fron

lrlode I to lt'lode III

(S) oviduct width is positively correlated with egg diameter

and tends to increase frorn I'lode I to lr4ode III

(6) the tendency towards ovisac fusion increases frorn Mode I

to Mode III-

In the case of species for which the reproductive mode is unknown or un-

certain, it should therefore be possible to make predictions about the

reproductive mode, based on the norphology of the reproductive system'

If ova or mature oocytes are available, predictions can be made from

these a1one, but if for exarnple only imrnature oT post-ovipository females

are collected so that the size and nurnber of eggs are unknown, then the

reproductive norphology rnay give some clues as to reproductive rnode' For

example, a frog nay be 30 nm sVL, and possess five lobes per ovary and

fífty convolutions per oviduct, whilst another of 35 nm svl may possess

unlobed ovaries anð 20 convolutions per oviduct. One would predict that

the first example is a Mode I species' and the second a Mode II or

probably Mode III species. A species with completely united ovisacs is

likely to be of Mode II or rnore probably Mode III, and one in which the

posterior region of the paTs coru)oLuta is greatly enlarged is likely to

exhibit foam-nesting.

The data which I have gathered describing the anuran reproductive
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systen also selve as a basis against which to conpale the reproductive

morphology of species of palticular interest. The gastric brooding frog

Rheobatrachus síLus is one such species because of its bizarle leproduc-

tive behaviour. Modifications of Ã. siLus which are associated with its

breeding habits are like1y to be centred around its digestive system, but

the reproductive system is also rnodified and is largely typical of that

of a rnoderately large lr{ode III species, Possessing smal1 nurnbers of

ovarian lobes and oviducal convolutions' and broad oviducts' However,

there aIe no unique features of the reproductive systern, with the excep-

tion of the degree of fusion of its ovisacs, which unite only near their

posterior ends. This feature is due to separation of the ovisacs by the

urinary ducts, as discussed earlier, and bears no appaTent relationship

with the gastric brooding habit. The sinistral ovarian reduction of

R. siLus also appears to be unrelated to reproductive mode.

The reproductive systen of R. síLus illustrates tü/o conclusions to

be drawn frorn my study of anuran reproductive systems.

Firstly, it exenplifies the conservative nature of the fernale re-

productive system. The reproductive biology of F. siLus is perhaps the

rnost divergent from the totalty aquatic node displayed, for example, by

species of Rana anð Bufo. other species exhibit reproductive rnodes only

marginally less bízatre, and yet their reproductive norphology is of the

same general pattern as in nost other members of the Anura, uith only few

exceptions such as sminthiLLus Limbatt'ts in which one oviduct is vestigial

(Griffiths, 1959) and Nectophrynoídes occidentaLis and il. tormieri in

which the oviducts are unconvoluted. The reproductive system almost un-

varyingly comprises paired, sacciform ovaries, and paired oviducts r^'hich

extend along the length of the body cavity, consist of three distinct

regions, and terminate in the cloaca. It is conservative in its general
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norphology bccause in almost all species it serves the same function: to

produce a number of eggs coated with rnucopolysaccharide jelly and capable

of being fertilized and developing outside the reproductive system.

Secondly, the reproductive systern of Rheobatracltus siLus illustrates

that although the anuraìl reploductive system is conservative in forrn, ít

does display diversity in particular details, and this is associated with

the physiological and developmental characteristics of reproductj-l,e modes,

rather than with the behavioural characteristics. I have shotr'n that

despite their extreme diversity, anulan reproductive modes can be

allocated to four categories, based on the amount of yolk stored in each

egg and the proportion of development, prior to metamorphic climax, which

is independent of external food sources. It is these factors r^'hich have

apparently influenced specific features of reproductive norphology, so

that instêad of a wide diversity of morphology associated with the

extreme diversity of reproductive mode (to which behavioural traits con-

tribute significantly), there is limited but specific variation associ-

ated with the nature and development of the eggs. Thus the reproductive

system of R. siLus is characteristic of that of a1l other species nith

clutches of few, large eggs which are entirely independent of external

eneIgy sources.
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APPENDIX I

SPECIMENS EXAMINED IN THE COURSE OF THIS STUDY

Abbreviations for Institutions:

AM

AMNH

AUZ

BM

CAS

CN,INH

MCZ

RMNH

SAM

UPNG

WAM

Australian Museum, SYdneY

Arnerican Museum of Natural History, New York

Adelaide University Zoology Departrnent

British l''luseum (Natural History) , London

California Academy of Sciences, San Francisco

Field lrluseum of Natural History, Chicago

l''luseum of Comparative Zoology, Harvard

Rijksmuseum van Natuurlijke Historie, Leiden

South Australian Museun, Adelaide

University of Papua New Guinea, Port Moresby

Western Australian Museum, Perth

[Number in brackets number of individuals dissected)

LEIOPELMATIDAE

AscaPhus truei (1) AUZ'

N. Gradwell

LeiopeLma ho ehstetteri

Touchet River, Oregon, U.S.A Sept. L970,

(1) AUZ, Tokatea Ridge, Coranandel Peninsula,

New Zealand, Feb. 1960, D. Baswell

PI PIDAE

Xenopus Laeuis (1) AUZ, no data

X. rrueLLeri (1) AIJZ, S. Africa
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PELOBATIDAE

peLobates fusans (1) AUZ, Neusiedler-See-Gebiet (Ostafer) Germany,

APril 1969, Boeker

BUFONIDAE

Bufo marinus (1) AUZ, Q1d

Nectophrynoid.es maLcolmi (2) BI'1, 6-8 km S.E. of Goba, Balé PIov.,

EthioPia

N. tol"nieri (2) Blr{, Anani, E. Usambara lr{ts , Tanzania,

L974, A.G.C. Grandison

LEPTODACTYLIDAE

Limnodynastinae

AdeLotus breuis (2) AllZ, no data

'n'noo,,oo*" 
n'":, 

:,] Ï: i","::r;";.i,,ï=.',n'o'' *:;r*'"'
Lechriodus meLanopyga (1) Allz, Brown River, P.N.G., 29.xii.1977,

K. Gowlett

Linmodynastes dorsaLis (5) AUZ, 5-10 kn w. of Narrinkap, s.I\l.

Mt Barker, W. Aust., June t976, D' King

L. dumez'íLí (3) R- Torrens, St Peterrs, S' Aust"
13.x.1981, M. ThonPson

L. otmatus (1-) Jabiru, N'T', Jan' 1981, M' Cappo

n ,' (1) AIJZ, Conondale Ra., Q1d, Jan. 1979,

K.R. McDonaId

L. Pet'oni (1) AUZ, no data

L. tasmaniensis (numerous) s. Aust., various locations,
dates and collectors

MegistoLotisLignarius(1)AUZ,diedincaptivity
Neobatrachus ?centraLis (3) SAI'{ R20404, Roxby Downs, S. Aust"

11.ii.1981, M.J' TYler

À/. sp. (3) SAM R20214-8, Alice Springs, N'T',
27 -28. i - 1981, M' GiIlam
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Notaden meLantoscaphus (1) AUZ, I{' Aust'

n r' (3) Jabiru, N.T., Jan.-Feb. 1981, M.

N. nicholLsi (1) A|JZ,5 kn N'E' of Broone, W' Aust'

Cappo

May 1964

W. Aust

lrlyobatrach inae

Assa darLíngtoni (1)

Críni.a geongiana (1)

Ilyobatrachus gouLdi

27 .vi. 1980, D. King

Diane11a, hr. Aust.

Narrogin, Itl . Aust . ,

l{est Popanyinning,

4 . x. 1980

AIJZ, no data

AUZ, I{. Aust.,

(1) r{A},f R19816,

(1) l\'AM R22600,

(1) WAM R42963,

1972

,, r' (1) WAM R52494, 13 kn E. of Guairading,

W. Aust. , 7 -Y -1975

il r' (1) WAM R58108, lVanneroo, W. Aust., l.xi.1977

pseud.ophtyne bibroni (1) Mitcham, s. Aust. , L2.v.1980, P. Horton

rr t' (1) Fifth Ck, lr{ontacute, S. Aust . , 6 .v ' 1981,

J. Moller

Raníd"eLLa bilírqua (1) AUZ, Port Essington, N'T'

R. riparia (4) Moralana Ck, Flinders Ras, S' Aust''
3.x.1982, P. Horton

il

il

il

il

tl

R signifena
29.viii.1981,

(1) AUZ, no data

(9) Balhannah, S. Aust-,
P. Ilorton

il r' (1) Mitcharn, s. Aust., 3.viii.1980, P. Horton

rr r, (2) AIJZ, no data

Tand.actylus act'ttírostris (1) AIJZ, N' Q1d, K'R' McDonald

T. diuntus (1) AIJZ, K'R' McDonald

I)peroLeia ínund-ata (1) Jabiru, N'T', 2'íí'1981' M' Cappo

Rheobatrachinae

Rheobatrachus siLus (27) S.E. Qld, various dates and collectors,
hcld at various institutions
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El eutherodactYl inae

ELeutherodactyLus achatinus (5) SAM R25788-92, Tandapi, Ecuador

E. chloronotus (5) SAM R25807-71, 1-3 km E. of
Papatlacta, Ecuador, July 7977, J.D. Lynch

E. curtipes (6) SAM R25796-801 , 7-3 km E. of
Papallacta, Ecuador, July 7977, J.D. Lynch

E. deuillei (5) SAM R25802-06, 1-3 km E. of
Papallacta, Ecuador, JuIy 7977, J.D. Lynch

E. uaLkeri (3) SAI'I R25812-I4, Santo Domingo de 1os

Colorados, Ecuador

DENDROBATIDAE

phyl\obates aurotaenia (3) sAM R13567, Chocó, Playa de Oro, Rio

San Juan, Colonbia

HYLIDAE

cycLorana austraLis (2) AUZ, KununutTa aTea, w. Aust., Feb. 1977,

M.J. Tyler et aL.

" (5) Jabiru, N.T., Jan. 1981, M. Cappo

n"pt ngl 
(1) AUZ' Derby' w' Aust" early 1981' ,u'A'

C. breuipes (1) AUZ, Townsville, Qld, Jan. 1981, K'R'

McDonald

c. Lorryipes (1) AUZ, 131 km S. of junction of Northern and

Duncan Hwys, W. Aust., 24.i.L978, M.J. Tyler et aL'

C. maini (2) SAM R20282-85, Alice Springs, N'T', 27/28'i'
1980, M. Gi1lam

Litoría aLboguttata (2) AUZ, Townsville, Q1d, 26.x.1980 q 3.i.1981,
K.R. McDonald

L. bicolor (1) AUZ, Mitchell Plateau, W. Aust', 27 ']-'1978'
M.J. TYler et aL.

" (3) Jabiru, N.T., 31.i.1981, M. Cappo

L. caeruLea (1) AUZ, Fitzroy R., Broome-Derby Rd, W' Aust',
77.ii.1980, M.J. TYler et aL.



Litoria
L

il

L

L

il

L
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caetuLea (1) Cannon l-lil1, N.T., 27.iii.1980, G. Crook

chLoris (1) AUZ, Conondale Range, Qld, Nov. 1976'

M.J. Tyler et aL.

" (1) AUZ, no data

coplandi (1) AUZ, Crystal Ck, lrfitchell Plateau, W. Aust.,
77 .ir.7979, M.J. TYler et aL.

dahLi (numerous) Nankeen Billabong, N.T., 27.iii.1981,
M. Cappo

" (1) AUZ, Arnhen Hwy, nr Beaufort Hil1, N.T.

eucnemis (1) SAII R20238-41, Johnston R. State Forest, Qld,
16.i.1981, K.R. l'lcDonald

euingi (1) Balhannah, S. Aust., 29.viii.1981, P. Horton

" (1) AUZ, no data

inerrnis (4) Jabiru, N.T., 31.i.1981, M. Cappo

itis (4) SAll R9141, Ialibu District, Sthn Highlands,

P.N.G., 30.x.1967

Lesueuri (1) AUZ, no data

microbelos (1) AUZ, MitchelI Plateau, W. Aust-, 29-i.1978'
M.J. Tyl et et al.

modica (2) SAM R6519, Busilrnin, Star Mts, P.N-G., B.

nannotis (2) SAI'I R20223-4, Mt Lewis, Qld, 25-i.1981,
Zweifel q K.R. I'lcDonald

nasuta (2) AllZ, Cooloola Nat. Pk, Qld, Nov. 7976'

M. Davies q M.J. TYler

paLlida (5) Jabiru, N.T., Jan.-Feb. 1981, M. Cappo

peroni (2) AUZ, Conondale Ra., Qld, Jan. 1979

pratti (2) SAll R5714, Koko, P.N-G-

raniformis (1) AUZ, no data

Craig

R. G.

rheocoLa (1) SAM R20247-8, Mi1laa Mi11aa, Atherton TabIe-

1ands, Qld, 76.i-.1981, K.R. McDonald

r' (1) I'tt Lewis, Qld, 25.i.1981, R.G. Zweifel G

K. R. McDonald

L

L

L

L

L

L

L

L

L

L

L

L

L
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Litoria rothi (1) AUZ, Roper R., 2 km W. of Mataranka Ì1.S., N.T.,
27 .íx.1977 , G. Crook

tr rr (1) AUZ, Mitchell Plateau, W. Aust. , 3I. i.1978,
I{.J. Tyler et aL,

rì rr (5) Jabiru, N.T., Jan. 1981, M. Cappo

L. rubeLLa (1) AUZ, Mitchell Plateau, W. Aust., Jan. 1978,

,, 
"'t:, 

ttt"t et aL'

(5) Jabiru, N.T., Jan.-Feb. 1981, M. Cappo

L. tontierL (1) Jabiru, N.T., 2.ii.1981, M. Cappo

L. uotjulumensis t1) AUZ, Crystal Ck, lrlitchell Plateau,
W. Aust. , 17.ii.1979, M.J. Tyler et aL.

Nyctimystes papua (4) SAM R5212, Okapa, P.N.G.

Phrynohyas DenuLosa (1) AUZ, Tunapuna, Trinidad, 17.ix.7967,
N. GradweIl

RANIDAE

ArthroLeptelLa Lightfoot¿ (1) CAS 85899, Plettenberg Bay, Cape

Province, S. Africa, 23.ív.1958, Leech G Ross

Arthroleptis poeciLonotus (1) CAS 153564, Nyabessan, 157 km S.W.

of Ebolowa, Cameroun, 72.iv.1981, T. Papenfuss

Cacostermum boettgeri (1) AUZ, ca 32 km S.E. of Montague,

S. Africa, 2L.xi.1972, N. Gradwell

Rana cascadea (1) AUZ, Snowqualmie R., Washington, U.S.A.,
30 . viii . 1969, N. Gradwel I

R. grísea (1) no data

R. papua (1) AUZ, Brown R., P.N.G., 29.xií.1977, K. Gowlett

HYPEROLI IDAE

Afriæalus d. dorsaLis (1) CAS 146260, Kade Agricultural Station,
Ghana, 27.vií.1975, P. Willians

A. forvtasiní (1) AUZ, Durban, S. Africa, 15.xii.1972,
N. Gradwell

A. quadr'íuittatus (1) CAS 747677, 1.3 kn N. Kakanega at
Lubao, Kenya, 5-6.vii.7976, R.C. Drewes
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callixaLus picLas (1) CAS 145261, Upper Luvubu R., Itombwe ÌJigh-

lands, Uvira Terr., Kivu Prov. , Zaire, 8-16.xii'1950, R'F'

Laurent

ctyptothyLan greshoffi (1) cAS 145279, Lowal€ R., Oneme Chadaia,

Lodja Te¡r., Sankuru Prov., Zaite,20.viii.1959, Poelnan

Hyperolius marmoratus (1) AIJZ, Belair, Durban' s' Africa'
17.xii.1971, N. Gradrr'e11

LeptopeLis bocagei (1) cAS 141453, Chemelil, Kisunu Dist., Kenya,

lrlay - June 1976, L. Hoevers

L. mact"ot'Ls (1) CAS 103699, Kade, Ghana, 12'i'1966'
T. PaPenfuss

RHACOPHORIDAE

chiromantis peters¿ (1) CAS 130629, nr El Wak, Mandera Dist.,
KenYa, 13.vii.I977, R.C. Drewes

C. æerunpeLina (1) CAS 153644, 8 km W. of Ganda, Kilifi
Dist., KenYa,9.iv.1981, S. Rei11Y

MICROHYLIDAE

AsterophrYinae

Asterophrys tuzpicuLa (1) RMNH 16655, Aifat, Vogelkop, Irian Jaya,

13.viii. 1953, M. V.d.Nieuwenhuiren

Barygenys nana (1) AM R22802, Fungoi, Kaironk vaIley, Schrader

Mts, P.N.G.

HyLophorbus T. twfescens (1) UPNG 5714, Manga, Huon Peninsula,

P. N. G.

Phtynomantis hunícoLa cornpta (1) SAM R9387, Kaironk Va11ey,

Schrader l''lts, P.N.G., R' Bulmer

P. h. humicoLa (1) AMNH 66266-70, Kotuni, Mt Otto'
P.N.G., 18.viii.1959, 6th Archbold Expedition

P. LateraLis (1) MCZ 59000, Lae, P'N'G', L2'ii'1966'

,, 
t' outu"t,, 

(1) upNG 262r, Alotau, p.N.G.

rr (1) UPNG 5202, Alotau, P.N.G.
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Phrynomantis LateraLis (1) Taraka, 4 kn N. of Lae, P'N'G

10.i.1982, T.C. Burton G R. Stocks

P. Louisiadensis (1) AMNH 60135-43, Rossel Island,
P.N.G., Oct. 1956, R.F. Peterson

P. z'obusta (1) MCZ 81688, Derongo, P'N'G', 6'iv'1969,
F. Parker

P. stictogaster (3) SAM R20887,89q90, Okapa, P'N'G',
J.Y. Hancock

P. uiLhelmana (1) AI4NH 65868-86, Mt ltilheln, P'N'G'

,r r' (1) MCZ 59895, Kogi, Suai Ra., P.N.G.,

6. iii.1965, F. Parker

",.a. 
srra:r, 

(1) Tonba' Mt Hagen' P'N'G" 5'i'1982'

xenobatrachus tostratus (2) SAM R9386, Kaironk va11ey, Schrader

lvlts , P. N. G.

Xenorhina bouuensi t1) RIINH 16658, Kigonnedip, Ok Sibil Valley,
Star Mts, Irian Jaya, 1959, Netherlands Star Mts Expedition

Sphenophryninae

cophinalus darLíngtoni (1) Tomba, Mt Hagen, P. N. G. , 5 . i . 1,982,

T.C. Burton

C. negLectus (1) AUZ, Mt Bellenden Ker, Qld, 27'íi'1977

C.oy,natus(1)SouthBellPeak,MallonThompsonRange,
Qld, 6.xj-.1980, K'R' McDonald

C. par,keri (1) SAM R5604, Kaironk Valley, Schrader Mts,

P.N.G., R. Bulner

C. riparius (1) SAM R5216, Okapa, P'N'G'

copiuLa fistuLans (1) SAM R14241, Agenchambo nr Popondetta, P.N'G"

JulY-Oct. L964, B'J' Brock

n rr (1) Taraka, 4 kn N. of Lae, P.N-G., Dec. 1981,

R. Stocks

7r'eophryne bixoi (1) SAM R10899, Karrimui, P'N'G'

sphenophryne schLaginhaufeni (1 egg rnass) Trauna Ridge, 13 kn N.E.

of Baiyer River, P.N'G', 3'i'1982, T'C' Burton
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Dyscophinae

CaLLueLLa guttuLata
14. x. 1958, E

t1) CMNII 143960, Kuala Tahan, Pahang, llalaya,
R. Alfred

Microhyl inae

Chaperína fusca (1) CI\{NH 77253, Derarnakot, Kinabatangan Dist. ,

N. Borneo, R.F. Inger

KaLouLa puLchra (1) CI,{NH 175952, Siracha, Cholemlarb, chon Buri,
Thailand, E. TaYlor

Microhy\a heymonsi (1) CMNH 186029, Bukit Lanjan, selangor,
lvlalaya, Lim & Tang
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APPINDIX II

HORTON, P. Ig82. Precocious reproduction in the Australian frog

Limnodynastes tasmaníensis. HerpetoLogica 3B : 486-489.
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APPTNDIX III

HORTON, P. 1983. Reproductive systern. Ch.7 in "The Gastric Brooding

Frog'r. (Ed. I,t.J. Tyler). croom Helrn: Beckenharn, Kent. 163pp.
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APPENDIX IV

HORTON, P. and M.J. TYLER. Ig82. The fernale reproductive system of the

Australian gastric brooding ltog Rheobatrachus siLus (Anura:

Leptodactylidae) . Aust-J.ZooL' 30:857-863'
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PART ONE:

ANALYTICAL PROCEDURES

EXTENT OF OVISAC FUSION IN SPECIES OF REPRODUCTIVE MODES IA. X2 TEST:

II AND III (Table 11, P.72 of thesis)

As one exaniner noted, this test cannot be undertaken on the data

presented, because some of the expected frequencies are smaller than the

required minimun of five (Canpbel1, 1974). I propose deleting the test and

leaving the data in the simple form presented in Tabte 11; the differences

in observed and expected values are clear enough not to require a statistical

test of significance.

B. SINGLE-FACTOR ANALYSIS OF VARIANCE FOR COMPARISON OF MEANS AMONG

MODES I, II AND III
Values of the F-statistic are given for each case; significance at

the 5% leve1 is represented by: *, and at the 0.1eo level by: ***. Page

numbers for the incorporation of each result into the thesis are given in

brackets.

Snout-vent length :

Log (10x egg diameter) :

Log (ovarian conplement) :

Log (nunber of lobes) :

F-I.2 r l o l -

F-r2, 86

n-r2, 86

F_12, 99

4.74 *

137.09 ***

118.55 ***

44.22 **t

(p.37)

(p.41)

(p.42)

(p.so)
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Log (number of convolutions)

Oviduct width

Fzrao = 33.31 ***

F2 rst = $.93 ***
(p.se)

(p.6s) .

The results of these tests support ny findings as already described

C. A DEFENCE OF THE USE OF SINGLE SPECIMENS

One exarniner questioned the use of data from single specinens of many

species in the comparisons and statistical analyses that I made. Ideally I

would have prefemed to have used data only fron those species of which I

examined several specimens. However, I included data frorn single or few

specimens in order to provide as nany examples as possible from each of the

three reproductive rnodes concerned. Had I excluded all data from species

with solitary or few individuals, then I would have had no comparative

information at all for Mode II and little for Mode III; only Mode I would

have been adequately represented. My justification for the inclusion of

these data is as follows:

For each norphological feature of the ovary and oviduct, I exarnined

that feature in several species of which I had numerous specimens. By doing

so I was able to deternine the likely degree of intraspecific variability of

that feature. Whilst each feature exhibited variability within a species,

nonetheless I found that the degree of variability was small in conparison

with the overall variability amongst all species I exanined. Thus for

example the range of number of ovarian lobes was | - 26. Within that range I

found intraspecific variation such as illustrated in Myobatrachus gouLdi ín

which both left and right ovaries were unlobed in all five specimens

exarnined, in six individuals of ELeutherodnctylus chLoronott'ts in which the

ovaries were unlobed or bilobed, and in 35 individuals of Linmodgnastes

tasmaniensis in which the number ranged fron three to five, with one ovary
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in one individual bilobed. Species with larger nunbers of lobes tended to

show greater variability, as observed in seven individuals of Lítoria nothi

(6-10 lobes, mean 8.1), and eight individuals of CycLorana qustz,aLis (I8-26
lobes, mean 22.1). But the majority of species for which I sanpled single

specinens were of small size or represented Modes II and III, and such

species generally exhibit 1ow numbers of lobes. Despite the greater varia-

bility in those species exhibiting large lobe numbers, the figures are not

randonly distributed throughout the total range (L - 26), but occupy a dis-

crete portion of it, so that the nurnber of lobes from even a single specirnen

should give an indication of the magnitude of lobe number for the species.

If comparisons were being made between different species with similar numbers

of lobes then one specirnen nay not be sufficient, particularly for species

with large lobe counts; however, in my thesis I make no comparisons between

individual species, as I discuss below.

Similar arguments apply for number of oviduct convolutions and oviduct

width, and I give examples in the main body of the thesis of convolution

nunbers and widths for species of which I dissected several specinens

(pp.57 and 64). As described on p.104 I found no intraspecific variation in
the degree of ovisac fusion in 17 species of which I dissected ¡nore than one

specimen, so it is almost certain that the single individuals of the renain-

ing species were representative for those species.

Thus I considered the variability of these norphological features

sufficiently insignificant to warrant cornparison of each feature between

groups of species, and to allow the inclusion of data from single or few

specimens because they were most likely to be reasonably representative for

those species.
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In addition, I was seeking the presence of any trends in the variation

of these morphological features, rather than absolute differences between

individual species, so that if a single datun happened to be unusual for that

species, it would have represented a local disturbance in the trend rather

than its demolition. The only instances in which I subjected individual

specíes to analysis were those in which several specirnens of that species

were available, for exarnple Rheobatrachus siLus. In all other instances I

made comparisons among Modes I, II and III, each of which had an acceptable

sanple size of data. In effect, I have nade conparisons between series of

observations, each series taken from individuals of the same reproductive

node rather than of the same species.

The paraneters snout-vent length, eEE diameter and ovarian complernent

are also variable within a species, but again I used values of these fro¡n

single or few specirnens because the conparisons I nade were between repro-

ductive modes, not individual species, and because I was looking at trends

rather than absolute differences.
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PART TWO:

THE FEMALE VERTEBRATE REPRODUCTION SYSTEM AND ITS RELATION

TO REPRODUCTIVE MODE

INTRODUCTION

Reproductive diversity in vertebrates ranges fron the laying and

abandonrnent of shell-1ess eggs which are fertiLized and develop externally,

to the retention of eggs with internal fettíIization, placentation, and

extended intra-uterine developnent. As I have outlined in my thesis,

almost this entire range of patterns of reproduction occurs amongst the

Anura a1one, the major exception being the absence of placentation in the

only known viviparous sPecies.

I have demonstrated an apparent association between the variations in

norphology of the female anuran reproductive system and the broad category

of reproductive node of the species concerned. It is known that at least

the female reproductive tïact differs significantly in norphology among

different vertebrate groups. Are there any disernible trends anong these

different morphologies, and perhaps also in the vertebrate ovary, that can

be correlated with reproductive node? If so, are they comparable with the

changes in morphology found among anurans?

Data on female reproductive norphology are distributed widely in the

literature. Most contributors have devoted attentign to separate classes
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of vertebrates, unless making specific cytological comparisons in which

case the vertebrates nay be considered as a whole. There has not been a

broad review of female vertebrate reproductive morphology at a gross

structural level. To place my findings on the Anura in perspective, I

have undertaken this review and present the synthesis in the following

pages. One limitation of such a review is that data on sinilar norphologi-

cal features are not available for all vertebrate classes, therefore my

descriptions for each group are not completely comparable.

I consider firstly the ovary and how the anuran ovary compares with

that of other vertebrate groups, and secondly the reproductive tract, also

conparing anurans with other vertebrates.

A. THE OVARY

i) Ovarian Form Among Vertebrates

a) Cyclostones: Lampreys possess a single, mid-dorsal ovary forned

as a result of fusion of the customary pair (Wake, 1979). It is lobate

and extends the entire length of the body cavity which it fills and dis-

tends when mature (Dodd, 1977). Hagfish also possess only one elongate

ovary, not for¡ned by fusion but by atrophy of the left ovary at an early

stage of development (Dodd, t977). The largest and oldest of the oocytes

lie along the border of the mesovarium, parallel to the intestine, each

suspended by a stalk (Dodd, 1,977). Thus the hagfish ovary has no particu-

lar shape; it is more or less a row of oocytes. Cyclostone ovaries are

not hollow, but are a solid mass of follicles (wake, L979).

b) Elasnobranchs: These animals possess a sacculal ovary, often

slightly hollow. In general, egg-laying species have large, paired,
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functional ovaries, whereas viviparous sharks have a functional right ovary

only, and viviparous Tays a functional left ovary only (Wake, 1979).

c) Teleosts: The ovaries are paired in nany species, but there is

only a single functional ovary in sone (Wake, 1979); for example, almost all

viviparous teleosts possess a single, median ovary (Wourms, 1981). Loss of

an ovary in teleosts is due either to fusion of the paired rudirnents, or to

the arrested developnent of one of then (Branbell, 1956). The ovaries nay

be solid or hol1ow organs, the hollow state being characteristic of vivi-

parous species (Wourms, 1981). Typically the ovary of fishes is elongate'

and during the breeding season its surface assurnes a beaded appearance as

it becones distended with maturing oocytes. In viviparous and ovoviviparous

species smaller numbers of ooctyes mature at aîy one time, so the ovaTy

often assumes the appearance of a bunch of grapes (Franchi, 1962). After

spawning, fish ovaries rapidly shrink and nay even be reduced to thin,

thread-like organs (Franchi, 1962). Dodd (1977) remarked, rrBony fishes,

especially teleosts, show a greater degree of diversity in reproduction

than any other vertebrates and this is reflected by their range of ovarian

st1ucture. In teleosts, in which viviparity has arisen independently in at

least eight of the large groups, ovarian structure may become markedly

nodified since viviparity invariably involves the ovary in a gestational

role.n However, Dodd (1977) u¡ent on to describe differences in follicular

and epithelial structure; it appears that there are almost no particular

interspecific variations in gross morphology documented for the teleost

ovary. Hoar (1957) noted that the arrangenent of follicles within the

supporting tissue of the ovaly varies greatly in different groups' and

different morphological types can be distinguished, based on follicular

arrangement. The diagra¡nmatic illustrations of the fish ovaries that he

presented do not indicate any lobing.
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d) Amphibians (caudates and caecilians): The ovaries are paired and

holLow (Wake, 1979). Those of caecilians are unlobed, narrow and elongate

(Wake, 1968), and those of caudates are slightly elongate (Wake , lgTg).

e) Reptiles: The ovaries are paired, compact, hollow, and irregularly
ovoid in shape (Wake, 1979), or elongate in snakes (Jones, 1978). The

ovaries of turtles are positioned synmetrically, but in lizards and snakes

they are usually situated asymmetrically, with the right anterior to the

left, and usually larger than the left in some snakes (Fox, 1977). Dodd

(1977) conmented that nost of the differences between the ovaries of dif-
ferent species appear to be superficial and due nainly to differences in
numbers of large vitellogenic oocytes present in the ovary.

f) Birds: The ovaries of birds are compact and hollow (Wake, 1979).

As oocytes accumulate yolk, their rapid gross enlargernent causes then to

project from the surface of the ovary and ultinately to become pedunculate

(Dodd, 1977); thus the ovary resembles a bunch of grapes at different
stages of ripening. There are always two ovarian primordia, but in most

species only the left rnatures (Dodd, 7977). However, both ovaries commonly

mature in nany species of the Falconiformes, and there is evidence of two

ovaries in species belonging to at least 16 orders in which the norm is
usually accepted to be one ovary (Gilbert, 1979). Kinsky (1971) discovered

that the Kiwis (Apterygifornes) are the only group of birds in which paired

ovaries occur consistently, and both ovaries are usually functional, with

ovulation occurring alternately from the two if more than one egg is laid

in the same season.

g) Mamrnals: Mamrnalian ovaries are sna11, compact and cellular

throughout (Wake, 1979), except in the monotremes in which the nedulla

contains large lymph spaces (Brambell, 1956). They are paired and
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approximately equal in size except in the platypus in which the right is

atrophied (Hughes and Carrick, 1978), certain bats in which the left shows

atrophy, and some Odontoceti, especially Delphinidae, in which ovulation

occurs more frequently, or consistently, in the left ovary (Harrison and

Weir, 1977). In mammals in which nultiple ovulation is the mle (e.g. sow,

rat, rabbit) the pedunculate follicles and corpora lutea give the ovary a

grape-like appearance; in others (e.g. horse, sheep, primates) the regular

outline of the ovary is only locally disturbed (Harrison and Weir, 1977).

ii) Trends in Vertebrate Ovarian Form and a Cornparison with Anurans

The appearance of the ovary differs dramatically among vertebrates.

Factors such as reproductive state, particularly whether pre- or post-

ovulatory, and nutritional state, have considerable influence, largely in

terms of ovarian mass relative to body nass. These are seasonal or environ-

mental factors, but there are also factors associated with the nature of the

animal itself which alter gross ovarian rnorphology between vertebrate groups.

Two of the rnost obvious of these are body shape and the reproductive

strategy of the species in question. I will consider these in turn.

Body form has its nain influence in those species in which it is

highly modified. Thus among the amphibians, as described in the previous

section, the ovary is a pendulous sac in anulans, is slightly elongate in

the nore slender-bodied caudates, and is narrow and elongate in the venni-

form caecilians. Similarly arnong reptiles, the ovary is ovoid in most

lizards and turtles, but elongate in those with the most elongate bodies:

snakes. Such variety in shape does not occur in birds or rnammals, perhaps

attributable to the fact that their body form, particularly abdominal pro-

portions, is relatively more uniform.
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Reproductive mode has a signi-ficant bearing on ovarian norphology, as

a result of the relative sizes and numbers of eggs produced per reproduc-

tive effort. For example, the lanprey is semelparous and produces a large

number of small eggs (Ballinger, 1978), and its ovary is a vast lobed

structure filling the entire body cavity at maturity, thus enabling the

animal to produce thousands of eggs. In contrast, the hagfish ovary is

little more than a string of oocytes, as these animals produce relatively

few large eggs with copious yolk (Ballinger, 1978). Like lanpreys, most

teleosts are oviparous, producing vast numbers of sma1l eggs (Ballinger,

1978), and the ovaries are nassive structures which may distend the abdom-

inal cavity when mature. In contrast, the simple nature of the caecilian

ovary reflects their relatively low fecundities (4-15 enlarged oocytes per

ovary in some species; Wake, 1968) associated with considerable parental

care, and ovoviviparity and viviparity in some species.

With the evolution of the anniote egg in reptiles, reproductive

patterns became considerably nodified in conparison with those of the non-

amniote groups (Bal1inger, 1978). In particular, reptiles produce 1arge,

yolky eggs, and fecundity is greatly reduced, with the largest clutches

probably those recorded for rnarine turtles - for exanple, about 100 eggs

per clutch in the Loggerhead and Green Turtles (Cogger, 1983). Thus their

ovaries are compact and ovoid or elongate, and apparently never nassive

and lobed. The ovaries of birds are also relatively sna1l, conpact and

unlobed, as again the nunber of eggs produced per clutch is snall (one or

two to a dozen, rarely more; Lack, 1968), although gross seasonal en-

Iargement of the ovaries is seen due to the imnensely yolky nature of the

eggs produced. The ovaries of mammals are compact and snaller relative to

body size than in non-mamnalian vertebrates (Dodd, 1977), reflecting the

production of a small number of very sna1l alnost yolkless eggs, at nost

up to 20 in rodents (Ballinger, 1978), with viviparous developnent of the
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young and extended parental care.

In general, the vertebrates display some of the tendencies which I

observed amongst the Anura, with regard to ovarian norphology in associa-

tion with reproductive node. For example the Mode I anuran ovary corres-

ponds morphologically (large and lobed) with that of the lanprey. It is

also comparable with the oviparous teleost ovary, except that I can find

no published account of lobing in fish ovaries. Vertebrates which produce

smaller numbers of larger, yolkier eggs possess ovaries sinilar to those

of Modes II and III anurans - mole compact with few or no 1obes, and

seasonally enlarged with mature oocytes. The only anuran possessing

ovaries conparable with those of mamrnals and other viviparous vertebrates

is the single known viviparous species Neetophnynoides oeeidentaLis. In

this species the ovaries are small, sirnple sacs (Angel and Lamotte, 7944),

and are never grossly enlarged because the oocytes produced are invested

with very little yolk.

Ovarian asynmetry apparently has arisen independently on numerous

occasions among the vertebrates. In the lamprey the norphological

aïrangenent is not strictly asymnetrical since both ovaries fuse and con-

tribute to oogenesis. In these senelparous animals ovarian fusion nay

help to maxinise reproductive effort as the entire body cavity becornes an

egg chanber prior to spawning and death. Functional asyrunetry has

occurred by the lack of developnent of one ovary in viviparous teleosts,

of the left ovary in hagfish, vivipaïous sharks and some bats, and of the

right ovary in vivipaTous rays, most birds, the platypus, and sorne toothed

whales. No satisfactory explanation has been proposed for any of these

examples of ovarian asyrffnetry. The suggestion that a single functional

ovary in birds reduces the possibility of the large eggs occluding follow-

ing ovulation is negated by the presence of two functional ovaries in the
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Kiwi, which lays the largest eggs known, relative to its body weight

(Harrison, 1978). Spatial asymmetry of the ovaries occurs in snakes and

lizards, but in every case both ovaries are functional.

Functional ovarian asyrunetry is not known to occur in oviparous

species which produce large numbers of small eggs. It is the province of

viviparous species or those which produce a small number of relatively
large, yolky eggs. Perhaps a reduction in the nurnber of eggs produced per

reproductive effort predisposes the species to ovarian asymnetry, with one

ovary capable of producing all of the eggs. The only exanple that I en-

countered of ovarian as.ymmetry among anurans was likewise in a species

which produces a sna1l number of large eggs: the Mode III species

Rheobatrachus síLus. In this frog both ovaries are functional, but I
found a significant trend towards reduction of the left ovary in terms of

number of lobes and number of vitellogenic oocytes. Perhaps this species

is an indication that functional ovarian asymnetry night eventually evolve

in the Anura, as it has in so nany other vertebrate groups.

B. THE REPRODUCTIVE TRACT

i) Morphology of the Oviduct Among Vertebrates

a) Cyclostomes: There are no ducts leading from the gonads of

cyclostones; the eggs are shed into the coelom and then into the aquatic

environment via abdominal pores (Wake, 1979).

b) Elasmobranchs: The oviducts of elasmobranchs are fused

anteriorly so that a single opening to the coelom is present. Each oviduct

has an anterior enlargement, the she1l gland. It is best developed in ovi-

parous forms and secretes the horny egg case that protects the egg. The
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posterior one-third to one-half of each oviduct is enlarged to form a

uterus, which joins the cloaca separately fron that of the other side.

The uteri are best developed in ovoviviparous and viviparous forns (Wake,

1979). Anong the viviparous rays the right oviduct undergoes varying

degrees of reduction or loss (wourns, 1981). wake (1979) gives an illus-
tration of the fernale reproductive system of a viviparous shark, the spiny

dogfish, which shows that the oviduct is unconvoluted.

c) Teleosts: The oviduct, or gonoduct, of teleosts is a posterior
continuation of the ovarian tunic, thus the ova are not discharged into the

peritoneal cavity following ovulation (Hoar, 1969). The duct terninates in
a genital pore or urinogenital papilla (Wake, 1979). Even though it serves

the sane function, the teleost gonoduct is not homologous with the oviduct

of other fishes and other vertebrates in which the oviduct is a modified

Müllerian duct, i.e. renal in origin (Wourms, 1981). According to Wake

(1979), teleost oviducts are often fused for most of their lengths. In

certain teleosts - Salmonidae, Galaxidae and a few other fanilies - the

oviducts degenerate in whole or part so that the ova pass into the peri-
toneal cavity and thence through pores or funnels, depending on the degree

of degeneration, to the exterior (Hoar, 1969). The teleost oviduct is
apparently not convoluted nor differentiated into externally distinguish-

able regions.

d) Amphibians (caudates and caecilians): In the caudates the

oviducts renain separate, and they become expanded and coiled in the

breeding season (Wake, 1979); an illustration given by Wake (1979) of the

fernale reproductive system of Nectutus shows about 70 convolutions of the

oviduct. Harrison Matthews and Marshall (1956) noted that in Tritumts

uirtdescens the oviducts become narrower and less convoluted with the

shedding of eggs in early sunmer. The posteríor ends of urodele oviducts
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are often slightly enlarged and act primarily to stole ova before egg-

laying (Wake, 1979). In caecilians the oviducts also rernain separate

(Wake, 1970), but they are usually straight tubes; they enlarge but do not

becone convoluted in the breeding season (Wake, 1979). Caecilian oviducts

are extrenely elongate, extending from their anterior opening near the

heart posteriorly to the cloaca (Wake, 1970).

e) Reptiles: The oviducts of reptiles remain separate and join the

cloaca independently (Wake, 1979). The oviducts enlarge and coil as the

breeding season approaches (Wake, L979); an illustration given by Wake

(1979) of the fenale reproductive system of a turtle shows about 45 convo-

lutions of the oviduct. Fox (1977) quoted examples of lizard species in

which the oviducts becone highly convoluted and thick-walled in the breed-

ing season but return to a straight, thin-walled condition afterwards, and

of other species in which the oviducts remain highly convoluted once

developed, regardless of the season. Lizards in general have paired ovi-

ducts, each conprising an anterior infundibulurn, a thin-wal1ed fallopian

tube, a thicker-walled uterus incorporating shel1 glands, and a short,

narror{, posterior vagina (Cuellar, 1966; Fox, 1977). The oviducts of adult

alligators are convoluted anteriorly but straighten at a position ventral

to the kidneys (Fox, L977). Loss of the teft oviduct (either total absence

or reduction to a vestige) is known in a) six snake genera and one legless

lizard genus (AnnieLLa), all burrowing species with no specific latitudinal

linitations in their distributions, and b) 13 species of four skink genera,

at1 of which are fully limbed and tropical in distribution (Greer, 1977).

Impaction of eggs descending both oviducts in a narrow abdo¡nen, or an un-

desirable increase in girth, ilâI have led to the loss of an oviduct in

menbers of the first group. Mernbers of the second group may have lost an

oviduct in conjunction with a reduction in brood size to one only and as

part of a life history found in many tropical lizards - of maturity at an
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early age and frequent brood production (Greer, 1977); in these animals a

second oviduct may be superfluous. In all of these taxa it is the left

oviduct which has been lost, perhaps because in squamates it is the shorter

of the two oviducts, hence its loss is less likely to be disruptive to

developnent (Greer, 1977).

f) Birds: The oviducts of birds arise in the enbryo as paired

structures, but in nost species only the left develops and differentiates

fully into a functional adult organ (Gilbert, 1979). Paired oviducts in

adult birds are rareï than paired ovaries. As with the ovaries, paired

oviducts predominate in the Falconiformes although they have also been

found in several other orders; however, the evidence for a functional right

oviduct is almost non-existent (Gilbert, 1979). In Kiwis, in which paired

ovaries occul consistently, only the teft oviduct is functional, and is

placed so as to admit ova from either side; vestigial right oviducts occur

only rarely (Kinsky, 1971). The regions of the oviduct in birds are more

specialized than in reptiles, for the secretion of various layers around

the egg (Wake, 1979). Interspecific differences in the oviducts of birds,

where they exist, are often of minor nature and their functional signifi-

cance is largely unknown (Gilbert, 1979). The avian oviduct is divided

into five regions: an infundibulum, a long and highly distensible rnagnum,

an isthrmrs, a shell gland oï rruterus[ where the calcareous outer shell is

deposited, and a short vagina (Gilbert , 1979; Wake, 1979). In the breeding

state the oviduct is greatly enlarged - it lengthens, broadens, and is

thrown into folds. The nunber of oviducal convolutions forned in the

breeding season is relatively small, in the region of about 5-15, and the

folds are very loose (pers. obs.). In the non-breeding condition the adult

oviduct is similar to that of the juvenile: a narrow tube, i.e. it regresses

following laying (Gilbert , L979).
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g) Mamrnals: As in all other vertebrates, the oviducts of rna¡nmals

form in the embryo as paired and entirely separate structures (Eckstein

and Zuckernan, 1956). In monotrenes the ducts rernain separate in adult

1ife. The infundibular funnels lead into relatively long but poorly con-

voluted fallopian tubes. The paired, thicker-walled uteri enter separately

into a long unpaired nedian urinogenital sinus, there being no vagina in

monotremes (Hughes and Carrick, 1978). Although in the platypus the right

ovary is universally rudimentary, both right fallopian tube and right uterus

are only marginally less developed than on the left side (Hughes and Carrick,

1978); however, only the left oviduct is functional (Griffiths, 1978). In

the echidna, both oviducts are functional (Griffiths, 1978).

In rnarsupials the oviducts consist of a short fallopian tube, uterus,

and vagina; as in monotremes they remain separate in adult life, and the

vaginae open into a median urinogenital sinus (Frye, 1977). The ureters of

marsupials run ventro-medial1y fron the kidneys to drain directly into the

bladder, and in doing so pass medially between the two lateral vaginae which

are thereby unable to unite (Tyndale-Biscoe, 1973). In fact the two lateral

vaginae do becone united anterior to the ureters, at the base of the two

uteri, and a median vaginal cul-de-sac is forned. At parturition a birth

canal forms in the connective tissue between the cul-de-sac and the urino-

genital sinus, through which the foetus passes. In most marsupials this

state is a transient one and reforms at each birth, but in most kangaloos

and wallabies, and in the honey possum Tarsipes v'ostv,attts, it becones lined

by epitheliun and remains patent after the first birth, so that a condition

very similar to the euthe'rían (q.u.) is seen (Tyndale-Biscoe, 1973).

Arnong the eutherian mammals there is a narked tendency for the ovi-

ducts to fuse in a caudo-cranial direction (Eckstein and Zuckernan, 1956).

Each oviduct consists of a fallopian tube, uterus, cervix and vagina.
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Almost all eutherian mammals, with the possible exception of certain

Xenarthra, e.g. sloths, possess a single median vagina formed by fusion

of the pair, but they differ among each other in the degree of developnent

and fusion of the uterine and cervical segments (Eckstein and Zuckerman,

1956). The most primitive arrangement, of two separate uteri and cervical

canals, is found in the rabbit, aardvark, elephant, some bats and many

rodents. A slightly nore advanced degree of fusion is represented by the

guinea pig, in which more caudal parts of the cervical segment are fused

to form one lumen. In other species the process of fusion extends even

further and leads to the fornation of a comrnon uterine cavity. The two

uteri fuse posteriorly and enter the vagina via a cornmon cervix in the

bipartite uterus of most carnivores, lagonorphs, some bats and rodents,

and some ungulates. A greater degree of fusion is found in the bicornuate

uterus of most ungulates, some carnivores and bats, insectivores and

whales. In the Xenarthra (with a few exceptions) and primates, fusion is

conplete to form a single rnedian uterus with no lateral horns: the simplex

uterus (Eckstein and Zuckerman, 1956; Wake, 1979).

Beck and Boots (1974) discussed the nature of the fallopian tube

(which they referred to as the oviduct) anong mammals. They described

four main regions of the fallopian tube: the infundibulum, the ampulla,

which forrns the anterior two-thirds of the tube, the isthmus, narrower

than the ampulla, and posteriorly the uterotubal junction. They then

described eight different types of fallopian tube found in mammals. In

types 1 and 2 (found in primates) the tube is relatively straight except

for a small bend at the anterior end. In types 3 and 4 (found in ungulates,

lagomorphs, the opossum and pig) the tube is loosely coiled and forms a

Iarge bend at the anterior end. In type 5 (found in carnivores and the

elephant) the tube is tightly coiled and follows a tortuous course around

the ovary. In type 6 (mustelids, some squirrels) the tube is highly
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convoluted and describes almost a complete circle around the ovary. fn

type 7 [rodents) the ampulla and isthnus lie in a coiled nass around one

side of the ovary, and in type 8 (bat, shrew) the tube is extremely short

and large in diameter and is relatively unconvoluted (Beck and Boots, 1974).

ii) Trends in the Form of the Vertebrate Oviduct and a Comparison

With Anurans

As with the ovary, the reproductive tract of vertebrates is liable to

alter drastically in fonn apparently influenced by environmental factors

and the reproductive state of the individual. In oviparous species with

eggs which are invested with thick protective layers, the oviducts enlarge

greatly prior to ovulation as glands in the walls store substances to be

secreted around each ovum. Regions of the viviparous marnrnalian oviduct

undergo weLl-docunented cyclical changes according to reproductive state,

although changes to gross morphology are probably not as dramatic as in

oviparous vertebrates. Body form does not appear to have such a significant

effect on the oviducts as on the ovaries, as by and large the oviducts are

elongate tubes in all vertebrates, except in sorne groups in which they are

highfy nodified according to reproductive strategy. Undoubtedly though,

extreme body forn does bear sone influence, as for example in the caecilians

in which the oviducts are extrenely elongate.

The najor factor influencing oviduct norphology among vertebrates is

reproductive mode, and its effect is dramatic. There is a strong trend for

increased specialization and regionalization of the oviduct from lower to

higher vertebrates. To begin with, among the cyclostomes there is no

oviduct at all and eggs are simply shed into the coelom, to be squeezed out

through abdominal pores which become patent at oviposition. In jawed fishes

a seemingly less haphazard arrangenent has evolved, with the appearance of

oviducts to convey eggs to the external environnent. They are relatively
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sinple structules in the teleosts, but somewhat mor.e complex in the

elasmobranchs in which they are involved in the deposition of horny cases

around the eggs, or in gestation of the young in ovoviviparous and vivi-

parous species. The elasmobranchs display a unique feature anong verte-

brates with two functional oviducts, and that is of anterior fusion of the

pair to form a singte ostiun. With the relatively low fecundities of even

oviparous elasmobranchs (Ballinger, 1978) it is clear that a single ostium

is adequate to accomodate all ova following oviposition. The involvement

of the ovary in gestation of the enbryos in viviparous teleosts probably

explains the lack of specialization of the oviduct in these species.

Caudates display a more distinctive oviducal form than the teleosts; the

oviduct becornes thick-wal1ed and convoluted, i.e. highly glandular, prior

to ovulation, following which it secretes layers of gelatinous material

around the eggs, and there is often a slightly enlarged area at the

posterior end to acconrnodate the eggs prior to oviposition. Unlike the

oviducts of caudates those of caecitians do not become convoluted in the

breeding season; nany species retain the developing young in the oviducts

(Wake, 1979), so it is not necessary for the oviduct to be a massive

glandular structure capable of secreting thick protective layers around

each egg.

The evolution of the cleidoic egg has involved specialization and

differentiation of successive regions of the oviduct in reptiles and birds

(Gi1bert, 1979). In both groups the oviduct is divided into a fallopian

tube (itself divided into two regions in birds), a distinctive uterine

region with shell glands, and a short vagina, not appalent in lower

vertebrates. Again in both groups the oviducts convolute in the breeding

season, as they becone increasingly glandular and thicken and lengthen.

Loss of one oviduct occurs in some reptiles, correlating either with their

narrow, elongate body forn and burrowing habit, or with a ¡nininal fecundity
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of one young per reproductive effort, in which case a single oviduct would

suffice. A single functional oviduct is the usual state in nost or all

birds, as one would expect since most possess only one functional ovary.

Clearly the solitary oviduct is capable of accommodating the s¡nall nunber

of eggs produced by a fenale bird.

As a group the mamrnals show the most diverse array and the most

specialized of oviducal structures. The egg-laying monotrenes display the

most primitive oviducal form, resembling that found in lower vertebrates,

with not even a vagina apparent. The platfpus parallels the situation in

birds, with only one functional oviduct serving the one functional ovary.

Ttre oviducts of rnarsupials are somewhat more specialized, and exhibit some

degree of fusion, although not of oviducal conponents thernselves but of

lateral offshoots from the vaginae due to the obstn¡ctive Presence of the

ureters. Such fusion permits the formation of a single birth canal for the

few or solitary young. In eutherian manrnals the ureters run laterally

around the reproductive tract before draining into the bladder, so they do

not hinder fusion of the vaginae, which are cornpletely united in nost if

not all species. The fallopian tube is a relatively minor segment of the

eutherian oviduct, and in general the further the uteri are united, the

simpler and less convoluted are the fallopian tubes. It is the uterine

poïtion of the oviduct which is the most prominent, in keeping with its

role in long-tern support and nutrition of the developing young. There is

a trend for the uteri to unite to form a single chamber, and this trend

correlates fairly closely with a reduction in the number of offspring

produced in a single pregnancy (Frye, t977).

Particular trends in oviducal form among vertebrates may be compared

with those I found amongst the Anura. Perhaps the most striking vertebrate

trend is that towards specialization and regionalization of the oviduct.
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However, this is not seen within the Anura, members of which all possess an

oviduct composed of similar regions: an ostium, pars recta, pars convoluta

and ovisac, although these may be differently proportioned in different

species. The only significant differentiation of the anuran oviduct that I

observed was the gross enlargement of the posterior-most region of the pars

convoluta in foam-nesting species. Another generalized trend anong

vertebrates is for a reduction in the degree of convolution of the oviduct

frorn species producing many eggs to those producing few, and frorn oviparous

to viviparous species. Thus for exarnple there are numerous convolutions in

the oviduct of a caudate which lays nunerous, small eggs, but few in birds

which produce only a few, large eggs, and none in ovoviviparous or vivi-

parous caecilians, and viviparous sharks. This is a trend which I found to

be quite distinctive amongst anurans, with numbers of convolutions ranging

from more than 150 in species producing numerous snal1 eggs to fewer than

10 in those producing a small nurnber of large eggs, and few or no convolu-

tions in the ovoviviparous and singte viviparous species. As I suggest

elsewhere in ny thesis, this trend is probably associated with a decreasing

need for vast quantities of glandular secretions to coat the eggs, either

because there are fewer of thern or because the eggs are retained within the

oviducts for some or all of their development.

Reduction of the reproductive tract to one pathway has occurred a

number of tines in the vertebrates, particularly the more advanced groups,

either by the functional loss of one oviduct, for exanple in birds, or by

partial or complete fusion of the pair, for example in placental marunals.

Such reduction also occurs in the Anura, as I detailed in my thesis,

although the loss of one oviduct (except for the ovisac) occurs in only

one species: Smi,nthiLLus Li.mbatus (Griffiths, 1959). Fusion of the

posterior ends of the oviducts in most anurans in which it occurs is not

directly conparable with that in nammals, other than that in both groups
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it is probably a response to greatly lourered fecundities. In anurans

fusion probably serves sinply to provide a single pathway for oviposition
of the large eggs, whereas in nanmals it provides a large chanber for
developnent of the young, as well as a single, large birth canal. However,

the nanrnalian situation is paralleled in the few ovoviviparous anurans and

the single viviparous species; in these the ovisacs are either partly or

completely united, and the resulting chamber functions as a uterus in pro-

tecting the developing young.
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