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ABSTRACT

Breeding was observed in the foam nest frog, Chiromantis xerampelina,
over three breeding seasons The mating pattern was characterized by an
extended breeding season with a male-biased operational sex ratio and
asynchronous and unpredictable female arrival. At more than 90% of nests, .
from one to seven unpaired males (‘peripheral males'’) gathered around the
amplex’ng pair during nest constmft{;tion. Those peripheral males closest to
the pair competed with each other, and with the amplexing male, to pasition
iheir cloacae against the female’s clouca during oviposition bouts. In a
detailed study of a single population, over 80% of males were observed as
peripheral males, and 57% of males were observed hoth in amplexus and as
peripheral males. Male mating success uahd participai:inn- at nests was
unrelated to size or weight. Chorus partiéipatil,gn was the bast predicto“r of
male mhting success and participation at, nests.

The most plausible explanation for the presence of peripheral males was a
sperm competition hypothesis; namely that peripheral inales compete with
the amplexing male for fertilizations by shedding sperﬁl into the nest. 1
collected data on body mass and testis mass for 18 African anurans. Using
additional published data on 19 Japanese anurans, an allometric relationship
between body mass and testis mass was calculsted using 16 genera as
indepéndent data points. This revealed that C. xerampelina have testes
fourteen times heavier than predicted on the basis of body mass. This is
consistent with a trend seen in several taxa where testis size is related to the
inteﬁsity of sparm competition. An additional experiment, in which the
amplexing raale was prevented from shedding sperm into the nest, shuv;ed
that peripheral males are capable of fertilizing eggs. I conclude that
peripheral males a\re engaged in an opportunistic alternative mating tactic
involving sperm colnpetxtmn More than half the observed females bred
pnlyandrously, some\"mating with up to three males. This was the resuli of
amplexing males dlsmauntmg between nesting sessions, and maleg d13pl.acmg

one another from ampl\aams ]
iv



PREFACE

. Sperm competition has been a ‘hot-issue’ for biologists since the early 1980’

and several book length treatments of the fbpic are now available. Despite
being décumented in alinost every well-researched animal group (mamma&s,
birds, fish, insects, millipe.des and spiders) it has not been demonstrated in
anuran amphibians (frogs and toads) *. This study .was initiated to
investigate the possibility that sperm competitior: occurs in the foam nest
frog Chiromantis xerampelina.

Using cbservational and morphological evidence and by performing a simﬁle
expenmﬁn};, I was able to demonstrate that sperm competition does oceur in
C. xers. .Lpelma I also documented additional aspects of breeding behaviour
which were unusual, or rare, for a froz with a prolonged breeding season.,
These phenomena included: the presence of polyandrous females; high rates
~f chorus participation by males; minimal male weight loss; strong call site
fidelity; rudimentary femaj.. parental care; male mobility; and sporadic;

IS

subdued male advertisement calling. ]

The data presented here are far fewer than 1 originally intended. As an
undergraduate, I conducted a pilot study in December 1989 which alerted me
to the potential for experinientation and 1 had a series of expeﬁmef;ts
planned. Unfortunately, the breeding season in Deceraber 1990 only lasted
for three weeks, and this time was devoted to a stuuv of mating success and
natural hehaviour in the field. During the 1991-1292 fi=1d season, there was
almost no breeding due to a particularly severe droughit. (nsequently, few
of the pi-uned experiments were conducted. The wxpériments I mte-nded to
conduct, and additional data I had wished to gather mc\luded investigation

[* When I registered for this thesis in February 1991, there was only a single
review of sperm competition in frogs (Halliday & Verrell 1984), and no recgnt
papers, In the last year, however, three papers that deal directly with this
issue have appeared in major journals: Fukuyama (1991} Kusarno et al.
£1991) and Fengz & Narins (1991)]. )
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of sperm depletion; estimates of fertﬂxzatxon rates for amplexmg and
peripheral. males, effects of female parental care on hatching success;
investigation of the cues that males {(me to locate gravid females; \
manipulations to determine the method that females use to relocate their N'
nests. " __ Lo -
" i S f/

In the course of this thesis, I carried out work that wa. tanyential to the
main thrust of my study. During the 1991-1992 drought, I coite:ted data on
nocturnal body temperatures of C.- xerampelina and Hyperolins
marmoratus. Although not directly related to breedmg in the former, I have
fncluded this work in Chapter Five. In Appendix I have included an
additional short paper reporting feld work cartied out in the Republic of
Panama. It.(l,eals with predator-prey interactions between frogs and bats, and
the effect of group size on anti-prédassr behaviour.
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GENERAL INTRODUCTION

. 1.1 PREAMBLE

Sexual differences in morphology, size and behaviour are well known in
animals. One need only think of the ornamental tall of the peacock, the
imposing horns of an adult male kuuu, or the contrast between the devoted
attention to pareptal duties by lionesses and the infanticidal behaviour of
male lions to appeeciate the extent of this variation. What is muost impressive

. about these differences is that _they oceur within a'.,: gingle geme pool.

" Speciation generates biological diversity, but in many cages it leads to little

more than variation on 2 theme, In the case of sibling species, phenotypic
differences are confined almost entirely to mating signals, and different
aﬂecies may be strikingly simi. ' morphologically. In contrast, in g number

of Qpeczea the sexes are so different in appearance that they were originally

2

placPd in separate taxa beforz the xmsta%was v tified!
There"":ia‘ré three potential sources of selection that may account for sexual
dimorﬂ?ism (Hedrick & Temeles 1989). First, there is selection for divergence
due to food competition between the sexes (Peters & Grubb 1983). If a
breeding pair partition available resources between the male and female,
espécially when they forage together or share a'-*feeding territory, this will
potentially increase their fecundity or vzab:hty Tests of this hypothesie ina -
Galapagos finch (Geospiza fortis), howev Jr, have failed to show any
correlation between rej ;dustive success and the magr ‘tude of the beak
dimorphism of breeding pairs (Price 1984). At present, evidence in support
of the food competition hypothesis is lacking,



i
Second, there is the possibility that unique natural s;‘electioanressures acton
males and f'emales because of the reproductive roleﬁ they play (‘dzmorphlc
niche’ hypothesis). Evidence foer this type of dwergent selection is more
readily available. In 2 marine isopod (Ideotea balﬁca;), for example, males
actively seek femaies, moving through light-coloured .i:’g_‘t,xlgal in the process.
Females are predominantly stationary and brood eégs on darker algal
substrate. Natural selection for crypsis, which redumes predation, has
resulted in sexual dxmorphlsm in colour patterns and dltferences in habitat
preferences (Scbuster 19990). A seemmgly ever more ohvxous example of

dimorphic niche selection, are the pronounced morpholqg'lcax differences .

between the sex organs of males and femalés. Surely these differences are
the resuit of natural selectaon for effective gamete pmduc*mn and parental
care"‘ The answer, surpnsmgly, is not always clear cut. Cfrtam sex-specific
features, like the uterus and the placents, are implicated in parentul care
and are thus viewed as products of natural selection for fecundity. But what

~ about the amazing diversity of male and female genitalia found across taxa?

Is the only function of these complex organs and appendages to ensure
successful fertilization? Or is there, perhaps, some otheriselective force at
work (Fberhard 1990)? A potential explanation to thzs conundrum mvokes
another selection pressure - sexual selecnon

The concept of sexual selection was developed by Charles Darwin in-1871 in
an attémﬁf to account f"c":r__f_ bizarre and wxtrevagant features, found primarily
in males, that are likeljr; to _-__z__in,crease'the viability or classic fitness of the
owner. Charactefs of this ilk are incompatible with the concepf o natural
selection for increased survivorship. Darwin suggested that ¢ .borate
clﬂaracters and patterns of behaviour that reduce survivorshi; volve as a
consequence of the advantage they conferred to the bearer in exclusive
relation to competition for mates. Although Darwin made a distinction

‘between, those features that evolved through sexual selection as opposed to

natural selection, it is often difficult to distinguish between these two foi_'ces
[see Arnold (1983); of. Grafen (1987)]. This is especially so when natural and

2

]



sexual selection both favour mmﬂar evolutionary i:ra,]ectones for u trait (eg
larger body size in males) :

Darwin divided sexual selection into twa components. First, intra-sexual
selection whi¢h produces t,’salts that confer an advantage when members of
tiie saine sex compete dn‘ect.y for access to the opposite sex { male-male or
female-female competition). In many ungulates. for exam;;le, males fight each
other for access 'y females using elaborate horns and antlers (Clutton-Brock
et al. 1980; Packer 1983). These weapons increaselthe fighting success of
combatants, bat they probably carfy a survival cost as weil. This is indicated
by Darwin’s own observation that these weapons are not carried by females
& i, in the case of deer, that antlers are shed at the end of the breeding
season. Similarly, male birds oftenn moult out of their bnght breeding.
plumage and assume more cryptic colzantion at the end of the breedmg
season, Both observations suggest that, in the abgence of beneﬁts ﬁ'om intra-
specific competntmn for mates » possession of these traits is d.tsadvantageous.

In spite of theoretical predictions, empirical studies have failed fo show that
male traits a&va.ntageous in fighting ave costly in terms' of viability and, in
some cases, the reverse has been found (Harvey & Bradbury 1991). A major
-.rpmbl 11 )s that environmental differences dunng early life may confound the |
az}alyms. For example, males that receive plent;ﬁﬂ food during maturation
niay develop larger weapons and survive longer. Excess food can be invested
* in other traits affecting survivorship. Uneven distribution of resources during
ontogeny may obscure the tru. reiationship between traits. The cost of
developing weapons may alse be reflected in higher mortality during early
life history stags. This cost is often reglected by researchers, not least
because it is difficult or impossible to caleulate the expected magmtude of an
adu.l_!:_f.rmt from a dead juvenile.

The second component of sexual selection that Darwin propoesed was inter-
sexual selection, which results in the evolution of traits that confer an

3 /
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advantage when members of one sex choose between individuals of the otker
sex on the basis of these scif-same traits (mate choicg‘i! Peahens, for example,
show a strong preference fq:_;peacocks with large tails that bear more eye-
spota (Petrie et al. 1991), The fact that these preferred traits are only
expressed by males is taken as evidence that they carry” sufﬁvorship costs.
Fermale European swallows (Hirundo rustica) prefer males with longer tail
feathers, but tail length is negatively related to survival (Méller 1988a,
1989a). There is also good evidence from crickets (Cade 1979; Hoy 1991) and
frogs (Tuttle & Ryan 1981) that displaying to attract females increases
predation rigk. Perhaps the most general cost incurred by males is an
energetic one. Numerous field studies have shown that behavioural traits

have the. greatest effect on male.mating siccess. These preferred male

displ_i‘;sés\ are energetically costly to perform and may expése males to
2N .
incr&(;\‘ﬁsﬂ risks of starvation or susceptibility to predation (Halliday 1987).

Sexual selection by mate choice remains one of the most controversial areas
in behavinural ecology (Krebs & Davies 1991). Strong empirical evidence from
field studies show that mating success in a wide range of taxa is correlated
with specific male traits (eg. Ryan 1985; Breden & Stoner 1987; Trail &
Adams 1589; Andersson 1989; Luyten & Liley 1991; Petrie et al. 1891). One
technical problem, however, is that the trait correlated with mating success
may not be the preferred trait, but rather = trait corvelated with the

preferred trait. Experimental manipulation.of single traits has been used to

address this is¢ue directly (eg. laboratory: ﬁaéolo 1990; Miﬂi.nski & Bakker
1990; Gerhardt 1991; field: Andersson 1382; Borgia 198]5; Diamqnd 1988;

Méller 1988a; Hoglund et al. 1980). Even s0, in some cases the possibility of

male-male competition being influenced by the manipulation, and_ thereby
affecting mating success stillean not be ruled out (eg. Barnard 1990). |

The evolutionary mechanisms generating female preferences remain obscure
(Bradbury & Andersson 1987). This is especially so when scientists can see
no direct benefli to the female spending time and effort discriminating
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between males (Kirkpaftrick 1987). The classic ‘paradox of the lek’ is that

~ females continue to discriminate between males even when the sole resource

provided by males is sperm (Kirkpatrick & Ryan 1991; but see Reynolds &
Gross 1990). Even on leks, however, correlations between male traits and
mating success do not conclusively shew that female choice is operating; or
phrased more conservatively, that it-is the major detemzi{(pant of male

success. The potential for male-male competition to affect mating success stilk-.

exists (Arak 1988a; Clutton-Brock 1992), In general teasing apari the extent

to which male-male competition and female choice have influenced the -
~ evolution of traits remains a difficult task (Harvey & Bradbury 1991).

Sperm conii:etiﬁinn provides an interesting téé,ting ground where theories
about female choice and male-male competition can be tested. Sperm
competttmxi ccctirs when the sperm of two or more males compete to fertilize
a female g eggs (Parker 1970). Initially, sperrfa competition was viewed solely

fmm the masculine perspective. Analysis went little further than arguing
) that males should produce motile, competitive sperm' in large numbers, and
that these sperm should then compete to fertilize eggs. Of late, however,

increaged empfmsis has been placed on the role the female plays in the

process (Birkhead 1989). Females may determine the conditioxs that allow
sperm competition to occur, as wall as its relative mtenmty Multiple mating,

for example, can be viewed as a choice pmcedure that allows females to
discriminate between males on the basis of their sperm, or precoimlatory and
copulatory behaviour (Madsen et al. 1992). Females may also set the rules
of the game by adjusting the weighting given to different male’s sperm. In

dunnock (Prunella modularis), for example, females may extrude ejacuiates -

in response to cloacal pecking by competing males (Davies 1985). In some
cases, sperm competition may actually circumvent female choice - especially
®

if females can not influence the competitive process, as is likely in Species .,

with external fertilization. In two labrid fish (Symphodus tinca and S.
otellatus), for example, small peripheral males release sperm into the water
during spawning. Females respond to the presence of peripheral males by



décmasing their reproductive catput, suggasting_\‘%hat they prefer to be
fertilized by the larger territorial males (va% den Berghe et al. 1989).

Frogs have proved an ideal émup for studies into sexual selection processes

Ryan 1990). Experimental work is comparatively easy because females are -
attracted to males on the basis of their advertisement calls. Females also
respond readily to synthetic acoustic stimuli in the laboratory. This allows
variables to be manipulated mdnndualiy so that the traits females prefer can
be urambiguously identified. The possibility of MEH m]e competition is also
ruled out, because females are tested in the ahsence of males. In addition,
most male frogs form Ieks—“)}rhere resources are not defended and the only
benefit derived from female choice lies in indirect genetic gains for progeny
[but see Robertson (1990) for & cautionary tale]. Fmally, corroborative field
studies are also possible because individusls are easily handled and marked,
allowing individual a‘eproducﬁve_succesa to be calculated.

Most workers would have added to the above list the additional fact that
frogs have extemal fertﬂ Zatton whmh allows for certainty when sasigning
. paternity (see quotes.in Arak 1983a and Howard 1988a). This statement,
howéver, is patenily false. For example, many fish species with external
'feri:ilizntion have mating systems where sperm competition occurs [eg.salmon
* {Gross 1985), blue-headed wrasse (van den Berghe & Warner 1989), blue-
gllled sunfish (Dommey 1980; Gross 1982). The potential for sperm
compet:tmn_ clearly exists in species with external fertilization. To date,
however, there are few studies that show any real potential for sperm
competition occurring in frogs. There seem {o be important differences
between fish and frogs limiting the evolution of sperm competition in the
latter. It would be fluminating to discover what these constraints are.
. \
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1.1.1 Anuran l\iag‘_qg Patterns

There are more than 3400 extant frog species (Dgelm & Trueb "1986).
Despite this biglogical diversity, the majority of species have mating patterna
that are relatively easily characterized. The matifxg p: “terns of populations
(intra-specific variation exiét.ﬁ) can be described as falling on a continuum
belil;ween explos:'Je breeders and prolonged breeders (Wells 1977a). The
primary feature influencing this dichotomy is the duration of the breeding
season (typically explosive breeders finish breeding in under a week) which
determines the spatial and temparal distributicn of females and males. In
turn, this affects the operational sex ratio (Emlen & Oring 1977), male
density, the opportunity for female choice, and the intensity and form of
male-male competition. Together these variables reflect the form and
intensity of sexual selection :bressures and may also be used to characterize
mating patterns. Strictly speaking, mating patteras are described in terms .
of mate?acqlﬁsition, pair bond characteristics and the sexual pattera of
parental care EDavies 1991). In frogs, however, parentsl care is comparatively
rare (<10% of species) and pair bonds are absent. Most patterns can thus be
dgscﬁbéd' solely in terms of mate-acqﬁisition. [Note: I use the term ‘mating
pattern’ in preference to ‘mating system’ (T'R. Halliday, unpublishad)).

Prolonged breeders exhibit either resource-based territoriality or form leks,
Males tend to call from fixed pesitions within the chorus and maintain jnter-
male spacing through vocal or physical interactions (Telford 1985; Wilezynski
& Brenowitz ‘1988; Backwell & Passmere 1990a). Females are attracted to
choruses by consp_eciﬁc male advertisement calls. The mate-locating tactic is
one of female-attfacﬁon, and male-male competition i3 primarily indirect,
involving attempts to out call other males by producing more intense or more
frequent calls (Arak 1988a; Gerhardt 1988). Active female choice is most
likely to occur in prolonged breeders because of the lack of direct male
competition for females. In'deed,'the best. documented examples of female
choice based on male’ call attributes are all from prolonged breeders {eg,
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Physalaenius pust‘aloaus (Ryan 1985), . Hj;pemlins marﬁ:oratus

(Passimore et al. unpﬁblished), Upervlia laevigata (rugosa) (Robertson
1986, 1990), Bufo woodhousei (Sullivan 1987a), Hyla chrysoseelis (Morris
1989), Bufo calamita (Arak 1988a), Eleutherodactylus coqui (Lopez &

Narins 1991)]

In prolonged breeders, female arrival is unpredictable and extends over a .

lengthy tlme period. It has been sp7 fested that males should spread the
energy they invest into reproductwe activities (primarily calling) over a
portmn of, or even the-entire, breedmg season to increase thexr likelihood of

model. In many prolonged breeders a large proportion oi‘ males fail to mate
“at all, despite repeated attendance at the chorus. When considering the
| optimal strategy for 1;}1&188, three factors should be considered. First, female

arrival is unpredictable and maleg can not risk investing all energy into
- calling on only one or two nights. Second, female choice usually selects for
calls containing more energy (Gerhardt 1988). To mate successfully, then,
males can not rely on calling weakly every night. To be chosen as a mate

they must eﬁgage in loud and repetitive calling bebaviour and bear large |
energetic costs. Third, the nightly likelihood of mating will vary with the

operational sex ratic. Males do not appesar to be gble to accurately assess
when females will breed. Although there is often a correlation between male
and female numbers, the value of r* is usually very low (Henzi et al,
unpublished). Males should thus use male ds_z;hsity &8 the best predictor of the

intensity of competition (ie. the number of competitors the f nale may choose

between). There is evidence that all three factors influence calli strategies.

20
Males do not call consisiently throughout the breeding season. In most '
species, males are pregent on a very small percentage (<10%) of the availab' |

nights, even though the number of nights a male is present is strongly
correlated with his mating success (frogs: Fellers 1979; Goodwin & Roble
1983; Gerhardt et al. 1987; Green 1530; Salvador & Carrascal 1990; Dyson

8
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et al. in press; birds: Hill 1991), Calling by male anuras is one of the most
‘energetically expensive activities recorded for ectothermic vertebrates
{Prestwich et al. 1988) and males may invest so heavily in cailing that they
are un__gble to call every night of the season. The low rate of presence at
breeding sites indicates that males do not spread their energetic investment
evenly over the breeding season. It has been suggested that to maintain
calling behaviour in the long term, males must sacrifice some nights at the
breeding site in order to forage (Woolbright & Stewart 1987). Green (1990)
has tested the energetic constraint hypothesis in P. pustulosus where he
found nc evidence to support it. He suggests that male presence and absence
is related to fluctuations in the predation risk. Ryan (1991), however, has
reported decreaged callingin P, pusa{_ar_losub whé\\? food availability is reduced
{(Marler, unpublished study). In another study, Turner (1991) reported no
 effect of food availability on calling in Hyperolius marmoratus. Finally, it
has been suggested, and there is some suppoﬁ.ing evidence, that calling in
bouts in Hyla microcephala is associat.egl with reducing the energetic.costs
of calling (Schwartz 1991).

Invésting considerable effort in calling, evenﬁif this reduces the number of
nights a male participates in choruses, may be & profitable strategy. Female
choice usually selects for calls that contain more energy and males that do
not invest ﬁeavily in calling when present at the breedmg site are unlikely
' to mate (Gerhardt 1988). We might predict, however, that males shouid also
adjust calling effort in relation to cormpetition, 25 indicated by the number of
other males calling. There is good evidence suﬂpporﬁng this prediction. In
Hyla microcephala males increase calling effort and energy used as chorus
size increases (Wells & Taigen 1989). Call rate (and presumably energy used)
increases with density in Rana catesbeiana (Emien 1968), Hyla

ebraccata, Hyla phlebodes (Wells 1988), Hyla erucifer (Rosen & Lemon

1974) and Uperolia rugosa (Robertson 1984). Bucher et al (1982) have
reported increased energetic costs as call rate increases in Physalaemus
pustulosus, Increased energetic costs as call rate rises have also been

9
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- documented in Hyla cinerea, H. gratiosa and H. aquirella (Prestwich et
al. 1989)1. Call complexity also incréases with chorus size in several species
{eg. Physalaemus pustulosus (Rand & Ryan 1981); Smilisca sila (Tuttle
& Ryan 1982); Geocrinia victoriana (Littlejohr. & Harrison 1985);
Philautus leucorhinus (Arak 1983b); Hyperolius tuberilinguis (Pallett
& Passmore 1988)]; but the energetic costs of these changes are unknown. In
P, pustu]psus call complexity does rot affect males’ mé_tabolic rate (Bucher

et al. 1952).

In Hyla versicolor males’ call rate decreases and call duration increases as
chorus density rises, so that calling effort remsains approximately constant
(Wells & Taigen 1986). At present there is no satisfactory explanation for this

phenemeﬁﬂ A (Wells & Taigen 1989, p21). A final factor complicating theissue

of callmg strateg:ba 48 the effect of 11fg history paramaters (Elmbérg &
Lundberg 1991). For example, in shori;;}i@ed specieg where su*'nvorshxp away,

from the breeding site islow, the best strategy may be to divert all available

energy into breeding attempts, mgardlea; of breeding season length. In
explosive breaders, males employ very difterent mate-localization tactics to
those of prolonged breeders: Female arrival is more predictable, the
operational sex ratio is usually less male-biased and male density is high.

Because the breeding season is brief, a male is unlikely to mate more then
once. Given this, all available energy should thus be placed into’acquiring a

[T

mate as soon as possible. Tlué ' leads to intense and direct competition

between males, and female choice is unusual. Males actively search for
females and calling seldom occurs, because high male densities increases the
likelihood of iﬁferception by searching males (Fairchild 1384). Zvidence that
male density affects calling is provided by studies of populations where male
density is low and calling is observed, in species that vsually show searching
behaviour (eg. Bufo bufo, Hoglund & Robertson 1938).

Mating patterns are a consequence of the way that individuals interact.

Sometimes authors have written about mating systems as though they

10
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" underlyi \g mechanisms and the functional significance of behavioural
variation'(Caro & Bateson 1986). Vanation in behaviour related to matmg

Ty
T e ,;a _,5'5""!
determme mdmdual behavxour Focusing on the- adaptive strateg:es
md:vxduals stould puffsue under various demogrgplic, energeuc and life
history schedules’ provides, the best framewor for understandmg mating
patterns. In most ﬁ-ogs, J,,{,e breeding season, be. ruse it affects the spatio-
temporal distribution of t‘emales, ‘will determine h¢ -~ males behave (Davies
1991). In some cases, however, additional aspects ofr 2 species biology may
gpask, or altgr, the form of the matmg system. For example, male parental

ca.lre is an agh .<onal resource for female which may ‘affect their distribution

(Du'.wes 1991) or behaviour (Summers 199¢). Sxmxlarly, sperm competition -

may algo affect mating patterns by altering the costs and benefits assomated

i

“with mating and mate-acquisition tactics.

Before the develogment of behavioural ecelogy in tke mid-}970s, workers

sought to discover behaviour patterns that were characteristic of the species;
for example, the fized action pattern of classic ethology (Waltz & Wolf 1984),
Despite these attempts, it soon became clear that considerable intra-apeciﬁc
variation exists, not all of which is attributable to measurement error. In the
last fifteen years conmderai‘ | effort Hias been invested in explaining the

-has been particularly well investigated because Qg suceess “1s

unambigaously related to evolunonary fitness. A mult;tude\ of studies
investigating mating strategies ond tactics have thus been conducted (Austad
1984)." '

Most alternative mating tacties appear to ‘parasitize’ the damm&m tactie

{van den Berghe 1988). The pressures lsading to alternative mating tactics
differ from those causing variation in other finctional behaviours (eg.
foraging, anti-predation} because they are primarily a conseguence of intra-
specific competition. They occur rtore commonly in males, because females
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. i thus stronger selection on males than females for access to mates and
.-male-male competition drives the evolution of alternative mating tactics
(Telford & Dyson 1988). Even in those frogs where males provide parental
care, the rate at wliich males can care for additional cluiches is usually
higher than the rate at which females can produce them (Clutton-Brock &
Vincent 1991; Summers 1989, 1890). In the absence of compefition, males
should utilize the tactic confercing the highest ﬁtness payoffs [by definition
tha "duminant tactic; but see van den Berghe (1988)l. As competition
escalates, the number of males tha: can employ the dominant tactic becomes
a subset of the total populatii;n._ Those ma]e'-a_\unable to pursue the dominant
tactic are thus forced to '\i?.'-iiéh to alternative methods of mate acquisition.
These alternative tactics are usually less successful, but in rare cases may
" be equally rswarding (Gerhardt et al. 1957; Schuster & Wade 1991),

In meny taxs the mﬁt*ng tactic an individual expresses appears to be fixed
in the medium to long term. This is especzally true when expression of tactics

is conditional on size or age (Hughes 1985). In some cases. tactics may he

directly correlated with underlying genetic variation and are fixed for life
(Gross 1985; Ryan & Causey 1989; Schuster & Wade 1991). Frogs are
unusual because switching between tactivs 1s relatively common and oceurs
over short time periods. There is considerable flexibility in male behaviour,
with mzles responding to short-term changes in the social environment (Arak
1988b), Fixed {actics, especially genetically determined ones, are unknown

in frogs,

In frogs, the duration of the breeding spason partially determines the
mt,enmty of male-male competition and hence the types of alternative mating
tactics 1,hat are possible. There are clear differences in both the frequenuy
and tyges of aliernative mating tactic exl-u blted in prolonged and gxploswe
breeders, even when they are different gnpulatmns of the same spemes

(Tejedo:1988). [n prolonged breeders, temhpnah‘y may place an upper limit
| : . :
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 on the number of males that can call. Excess males often pursue a te ‘ic of
satelliting, whereby they remain motionless near a calling male and attempt
to intercept females attracted to the caller (Perrill et al. 19783. Similar tactics
of interception have been documented in insects (Cade 1979), birds (van
Rhijn 1973) and mammals (Clutton-Brock et al. 1982). In a literz  re review,
1 found that eleven of thirteen frog species with satellite males were
prolonged Lreeders. In explosive breeders, the main alternative mating tactic
is amplexus displacement. Unpaired males attempt to wedge themselves
between an amplexing pair and, if successful, proceed to disiodge the
aniplein‘ng male {Lamb 1984). Competition is direct and appears to be
independent of female choice (Davies & Halliday 197, Fifteen of nineteen
: species where displacemeni has been documented in ihe field are cxplosive
breeders (unpublished review). A third tactic ‘opportunistic calling’ by non-
territorial males in Rana catesbeiana (a species displaying resource-based
territoriality) has been proposed by Howard (1984). I suggest, however, that
these males should simply be described as short term territory holders.

1.1.3 Sgg rm Competition

Sperm cnmpetmon is defined a8 the competition between sperm of different |
males to fertilize the egg(s) of a single female (Parker 1870; Birkhead 1989).
In some mating systems, it is an important source of saxual selection
pressures and aifects the behaviour and morpholegy of both sexes, With a few
notable exceptions (eg, Townséfid et al. 1981), fertilization in frogs is external
and males shed sperm over eggs as they are extruded. The potential for -
sperm competition exists if additional, unamplezed rales shed sperm during,
cr immediately after, eggs are deposited. The amplexing male, however, has
three potential advantages over additional males. First, he has direct cues
regarding the timing of oviposition that are provided by the female. Second,
he has the greatsst proximity to unfertilized eggs. Three, he is attached to
the female and can thus remain with her shguld she move. If these
advantages confer a very high percent=se of fertilizaticas ¢o the amplexing

13




ma’e, there will be little opportunity for sperm competition to occur.

) ' e - \x‘_
Awvailable evidence for sperm competition in species with external fertxhzatzon
has been acquired almost solely from fish, Only recently has strong evidence
accumulated that sperm\campetmon also occurs in frogs (see Preface). Coe
" 167, 1974) décumented unpmred males alongside am, xing 'males in {wo
fnam-neatmg rhacophorids, Chiromantis rufescens and C. petersii, His
description suggested that males were co-oparating in the construction of the
nest. These observations were noted by E.O. Wilson (1975) in his classic text
Sociobiology; the modern synthesis, where he suggested that kin selection
might explain the males’ co-opérative behaviour. An alternative explanation
provided by Halliday & Verrell (1984) was that additional males in
Chiromantis are competing with the amplexing masle to fertilize eggs. Unti’

my study, however, there was no data that clearly distinguished between .

these two hypotheses.

12 STUDY SPECIES | |

Chiromantis xerampelina iz a large frog (male gnout vent length = 50.5 -
69.4 mm and female 67.8 - 82.9 mm) (Fig. 1.1). Adults are slender with long,
thin limbs. The toes and fingers are elongated and webbed and each bears a |
terminal adhesive disc (Passinore & Carruthers 1979). The two inner fingers
are opposable to the outer two which allows them to grasp securely to thin
twigs, much akin to a chameleon. The hody colour ranges from a cryptic g‘:‘ey
speckled with brown patches. to a chalky white when they are exposed to
sunlight (Pienaar et al. 1876). They are di. ‘ributed throughout the low-lying
regions of South Africa, Swaziland and Mozambique. They also occur in
Boiswana, the Caprivi strip, Zimbabwe, Malawi and Tanzania, extending into
the coastal areas of Kenya und Somalia (Coe 1974). There are only two
congenerics - C, rufescens which oceurs in West and central Africa and C.
petersii which inhabits the dry savannah of East Africa. Chiromantis is
one of ten genera in the family Rhacophoridae (186 species). The other

'




) Figure 1.1 Photographs of (A) a calling male a.nd fB) a2 gr:-md female
Chzromanﬁs xerampelina. {
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genera oceur in the Asian tropics, subtropical Inché\ Sri Lanka, the

Phlhpmes, Japan, the Greater Sunda Islands and Madagascar (Duellman &
Trueb 19£6).

Chiromantis xerampelina usually breeds on emergent vegetation, tree
branches or other structures cverhanging temporary water sources. They
may, however, also breed over slow-flowing rivers and streams (personal
observation, Mkuzi). Males call from elevated places that are potential
oviposition sites. Breeding occurs in the summer months (October to March),
but is normally discontinuous because (a) surface water is often absent; and
(b) females seem to require rain as a trigger for ovulation. Females construct
foam nests by releasmg an oviducal secretion which t.hey then churn into a
~ white foam. Eggs are depoaited directly into the’'foam, Nest construction is
characterized by the presence of additional, unpaired males that r'att.her
around the amplexing pair. Prior to this study, the only available lmormahon
on breeding was thai of Wager (1926, 1657, 1965), Stewart (1967), Taylor
(1871a, 1971b), Coe (1974) and Pienaar et al. (1376). Much of this literature
was anecdotal and in some cases, the information appears to be factually
inaccurate.

1.3 STUDY AREAS

Three different, study sites were used during this study (Fig. 1.2). Between
December 1989 and January 1990, research was conducted at Mkuz Game
Reserve in Northern Natal (latitude 27°36’ 50" S; longitude 32°12' 3" E).
The site was approximately 2.5 km south-west of M&*}tuma Camp, on ihe
eastern side of the main road, about 15 m from the veilga It consisted of a
small natural pan with a maximum depth of approximataly 1 m and a

fsurfa 2 amea of 200 m? The aurroundmg vegetatlon was primarily Acacia .

thickdt. Trees that overhung the water and were subzequently used as nest
sites “Nre Acacia luderitzil, Euclea sp., and Spimstachys africanns
Other ‘ﬁ'og species that called at the pan included Ptvchadena anchietae,

16
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Figure 1.2a Map showing the distrib: ion of Chiromantis

. xerampelina in South Africa, as well as the location of the three study sites
{(Symbois: Mk = Mkuzi Game Reserve; Hd = Hoedspruit; V = Vienna Game
Farm; Jib = Johannesburg).
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Photographs of: (A) The study siie at Mlouzi: (3) The main
gtudy site at Hoedspruit; (C) the dam at Mariepsig. There is no photograph
of Vienna.

Figure 1.2
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P.mossambicus, P. porogissima, Phyrnomerus bifasciatus,
Phyrnobatrachus natalensis, Cacosternum nanvm, Leptopelis
meossambicus and Afrixalus aureus. :

In December 1990, research was conducted in the Hoedsﬁ.r-uit district of the
Eastern Transvaal. The site was on the R531 road approxzimately 2.5 km
from the Swadind turn-off (latitude 24927 1£" S; longitude 30°52 20" E), It
was an artificial pan fed by a drainage ditch and was %500 m?2 with a

maximum depth of 1.2 m. Several small Acacia spp, sedges and flocded
grasses were used as nest sites, Other frog species breading here included
Ptychadena anchietae, Phrynomerus Bifasciafus, Pyxicephalus
adspersus, Xenopus muelleri, X. laevis, Schismaderma carens,,
Phrynobatrachus natalensis, P, mabzbiensis, Hryperohus marmoratus
and Kassina senegalensis, Additivnal observatxonb were also made at two
farm dams at Mariepsig Caravan Park, 800m south-east of the main study
site. A /

o

Say

In December 1991 and January 1992, ﬁesearch was conducted on Vienna

Game Farm 5km north of Hoedspruit, The study site was a large dam (Snare
dam) approximately 25 m by 40 m (atitude 24716 44" S; longitude 30°58'
26" E), Nests were constructed along t.he main embankment on Acacia spp
and on dead branches pla ed in the watbr, Other frog species breeding here
included Piychadena af chietaef Hemisus marmoratus, Tomopterna
cryptotis, Xenopus laevns, Z!_K_},_,_._r:’jnl!eri, Hildebrandtia ornata, Kassina
senegulensis and Rana ang'nlansis.

All three study sites are surrounded by bushveld vegetation (Acock 1988).
Rainfall oceurs primarily during the summer months (October - February),
with approximately 500-700 mm falling per annum. During the summer,

daytime temperatures are usually abhove 30 C. At night, temperatures drop

into the middla to low 20’s, More detailed accounts of vegetation and climate
can he found in Accck (1988) and Tyson (1986).
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1.4 SCOPE AND OBJECTIVES

This thesis is concerned primarily with the potential for sperm competition
in Chiromantié xerampelina. Observational, morphological and

- experimental techniques were used to address this issue. The findings are

placed in the broader context of breeding behaviour.
' The major questions addressed in this work are:

1) Does sperm coi;petition occur in C. xerampé}ina?

- 2) Does its occurrence affect male spacing, calling’

N and reproductive physiology?

3) Do females show any morphologital or bebavioural traits
that influencs the intensity of, or bias, sperm

‘competition? v

Additional topics addressed are: S

(1)  Does basking and low evaporative water loss lead to eimth\fl nocturnal o
body temperatures: a test using Chiromantis mrazﬁhdfga? | j

. S
(2} Does chorus size affect the anti-bat-predator response of the
Neotropical frog, Physalaemus pustulosus? | .
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CHAPTER TWO

BREEDING BEHAVIOUR, REPRODUCTIVE
BIOLOGY AND MATING SUCCESS

2.1 INTRODUCTION

2.1.1 Sperm competition and mating pé.ttems
it h . 'ir

Anurans are an ideal group for stlfdies of mating beh.aviam" and variation in
mating systems because individuals are easily marked, handled and observed
(Arak 1983a). Many reviewers also note that external fertilization in frogs
allows for accurate quaniification of the reproductive success of individuals
(eg. Howard 1988a). External fertilization does not, however, ensure that
paternity is known with certainty. For example, in several fish species with -
external fertilization, greup spawnings occur and pate iy i divided
amongst the males present. Workers either assume that feﬁ.&lizai;ions are
shared equally among the males present (van den Berghe et ai. 1989}, or that
fertilization success is related to male ‘,;‘_;’Sroximity to the female (Gross 1985)."
Of course, estimates of reproductiv; success are most accurate when
fertilization rates are calculated using dgta from lgiochemical paternity tests
(Westneat et al. 1987). u ’ «

=

‘The dominant male reproductive tactic in anurans is stationary calling. The

most frequently documented alternative tactics ave: satellite behaviour, where
non-calling, males attempt to intercept females attracted to calling males
(Perrill et {3{31 1978); amplexus displacement, where unpaired males attempt
to displace amplexing! males .(Telford & Van Sickle 1989); and aective
searching b}{ silent males who clasp any individual they encounter during

\\ .
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their searches (Woolbright et al. 1990).

S

Alternative reproductive tactics are usually a consequenve of male-male
competition for a limited number of females. Competition may limit the
number of males that can employ the dominant mating tactic, forcing some
males to adopt alternative tactics with lower reproductive success (Kodrice-
Brown 1986). Generally, alternative reproducnve tactics yleld lower pay-offs
than the dominant tactic, although tact.lcs with equal pay-off (Gerhardt et al.
1987) and even higher pay-off (van ‘den Berghe 1988) have also been
reported. Tactics may be reve_rmble or fixed, and either opportunistic,
conditionai' or part of a mixed Evolutionary Stable Strategy/Stave (Austad
1984). In most anurang ;pltewmatiug factics sre vonditionally employed by
smaller males (Howard 1978; Loman & Ma(ﬁsa;m 1086; Arak 1988b; Krupa
1989). Fixed tactics have not been recorded in anusans, but when there ig
considerable intra-population variation in male size, and tactics are size-
based, males may be limited to a single tactic for an entxre breeding season
(Howard 1984). - \

. In this chapter I present behawoural evidence for the m,‘.currence of an
‘opportunistic’ reproductive tact:c rarely recorded in anurans. T suggest iuiat
multiple spawning and | sperm competltlon are common features of the mating
syster of Chirdmaniis mrampe!ina This suggestion is corroborateﬂ by
additionzal sources of evidence presented in Chapter Three,

2.1.2 Parenta: Care

The evolution of parental care remains one of the few tOp'iil:s in evolutionary
biology where unifying principles are lacking. Parental care is formally
defined as parental behaviour that is likely to ingrease the fitness of the
parent’s offspring (Clutton-Brock & Godfray 1991). This definition is,
‘however, sometimes difficult to apply (Gwynne 1991). In certain crickets, for
‘example, males produce spermatophores that contain nutrients. Females are
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more likely to mate with males producing spe ,.%phores which, when

consumed, increase the survivalrate of the oﬁspriaé:Should spermatophores
be congidered a2 male investment in mating, and products of sexual selection

by female choice (Wickler 1985; Sakaluk 1986)? Or investment in offspring

arising from natural selection for parental care {Parker & Simmons 1989)7
Clutton-Brock (1991) in a recent book-length review ﬁ“‘ ’;rental care focused
on five main questions. The questions which are best underst_md are: What
are the costs and benefits of parental care? [Answer: the main benefit is
increased offspring survival, growth and breeding success, henq"\increased

. fitness for parents]; Why does the extent of parental care fluctuaie between

species? [Answer: it varies in relation to the magnitude of the harshness of
the environment, and the degree of intra-specific competition]. Less well
understood are the questions: What explains male, female and biparental

care? Is parental care adjusted in relation io the costs for parents and the

benefits for oﬁ‘sp-mg‘? How ig parental care dmded betweer( sons and
daughtera‘?

r.«!r
'1“-.

Parental care has been reported ina number of frogs (McDiarmid 1978; Wells
1981; Townsend 1986; Summers 1989). Most reports are from terrestrial
breeders in the tropica (Wells 1981). Both males and females have been
implicated ia care. In fact, frogs are vnusual in that male parentsal care ig

relatively widespread. There are two posmbie factors that make male-

parental care more likely to occur in frogs than in other vertebrates. First,
the costs of parental eare ar - usually low (Wells 1281). Second, eggs or

tadpoles are often deposited in the male's terriiory so that he can provide

care for them and continue to attraet additional feriales (but see Townsend
1986). Parental care may take several forms incduding; guarding eggs or
tadpoles agninst predation (Kluge 1981); preventing desiccation (Townsend
et al. 1984); maintaining access to water (Kok et al. 1989); and carrying
tadpoles, either to water (Sununers 1990) or until development is completed
(Ingram et al. 1975).
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2.1.3 Clutch size

o
Ll

In anurans, as body size increases within a taxon (eg. genus or family), so
-does ovum size and clutch size (Saithe & Mecham 1974 and references
‘therein). A similar trend is observed when clutch size in species with 2 given

mode of reproduction are compared (eg. eggs in foam nests, eggs carried, eggs
in water) (Crump 1974). According to Salthe & Mecham (1974), virtualiy all
studies ap-the time of their review showed that, within a given species, larger
'females produce more eggs than smaller females. In contrast, Crump (1974}

found & significant correlation bet“;éen bedy size and fecundity in only 27%

ofthe 41 sﬁécieg gshe examined. Inter-specifically, however, those species that
constructed foam nests showed a significant positive relationship between
size and fecundity. It has been suggested that clutch size within the ‘genus
Chiromantis is related to the aridity of the environment (Coe 1974) The

forest-dwelling C. rufescens has a smaller clutch size than the woodland».,»
inhabiting C. xerampelina, which, in turn, has a smaller clgtch size than

the savannah-dwelling C. petersii (Coe '1974).

2.14 P‘glxand;x

o ' Y/

- A female mating th.h more than one male on the saz/,ie or successive nights

0

has only been reported in one species of anum( the leaf-folding frog,

Afrixatus delicatus (Backwell & Pasgmore 1990b), Multiple-mating with

more than one partner is usually adaptivé for males because it is likely to
increase the number of offspring sired. For females, however, the benefits of
multiple-mating are less clear. At first glance, i} seems unlikely to raise a

fernale’s reproductive suceess, Potential adaptive explanations for multiple<

" mating by females include; (a) an increase in oﬂ'spﬁng viability. By allowing

~ sperm competition to take place, females can ‘select’ for thie sperm of the

most viable male if sperm viability and male viability are related (for a

-
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' 2.1.5 Constructivn of foam nests

" Frogs that produce foam zbsts are known in 19 of 301 anursn genera (Hddl "

3
ﬂ\smnahng exaropie involving adders (Vipera beriis) see Madsen et al. 1992 =
but aiso see Parker 1992); (b) it may increase the geneti¢ dlverszty of the

progeny and raise the likelihood of survival i~ = fluctuating environment
(Stacey 1982); (¢} it may ensure thut fermales receive sufficient sperm to

 fertilize all their eggs; (d) females may benefit directly from nutrients

associarted with ejaculates (wai;pé' 1984); (e) it may result in more males
pm@iding parental care (Davies 1985); {f) it may reduce sexual harassment
(Svard & Wikiund 1986); (g) it may mard against genetic aberrations arising
from sperm storage. There are .isc sE\me non-adapiive explanations for -
multiple-mating by females; (a) it may aoe a non—adaptwe consequence of

| selection on males for an increased tendency fo mate. The: _jtraltﬂlen arises
in females as a genetic correlate of selection on males {Hadl f& Arnold

1987) [A recent review of data relating to this explanation can be found in
Arnold & Halliday (1992)]; and {b) some males may be selected to leave _‘“

. females before completion of tmp_amtwn (in species with external fert::hzatlpn)

if the rate of fertilization drops such that a ‘fresh’ female would yield a
higher mean rate of fertilization (Backwell & Passmore 1990b).

o

A

1990; Eaddad et al. 1990). This behaviour seems to reflect convergent
evolution and it has evolved independently in at least four ﬁam:hes

* (Rhacophoridae, Leptodactyhdae, Myobatrichidae and Hyperoliidae)

[Duellman & Trueb 1986]. A recent report suggests that foam nests are also
built by the hyhd Hyla rizibilic, eddmg a fifth family (Hylidae) to the abova-__
list (Haddad et al. 1990). In the rhacophonds, femates beat oviducal fluid into
a frothy mass with their lind legs. In the other families, both sexes may co-
operate in nest building, aqd the forelimbs may be 1:3ed to best the toam, It
has been suggested that the chief benefit of 1 foam nest is i reduce the risk
of desiccation (Ryan 1985). An additional henefit may be reduced pmdagiorr @
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on egg‘b and eurly tadpole stages, especlalﬂ that arising through conspecific
canmhkilmm t]*IodI 1940). i

2.2 }gm 019__ K
2.2.1 ;ﬂehavigfiural Qbservations and Matigg Success

. |é
Obserwations of marked, breading frogs were made in December 1990, in the
Hoedspruit district, Transvaal, South Afriza (24°27' 8, 30°52" E). The study
pond was approximately 500 m? with a miximumn depth of 1.2 m. The closest

nelgl*ilmmng broeding site was 800 m Away.

Thirty two n*ales were collected mdmduﬂllv by hand, mensured, weighed,
markqad and released at the noint of capt];lre within 15 minutes. Snout-vent
lengtl;s (SVL) of all males was measured I,o the nezrest 0.1 mm. Males were
then hvdv. ated and weighed {o the near!ﬁst 0.1 g. Males were individually
fmark;ad by hueat branding on the dorsum. lb‘me measurements were also taken
for 3¢ femalas coilected at the main stu:iy pond and the two neighuouring
pondsl at Ma'ﬂepsag . I
. illl
Obse"vatlona were made on 21 pights ovpr a 22 night period between 2000

and 07‘30 hotﬂrs Only two nests were conqitructed in the three weeks prior to
the study anc{ no males vrere present at thp pond on termination of the study.
Each ‘night & census of the population yvas undertaken. I located twelve
regiors in the pond where males were coniistently present (mean region size
= 19 m*, range = 0.4-4.9 m?, Seven} of these regions were partially
submerged tl;ees, four patches of emerg&lint grass and one a reedbed. The
identity of males, the region they werein, and their behaviour were all noted.
An eflort wa;s made to census the pond 'ﬁhourly, but this was not always
possible due to chservations of nesting. All males present ai nests were
identified. I located femaies that were ei'ner unpaired in the Wator, 6r
alrgady in amplexus out of the water, and observed them t.ggfoughout neat
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construction. Early each evening I checked the pond.for riests not observed
the previous night. This allowed for accurate correction of undercounts of
female presence. Video :;ecdrdings were made of the constriction of six pests.
These were used tp determine the durssion of the first 10 periods of
quiesence between activity bouts for each nest session, :*_;

In the description of nesting, I rafer to unpaired males on the lateral aspect
of the branch with their legs in the foam, or that were immediately alongside
another male whose legs _were in the foam as ‘peripieral males’. Any
individual touching the foam nest is described as being ‘vn the nest’. Males
are described as ‘mated’ if they were in amplexus during oviposition.

2.2.2 Male weight change

Male weight change was calculated for nine males at Her'LSpruit (1990). They
were re-weighed three to 19 days (mean = 14 days) sfter their initial capture.
Male weight change was also calculated for nine males at Vienna (1991-92).
They were re-wdighed between two and 16 days after their initial capture
(mean = 8.4 days). Weight loss (or gain) was calculated as the percentage
change per day:

(Final mass - Initial mass)x 100 x e 1,
Initial mass 1 ‘Days sincgﬁ; initial capture

2.2.3 Calling Behaviour

Data on calling behaviour were collected at Hoedspruit in December 1990
during the 22 day study. Male vocalizations were recorded on a Sony TCD-
OM tape recorder using a Sony EMC-16T microphone. Pecordings were made
at air temperatures of 20 - 24 C. Air temperature was measured using a Bat-
12 Bailey Instruments digital thermometer. Recordings were made
' 'cp;;iortuz:;istical_ly because males were frequently silent for extended periods -



™

focal sempiing was thus unfeasible. Fifteen of the 30 males present at the
site for two or more nights were recorded. Call rate was measured using ax

Uniscan II sound spectrum analyzer. Detaile of spectral and temporal call -

paramaters {(d:minant frequency, pulse rate etc.) are preaented in Appendix
IL Peak sound pressure levels (SPL) of calls were measured in the field using
a Bniel & Kjaer 2209 sound level meter. The microphone was held
horizontally 25 cm in front of the caller. Measurements were collected for two
males (25 calls and 30 calls). Sound pressure levels were converted from the.
relative decibel scale to ahsolute units (microbars) for statistical analysis.

2.2.4 Parental Care

Observations of female parental caré were made at all three étud'y sites
{Mkuzi, Hoedspruit and Vier;na). The additional foam produced by returning
fe fzs was examined by hand for eggs. It was clearly distinguishable from
the toam produced on the first night, because the surface of the latter had
already hardened by the second night.

2.2.5 Clutch Size " | )
The number of emerging tadpoles and lutch size were caléhlated for nests
at Mkuzi and Vienna. Plastic buckets were suspended beneath nests and
tadpoles fell into the bucket of hatching. Tadpoles were counted by hand,
using a teaspoon fo transfer live individuals. At Mkuzi, nests were not
examined for unfertilized or desiccated .ggs. At Vienna, nests were examined
for eggs and these were then counted after dissolving the nest in water,

2.3 RESULTS

2.3.1 Sexual Size Dimorphism

o

At Hoedspruit there was pronounced sexual size dim?\orphism with a
i
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female/male size ratio of 1.21. Mean female size was 76.1 mm (8D = 3.2 mm,

range = 67.8-81.3 min, N = 34). The average male size was 63.2 ;-mm'(SD =
3.3 mm, range = 55.1-68.9 mm, N = 30) with a mean mass of 13.2 g (8D =
2.6g, range = 8,7-17.5 g, N = 26). [Fer more details on sexual dimorphism see
Chagter Four]. There was a strong positive correlation between male SVL
and mass (r = 0.88, N = 26, P < 0.0001).

2.3.2 Male weig}_a§ change

At Hoedspruit, iuale weight loss as a percentage of initial body weight was
only 0.003% per day (N = 9 males; mean interval between weighing = 14.0
days). At Vienna, mean male weight loss was 0.23% per day (N = 9 males,
mean interval bei:.ween weighing = 8.4 days). At Vienna, however, only three
males lost weight, while six gaired weight. The greater value for mean
weight loss at Vienna was largely due to a single male who lost 4.3% of his
body weiglit in six days. If the data from hoth sites are pooled, mean weight
change is 0.12% per day (N = 18 males) (Fig. 2.1). If the outlier i excluded
the mean loss pec day was 0.08%.

2.3.3 Demographics and male behaviour

At Hoedspruit, the breeding season lasted 22 nights (December 5-26) during
which a total of 32 males were marked and 26 females were present. If the
two nests found before the study are included, the sex ratio was 1 to 1.1
(female: male). From 7 to 28 males (mean = 19.6) and 0 to 6 females (mean
= 1.2) were present each night. The operational sex ratic (OSR) ranged from
0 t0 0.29 (mean = 1:14) with no correlation between the numaber of malea a.nd

females present per mght (r=026,N=21, E'( > 0.2) (1"1g 2 2): There wasno

cerrelation between male we1ght and date of arrivaf at the pan (r = 0.25, N
= &2, P = 0.16). With one exception, absent males were not found at
neighbouring ponds and are unlikely to have been engaged in reproductive
activities elsewhere. On, average, individual males were present-on 13.7
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Figﬁre 2.1 Male weight change for 18 males ﬁ-om. Hoedspruit and

' Vienna. ‘Days’ refers to days since initial ¢apture. Eight males lost weight
and 10 males gained weight. The mean weight loss per day was 0.12% per
day (N 18 males).
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Figure 2.2 The nightly pattern of male and female presence at
Hoedspruit over a 22 day breeding season. No census was conducted on night
21.The figure shows the same numiber of males present on night 21 as on
night 20. The operational sex ratm was always male-biased. Night 1 =
December 5, 1990.
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Data on individual presence for 30 males at Hoedspruit
over the breeding season (22 nighis). No data is available on male behaviour
on night 21. Only 69% of the gravid females present at the breeding site were
observed, and some nests were not observed from the start of construction.
Hence, the actual reproductive activity of males was greater than recorded.
here. Night 1 = December 5, 1990 (Symbols: m= amplexed; ¢ = peripheral
only; a="amplexed and peripheral:@= pz'esent but not seen st a nest; O= not
present).
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- nights (65% of the season) (SD = 4.5, range = 2-20) (Fig 2.3). The total

number of ‘frog-nights’ was 408 (see Ryan 1985). Two males arc excluded
from all subsequent analyses of mating and nesting success as they were only
present for a single night.

Individual males showed strony preferences for certain regions of the pond.
The maximum number of nights a male was observed in a single region (one
of the 12 delimiied) was exprassed as a percentage of the tota: number of
nights the male was present at the pond. Mean ‘regional fidelity’ war 65.3%
(range = 29-95%, N = 30) (F'q. 2.4). If presence at the favoured region and
the next nearest region are considered together, mean fidelity rises to 74.8%.
Although males showed this high level of fidelity they were not invariably

. stationary. Ninety five percent of males (N = 27 of 30) moved between regions

on at least one of the nights they were present. This movement was
associated both with jo“ining nests in other regions as an amplexing or
peripheral male, and what appeared to be exploratory forays. Movement
within a region was characteristic. For example, a male on a tree tended to
move from branch to branch within that tree.

4 Calling behaviour

y

- Males called from elevated sites over water and defended neither active

ca.ling spaces nor territories. There were no agonistic ihteraitﬁon@é between
unpaired males away from nests. Males continued to produce advertiseraent

.calis evon when positioned on top of each nther, All 30 males were observed

calling, but there was considerable inter-individual variation in ca]li,ng effort.
Satellite males were not observed (sensu Perrill et al. 1978).

Attempts were made to record all 30 males, but due to the sporadic natx:;r,.ee’
of calling, only 15 males were recorded. There was no significant (grze
difference Between recorded and unrecorded males {Mann-Whitney U-tds,

Y
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Two-tailed, P = 0.38), suggesting that variance in calling behaviour is
unrelated to size or weight. For the fifteen males that were recorded
(recordings were 1 - 5 minutes 1n duration), the mean call rate was 10.6 calis
per mx*nute {range = 2.3 - 288 calls per minute; N = 15 males; 1 - 4
recordmgs per male). These data reflect maximum call rate, beca.me
recor&ngs were made non-randomly during bouts of lngh calhnig activity.

In total, three different calls were produced by me*v. Unpaired males
produced two calls similar in frequency range, but Mﬁ‘erent pulse rates
(slow and fast calls) (see Appendix II). These two calls types were not linked
in a set sequence. Of 925 calls recorded from 15 males, 65 (7.0%) were slow
calls. There was no apparent correlation between differential production of
the two call tjrpes and changes in the social or acoustic envirenmment. Males
in amplexus continued fo produca these iwo calls, especially in the period
immediately subsequent to pairing. A third czll was produced during nesting.
It was a very/: Hft ‘whirring’ sound accompanied by visible vibrations of the
body. It was produced both by the amplexing male and by peripheral males,
especially those closest to the mating pair. I also saw this call produced/s;
. amplexing males in the absence of peripheral males. My subjective
impression, hawever, was that this call was produced more frequently in
response to the competitive cloacal juxtapositioning of other males on the
nest. Sperm release in some anurens is accompanied by visible vibrations of
the body wall>The sound produced may thus have been an incidental effsct
of ejac:ﬂatlon This might also account for increased ‘call’ production as the
number of peripheral males rose. The calls of males were very subdued and
this made » easurement of call intensity difficult because the background
SPT was often louder than that of calls. Measurements were only made for -
two males. Mean peak call intensity was 92.4 and 93.6 dB at 26 em (N = 2
males), There viﬁs, however, considerable intra-individual variation in cail.
intensity for both males. For example, the smaller range in SPL was from |
81.5 dB to 100 dB (N = 30 calls). This eight-fold rdnge in loudness was not
due to slow and fast calls having diffevent mtenslhes
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5 Nesting Behaviour

Of twenty six females that bre ” at Hoedspruit, 18 (65%) were cheerved in

amplexus and initial pair formation was observed for 11 females {42%).
Nests were built in 2-4 sessions. A nest session consisted of egg-

‘laying/churning bouts and periods of relative immobility. Bouts lasted about

one to six seconds. The duration of the interval between bouts was
significantly different for the first three sessions (ANOVA F (2, 146) = 36.4,

P < 0.0001). For the first session, the mean inter-bout duration (period of
quiescence) was 56.4 s (SD = 33.4, N = 59); for the second session it was
88.6s (SD = 71.8, N-- 160), and for the third session, it was 216.1s (5D = 163.4
N = 30). The mter—bout duration in the third session was mgmﬁcantly looger
than that in thé firat or the second (Scheffe’s Test, Two-tailed, P < 0.01),

first and second sessions (Scheffe’s Test, Two-tailed, NS), Females left the
nest between sessions and descended to the pond where they took up water,
The mean duration of a session was 74.3 min (SD = 24.0, N =:16), whilst the

period betweer: sessions averaged 52.2 min (SD = 8.2, N = 12). Nest bmldmZ’

acctrred between 2000 hours and 0830 hours. One nest took over 7 hours
construct. The following description of behaviour prior to and during nesting
ig based on detmled observations at 14 nests. ' ¢

Females approacned males from the water and then proceeded to climb the
vegetation or tree {runk towards & group of males. Femaleja did not move
between regions, and any poténtial for female choice was limited to that
between males within one of the twelve regions. There was a noticeable

R There was no significant dxﬁ‘erence hetween the intar-bout durations of the -

increase in male movement but no apparent change in calling behaviour (¢f, -

Coe 1974) and males did not descend to meet the female. Although femalas
approached regions where males were calling, they did not appear to select
a male. Initiation of amplexus did not invelve a female making physical

&
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cor.act with a male. It occurred when a male jumped onto a female. On at
least two occasions the masale jumped from 30-40 cm above the female. The
amplexing male was nat necessarily one that the female had Jeen facing, nor
one she had been approaching towards. Males clasped the females in a
modified form of axiﬂa:{sr amplexus. Their forearms were not in the female's
axilla, but raéi;er on her 'shoulders’, Sexual size dimorphism resulted in a 2-3
cm separation of the pair's cloacae.

At 93% of nests, single males wers also present in the vicinity of the pair
during the p+ .d between amplexus and the start of nest building. Some of
these males moved up tc 12 m to reach and then follow the amplexing pair.

The mated pairs moved 0.3-2 m from the initial point of amplexus before
assuming a position on the side of a branch. Unpaired males then positioned
themselves on either side of the pair, They clung to the branch, but held on

lower down than the female, so that their cloacae were approxxmat.ely in }meﬂb\\

mth that of the female.

Nest construction began when the female reléased an oviducal secretion and
churned it into a white foam with movements that fully extended her hind
legs. Egg laying began approximaiely 15 minutes after the start of foam
production. Bouts of oviposition always occurred in conjunction with female
churning. Males remained "motionlesa: betweenn bouts, while females
veeasionally moved their hind legs (but rarely extended them fully). When
oviposition and female churning occurred, the amplexing male scraped his
feet down the female’s dorsum from the region of his'cloaca to the area where
the eggs emerged. 1 suggest thls action serves {o dlsmbute aemen over
extruded eggs. B

Peripheral males also responded to the female’s churning motions. An ‘a;:tive'
peripheral male would swing his lower body away from the branch then, with
a jabbing motion, position his cloaca ad]acent to that of the femasle (Fig 2.5).

Cloacal proximity was maintained for 1.3 seconds. During bouts of
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oviposition, peripheral males jostled each other and the amplexing male as
they attempted to mafatain cloacal proximity with the female. Penpherai
males competed o slide their lower bodies underneath the amplexing male,
while the amplexing male attempted to continue making leg movements

down the female’s dorsum. After the female haited churning activity the

peripheral males and the pair returned tq“ their motionless pre-oviposition
state. Attempas to maintain cloacal proximity were dl. layed pnmanly by the
two males immediately adjacent tg ﬁ\amplenng pau', and less qpmmonly
by peripheral males further fromt i'be 1e jgair. Males further from the pair
tended not to move during ovxpomtlkpn I“E‘uscnbe them as &nactxve peripheral
males. i
Of the 23 nests constructed at the study site, two were communally built (one

involved three females, the other two females). The behaviour of both sexes

at theskg n. .s was identical to that at
- number of males present at a nest v

sts involving a single femsie. The

ied. Between and during nesting
sessions new males usually arrived
Occasionally, a male left the nest beforg the female had finished ovipositing.
The mean number of penpheral maley per session was 3.5 (SD = 1.7, N =33
sessions), with a non-atausucally 4
numbers of peripheral males in later sess\lﬂm"rhe average ntimber of males

ificant trend towards increased

= 15 nests) and the mean
=26, N=15 nests}.

participating in a given nest was 5.5 (8D = 233

number of males per female at a nest was 4.9 (S

2.3.6 .’Poly_gndg_r and amplexus displacement |

I':.: . le [1' | u
Female departure at the end of a session wag,/ébserved 20 times and in 11

cases (55%) the amplexins male chamountedl’.leavmg the female to descend

to the water on her own. On the other 9 (4 ,4%) occasions the male remained
in amplexus, Unpaired females ampiexed while returning to the nest for the

skart of the next session; The gmally amplexing male only amplexed

successmlly in one of nine obsewed fema:l; returns (11.1%). Durmg the
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Figure 2.4 A histogram of male “regional fidelity’ for

30 males at Hoedspruit. Regional fidelity was defined as the percentage of
nights present at the breeding site spent in one of twelve demarcated areas.
Mean fidelity was 65.2%.
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Figur‘éNZ 5 A photograph showing two péripheral males and an

amplexing pair during nest consiruction, The peripheral male on the left can

be seen Juxtaposmg his cloaca with that of t.he female.

Ty . x o
f A :"' At

Fzgure 26 ' A photograph showing three penpheral males waiding oq
the nest for the 1.=tam of the i‘emaie The male in the middle is the b.ugzmﬁ
amplemng male R

A
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Mating success and nest participation were gnalyzed at four scales of
interaction: nest ‘sessions, nésts, nighis and breeding season (see Morris

1989). The first two scales are most likely to reveal fomale choice or direct .

male-male competition, There was no significant size difference between
mated and peripheral males during nesting sessgion (Sign Teat, NS, N = 32
sesgions). Neither were mated males larger than the average peripheral
males at the nests significantly more often than expected by chance (Sign
~ Test, N = 15 nests, NS). There was no significant pattern of mated males
being larger than non-nesting males on a significant number of nights (Sign
Test, N = 12 nights, NS). There was alsp no significant size difference
betwaen males that did and did not mate dﬁﬁng the breeding season (Mann-
‘Vhitney U-test, N = 30, P = 0.24}. The onl,y significant correlate with the
number of nests a male participated in was the number of nights he was
present at the pond (r = 0.45, P < 0.01). Nights present was an even stronger
predictor of mating success (aumber of females amplexed) (r = 0.6, P «
0.001). There was no signi_ﬁcant correlation between size and number of
- nights present (r = 0.1, N = 30, P > 0.5) but there was a significant
correlation beiween nights present anf], regional fidelity (r = 0.49, P = 0.008).

€
=

2,3.8 Communal nesting W

At the Mkuzi study site, communal nest building involving two females was

chserved on one occagion (1 of 24 nests observed = 4.%%). There was L8
apparent limit on suitable nest sites. On another oceasion, two gravid females
built nests less than 1 m apart, despite having encountered each other prior
to the start of nesting. In Hoedspi uit 10 December 1991, three nests were
built communally over 4 farm dam at Mariepsig, One of these nests was truly
enormous (Fig. 2.9) and [ estimate that a3 minimum of 40 females vs:é{;'e
involved. Although suitable nest sites were limited, there were still a
sufficient number of sites available to exclude space consirainte as an
explanation for communal nests. Almost all breeding at this pan occurred on
a single night which coincided with the first rains of the season. On the
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235
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Figure 2.8 Frequensy histograms showing the distribution of
observed reproductive behaviour for 80 males at Hoedspruit over a 22 night
period. (A) the number of gravid females amplexed by a male during °
oviposition {matings) and (B) the number ¢f nests males were seen at, either
as peripheral or amplexing males or both (nests)
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following nights, only one other gravid female bred at this dam. At the main
study site at Hoedspruit, two of the 23 nests wef*enbtﬁlt communaily (8.7%).
One involved three females, the other two femaleq. Commuinal nests were not
built at Vienna. _ o /}

B

2.3.9 Pareutal Care

In C. xerampeling femsles return to the breedmg site on the ni ,Eht following
initial nest construction. Thm.r then proceed to add an addzho:ilayer of foam
" to the nest (Fig 2.10). At Mkuzi, 33 of 34 neats had additional foam acded.
At Hoedspruit, 25 of 26 nests were eﬂargéd At Vienna all & nests were
enlarged. Overall, 97% of nests were enlarged Females do not deposxt eges
on the second night. At Mkuz I sbserved males amplexing with returmng
females, and peripheral males were even present. These males, in most cases,
remalned only briefly at the nests. In one case, however, two peripheral
males and an amplexing male were preseﬁt throughout nest enlargement (>
3hr) - despite the female being non-gravld In general though, males at
Mkuzi appeared to be capable of dlsﬁngmshmg between gravid females and
females prowdmg parenial care. At Hoedapruit and Vienns, maleﬁ tere

never seen amplexmg with non-gravid females.
Females probably remain in the( vicinity of the nest on the day between
ovipositicn and addition of extra foam. This was most cles=ly demonstrated
by the large number of femsles seen in the day time ¢t the Mariepsig site
following the building of an enormous communal ne Even 1f females
remain near the nest, howeven there may still be nther nests ir¥ the area
which the female must distinguish from her own nest. How the female
recognizes her nest is unknown. Possible explaﬁaﬁons, which should be
tested empirically, are () individual-specific chemical cues; and (b)
memorizing location. |
A
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2.3.10 Cluich Size

Tadpoles emerged 4.5 - 6 days after oviposition (N = 24 nests). The mean
number of tadpoles per nest at Mkuzi was 537 (SD = 189, N = 17 nests). At
Vienna, the mean numbe:- of tadpoles emerging was 820 (range = 637»»*‘*
N = 4 nests).. Mean clutch sze (tadpoles + eggs in nest) was 1203 (ruvg: =
827-1670; N = 7 nests), Of the iotal clutch laid, 85.8% (range = 72.9 - 94“’%,

N = 4 nests) emerged as tadpoles. All data are for single-female nests.

2.4 DISCUSSION

L]

2.4.1 Communal nesting O

There is no clear explanation for the seasonal pattern of communal nest
building. Five of the six communal nests were built at the start of the
breeding season on nights when the total number of gravid females present
at the lrecling sites was higher' . mmunal nesting appears to be maore
common?i‘u't the start of the | .ding season (D. Gaymor, -personal
communicgtiozi). A vartial explanation for this pattern is that fomales are
morg likely to epcounter one another when female density is high, However,
observations that females do not always build nests communally, even when
the potential--e‘xiats; suggest that this is an incomplete explanation.

The functional significance of communal nest building is unlmown In the
feam-nesting, neotrepical frog P. pustulosus, communal nest building is
common and unrelated to limited nest sites. It has been suggested that
communal nesting decreases the surface to volume ratio and consequently
reduces the risk of desicration (Ryan 1985). A similar explanation may also
seeount fo;{si conununal nesting in C. xerampelina. Waldman (1981) has
shown tha£ communal ovipositien in the wood frog (Rana sylvaticﬁ), which
breeds in & temperate énvironment, elevates the temperature of eggs,

il‘}f
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just water to nests. Additional water is inv:ived, 'bet:aﬁse 'females still
descend to the pond between nest segsions as water appears to be neécessary
for foam production. The benefit of the female adding foam on the second"
night probably lies in a reduced risk of desiccation for tadpoles. Extra foam
will probably decrease water loss, and may also mﬂuenoe nest temperature
by insulating the nest. There ig little opportunity for male paternal cate in -
Chxrr(.tmantls/l;écause the tadpoles are hidden in the foam nest. The foam
nest is also uripalatable ({ only saw meillipedes feeding on dried /ﬁp nests) and
this may be a sufficiently strong deterrent to predavors). Parental care is
rarely reporied in frogs living in arid environments.

i |
2.4.4 Oversll Breeding Patterns

Chiromantis xerampelina may be considered a prolonged hreeding frog
(sensu Wells 1977), At Hoedspruit, male and female presence was not
synchronized by rainfall, female ar;ival was unpredictablg\\\and the OSR was
always strongly msle biased. As in inost other studies conducted over the
major part of the breeding season, I found that chorus attendance is the best
predictor of male mating success [eg. Bufo americanus (Gatz 1981a); B.
 calamita (Arak 1988a);Bufo rangeri (Cherry, in press); B/ woodhousei
{Woodward 1982a); Centrolenellp fleischmanni (Greer & Wells 1980); C.
prosoblepon (Jacobson 1985); il‘nypemlius mamoratus (Dyson et al. in
press); Hyla chrysoscelis Goodwin & Roble 1982); H. cinerea (Gerhardt et

al. 1987); H. rosenbergi (Kluge 1981); Physalaemus pustnldsus (Ryan
| 1985); Rana virgatipes (Given 1988)]. The percentage of nighta present in
the chorua was high relative to that found in many other anyran species (eg.
Gerhardi et al. 1987; Sullivan 1987’\~Green 1990; Salvador & \Famscal 1990;
Cherry in press). ﬁ

The comparative stability in male body weight is interesting because it
contrasts with the results of severai other studies (see review in Halliday
1887; Given 1988), It is rather unexpected, given that (a) males repeatadly
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I suggest that subdued, izstltermittent ealling and male moyement can zll be
- related to the peripheral tnale tactic. Males do not need to be in amplexus to
fertilize eggs. Males that ar.:e not chogen by females may still fertilize their
eggs by being peripheral. Successful alteryative mating tactics reduce
selection on traits associated with the dominant tactic (Halliday & Verrell
1986). This may ':ave resulted in lowered benefits to a high call rate, which
is generally the only trait that; within & mght, is correlated with mating
success (eg Lopez & Naring 1991), Calliag i is energetacally expensive and
males may’ t'.hps have diverted energy from calllng‘ and used it to be present
on a greater number of nights. Male movement is aimost certainly related to
aeekmg out f?males This’is normally an inaffective strategy for a prolonged
breeder because of the high operatxonal sex ratio. In C. zerampelina,
however, males benefit if they enca’ \nter unpmred or paired females because
bkth are potentlal mates, so the ‘effective’ OSR is lowered.

2.4.6 ennheral@ - . o

The most unusual aspect of matlng in Chxmmanhs xerampahna is the
presence of peripheral males. Coe (1967) suggeésted that unpaired males
- helped in nest consiruction in C. rufescens. Observaiions of C.
xerampelina do not support this conclusicn. The data pfo;ide strong
evidence that peripheral males are fertile males exhibiting an alternative
reproductive tactic. They show that: (1) fifty seven percent of amplexing
males also acted as perioheral mafes These males are almost certainly fertile
because all investigated nests had h1gh fertilization ratelh One male mated
without peripheral males bemg present dvring nest’ congtruction and this
nest produced tadpoies. Tlna male was also observed as a peripheral male;
(2) peripheral males only competed with the amplexir;g male for cloacal
proximity to the female duﬁﬂg oviposition; (3) peripheral and amplexing
males were not obgerved helping to churn the foam.
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- Figure 2.5 A photograph showing two peripheral males and an
- amplexing pair during nest construction. The peripharal male on the left can
be seen juxtayosing his cloaca with that of the female,

W7
<
- Figure 26 A photograph showing three peripheral males waiting on
v the nest for the return of the female. The male in the middle is the original
“ amplexing male.
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period of female absence peripheral males remained within about 1 m of the
nest, usually remaining on the nest itself (Fig. 2.6).

I ghserved aimplexus displacement attempts on 14 occasions. They vccurred,
sither before nesting had started, or at the start of a subsequent nesting
session. Seven (50%) of these 14 attempts were successful. There was no -
signuivant advantage to large male size, either as attacker or defender (Sign
Test, NS; (Fig. 2.7).

The combination of amplexing males dismounting between sessions and
successful amplexus displacement meant that females were not necessarily

‘in amplexus with the same male in each nesting session. Of those females

observed for two or more nesting sesgions, 66% (N = 10 of 15) amplexed with
more than one male. Two females a'mplexed with at least three males. Thus
a minimum of 86% of egg clutches were fertilized by more than one male due
to multiple-mating. ' “ ' |

2.3.7 Male Repraduttive __Succegg

In Cliromantis xerampelina the fertilization success of peripheral ééd
amplemng males is unknown so data on variation in reproductwe suceess are

“unavailable, Of the 30 males present at the pond for more than cne ﬂ\kght 28

(93.3%) participated in at least .ne nest, 26 (83.3%) were seen as peripheral
maleq 18 (606.0%) amplexed at least once and 17 156 7%) were obgerved as
both peripheral and amplexing males. The average number of nests that
males were observed to participate in was 2.5 (SD = 1.8, N = 39 males),
whilst the average number of females that males amplexed with was 1.2 (SD
= 1.2, N = 30 males) (Fig. 2.8). The above data vnderestimate male
reproductive behaviour, however, because only 69% of the grawd females
present at the pond wers observed. When the « .a is extrapo..nted to include
a1l 26 females present, the mean number of nests part_:(czpated in is 3.8 and

- the mean number of females amplexed per male is 1.8.
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Figure 2.9 A photagraph showing an enormous commuinal nest built
at Mariepsig. The photograph shows the nest prior tu <he add:thon of foam on

the following night!

el

(%]

Figure 2.10 . A photograph showing a solitary female adding foam to
her nest on the night following oviposition. The leg movement of the female
is typical of that during a ¢huming bout..
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- ﬂespemaily those in the cenire of the egg mass, This elevated femperature

leads to faster growth rategf and increased h_atchmg success. By anslogy,
communal nest building in' C. xerampelina ‘thay lower the temperature
inside the nest-if foam acts as an insulator. Both explanations, however, are
mere conjecture and should be tested empirically.

2.4.2 Clutch Size

The clutch sizes I recorded wers significantiy larger fsban the figure of 150
usually quoted (eg. Coe 1974) which is attributable to Wag'er (1965). Cluich
size in C, xerampelina is significantly larger than that in the two
congenerics [C. xerampelina = 800-1700 eggs; C. yufescens = 113 - 201
eggs; C. petersii = 300-360 (Coe 1974)). The difference from C. rufescens
.clutch size is probably attributable to body size. Ferr;ales C. rufescens are,
on average, only 60mm in length (Coe 1974), and there is an allometric
relationship between body size and clutch size in frogs (Salthe & Mecham.
1974). The ;mtchmg success of nests is comparatively low. Most frog species
have fertilization rates close to 100% (Kruse 1981a). Given the protected
environment of a foam nest, one would expect clutch size and emergent

tadpole number {o be similar. The difference between these two measures is

probably attributable {o desiccation, The outer Iayer of the nest dries rapidly
and any eggs deposxted here are unlikely to develop. Even so, unfertilized

eggs are also found deepnr in the nests which is surprising given the confined -

space in which males shed sperm. Pérhaps sperm mobility in the foam is

-y mited so that eggs need to be fertilized shortly afl;er oviposition?

2.4.3 Parental Care

(o

It

Conflicting reports have been presented regarding the cccurrence of parental
care by female C. xerampelina. It has been suggested that feréads remain
at the nest and moisten it (Rose 1962), although this notion was discounted
by Wager (1965), In this study, [ found that females are adding foam, and not
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struggle to remain in proximity with the female’s cloada; (b) they are visibly
slowing down towards the end of nest building; and (c) they participate in 50
many nesta, 86rﬁeﬁmes over several successive nights. Possibly, reduced
calling effort may pariially offset these costs. The high percéntaga of nights
males are present at the breeding site is also consistent with a rélativaly low
rate of weight loss suggesting reduced energetic costs of reproductive activity.
At ali sceles of analysis, from nest sessions to the entire breeding season,
there was no evidence for non-random mating with respect to body size.
Mated males were no larger or heavier than unmated males. There was also
no size-assortative mating,. This éuggests that there is neither female choice
of large males, nor a large-male advantage in male-male competition, The
dlstnbuuon of matings among males was far more equitable than that
usually recorded far anurans. At least 60% of males amplexed gravid females.

24.5 Calling Behaviour

Several aspects of male behaviour prior to amplexus are unusual. Firs, the
call SPL waa very low. Passmore (1981) measured gﬂmd levela in 17 gpecies
of African anurans, Only one species (Phrynobatx achus mababiensis) had
an equally soft call (92dB). Furthermore, Passmore noted that the calls of
African anurans were louder than those reported from Aystralian and North
. American species. Second, calling was highly sporadic for a prolonged
\'eeder The maximum call rate for C, xerampelina was more reminiscent
7 the mean call rate of other prolonged breeders. Th:rd males continued

hypochondrialis (Pybum 1971), but its significance is unkno
" males showed very high call site fidelity. Five, in spite of call site fi h'ty,
males did move around the breeding site, especially at Mkuzi {see uhap

Four,

~ "7 Four). Male movement is also unusual fora prolonged breeder, where male

usually call from stanonary srtes X J
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1 suggest that the most plavsible explanation for the pregence of thes_e males

is that they compete with amplexing males for fertilizations, and that those
peripheral males that actively compete to place ‘their cloacae agamst the
femzle’s cloaca during ovfupomnon are ejaculating. If go, their actions should
lead to sperm competition. My evidence is comparable to that for group
spawning in several fish species where {mmllm drcumstantial evidence has
led to the acceptance of a sperm _9ompeﬁtion hypothesis (Dominey 1980;
‘Taborsky et al. 1987). It is more difficult to interpret the behaviour of
iractive peripheral males. They may simply be waiting for an opporiunity to
get closer to the’*"péir, or they may also be releasing spers: into the foam.

If active peripheral males are puraumg an altematwe reproductive tactic it
is a fairly soplrustlcated one. For‘ﬂ: ta,é hﬁ"’! evqlved the followmg adaptltse
changes in behaviour were requr‘ d; (1) thr; abin to release sperm without
being in, amplexus; (2) the ability to recognize the cue for ovipesition without
being in amplexus: (5} the capacity tolocate females from a distarice. Most
anuran species show little ability to recognize females at a distance (Wells
1977a; Robertson 1986); and %) the ability to juxtapose cloacae with the
female from a-variety of positions and teo maintsin cloacal proximity while
other males are jostling.

i
< i ; { H

Several workers who have examined group spawning in fish have shown that '

males obtaining ‘sneak’ fertilizations sre a subset of the total male
population. They are usually smaller and/or younger than dormnanf males
and, in the short term, are largely limited to this aneakmg* hc (eg.,
Dominey 1980; Gross 1985; Taborsky et al. 1987; van den Berghe & Warmer
1989). In frogs, males pursuing alternative tactics #re, on average, aiso
smaller (Gerhardt et al. 1987). The small size of ‘sneakers’ may be the result
of, (a) direct selection for smaﬂ‘ body swa ‘because it decreases
conspicuousness (Gross 1985); (b) ‘sneakers bemg younger than dominant

- males (van den Berghe et al, 1389)* {c) genotypic d:ﬁ‘erenceq between males

L
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" (Gross 1985; Ryan & Causey 1989); (d) a response to an active fema}e

preference for larger males (Ryan & Causey 1989).

In contrs#st to the above studies'I di& not, ﬁnd that peripheral males were

smaller than amplexipg males. Size and age are related in anurans becausa °

of mdetermmate growth suggesting that perisheral males aes; no. younger

than amplexmg males (but see: I-Ial]:lday & Verrell 1988}, Indwlduals ofall -

sizes were found in amplexus and acting s peripheral males. The alternahve
reproductwe tactic of peripheral males does not appear to be a ‘best-of-a-bad-
job’ tactic resultmg from phenotyplc constraints, but rather a reversible
{sensu Austad 1984), opporttmlstlc or sxde-payment‘ktacuc (Davies 1582), At

present it is impossible to determiine the re],atn?{' fitness of the tactic because

fertilization rates are unknown. Hem:e ti\‘e poss/’
stable strategy or state occurring remairis open. Explanations (a) - (¢} do not

ility of a mixed evolutionary

account for the peripheral male tactic in C. xerampa]ina The data do not

support a hypothesis that the tactic is *ufresponse to mmale mate chome, ,

because the tactic was exhibited by almost all malep 'I here was also no

’ ewdence for female choice, although it may heve ev.ls&ed in é\f'-e past.

P

In C. xerampehna the altémativé’ reproductive tactic of ampléxis

digplacement wus also documented. The dafa are unusual in that there was

no large-male mating advantage (cf. Telford © Ven Sickle 1989). I did not
measure the forearm length of males and it is possible that this ;nﬂaenced
dispiacement success (Lee 1986). The rate of successfui displacement (50%)
iz also the highest recorded in an anuran Rqecles (Telford & van Sickle 19893,
Amplexus displacement is comparatively rare in vrolanged. breeders (Telford
& Dyson 1088). |

2.4.7 Polvandry

Polyandrous behaviour wherehy more than one ;nale fertilizes eggs m a
single clutch has only been do?:umented in one Gibier anuran, Afrixalus
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. ,deiicatns (Backwell & Passmmie 1990b). Here 1 hiave reported that at least

66% of females were polyandrous. The main cause of. polyandry is the
dismounting of nmplem}ng males between testing sesswné. The data
indicated that males only have an 11% probability of m—amplexmg Polyandry -
is often described as an adaptive female strategy (reviewed in Halliday &
Arnold 1987), but I can not constru: t a plausible adaptive explanation at
present. Increasing the genetic dz.verslty of progeny, or ensuring fertilization,
is especially implausible if one accepts that multiple spawning is occugring.
Further research is necessary to account for the proximate and uvltimate
mechanisms that results in males dismounting. -

2.4.8 Sperm Competition in Anurans? TS ’

Sperm competition as a result of group spawning has been reported in many
fish species with external fertilization. Sperm competition, however, has not
yet been demonstrated in an anursa (Halliday & Verrell 1984). My initiai

vhservations suggest that it probably occurs in €, xerampelina. If go, it ig

-algo likely to occur in the two congenerics. Penphera.i males that gather

around the spawning pair have also been noted in the fnmwaesters
Poly;ﬁdates dennysi (Duellman & Trueb 1986), P, leucomystax (Feng &
Naring 1991), Rhacophorus schiegelli and R. arboreus (Fukuyama 1991).
Pyburn (1970) documented the presence of unpaired males ut leaf nests of
Phyllomedusa dacnicolor and Agalychnis callidryas, but he also noted
that these males were -'attempting to displace the amplexing male. The
functional significance of these males’ presence 'remains obscure,
Interestingly though, in both species females descend to the ‘water and build
nests in sessions. At present, speculstion about the evolution and significance
of the peripheral mule tactic is constrained by the absence of data on the
relative fertilization suceess of amplexing and peripheral males. Preliminary
electrophoretic work shows that there is almost no protein polymorphism in
the study population (Jenrions, W.S. Grant and N.I. Passmore, unpublished

dats). '
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CHAPTER THREE

DIRECT AND COMPARATIVE EV]DENCE
FOR SPERM COMPETITION

. i P
'
£ -

3.1 SUMMARY

An allometric relationship between body mass and testis mass was calculated
using data from 37 African and Japanese frogs (16 genera). This showed that
testis size in Chiromantis xerampelina, Rhacophorus arboreus and R,

schlegelli is unusually large. All three species have multi-male breeding and -

sperm competuhon ppears to havﬁ selected for increi.ses sperm produciion

- 13 all three species,. Addltlonal evade;\ce that sperm cmnpetmor' veeurs in C,
xerampeling iz prowded by’ a ‘sigrile male’ exnnnmen+ I s‘hf}wed that
‘peripheral males are capable u g Jhlmnsr épgs WL,)*-’ the ammmng male is

preventéd from so- domg

3.2 INTRODUCTION

Why does testis size vary so widely among species within a taxa? The first

researcher to investigate this problem was R.V. Short (1977, 1979, 1981) who,

iocking specifically at the great apes, noted that males in multi-male groups '

tended to have relatively large testes. He suggested a likely explanation for
this relationship, ramely, that multiple mating by femnles leads to sperm
competition for fertilization of ova (Parker 1970; Harvey & May 1989), This
relationship was latter confirmed using the comparaﬁvé method tn control
for body size effects (Harcourt et al. 1981). More gem';rally,‘inter-speciﬁc

comparative studies of birds and mammals have shown a similar positive
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3.1 SUMMARY

~ An allometric relationghip between body mass and te stis mass was calculated

using data from 37 Aﬁ’l?/an and Japanese frogs (16 genera). This showed that
testis size in Chirgmantis xerampelina, Rhacophorus arboreus and R.
schlag‘elli is unuaually large. All three species have multi-male breeding and
sperm competxtlon appears to have aselected for i increases sperm production
in all three species. Additional evidence that sperm comgstition occurs in €.
xerampeline is provided by a ‘sterile male’ experiment. I\t gshowed that
peripheral males are capable of ferhhzmg eggs when the amplaxing male is
prevented from so-deing.

3.2 INTRODUCTION

Why does testis size vary sc widély among species within a taxa? Thé- first

- researcher to investigate this problera was R.V. Short (1977, 1979, 1981) who,

looking specifically at the great apes, noted that males in multi-male groups

- tended to have relatively large testes, He suggested a likely explanation for

this relationship, namely, that multiple mating by females leads to sperm
competition for fertilization of ova (Parker 1970; Harvey & May 1989). This

‘relationship was latter confirmed using the comparative method to control

for body size effects (Harcourt' et al. 1981), More ge::ggrally, inter-specific

" comﬁarative studies of birds and mammals have shuv__vh a similar positive
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relationship between testis size and the number of males a female ig likely

to copulate with in a singie reproductive cycle (mammals: Kenagy &
Tromibulak 1986; primates: Harcourt et al. 1981; Harvey & Harcourt 1984;
Mélier 1988b; birdy; Méller 1988¢, 1991), In butterflies of the Pieridae and
Satyridae families, there is a direct relationship between the mass of
ejaculate and polyandry, as well as the produchon rate of ejaculate and
polyandry (Svard & Wiklund 198%). \h .
In mammals, having corrected for the effect of body size, larger testis size is
associated with: higher sperm production rates; larger sperm reserves; and

more sperm per ejaculai;e (Méller 1989b). Similarly, in birds there is a

posmve relat:onsh:p between testis size and ejaculate parameters like sperm
concentrauon, ejaculate velume and riumber of sperm per e;aculate (Méller
1988¢). Sperm competltmn mechanisms are largely unknown (Birkhead &

Hunter 1990}, but th’aoret:cal maodels suggest that numerical superiority is
" an adaptive strategy for sperm competition (Parker 1990a, 1990b; Gage
1991}, The situation has been compared to a lottery or raffle, where one’s -

probehility of winning (fertilizing ova) is directly related to the number of
tickets purchased (sperm ejaculated). The comparative data clearly support
this anelysis, '

\

Intra-specific studies also suggest that numerical guperiority is selected for

under conditions of sperm competition. In spécies where phenotypically

distinct mating morphs exist, those morphs pursuing a tactic invelving sperm
competition tend t¢ haie larger testes than ‘other morphs [eg. Efiue-headed
wrasse, Thalassoma bifasciatum (van den Berghe & Warner 1989);
Salmon, Oncorhynchus kisutch (Gross 1985); blue-gilled sunfish, Lepomis
macrochirus (Dominey 1986; Trivers 1985)]. Although there are benefits to
increased sperm production in terms of fertilization success, sperm are also
energetically costly to produce (Dewsbury 1982; Nakatsuru & Kramer 1982),
We might thus predict that males will adjust ejaculate size (sperm
production) in relation to the risk of sperm compet.ltxon. Indeed, this
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relatmna}ap has been found within several species, again suggesting that the

" level of sperm competition is positively associated with selectmn for

numencal superiority in terms of sperm per ejaculate [eg. hum.ans. Home
saplens (Baker & Bellis 1989),;f mealworms, Tenebrio moh/ (Gage &
Baker 1991); Med1terranean fruit fly, Cerahtis capltata (ngo e 1991)}. |
Sperm competitiﬁn has not been corclusively demonstrated m any species of
atnphibian (Halliday & Verrell 1984), Some urodeles (newts & salamanders)
possesg internal fertilization, store sperm and are inseminated by more than
one male (Verrell 1989) This- is clearly. a situation in w.uch sperm
competition may arise, and there is strong circumstantial evidence for its
oclcurrence in some urodeles (Verrell 1989) In frogs, however, the potential
for sperm campetmon appears to be limited. In most speciés & single male
clasps a female and remains in this position, known as amplexus, throughot.it
‘ipawmng Fﬂrt:hzataon is almost alwaye external (cf. Townsend et al. 1983.)
and thg, ,.:t/ plexing male releases sperm in synchrony with female oviposition.
Sp&?ﬁl corapetition is only likely to evolve if unpaired males can release
sperm whzch have a reasonable chance of fertilizing eggs before the sperm of
the amplexing mals, Given the amplenng male’s proxinity to the femma this
is probably a rare oCcurrance. ' S

In a few species, multi-male breeding has been observed. In the African foam-
nesting rhacophorids Chiromantis xerampelina, C. petersii and C.
rufescens (Coe 1974; Jennions et al. in press) and the Japanese foam-
nesting rhacophorids Rhacophorus arboreus and R. schlegelli (Kasuya
et al. 1987; Fukuyama 1991) unpaired peripheral males gather around
amplexing pairs. Peripheral meles ingert their cloacae into the foam during
spawning and, 1\'1 the case of C. xerampelina, ever’ attemapt to juxtapose
their cloacae with that of the female during bouts of oviposition (Jenrnions et -
al. in press). Peripheral males in these species are almost certainly shedding

aperm, although direct confirmation of this is lacking. In this chapqtar I
K %\ I\

56



A,

ALK

Agalychnis zallidryss (Fyburn 1970, D'Orgeix personal corn,

provide direct experimental evidence that male C. xerampelina can fertilize
agrgs from a peripheral popition, :

In the Central American leaf frogs, Phyllomedusa color and
unic tion),
and the’ Malay Aan t tefrog Polypedates leucomystax (F
199 1) more than one i1le may clasp the female during spa

g & Narins
- .
the bshaviour preceding multi-male breeding iz often characterized by
’honal males are
attempting to displace the amplexmg mele, or whether 1;hte$k are dmplaymg

dzspiaoement attempfs 1t is thus unclear whether these a

a\genmne alternative repmductwe tactie,

N\

 Simultaneous release of sperm by more than one male in species with
" externa! fertilization may lead to intense sperm competition. In species with

internal fertilization, mechanisms of sperm precedence and sperm removal
caii beoselected for (Smith 1984). In species with external fertilization,
howevar, the only mechanisms whereby males can raise their fertilization
success are {(a) to increase the number of sperm released and (b) to maintain

ing. However,

:; .'f

proximity to the female (Ggésaml%ﬁ) There will thus be strong seléction for

"increased sperm productivh, leading to relatively large teates, Here I examine

testis size in eighteen species of African frogs. Kusano et al. (1991) collected
data on nineteen species of Japanese frogs. They reported relatively large
testes in two multi-male bréeding rhacophorids. The allometri¢ relationship
batween body mass and testes mass was, how.ver, caleulated using species
aé independent data points. This may lead to false conclusions because of the
confounding effect of phylogeny (Harvey & Purvis 1991). Here I combine my
data and those of Kusano et al.-and recalculate the allometric relationship

_gsing sixteen genera as independent data points. 1 show that the testes of
three species with-confirmed multi-male breecging are larger than expected .
- for their body size. :

o
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3.3 METBODS

3.3.1 A ‘Sterile Male’ Experiment

In Chiromantis xerampelina peripheral males gathér around the
amplexing pair during ovipesition. The female releases an oviducal secretion
which she churns into a foam nest. Oviposition occurs during bouts of
churning (for more details see Chapter Two). Nests are built on branches,
or any other selid structuré, overhanging water., v

S

R

| I located nesting pairs shortly befdre oviposition commenced and placed the

amplexing male’s lower body in a plastic bag (20 cm x 20 cm). The bag was
then attached to the tree branch with tape. The bag was replaced when the
female returned after each nest session, Peripheral males pesition themselves
on e:thar side of the amplexmje air, and were able to move underneath the
bag and remain in contact with the female's cloaca. Two control trials were
conducted, during which ail peripheral males were removed from the nest.

One trial was conducted in whlch four peripherait males were present. Plastic

- buckets were suspended beneat.h nests to callect emerging tadpoles. Tadpoles

were counted by hand. Nests were then d:ssaived ond unfartxhzed eggs were
also counfed. i e

3.3.2 Testis size

1 collecilld specimens during the peak breeding season (December to
January} k,.dlales were collected during the 1990-1991 and 1991-1992 breeding
seasons. They were kept in captivity and starved for one to two days to
minimize the effect of stomach content on body mass measurements. The wet
masg of the body was then measured to the nearest 0.01 g on an electronic
balance, Testes were then dissected out and their combined mass measured

to the nearest 0.1 mg Testes Mass refers to the combined mass of both

{estes.
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boﬁapa;‘*atwe stud:es are often confounded by the effects of phylogany which
maay obscire or create misleading associations between measured variables.

It is thus:jnadvisable to treai dpecies as independent data points. For
example, Héglund (1989a) re-investigatéd a positive correlation between
sexual dimorphism and lekking in birds. When he examined the relationship
using genera as independent daia points: no correlation was found.
Recommended comparative methods are either directional comparisons,
where éncegtral traits gure compared with descendant treits; or non-
- ..directional comparisons, where traits of immediate descendants of a common -
ancestor are compared with each other (Felsenstein 1985; Pagel & Harvey
1988; Harvey & Purvis 1991). Unfortunately, good cladistic studies of Alrican
anuran phylogenies are still in their infancy and are effectively unavailable.
. in the absence of a reliable phylogeny, an altnrnative approach is to use the -
evolutmr(ary dasezﬁpatmns (which an'rnge speties into a hierurchy of taxa
such as genera, famlhes s.nd orders) as an apprcximate evolutionary tree
(Harvey & Purvisy 1991) Here I pursue this approach, examining the
relationship between testes mass and body mass using dats from sixteen
geners. . v ’
Organ size usually scales allometrically with body size (Calder 1984) and I
therefore analyzed the testes msje/body mass relationship using a linear
regression of log~transfonn;d data. Generis'points were calculated using the
means qf the logs of both variables. There are, however, measvrement errors
for both variables and a reduced major axis analysis is thus recommended
(Harvey 1982). The size of measurement error is, however, unknown and a
Model 1 regression ig thus equally acceptable (Méller 1921). The correlation
coefficient between the variables is high, so the results should c:ﬁhve_rge on

Ml

those froin a reduced major axis regression {M_éller‘ 1991).
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4.4.1 The ‘Sterile Male' Experiment

In both controls where Ipetiphéral ma]es wera excluded from .the nest,
fertllxzatmn success was zero and no ta&polss ‘emerged. Unfertilized egg

" counts for the control nests were 1670 and 1516. In tie expekaental tnal

where peripheral males were present, tadpoles did emerge. Five hundred and‘

twenty tadpoles left the nest, whilst 896 eggs were unfertilized (hatching
success = 36.7%). The plastic bag was an effective condom, so these tadpoles
were sired by peripheral maies. '

3.4.2 Testis Size in African Anurans

I measured the testis size of 28 species, from ten genera and four families,

Body mass, testes mass (combined mass of both testes) and testes mass ag -

a percenisge of body mass are shown in Table 3.1. The range of values or

- teates mass as a percentage of body mass was relatively small (0.1% - 0.6%)

across 17 of the sp:éées, despite a thirty-fold difference in body size between
the smallest and largest species. Chiromantis xérainpelina males had
exceptwnall%ge testes that were, on Bverage, 7.8% of body weight (vange
= 4.9 -11.5%, N = 12). There was a significant positive relationghip between
body mass and testes mass (r = 0.80, N = 18 species, P = 0.0001) (Fig. 3.1).

‘When C. xerampelina was excluded from the dat{\ the relationship ﬁﬁ's'”'"';

even stronger (r = 0,92, N = 17 species, P < 0.0001).
;e < ’f
A |
3.4.3 Body size and Testis Size i

L ]

I plotied the relationship between the mean log of body mass and the mean
log of testes mass for 16 genera (Fig. 3.2).:The Model I regression equation

waa:
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Log [testes mass (mg)] = - 4.18 (SE = 1.08) + 1.46 (SE = 0.29) log [body mass

(mg)] : )
I (1,15) = 1213.0, P < 0.001, R? = 64.8 %] A

i
f

[/ _
To remoe the effect of body size, I calculated the relative testes size for
individual species, which was the ratio of the observed testds mass to that
predicted by the above regression (Harvey & Mace 1982; Ha l\y & Harcourt

1984) (Table 3.1). Mean relative testes mass for Chiromantis iprampe]ina :

was 14.65, for Rhacophoms arbm-eua it was 10. .39 and R. ac\\legel]i was

. ' . iy
3.4.4 Testis Bize in Foam-nesting wwhacophorids

e

=, o n oo
There are thrze species of rhacophorid in Africa, and data are unavaikable for

Chiromantis petersii and C. rufescens. I thus used data frot five species
of J apanese foam-nesting rhacophond (raw data Prowd{d by T. Kuaano; The
mean relative testes size for foam-nestmg rhacgphonjh was 5.86 (8D = 5.30,

N = 6), and for the other species it was 0.76 (SD = 0.50, N = 31). ’Plns

_dlﬁ'erence is highly signifieant (Mann-Whitney U-test, Two-tailed, P =
-0.0002). I also plotted the individual testes mase of 2 mule against his body

mass after log-transformation of variables (Fig 3.3). Kusano et al. (1931)

_showed that ‘H;t"_.he regression was not significantly different in slope or

elevation for four specigg"(Rhacophams schlegelli, R, virirdis, R.
owstoni and Polypedates leucomysiax) and a single regression line is
drawn for the pooled data of these four species. The regression line for C.
xerampelina, did not differ significantly from that of R. arboreus in

slope (Homogenity of Slope test, F = 0.49, P = 0.49), Tke elevation of the

slope for C. xerapehna was almost mgmﬁcantiy greater than that of R.
arboreus (ANCOVA, F = 3.89, P = 0. 053}. Chiromantis xarampelma had
the largest relative testes size of the 37 species examined.
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TABLE 3.1 Body mass and testes mass for 18 species of African anuran. Mean and stﬁ‘_ndard deviation are shown.
is the ratio of observed mass to that predicied on the basis of the allometric regression for 16 genera.

o

3

Relative testes size

Families and species

. Relative

N Body mass Téstes mass 'i‘estcsfg;)dy Locality
{2 (ing) " (%) testes size
e

Hyperoliidae )

Afrixalus fornasinii 1t .256 1049 38 %08 0154003 Zululand 0.60
Hyperolius marmoratus 20 135 £037 29 +14 021+0.07 Hoedspruit 116

H. tuberilinguis 18 141 £027 5.1 £25 035012 Zululand 196

H. argus " 6 200 £022 41 £1.1 021£006 Zululand = 095

Kassina senegalensis 3 500 131 32.1% 17.6 0.62+0.22 Hoedspruit 1.92

K. maculata 11 15572269 0.6 £ 27.6 044£0.12 Zulvland 0.82

Rhacophoridae ) - g _ v

Chirpinantis xerampelina 12 1343£2.69 105} £ 340.7 7,79 £2.38 Hoeispruit 1455

E
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TABLE 3.1 /..CONTINUED i\, )
| \ \
- & e -\._.‘_Q |E }' ) p
Families and species N Body}mass l' Testes mass ﬁ Testes/body Iﬁ_c'aiih; Relative
7 - ® "\ ] (mg) B CO R tesles size
Bufonidee @ _ - ‘ . § -
Bufo maculatus Ite 981 £1.27 373 %119 039 £0.14 Venda 0.34
B. gutturalis . 9  3870+648 118.7 + 38.1 031+008 Venda, Hoedspruit  0.36
B. garmani 4271 £573 555 + 196 0.131£006 Hoedspruit 0.17
Ranidae
Hemisus marmoratum R 3.16 050 39 £ 15 0.13 £ 0.04 Hoedspruii 0.46
‘fomopterna cryplotis 6.34 +0.50 180 £ 9.0 027 £0.15 Hoedspruit 072
Leptopelis natalensis 470 +£0.76 9.1 +20 0.19 + 0.04 Zululand 0.60
Ptychadena anchietae 16 563 £085 152+ 19 0.28 + 0.05 Hoedspruit 0.7%
P. ¢ e~vhynchus 4 1485 + 3.18 313+ 4.3 022 £0.04 Zululand 0.39
P. pororsissima 3 549 £036 9.5 +85 - 0.17+0.15 Zululand 0.50
P. mascareniensis 3 140£0.89 284 1 0.1 0.19 £0.04 Zululand 0.48
Phrynobatrachus natalensis 3 258 t0.17 28 £05 0.11 £ 002 Zululand 0.44
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_ Figure 3.1 The allometric relationship between body mass and testes
. mas3 for 37 speties of anurans {symbols: u = Japanese anurans - dats
" collected by (Kuseno et al 1991); o= African anurans - data collected in this -

study; C = Chiromantis xerampelina; R = Rhacophorus arboreus).-

64

A\



g— AC
g
g& AB
Rh
£ 2 *
§ Poa 4K
g _
g Tohapy
wd , -
1= E' al
Ma 4l '
Hya A.AAHO
— apn
l [ | I
3 4 5
L.og body mass tme
Figure 3.2 - The allometvic relationship between body mass and testes

mass for 16 genera of anurars. The regression &  hation 1s: Log (testes mass)
= 4,18 + 1.46.Log(body mass), [F (1,15) = 1218.0, P < 0.001, B% = 64.8%].
(Symbols: A = Afrixalus; Be = Buegeria; B :» Bufo ; C = Chiroms~tis ; He
= Hemisus ; Hl = Hyla; Hy = Hyperolius ; K = Kassina ; L. = Le_ /opelis;
M = Microhyla ; Ph = Phrynomerus ; Po = Polypedates ; Pt =
Ptych%dena ; Ra = Rana ; Rh = Rhacophorus ; T = Tomopterna).
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Figure 3.3 The allometric relationship between body mass

and testes mass for six foam-nest building rhacophorids. Each symbol-
indicates an individual male. The regressions for Chiromantis

xerampeling and Rhacophorus arboreus do not differ significantly in

slope, but differ in elevation at the 0.06% level. The regressions are: Y =

1.81X - 4.65 for R. arboreus (0); Y = 0.57X + 0.63 for C, xerampelina (v}

and Y = 0.88X - 1.57 for the other four species [R. schlegelli { ~), R. viridis

{®); R. owsioni (1) and Polypa\:lates leucomystax (% )1.
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TABLE 3.2 Variation in the frequency and intensity of multi-male breeding in four foam-restis

Mean number

Species - Frequency o% " Maximum number Testes
| multi-roale . of males of males body
breedin; participating _ - participaring %)
(N = females) in a spawning 1 @ spawning ‘
C. xerampelina 92.3% (N = 3% 55(8D=2.8) 1ta 7.8% (N
R. arboreus 814% (N=97) 34(5D=19) 125 5.2% (N
R achlegelli 444% (N =9) ?.9 (SD = 1.3} 4 ¢ 1.1% (N
P. _lenﬁomystax 3 lglalcs (N=1)  Pe \ e 0.7%: N

J!

{a) Jennions, Backv sl and Passmore (In Press)

(b} Toda {198}

(c) Fukuyama (1991)

(d) Kusano et al. (1981)
(e) Feng & Narins (1951)
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3.5 DISCUSSION = ) | o

© 3.5.1 Sperm Release by Peripheral Mgles

To my knowledge, this is the_ﬁi‘st study of an anuran to document successful
fertilization c;f eggs by peripheral males. The data conclusively show that
peripheral males are releasing sperm. Mui‘tiﬁle—patemity due to sperm
competition, however, may still be absent if the amplexing male has compiet@
priority in access to unfertilized eggs. This is unhkely, but further research
is needed. The significance of the low hatching success is unclear, The plastic
bag z.ay have affected the rate at which peripheral males came into close
contact with the female’s cloa;ca Even so, this should not bave affected their

" ability to release sperm directly into the foam. This sug< lests that the

W

juxtapositioning of cloacae with the female by peripheral males (see Chapter |
Two) may incregse theu' fertilieation guccess. Future studies should examine

the mobility of sperm in the foam nest.

3.5.2 Inter-specific Variation in Tegtig Size

- My study confirmed the trends that Kusano et al. (1951) noted for J apanese

anurans. Eleven of the 19 species they examined were in-two genera,
however, so the potential for a conf?undmg effect of phylogeny was fairly ..
strong., Combining data from both studies, a regressicn of testes mass on

body mass was performed using generic data. The siope of the regression was
s1gmﬁcantf) :arger than two-thirds (ANOVA, F (1,14) = 7. 85, P = 0.015) but
did not differ significantly from unity (ANOVA, F (1,14} = 2.59, P = 0.13).
Even when the regression was recalculated excluding the two genera with
enlarged testes (Chiromantis and Rhacophorus) the slope remained
greater-than two-thirds (ANOVA F (1,12, P = 0009) This result is

.unexpacted, as & scaling factor ¢ two-thirds is commonly found for body

organs {Caider 1984).
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Chiromantis xerampelina have larger testes than expected on the basis -
of the cegression of testes mass pn body mass. In fact,__ ‘their iestes are. °
relatively dpeaking even larger than those of I}hncophorus arboreus.
Kusano et al. (1991) have already outlined an argument for the eristence of
sperm competition in R. arboreus. There is no evidence that male testes size
is related to secretion of substances used in n}}st sonstruction. In C.
xerampelina females add additional foam to the nest the night followmg

~ spawning and this does not require the assistance of males {Chapter Two).

There is also no evidence that males help to chum the foam in either C.
xerampehna or R. arboreus (Kusuya et al. 19‘87) The simplest explanation
for the presence of penpheral males is provided by a sperm competitmn _

| hypothesis.

5 . . K _ . I.\\"\\
3.5.3 :!3\\ stis size and the Frequeuncy of Multi-male Breeding

If sperm competition does account for variation in testes size, there should

Jbe a positive relationship between the frequency of multi-male breeding, the

average number of malea participating in a spawning and testis size. Table
3.2 shows these data for four species with multi-male breeding. These daja
indicate that mulii-male breeding occurs more ofien in Chiromantis
xerampelina thain Rhacophorus arboreus (92.3% versus 81.4; although
this difference is not statistically significant: Chi-square test,X* = 2.5, P >

- 0.05). Multi-male breeding is also more intense in C. xerampelina (5.5

males versus 3.4 males at a spawning). Multi-male breeding cceurs
significantly more often, and is more intense, in R. arboreus than in R. ,

- schlegelli (Kusano et al. 1991). Relative test.es size is positively related to

the frequency of multi -male breeding and the number of males participating
gt nests (testes mass in: C. xerampelina > R. arhoreus > R. schiegeili >
Polypedaies lencomystax) (Table 3.2). This relationship provides
additional support for the sperm competition hypothesis as an éxplanation
of testis size in aturana. ' ‘
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Several factors have been implicated in the kigh level of multi-male breedmg
in R. arboreus (Kusano et al. 1991), and by mphcahon C. xerampelina
‘a) arboreal nests are more conspicuous and easily located; b) spawning takes
a long time ¢) the sex ratio is strongly maie-biased; d) foam-nesting allows
aperm to be contained in the vicinity of the eggs. However, many anurens
with conspicuous foam nests, prolonged amplexus and strongly male-biased
sex ratios, do not exhibit multi-male breeding. At best. the combination of
these factors may increase the likelihood that multi-male breeding occurs.
Of the eight documented cases of multi-male breeding in anurans, six are
- from foam-nesting rhacophoride. Farthermore, in the two hylids (Agalychnis
callidryas and Phyllomedusa dacnicolor) the frequency of multi-male
breeding is very low, and may simply be a consequence of extended attermpts
at amplexus displacement (personal obaervations of A, ca]hdryas) In the
absence of a phylogeny it is impossible to say whether multi-male breedmg
in rhacophorids is a shared dérived character or has evoived on more " 4n
one oceasion. Those aspects of their breeding behaviour, or physiclogy, which
have resulted in the evolution of & reproductive tactic invelving \gperm
competition need to be mveshgated furthet, preferably in conjunction with
a pood phylogeny.

f in

3.5.4 Sperm Depletion -

Sperm depletion provides an alternative explanation for large testis size
{Catar 1985). Van den Berghe and Warner (1989) have documented large
testes size (>5% body mass) in group-spawning male coral reef fish
 (Thalassoma bifasciatum). They noted that sperm competition among
group-spawning males app?ars to limit the number of effective matings a

w

male car;engage in.

Kusano et al, (1891) possess no evidence that multi-male breeding Japaneﬁe
rhacophorids participate fn’ spawning more frequently than other species
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without multi-male breeding systems. My study of Chiromantis .
xerampelina, however, showed that males may participate in a mean'uf 3.8
spawnings over a three week period (Chapter Two). One male participated
in at least seven nests. More importantly, several males were involved in
spawnings’for three or four itive nights. A brief survey of the
literature on anuran mating systems supgests that this is an exceptionally *
"high level of reproductive activity for an anuran. Sperm depletion has not
been docamented in raturally breeding anurans [although it has been
reported in a laboratory expenmeg‘ (Smith-Gill & Berven 1980)], but it may
be a limiting factor for C, xerampnlma Sperm depletwn due to increased
oppf?umtles e engage in breeding combined with intense sperm competltton
t%h select for enlarged teshs size in C. xerampelina " )

‘Acknowledgemeﬁta - I thank P. Bishop, M. Banda, S. Davies, L. Egan, D.
Osberg, A. Turner, M. Villetjand R. Veale for field and logistic assistance.

£

71




1]

/

‘CHAPTER FOUR

3

INTER-POPULATION VARIATION
IN MATING PATTERNS AND
SEXUAL SIZE DIMORPHISM

4.1 INTRODUCTION

4.1.1 Mating Pattern: Variation in Anurans e

Variationin anuran mating patterns is commonly recorGed when researchers
investigate more than___orfé population, or observe the same population over
several years. My survey of the literature (Table 4. 1) shows that 21 of 28
spemes (75%) have both random and non-random mating patterns with
respect to male snout-vent-length (or, in a few cases, another morphological
criterion); 17 of 22 species (77%) showed both a large-male mating advantage
and randory mating. More than half of the species examined by Olsen et al.
(1986), in which size-agsortative or large-male matzng advantage patterns '
occurred, also showed variation within these patterns. It is'important that
conclusions about the potential mating patterns of frog species are not
reached on the basis of a study of a single-population (Sullivan 1987a).

i

Multi-season studies are also preferable to amgle-seéson studies because the

* cffects of environmental fluctuations on mating can be investigated. Six of

thirteen (46%) multi-season, single-site studies showed different matlng
patterns between years (Table 4.1). Finally, there is a danger 'i‘.hait
researchers, even if they study many populations, will select populations on
the basis of their ease of study. This is likely to bias the obgerved mating
patterns. Ideally, populations and sites should be selected at random. For

_—
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exafnple, few researchers working in southern Africa would choose to study
populations of a given species in arid areas if the species’ range also covered
wetter areas. Data cdllection is easier when the breedmg season is extended.
No_n-rando:n' selection of sites may, however, lead to an inaccurate estimate

of the variability in mating patterns and breeding behaviour within the -

species. Similarly, workers tend to choose populations of a ‘managegble’ size
s0 that male mating success can be calculated, even though population size
may have importp-_ implications for female mate choice (Telford et al. 1988).

By éxamining numerous siteé. or monitoring the same site over several years,
a variety of benefits are acheived. Fix _:‘_'i)it is possible to directly assess the
effects of environmental variables on mating patterns (Sullivan 1989), The

confounding effects of phylogeny are controlled for because the same species

is involved in each study (Clutton-Brock & Harvey 1984). Experimental

manipulations can then be implemented to invesﬁjgte the relative
importance of environmental factors, as well as working « b.t the underlying
mechanisms causing variation in mating patterns (eg. Hoglund 1985b;
Woolbright et al. 1990; Elmberg & Lundberg 1991), Second, when dealing
with a single site, the effecis of ecological variation are partially controlled
and varigtion in mating patterns can to related to ‘conventional wisdom’
indices of sexual selection intensity such as the operational sex ratio or male
density (Emlen & Oring 1977; Arak 1983a; but see Sullivan 1989). Third, by
documenting variation, one can determine the comparative strength of
selective forces. If female choice, for example, only affects male mating
success in a small percentage of populations then gene flow between
populations will tend to reduce its effectiveness as a mechanism of
evolutionary change. Likewise, within a single populatiry, if female choice
rarely affects male mating success its relative imje : ice must be
reassessed. Four, the effectiveness, frequency and form of 3 #inative mating
tactic stnployed can be related to environme{/ital and social factdrs (eg.
Fairchild 1984; Hoglund & Robertson 1988; Tejado 1988), Five, with respect

_ to mate choice theory, examining variation in female choice may be
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particularly interesting (Barnard 1991). For exampie, Fisheriéh_runﬁway
models predict inter-populatisan variation in the mean female preference
(Kirkpatrick 1987; Kirkpatrick & Ryan 1991). A correlation between mean
female preference and mean magnitude of the preferred male traits is also
predicted (Ryan & Wilczynski 1987; but see Houde & Endler 1990 and
Balmford & Read 1991). ‘

Proximate explanations for variation in mating patterns are based primarily
on‘the effects of temporal parameters (Wells 1977a). The duration of the
breeding season has a.strong effect on the operational sex ratio and male
density. These, in turn, are thought to affect patterns of mate choice (Wells
1977a; Arak 1983a), the frequency and type of alternative mating tactics
(Howard 1984; Fairchild” 1984; Tejedo 1988), hody size and sexual
dimorphism (Woolbright 1983, 1985; Sullivan 1984), and calling behaviour
(Hoglund & Robertson 1988), Breeding season duration may also affect the
mating pattern by altering the time available for male-male competition
(Hbglund 1989b; Elmberg 1991). There are, of course, additional factors
which may influet.ce breeding behaviour such as the time available to acquire
food resources (eg. Elmberg & Lundberg' 1991) and the presence of sperm
competition.

4.1.2 Sexual Size Dimorphism

| -
There are three main explanations proposed that account for sexual
dimorphism (Hedrick & ’I‘engleles 1989): selection for reduced food competition
between the sexes; natural selection for reprodhctive specializaf,ioh
(*dimorphic niche hypothesis’); and sexual selection. [More details are
provided in Chapter Onel. In frogs, females are usually larger than males
[90% of species (Shine 1979); 96% of species (Fukuyama & Kusano 1989)).
The most likely explanation for this pattern invokes a combination of sexual
selection and dimorphic niche selection. First, in almost all species where
sample sizes are large enough io detect trends, fernale fecundity increases
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TABLE 4.1 Observed patternt of random and non -fandom mating mw B species of anuran& Species that have been studied in a single ?/
popmanon for a single season, the same population for several seasons;: {6r more than one popylation are alf included. This table is compiled

. _from reviews by Arak 1983; Hovard % Kluge 1985¢ and Olsen ct al, 1986, Additional dale were obtained from the primary literature.

Gl

Asterisks indicate a multz—year smglc-m stndy, Lorge male advantage usually refers 10 2 ssgn difference in SVI. between mared and

unmated males. However, in a few st&mcs it also refers to other nmpholog!cal measures (eg. “'omarm length or a prmmpal component__ j/
score based on tmrphologxcal cntrna)
Species _ Large malc ndvantage Size assortativo mating Breeding scason Rcfmmc
h . ’ e -:.\‘f‘.\'..
Afrizalus deficatus . No __ No : Prolonged sagmu 1991 ’
Buergeria buergeri No _ = No ~  Prolonged (( Fukyyama & Kusano 198¢%
- : "No . No ' : \ Fulkayyama & Kusano 1989*
No - No o \Fuknymm & Kmmq)l%Q*
Bufo ame/icanus No : - No Explos:ve Krusc 1981b
v No *  No . ‘Wilbur et al. 1978 =
No. Yes _ Licht 1976 O
Yes No _ "Gatz 1981a * o
Yes No Gatz 1981a *
Yes o No Gatz 1981a * -
Yes No Lward 1988 **
Yes No _ ard 1988 **
No No.- * \\ Howard 1988 **
» ’ . d‘ﬁl\viﬁ:ﬁ . : . - - =
Bufo boreas Yes Yes; Expiosive Olsen et al. 1986
' Yes ~esNo Olsen et al. 1986
No No ' : Olsen et al, 1985 }
Bufo calamita Yes | No Prolonged °  Arak 1983s, 1988s

Yes No Arak 1983a, 1988a
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ST Speeles Large male advantage Size assortative mating Breeding scason |  Reference
 Bufo bufe No "No Explosive Arak 19838 .
: : - Yes < - Pavies & Halliday 1977
Yes - Davies & Halliday 1979
. No No Arak 19832
No No © Hoglund & Rohertscn 1987+
Mo J Yes Hisglund & Robertson 1987*
Yes " No " Loman & Madsan 1986
Yes No Reading & Clarke 1983
- Bufo canorus T Yes Ne Explosive/ Kagarise Sherman 1980 *
No No - Prolonged Kagarise Sherman 1980 *
- Yes Yes Kagarise Shermon 1980 *
Yes No Kagerise Sherman 1980 *
{' Bufo cognatus No No Explosive Sullivan 1982
Bufo exsul Yes Yes Explosive: ° ‘Kagarise Sherman 1980
‘ No No Kagarise Sherman 1980 *
Bufo gutturalis Yes r‘ = No Explosive Telford & van Sickle 1989
. - ':;
Bufo houstonensis Yes - Projonged/ Hillis et al. 1984
Yes - Explosive Hillis et al. 1984
Bufo marinus Yes Mo ? Lee 1986
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Species Large male advantage Size assortativg mating Breeding scason Reference
Bufo periglones No No Explosive “Tacohson & Vandenberg 1991 -
" No Yes - - _ 5 Jacobson & Vandenbery 1991
Bufo quercicus Yes No Explosive? Wilbur et al. 1978
- Yes No “ - Wilbur et al. 1978
No No ' Wilbur et «l, 1978
- Bufo terrestris No No " Explosive Wilbur et al. 1975
. Yes No‘ S Lee 1986
Bufo typhoniys No = " No  Explosive Wells 1979
Bufo valliceps No "No ’ " Bxplosive Lee & Salzberg 1989
. No No Lee & Salzberg 1989
Yes No Lee & Saizberg 1989
Bufo woodhousel fowleri Yes . Fairchild 1981 |
Bufo woodhousei | ‘No No Sullivan 1982 **
o ' No No Sullivan 1983 **
No No . Sullivan 1987 *+
No No - Sullivan 1987 **
No No 4 Sullivan 1987 *»
No No / Suilivan 1989 #++
No No . l Sullivan 1989 *+*
Yes - Woodward 1982b
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TABLE 4.1 /..CONT

Breeding season Reference

Species - Large male advantagcﬂ Size assortative mating
Bufo woodhousel Yes | No Explosive Fairchild 1981 _
o Yes No {at times Woodward 1982a *
© Yes . - No protracted) *Woodward 1982a *
Yes No . Woodwaxd 19822 *
('snirolenella colymbiphyllum  Yes Prolonged . McDiamid 1678
7 .
Centrolenella fleischmanni No _ - Prolonged Jacobson 1985
Centroleneila prosohlepon No ' - Prolonged Jacobson 1985
Chiromantis xerampelina No | No Prolonged " Jennions et al. in press
~ Eleutherodactylus altamazonicus - No ? o Crump 1974
Eleutherodactylus eoqui Noe No Prolonged ' - - Lopez & Narins 1991
o : Yes . | * f.) Woolbright 1989
Eleutherodactylus sroceoinguinis - No 'l Prolonged Crump 1974
Eleutherodactylus variabilis - - No ~ Prolonged F-0n p 1974
Hyia arborea Yes ) Yes

Prolonged o de Orense ct al. 1990

i
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TABLE 4.1 /...CONT

Species Large male advantage Size assonative mating Breeding season  Reference
Hyla chrysoscelis Yes No Prolonged Morris 1989 *
. No No ' Morris 1989 *
. - Yes No Morris 1989 *
h No No Morris 1989 *
No . No Ritke & Semidlsch 1991
. No No Godwin & Roble 1985
Hylx cinerea No No Prolonged Gerhardt et al. 1987 *
No No Gerhardt et al. 1987 *
No No Gerhardt ot al. 1987 *
Hyla garbei . No Proionged Crump 1974
Hyla gratioss | No No Prolonged Mﬁi‘phy (pers comm)
Hyla marmorata Yes No Prolonged Lee & Crump 1981
Hyla peeudopuma No “No & Explosive Crump & Townsend 1990
No No Crump & Townsend 1990
No. ‘ No Crump & Townsend 1990
No i No. ))n . Crump & Townsend 1990
Hyla regilla No No " Prolonged Perill 1984
Hyla rosenbergi No No Prolonged Kluge 1981
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Species Large male advantage Size assortative mating - Breeding season Reference
. "0
Hyla versicolor Yes _ No Prolonged Gatz 1981b
: -- No ;[ No ' Gatz 1981b
No f No JReos ) Nellers 1979
. v \\\\\__‘\,::::. o= o
Hyperolius marmoratus - No ~ No Prolonged ‘Passmore & Telford 1983
: . No No Dyson et al, in press
! No No Passmore ct al. unpubl.
Physalaemus pusiuiosus Yes No Prolonged Ryan 1980 *
- Yes - No Ryan 1983 *
i ' _
Pseudseris crucifer o Yes No - Prolonged Gatz 19816
No No Forester & Lykens 1986
Rara arvalis Yes - ? Arak 1988¢
Rana catesheinna Yes - Prolonged Howard 1978 *
Yes Yes ' Howard 1978 »
Yes Yes Howard 1983 *
/ Yes No Howard 1983 *
Yes Yes Howard 1983 *
Rana clamitans Yes - Prolonged Wells 1977 **
No - _ . Wells 1977 «»
Rhacophorus lencomystax No - Prolenged Arh\m 1988c
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Species Large male advantage Size assortative nia:ﬁhg Breeding season  # Reference
Rana sylvatica Yes Yes l Explosive Berven 1981
_ Yes Yes Berven 1981
Yes No Berven 1981
Yes Yes Howard & Kluge 1985 *
Yes - Howard & Kluge 1985 *
Yes - ¢ Howard 1980
/
Rana temporaria Yes Yes Explosive Arak 1683
No No Arak 1983
No No Ryser 1989
No No Elmberg 1991
Scaphiopus bombifrons No No Explosive Woodward 1982a
Scaphiopus couchi Yes No Explosive Woodward 1982a
No No Woodward 19822
No ~. No Wopdward 1982a
No ) No -’ Woodward 1982z
Scaphiopus multiplicatis ~Yes - Explosive Woodward 1982a
# No - Woodward 1982a
Triprion petasatus Na N Yes Explosive Lee & Crump 1981
Uperolia laevigata Yes Yes Prolonged .Robertson 1986 *
- Yes Robertson 1990 *
- Yes " Robertson 1990 *

.
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{ with'%dy size (Davies & Halliday 1977; Reading 1986; Banks & Beebeee -

1986; Gibbons & McCarthy 1986; but see Crump 1974), There is thus the
potential for sﬁong natural selection for increased growth by femaies. If this
graowth involves delayed reproduction or increased mortality costs, however,
'sqlection for increased body size may be weaker than initiaily predicted.
Second, male size may have an effect on mating success. Studies of proionged
breeders show that a large-male mating advantage and size-assortative
mating (which is advantageous for larger males when-female size is related
to fecun;/d’}@ occur (Table 4.1). In only four species Physalaemus
pustulosus (Kyan 1980, 1983, 198E), Rana catesbeiana (Howard 1978,

1988), R. clamitans (Wells 1977b, 1978) and Uperolia laevigata (formerly

U. rugosa) (Robertson 1986, 1990) are these non-random mating pattérns
associated with active female choice based on traits associated with male
size. In explosive bresders there is often a stronger correlation between male
nating success and bady size, because male size is positively related to
success during amplezus displacement attempts (Davies & Halhday 1977
1978; Lamb 1984; Telford & van Sickle 1989).

There are several possible explanations for non-random mating with respect

to body size. Briefly, they are: (1) male-male competition via displacement, |

rompetition for resources, or the production of louder/more frequent calls; (2)
. female cheice for larger males, optimum-size males, better territories, or the
active avoidance of smaller satellites; and (3) incidental effects such as
different size classes arriving at the pond at different times, or pooling data
from populations with different age/size structures (Arak 1983a). In general,
however, in spite of claims that active female choice for largei]' males should

be widespread (Wilbur et al. 1978; Ryan 1980), it’is a rarcly documented

phenomenon. In addition, even though larger males are wusually more
successful at displacing smaller males from amilexus, the association
between male size and reproductive sugcess is often weak (Howard 1988b).
In contrast, the velationship beiween female size and fecundity is usually
strong (Arak 1988¢; Howard 1988b; Fukuyama & Kusano 1989).
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Arak (1988c) has developed a simple ma@féni eal nyodel which predicts the "

magnitude of zexual size diu:iorphism.j The model assumes (there is no
empirical evidence te test this assumption) that the standard deviations and

" eptima of the functions relating survival to body size are the same for both *

male and female frogs. If true, the difference in body size between the sexes

is proportional to the difference in their reproductive seleqtion gradients. The -

reproductive selection gradient is the regression ccefficient of a regression of

_reproductive success on body size, Empirical data from nine species showed

that size dimorphism was proportion:! '» the differénce in the reproductive

success gradients (r = 0.87, P < 0.002) {Arak 1988c). However, the _predicted
- direction of sexual dimorphism was incorrect! That is, there was :2 stronger
,“ef“ecﬂ of male size on reproductzve success than female size m o Jf the

mne species, yet females were larger than males. (Note that Ara]i\ﬁ &ata on
selection gradients appear unusual in this regard). i

R

“"here are several possible explahafions for the anomalous results of Arak’s

morel. (1) The age structure of populations is rarely known. Tliere is some
evidence ihat females delay reproduction (Howard 1981) g0 the size
difference between the sexes when considering game-age indsx .r’ ‘dnals nay
actually be less than estimated. It ie also possible that age may have a girect

a&'ect on reproductive succesa so that body size is simply a correlate of age. .
| 12) Data on reproductive gradxents are usually based on one season Ideallv .
lifetime reproductave success should be calculated. (3) There may be different = -

body-size/zurvival functions for mates and females. Predation may be higher

on larger males (Howard 1981; Halliday & Verrell 1986). There is alse
~ evidence that iarger males lose body weight faster than smaller males (Wells

1978), Males invest heavily in r@g@@ﬂdugtmn {We“lls' % Taigen 1989) and

smaller size may be advantageous if it aliows more rapid replacement of

depleted energy reserves. (4) Male growth may be constrained by breerhng
activity. The small size of males may si'mply' be a coiiisequence of higher
investment in reproductive activities amnd limited opportunity for growth

(Woolbright 1983, 1989). (5) Perhapr most itsportant of all, frogs ¢ . bits

b
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R mdewrrmnatelgmwth It may thus be wxser to ronsider selection o growth

rate and size 4t maturity rather than size it-.seIt' (Arzk 1988¢). High growth
rates, especaal,&.y in males, often carries costs in terms of increased pre-
reproductive @;pt{ality (Clutton-Brock et al. 1985). ' |
What «f empirical evidence'_ vertaining to these five explanations? In
Eleuthvmdad’l:ylus cogui, females are larger than rmales. Males benefi}
mare from mcrﬂased body size than do females and there is no evidence that
larger mals gizé carries a cost in terms of increased predation. Why then are
males arnaller" Woaolbright (1989) found that when males were: unable to
breed in a labqratory setting, they continued tn grow at the sams rate as
females in the Eeld This is, perhaps. the best empirical support for one of
the five explammons presented above, Even so, possible longer * W *1 effects
of large body : s:ze on male survival are unknowr and. t.hesel rxay also
contribute towmrds limited increase in male hody size. '

Shine (1990‘ m a recent review of ectotherm!. vertsbrates (fish, frogs and
reptiles) has shown that there is a strong positive correlation between the
magnitude of ébxual gize dimorphism at niaturity and at adult body size. This
suggests that sexual differences in pre-maturation growth and1{0r age at
maﬁ;urity'are the primary determinants of size dimorphism; and that post-
masuration factors such as differential survival and growth between the
sexes are less importani, This is in agreement with (5) above, and suggests
that (2), (3) and (4) may be less important areas to investigate if we wish to
explain sexual size dimorphism. Finally, Cherry and Hailiday (unpublished
manuscript) have shown that a large percentage (74%) of the variaiion in
male and female size 1s attribatable to differences hetween the sexes in age
of maturity {first breeding) and longevity. Cherry and Francillion-Vieiliot (in
press) have alijo shown that female irowth rates in anurnas usually excead
thase of males (13 spers: fermale growth > inale growth; four species: female
growth = male growiy; one species: female growth < male growth). Increased
growth rates nuw resuit in higher mortality rates {Clutten-Brock e al. 1985).
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42 METHODS

Observations of meting behaviour in Chiromantis xersmjelina were made

at all three study sites (Mkuzi, Hoedspruit and Vienns). Details of the
December 1990 study at Hoedspruit can be found in Chaptet Two. Additional
ohservat.ons at Hoedspruit were also made at Mariepsig dam.

At Mkuzi, observations were made on an unmarked population on 23 nights
over a 25 night period (December 12, 1989 - January 5, 1990). The nightly

nurnber of mgles present at the pan were caleulated by repeatedly circling

the pan and counting the number of males in each tree. Thi_e largest total for
a single circuit was taken as the number of males present for that night. The
number of females present per night was calculated by ‘examining the site

each day for nests built the previous night. .On_e instance of communal
nesting was observed and the number of fomales intolved is known. _

Communal nests are clearly distinguishable from single-ferhale nests because'
of the exaggerated size of the former. The operational Eex ratio and the
number of males present at the pan was calculated for th: first nine nights
of the study when surveys were conducted most thoroughly, Thereafter, my
main focus was on dod inenting behaviour during nest building.

At Vienna, opportunisﬁé’obsewaﬁons were made from December 16, 1991 to
January 5, 1992. Due to a severe drought, unusually low levels of breeding
occurred. In addition, experimental manipulations ;vvere carried out when
possible, Dats from Vienna are thus anecdotal, Some of the results oresented
here overlap those of Chapter Two which can be referred to for additionatl

information.
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4.3 RESULTS

The main inter-population differences are summarized in Table 4 2.

4.3.1 Body size

At Mkuzi in 1989, mean male Chiromantis xerampelina snout-vent-length
was 58,7 mm (S = 3.7, N = 58, range':';.-, 50.5 - 66.9). Mean famale size was
76.2 mm (8D = 3.7, N = 22, range = 69.0 - 82.9). The size d”morphism ratio
{(Female SVL/male SVL) was 1.30.

At Hoedspruit. in 1990, data from the main study site and Mariepsig dam
were pooled because there were no significant differences in the data from
the twn populatioﬁs (Mann-Whitney U-tests). Mean male size was 62.8 mm
(8D = 3.6, N = 43, range = 50.6 - 69.4). Mean femsle size was 76.1 mm (8D
= 3.2, N = 34, range = 67.8 - 81.3). The size dimorphism ratio ‘was 1. 21. At
Vienna in 1991, mean male size was 51.9 mm (SD = 3.4, N = 27, range =
56.3 - 67.4); Mean female size was 74.8 mm, (§D =44, N = 13, range = 67.8 -
83.0). The size dimorphism ratio was 1.21.

. There was no sig'niﬁ;ant difference in female size at the three sites { (ANOVA,

F (2, 66) = 0.804, P = 0.45) (Fig. 4.1), but there wss a mgmﬁcant difference
in male size between sites (ANOVA, ¥ (2, 125) = 17.37,P < §.0001). Multiple-
comparison tests showed a significant difference between Mkuzi and
Hoedspruit and Mkuzi and Vienna (both: Scheffe’s test, two-tailed, P < 0.05).
There was no significant difference mm male size between Vienna and
Hoedspruit (Scheffe’s test, two-tailed, NS) (Fig. 4.2). Pooling data from all
three sites, the mean female size was 75.9 mm (SD = 3.6, N = 69, range =
87.8 - 83.0). Pooling male size data from Hoedspruit and Vienna, mean male
size was 62.5 mm (8D = 3.5, N = 70, range = 50.6 - 69.4). The mean size
dimorphism ratio for Vienna/Hoedspruit was 1.21 (Table 4.1). Females were
significantly larger than males at ail three sites (All sites: Student’s-t-tests,
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TABLE 4.2 Inter-population vaﬁﬁtion in Chiromantis xerampelina. [ * = calcu'l'atcd for 9 nights]

Study Site: Mkuzi Hoedspruit Vienna
Nights of observation 25 21 21
Males per night 28.4 + 196 -
Females per night 1.36 - L20 0.41
Mean OSR 1515 % 1:14 :
Nests with 02% - 93% 88%
peripheral males (N =22) (N = 14) N=T)
Displacement attempts . None Yes (N = 14) Yes _
Amplexing msles Every time a 55% of observed 60% of cbserved
Dismounting session ended depirtures departures
: ~ (N = 22 nests) (N = 11 of 20) (N=6of 10}

Probability of . © o%(N=linll) 25% (N =1 in 4)
dismounting maie o e T
re-amplexing |
Female size 76.2 mm (N = 22) 76.1 mm (N = 34) 74.8 mm (N = 13)

- Male size 587 mm (N =5%) 63.2 mm (N = 30) ~ 61.5 mm (N = 27)
Female/Male 1.30 o tg1 S ¥
Size Ratio ! : : ] N
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Figuré 4.1 Hiatogramg showing the distribution of female size m
. three populations: A = Mkuzi (19£9-1980); B = Hoedspruit (1920-1991); C =
Vienna (1871-1982). There was no significant difference in size between sites. -

i

B8



73 % 6 &7 7
12— SVL )

T

Frequency
I
i
o

it

8 SVL : 4

[

Frequenc

5'1 s = 53 ar 131
SVLmm}

Figure 4.2 Histograms showing the distribution of raale size in three

- populations; A = Mkuzi (1989-1990); B = Hoedspruit (1990-1991); C = Vienna -

(1991-1992). There was a significant gize differences between Mkuzi and
Hoedspruit and Mkuzi and Vienna (Scheffe’s test, two-tailed, P < 0.05 both).
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two-tailed: Mkuzi. t = 18.84, P < 0.0001; Hoedspruit t = 16.75, P < 0.0001;
Vienna, t = 10.19, P < 0.0001).

4.3.2 Demographics

At Mkuzi, breeding was observed from December 12, 1989 until it ceased on
January 5, 1990. However, several nests had been constmcted befors the
study began and the season was thus longer than the 25 day period of
observation. At Hoedspruit, only two nests were constructed in the three
weeks prior to the study. The study ramvover 22 nights, from December 5 to
26, 1990 when breeding stopped. At the Miriepsig dam on December 5, 1990,
a very large number of gravid females (40)) and males {100+) were present
at the dam and built nests. In the nighis that followed, ouly a single
additional female bred at the dam. There \;mre never more than one or two
meales present on subsequent nights. Braedfng shifted 1o a second dam at
Mariepsig, approximately 60 m from the nesting sites at the first dam. At
Vienna, breeding was monitored from December 16, 1991 to January 5, 1992.
Four dried out nests were already present. Over the study period, only eight
nests were built, whilst 27 males were marked. One or two additional nests
were built during January (C. Ferguson, pers comm).

iy

The mean number of males per night at Mkuzi was 28.4 (N = 9 nights), while
' the mean number at Hoedspruit was 19.6 {N = 21 nights). At Mkux, the
mean number of females per night was 1.20 (range = 0 - 5 females, N F 25
nights). At Hoedspruit the mean was 1.36 females per night (range = 0- 6
females, N = 22 nights). Mean operational sex ratio at Mkuzi was 1:15 (range
0 - 0.14, N = 9 nights), at Hoedspruit it was 1:14 (range 0 - 0.29, N =21
nights). At Mkuzi 92% of nesis (22 of 24 nests) and at Hoedspruit 93% of
nests had peripheral males (14 of 15 niests). At Vienna, 8 gravid femalea/ﬁare
- obgerved. In some cases, [ manipulated male numbers at nests. Howfiver at

B of 7 nests (88%), peripheral males were, or would have been, presenti There
N
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was no significant difference in the frequency of multi-male nests at tﬁe three
sites (Chi-square test, df = 2,X* = 0.75, P > 0.5). '

4.3.3 M, nd Female Behavigur

At Mkuzi, amplexus displacement attempts were never observed. At
Hoedspruit, however, 14 attempts were observed. More nest building and
mating was observed at Mkuzi than at Hoed[f'—" \) therefore this difference
is not an artifact of sample size. Data from Vienfia dre not presented because
most nests were artificially manipulated but, attempts at dzsplacement were
also recorded. '

At Mkuzi, each and every time the female descended to the water between
nest sesgions, the implexing male dismounted. Because the population was
unmarked, it was not possible to establish whether or not the vriginally
amplexil;,; male amplexed with the female when she returned. At Hoedspruit,
the amplexing male dismounted in 11 of 20 female descents (55%) . The
amplexing male only re-amplexed in 1 of 11 observed returns (%.1%). At
Vienna, the amplexing male dismounted in 6 of 18 (60%) cheerved fomale
descents and re-amplpg.e;d in 1 of 4 observed female retum? (25%). Pooling
the Hoedspruit/Vienna \‘ﬂata, 7% of males {17 of .:surd]lsmounted with
13.3% (2 in 15) re-amplexing when the female returned to the nest.

Although recordings of vocalizations were not made at Mkuzi, the amount of

‘calling at Mkuzi and Hoedspruit appeared to be similar, Calling at Vienna,

howev. -, appeared te be more sporadic. This is reflected in the absence of
tape recordings from Vienna, despite attempts to record males. Equaljeﬁbr_t
was made to obtain recordings at Hoedspruit and Vienna, but the percentage
of males redorded at the two sites was significantly different (Vienna: 0 of 27
males; HoedSpruif, 15 of 30 males; Chi-square test, df = 1.X* = 7.35, P < 0.01).



Male movement between call sites that was unrelated to female presence (is.
not just males moving towards a gravid female} occurred in all three
populations. However, the inales at Mkuzi were far more active. They were
regularly seen to climb up a large tree, drop into the water and then swim
to the base of the tree and climb up it again. This behaviour was not
observed at Hoedspruit or Vienna. At Mkuzi the number of males on a given
tree also varied between censuses, due to male movement, while the number
remained fairly constant per tree/call site at Hoedspruit and Vienna.

4.4 DISCUSSION

!

4.4.1 Body Size Size

In maie, but not female, Chiromantis xerampelina body size varied
between popuiataons There was a significant difference in male gize at Mkuzi
versus the other two sites. There was no difference between the Vienna and
Hoedspruit site. Given that the latter are 23 km apart, with no habitat or

topological discontinuities acting as barriers to movement, they probably form
a continuous population in terms of gene flow. The similarity in body size for
December 1990 and 1991 at Hoedspruit/Vienna, despite the very different
environmental conditions {severe drought in 1991-1992), suggests that the

size difference between Mkuzi and Hoedspruit/Vienna males is not solely due |

to phenotypic plasticity, but has an underlying he;i_table component.
Additional support for this suggestion is provided by fhe similar size of
females at all three sites. If environmental or dietary factors were responsible
for difference in male size, one would expect to see a gimilar inter-population
difference in female size (eg. Sullivan 1987). The séx-specific nature of the
inter-population size difference suggests a selective force acting oh males.
Perhaps the existence of the amplexus displacement tactic in the
Hoedspruit/Vienna population, which usually selects for larger body size
(Telford & van Sickle 1989), and its absence from the Mkuzi populat:on,
coniributes towards the difference in male size? '
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4.4.2 Sexual Size Dimorphism

The degree of sexual size dimorphism for Chiromanti&;’;‘emmpelina varied
between 1.21 and 1.30. The mean for the two populations was 1.26. An inter-
population range in the dimoerphism ratic of 0.09 falls well within the known
degree of variation. In a review of dimorphisin in Japanese anurans, the
mean range recorded was 0.10 (range = 0.02 - 0.31, N = 6) (Fukuyama &
Kusano 1989). The magnitude of size dimorphism is fairly large. Based on a
review of size dimorphicm in 56 populations of 45 species, size dimorphism
in the ¥ _Ispruit/Vienna population was in the top 28%, while Mkuzi was-
in the top 14% (Fukuyama & Kusano 1989).

How can sexual dimorphism be explained? First, the age structure of the
population is unknown, hence the possibility that females are on average
older than males can not be discounted, although frog researchers h_g.xg

tended io overlook this possibility. What of selection for large male body siz;?\—,\_

At Hoedspruit, there was no evidence for non-random mating with respect to h ’
body size. There was also no evidence for female choice of larger males.
Although amplexus displacements were observed, there did not appear o be
a large male mating advantage (Chapter“ Tw&}. However, because inter-
population variation in mating patterns does occur (Table 4.1), further data
are needed. Kven so, behavioural chservations suggest a large m”?!-e
advantage is unlikely. The dismounting of males between nest sessions
reduces variation in mating success {(observed in all three populations) and
tends to minimize any effects of direct male-male competition {observed in
two of three populations). Similarly, the manner in w_hic!{ dmplexus was
initiated argued againct temale choice {Chapter Two), The same psatiern of
amplexus initiation was seen in all three populations. In sum, the
reproductive selection gradient for male size is likely to be close to zero. Two
points should be noted though. First, if males were larger they would benefit
when in amplexus by reducing the distance between their cloaca and
extruded eggs. However, because peripheral males probably fertilize eggs this
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reduces any selective force relating to amplexus (Halliday & Ver?eil 1986);
sevond, the stronzest selection is probably for increased testis size (Chapter

Three). If testis size can not be selected for independently of body size, then
~ body size might be larger than expected as a correlated response to selection

for large testis size.

For female C. xerampelina, body size is likely to be related to fecundity
{clutch size) as with other anurans. Different benefits of size to males and
females do not, however, explain sexual dimorphism (Hoglund & Saterberg
1989). If there is no cost associated with increased size, then male size should
increase as a correlated reap-:-ﬁse""m selection for increased female size.
Selective forces acting against increased male size are unknown. Possibly
food constraints may select for smaller body size. Finally, given the
cuutparatively stable weight of males during breeding (Chapter Two), there
is les- vidence that male size is consirained by energetic factors than for
other species (eg. Given 1988). In most frogs males lose weight during the
breeding seasoa (Halliday 1987).

4.4.3 Demographics

Bz‘eediné in African frogs is strongly dependent on rain, especially in the
drier parts of the couatry where surface water only remains for short periods
in the absence of replenishing rains. \G\énerally speaking, Chiromantis
xerampelina is a yrolonged breeding species. Breeding begins with the first
heavy rains of the summer and persists at a very low rate even in the
absence of rain. Despite being a prelonged breeder, however, the intensity of
breeding fluctuates widely. There af)peara to be an initial period of one or two
nights when large numbers of females breed. This coincides with tha first
good rains of the season, or rain following a dry apell. Demographically the

initial breeding period resembles that of an explosive breeder - high densities

and a lower operaticnal se~ rritio. Thereafter, breeding extends over a fow
weeks and resembles thal o most prolonged breeders - female arrival is
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~ asynchronous and unpredictable and the operational sex ratio is heavily

male-biased. Under natural condifions, the termination of breeding would

* probably coincide with the disappearance of surface weler, but with farm

dams and borehUles breeding may -be artifiziaily prolorzed. Analyses of
mating patterns and correlates of ma..ing success in C, xerampelina would
need to consider twa factors: (1) the!, \\rentage of breedmg ocburriig during
the first and second nights of breedmé) and (2) whather trends relating to
matmg should be considered across the entire season, or whether a

distinction should be made betawer:n the initial burst of breeding and the
prolonged season that follows. For evample, imagine a sifwation where no

temala choice occurs on the first few nights due to high male denqmty and

strong q(}ale-male competition. If 80 % of matings occured at this lmh}Lkstage, __
then eviﬁn if female choice was a strong force for the vest of the season, it

nnght b¢ diffizult to detect (see also I-Ioward 1988h).

Fo

ok

444 Male and Fema_l. ) Behavigy_r

“ e

Peripheral males were seen st all three study gite, with appromnately the

same frequency (92%, 93% anf,l 88% of nests) Most alternative’ mating tactics

in anurans are density-dependent or vi ;m relation to tha operatlonal sex .

ratio (eg. Hfiglund & Robertson 1988; Arak 1988b). The penpheral male

tactic in Chiromantis xerampelina is rolated to male density and the OSR

in a rather obvious manner. Males that do not amplix become peripheral.
males. The chances of finding another gravid female are usually such that
" the best tactic a male can pursue is simply to arplex with the first female

he encounters, or to follow the first pair he encounters and join in as a~

peripheral male. Hence, the percentage of males’ pursuing the peripheral
ma.le takuie at any given time could be expressed as: -

)

i
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K

P = KIN(D) - N(FYlx 100
o NT) = 1
where: J .,___,,-E= Percentage of males that are peripheral
" N(T)= Total number of males present
' N(F)= Number of gravid females o
K = Proba"bility of finding a pair and"’% I soming periphs-al

W

anfl where K is proportiona! to N(F).

[Note: the percentage of males Iemployinu' the peripheral male tactic per

| night, will depend on the rate of ample:ms displacement, the numxy&- of

males dismounting between sessmns ‘and the probability that a dismounting
male will re-amplex].

As N(F) increases, th\e chances of finding a pair increase. So, for a given
male density, the frequency of the peripheral male tactic should ba positively
related to the OSR. If male density is very high, however, it may lower the

[

frequency of the peripheral male tactic. The number of males that cen _' R

participate: & nest is finite and there are raduced benefits to joining a nest

as the number of peripheral males increase [van den Berghe & Warner

(1989) have shown that in a tropical reef fish, mules adju"st their P énce at
group spawnings in relation to the level of sperm competmon K

males]. In C xerampeling, there was some evidence that male dens:%} may
reach levels that effect f{P). For example, some males leﬁ: nestsrl*efm/-e the
end of spawning (Chapter Two). ThJs was only seen at wests wzth large
numbers of penpheral males. Unfortunately, dataonthis phcnumena "m\;mt

collected systematically, \and ro conclusions dan be i awn

\'\

) Male caliing behaviour was similar at all three sites)'at Iiast to the exteni.

other:

e

that calling was sporadic and subdued. Calling at Vienna, he;f_’évex, Was

especially inlemnitient, as reflected by the absence of sound recordings.
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ifales probably cue on rainfall as an general indicato: of the hkelﬂmod of
female presence. Given the drought conditions, and consequent reduced
female presence, this may explain their decreased calling effort. The main -

inter-population difference in behaviour was the presence or absence of
amplexus displacement attempts: No displacentsnc attempts were seen af
Mkuzi, while displacement atiempts, and successful displacement, were seen
at Hnedspruit and Vienna. The reason for thig inter-population variation is
unclear. A-cording to theory, the intenasity of direct male-male competition

- is relaied ic three factors. First, the operationsl sex ratio (CSR) (Emlen &

Oring 1977; Tajedo 1988), As the OSR becomes more male-biased the number
of unpaired males encountering pairs increases, hence the chance of
displacement attempts increases (Tejedo 1988). If the OSR was more male-
biased at Hoedspruit, this might have expiamed the results. In fact, t.he

" OSRs was rlmost id atical (1:14 versus 1:15). Second, male den.sny may also
effect male-male competition. Again, as densiiy rises, the chances of unpaired
males enmu.ntenng pairs rises. There waa no corspicuous difference 1 in male

density between the Mkuzi and Hoedspruit pepulations. This exp]anatmn is

pariicularly unlikely to explam the situation in C. xerampelina, because

wales encountered pairs at the same rate in both pepulations, as estimated
by the frequency of multi-male nests. Tthe’: intar- pOpulatzon variation in the

_amplexus displacement tactic may be related to the duration of the pre-

spawning period. Hoglund (1989) in an experimental study with Bufo bufe
found that the likelihood of displacement increases as the pre-spawning
period increases. This has also been reperted in Rang temporaria (Arak

1982: Elmberg 1991). Again, however, this explanation i3 un]ikely to account.

for the situation in C. xerampelixia where we are dealing with the total
absence of the tactic from a population. Besides, variation in the pre-
spawning duration between Mkuzi and Hoedspruit is minimal (on the order
of minutes) and displacements occured throughout the spawning prog_éss.

In ®. temporaria, inter-population variation (including total absence in
some populations) in the tactic of amplexus displacement was releted iothe
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OSR, male density and the duration of the pre-spawning period (Elmberg
1991). None of these explanations account for the absence of displacement ‘
attempta from the Mkuzi population. The answer may lie in: the benefits o
derived from being in amplexus. Parh.aps the larger male gize in the
Hoedspruit population increases the fertilizativn success of amplexing males )
relative to that of peripheral males, making amplexus more advantageous?

This could be tested by examining the fertilization success of different-sized

3]

. o i —,
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T

P

amplexing males in the presence of periphera! males.
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CHAPTER FIVE o

NOCTURNAL BODY TEMPERATURE IN THE PAINTED
REED FROG, HYPEROLIUS MARMORATUS AND THE
FOAM NEST FROG, CHIROMANTIS XERAMPELINA

5.1 SUMMARY

An earlier study by Passmore & Malherbe (1985) reported that the nocturnal

~ body temperature of painted reed frogs (Hyperolius marmoratus) is higher

than dry-bull> air temperature. It ‘was suggested that this difference in
temperature was due to the combined effects of diumnal basking and a low
rate of e_vaporati\;a;_,water loss. I present additional data showing a smaller
difference between body temperature and air temperairre than originally

‘observed. However, the general trend towards elevated body temperature was
confirmed. I also report that the nocturnal body temperature of the foam nest ‘

frog (Chiromantis xerampelma) is not elevated even though it is. known
to bask and has low evaporative water loss. The significance of elevated body

‘temperature is discussed in relatwn to female chaice.

5.2 INTRODUCTION

In many frogs, temporal and sometimes spectral mating call parameters are
ir Juenced by temperature. If variation in body temperature affects call

- parameters that females use as cues during mate choice, it is possible that

males may thermoregulate to increase the aitractiveress of thoir calling
(Falrchlld 1981). Perhaps more importantly, the perfom‘ancr =apacity of
anurans rises with increasing body temperature (Putnara & | L'ennett 1981)
Males with elevated body temperatures are thus capable of sustaining a
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higher rate of calling. In Hyperolius "marmoratﬁa, mating success is
positively correlated Wij}::&ll rate (PaSsmomlet al. unpublished) and cail
rate, in turn, is positive. ' related to temperature. :

In mest studies of anurans, it is assumed that dry-bulb or wet-bulb air
temperatures are acceptable substifutes for direct measurements of hody
temperature. In some arboreal anurans, however, reduced rates of
evaporative water loss are predicted to result in bigher body temperatures
than those found in typical anurans (Wygoda 1984; Wygoda & Williams
1991). This trend has been confirmed in Hyla cinerea (Weygoda 1988a,
.?.[9881)3. Passmore and Malherke (1985) found that nocturnal body
témperaturea of H. mafmoratt_xs nia_les were congistently higher than dry-
bulb air temperature (¥ =+ 3.1 C, N = 81). These frogs bask diurnally and
have low evaporative water loss (Withers et al. 1982). Passmore & Malherbe
© {1985) suggested that these two phenomena might account for elevated body
temperatures. I tested this hypothesis by exsmining nocturnal bedy
| temperatures in the foam nest frog Chiromantis xerampelina. Foam nest
frogs bask diurnally and have remarkably low rates of evaporative water loss
(Stinner & Shoemaker 1987; Kaul & Shoemaker 1989). According to the
evaporative water Toss hypothesis, they should have elevated nocturnal body
temperatures, 1also re-examined the ralationship between ambient and body
temperatures in H. marmoratus,

53 METHOD
Datia on Hyperolius marmoratus were collected during January 1992 from
a small pond on the farm Twinstreams, Mtunzini, Zululand (latitade 28°51°
S; longitude 31°46' E). Fora detailed description of the study site see Telford™
(1982). I used a Bailey Instruments BAT-12 digital thermometer equipped
with a PT-6 thermocouple to measure temperature. Males and females were
captured individually from perches. Conductive heat transfer between the
frog and the hand of the researcher was minimized by capturing frogs by
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their hind Teet. Frogs were then hpld by the feet on a plastiég surface while

“the thermocouple was inserted into the mouth. Eody temperature

measureﬁnents were complete within 30-408 of capture, Body tem};\erature
(Th) did not increase during handling as indicated by the stable reading from
the thermometer. Dry-bulb air temperatures (Ta) were then taken within 5
cm of the site of capture. Male snout-vent length (SVL) was then measured
to the nearest 0.1 mm using vernier calipers. The time of night, water
tempertiture {Tw) and male mass (£0.01 g) were also recorded. All
measurements were made between 2000 and 223¢ hours,
0 _

Data on Chiromantis xerampelina were collected between November 1991
and January 1992 at Spare dam on Vienna Geme Farm, Hoedspruit,
Transvaal (latitude 24717 8: longitude 30°58' E). Methods foilowed those for
Y. marmoratus, except that body temperature was measured by inserting
the p;obe through the cloaca into the rectum.

5.4 RESULTS

5471 Nocturngl Body Temperature of Chiromantiis xerampelina
i

The air temper?tu.;-e measured at the perches of males and females ranged
from 17.0- 27.9 C (x = 23.1 3.0 SD). Body temperature ranged from 17.3 -
25,8 C(¥=22.6 2.28D). There was nb significant difference between bocy
temperature and ambient temperature (Matched-pair Student’s t-test, One-
tailed, t = 0.64, N = 26, F > 0.5). Ther= ‘was & significant corcelation between

‘body temperature and dry-bulb air temperature (r = 0.84, P < 0.0061) (Fig.

6.1). There was no significant difference between male and female body
temperatures (Mann-Whitney U- test,/Two-tailed, P = 0.24).
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Figure 5.1 The relationship between dry-bulb air temperafure and
" body temperature (cloacal) for 26 Chiromantis xerampelina (symboils: a=
male; o= female). The line represents equality of body temperature and air
temperature.
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5.4.2 Nocturnal Body Temperature gfli_mmlhmﬂ
o Re .
The air temperature (Ta) measured at the perches of males ranged from 17.5
-254C X =227 L78D) Bodytemperatura(’lb)ranmdﬁnm 19.6.- 28.0
(x =235 1.7SD). Although there was a significant correlation b‘atween Tb
and Ta (r = 0.84, P < 0.0001) 1Fig. 6.2), there was also a significant dlﬁ'erence
between the two temperatures (Tb - Ta: x = 0.8 1.0 SD; range =-1.7C to
+3.4 C; Matched-pair Student’s t-test, Two-tailed, t = 6.87, N =78, P <
0.0001) (Fig. 6.3}, Two of the six measured variahles were correlated with (Th

- Ta): body temperature (r = 0.39, P = 0.0005) and ambient temperature (r = -

0.23; P < 0.05) (Figs. 6.4 & 6.5). There wae no significant correlation between ‘

(Tb - Ta) and time of night (P = 0.75), size (P = 0.83), mass (P = 0.78) or Tw
(P = 0.88). ’

¥
Despite the corre'qtion between Th, Ta and (Th - Ta), the two variabléé
explamed a very small percentage of the variance in (Tb -T'a) in model I
linear reg‘ressmns ’ '

(Tb-Ta) & 448 (SE = 15D - 0.16.Ta (5E = 0.07)

[F(1,76)=5.99,P = 0.017, R* = 7.3%]

and

N

| (Tb - Ta) = :3.78 (8E = 1.51) + 0.19.Th (SE = 0.06)
[F (1, 76) = 9.14, P = 0.003, B = 10.7%]

There was no significant differenge in the value of (Tb - Ta) for males and
females (Mann-Whitney U-test, NN, = 78,7, P = 0.29).

103

<3



b

Body T«wamtm {v)
£

[
N
T

Air Temperature ('C}

Figure 5.2 The relationshi{; between dry-bulb air temperature and
body temperature (oesocphageal) for 78 male Hyperolius marmoratus.
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Figvre 5.3 A lﬁstogré.l showing the distribution of the difference
between body temperature and ambient temperature for 78 male Hyperolius
marmoratus. Values greater than zerv are shaded. The mean temperature
elevation was 0.8 C (8D = 1.0 C). A "
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Figure 5.4 The relationship between body temperature and the

magnitude of body temperature elevation (T, - T,). The Model I regmsswn
equation is: T, - T, = -3.78 + 0.19.T, [F(1,76) = 9. 14, P = 0.003, R?= 10.7%].
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Figure 5.5 The relationship between air temperature and the magnitude of
body temperaturt elevation (T, - T,). The Model I regreseion equation is: T, -
T, = 448-0.16T, [F(1,76) = 5.99, P = 0.017, R%= 7.3%].
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55/ DISCUSSION

The data show that there is no significant differenn~ between body
temperature and 'ﬂdry~bu1b air temperature in Chiroman-"q._._._;_w{xerampelina.
Dry-bulb temperature ig a good predictor of body temperature. This is in
agreement with results from diurnal studies of body temperature made by
Shoemaker et al. (1987, 1989). Basking and low avaporative water loss do not
appear to elevate nocturnal body temperature m C. xerampelina. 1 thus
suggest that the elevated body temperature in Hyperolius marmoratus can
not be attributed solely to these two factors.

. The results presented here confirm that male and female H. marmoratus
" have body temperatures higher than air temperature. However, while

Passmore & Malherbe (1985) found a mean difference between Th and Ta of
3.1C, I recorded a difference of 0.8 C. Thus, while the trend is supported, the
mag'rﬁt{ide of the difference is four-fold smaller in my study. A possible
explanation for these results is that relative humidity differed between the
two studies. During the study of Passmore & Malherbe (1985), rainfall was
normal to heavy and relative humidity was high. During my study, extreme
drought conditions occurred with almost no rainfall and relative humidity
was very low. Water loss rates are invérsely related to relative humidity in
anurans (Campbell & Davis 1971). Sc a h1gh rate of evaporative water loss

~ by H. marmoratus during this study may explain the relatively low bedy
temperatures [ recorded when compared to those of Passmore & Matherbe

(1985). Y

What is the proximate explanation' for elevated body temperature ir K.
marmoratus? First, I can nile gut the simple explanation that the air loses
heat more rapidly than the frog in thé hours of darkuess. There is no
correlation between (Tb - Ta) and time of night. Second, a major difference
hetween the two 'species examines ig that calling is sporadic in C.
xerampelina whilst . marmoratus males call continuously. Perhaps
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metabolic heat is generated by calling? Passmore :md Maltherbe (1985)
suggested that calling was not the cause of elevated hody température. They
noted that the temperature of feriales did not. differ from that of nearby
males (N = 6.females). We found the same -¢lationship (N = 7 females). At
present a satigiactory explanation for elevated body temperature in H..
marmoratus is unavailable.
5

Whatever the proxiate explananon for elevated body tef &pera tures. ie o
marmoratus, the effect on mating succesd is of hiological significance.

Passmorse et al.\;inpuﬁlished} have shown in a Model I regressioh that:
: : W]

;nall Rdte (éalls per min) = §.84 (Tai in b) 4154 (R?=70.7%)

b
A

'

}“ J,, e {1 ;
As bddy tempe::;ture (which is positively correlated with air temperatufe)
riges, call rate ir.creases. Field work has shown that males mr.h higher cail
rates are much more likely to mate. Two-choice phonotaxis experiments have

also shown that females prefer the faster call rate when the difference .

" between the two stimuli is 10 calls per min. There is also a non-significant -

preference for ine faster ‘call when the difference is 5 calls per min, but
sample sizes arq\g.mall and a Type II error is probable {Gerhardt 1991),
- - ©
The regression shows that call rate increases by 3.84 calls per min for every
1C ’bﬁange in air temperature. Thus males with body t:emperatures z

above air temperature ha | A qverage, call rates 7.7 calls pet ﬁmnute faster
than males whose body bemperature equals sir temperatl_,xre T}us dxfference
, is probably sufficient for females to diseriminate between males Nine of the
78 maies examined (12%) had body temperatures more than 2 C above

Ambient. It is thus possible that sexual selection bas driven the evolution of

mechanisms for elevating body temperature in H, marmoratus.

Weygoda & Williams (1991) have shown that the-mean nocturnal body

_ temperature of Hyla cinerea is 0.8 C above that of & water-satur{‘ted plaster
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model. They snggested that this %mperature “differeace waﬁ of no hiological
significance. However, an examination of thzir data shows m 37.9% of the

 individuals examined had temperatures 1.0 - 2.9 C abave tﬁ t of the plaster

model. Female H. cinerea shov's preference for males wzd'.h.f ighler cuill nites

" {15% above ‘mesn, smaller d:ﬁ‘erencea were not uesfed) ((‘res _-.-~:%.'_-. dt 1987). If, - "

as in other hyhda {eg. Gayou 1984), there is a poslhve rela’ mab:p between _

('D

~ call rate and temperature thén this tempei-ature dtﬁ'er msy affect

patterns cf female cheice, _ v !
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CHAPTER SIX

CONCLUDING DISCUSSION

6.1 SPERM COMPETITION IN CHIROMANTIS

f

6.1_.1 The evidence R v }

. 1
gl

Participation at nests by more i&an one male has been documented in all
three species of Chiromantis. This phenomenon has been a source of
oO . LrOVersy and two competing explanations bave been advanced, First, male
behaviour has been described in terms of co«operation (Coe 1967) which then
iad tp an explanation mvohng km selection (Wilson 1975). Althouh kin
reﬂogmtmn in adult frogs has, not been ;nvesngated in detail, i+ does oceLsin -

tadpoles (but see Grafen 1990). It is possﬂs e that adult male ,‘L"hlromanhfl_ |

recognize kin and co-operate in nest buﬂdmg if tlns raises their mclusnre

fitness, Second, male behaviour was wewe& ina compehtwe hght. In mwt

animals, additional males associated with females durmg spas-aing or mat.mg
are there as competitors. It was thus auggesged that, additional malegl in
Chiromantis are raising' their reproduétive sul:cess via sperm competition
(Halliday & Verrell 1984).

I found, unsurprisingly I think, that " the sperm compet;&’ﬁon hypothesis

Y

providcs the best explanation for additional males. There were four main

lines of evidence. First, C. xeranpelina males have unusually large testes

for frogs of their size (Chapter Three). This is consistent with a trend in
birds, mammals and other frogs where testis size is related to the intensity
of sperra competition. Second, additional males were shown to release sperm
and poessess the potential to fertilize eggs {Chhpter Three) Third, there was
no evidence that males co-operated in helping to build nests by churning the

111

ty

.- 0



foam Chapter Two). Four, amplexut displacemcat attempts and jostling
around the female lndlcated competitive mtqractmns between males (Chapter

Two) I _ s

'
v
i

6.1.2 Alternative mating tactics: wlio.ang why?

A continuous study throughout an entire breeding season showed that sperm
competition is & dominant feature of the mating pattern in Chiromantis
xerampelina. Cver 80% of the males were seen to act as peripheral males "
and 57% both amplexed and actéd as peripheral males (Chapter Two). There
was no evidence that the tactic was size-based or age-based. I suspect that
the reason for this i .hat female choice based on male size or morphology-is
very rare in prelonged breeding frogs. There is also scant nvidencef%hat large
body size is advantageous in direct male-mala competition in prolanged
‘breeders. There seem to bd {ew benefits associated with increased male body
size in terms of mating success for prolonged breeders. In fish, large size is
often associated with theability to hold territories; and amall size or female
mimicry is associated with inconspicuousness and ‘sneaking’ ability, In
| Chiromantis, divergent selechon pressujrea for two different body sizes do
npt exist, hence the lack of two morphs, In addition, in most fmgmpecles a
large percentage of males fail to mate - even when they pursue thJ dominant
tactic of calling ©  itract females: This low success rate makes it likely that
an alternative mating tactic, even with moderate pay-offs, will benefit _rnaleé
if they can’ also pursue it ‘opportunistically’. This trend towards a flexible
response to changes in the social environment is a common feature of many
frog spécies (Arak 1988b). '

6.1.3 Consequences of sperm compgtitidg

‘The most obvicus consequence of sperm competition in C. xei‘nmpelina is
enlarged t.eshs size, | suggest, however, that other more subtle effects can
also be seen. Prolonged breeders are characterizad.by stationary males

\
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calling loudly and persistently while females move through the chorus and -
choose males. Male mating success is usually assoc:ated with call rate or call
intensity (Lopez & Narins 1991). The mating pattem in C, xerampehna
does not fit this picture. Males are weak callers; they are mobﬂe, and female
choice appears to he c&mpletely absent. All of this can be explained by sperm
competition. When there is a successful alternative mating tactic that is not
genetically determined, it weakens selection on the dominant tactic (Halliday
& Verrell 1986). For example, if there is female choice for large males, but
small males sneak matings, seiection for male body size will be reduced.

T suggest that weak calling is associated with reduced benefits to being in
amplexus because of sneak fertilization hy pﬁﬁpherai males. Indeed, when
one considers that the average male spends more time being peripheral thah
in amplexus it is even possible that selection for traits aséociébed with the -
peripheral male tactic is stronger. This is indicated by the fact that all malss
have large testin size. Given a mean of 5 males per nest and assuming equal
chances of mating, on average, males will spend 80% of the time in &
peripheral position and 20% in amplexus (Chapter Two).

The absence cf fermale choice can be explained in one of two ways, First, one
can view female mating preferences ag mechanisms that ensure that they
mate with fitter males (references in Bradbury & Andersson 1987). If
.peripheral males are successful, females can not choose a single male who
will fertilize their eggs. There is thus little benefit associated with choosing

~ because sperm competition circumvents female choeice. If choice procedures
| carry costs they will actually be selecied against (Pomiankowski 1988).
# Second, one may view female choice as a strategy to minimize the costs of

locating a male which is thus directly selected for (ie. passive attraction to
a male who, on average, is nearest: Arak 1988a). In C. xerampelina,
however, the peripheral male tactic selects for male ability to locate females.
& ‘ A female only needs to enter the general area where males are pregent and
males will then search for and amplex with her. The male advertisement call
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is usua‘{y less intense than the amb:ent background noise wlnch suggesta

that it plays a reduced role as a means of securing females, .

" Recent studies of sperm compehtmn have focused on ways in which famales’r

influence the process (Birkhead & Hunter 1990). In C. xerampelina I could
firid little evidence for adaptive female responses to sperm cumpeuhon. Fu-at
females did not appear to discriminate against peripheral males. Prior to

amplexus, they did not move away from areas where unpaired males ware

present. On the other hand, th_t___ey did not delay oviposition if penphéral\ males
wera absent. Thers is no indication that they prefer it if their eggs are
fertilized by specific males. Second, females never tried to dislodge males
from amr .;us, regardless of whether the male waa the ﬁrst male to am;:«]ex
or a formey peripheral male. It might be argued, however, that this is a fo{km
of female choice where the female accepts the outcome of male-male
competition. The only female response to sperm competiiion that I could see,
' the lack of female choice. A

6.1.4 Fertilization rates of the two reproductive tactics

There are several lines of evidence that suggest thet the fertilization rates

of amplexing and peripheral males are similar. First, male behaviour when

a fernale arrives among a group of males is unusual. The female may jump
over a male or pass by him without him initiating amplexus. This can not be

attributed to female choice. Females did not reject males who amplexed, even -

when the male did so by jumping onto the female from a distance. This
suggests that thece is not strong selection on males to amplex\:}witﬁ females.

Second, malys often dismount when the female descends to thezlwater des;nte
the females being gravid. It is possible that the female gwe&\the amplenng
male a cue that causes him to diamount - although I can not see why this
should occur. Even so, if amplexus is advantageous, males should be selected
to remsain in amplexus regardless of female cues for dismounting. Third,
because of sexual size dimorphism and the position peripheral males assume

) -




at nests, the amplexing male'’s cloaca is, in fact, farther from the extroded ¢
__eé;ga, than the cloaca of 2 peripheral male altﬂzgsi;!e the pair. Fbur, pelipheral |

males have indirect access to the cue indicating that the fernsle is ovipositing

because ovipogition occurs dunng bouts of female hind leg mcvemgﬁa.

It would be extremely interesting to calculate fertilization. ‘ates i thetwo |
tactics. There is, 1 believe, the potential for 4 mixed Evolution.ry Stable |
State (mESS). There do not seém to be differential costs associated with
amplexus and being peripheral; males do not have to call more (expending
energy) to be in amplexug; and pradahon rigks likely to be identical for sl
males at nests. Thus the fertilization rate will probably be direcily related to
" the overall pay-off of the tactic. A possible mESS occurs in Hyla cinerea’
" 'where sateilites and callers have squal q{rmng success (Perrill et al. 1978). |
However, satellites are smaller thaz callers and there ave clearly energetlc
costs associated with calling (Prestwhich et al. 1989). Sateilites may be
pursuing a conditional tactic to reduce energetic cobts fGe:hardt et al. 1987).
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6.2 N IONS - ’ _ =

The mating behaviour of Chfroma?\hs xerampelina strongl}' suggests that
sperm competition is a regu.lar fea.:are of breeding. A comparative study of
- testis size supports this hypothems It is almost eertfun that all males are

capable of pursuing the mating tactic of being a penpheral male, and
engaging in sperm compqtmon with the amplexing male. Male and female

behaviour appear to have been affected hy sperm competition. Male rhating
behaviour is characterized by reduced calling effort and increased ?ﬁnﬂance
at the breeding‘site, while females do not dmmmlnate between yaales

The j}mcuonal significance-and evolution of aeveral aspects of braedmg
remgin obs,}ure Why does amplexus dmplacement oceur if all males ean

fertilize eggs? If the answer is increased fertilization success by the *

amplexing male, then why was dmplacement abseritin the Mkuzi pogﬂatwn"
Why do. ﬁ.\ﬂles dismount between fest sessions? Why does male behaviour
prior to amplexua appear so inept - msales being bypaased by femasles, meles
not amplexing? Why do males coniinue to call in amplaxus'? Why do males
even bother to call? All these issue§ cun be addressed empirically. Future
studies of mating in this spacies will ﬂ_d\Pd to imms‘tigete: fertiﬁiation rates;
sperm depletion; male/female localiyation mechaniems; and female
preferences in phonotaxis. Together, these data may answer some of the
questions posed above

\\\\_ \“{“:::-:::
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APPENDIX ONE

CHORUS SIZE INFLUENCES THE
ANTI-PREDATOR RESPONSE
OF A NEOTROPICAL FROG

A. INTRODUCTION

Leks are the least well understood mating system because males defend
neither famales nor resources. Instead, males aggregate in a limited area and
defend small territories (Dawes 1991). Recent reviews of male behaviour on
leks have focused primarily on the role of female choice in determining
mating success (Balmford 1991). Males that display communally on leks,
however, may also benéﬁt in terms of reduced susceptibility to bredators.
When males group together thereﬂis a so-called ‘dilution effect’, whereby the
individual risk of predation is inversely proportional to group size (Hamilton
1971). Individuals grouped for social or foraging reasons can respond.
adaptively to changes in predation risk that are associated with varying>
group size. In elk (CeMa elaphus), for example, individusls in larger
groups are able ta devof.e less time to vigilance behaviour and more time to
other activities (Dehn 1990). To our knowledge, the effect of the number of
meles on a lek on zihti-predator behaviour has not heen directly investigated.

Male Tungara frogs (Physalaemus pustulosus) group together to form
choruses and advertise vocally from stationary sites to atiract fema!ea There
is no resource-defence and, as with many other frogs,ithe mating system can
be considered a 1ek {Davies 1991). The niain predator of P. pustulosus is the
frmged-hpped bat (Trachops cirrhosus). These bats use the acoustic cues
provide hy the frng’s advertisement calls to locate %’mr prey. Male frogs take
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evasive sction in response to the presence of T. cirrhosus, or model
replicas, by shutting dovn calling (Tuttle et al. 1982). This behaviour,
however, carries a potenttal cost because females choose males on the basis
of their calls. Males will thus be selected to resume calling as soon as
possible. A male's anti-predator response should take into account the lower
predation risk invoived with calling in larger choruses (Ryan et al. 198!}}. We
tesied, therefore, whether the duration of non-calling evasive behﬁviour-
varies among ;li&'erent sized choruses because of the change in predation
risk.

B. METHODS AND TS

" We conducted experiments in Gamboa, Panama from June to August, 1991,
Male P. pusmloalﬁs were introduced into a plagtic poel (2.2 m in diameter)
containing patches of water (max"depth of 3 cm) and dry areas, and natural
choruses were established. Males were able to leave the pool and numbers

‘were mamtamed by periodic addition of new individuals. A model of T.
cirrhosus wis: made by tracing the wing outline of an m&wdum onto
plywood. The model was attached to & roller and run acrossthe pool on a
sloped, nylon, monofilament line attached to two wooden su% es (1.7 m and
0.4 m high) spaced 7.2 m apart. Ambient light levels were maintained sbove
those of full-moon conditions by a nearby streetlight, which {controlled for
variation in responsiveness associated with light levels (Tuttl} et al. 1982).

!
Trials v-?pre conducted between 2030 and 2200 hours and 7& trials were
performad on 20 nights. There was at least 2 10 minute interval between

o trials. Before each trial, we noted the number of males calling by listening
" " to the chorus, This method limited us to choruses of five or fewer males, but
had the advantage that calling was not disrupted. Shatdown Duration was
defined as the time that elapsed between the termiration of calling after the
release of the model and its resumption with the first advertisement call.
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Initial results revealed a significant difference in the shutdown durations of
solitary males versus twc-male choruses. We further investigated this
phenomenon by meaaunng t.l}e shutdown duration of solitary males to the
model when: a) the male ﬁwaa ‘alone (SOLITARY); b} a loudspeaker placed in
the pool broadeast a conibecxﬁc advertisement call every 2 s, mimicking the
presence of a conspecific (BAT & CALLER); c) the loudspeaker broadcast
stopped as the model passed overhead, mimicking a conspecific that had
rasponded to a bat (BAT & NON-CALLER); and d) when the broadcast
stopped without the model being released (NO BAT & NON-CALLER).

Chorus size had a significant effect on calling behaviour (Table Al,1). The
shutdown duration of two-male choruses was significantly longer than that
of solitary males, four-male choruses or five-male choruses (Scheffe’s {Eest,
two-tailed, P < 0.05). The shutdown duration of three-male choruses was not
significantly different from that of two-male choruses, nor from that of the
other chorus combinations. In general, there was a decrease in shutdown
duration ag chorus gize increased from two to five males. The shutdown
duration of a solitary male, However, did not differ significantly from that of
a five-male chorus. |

fn P. pustulosus the individual risk of predation decreases a8 chorus size
increases (Ryan et al, 1981). Our stody shows that the anti-predator response

*of males is influenced by chnrus size over the size range examined. As chorus

gize increased the anti-predator behaviour of ting calling weakened,
and calling resumed sooner. Male frogs intexx vocally and adjust calling
behaviour in relation to the presence of conspecifics (Wells 1988). This may
prowle the proximate mechanism for males to assess chorus size, at Jeast in
small horuses. The loudspeaker experiments investigated potential factors
causing solitary males to have a significantly shorter pericd of shutdown
than two-male choruses. Our results showed that the treatments had a

significant effect on shutdown duration (ANOVA, F (3, 36) = 4.17, P = 0.012)

¢Table AL3). Furthermore, the shutdown duration for the treatment BAT &

|
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TABLE Al.l

The effect of chorus size and experitaental treatment on shutdown duration. For the
chorus size experiment, ANOVA F (4, 81) = 6.62, P < 0.0001. For the loudspeaker
experiment, ANOVA, F (3, 36) = 4.17, P = 0.012.

Number of males is chorus Shurdown doration (x * SE)
O .1 £285 (N = 16 choruses)
Two 83.3s + 23.8s (N = 18 choruses)
Three 3855+ 8.6s (N=15 chomsm)
| Four 16.6s £ 4.45 (N = 15 ch
G Five 17.55+ 625 (N =12 cty
Loudspeaker Treatment ~ Shurdown duration (x * SE)
SOLITARY 50 £22 (N = 10 males)
BAT & CALLER . 109+62 (N = 10 males)
B -
NO BAT & NON-CALLER 15439 (N =10 maics)
3921 12.6 (N = 10 males)

BAT & NON-CALLER

Nl
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NON-CALLER was significantly greater than that for the other three

treatments (ANOVA, F (1, 38) = 11.79, P < 0.001). Shutdown duretion'for

BAT & NON-CALLER was significantly longer than that for NO-BAT &
NON-CALLER (Student’s t-test, One-tailed, P = 0.04).

C. DISCUSSION

The shutdown duration of solitary males was surprisingly short, given that

their risk 'of'predation is greatest. The loudspeaker experiment suggests that

the vocalizations of conspeeific ny'ples provide additional information as to the
likelihood that a pr(ator is present. Shutdown duration was longest in the
treatment which mimicked a second male alerted to & predator’s presence
(BAT & NON-CALLER = 39.2 s), When calls were contirmously broadcast, or
when the male was alone and the model was passed overhead, he ceased

~ calling for a significantly shorter peried (5.0 s and 10.9 s respectively). There

appears to be a synergistic interaction between cues indicating a potentiai
predator (eg. those derived from the model passing overhead), znd the
termination of calling by a conspecific (eg. switching the loudspeaker off).

Green (1990) noted thai En'ale P. pustulosus are attracted to conspecific
calls. This behaviour leads to grouping of males and may be related both 1o
benefits derived from the dilution effect and from the increased information
provided by a conspecific’s response to a potential predator. We suggest that
future studies of species that lek, or display communally so that mﬂes are
in vocal or visuai contact, should investigate interactions between males not

only in ralation to mate attraction, but also ir. terms of vigilance and other.

anti-predator behaviours. In many lekking species males possess elaborate
ornaments and engage in energetic displays. Interactions between males that
reduce predation risks hzve the poiential to partia.'lfjr offset these display

costs.
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APPENDIX TWO i A

THE ADVERTISEMENT CALL:

SUMMARY STATISTICS

A. INTRODUCTION

4 }
o

The advertisement calls of frogs provide a reliable methed of dmt.mgmshlhg -

between species (Sullivan 1989). The mate recognition system of most frog species
ic hased almost entirely on the advertisement call (Ryan 1990). Additio%zal cues

that ensure successful fertilization may occur Jatter in the chain of co-adapted .

responses between the sexes, but the initial assoriment of individuals is based on
the mating call. Females are preferentiaily attracted to the cails of conspecifivs,

leading to positive assortative mating and the occurrence of isclated gene pools-

that are the fundamental indicator of biological spécies (Mayr 1982). Species
identity is coded in g variety of ways. In amplitude modulated calls, the rate of
amplitude modulation (puise rate) and the dominant frequency of the call are

~usually key elements (eg. Blair 1972). Finer scale details, such as pulse structure
., and the shape of the sound envelope are rarely important. With frequency

mod‘ulate& calls, the direction of the sweep, start and stop frequencies, and cail
duration may all be important (eg. Ryan 1983). .

Although calls vary in a consistent msanner between specizs, intra—speciﬁc
variation also occurs. This is important, because it many allow for mate choice
within a species, leading te evolution of calls through sexual selection by female

_choice (Ryan 1991). For selection through femsle choice to occur, thers mist be

variation in the p ef‘erred trait (mter—male) In addition, if there 1s intra-inuividual
consistency in call properties, toese may ahﬁw ferneles to reliubly distinguish
between males. Intra-individudl consistency may also mdu_:ate a heritable basis to
the call property, which creates the potential for evolutionary change. =
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Gerhardt (1991) has recently suggested that: directional Sé‘.ection-—due 43 ferale
choice is stronger on varisble call properj;:ea. which do not coded species 1dent:t.y
(eg. call rate, call duration); variatiots 4t the population level may be mmntamed '
in spite of this duecﬂonsl selection; stabilizing selection tendg to occur for

relatively invariant call pmperhes {eg. pulse rate). ) v

B. METHODS AND RESULTS

Methods

\ o . N

Czlls were recorded o4 a TCD-5M tape recordb‘{ o ‘ag A Sony EM"‘-J.,&‘I

microphone and TDR-DY0 audio tapes. Recerdings weﬁmﬁ“de at air temparatures:
between 22,5 and 24.0 C. Air temperatum was measure:l usipng a BL£i12 Ba‘!&f “
Instruments digital thermometer, Two call typeq ‘were recurded ‘fast’-ant slow
(see Chapter Two). Call parameters were analyzed on Aa Kav DSP Sons-graph
Model 5500 (Kay Electronics Company, New Jersey) within the frequency range

0-8KHz, The upper and lower limits of the emphaszzed frequeacies ware

_measured, along with call duration and the numhe/ of pulses per call. Pulse

repetition rate was alsc calzulated, The first fve Yfasi' calls of 15 males werg
measured, and individual coefficients of variation (CV) were calculated fo\ varions
cail parameters for each male. Fewer ‘slow’ calls were availabie, and. coeffim“nts

*of variation were only calculated for 7 individuals for whom §  calls each were
. analyzed. These coefficients of variation provide mformatlon oti the mrra-

1nd1v1dual consistency of call parameters

Populatmn mesans, stmq‘ard deviatieneand coefficients of vaiiation were
calculated using a smgle ca]l ‘of each type (the first measured) from each of 12
males. A Wilcoxon matched-pairs ranked-sign test was employed to test for
differences between ‘fast’ and ‘slow’ calls. Joefficients of variation were a}ao

caleulated for various call paramei;ers indicating the mter individual, or pc;mlaizoﬂ
‘level, variation in the trazt i .
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Table A21 (A) Comparison between the two calls, based on 13 males (1 call of each type
per male); (B) Wiihin-male variability of acoustic properties of advertisement calis (based on

5 calls per male; N = 35 males for ‘fast’ call, 7 males for, *slow’ call) _ *
i » | LR

A. Inter-male

Call Property FAST CALL SLOW CALL Pvalue ¥

x % SD (Coefficient of variati~n)

Call doration (ms) © 68D 132(194) .  2982%1241(41.6) 00016
Pulse Rate (pulses/s) 55.7 £ 5.4 (13.2) 205429 (287 00016
Lower emphasized  718.5 + 95.0 (19.0) 7769 + 2235 (11.4) 078

frequency (Hz)

Upper emphasized  2884.6 + 5480 (9.7) 2886.2  328.1 {14.1} 0.53
trequancy (Hz)

* Wilcoxon matched-pairs ranked-sign test
i

B. Intra-male

Call Property FAST CALL ../ SLOW CALL
Mean Coefficient of variation (%) *

Call duration (ms) 234 (12.5- 45.1) - 28.6 (18.5 - 40.1)

Pulse Rate (pulses/s) 6.2 (2.5- 12.1) 10.5 4.9 - 17.3)

Lower emphasized = 6.3 (14 - 14.6) 10212 344

frequency (Hz)

‘Upper emphasized 11.0 (3.4 - 17.6) 7.9 (4.4 - 11.4)

frequency (Hz) - _

* range in parunthesis
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Sti:nagrmns of male Chiromantis xerampelina adverisement calls.

A, Two ‘Fast’ cdlls. The first call has four pulses, andl the second three pulses.
B. A ‘Slow’ cali:of 13 pulses, the first pul.c is barely visible,

Bodh calls are frobe 4 single individual an! were made at 2 temperature of 23.1 C. SonAgrams
were: made vn a ILay DSP Sona-graph Model 5500 (Kay Electronics Company, New Jersey)

in the frequency mnge of 0-4 KHz.
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Resu]ts °

The sdvertisement call of Chivomantis xerampelina is pulsatile, with _the'
emphasized frequencies falling in the range 540-4420 Hz (N = 15 males). Initial

analysis suggested that two distinct calls occur, ‘fast’ and ‘slow’. Results of intra-
raale and inter-male vaviation in call parameters are presented in Table A2.1.

‘Tast’ and ‘stow’ calls differed significantly in terms of cdll duraticn (68 vs 298
milliseconds) and pulse rate (55.7 vs 20.5 pulses per second), but not in terms of
emphasized frequency. The biclogicrl significance of these difference betwenf?n the
calls is unknown, There was significant variation between males for both call
vypes, as indicated by the relatively high coefficients iof variation (9.7 - 41.6%).
However, variation in emphasized frequericy should be viewed with caution.

Because C. xerampelina has a very soft call, calls did not stand out clearly from
background nvise and it was thus difficult to obtalin accurate measures of
frequency paramete;e i : .
Pulse structure was not analyzed, it sheiﬂ__d, however, he noted that there was also
variation in this ﬁarametei'. Specifically, pulse duration varipd, with some pulse
at; least {wice as long as the average pulse. Inspection of the sonag;'ams {(Figure
A2.1) also indicates that, although the pulses were not divided into . clear
harmonies (frequency bands), there wers two or ri_nore strongly emphasized
frequencies within the fotal frequency range of the pulse (eg. in Figure A2 1B, at
1.5KHz and 2.38Hz}. These strongly emphamzed frequencies also showed a degres
of frequency modulation, but this was only clear when longer pulsis were
inspected (figure not presented).

A fairly Earge degree of intra-male variation was also found for the analyzed call
parameters. Jall duration was espzcially variable (23.4 and 28.6 for ‘fast’ and
‘slow’ calls respectwely) Other call parameters showed less vanabiht.y. hut still
more than expected for ‘atatic’ traits {sensu Gerhardt (1991), where ‘static’ was

defined as less than 4%]. ' ' Co
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C. DISCUSSION o U

The calls of Chiromantis xerampelina are unusual in that there is a relatively
high degree of variability, both intra-male jand intér-male, in call properties that
are normally static, such as pulse rate and emphasized :or dominant frequency.
Gerhardt (1991) defined static traits for three species of hyﬁda as those with

coefficients of variation (CV) less than 4%. Here, I found that the smallest inter- .

male TV was 9.7% (upper emphasize;:l frequency), and the smallest intra-male CV
was 6.2% {pulse rate). The high degree of inter-male variability suggests that
thereds the potential for female choice based on call properties. However, the high
degree of intra.-male variability suggests that differences between males are
unlikely to he reliable indicators of :fnale phenotypic or genotypic characteristics.

The functioral significance of the twio call types is unclear. There usage does not
appear to be related to the social sitxf;atio;:t, and it is unlikely that they are related
to fanetional partitioning into ‘female attraction’ and ‘male-male communication’
a8 found ip several other species (eg. Backwell 1988, Littlejobn & Harrison 1985).

The high variability in the calls of C. xerampelina may reflect the reduced role
of calling in mate attraction. Females do not appear to select males inﬁm—
sperifically ‘on the basis of call parameters, hence there is unlikely to be
directional selection which tends to erode variability, The variahility in call
duration is also consistent with a general trend in frogs that ‘call duration is... less

variable in spécies with unpulsed or very rapidly pulsed calls than in species with

distinctly pulsatile calls’ (Gerhardt 1891, p6286).
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