THE ULTRASTRUCTURE OF MALE NUPTIAL PADS IN SOME.
AUSTRALOPAPUAN FROGS

by MICHAEL J. TYLER & KERSTIN LUNGERSHAUSEN?
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Awongst Austrimopapuan hylid and leptodacty tid frogs the inale nuptial pad has an elaborate surface
poitern of muluicellular elevations bearing intricate steuctures. The dispasition of these structures
tepresentatives ol fve zenera is documented and examples are gured, The study constitutzs the most evensive

undertahen of nuptial pads in the Apurs,
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Introductinn

Male Irogs arc unique amongs| vertebrates in the
nature of their secondary sexual characterisiics.
These stritctures comprise: inflalable vocal sacs
lacated beneath the floar of the buccal cavity and,
in most species; pigmented nuptial pads on the first
digit of the hand. The structure of vocal sacs and
asiociated submandibular musculaturé has been
demonsirated to be of considerable signilicance in
delermining phylogenelic relationships (Liu 1935;
Tyler 1971, 1972; Drewes 1984).

Nupiial pads enable the male to obfain.a seqire
grasp of the female during amplexus, But even at
a macroscopic fevel it is evident that the shape and
appearance of ibe nuphial pad varies between
species. Amongst Middle American hvhid trogs
possessing nuptial pads Duelloran (1970} observed
three major structural forms: 1. an enlarged and
“weneralised ' nuptial excrescence; 2, a clusier of
enlarged spinesand 3. a single enlarged pre-pollical
spine, Tyler (1968) noted that the shape and surface
area of nuptial pads (bat fit Duellman’s 1970
Ygeneralised” category) varied amongst Papuan
speaws now referred to Liforia Tschudi.

The male nuptial pad consists of a superficiai,
keratinous layer and a deeper layer containing large
mucaus cells. Hypertrophy ol the mucous celly
during. periods preceding the breeding scason is
accampanied by an cnlargement and elaboration
of the pad (lwasawa & Asai 1959; Prakkal & Ellis
1963). Inestectomised subadult Rene nigroimacii-
fata it bas been demonstrated that nuptial pads
developed following the administration of ‘lesto-
sterone 15 pz/e body weighi for 30 days (Iwasawa
& Robuyashi 1985),

‘There appear 10 be few studies of the ultra-
structure of the surface arclitecturz of nupnal pads.

* Deparimenl of Zoolngy, University of Adelaide, Box 498
G.PO. Adelaide, S, Aust, 5001
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There is an SEM illustration of the nuptial pad in
the pipid Aenopus feevis (Karabuchi & fnote 1981),
whilst Zweilel (1983) has documented differences
belween two Puapuan species of the hylid genus
Nyctimysies.

As a part of a continuing inlerest in the phylo-
genelic relationships of Australian hvlid and lepto-
dactylid frogs we examined a diverse selection of
species- to document the surface architeciune ol
nuptial pads, and t¢ explore the potential applica-
tion of any vasiability as a faxornomie characler,

Material and Methods

Representatives were exantined of adult males
with pigmented nuptial pads of the following five
genera and 36 species: Family Hylidae: Cvelorana
australis, C. longipes, C. novaehollandiae, C
vagitus, Liloria adelaidensis, L. angiana, L. bicolor,
L. booraolongensis, L. caerulea, L. chlors, L.
coplundi, L. fullux, L. freveineti, L. gracilenta, L.
inermis, L, infrafrenata, L. latopuimata, L., lesueurs,
L. meiriuna, L, microbelos, L. nannotis, L. nasuia,
L. nyakalensis, L. pallida, L, petoni, L. rubeila, {.,
spencerd, L. splendida, L. tornieri, L.
wotlumensis Family Leptodactylidae: Lechriodtis
tnelanopvga, Limnodpnustes
convexiusculus, L. ornatus, L. Spenceri,
Neobatrachus pictus.

Allof the specimens uged in this study had been
killed it a 3% solution ot chloral hydrate, fixed in
3% formalin and stored in 65% alcohol. Following
removal fromt the thumb the nuptial pads were
transferred 1o absolule alcohol for a minimum
periad of 12 hr, air dried, mounted and coated with
15 nm carbon and 20 nm gold/palladiunm (80:20),
and viewed in an ETEC scanning eleciron
microscope. In all of the specimens selected the
nuptial pad-was black.
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Estimates of the frequency of the componcents
upon each pad were obtained by counting within
a transparent acctate grid (usually with a surface
area equivalent to 100 %), placed in random
positions upon photographis of the pad structure.

Results

In cach of the species examined the surface of
the nuptial pad was found to be composed of
numerous, similar, multicellular structures.
Interspecific variation involved the number of cells
incorporated in each elevated structure, the nature
of thie surface, and the density of the elevations.

Amongst the species examined we observed the
following seven structural forms:

(1) Large spines (Fig, )—very broad spines, each
measuring approximately 200 y across the base;
each termipating in a distinet papilla,

Figs 12, Nuptiat pad archirecture: ), large spines in Liforia
nennodis (scale bar « 100 p); 2, 1arge thoms in Jechriodus
melanopyia (scale bar« 10 p),
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{2) Lurge thorns (Fig. 2)—curved, thorn-like
structures 50 u in diameter at the base and 75 »
high, and terminating in a sharp cone.

(3) Conical elevations (Fig, 3)—conical elevations
25 u broad at the base and 30 u high, and
bearing sparse, short projections.

(4) Radial processes (Fig, 4)—a series of scparate,
projecting processes drranged radially around
a central spinc. Some of the processes o
slightly dilated at their extremities. Each process
is approximately 20 x in length.

(5) Alary processes (Fig. S}—large, curved, wing-
like projections.

(6) Papillue (Fig. 6)—dense papillae borne on short
processes, each of which 15 20-30 g diameter.

{7) Rosettes (Fig. 7T)—regularly or irregularly
arranged projections covering the entire surtace
of the elevatiomn.

In addition 10 cach of these symmetrical
structures we also observed in various specics
occasional preparations in which the structiires were
irregular (Fig, 8), compared with the normal
symmetrical condition (Fig, 9).

Systematic Account
Family: Hylidac
Cyclorana Steindachner

All four species exhibited nuptiai elcvations in
the form of rosettes as depicted in Fig, 7 The
density of elevations ranged from 106/mm? in C.
gustralis w 235/mm® in C. longipes.

Litoria Tschudi

Three distinet forms of elevation arc exhibited in
this serics. Firstly, large spines in L. nannolis
(15/mm?) (Flg. 10) and L. nyakalensis (in which
resolution is inadequate to caleulale density). The
second form is 1hm of rosettes in L. buumu-
longensis (107/mm‘) 1. coplandi (218/mm?) and
L. fesueuri (167/mm?),

The remaining specics of Litoria e\ammed all
exhibited pap:ll.m‘ L. wdelaidensls (l9l/mm*), 1.
angiana (lzn/mm ), L. bicolor (20()/mm~). L.
caeritlea (92/mm‘), L, chloris (lﬁd/mm )y L. fallux
(IlO/mm~) L. frevcmen {188/mm?), I, grm::lenm
(225/mm?), mtopalmara (195/mm?), f
infrafrenalu (6S/m1n-) L. inermis (2 SO/mmz).
microbelos (2 Zlmm ) L. mezrluna("?S/mm WL
nasuta (104/mm?), 1. pallida ("3"/mm“) L. perond
(172/mm?), L. rubella (237/mm?), L. spencer/*
(61/mm?), L. tornicri (153/mm?), L. woljultmnensis
(158/mm?) (Fig. 11).

Y itorig spencers Dubois (1984) is a replacement name far
L. Durrowsi (Spencer) preaccupied.



FROG NUPTIAL PADS e

%

Ligs 3-S. Nuptial pad architecture: 3, conical elevations
iy Lechrindus fleicherr (scale bar- 10 p; 4, radial
pracesses in Limnodyaustes spenceri (scale bar - 10 u);
$, alary processes in Limnadynusies ornotus (scale
bar - 10 ui.

Figs 6-7. Nuptial pad architecture; 6, papillae in Litoric
hooroelongensis (scale bar =1 wyy 7, rosettes i L,
nasiia (svale bar- 10 u).

Family: Leptodactylidae

Lechriodus Boulenger

The two species examined have different forms
of nupnal elevations: L. fletchert conical elevations
(96/mm?) (Fig. 12) and L, melanopvea large
thorns (33/mm?) (Fig. 2).

Limnodynasies Fitzinger

The three species appear to passess distingt types
of nuptial elevations: L. spenceri radial processes
(221/mm?), L. ornatus alary processes (212/inm?)
(Fig. 13) and, aithough the vesolution is poor, L.
convexiusculus appear fo exhibit papillae

Nenbutrachus Peters

The single species examined (N, pictus) cxhibity

nuptial elevations in the form al roseties
1
(134/mm-=),
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Figs 5-9. Nuptial pad architecture in L itoria caerudea: S, symmctrical torm (seale bar 10 0 9, arregular structures
presumed to be associated with degeneration of the nuptial pad (scale bar=10 p).
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Figs 10-13. Nuptial pad architecture: 10, Litoria nannotis (scale bar -100 p); 11, L. wotjulumensis (scale bar =10 p);
12, Lechriodus fleicheri. The arrow points to an individual squamous epithelial cell (scale bar=10 g); 13,
Limnodynastes ornatus (scale bar=10 ).
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Discussion

We have demonstrated that in the species of
Australopapuan hylid and leptodactylid frogs
examined the elaboration of the surface ol the pad
may be highly complex, We cannot exclude the
possibility that some of the furms of elaboration
that we have observed such as that of Limno-
dynastes ornatus and L, speénceri, tepresent
intermediade stages in the development of other
forms, but we suggest that the irregular form ol the
elevations upon the pad observed in some prepara-
tions (e Fig. 8 and Zweifel 1983, Figs 7 and 13)
represent regression of the pad prior to sloughing
and not the perfectly formed pads,

Zweifel (1983) was the first contributor to note
interspecitic variation in the frequency of the
elevated structures upon nuptial pads, citing counts
of 700/mm? [or Nyctimystes trachydermis and N,
disrupta. Our data range from 15/mm? for Litoria
nannotis to 278/mm? for L, meiriana. At the
extremes of the range there is little doubt that the

differences between the figres are significant
between species, but the lower end of the scale is
no more than a guantification aof the differences
in structure obvjous to the raked cye.
Weexperienced great difficulty in obtaining good
qualily images and were unable with a dissectling
microscope to eliminate preparations disintegrating
prior to sloughing, We did not find uny features
distinguishing hylid trom leptodactylid trogs, and
there seems little likelihood of SEM appearance ol
nuptial pads providing a simple 100l for studies of
phylogenetic relationships in these families.
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COLEOPTERA, SCORPIONIDA AND REPTILIA COLLECTED IN
PITFALL TRAPS IN ENGELBROOK NATIONAL TRUST RESERVE,
SOUTH AUSTRALIA

BY G. H. BAKER

Summary

Engelbrook National Trust Reserve is an open forest of Eucalyptus obliqua and E. baxteri in the Mt
Lofty Ranges, South Australia. Pitfall trapping there over a one year cycle yielded 21 species of
beetles active on the soil surface. Celibe (=Saragus) simplex (Tenebrionidae) was especially
common. Few predatory beetles (Carabidae, Staphylinidae) were trapped. One species of scorpion
(Urodacus manicatus), five species of lizard (Lampropholis guichenoti, Leiolopisma trilineata,
Lerista bougainvillii, Hemiergis decresiensis, Aprasia striolata) and one frog (Pseudophryne) were
also trapped.



