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ABSTllACT

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 Cperipheral males') gathered around the

amplexing pair during nest construction. Those peripheral males closest to
I;

the pair competed 'Witheach other, and with the amplexing male, to position

rheir cloacae against the female's cloaca 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 both in amplexus and as

peripheral males. Male mating success ~nd participation at nests was

unrelated to size or weight. Chorus participation was the best predictor of

male, rr.iating success and participation at: nests.

The most plausible explanation for the presence of peripheral males was a

sperm competition hypothesis; namely that peripheral males compete with

the amplexing male for fertilizations by shedding sperm into the nest. I

collected data on body mass and testis mass for 13 African anurans. Using

additional published data on 19 Japanese anurans, an allometric relationship

between body mass and testis mass was calculated. using 16 genera as

independent 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

intensity of sperm competition. An additional experiment, in which the

arnplexing male was prevented from shedding sperm into the nest, showed

that peripheral males are capable of fertilizing eggs. I conclude that

peripheral males are engaged in an opportunistic alternative mating tactic

involving sperm cosnpetition. More than half the observed females bred

polyandrously, some mating with up to three males, This was the result of

amplexing males dismounting between nesting sessions, and males displacing

one another from amplexus.
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PREFACE

Sperm competition has been a 'hot-issue' for biologists since the early 1980's

and several book length treatments of the tUpic are now available. Despite

being documented in almost every well-researched animal group (mammala,

birds, fish. insects, millipedes and spiders) it has not been demonstrated in

anuran amphibians (frogs and toads) *. This study was initiated to

investigate the possibility that sperm competition occurs in the foam nest

frog Chiromant:is xerampelina.

Using observational and morphological evidence and by performing a simple

experimeot, I was able to demonstrate that sperm competition does occur in
(", II

c. xera, .pelina. Ialso documented additional aspects ofbreeding behaviour
i'

which were unusual, or rare, for a v-og with a prolonged breeding season.

These phenomena included: the presence of polyandrous females; high rates
..o chorus participation by males; minimal male weight loss; strong call site

fidelity; rudimentary female parental care; male mobility; and sporadic,

subdued male advertisement calling.

The data presented here are far fewer than I originally intended. As an

undergraduate, I conducted a pilot study in December 1989 which alerted me

to the potential for experimentation and I had a series of experiments

planned. Unfortunately, the breeding season in December 1990 only lasted

for three weeks, and this time was devoted to a study of rna ting success and

natural behaviour in the field. During the 199J.-1292 fl;:rldseason, there was

almost no breeding due to a particularly severe drought. [I,msequently, few

of the p',L'uned experiments were conducted. The •.!:qJi::::nents I intended to

conduct) and additional data I had wished to gather mcluded: Investigation
II
\'

[*When r registered for this thesis in February 1991, there was only a single
review of'sperm competition in frogs (Halliday &VeITell1984), and no recent
papers. In the last year, however, three papers that deal directly with tlhis
issue have appeared in major journals: Fukuyama (lH9n~ KUSaIllO et a1.
(1991) and Feng & Narins (1991)].
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of sperm depletion; estimates of fertilization rates for amplexing and

peripheral males; effects of female parental care on hatching success;

investigation of the cues that males tse to l~cate gravid "females;

manipulations to determine the method that females use to relocate their

nests.

./
/i

In the course of this thesis, I carried out work that W.1 ... t.~n:~p;nti81to the

main thrust or my study. During the 1991-1992 drought, I cone.ted data on

nocturnal body temperatures of C. xerampelina and Hyperolius

marmoratus. Although not directly related to breeding in the former, Ihave

bcluded this work in Chapter Five. In Appendix 'I have included an

additional short paper reporting field work carried out in the Republic of

Panama. It deals with predator-prey interactions between frogs UJ-'"1dbats, and

the .effect (If group size on anti-predassr behaviour.
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"
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CHAPTER ONE

---,---
1.1 PRE1-\~LE

Sexual differences in morphology, size and behaviour are well known in

animals. One need only think of the ornamental tail of the peacock, the
"

imposing horns of an adult male kudu, 01' the contrast between the devoted

attention to parental duties by lionesses and the infanticidal behaviour of

male lions to appreciate the extent of this variation. What is most impressive

about these differences is that they occur within a single gene pool.

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

more than variation on a theme. In the ease of sibling species, phenotypic

differences are confined almost entirely to mating signals, and different

species may be strikingly simi. . morphologically. In contrast, in a number

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

placed in separate taxa before the mistak~) was' .tified!
/1

There-are three potential sources of selection that may account for sexual

dimorphism (Hedrick & Temeles 1989). First, there is selection for divergence
1\

due to food competition between the sexes (Peters & Grubb 1983). If a

breeding pair partition available resources between the male and female,

especially when they forage together or share a feeding territory, this 'will
\\

potentially increase their fecundity or .....lability, Tests of this hypothesis in a
Ij

,~'Galapagos finch (Geospiza fortis), howewrr, have failed to show any
'.i

correlation between rej .ductive success and the magn tude of the beak

dimorphism of breeding pairs (Price 1984). At present, evidence in support

of the food competition hypothesis is lacking.

1



Second, there isthe possibility that unique natural selection pressures act on

males and females because of the reproducti ve roles they play Cdimorphic

niche' hypothesis). Evidence fer this type of divergent selection is more

readily available. In a marine isopod (ldeotea baltlea), for example, males

actively Reek females, moving through light-coloured algal in the process.

Females are· predominantly stationary and brood eggs on darker algal

substrate. Natural selection for crypsis, which reduces predation, pas

resulted in sexual dimorphism in colour patterns and differences in habitat

preferences (Schuster 1990). A seemingly eVf~T'mora obvious example of

dimorphic niche selection, are the pronounced morpholcgicai differences

between the sex organs of males and females. Surely these differences are

the result of natural selection for effective gamete production and parental

care? The answer, surprisingly, is not always clear cut. Cffrh~.insex-specific

features, like the uterus and the placenta, are implicated in parental 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 other-selectiva force at

work (~berhard 1990)? A potential explanation to this conundrum invokes
,

another selection pressure - sexual selection.

The. concept of sexual selection was developed by Charles Darwin in 1871 in

an attempt to account for bizarre and !"t){trff.Yagantfeatures, found primarily

in males, that are likely to d=crease the viability or classic fitness of the

owner. Characters of this ilk are incompatible with the concept Of n.itural
selection for increased survivorship, Darwin suggested that (,' .borats

cb:d~acters and patterns of behaviour that reduce survivorshij 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 forces

[see Arnold (1983); cf. Grafen (1987)]. This is especially so when natural and

2



sexual selection both favour similar evolutionary trajeetories for a trait (eg,

larger body size in males).

i/

Darwin. divided sexual )?election into two components. First, intra-sexual

selection which produces ti 'alts that confer an advantage when members of

the same sex compete directly far access to the opposite sex (male-male or

female-female competition). Inmany ungulates, for example, males fight each

other fer access t'."'i) females using elaborate horns and antlers (Clutton-Brock

et at 1~l80;Packer 1983). These weapons increase the lighting success of

combatants, but they probably carry a survival cost as well. Thie is indicated

by Darwin's own observation that these weapons are not carried by females

<, in the case of deer, that antlers are shed at the end of the breeding
Ij

season. Similarly, male birds often moult out of their bright breeding

plumage and assume more cryptic coJ,:al~t.ion at the end of the breeding
f/

season. Both observations suggest that, in the absence of benefits from intra-
\\

specific competition for mates, possession of these traits is disadvantageous.

In spite of theoretical predictions, empirical studies have failed to show that

male traits advantageous in fighting are costly in terms' of viability and, in
some ca,ses, the reverse has been found (Harvey & Bradbury 1991). A major

problem ils that environmental differences during early life may confound the

analysis. For example, males that receive plentiful food during maturation

may 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. relationship between traits. The east of

developing weapons may also be reflected in higher mortality during early

life history stages. This cost is often neglected by researchers, not least

because it is difficult or impossible to calculate the expected magnitude of an

adult .trait from a dead juvenile,

The second component of sexual selection that Darwin proposed was inter-

sexual selection, which results in the evolution of traits that confer an

3



advantage when members of one sex choose between individuals oithe other

S(1X on the basis of these self-same traits (mate choice'! Peahens, for example,

show a strong preference for. peacocks with large tails that bear more eye-

spats (Petrie et a1. 1991). The fact that these preferred traits are only

expressed by males is taken as evidence that they carry survivorship costs.

Female European swallows (Hirundo rustica) prefer males with longer tail

feathers, but tail length is negatively related to survival (Meller 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 risk. 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 success. These preferred male

displ~s~ are energetically costly to perform and may expose males tt:\
( \

inert; _)d risks of starvation 01' susceptibility to predation (Halliday 1987).

Sexual selection by mate choice remains one of the most controversial areas

in behavioural 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 1989; Andersson 1989; Luyten & Liley 1991; Petrie et al. 1991). One

technical problem, however, is that the trait correlated with mating success

may not be the preferred trait, but rather -a trait correlated with the

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

address this issue directly (eg. laboratory: Basolo 1990; Millinski & Bakker

1990; Gerhardt ]991; field: Andersson 1982; Borgia 198'5; Diamond 1988;

Moller 1988a; Hoglund et at 1990). Even SOi~ in some cases the possibility of

male-male competition being influenced by the manipulation, and thereby

affecting mating success still-can 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 benefit to the female spending time and effort discriminating

4
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between males (Kirkpatrick 1987). The classic 'paradox of the Iek' 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 show that female choice is operating; or

phrased more conservatively, that it- is the major determinant of male

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

exists (Arak 1988a; Clutton-Brock 1992). Ingeneral, teasing apart the extent

to which male-male competition and female choice have influenced the

evolution of traits remains a difficult task (Harvey & Bradbury 1991).

Sperm. competition provides an interesting te~ting ground where theories

about female choice and male-male competition can be tested, Sperm

competition occurs when the sperm of two or more males.compete to fertilize

a female's eggs (Parker 1970). Initially, spenit competition was viewed solely
"

from 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,

increased emphasis has been placed on the role the female plays in the

process (Birkhead 1989). Females may determine the conditiorzs that allow

sperm competition to occur, as ~1l as its relative intensity. Multiple mating,

for example, can be viewed as a choice procedure that allows females to

discriminate between males on the basis of their sperm, or precopulatory and

copulatory behaviour (Madsen €t al. 1992). Females may also set the rules

of the game by adjusting the weighting given to different male's sperm. In

dunnock (Prunella modularfs), for example, females may extrude ejaculates

in response to cloacal pecking by competing males (Davies 1985). In some

cases, sperm competition may actually circumvent female choice ,~especially
n

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

with external fertilization. In two labrid fish (Symphodus tinea and S.

oeellatus), for example, small peripheral males release sperm into the water

during spawning. Females respond to the presence of peripheral males by

{)



decreasing their reproductive output, suggesting ~at they prefer to be
,I

fertilized by the larger territorial males (van den Berghe et al. 1989).
21

Frogs have proved an ideal group 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 bemanipulated individually so that the traits females prefer can

be unambiguously identified. The possibility ofmaleA',.ale competition is also
.:»:

ruled out, because females are tested in the absence' of males. In addition,

most male frogs form lek~~~here resources are not defended and the only

benefit derived from female choice lies in indirect genetic gains for progeny

[but BeeRobertson (1990) for a cautionary tale]. Finally, corroborative field

studies are also possible because individuals are easily handled and marked,

allowing individual teproductive success to be calculated.

Most workers would have added to the above list the additianal f&.--t that

frogs have external fertiJi:iation which allows for certainty when assigning

'.paternity (see quotes 3n Arak 1983a and Howard 1988a). This statement,
however, is patently false. For example, many fish species with external

fertilization have mating systems where sperm competition occurs [eg.salmon

(Gross 1985), blue-headed wrasse (van den Berghe & Warner 1989), blue-

gilled sunfish (Dominey 1980; Gross 1982)]. The potential for sperm

competition 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 to be important differences

between fish and frogs limiting the evolution of sperm competition in the

latter. It would be illuminating to discover what these constraints are.
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1.1.1 Anuran Mating Patterns

There are more than 3400 extant frog species (Duellman & Trueb 1986).

Despite this biological diversity, the majority of species have mating patterns

that are relatively easily characterized. The mating pi <terns of populations

(intra-specific variation esists) can be described as falling on a continuum
II /!

between explosive 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 temporal distribution of females and males. In

turn, this affects the operational sex ratio (Emlen & Oring 1977), male

gensity, 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 pressures and may also be used to characterize

mating patterns. Strictly speaking. mating patterns are described in terms .

of mate-acquisition, pair bond characteristics and the sexual pattern of

parental care (Davies 1991). In frogs, however, parental care is comparatively

rare «10% of species) and pair bonds are absent. Most patterns can thus be

described solely in terms of mate-acquisition. [Note: I use the term (mating

pattern' in preference to 'mating system' {T.R. Halliday, unpublishadll,

Prolonged breeders exhibit either resource-based territoriality or form leks.

Males tend to call from fixed positions within the chorus and maintain inter-
c-

male spacing through vocal or physical interactions (Telford 1985; Wilczynski

& Brenowitz 1988; Backwell & Passmore I990a). Females are attracted to

choruses by conspecific male advertisement calls. The mate-locating tactic is

one of female-attraction, and male-male competition is primarily indirect,

involving attempts to out call other males by producing more intense or more

frequent calls (Arak I988a; Gerhardt 1988). Active female choice is most

likely to occur in prolonged breeders because of the lack of direct male

competition for females. Indeed, the best documented examples of female

choice based on male call attributes are all from prolonged breeders [ego

7
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Physalaemus PUSCUOSU8 (Ryan 1985), H)perolius marmoratus
(Passmore et al. unpublished), UperoUa laevigata (rugosa) (Robertson

(I ",

1986, 1990). Bufowoodhousei (Sullivan 1987a),Hyla cbrysoscelisc{Morris

1989)f Bufo ealamita (Arak 1988a), Eleutherodactylus coqui (Lopez &

.Narins 1991)].

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

lengthy time period. It has been SJ.V· rested that males should spread the

energy they invest into reproductive activities (primarily calling) over a

portion of, or even the-entire, breeding season to increase their likelihood of

mating multiply (Arak I983a). This assumption is not:' ')sed on a formal

model. Inmany prolonged breeders a large proportion of males fail to mate

at all, despite repeated attendance at the chorus. When considering the

optimal strategy for males, three factors should be considered. First, female

arrival is unpredictable and males 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 engage in loud and repetitive calling behaviour and bear large

energetic costs. Third, the nightly likelihood of mating will vary with the

operational sex ratio. Males do not appear to be able to accurately assess
\.. "

when females will breed. Although there is often a correlation between male

and female numbers, the value of fl is usually very low (Renzi et al,

unpublished). Males should thus use male dJpsity as the best predictor of'the

intensity of competition (ie. the number of'cornpetitors the female may choose
\

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

Males do 1\\ot call consistently throughout the breeding season. IIf most

species, males are present on a very smal1percentage «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 (It al. 1987; Green 1SJO; Salvador & Carrascal 1990; Dyson

8



et al; in press; birds: Hill 1991). Calling by male anurans is one of the most

energetically expensive activities recorded fo~. ectothermic vertebrates

{Prestwich et al. 1989) and males may invest so heavily in calling that they

are unable 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 no evidence to support it. He suggests that male presence and absence

is related to fluctuations in the predation risk. Ryan (1991). however, has

reported decreased calling in P. PU5~OsUS whe~ food availability is reduced

(Marler, unpublished study). In another stucry, ;'Tumer t1991) reported no

effect of food availability on calling in Hyperolius marmoratus. Finally, it

has been suggested, and there is some supporting evidence, that calling in

bouts inHyla mierocephala is associated with reducing the energetic costs

of calling (Schwartz 1991).

Investing considerable effort in calling, even if this reduces the number of

nights a male participates in choruses, may be a profitable strategy. Female

choice usually selects for calls that contain more energy and males that do

not invest heavily in calling when present at the breeding site are unlikely

to mate (Gerhardt 1988).We might predict, however, that males should also

adjust calling effort in relation to competition, ?.t:; indicated by the number of

other males calling. There is good evidence sj\PPOrting 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 (Emlen 1968), Hyla
ebraccata, Hyla phlebodes (Wells 1988),Hyla crucifer (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



documented in HyJa cinerea. B. gratiosa and H. aquirella (Prestwich et

al. 1989)]. Call complexity also increases with chorus size in several species

reg. Physalaemus pustulosus (Rand & Ryan 1981); SmiUsca sUa (Tuttle

& Ryan 1982); Geoerinia victoriana (Littlejohn & Harrison 1985);

Philautus leucorhinus (Arak 1983b); HyperoUus tuberillnguis (Pallett

& Passmore 1988H~but the energetic costs of these changes are unknown, In
"P. pustulosus call complexity does l",ot affect males' metabolic rate (Bucher

et al. 1982).

In Hyla versicolor males' call rate decreases and call duration increases as

chorus density rises) so that calling effort remains approximately constant

(Wells & Taigen 1986). At present there is no satisfactory explanation for this

phenomeJ.(~.';1(Wells & Taigen 1989t p21). A final factor complicating thCissue

of caning strategiesjis the effect of liff! history parameters (Elmberg &
J ~

Lundberg 1991). For example, in shorl;pHVedspecies where survivorship awaE~

from the breeding site is low. the best strategy may be to divert all available
(i

energy into breeding attempts, regardless of breeding season length. In

explosive breeders, males employ very different 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 than

once. Given this, all available energy should thus be placed into acquiring a

mate a~' soon as possible. Thii!) 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 interception by searching males (Fairchild 1384).I:'1vidence that

male density affects calling is provided by studies of populations where male

density is low and calling is observed. in species that usually show searching

behaviour (eg, Bufo bufo, Hoglund & Robertson 1988).

()

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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determine individual behaviour. Focusing on the adaptive strategies
Ii
(i

individuals -should puifsue under. various demographic, energetic and life

history schedules provides, the best framewor tor understanding mating
..t

patterns. In most frogs, ;".;e breeding season, be ruse it affects the spano-

temporal distribution of le~es, will determine he 'males behave (Davies

1991). In some cases, however, additional aspects of L i~ species biology may

mask, or alte..r"J~,~form of the mating system. Forexample, male parental
~t\re is an a~:'_ .,...dnalresource for fem.ale which may affect their distribution

(Davies 1991) or behaviour (Summers 199f.). Similarly, sperm competition

may also affect mating patterns by altering the"eosts and benefits associated

"with mating and mate-acquisition tactics.

1.1.2 AnuranMati1 "" '
j t: -

Before the develo,f.nent of behavioural ecology in tke mid- J,970s~ \vorkers
-,.

sought to discover behaviour patterns that were caaracteristic oftfle species;

for example, the fixed acti~p pattern of cl~ssic ethology (Waltz &Wolf 1984).

Despite these attempts. it soon became clear that considerable intra-specific

variation exists. not all of which is attributable to measurement error. In the
I' ,

last fifteen years considerai ;,effort has been in<,)'estedin explaining the
'.."". ,}

underlyllrr mechanisms and the functional significance of behavioural ,!

variation(Caro & Bateson 1986). Variation in behaviour related to mating

has been particularly well investigated because ~~ SUCee:56' 'is

unambiguously related to evolutionary fitness. A multitU(i~,Of studies

investigating mating strategies and tactics have thus been conducted (Austad

1984).

1\I10stalternative mating tactics appear to 'parasitize' the dominant tactic

(van den Berghe 1988). The pressures leading to alternative mating tactics

differ from those causing variation in other functional behaviours (eg.

foraging, anti-predation; because they are primarily a consequence of intra-

specific competition. They occur more commonly in males, because females

11



are the limiting sex in most species (Clutton-Brock & Vincent '1991). There
is thus stronger selection on males than females for access to mates and
male-male competition drives the evolution of alternative mating tactics
I

(Telford & Dyson 1988). Even in those frogs where males provide parental
care, the rate at which males can care for additional clutches is usually
higher than the rate at which females can produce them (Clutton-Brock &

Vincent 1991;Summers 1989, 1990). In the absence of competition, males
should utilize the tactic conferring the highest fitness payoffs [by definition
the ,bminant tactic; but see van den Berghe (1988»). As competition
escalates, the number ofmales thac can employ the dominant tactic becomes
a subset of tho total population. Those males unable to pursue the dominant
tactic are thus forced to iv;:itch to alternative methods of mate acquisition.
These alternative tactics are usually less successful, but in rare cases may
be equally f awarding (Gerhardt et al. 198'1;Schuster & \Vade 1991).

In many taxa the mating tactic an individual expresses appears to be fixed
in the medium to long term. This is especially true when expression of tactics
is conditional on size or age (Hughes 1985). In some cases, +acttcsmay be
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 tactics IS relatively commonand occurs
over short time periods. There is considerable flexibility in male behaviour,
with males responding ttl short-term changes in the social environment (Arak
1988b). Fixed tactics, especially ganetically determined ones, are unknown
in frogs.

In frogs, the duration of the breeding season partially determines the
intensity of'male-male competition and henee the types of alternative mating

~\
tactics that are possible, There are clear differences in both the frequency
and types of alternative mating tactic exhibited in prolonged and explosive
breeders, even: when they are different ~!I)pulations of the same species

I

(Tejedo ,1988). In prolonged breeders, territoriality may place an upper limit

12



on the number of males that can call, Excess males often pursue a ta iic of

satelliting, whereby they remain motionless near a calling male and attempt

to intercept females attracted to the caller (Perrill et al. 1978). Similar tactics

of interception have been documented. in insects (Cade 1979), birds (van

Rhijn 1973) and mammals (Clutton-Broek et al, 1982). Ina Iitera re review,

I found that eleven of thirteen frog species with satellite males were

prolonged ureeders. In explosive breeders, the main alternative +tating tactic

is amplexus displacement. Unpaired males attempt to wedge themselves

between an amplexing pair and, if successful, proceed to dislodge the

amplexing male (Lamb 1984). Competition is direct and appears to be

independent of female choice (Davies & Halliday 19"·')). Fifteen of nineteen

species where displacement has been documented in the field are explosive

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 Sperm ComRetition

Sperm competition is defined as the competition between sperm of different
males to-fertilize the eggts) of a single female (Parker 1970; Birkhead 1989).

In some mating systems, it is an important source of sexual selection

pressures and affects the behaviour and morphology of both sexes. With a few
.~

notable exceptions (eg. Townsend 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, unamplexed males shed sperm during,

or 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 tne greatest proximity to unfertilized eggs. Three, he is attached to

the female and can thus remain with her sh.pcld she move. If these

advantages confer a very high percent-ore of fertilizations to the amplexing

t3



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

Available evidence for sperm competition ill species with external fertilization
"

has been acquired almost solely from fish. Only recently has strong evidence

accumulated that sperm eampetition also occurs in frogs (see Preface). Coe

lSi, 1974) documented unpaired males alongside l:\,ffi.l. xing males in two

foam-nesting rhacophorids, Chiromantis rufescens and C. petersii. His

description suggested that males were co-operating in the construction of the

nest. These observations were noted by E.O. Wilson (1975) in his classic text

Sociobiology: the model1l synthesis, where he suggested that kin selection

might explain the males' co-operative behaviour. An alternative explanation

provided by Halliday & Verrell (1984) was that additional males in

Chiromantis are competing with the amplexing male to fertilize eggs. Unti

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

these two hypotheses.

1.2 STUDY SPECIES

Chiromantis xerampelina is a large frog (male snout vent length = 50.5 -

69.4 mm and female 67.8 - 82.9 inm) (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 (Passmore & 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 body colour ranges from a cryptic grey

speckled with brown patches. to a chalky white when they are exposed to

sunlight (Pienaar et a1. 1~76). They are di 'ributed throughout the low-lying

regions of South Africa, Swaziland and Mozambique. They also occur in

Botswana, the Caprivi strip, Zimbabwe, Malawi and Tanzania, extending into

the coastal areas of Kenya and Somalia (Coe 1974). There are only two

congenerics - C. rufescens which occurs in West and central Africa and' C.

petersit which inhabits the dry savannah of East Africa. Chiromantis is

one of ten genera in the family Rhacophoridae (186 species). The other

.1.1
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Figure 1.1 Photographs of (A)a calling male and tIn a gravid female
Chiromantis xerampelina, I(
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genera occur in the Asian tropics, subtropical Inwa::\\ Sri Lanka, the
!' ' \'

~Hllipines, Japan, the Greater Sunda Islands and Madagascar (Duellman &

Trueb 1985).

Chiromantis xerampelina usually breeds on emergent vegetation, tree

branches or other structures overhanging 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 seam to require rain as a trigger for ovulation. Females construct

foam nests by releasing an oviducal secretion which they then chum into a

white foam. Egg~ are deposited directly into the l'?am. Nest construction is

characterized by the presence of. additional, unpaired males that. gather

around the amplexing pair. Prior to thiS study, the only available info;mation

on breeding was that of Wager (1926, 195'7, 196!;), Stewart (1967), Taylor

(1971a, 1971b), Coe (1974) and Pienaar et a1. (1076). Much of this literature

was anecdotal and, in some cases, the information appears to be factually

inaccurate.

1.3 S'I UDY AREAS

Three different study sites were used during this study (Fig. 1.2). Between

December 1989 and January 1990. research was conducted at Mkuzi 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 Msntuma Camp, on the

eastern side of the main road, about 15 m front the verge. It consisted of a

~rrwn natural pan with a maximum depth of approximately 1 m and a
I( '->, c, "

ii surfae) ar~a of 200 rn~,The surrounding vegetation was primarily Acacia
/:

thick~~. trees that overhung the water and were subsequently used as nest
\\

sites ~{~~eAcacia lud.eritzii, Euclea sp., and Spirostscbys a.t;ricanus.

Other frog species that, called at the pan included Ptychadena anchietae,

16
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Figure 1.2a Map showing the distribt ion of Chiromantis
xerampelina in South Africa, as well as the location of the three study sites
(Sym~s: Mk = Mkuzi Game Reserve; Hd = Hoedspruit; V = Vienna Game
Farm; Jhb = Johannesburg).
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c
Figure 1.2b Photographs of: (A) The study site at Mkuzi: (]3)The main
study site at Hoedspruit; (C) the dam at Mariepsig. There is no photograph
of Vienna.
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Pvmossambicus, P. poroslsslma, Phyrnomerus blfasciatus,
Phyrnobatrachus natalensis, Cacosternum. nanum, Leptopelis
mossambicus and Afrixalus aureus.

In December 1990, research was conducted in the Hoedspruit district of the

Eastern Transvaal. The site was on the R53l road approximately 2.5 kID

from the Swadini turn-offOatitude 24°27' It,'" S; longitude mP52' 20" EJ. It
was an artificial pan fed by a drainage ditch and was ±~;OOm2 with a

maximum depth of 1.2 m. Several small Acacia SP'Pi sedges and flooded

grasses were used as nest sites. Other frog species breeding here included

Ptychadena anchietae, Phrynomerus btfasciatus, Pyxicephalus
adspersus, Xenopus muelleri, X. laeVis, Schfsmaderma carens,
Phrynobatraehus natalensis, P. mababiensis, HrP'erolhts marmoratus
and Kassina senegalensis. Additional observatioris were also made at two

farm dams at Mariepsig Caravan Park, BOOmsouth-east of the main study

site.

In December 1991 and January 1992, ~esearch was conducted on Vienna
I

Game Farm 5km north of Hoedsprvit; The study site was a large dam (Snare

dam) approximately 25 m by 40 m (latitude 24°16' 44" S; longitude 30°58'

26" E). Nests were constructed along tJle main embankment on Acacia spp
and on dead branches placed in th.e water. Other frog species breeding here

1/ \
included Ptychadena ~b.cbietae))Hem:isusmarmoratus, Tomoptezna

,/ if

cryptotis, Xenopus Iaevis, ~ trlnHeri. Hlldebrandtia ornata, Kassina
senegalensis and Rana angolensis.

All three study sites are surrounded by bushveld vegetation (Acock 1988).

Rainfall occurs primarily during the summer months (October - February),

with approximately 500-700 mm falling per annum. During the summer,

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

into the middle 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 QBJECTIVES

This thesis is concerned primarily with the potential for sperm competition

in Chiromantis 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 ate:

1) Does sperm COL spetition occur in C. xerampelina?
2) Does its occurrence affect male spacing, calling

and reproductive physiology?

3) Do females show any merphologieal or behavioural traits

that influence the intensity of, or bias, sperm

competi tion?

Additional topics addressed are:

'. (1) Does basking and low evaporative water loss lead U.elevat\)d nocturnal
\.

body temperatures: a test using Chiromantis lteI·~.PeIt~?

(2) Does chorus size affect the anti-bat-predator response of the

Neotropical frog, PhysalaemJ,18 pustulosus?

20



CHAPTER TWO

BREEDING BEBA VIOUR, REPRODUCTIVE
BIOLOGY AND MATING SUCCESS

2.1 INTtlODUCTION

2.1.1 Sperm competition and mating pe.tterns
I,
/,/

Anurans are an ideal group for studies of mating behaviour 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 quantification 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, group spawnings occur and paterrri;f.; is divided

Ir
amongst the males present. Workers either assume that ferililizatione are

shared equally among the males present (van den Berghe et al. 1989), or that

fertilization success is related to maJe (,Proximity to the female (Gross 1985).

Of course, estimates of reproductive success are most accurate when

fertilization rates are calculated using data from biochemical paternity tests

(Westneat et al, 1987).

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

most frequently documented alternative tactics are: satellite behaviour, where

non-calling, males attempt to intercept females attracted to calling males

(Pernll et ~. 1978); amplexus displacement, where unpaired males attempt

to displace amplexing: males (Telford & Van Sickle 1989); and active

searchfng by silent males who clasp any individual they encounter during
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their searches (Woolbright et al. 1990).

Alternative reproductive tactics are usually a consequence 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 (Kodrie-

Brown 1986). Generally, alternative reproductive tactics yield lower pay-offs

than the dominant tactic, although tactics with equal pay-off (Gerhardt et al.

1987) and even higher pay-off (van den Berghe 1988) have also been

reported. Tactics may be reversible or fixed, and either opportunistic,

conditional or part of a mixed Evolutionary Stable Strategy/Stave (Austad

1984). In most anuranfl-,.~:_"'~ tactics fire conditionally employed by
- II

smaller males (Howard 1978; Loman. & Me!aS£1JA 1986; Arak 1988b; Krupa
1989). Fixed tactics have not been recorded in anurans, but when there is

considerable intra-population variation in male size; and tactics are size-
-\

based, males may be limited to a sin~!e tactic for an erlt,ire breeding season

(Howard 1984).

In this chapter I present behavioural evidence for the d~currence of ap.
\' _.,,-

'opportunistic' reproductive tactic rarely recorded in anurans: I suggest tfiat
,I

multiple spawning andsperm competition are common features of the mating
'I

system of Chirdmanits xerampelina. This suggestion is corroborated, by
-;.:_\

additional sources of evidence presented in Chapter Three.

2.1.2 Parental Care

I

The evolution of parental care remains one of the few tOP1CS in evolutionary

biology where unifying principles are lacking. Parental care is formally

defined as parental behaviour that is likely to increase the fitness of the

parent's offspring (Clutton-Broek & 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 spenr~phores which, when

consumed, increase the survival-rate of the offsp~. Should spermatophores

II
Ii

be considered a male investment inmating, 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)?
r-

Clutton-Brock (1991) in a recent book-length review '1..(")' ~ireJ;ltalcare focused
-.'\."",--(

on five main questions. The questions which are best understood are: What
are the costs and benefits of parental care? [Answer: the ~n benefit is

increased offspring survival. growth and breeding 81)CCess.henc-, increased
\ )

fitness for parents]; Why does the extent of parental care fluctuate 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 t.o the costs.for parents and the
~t

benefits for offspring? How is parental care divided between SOIlS and

daughters?
(, ,"
'-'li\'\ --"

Parental care has been reported in a number offrOgs (Mcfriarmid 1978; Wells

1981; Townsend 1986; Summers 1989). Most reports are from terrestrial
1« breeders in the tropics (Wens 1981). Both males and females have been

implicated in care. In fact, frogs are unusual in that male parental care is

relatively widespread. There are two possible factors that make male
I'

parental care more likely to occur in frogs than in other vertebrates. First,

the costs of parental eare ar usually low (Wells 1981). Second. eggs or

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

care for them and continue to attract additional females (but see Townsend

1986). Parental care may take several forms including; guarding eggs or

tadpoles against predation (Kluge 1981); preventing desiccation (Townsend

at al. 1984); maintaining access to water (Kok et aI. 1989); and carrying

tadpoles, either to water (Summers 1990) or until development is completed

(Ingram et al. 1975).
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2.1.3 Clutch size

In anurans, as body size increases within a taxon (eg. genus or family). so

does ovum size and clutch size (Sal the & Mecham 1974 and references

therein), A similar trend is observed when clutch size in species with a given

mode of reproduction are compared (eg. eggs in foam nests, eggs carried, eggs

in water) (Crump 1974). According to Salthe & Mecham (1974), virtually all

studies at-the time of their review showed that, within a given species, larger
-:

females produce more eggs than smaller females. In contrast, Crump (1974)

found a significant correlation between body size and fecundityin only 27%

Qfthe 41 species she 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<~enus

Chiromantis is related to the aridity of the environment (Coe 1974). The

forest-dwelling C. rufeseens has a smaller clutch size than the woodland- ..

inhabiting C. :::erampelina, which, in turn, has a smaller clutch size than

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

2.1.4 Polyandry
/:
./

<;

A female mating with more than one male on the sarde or successive nights

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

Afrixalus 'deIicatus 03ackwell &: Passmore 1990b). Multiple-mating with

more than one partner is usually adaptive for males because it is likely to

increase the number of offspring sired. For females, however, the benefits of

multiple-mating are less dear. At first glance, it. seems unlikely to raise a

female's reproductive success. Potential adaptive explanations for multiple-o

mating by females include: (a) an increase in offspring viabihty. By allowing

sperm competition to take place, females can. 'select' for the sperm of the
I.i

most viable male if sperm viB;bility and male viability are related (for a
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ftlscinating €;xample involving adders (Vipera be;ds) see Madsen et al. 1992; c:

but also see Parker 1992); (b) it may increase the genetic' diversity of the

progeny and raise the likelihood of survival j...'-fluctuating environment

(Stacey 1982); (c) it may ensure that females receive sufficient sperm to

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

associated with ejaculates (Gwynne 1984); (e) it may result in more males

providing parental care (Davies 1985); (0 it may reduce sexual harassment

(Svard &Wiklund 1986); (g) it may It'l.ard against genetic aberrations arising

from sperm storage. 'There are .iso some non-adapt-ive explanations for
multiple-mating by females; (a) it may 'f)e a non-adaptive consequence of

selection on males for an increased tendency to mate, The: tr~t.-tpen arises

in females as a genetic correlate .>f selection on males CHallt,' i,i& 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 oviposition (in species with external fertilization)

if the rate of fertilization drops such that a 'fresh' female. would yield a

higher mean rate of fertilization (Backwell & Passmore 1990b).

2.1.5 Construction of foam nests

Frogs that produce foam i~St8 are known in ;19 of 301 anuran genera (Hodl

1990; fIaddad et al. 1990). This behaviour seems to reflect convergent

evolution and it has evolved independently in at least four rlmilies

(Rhacophoridae, Leptodactylidae, Myobatrichidae and Hyperoliidae)

[Duellman & Trucb 1986]. A recent report suggests that foam nests are also

built by the hylid Hyla rizibili~\,~dding a fifthfa~ly (Hylidae) to the abova
't'--" '..

list (Haddad et aI. 1990). In the rhacophorids, females beat oviducal fluid into

a frothy mass with their ':rlrd legs. In the other families, both sexes may co-

operate in nest building, and the forelimbs may be T'..Sedto beat the foam. It

has been suggested that the chief'benefit of a. foam nest is b reduce the risk

of desiccation (Ryan 1985). An additional benefit may be reduced p""'\(lation. ) ,

/
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on egg:~and early tadpole stages, esp~cian~ that arising through conspecific

cannibalism Ofiodl J,~~).

Observations of marked, breeding frogs were made in December 1990, in the

Hoedspruit district, Transvaal, South Africa (24°27' S, 30°52' E). The sfudy

pond was approximately 500 m2, with a maximum depth of 1.2m. The closest

neighhouring breeding Glte was 800 III HVJ;1Y.

'"-[pirty two rr.ales were collected individually by hand, measured, weighed,

marked and "released at the point of capture within 15 minutes. Snout-vent

length (SVL)!of all males was measured ilo the nearest 0.1 mm. Males were
,

then hydrated and weighed to the nearest 0.1 g. Males were individually

marked by heat branding on the dorsum.Bize measurements were also taken

for 3~ffemales collected at the main study pond and the two neighuouring

ponds, at Mariepsig.

Obsevations were made on 21 nights over a 22 night period between 2000

and 0730 hours, Only two nests were constructed ill the three weeks prior to

the study and no males v-ere present at thir- pond on termination of the study.

(

;!

Each 'night ~"census of the population 'fVas undertaken. I located twelve
regions in thE! pond where males were consistently present, (mean region size

= 1.9 m" . range = 0.4-4.9 m"), Seven' of these: regions were partially

submerged trees, four patches of emergent grass and one a reedbed. The

identity of males, the region they were in, and their behaviour were all noted.

An effort wan made to census the pond hourly, but this was not always

possible due to observations of nesting. All males present at nests were

identified, I located females that were eil ner unpaired in th~~w().tQ.'f~ or
already in amplexus out of the water, and observed them l,hroughout nest
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construction. Early each evening I checked the pond for nests not observed

the previous night. This allowed for accurate correction of undercounts of

female presence, Video recordings were made of the construction of six nests.

These were used tp determine the dn.ra:.ion of the first 10 periods of
II

quiesence.between activity bouts for each nest session.

In the description of nesting. I refer 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 'peripheral males', Any

individual touching the foam nest is described as being 'on 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 Hoec.spruit (1990). They

were re-weighed three to 19 days (mean = 14 days) after their initial capture.

Male weight change was also calculated for nine males at Vienna (1991-92).

They were re-weighed 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

Initial mass 1

1-' ...----.-----
Days SinCE)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-

OMtape recorder using a Sony EMC-16T microphone. Recerdings were made

at air temperate n:s of20 - 24 C. Air temperature was measured using a Bat-

12 Bailey Instruments digital thermometer. Recordings were made

opportunistically because males were frequently silent for.extended periods -
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focal sampiing was thus unfeasible. Fifteen of the .30 males present at the
site for two or more nights were recorded, Call rate was measured using a!.~

Uniscan II sound spectrum analyzer. Details of spectral and temporal ca1l,~~>
parameters (dominant frequency, pulse rate etc.) are presented in Appendix

II. Peak sound pressure levels (SPL) of calls were measured in the field using

a Bruel & Kjaer 2209 sound level meter. The microphone was held

horizontally 25 em 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 absolute units (microbars) for statistical analysis.

2.2.4 Parental Care

Observations of female parental care were made at all three study sites
(Mkuzi, Hoedspruit and Vienna). The additional foam produced by returning

fEt' :~s was examined by hand for eggs. It was clearly distinguishable from

the foam produced on the first night, because the surface of the latter had

already hardened by the second night.

2.2.5 Clutch Siz~ Ii)

The number of emerging tadpoles and elutch size were calcislated for nests

at Mkuzi and Vienna. Plastic buckets were suspended beneath nests and

tadpoles fell into the bucket oh hatching. Tadpoles were counted by hand,

using a teaspoon to 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 Dimomhism

At Hoedspruit there was pronounced sexual size dimorphism with a
tij

28



female/male size ratio of 1.21. Mean female size was 76.1 mm (SD = 3.2 mm,

range = 67.8-81.3 mm, 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 (SD =
2.6g, range e 8.7-17.5 g, N = 26). [For more details on sexual dimorphism see

Chapter Four]. There was a strong positive correl~tion between male SVL

and mass (1' = 0.88, N = 26, P < 0.0001).

2.3.<2 Mal~ weight change

At Hoedspruit, male weight loss as a percentage of initial body weight was

only 0.003% per day (N = 9 males; mean interval between weighing = i4.0

days). At Vienna, mean male weight loss was 0.23% per day (N = 9 males,

mean interval between weighing e 8.4 days), At Vienna, however, only three

males lost. weight, while six gained weight. The greater value for mean

weight loss at Vienna was largely due to a single male who lost 4.3% of his

body weight in six days. If the data from both sites are pooled, mean weight

change is 0.12% per day (N z: 18 males) (Fig. 2.1). If the outlier is excluded,

the mean loss per 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 ratio (OSR) ranged from

o to 0.29 (mean e 1:14) with no correlation between the number of males and

females present per night (1' = 0.26, N = 21, i/> 0.2) (Fig. 2.2); 'l':fierewas no o
1(_ ',I,

correlation between male weight and date of arrival at the pan (r = 0.25, N

== ~12, 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

Ii,29
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Figure 2.1 Male weight change for 18 males from Hoedspruit and
Vienna. 'Days' refers to days since initia) capture, Eight males lost weight
and 10 males gained weight. The mean weight 108s 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 number of males present on night 21 as on
night 20. The operational sex ratio was always male-biased. Night 1 =
December 5, 1990.
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Figure 2.3 Data on individual presence for 30 males at Hoedspruit
over the breeding season (22 mghts), 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, 1900 (Symbols: _;:; amplexed; += peripheral
only; A..::£amplexedand peripheral;.= present but not seen at a nest; 0= 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 ofmating and nesting SUCCESS as they were only

present for a single night.

Individual males showed strong preferences for certain regions of the pond.

The maximum number of nights a male was observed in a single region (one

of the 12 delimited) was expressed as a percentage of the totai number of

nights the male was 'Present at the pond. Mean 'regional fidelity' war 65 3%

(range = 29-95%, N = 30) (F~3'.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

stationery. Ninety five percent ofmales (N = 27 of30) moved between regions

on at least one of the nights they were present. This movement was

associated both with joining 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.

2.:::.4 Calling behf!yiour

Males called from elevated sites over water and defended neither active

ca.ling spaces nor territories. There were no agonistic interactions between

unpaired males away from nests. Males continued to produce advertisenient

.calls even when, positioned on top of each other. All 30 males were! obse!Ved

calling, but there was considerable inter-individual variation in calling effort.

Satellite males were not observed (sensu Perrill et al. 1918).

Attempts were made to record all 30 males, but due to the sporadic natqr~

of calling, only 15 males were recorded. There was no significant ('ize
difference between recorded and unrecorded males (Mann-Whitney U .J~t,
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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 induration), the mean call rate was 10.6 calls

per minute (range = 2.3 ~ 28.8 calls per minute; N = 15 males; 1 - 4

recordings per male)" These data reflect maximum call rate, because
recordings were made non-randomly during bouts of high calling activity.

(

In total, three different calls were produced bYr~' Unpaired males
I \

produced two calls similar in frequency range, but ~~-jfferent 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 types and changes in the social or acoustic environment. Males

in amplexus continued ,;ro produce these two calls, especially in the period

immediately subsequent to pairing. A third call was produced during nesting.

Itwas a very! 1 )ft 'whirring' sound accompanied by visible vibrations of the

body. Itwas produced both by the amplexing male and by peripheral males.
especially those closest to the mating pair. I also saw this call produced-by

amplexing males in the absence of peripheral males. My subjective

impression, however, was that .this call was produced mare frequently in

response to the competitive cloacal juxtapositioning of other males on the

nest. Sperm release in some anurzns is accompanied by visible vibrations of

the body wall- The sound produced may thus have been an incidental effect

of ejaculation. 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 25 em (N = 2

males). There was, however, considerable intra-individual variation in call ..

intensity for both males. For example, the smaller range in SPL was from

81.5 dB to 100 dB CN= 30 calls}. This eight-fold range in loudness was not

due to slow and fast calls having different intensities.

I
1
I ••

l (
~
J:
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2.3.5 Nesting BehavioUl'

Of twenty six females that b1'&')at Hoedspruit, 18 (69%) were observed 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 < 0.00011. 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, Ni·-,i00);and for the third session, it was 216.1s (SD = 153.4
, '

N::::30). The inter-bout duration in the third session was significantly longer

than that in the first or the second (Seheffe's Test, Two-tailed, P < 0.01).

There was no significant difference between the inter-bout durations of the
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 ofa session was 74.3 min (SD = 24.0, N =d6), whilst the

period between sessions averaged 52.2 ruin (SD = 8.2, N = 12). Nest buildinf
,/

occurred between 2000 hours and 0630 hours. One nest took over 7 hours to

construct. The following description of behaviour prior to and during nesting

is based on detailed observations at 14 nests.

I

I

I. (
j
I:

Females approached males from the water and then proceeded to climb the

vegetation or tree trunk towards a group of males. Females did not move

between regions, and any potential for female choice was limited to that

between males within one of the twelve regions. There was a noticeable
"

increase inmale movement but no apparent change in calling behaviour (cf.

Coe 1974) and males did not descend to meet the female. Although females

approached regions where males were calling, they did not appear to select

a male. Initiation of amplexus did not involve a female making physical
(
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cor-tact with a male. it occurred when a male jumped onto a female. Dn at

least two occasions the male jumped from 30-40 em above the female. The

amplexing male was nat necessarily one that the female had:~.Jeenfacing, nor

one she had been. approaching towards. Males clasped the females in a

modified form of axillary amplexus. Their forearms were not in the female's
,

axilla, but rather on her 'shoulders', Sexual size dimorphism resulted in a 2-3

em separation of the pair's cloacae.

At 93% of nests, single males: we~~ 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 to 12 m to reach and then follow the amplexing pair.

The mated pairs moved 0.3-2 In 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 approximately in line-«, -,
'.\

with that of the female. ' '~"

Neat construction began when the female released an oviducal secretion and

churned it into a white foam with movements that fully extended her hind

legs. Egg laying began approximately 15 minutes after the start of foam

production. Bouts of oviposition always OCCUlTed in conjunction with female

churning. Males remained motionless between bouts, while females

occasionally moved their hind Iegs (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'hiseloaca to the area where

the eggs emerged. I suggest this action serves to distribute semen over
I

extruded eggs.

Peripheral males also responded to the female's churning motions. An 'active'

peripheral male would swing his lower body away from-the branch then, wit.h

a jabbing motion, position his cloaca adjacent to that of the female (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 mal~ as

they attempted to maiatain cloacal proximity with the female. Peripheral
,',

males competed to 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 halted churning activity the

peripheral males and the pair returned tJ! their motionless pre-oviposition
/1

state. Attempts to maintain cloacal proxinlty were di\\played primarily by the

two males immediately adjacent t~ ti1ffmplexing Pair, ami less cipmmonly

by peripheral males further frorrl."t!lej~:air. Males further from t.he pair
~'--"':''::::~-'-/ .11

tended not to move during ovipositijm. Id8scribe them as 'inactive' peripheral
\
I

males. .

'\\.
Of the 23 nests constructed at the stui~y site, two were communally built (one

\

involved three females, the other two f~males). The behaviour of both sexes
p. \

at thes\\;' n- 8 was identical to that at ~ests involving a single female, The
;!

number of males present at a nest v~red. Between and during nesting

sessions new males usually arrived ~Fdjoin in as peripheral males.

Occasionally, a male left the n1~t beforJiihe fem~le had finished ovipositing.

1.1:lemean number of peripheral male~(per session was 3.5 (8D = 1.7, N == 33
sessions). with a non-statistically significant trend towards increased

numbers of peripheral males in later sess&p.s. The average number of males
"',,=:-

participating in a given nest was 5.5 (SD = 2 ~\~ = 15 nests) and the mean
\ )"

number of males per female at a nest was 4.9(8)0 = 2.6, N = 15 nests).
j)1/

(/
'\2.3.6 Polyandry and amplexus displacement I.

II
Female departure at the end of a session wa~/bbserved 20 times and in 11

/'
cases (55%) the arnplexing male dismountedjleaving the female to descend

II

to the water on her own. On the other 9 (4q%) occasions the male remained
'\ .

in amplexus. Unpaired females amplexed wRlle returning to the nest for the

start, of the next session; The' ,w.ually ~~lexing male only amplexed
:' .,--- d

successfully in one of nine observed. fema!~jreturns (11.1%). During the
.:
'/
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Regional fidelCt},· (J.')

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 inone of twelve demarcated areas.
Mean fidelity was 65.3%.
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Figure 2.5 A photograph showing two peripheral males and an
amplexing pair during nest construction. The peripheral male on the left can
be seen juxta posing his cloaca with that of the female.

Figure 2.6 A photograph showing three peripheral males wr:,ri:~t,1g 011
the nest for the l!~turnof the female. The male in the middle is the'b~igi~'ltd
amplexing male.
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Mating success and nest participation were analyzed at four scales of
interaction: nest 'dessions, nests, nights and breeding Beason (see Morris
1989). The first two scales are most likely to reveal female choice or direct
male-male competition. There was no significant size difference between
mated and peripheral males during nesting session (Sign Test, NS, N :::32
sessions). Neither were mated males la-rger 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 a15,9no significant size difference
between males that did and did not mate during the breeding season (Mann-
'Vhitney U-test, N :::30, P = 0.24). The only 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 (number of females amplexed) (r = 0.6, P <
0.001). There was no significant correlation between size and number of
nights present (r = -0.1, N = 30, P > 0.5) but there was a significant
correlation between nights present and regional fidelity (r :: 0.49, P :: 0.008).

2.3.8 Communal nesting

At the Mkuzi study site, communal nest building involving two females was
observed on one occasion (1 of 24 nests observed :: 4.~(b). There was ICp

apparent limit on suitable nest sites. On another occasion, two gravid females
built nests less than 1m apart, despite having encountered each other prior
to the start of nesting. In Hoedspr :.tit in December 1991, three nests were
built communally over a farm dam at Mariepsig. One of these nests was truly
enormous (Fig. 2.9) and I estimate that a minimum of 40 females were
involved. Although suitable nest sites were limited, there were still a
sufficient number of sites available to exclude space constraints 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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Figure 2.8 Frequency histograms showing the distribution of
observed reproductive behaviour for 30 males at Hoedspruit over a 22 night
period. (A) the number of gravid females amplexed by a male during
oviposition (matings) and (D) the number cf 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 were built communally (8.7%).
o

One involved three females, the other two females. Communal nests were not

built at Vienna.

2.3.9 Parental Ci!n~

In C. xerampelina females return to the breeding site on the x;!eht following

initial nest construction. They then proceed to add an additi0r{layer of foam
to the nest (Fig 2.10). At Mkuzi, 33 of 34 nests had additional foam added.

At Hoedspruit, 25 of 26 nests were enlarged. At Vienna all 8 nests 'Yere

enlarged. Overall. 97% of nests were enlarged. Females do not deposit eggs
on the second night. At Mkuzi I observed males ample}dng with returning

females) and peripheral males were even present. These males, in most cases,

remained only briefly at the nests. In one case, however, two peripheral
males and an amplexing male were present throughout nest enlargement (>

3hr) ~ despite the female being non-gravid. In general though, males at
II

Mkuzi appeared to be capable of distinguishing between gravid females and

females providing parental care. At Hoedspruit and Vienna, males ~ere

never seen amplexing with non-gravid females.

Females probably remain in the vicinity of the nest on the day between

oviposition and addition of extra foam. This was most c~~r.nonstrated

by the large number of females seen in the day time ~~ the Mariepsig site

following the building of an enormous communal ne~. Even if females
'"remain near the nest, however, there may still be other nests hi the area

which the female must distinguish from her own nest, How the female

recognizes her nest is unknown. Possible explanations. which should be

tested empirically, are (a) individual-specific chemical cues; and (b)

memorizing location.
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2.3.10 Clutch 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 = 637R~1~:[;

N :;::4 nests).·Mcan clutch size (tadpoles + eggs in nest) was 120:1 (rtix;g~;;'.:'

827-1670; N = 7 nests), Of the total clutch laid, 85.8% (range = 72.9 - 9.';;,2%;

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

2.4 DISCUSSION

2.4.1 Communal nesting

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. t:!ree~lingsites was higher

common" u.t the start of the

.nmunal nesting appears to be more
..cling season (D. Gaynor, personal

communication). A partial explanation for this pattern is that females are

more likely to encounter one another when female density is high. However,

observations that females do not always build nests communally, even when

the potential exists, suggest that this is an incomplete explanation.

(;

The functional significance of communal nest building is unknown. In the

foam-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 desiccation (Ryan 1985). A similar explanation may also

~t;C,l}unt fo~!'communal nesting in C. xerampelina. Waldman (19.81) has
.\

shown that communal oviposition in the wood frog (Ra.na sylvatica), which

breeds in a temperate environment, elevates the temperature of eggs,

...



just water to nests. Additional water is inv- lved, because females still

descend to the pond between nest sessions as water appears to be necessary

for foam production. The benefit of the female adding foam on the second

night probably lies in a red{1ced risk of desiccation for tadpoles, Extra foam

will probably decrease water loss, and may also influence nest temperature

by insulating the nest. There is little opportunity for male paternal care in

Chirr~mantis because the tadpoles are hidden in the foam nest. The foam I

nest i's also un~alatable (I only saw millipedes feeding on driedJp nests) and
this may be a sufficiently strong deterrent to predators). Parental care is

rarely reported in frogs living in arid environments.

i)

2.4.4 Overall Breeding Patterns

Chiromantis xerampelina may be considered a prolonged breeding frog

(sensu Wells 1977). At Hoedspruit, male and female presence was not

synchronized by rainfall, female arrival was unpredictableand the OSR Vias

always strongly male biased. As in most other studies conducted over the

major part of the breeding season, Ifound that chorus attendance is the best

predictor of male mating success [egoHulo americanus (Gatz 1981a); B.

ealamlta (Arak 1988a);Bufo rangeri (Cherry, in press); :81 woodhousei
(Woodward 1982a~; Centrolenella fleischmanni (Greer &Wells 1980); C.
prosoblepon (Jacobson 1985); l1yperolius marm.oratus (Dyson et al, in

press); Hyla chrysoscelis Good~~n & Roble 1982); H. cinerea (Gerhardt et

al. 1987); H. rosenbergi (Kluge 1981); Pbysa1aemus pustulosus (Ryan

1985); Rana virgatipes (Given 1988)]. The percentage of nights present in
the chorus was high relative to that found in many other anuran species (eg.

~ "
Gerhardt et al. 1987; Sullivan 1987;'\Green 1990; Salvador & \CarrascaJ. 1990;

\1

Cherry in press). ~\

The comparative stability in male body weight is interesting because it

contrasts with the results of several other studies (see review in Halliday

198'/; Given 1988). It is rather unexpected, given that (a) males repeatedly..
48
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I suggest that subdued, iI~tc~rmittent calling and male movement can all be

related to the peripheral male tactic. Males do not need to be in amplexus to

fertilize eggs. Males that are not chosen by females may still fertilize their

eggs by being peripheral. Successful alternative mating tactics reduce

selection on traits associated with the dominant tactic (Halliday & Verrell
1986). This may ~,~\Veresulted in lowered benefits to a high call rate, which

is generally the only trait that, within a night, is correlated with mating
\'

success (eg. Lopez & Narins 1991). Calling is energetically expensive and

males m8t/~'hus have diverted energy from calling and used it to be present

on a greater numher of nights. Male movement is almost certainly related to

seeking out f~~a1es. 'I'hisis normally an ineffective strategy for a prolonged
breeder because of the high operational sex ratio. In C. gerampeHna~

however, males benefit if they enco:i\!Dterunpaired or paired females because

~~th are potential mates, 80 the 'effective' OSR is lowered.
1\

2.4.6 Peripheral Males

The most unusual aspect of i.~ating in Cbiromantis xerampelina is the

presence of peripheral males. Cue (1967) suggested that unpaired males

helped in nest construction in C. rufescens. Observations of C.

xerampelina do not support this conclusion. The data provide 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 peripheral maies. These males are almost certainly fertile

because all investigated nests had high fertilization n1te,~.One male mated

without peripheral males baing present during nest construction and this

nest produced tadpoles. This male was also observed as a peripheral male;

(2) peripheral males only competed with the amplexing male for cloacal

proximity to the female during oviposition; (3) peripheral and amplexing

males were not observed helping to chum the foam .

..
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Figure 2.5 A photograph showing two peripheral males and an
amplexing pair during nest construction. The peripheral male on the left can
be seen juxtaposing his cloaca 'with that of the female.

,...

Figure 2.6 A photograph showing three peripheral males waiting on
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 observed amplexus displacement attempts on 14 occasions. They occurred.

either before nesting had started, 0:':' at the start of a subsequent npsting

session. Seven (50%) of these 14 attempts were successful. There was no

signiill.:ant 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 amplexue 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 sessions, 66% (N :; 10 ofl5) amplexed with

more than one male. Two females amplexed witt). at least three males. Thus

a minimum of66% of egg clutches were f~.rt::lizedby more than one male due

to multiple-mating.

2.3.7 Male Repr'1ductive Success

(

In Clriromantis xerampelina the fertilization success of peripheral a~d

amplexing males is unknown so data on variation in reproductive su;?ess are
-1\unavailable. Of the 30 males present at the pond for more than one rR.f,'ht,28

(93.3%) participated in at least ue nest, 26 (83.3%) were seen as peripheral

males, 18 (60.0%) amplexed at least once and 17 (56.7%) were observed as

both peripheral and amplexing males. lJ'he average number of nests that
males were observed to participate in was 2.5 (SD ::.:1.8, N ::..30 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 underestimate male

reproductive behaviour 1 however, because only 69% of the. gravid females

present at the pond were observed, When the (.,. .a is extrapolated to include

all 26 females present, the mean number of nests participated in is 3.B and

the mean number of females amplexed per male is 1.8.

(

!
~)
\",_
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Figure 2.7 The relationship between male snout-vent-length (8\A'L)
and success during amplexus displacement attempts for 14 displacement
attempts at Hoedspruit. The line represents equal-sized contestants (symbols:.= successful displacement; [J::: unsuccessful displacement attempt).
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Figure 2.9 A photograph showing an enormous communal nest built
at Mariepsig. The photograph shows the nest prior tv ~he addition of foam on
the following night!

Figure 2.10 A photograph showing a solitary female adding foam to
her nest on the night following oviposition. The lag movement of the female
is typical of that during a Churning bout.,
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.espeeially those in the centre of the egg mass. This elevated temperature

leads to faster growth rate1:and increased hatching success. By analogy,

communal nest building in C. xerampelina may 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 Sitt~

The clutch sizes I recorded were significantly larger th-~n the figure of 150
usually quoted (eg, Coe 1974) which is attributable to Wager (1965). Clutch

size in C. xerampelina is significantly larger than that in the two

congenerics [C. xerampelina = 800-1700 eggs; C. rufescens ::.:113 - 201

eggs; C. petersii = 300·350 (Coe 1974)]. The difference from C. rufescens
dutch size is probably attributable to body size. Females 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 hatching 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 to be similar. The difference between these two measures is
probably attributable to desiccation. The outer layer of the nest dries rapidly

and any eggs deposited here are unlikely to develop. Even so, unfertilized

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

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

, mited so that eggs need to be fertilized shortly after oviposijion?

47

2.4.3 Paren411 Care

Conflicting reports have been presented regarding the occurrence of parental

care by female C. xerampellna. Ithas been suggested that fem~Js remain

at the nest and moisten it (Rose 1962), although this notion was discounted

by Wager (1965)' In this study, I found that females are adding foam, and not



struggle to remain in proximity with the female's cloaca; (b) they are visibly

slowing down to;wards the end of nest building; and (c) they participate in so
\

many nests, sometimes over several successive nights. Possibly, reduced

calling effort may partially offset these costs. The high percentage of nights

males are present at the breeding site is also consistent with a relatively low

rate ofweight loss suggesting reduced energetic costs of reproductive activity.

At ali scales 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 suggests that there is neither female choice

of large males" nor a large-male advantage in male-male competition. The

distribution of matings among males was far more equitable than that
'.,\

usually recorded for anurans. At least 60% ofmales amplexed gravid females.

2.4.5 Calling Behaviour

Several aspects of male behaviour prior to amplexus are unusual. First, the
call SPL WIiS very low. Passmore (1981) measured srund levels in 17 species I,,
ofAfrican anurans. Only one species (Phrynobat~:achU8mababiensis) had

an equally soft call (~2dB). Furthermore, Passmore noted that the calls of

African anurans were louder than those reported from Australian and North
- ", American species. Second, calling was highly sporadic for a prolonged

~'reeder. The maximum call rate for C. xerampelina was more reminiscentJ the mean call rate of other prolonged breeders. Third, males continued "'~
f I, Jr'

//:cc>' call in amplexus. This has also been reported in Phyllomei~us~r)1
f "Ii

hypochondrlalis (Pyburn 1971), but its significance is unknown(Four,

"males showed very high call site fidelity. Five, in spite of call site fia~lity,
-,

mc~es did move around the breeding site, especially at ,Mkuzi (see Chapt,r

Four). Male movement is also unusual for a prolonged breeder, where male'
usually call from stationary sites. "\

J
II
\J
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I suggest that the most plausible explanation for the presence of these males

is that they compete with amplexing males for fertilizations, and that those

peripheral males that actively compete to place t.heir cloacae against the

female's cloaca during oyiposition are ejaculating. If so, their actions should
",

lead to sperm .competition. My evidence is comparable to that for group

spawning in several ash species where.similar circumstantial evidence has
led to the acceptance of a sperm competition hypothesis (Dominey 1980;

Taborsky et at 1987). It is more difficult to interpret the behaviour of

inactive peripheral males. They may simply.be waiting fbr an opportunity to

get closer to the 'pair, or they may also be releasing S'perY: into the foam.

If active peripheral males are pursuing an alternative reproductive tactic it
1_\ 1\

is a fairly sophisticated one. For!;it \~Oh~1~0evolved the following adaptive
" /, ,~, ,;""" {, (- '\

changes in behaviour were rt;~Ui:iied;(1) #~~a~hl'ty to release sperm without
',.1 '".

being inamplexus; (2) the ability to recognize the cue for oviposition without
II

being in amplexus: (:1) the capacity to 'iocate females from a distance. Most

anuran species show little ability to recognize females at a distance (Wells

1977a; Robertson 1986); and (4) the ability to juxtapose cloacae with the

female from a variety of positions and to maintain cloacal proximity while

<i/(
1./

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

other males are jostling.

males obtaining 'sneak' fertilizations are a subset of the total male

population. They are usuallv smaller and/or younger than dominant males
". \' ",

and. in the short term" are largely limited to this sne~~Jrin~!' /llc (eg.,

Dominey 1980; Gross 1985; Taborsky et al. 1987; van den Berghe & Warner

1989). In frogs, males pursuing ~lternative tactics are, on average, also

smaller (Gerhardt et al, 1987). The small size of'sneaker.s' may be the result

of; (a) direct selection for sm~Jt' \ body size because it decreases

conspicuousness (Gross 1985); (b) 'sneakers' being younger than dominant

males (van den Berghe et at t)89); (c) genotypic differences, between males

.
( ,
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(Gross 1985; Ryan & Causey 1989); (d) a response to an active female

preference for larger males (Ryan & Causey 1989).

i I(

In <:ontr~~t to the above studies I did not find that peripheral males were

smaller than amplexing males. Size and age are related in anurans because

of indeterminate growth, suggesting that peripheral males are:. no.younger
r ,

than amplexing males .but see Halliday & Verrell 1988). Individuals of all

sizes were found inamplexus and acting as peripheral males. The alternative

reproductive tactic of peripheral males does not appear to be a 'best-of-a-bad-

job' tactic resulting from phenotypic constraints, but rather a reversible
';~,

(sensu Austad 1984), 'opportu.dstic' or 'side-payment'stactic (Davies 1982).At

present it is impossible to determine the re~.ativi' fitness of the tactic because

fertilization rates are unknown. Hence ~e possIbility of a mixed evolutionary
\)

stable strategy OT state occurring remai~;s open. E:'I:pla.nations (a) - (c) do not

account for the peripheral male tactic in C. xerampalina, The data do not

support a hypothesis that the taclic is i~;response to :~male mate choice•. )
.; \\ \

because the tactic was exhibited by almost all male:". 'rh~rawas also no
\\ . ~>

evidence for ~~emalechoice, although it may heve e,.-.fs{kd in th-e past.

In C. xerampe1ina the al~rnativEf reproductive tactic of ampI~ius

displacement was also documented. The data are unusual in that therewas

no large-male mating advantage (cr. Telford ~, Van Sickle 1989). I did not

measure the forearm length of males and it is possible that this influenced
displacement success (Lee 1986). The rate of successful displacement (50%)

is also the highest recorded in an anuran snecies (Telford & van Sickle 1989).
'~ ,/

Amplexus displacement is comparatively rare inprolonged breeders (Telford
& Dyson 1988).

t I

2.4.7 Polyandry

Polyandrous behaviour' whereby more than one male fertilizes eggs '.in a
single clutch has only been do~ented in one :~'Gheranuran, Afrixalus
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;de~~.catu.s(Backwell & Passmol~e 1990b). Here I have reported that at least
...... -C., '

6-6% of females were polyandrous. The main cause of. polyandry is the
! ;

dismounting of mllple~}Ilg malea between nesting sessionS',i?The data

in dicated that males only have an 11%probability of're-amplexingi Polyandry

is often described as an adaptive female strategy (reviewed in Halliday &
Arnold 1987). but I can not construct a plausible adaptive explanation at

I

present. Increasing the genetic diversity of progeny, or ensuring fertilization.

is especially implausible if one accepts that multiple spawning is occurring.

Further research is necessary to account for the proximate and ultimate

mechanisms that results in males dismounting.

2.4.8 Spenn Competition in Anurans'l

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 anura ':l (Halliday & Verrell 1984). My initial

observations suggest that it probably occurs in C. xerampeIina. If so, it is

also likely to occur in the two congenerics. Peripheral males that gather

around the spawning pair have also been noted in the f(\r.:.1U"'l.l"";;~rS
Polypedates dennysi (Duellman & Trueb 1986), P. leucomystax (Feng &

Narins 199U, Rbacopborus sehlegelli and R. arboreus (Fukuyama 1991).

Pyburn (1970) documented the presence of unpaired males at leaf nests of

PbyUomedusa dacnicolor andAgalycbnis call1dryas, 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, speculation about the evolution and significance

of the peripheral male tactic is constrained by the absence of data on the

relative fertilization success of amplexing and peripheral males. Preliminary

electrophoretic work shows that there is almost no protein polymorphism in

the study popuiation (Jennions, W.S. Grant and N.I. Passmore, unpublished
data).



CHAPTER THREE

DIRECT AND COMPARATIVE EVIDENCE
FOR SPERM COMPETITION

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 xerampellna, Rhacophorus arboreus and P_
1'1'

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

sperm competiti~~/.~ppears to bav~ selected. fo~rincrei.ses szyerm production

!, ,:f alI three species. Additional e~idep\ce that sperm c~,,;~petit!o:noccurs in C•

.xerampelina is provided by' h ·si.t!1lie male' experiment. If. showed that

peripheral males are ;cipable Q.",f~rtilizine:eggs wi.~/··J·tne auy~)',mcingmale is
" . '( ,

prevented from so-doing. ' ,

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 (19~r7,1979, 1981) who,

looking specifically at the great apes, noted that males in multi-male gi'OUPS
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 oya (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 generally, inter-specific

comparative studies of birds and mammals have shown a similar positive
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CHPYTER THREE

.,I}.IRECTAND COMPARATIVE EVIDENCE
FOR SPERM COMPETITION

3.1 SUMMARY

i \
. I, \

An allometric relationship between body mass and u; .:ltismass was calculated
using data from 37 Afri71n and Japanese frogs (16 genera). This showed that

testis size in Chiroznantts xerampelina, Rbacophorus arboreus and R.
schlegelli is tillusually large. All three species have multi-male breeding and

sperm competition appears to have selected fot 'increases sperm production

in all three species. Additional evidence that sperm compatition occurs inC.

xerampelina is provided by a 'sterile male' experiment. ··It showed that
\\

peripheral males are capable of fertilizing eggs when the amplexing male is

prevented from so-doing.

3.2 INTRODUCTIQN

o

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

researcher to investigate this problem 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 & ~vray1989). This

relationship was latter confirmed using the comparative method to control

for body size effects (Harcourt et al. 1981). More generally, inter-specific

comparative studies of birds and mammals have shown. a similar positive
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relationship between testis size and the number of males a female is likely
to copulate witl, in a single reproductive cycle (mammals: Kenagy &

TrOiiri)ulak 1986; primates: Harcourt et al, 1981; Harvey & Harcourt 1984;

Meller 1988b; birds; Moller I988c, 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 production rate of ejaculate and

polyandry (Svard & Wiklund 198Q}.

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 ejaculate (Meller 1989b). Similarly, in birds there is a

positive relationship between testis size and ejaculate parameters like sperm

concentration, ejaculate volume and number of sperm per ejaculate (Moller

1988c). Sperm competition mechanisms are largely ~own (Birkhead &
»Hunter 1990), 'but th'eoretical models suggest that numei1.cal 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

probability o~winning (fertilizing ova) is directly related to the number of
tickets purchased (sperm ejaculated). The comparative data clearly support

this analysis.

~
\\

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

under conditions of sperm competition. In species where phenotypically

distinct mating morphs exist, those morphs pursuing a tactic involving sperm

competition tend 1;(: hll:, ~ larger testes than other morphs [ego blue-headed

wrasse, Thalassoma bifasciatum (van den Berghe & Warner 1989);

Salmon, Oncorhynchus kisutch (Gross 1985); blue-gilled sunfish, Lepomis
macrocbirus (Dominey 1980;Trivers 1985)]. Although there are benefits to

increased sperm production in terms of fertilization success, sperm a~e also
energetically costly to produce (Dewsbury ~982; Nakatsuru & Kramer 1982).

We might thus predict that males will adjust ejaculate size (sperm

production) in relation to the risk of sperm competition. Indeed, this
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relationship has been found within several species, again suggesting that the
level of sperm competition is positively associated with selection for

numerical superiority in terms of sperm per ejaculate reg. humane, Homo
, , t , • t \'.:)

sapiens (Baker & Bellis 1989)~!mealworms, Tenebrio mOlij):or (Gage &
II

Baker 1991);Mediterranean fruit fly, Ceratitis capitata (Gige 1991)J.

Sperm competition has not been conclusively demonstrated in any species of

amphibian (Halliday & Verrell 1984).Some urodeles (newts & salamanders)

possess internal fertilization, store sperm and are inseminated by more than

one male (Verrell 1989). This is clearly a situation in w.nch sperm

competition may arise, and there is strong circumstantial evidence for its
-H))_
occurrence in some urodeles (Verrell 1989). In frogs, however, the potential

for sperm competition appears to be 1imited. In most species 2. single male

clasps a female and remains in this position, known as amplexus, throughout

~'pawning. (prtilization is almost always external (cf. Townsend et al. 198:\.)

and thf}.~jiple..vingmale releases sperm insynchrony with female oviposition. •
/ ' '

S~;fu competition is only likely to evolve if unpaired males can release

sperm which have B:, reasonable chance of fertilizing eggs before the sperm of

the amplexing mal~; Given the amplexing male's proximity to tho femels this

is probably a rare occurrence.

",

In a few species, multi-male breeding has been observed. In the African foam-

nesting rhacophorids Cbiromantis xerampelina, C. petersii and C.

rufescens (Coe 1974; Jennions et a1. in press) and the Japanese foam-

nesting rhacophorids Rhacophorus arboreus and R, schlegeUi (Kasuya
et at 1987; Fukuyama 1991) unpaired peripheral males gather around

amplexing pairs. Peripheral males insert their cloacae into the foam during

spawning and, i\f the case of C. xerampelina, everr attempt to juxtapose:

their cloacae 'with that of the female during bouts of oviposition (Jennions et

a1. in press). Peripheral males in these species are almost certainly shedding

sperm, although direct. confirmation of this is lacking, In this chaIi~ter I
\\
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provide direct experimental evidence that male J~.xerampelina can fertilize
eggs from a 'peripheral position,

i,1

\

In the Central American leaf frogs, Phyllomedusa di~nicolor and
Agalychnis ~a.nidry3S (Pyburn 1970, D'Orgeix personal Co~rmunic\.tion),

and the' Malay..' :H~ t;.r,~frog Polypedates leucomystax (F~lg & Narins
1

1991;>more ~an one ~,i'tie may clasp the female during spav1ling. However,

the b-ehaviour preceding multi-male breeding is often c,T,\araderized by J I
/i

displacement attempts. It is thus unclear whether these ad~(itional males are
attempting to'displace the amplexing male, or whether thej\are displaying

agenuine alternative reproductive tactic.
'\~

Simultaneous release of sperm by more than one male in species with

external fertilization may lead to intense sperm competition. In species with

internal fertilization, mechanisms of sperm precedence and sperm removal

cail be «selected for (Smith 1984). In species with external fertilization,

however, the only mechanisms whereby males can raise their fertilization

success are (a) to increase the number of sperm released and (b) to maintain

proximity to the femall:! (G~~ll~~1985). There will thus be strong selection for

increased sperm producfien, leading to relatively large testes. Here I examine

te~.tis size in eighteen species of African frogs. Kusano et a1. (1991) collected

data on nineteen species of Japanese frogs. They reported relatively large

testes in two multi-male breeding rhacophorids. The allometrlcrelationship

between body mass and testes mass was, ho~,~ver, calculated using species

as 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

using sixteen genera as independent data points. I show that the testes of

three species with confirmedmulti-male breeding are larger than expected
1,,\

.' fer their body size.
)
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3.3 METHODS

3.3.1 A 'Sterile Male· Experiment

In Chiromantia xerampelina peripheral males gather around the

amplexing pair during oviposition. The female releases an oviducal secretion

which she chums into a foam nest. Oviposition occurs during bouts of
churning (for more details see Chapter Two). Nests are built on branches,

or any other solid structure, overhanging water.

I located nesting pairs shortly before oviposition commenced and placed the
amplezing male's lower body in a plastic bag (20 em x 20 em). The bag was

then attached to the tree branch with tape. The bag was replaced when the

female returned after each nest ~essi.m. Peripheral males position themselves
;1

on either side of the amplexin/ pair, and were able to move underneath the
'"

bag and remain in contact with the female's cloaca. Two control trials were

conducted, during v/hich ail peripheral males were removed from the nest.

One trial was conducted in which four peripheral males were present. Plastic

buckets were suspended beneath nests to collect emerging tadpoles. Tadpoles

were counted by hand. Nests were then dissolved {7'ndunfertilized eggs were

also counted.

3.3.2 Testis size

,

,
\ (

I conec~~d specimens during the peak breeding season (December to
\ \,

Januaryi:~11ales 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

mass 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

testes.
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Compacative studies are often confounded by the effects of phylogeny which

ma~)obs~)re or create misleading associations between measured variables.
It is thuJ>J':ladvlsable to treat species as independent data points. For

example. Hoglund (1989a) re-investigated a positive correlation between

sexual dimorphism and iekking in birds. When he examined the relationship

using genera as independent data points, no correlation was found.

Recommended comparative methods are either directional comparisons,

where ancestral traits ~'Ire compared with descendant traits; or non-
ii

directional comparisons, where traits of immediate descendants ofa common
ancestor are compared with each other (Felsenstein 1985; Pagel & Harvey

198,8;Harley & Purvis 1991). Unfortunately, good cladistic studies ofAfncan
anuran phylogenies are still in their infancy and are effectively unavailable.

In the absente of a reliable phylogeny, an alternative approach is to use the

evolutionary classifications (which arn-nge species into a hierarchy of 'taxa
C(\ \I i

such as genera, fanillies and orders) as an approximate evolutionary tree

(Harvey & Purvis"1991). Here I pursue this approach, examining the

relationship between testes mass and body mass using data. from sixteen

genera.
\\

Organ size usually scales allometrically with body size (Calder 1984) and I

therefore analyzed the testes ma~sIbody mass :relationship using a linea!"
regression of log-transformed data. Generie'points were calculated using the

means of the logs of both variables. There are, however, measurement 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 I regression is thus equally acceptable (Meller 1991). The correlation

coefficient between the variables is high, so the results should converge on
those frdin a reduced major axis regression (MeHler 1991). )

I,
,j
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3.4 1]rULTS
-- :_._j

~t4.1The 'Sterile Male' Ew~iment

In both controls where peripheral males were excluded from the nest,

fertilization success was zero and no tadpoles emerged. Unfertilized egg
, __-- .!

counts for the control nests were 1670 and 1§16. In the experimental trl~l
\:: -,

wh~rJ;' 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 males.

3.4.2 Testis Size i.uAfrican Anurans

Ii

I measured the testis size or'18 species, from ten genera and four families.

Body mass, testes mass (combined mass of bOth testes) and testez. mass as

a percenssge of body mass are shown in Table 3.1. The range of values lbr

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

across 17 of the spedes, despite a thirty-fold difference in body size between

the smallest andIargest species. ChiromantiB xE~rampelina males had
Ii

exceptionally J~ge testes that were, on average, 7.8% of body weight (range

= 4.9 -11.:;f~:;:N:= 12). There was a significant positive relationship 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 da:t~\,.the relationship was·
even stronger (r = 0,92, N = 17 species, P < 0.0001).

I
j

3.4.3 Body size and Testis Size

•
Iplotted 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

was:

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

[F (1,15) '= 1213.0. P < 0.001. R2 = 64.8 %]

n
!I

To r~md:w the effect of body size. I calculated the relative testes size for

individual species. which was the ratio of the observed tes~~ mass to that
predicted by the above regression (Harvey & Mace 1982; Harv\\y & Harcourt

I,
I

1984) (Table 3.1). Mean relative testes mass for Chiromantis ~~rampelina

was 14.55, for Rhacophorus arbcreus it was 10.30 and R. sc~\legelli was
\l

3.81. J/

i ' ,

3.4.? Testis Size in Foam-nesting ~~'{.hacophorids

There are three species of'rhacophorid in Africa, and data are unavailable for
Cbiromantis peterstt and C. rufescens. I thus used data n~,.M.five species
of Japanese foam-nesting rhacophorid (raw data provi~/d by T. Kusano), The

mean relative testes size for foam-nesting rha~~?h~ri~~ was 5.86 (SD = 5.30,
N ::; 6). and for the other species it was 0.76-(SD--:: 0.50. N :: 31). This
difference is highly significant (Mann Whitney U-test, Two-tailed, P :;

0.0002). Ialso plotted the individual testes mass of a male against his body

mass after log-transformation of variables (Fig 3.3). Kusano at al. (1991)

showed that the regression was not significantly different in slope or

elevation for four species (Rhaeophorus schlegelli, R. virirdis, R.
(.I .:':,(

owstoni and Polypedates leucomyszax) 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). The elevation of the

slope for C. xerapeUna was almost significantly greater than that of R.

arboreus (ANCOVA,F = 3.89, P '= O.Of;$.~.Chiromant1.s xerampeUna had

the largest relative testes size of the 37 s:{>eoi:aJexamined.
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TABLE 3.1 Body mass and testes mass for 18 species of African anuran, Mean and standard deviation are shown. Relative testes size

is the ratio of observed mass to that predicted on the basis of the allometric regression for 16 genera.

("'
J

Families and species N Body mass Testes mass Testes/body Locality Relative
c:

(g) (mg) (%) testes size

(1/)
\.""-

Hy~roliidae

m Afrixalus fornasinii 11 ,.,,2.56 ±0.49 3.8 ±0.8 0.15 ± ~O3 Zululand 0.60
t.,j

Hyperolius mannoratus 20 1..35 ± 0.37 2.9 ± 1.4 0.21 ± 0.07 Hoedspruit 1.16

H. tuberilinguis 18 1.41 ±u.27 5.1 ±2.5 0.35 ± 0.12 Zululand 1.96
"

H. argus 20 2.00 ±0.22 4.1 ± 1.1 0.21 ± 0,06 Zululand 0.95

Kassina senegalensis 3 5.00 ± 1.31 32.1 ± 17.6 0.62 ± 0.22 Hoedspruit 1.92
)\

/ ! K. maculata 11 15.57 ± 1.69 70.6 ± 27.6 0.44 ± 0.12 Zululand 0.82..,I f-,
.~,,~'''\.

'''\

Rhacophoridae

Chiromantis xerampelina 12 13.43 ± 2.69 1O~~;)± 340.7 7.79 ± 2.38 Hoeespruit 14.55



TABLE 3.l/ ....CONTINUED ((
\\

', 1-'-",,:,
)

Families and species N Body\m~ss ',:. Testes mass Testes/body Locality Relative

(g) II (mg) (%) testes size
'= oj)

--
Bufonidae r:
Bufo maculatus 11 9.81 ± 1.27 37.3 ± 11.9 0.39 ± 0.14 Venda 0.84 II

!.,'

B. ~tturalis ., 9 38.70 ± 6.48 118.7 ± 38.1 0.31 ± 0.08 Venda, Hcedspruit 0.36
~ B. garmani 5 42.71 ± 5.73 55.5 ± 19.6 0.13 ± 0\06 Hoedspruit 0.17CI,j

Ranidae

Hemlsus marmoratum l:{ 3.16 ±0.50 3.9 ± 1.5 0.13 ± 0.04 Hoedspruit 0.46

Tomopterna cryptotis 3 6.34 ±0.50 18.0 ± 9.0 0.27 ± 0.15 Hoedspruit 0.72

Leptopelis natalensis 3 4.70 ±0.76 9.1 ± 2.0 0.19 ± 0.04 Zululand 0.60

Ptychadena anchietae 10 5.63 ± 0.85 15.2 ± 1.9 0.28 t 0.05 Hoedspruit O.7~'

P. C.~.....ltynchus 4 14.85 ± 3.18 31.3 ± 4.3 0.22 ± 1).[,14 Zululand 0.39

P. pororsissima 3 5.49 ± 0.36 9.5 ± 8.5 0.17 ± 0.15 Zululand 0.50

P. mascareniensis 3 10.40 ± 0.89 28.4 ± 0.1 0.19 ±,(),04 Zululand 0.48". '\

Phrynobatrachus natalensis 3 2.58 ± 0.17 2.8 ± °15 0.11 ± 0.02 Zululand 0.44
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Figure 3.1 The allometric relationship between body mass and testes
mass lor 37 species of anurans [symbols: ~ -:: Japanese anurans - data
collected by (Kusano et al 1991); 0= African anurans - data collected in this
study; C = Chiromantis xerampelina; R = Rhacophorus arboreus).
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Figure 3.2 The allometric relationship ~p.tweE:nbody mass and testes
mass for 16 genera of anurans. The regression e. iJ.tation is: Log (testes mass)
:.: -4.18 + 1.46.Log(body mass). [F (1,15) = 1213.0, P < 0.001, R2;: 64.8%].
(Symbols: A =Mrixalus; Be = Buegeria; B U!' Dufo ; C = ChirOJ:nr"""'tis ;He
:::Hemisus ; HI :::Hyla; Hy :::HyperoJius ; K = Kassma ; L :::Le, .ropeHs;
M = Microhyla ; Ph ::: Phrynomerus ; Po ::: Polypedates ; Pt :::
Pt-ychadena ; Ra :-:Rana ; Rh = Rhacophorus ; T = Tomopterna).

c.
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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 Chlromantis
xerampalina and Rliacophorus arboreus do not differ significantly in
slope. but differ in elevation at the 1).06%level. The regressions are: Y =
1.81X - 4.65 tor R. arboreus (o): Y = 0.57X + 0.63 for C. xerampelina ('IV)
and Y = 0.88X - 1.57 for the other four species [R schlegelli t ")" R. virldia
( .); R. owstoni ( n) and Poly~~~tes leucomystax ()( )].
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TABLE 3.2 Variation in the frequency and intensity of multi-male breeding in four foam-nestir

Species Frequency of Mean number Maximum number Testes

multi-male of males of males body
breedin; participating. participating (%)
(N = females) in a spawning In a spawning

1~ I
C. xerampelina

R. arboreus
R richlegelli

P. Ieueomystax
{,

'I
/

92.3% (N = 39)

81.4% (N = 97)

44.4% (N = 9)

3 males (N :. 1)

5.5 (SD ::e- 2.8)

3.4 (SD = 1.9)

1.9 (SD = 1.3)

??e

lla 7.8% (N

12 b 5.2% (N

4 c 1.1% (N

'!'!e 0.7% (N

"(a) Jennions, Bach ~11and Passmore (In Press)

(b) Toda (198~)

(c) Fukuyama (1991)

(d) Kusano er at (1991)

(e) Feng & Narins (1991)



3.5 DISCUSSION o

3.5.1 SQerm Release by :peripheral Males

To my knowledge, this is the first study ofan anuran to document successful
,

fertilization of eggs by peripheral males. The data conclusively show that

peripheral males are releasing sperm. Multiple-paternity due to sperm

competition. however. may still O~absent if the ample xing male has complete

priority in access to unfertilized eggs. T"is is unlikely, but further research
,I

is needed. The significance of the low hatching success is unclear. The plastic

bag .i.!.:ayhave affected the rate at which peripheral males came into close

contact with the female's cloaca. Even so, this should not have affected their

ability to release sperm directly into the foam. This sug~~ests that the
juxtapositioning of cioacae with the female by peripheral males (see Chapter

I,

Two) may increase their fertilization success. Future studies should examine

the mobility of sperm. in the foam nest.

3.5.2 Inter-sp'ecific Variation in Testis Siz~
//

My study confirmed the trends that Kusano et a1. (1991) noted for Japanese

anurans. Eleven of the 19 species they examined were in two genera,

however, so the potential for a confounding effect of phylogeny Vias fairly
'.i '

strong. Combining data from both studies, a regression of testes mass on'

body mass W?S performed using generic data. The slope of the regression was

significantG .arger than two-thirds (ANOVA. F (1,14) = 7.65, 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 Rhaeophorus) the slope remained

greater than two-thirds (ANOVA, F (1.12), P = 0.009). This result is

',unexpected, as a scaling factor ..:( two-thirds is commonly found for body
organs (Calder 1984).
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Chiromands xerampelina have larger testes than expected on the basis

of the regression of testes mass. ~n body mass. In fact, their testes are

relatively dpeaking even larger than those of Rhacopboru.s arboreus.

Kusano et al. (1991) have already outlined. an argument for the existence of

sperm competition in R.arboreus. There is no evidence that male testes size

is related to secretion of substances used in n/~st eonstruction. In C.
II \'j

xerampelina females add additional foam to the nest the night following

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. 1987). The simplest explanation

for the presence, of peripheral males is provided by a sperm competition

hypothesis.

3.5.3 1lstis size and the Freguen~y of Multi-male Breedi!lg
u

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

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

average number of males participating in a spawning and testis size. Table

3.2 shows these datil. for four species with multi-male breeding. These data

indicate that multi-male breeding occurs mere often in Chirom.antis
xerampellna than in Rhacophorus arboreus (92.3% versus ~1.4;although

this difference is not statistically significant: Chi-square test,1.2 :::: 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 occurs

significantly more often, and is more intense, in R. arboreus than in R.

schlegelli (Kusano et al, 1991). Relative testes size is positively related to
',i

the frequency of multi-male breeding and the number of males participating

~tnests (testes mass in: C. xerampelina > R. arboreus > R. schlegelli :>

Polypedates Ieucomystax) (Table 3.2). This relationship provides

additional support for the sperm competition hypothesis as an explanation
of testis size in auurans,

69

iI

\I
II



Several factors have been implicated in the high level of multi-male breeding

in R. arboreus (Kusano et al. 1991), and by implication C. :s:erampelina:

a) arboreal nests are more conspicuous and easily located; b) spawning takes

a long time c) the sex ratio is strongly male-biased; d) foam-nesting allows

sperm 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 rhacophorids, Furthermore, in the two hylids (Agalychnis

callidryas and Phyllomedusa daenicolor) the frequency of multi-male

breeding is very low, and may simply be a consequence of extended attempts
at amplexus displacement (personal observations of A. calliifeyas). In the

absence of a phylogeny it is impossible to say whether multi-male breeding
in rhaeophorids is a shared derived character or has evolved on more t-:-:_':m
one occasion ..Those aspects of their breeding behaviour, or physiology, which

have resulted in the evolution of a reproductive tactic involving ~perm

competition need to be investigated further, preferably in conjunction with

a good phylogeny

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 appears to limit the number of effective matings a
male can, engage in.

Kusano et al. (1991) passess no evidence that multi-male breeding Japanese

rhacophorids participate tn:i 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'of 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 conse~~ve nights. A brief survey of tbe
literature on anuran mating systems s~ests that tbis is an exceptionally
high level of reproductive activity for an anuran. Sperm depletion has not

been documented in naturally breeding anurans [although it has been

reported in a laboratory experim~i'i (smith-Gin & Berven 1980)], but it may

be a limiting factor for C. xeram'pelina. Sperm depletion due to increased

OPPf!~unities to engage in breeding combined with intense sperm competition
may 11,\, select for enlarged testis size in C. xerampcUna.

)
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CHAP'iER FOUR

II
j I

INTER-POPULATION VARIATION
,

IN MATING PA'ITERNS AND
SEXUAL SIZE DIMORPIDSM

4.1 INTRODUCTION

4.1.1 Mating Pattern Variation in Anurans

Variation in anuran mating patterns is commonly recorded when researchers

investigate more than one population, or observe the same population over
several years. My survey of the literature (Table 4.1) shows that 21 of 28

, ,~

species (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 random mating. More than half of the species examined by Olsen et al.
lil

(986), in which size-assortative or large-male mating 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 ba:~is of a study of a single-population (Sullivan 1987a).

Multi-season studies are also preferable to single-season studies because the

effects of environmental fluctuations on mating can be investigated. Six of

thirteen (46%) multi-season, single-site studies showed different mating

patterns between years (Table 4.1), Finally, there is a danger that

researchers, even if they study many populations, will select populations on
the basis of their ease of study. This is likely to bias the observed mating
patterns. Ideally, populations and sites should be selected at random. For
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example, few researchers working in southern Africa would choose to study

populations of a give~ species in arid areas if the species' range also covered

wetter areas. Data collection is easier when the breeding season is extended.

Non-random selection of sites may, however, lead to an inaccurate esti.~te

of the variability in mating patterns and breeding behaviour within the

species. Similarly. workers tend to choose populations of a 'manageable' size

50 that male mating success can be calculated, even though population size
may have importa-" .implications for female mate choice (Telford et al. 1988).

By examining numerous sites, or monitoring the same site over several years,

a variety of benefits are acheived, Fir()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 investigate the relative
Ii

importance of environmental factors, as weI! as working oI~t the underlying

mechanisms causing variation in mating patterns (eg. Hoglund 1989b;

Woolbright et a1. 1990; Elmberg & Lundberg 1991). Second, when dealing

with a single site, the effects of ecological variation are partially controlled
and variation 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 198P), 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 populatw \1, if female choice
1\ rarely affects male mating success its relative im}_)"'" ': .• ce must be

reassessed. Four, the effectiveness, frequency and form ('r ,+1 ernative mating

tactic employed can be related to environmental and social factors (eg,

Fairchild 1984; Hoglund & Robertson 1988; TejbIo 1988). Five, with respect

to mate choice theory, examining variation in female choice may be
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particularly interesting <Barnard 1991). For example, Fisherian runaway

models predict inter-population variation in the mean female preference
(Kirkpatrick 1987; Kirkpatrick & Ryall 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
(i Balmford & Head 1991).

Proximate explanations for variation in mating patterns are based primarily

on the effects of temporal parameters (Well~ 19'i7a). The duration of the

breeding season has a strong effect on the operational sex ratio and male

density. These, in tum, are thought to affect patterns of mate choice (Welle

1977a; Arak 1983a), the frequency and type of alternative mating tactics

(Howard 1984; Fairchild) 1984; Tejedo 1988), body 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

(Haglund 1989b; Elmberg 1991). There are, of course, additional. factors

which may influence breeding behaviour such as the time available to acquire
food resources (eg. Elmberg & Lundberg 1991) and the presence of sperm

competition.
i., I,

4.1.2 Sexual Size Dimorphism

There are three main exnlanations proposed that account for sexual
((

dimorphism (Hedrick &Tenlleles1989)~selection for reduced food competition
IJ

between the sexes; natural selection for reproductive specialization

('dimorphic niche hypothesis'); and sexual selection. [More details are

provided in Chapter One]. 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 to detect trends. female fecundity increases
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TABLE 4.1 Observed patterns of random and non-raadom mating i~\ip species of anuranll. Species that have been studied in a single ~J

popuiati~n for a single season, the"same population forseveral seasons'"i& more th~ one iJOPI!lanon are ~ included This table is compiled /1
from reviews by Arak 1983; Howard & Kluge 1985~ and Olsen et al. 1986. Additioaal da\~were obtained from the pnmary literature.
Asterisks indicate a multi-year. single:,:,~~testudy, Iserge male advantage usually refers to a sjr-e difference in SVL between mated and
unmated males. However, in a few stuciies it also refers to other morphological measures (eg. forearm length or a principal component,,,"); ,
score based on morphological criteria). 'c,

-----------_..-'-.---,--"'-------------------,-----'-----Reference (c:/
;',,",:= •._. r-

-_,:..-'o-~

Species Large male advantage Sire assortativo matiag Breeding season

Afrbralus ddicatus, No No Prolonged B3f~ell 1991

Buergeria buergeri No
No
No

No
No
No

Prolonged 1Fuklrvama & Kusano 198£.*\~::::;;:::
Kruse 1981b
Wilbur et al. 1978
Licht 1976
Gatt 1981a *
Gatz 1981a *
GJ!Z-1981a *
H~~anl 1988 **
Ho~lb.""d 1988 **
Howard 1988 **

Buro a~Oicanus
If

No
No
No
Yes
Yes
Yes
Yes
Yes
No

No
No
Yes
No
No
No
No
No
No

Explosive

Buro boreas Yes
Yes
No

Explosive Olsen et aI. 1986
Olsen et a1. 1986
Olsen et aI. 1986

Yes;'.;'
Yt.1l/No
No

Buro caiamita Yes
Yes

No
No

Prolonged Arak 1983a, 1988a
Arak 1983a, 1988a

(:

,_ _)
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TABIJ~ 4.1i/ .... CONT
,----------~--------~----------------------~-------------

Bufp bUIO No
Yes

Explosive Arak 1983a
navies & Halliday 1977
Davies & Halliday 1979
Aralc 1983a
HIjglurxl & R.ohertscn 1987*
Hl)gluncl & Robertson 1987*
Loman & Madsen 1986
Reading & Clarke 1983

Species Large male advantage Breeding reason i Reference
:------------------------,,...., ----.------No

Size assortative mating
---~-----

curo exsul Yes
No

Yes
No

Explosive ;:{agarise Shennan 1980·
Kagarise Shennan 1980 ...

Yes
No
No
No
Yes
Yes

No
No
Yes
No
No

8ufo canorus Yes
No
Yes
Yes

No
No
Yes
No

Explosive/
Prolonged

Kagarise Shennan 1980 ...
Kagarise Sherman 1980 ...
Kagarise Sbermsn 1980 '"
Kagarise Sherman 1980 ...

Bufo cognatus No No Explosive Sullivan 1982 :.

Buro gutturalls Yes No Explosive Telford & van Sickle 1989 II
I
I
I

Bufo houstonensls Yes
Yes

Pro longed/
Explosive

Hillis et al. 1984
HiUis et al. 1984

Bufo marinus Yes No ? Lee 1986
---,.~,-,--"'-_- ------------~'--------------'--------------------------~-----



-Spedes Large male advantage Size assortative mating Breeding season Reference

TABLE 4.1/ ....CONT
'\

(J

Bufo perigler.e5 No
No

No
Yes

Explosive Ja::ohcDt &.V~ 1991
Jaccbm &Van:b1berg 1991

Bufo querdcus Yes
Yes
No

No
No
No

Explosive? Wilbur et al. 1978
Wilbur et al. 1978
Wilbur et al, 1978

Buro terrestris No
Yes

No
No

Explosive WilbUt et ai. 19'/3
Lee 1986

Bufo typhonius No No Explosive Wens 1979

Buio v.lUiceps No
No
Yes

No
No
No

Explosive Lee & Salzberg 1989
Lee & Salzberg 1989
Lee & Sai1.berg 1989

Fairchild 1981Ye~

Buro woodhousei No
No
:NO
No
No
No
No
Yes

No
No
No
No
No
No
No

Sullivan 1982 ...
Sullivan 1983 ••
Sullivan 1987 ••
Sullivan 1987 *II<

Sullivan 1987 **
Sullivan 1989 JIo ••

Sullivan 1989 *:10*

Woodward 1982b
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TABLE 4.l/ ....CONT

Species Large male advantage Size assortative mating Breeding season Reference'

Duro woodhousei

{,'::ntrolenella colymbiphyllum
. !

Centrolenella fleischmanni

Centrolenella prosohiepon

Cblromantis xerampelina

Eleutherodactylus aJtamazonicus -

Eleutberodactylus coqul

Eleutherodactyhls eroceolngumls -

Eleutherodactylus variabilis

Hyla arborea

Yes
Yes
Yes
Yes

Yes

No
No
No

No
Yes

Yes

No
No
No
No

No
No
No

No

No
Yes

Ex.plosive
(at times
protracted)

Prolonged

Prolonged

Prolonged

Prolonged

?

Prolonged

Prolonged

Prolonged

Prolonged

Fairchild 1981
Woodward 1982a ...
{Woodward 1982a *
Woodwa."'d 1981a ...

McDiannid 1,~78

Jacobson 1985

Jacobson 1985

Jennions et 31. in press

Crump 1974

Lopez & Narins 1991
Woolbright \989

Crump 1974

~ .. ~ .p 1974

de Orense et al. 1990

'\



TABLE 4.1 !....CONT
--_.
Species Large male advantage Size assorr.ative mating Breeding season Reference

HyJa chrysoscelis Yes No Prolonged Morris 1989 *
No No Morris 1989 '"
Yes No Morris 1989 ...

I:' No No Morris 1989 ...
No No Ritke & SelT'.!~lsch1991
No No Godwin & Roble 198:;

Hyla cinerea No No Prolonged Gerhardt et al. 1987 ...
No No Gerhardt et a1. 1987 ...

-l No No Gerhardt et al, 1987 *
<0

8yla garbei No Prolonged Crump 1974

Hyla gratiosa No No Prolonged Murphy (pers comm)

Hyla marmorata Yes No Prolonged Lee & Crump 1981

Hyla pseudopuma No \No l':5C

Explosive Crump & Townsend 1990
No No Crump & Townsend 1990
No No Crump & Townsend 1990
No No Crump & Townsend 1990

Hyla regilla No No Prolonged Penill 1984

lIyla rosenbergi No No Prolonged Kluge 1981



TABLE 4.1/ ....CONT

Species Large male advantage Size assortative mating Breeding season Reference
11 1/

/1

Hyla versicolor Yes No Prolonged Gatt 1981b
No No Gatz 1981b
No No Fellers 1979

!_r:;',-::

Passmore & Telford 1983Hyperolius marmoratus No =No Prolonged
,~

No No Dyson et aI. in press
No No Passmore et al. unpubl.

Pbysalaemus pustutoses Yes No Prolonged Ryan 1980 *
Yes No Ryan 1983 *

00
0

Pseudacris crucifer Yes No Prolonged Gatz 19S1b
No No Forester & Lykens 1986

Rana arvalis Yes ? Arak 1988c

Rana catesbelana Yes Prolonged Howard 1978 *
Yes Yes Howard 1978 ..
Yes Yes Howard 1983 ...
Yes No Howard 1983 *
Yes Yes Howard 1983 •

Rana elamitans Yes Prolonged Wens 1977 ......

No Wells 1977 ••
Rhacophorus leucomystax No Prolonged A~ 1988c
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with' ~~,.)dysize (Davies & Halliday 1977; Reading 1986; Banks & Beebeee

1986; Gibbons & McCarthy 1986; but see Crump 1974). There is thus the

potential for sbng natural selection for increased growth by females. If this

growth involves delayed reproduction or increased mortality costs, however,

selection for increased body size may be weaker than initially predicted.
Second, male size may have an effect on mating success. Studies of prolonged

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~ occur (Table 4.1). In only four species Physalaemus
,;:7/

pustulosus (Ryan 1980, 1983, 1985), Rana eatesbeiana (Howard 1978,

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

U. rugosa) (Robertson 1986, 1990) are these non-random mating patterns '-.1

associated with active female choice based on traits associated with male

size. Inexplosive breeders there is oftena stronger correlation between male
mating success and body size. because male size is positively related to

success during amplexus displacement attempts (Davies & Halliday 1977,

1978; Lamb 1984; Telford & van Sickle 1989).
• J

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

to body size. Briefly, they are: {l}male-male Competition via displacement,

competition for resources, or the production of louder/more frequent calls; (2)

female choice'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 larger males should
be widespread 0N:ilbur et al. 1978; Ryan 1980), itis a rarely documented

phenomenon. In addition, even though larger males are usually more

successful at displacing 'smaller males from am;lexus, the association
between male size and reproductive success is often weak. (Howard 1988b).

In contrast, the relationship be~ween female size and fecundity is usually

strong (Arak I988c; Howard 1988b; Fukuyama & Kusano 1989).
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Arak (1S88c) has developed a simple ma~~nAt~;eaI model which predicts the

magnitude of sexual size dimorphism, The- model assumes (there is no

empirical evidence to test this assumption) that the standard deviations and
optima of the functions relating survival to body size are the same for both

male and female frogs. If true" the difference inbody size between the sexes
is proportional to the difference in their reproductive selection gradients. The

reproductive selection gradient is the regression coefficient of a regression of

reproductive success on body size. Empirical data from nine species showed

that size dimorphism was proportion- '() the difference in the reproductive
success gradients (1" == 0.8'1', P < 0.002) (Arak 1988c). However, the predicted

I>

direction of sexual dimorphism was incorrect! That is. there was g str.01i~r

"effec1J of male size on reproductive success than female size i!i £.: ',~..Jf the
nine species, yet females were larger than males. (Note that Arak;~'data on

selection gradients appear unusual in this regard).

There are several possible explanations for the anomalous results of Arak's

model, (1) The age structure of populations is rarely known. There is some

evidence that females delay reproduction (Howard 1981), so! the size
!

difference' between the sexes when considering same-age inct."";...;:'duals may

actually be less than estimated. It is also possible that age may hav-e a direct

effect on reproductive success so that body size is simply a correlate of age.
,\., ,
.' ,

,:2)Data on reproductive gradients are usually based on one season. Ideally,

lifetime reproductive success should be calculated. (3) There may be different

body-size/survival functions for males and females. Predation may be higher

on larger males (Howard 1981; Halliday & Verrell 1986), There if. also

evidence that larger males lose body weight faster than smaller males (Wells
1978). Males invest heavily in r~;t>.'du(;tion (WellS-& Taigen 1989) and

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

depleted energy reserves. (4) Male growth may be constrained by breeding
activity. The small size of males may simply be a consequence of higher

investment in reproductive activities and limited opportunity for growth

(Woolbright 1983, 1989). (5) Perhaps most itt:1portant of all, frogs e; ~it;
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indeterminate !growth. It may thus be wiser to consider selection (In growth
, I

rate and size at maturity rather than size itself (Arak 1988c). High growth

rates, especialsy 'in males, often carries costs in terms of increased pre-

reproductive mortality (Clutton-Brock et a1. 19~~5).

What cf empirical evidence i~'ertainihg to these five explanations? In
Eleutherodaeiylus coqui, females are larger than males. Males benef t

;)1;:;refrom increased body size than do females and there is no evidence that

larger male SiZE"carries a cost in terms of increased predation. Why then are

males srnallerf Woolbright (t~89) found that when males were unable to

breed in a laboratory setting, they continued tn grow at the sams rate as
females in the field, This is, perhaps. the best empirical support for one of

the five explanations presented above. Even so, possible longer " '1..... \ effects
, ,

of large body .size on male survival are unknown and th2S~1" (lay also

contribute towards limited increase in male body size.

(

Shine (1990) tn a recent review of ectctherm. , vertebrates (fish, frogs and
reptiles) has shown that there is a strong positive correlation between the

magnitude of'sexual size dimorphism at maturity and at adult body size. This

suggests that sexual differences in pre-maturation growth and/or age at

maturity are the primary determinants of size dimorphism; and that post-

maturation factors such as differential survival and growth between the

sexes are less important. 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 Halliday (unpublished

manuscript) have shown that a large percentage (74%) of the variation in

male and female size IS attributable to differences between the sexes in age
of maturity (first breeding) and longevity. Cherry and Francillion-Vieillot (in

press) have alno shown that female b4'owth rates in anumas usually exceed
those of males (13 spe-ics: female growth> male growth; four species: female

growth =male grow: 11; one species: female growth <male growth). Increased

growth rates may result in higher mortality rates (Clutton-Brock et al. 1985).
\ (

\...
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4.2 l\D..'THODS

Observations of'mefing behaviour in Chiromantis xerampelma were made

at an three study sites (Mkuzi, Hoadspruit and Vienna). Details of the

December 1990 study at Hoedspruit can be found in Chapter Two. Additional
observar.ons at Hoedspruit were also made at Mariepsig dam.

At Mkuzi, observations were made on an unmarked population on 23 nights

oV'P,ra 25 night period (December 12, 1989 • January 5, H~90). 'The nightly

number of males present at the pan were calculated by repeatedly circling
the pan and counting the number of males in each tree. The 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 byexamining the site

'each day for nests built the previous night. One instance of communal

nesting was observed and the number of females in+olved is known.

Communal nests are dearly distinguishable from single-female nests because II

of the exaggerated size of the former. The operational sex ratio and the

number of males present at the pan was calculated for the first nine nights

of the study when surveys were conducted most thoroughly. Thereafter, my

main focus was on doc .menting behaviour during nest building.

At Vienna, opportunistza observations 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 were carried out when

possible. Data from Vienna are thus anecdotal. Some of the results presented

here overlap those of Chapter Two which can be referred to for additional
information.
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4.3 Rl~SULTS

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

4.3.1 ,tlody siz(l

AtMkuzi in 1989, mean male Chiromantis xerampelina snout-vent-length

was 58.7 mm (SD = 3.7, N = 58, range e 50.5 - 66.9). Mean female size was
76.2 mm (SD :: 3.7, N :::22, range = 69.0 - 82.9) The, size dimorphiam 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 two populations (Mann- Whitney U-tests). Mean male size was 62.~ rom
(SD :::3.6, N :: 43, range e 50.6 - 69.4). Mean female size was 76.1 mm (SD

:: 3.2, N = 34, range = 67.8 - 81.3). The size dimorphism ratio wae 1.21. At

Vienna in 1991, mean male size was 61.9 mm (SD = 3.4, N = 27, range ::

56.3 - 67.4). Mean female size was 74.8 mm (~D=4.4, N = 13, range e 67.8 -
Ii
H

83.0). The size dimorphism ratio was 1.21.

There was no significant difference in female size at the three sites {AA"OVA,

F (2. 66) = 0.804, P = 0.45) (Fig. 4.1), but there was a significant difference
! -/,.

in male size bet,ween,sites (ANOVA, F (2, 125) = 17.37, P < 6:0001). 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 m 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 rom (SD = 3.6, N ee 69, range =
67.8 - 83.0). Pooling male size data from Hoedspruit and Vienna. mean male

size was 62.5 mm (SD = 3.5, N = 70, range ::: 50.6 - 69.4). The mean size
dimorphism ratio for ViennaIHoedspruit was 1.21 (Table 4;1). Females were

significantly larger than males at 1111 three sites (All sites: Student'e-t-tests,
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TABLE 4.2 Inter-population variation in Chiromantis xerampellna.i] * :::calculated for 9 nights]

Study Site: Mkuzi Hoedspruit

25 21

28.4 * 19.6

1.36 1.20

1:15 * 1:14

92% 93%
(N::: 22) (N = 14)

None Yes (N ::::14)

Every time a 55~, of observed
session ended departures
(N ': 22 nests) (N ~~11 of 20)

-I

9% (N = 1 in 1I)
<.;

Vienna
------- ---_..,..-_._---

Nights of observation 21

Males per night

Females per night 0.41

Mean OSR

Nests with
peripheral males

88%
(N = 7) !

I..
Displacement attempts Yes

Amplexing males
Dismounting

60% of observed
departures
(N ::: 6 of 1O)

Probability of
dismounting male
re-amplexing

25% (N ::: 1 in 4)

Female size 76.2 mm (N ::: 22) 76.1 mm (N ::::34) 74.8 mm (N ::: 13)

Male size 587 mm (N::: 5S) 63.2 mm {N :::30) 61.9 10m (N = 27)

1.21Female/Male
Size Ratio

1.30

-------------------------- __,...-----------.--r-------~-
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Figure 4.1 Histograms showing the distribution of female size in
three populations: A = Mkuzi (19f.9-1990); B == Hoedspruit (1990-1991); C ==
Vienna (19'11-1992). There was no significant difference in size between sites.. ~~
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Figure 4.2 Histograms showing the distribution of male size in three
populations: A =Mkuzi (1989-1990); B =Hoedspruit (1990-1991); C =Vienna
(19~nMl992). There was a significant size 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 constructed before 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 ran~ver 22 nights, from December 5 to

26, 1990 when breeding stopped. At the M~riepsig dam on December 5, 1990,

a very large number of gravid females (40ft) and males (100+) were present

at the dam and built nests. In the nigp:ts that followed, only a single
additional female bred at the dam. There were never more than one or two

\

males present on subsequent nights. Breedlng shifted to 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 (G, Ferguson, pers comm).

-

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 Mkuzi, the

mean number of females per night was 1.20 (range = 0 • 5 females, N ,? 25
,I

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

o - 0.14, N = 9 nights), at Hoedspruit it was 1:14 (range {) - 0,29, N = 21

nights). At Mkuzi 92% of nests (22 of 24 nests) and at Hoedspruit 93% of
/~

nests had peripheral males (14 of 15 nests). At Vienna. 8 gravid female~werer
observed. In some cases, I manipulated male numbers at nests. How(;ver, at

6 of7 nests (88%), peripheral males were. or would have been, presen~l There
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was no significant difference in the frequency of'multi-male nests at the three
sites (Chi-square test, elf = 2,_X:' = 0.75. P > 0.5).

4.3.3 Male and Female Behaviour

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 Hoet---\ therefore this difference
- I

is not an artifact of sample size. Data from Vienna-fire not presented because
most nests were artificially manipulated but attempts at displacement were
also recorded.

At Mkuzi, each and every time the female descended to the water between

nest sessions, the rAmplexingmale dismounted. Because the population was
unmarked, it was not possible to establish whether or not the originally

amplexiti,'t;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 (9:1%). At
Vienna, the amplexing male dismounted in 6 of 10 (60%) observed female

descents and re-ampleeed in 1 of 4 observed female returns (25%). Pooling
_" \~\ _ ,ff

the HoedspruiWienna )'iata, 56.7% of males (17 of".:su)~~smounted with

13.3% (2 in 15) re-amplexing when the female returned to the nest.
o

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

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

hOWEi\' , appeared to be more sporadic. This is reflected in the absence of
tape recordings from Vienna, despite attempts to record males. Equal effort
was made to obtain recordings at Hoedspruit and Vienna, but the percentage

of males recorded at the two sites was significantly different (Vienna: Oof27

males; Hoedspruit 15 of30 males; Chi-square test. df= 1.:r = 7.35, P < 0.01).
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Male movement between call sites that was unrelated to female presence (ie.

not just males moving towards a gravid female) occurred in all three

populations. However, the. J.'nalesat 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 DISCUSSIOl"!

4.4.1 Body Size

In male, but not female, Chiromantis xerampelina body size varied
'I

between populations. There was a significant difference in male size at Mknzi

versus the other two sites. There was no difference between the Vienna and

Hoedspruit site. Given that the latter are 23 km apart, 'mth 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 HoedspruitlVienna males is not solely due

to phenotypic plasticity, but has an underlying heritable component.

Additional support for this suggestion is provided by the 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 similar inter-population
difference in female size (eg. Sullivan 1987). The sex-specific nature of the

inter-population size difference suggests a selective force acting 011 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 population,

contributes towards the difference in male size?
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4.4.2 Sexual Size Dimorphism

The degree of sexual size dimorphism for Chiromantis .1erampelina varied

between 1.21 and 1.30. The mean for the two populations was 1.26. An inter-
population range in the dimorphism ratio of 0.09 falls well within the known

degree of variation. In a review of dimorphism in Japanese anurans, the

mean range recorded was OJ.O(range = 0.02 - 0.31, N = 6) (Fukuyama &
Kusano 1989). The magnitude of size dimorphism is fairly large. Based on a
review of size dimorphirm in 15,6populations of 45 species. size dimorphism

in the P .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~y'e
tended to overlook this possibility. What of selection for large male body siz;?'\;':cc~>,

At Hoedspruit, there was no evidence for non-random mating with respect to

body size. There was also no evidence for female choice of larger males.

Although amplexus displacements were observed, there did not appear to be
a large male mating advantage (Chapter Two). However, because inter-

population variation, in mating patterns does occur (Table 4.1), further data

are needed. Even so, behavioural observations suggest a large male

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 which amplexus was

initiated argued against l~male choice (Chapter Two). The same pattern 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 & Verrell 1986);

second, the stro~est selection is probably for increased testis size,(Chapter
t ',

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 & Saterherg

1989). If there is no cost associated with increased size. then male size should

increase as a correlated response' to 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

c~);ilparatively stable weight of males during breeding (Chapter Two), ther~

is Ies vidence that male size is constrained by energetic factors than for
other species (eg, Given 1988). Inmost frogs males lose weight during the
breeding season (Halliday 1987).

4.4.3 Demographics

Breeding in African frogs is strongly dependent on rain, especially in the

drier parts of the eouatry where surface water only remains for short periods
\~--\

in the absence of replenishing rains. Generally speaking, Chlromantts
xerampelina is a }i;rolongedbreeding 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 prolonged breeder, however, the intensity of

breeding fluctuates widely. There appears 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 spell. Demographically the

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

and a lower operational se~ )""ltio.Thereafter, breeding extends over a few
, " ',

weeks and resembles that vi: most prolonged breeders - female arrival is
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asynchronous and unpredictable and the operational sex ratio is heavily
male-biased. Under natural condijions, the termination of breeding would
probably coincide with the disappearance of surface w~:.er, but wit) farm
dams and boreholes breeding may be artificially, prolonged. Analyses; of

mating patterns and correlates of mating success in C. xerampelina would
/ '>-

need to consider two factors: (1) the\~, ~entage of breeding ()ccUrrt.J.g during

the first and second nights of breediIl.~~and (2) whether trends relating to

mating should be considered. across the entire season, or whether a

distinction should be made be~wef,lnthe initial burst of breeding and the
prolonged season that foUo'~s. Fo~ f '{ample, imagine a sitication where no

femalechoice occurs on the first few nights due to high male den~,ity and
, ;, , ,I

stroni-~lale-male competition. If80 % ofmatings oceured at this ini~MJ)tage,
C:~ - ,; '\ /'

then ev~fnif female choice was a strong force for the 'rest of the season, it
.~i

might b~ difficult to detect (see afso Howard 1988b),

4.4.4 Male and Female Behaviour

.:

Peripheral males were seen at ali three study site, with approximately the

same frequency (92%,93% an.? 88%ofnests).lvfost alternativ~'mating taeties
! -,--

in, anurans are density ..r:l~pendent'or vL.....Jin relation to the operational sex
ratio (eg, Hpglund & Robertson 1988; Arak 1988b) , The peripheral male

tactic inChiromantis xerampelina is related to male densit.y and the})SR

in a rather obvious manner. Males that do not ampl'bx become peripheraL,.,
<-_\

males. The chances of finding another gravid female are usually such that"

the best tactic a male can pursue is simply to amplex with the first female
he encounters, or to follow the first pair he encounters and join in C}i1 _a r.:

peripheral male. Hence, the percentage of males pursuing the peripheral

male ta~~lCat any given time could be expressed as:

( "
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f(P) : K.[N(T) - N{F.ll x 100

N(T) 1

where: , J ~ Percentage 3f males that are peripheral

N(T) = Total number of males present
\';

N(F) = Number of gravid females

K = Probability of finding a pair an<¥~~oming periphr -al

and where Hi is proportional to N(F)

[Note: the percentage of males employing the peripheral male tactic per

night, will depend on the rate of amplexus displacement, the num~~e.'rof

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

As N(F) increases, th.\~chances of finding a pair increase, So, for a given

male density, the frequency of the peripheral male tactic should be'positively
related to the OSR. Ifmale density is very high. however. it may lower the
frequency of the peripheral male tactic. The number of males that can

participate! go. nest is finite and there are reduced benefits to joining a nest

as the number of peripheral males increase Ivan den Berghe & Warner

(1989) have shown that in a tropical reef fish. males adjust theirprf~nce at
\

group spawnings in relation to the level of sperm competition f.ro~ other ..
II

males]. InC. xerampelina, there was some evidence that male densit~i may
!~

reach levels that effect f(P). For example, some males left nests.bsfore the '\
;t, , ,

I,., .

end of spawning (Chapter Two). This 'sas only seen at !!fests wjt!l large

numbers ofperipheral males. Unfortunately, data on this flhcnome~~ w:!~~(not

collected systematically, and T'O conclusions can he ,drawnrr ))
~\ \1

., Male calling behaviour was similar at all thre~ sitei~ at fiast. to the extent

that calling ';"iRS sporadic and subdued. Calling at Vienna, hc,::'~ver, was

especially in(.ennit.tent, as reflected by the absence of sound recordings.
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J:k,iles probably cue on rainfall as an general indicator ')1 the likelihood of

fEhnale 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 displacemcnc attempts were seen at

Mkuzi, while displacement attempts, ana SllCCP3Sful displacement, were seen

at Hnedspruit and Vienna. The reason for this inter-population variation is
unclear. According to theory, the intensity of direct male-male competition

is related to three factors. First, the operational sex ratio (OSR~ (Emlen &

Oring 1977; TI"~jedo1988). 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 explained the results. In fact. the
OSRs was clmost id lt1cal (1:14 versus 1:15). Second, male density may alco

effect male-male competition, Again, as density rises, the chances of unpaired

males encountering pairs rises. There waa no conspicuous difference in male

density between the Mkuzi and Hoedspruit populations, This explanation is

particularly unlikely to explain the situation in C. xerampelina, because

wales encountered pairs at the same rate in both populations, as estimated
by the frequency ofmulti-male nests. Thircl. inter-population variation in the

amplexus displacement tactic may be r~lated to the duration of th~ prs-

spawning period. Hoglund (1989) in an experimental study with Bl'lfo bufo

found that the likelihood of displacement increases as the pre-spawning

period increases. This has also been reported in Rana temporaria (Arak

1982; Elmberg 1991). Again, however. this explanation is unlikely to account

for the situation ill C. xerampellna 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 process,

In n. temporaria, inter-population variation (including total absence in

some populations) in the tactic of amplexus displacement was related to-the
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o

OSR, male density and the duration of the pre-spawning period (~berg
1991). None of these explanations account for the absence of displacement

attempts from the Mkuzi population. The answer may lie in the benefits

derived from being in amplexus. Perhaps the larger male size in the

Hoedspruit population increases the fertilization success of amplexing' males

relative to that of peripheral males, making amplexus more advantageous?

This could be tested by examining the fertilization success of di~~rent-si~ed
amplexing males in. the presence of peripheral males.

"(;

o
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CHAPTER FIVE

NOCTURNAL BODY TEMPERATURE IN THE PAINTED
REED FROG, HYPEROLIUS MARMOiUTUS AND THE

c
FOAM NEST FROG, CHIROMANTIS XERAMPELINA

5.1 SUMM.tm.X

An earlier study by Passmore & Malherbe (1985) reported that the nocturnal
body temperature of painted reed frogs (Hyperolius marmoratus) is higher

than dry-bulb: air temperature. It was suggested that this difference in

temperature was due to the combined effects of diurnal basking and a low
~-)

rate 0" evaporative, water loss. I present additional data showing a smaller

difference between body temperature and air temperature 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 xerampeIina) 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 relation to female choice.

5.2 INTRODUCTION

In many frogs, temporal and sometimes spectral mating call parameters are

ir luenced 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 attractivesess 0" th(;;t calling
(Fairchild 1981). Perhaps more importantly. the performance ~."apacityof

anurans rises withincreasing body temperature (Putnam & l.'ennett 1981).
,

Males with elevated body temperatures are thus capable of sustaining a
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higher rate of calling. In Hyperoliu8' marmoratus, mating success is
positively correlated "'ri~lcal1 rate (Passmore et al. unpublished) and call

I"
rate, in turn, is positivery related to temperature.

In most studies of anurans, it is assumed that dry-bulb or wet-bulb air

temperatures are acceptable substitutes for direct measurements of body

temperature. In some arboreal anurans, however, reduced rates of

evaporative water lOBS are predicted to result in higher body temperatures
than those found in typical anurans (Wygoda 1984; Wygoda & Williams

1991). This trend has been confirmed in Hyla cinerea (Weygoda 1988a,
,1!988b). Passmore and Malherbe (1985) found that nocturnal body

temperatures of H. marmoratus males were consistently higher than dry-

bulb air temperature (x = + 3.1 C, N = 81). These frogs bask diurnally and

have low evaporative water loss (Withers et al. 1982). Passmore & Malherbe

(19G5) suggested that these two phenomena might account for elevated body

temperatures. I tested this hypothesis by examining nocturnal body
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-loss hypothesis, they should have elevated nocturnal body

temperatures. I also re-examined the relationship between ambient and body

temperatures in H. marmoratus,

5.3 METHODS

o

Data on Hyperolius marmoratus were collected during January 1992from

a small pond on the farm Twinstreams, Mtunzini, Zululand (latitude 28;:>51'

S; longitude 31°46' E). For a 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 held by the feet on a plastic surface while

the thermocouple was inserted into the mouth. Eody temperature

measurements were complete within 30-408 of capture Body tem~erature
(Tb) did not increase during handling as indicated by the stable reading from

the thermometer. Dry-bulb air temperatures ('I'a) were then taken within 5

em 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

temperature (Tw) and male mass (:to.Ol g) were also recorded. All

measurements were made between 2000 and 2230 hours.

Data on C}-ii-omantis xerampelina were collected between November 1991

and January 1992 at Snare dam on Vienna Game Farm, Hoedspruit,
Transvaal (latitude 24~17' S; longitude 3(f158' E). Methods followed those for

:1. marmoratus, except that body temperature was measured by inserting

the probe through the cloaca into the rectum.

5.4 RESJJLTS

«
5.li::ill NQ~tumw Body Temperature ofChiromanti8 xer~oolina

1/

The air temperature 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 (x = 22.6 2.2,-BD). There was n~,significant difference between bod:}\

temperature and ambient temperature {Matched-pair Student's t-test, One-

tailed, t :::0.64, N = 26, P > O.5}. There was a significant correlation between
body temperature and dry-bulb air temperature (r ::::0.84, P < 0.00(1) (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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5.4.2 Nocturnal Body Temperature of IJyperolius marmoratu.

The air temperature (Ta) measured at the perches of males ranged from 17.5

- 25.4 C (X = 22.7 1.7 SD) Body temperature (Tb) ranged from 19.6- 28.0

ex = 23.5 1.7 SD). Although there was a significant correlation betwe~~Tb
and Ta (r = 0,84, P < O.OOOIHFig.6.2)$there was also a significant difference

between the two temperatures (Tb - Ta: x = 0.8 1.0 SD; range:: -1.7 C 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 variables were correlated with (Tb

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

0.23, P < 0.05) (Figs. 6.4 & 6.5). There was no significant correlation between
(Tb . Ta) and time of night (P = 0.75), size (P = 0.83), mass (P = 0.76) or Tw
(P = 0.88).

Despite the corr('~'1tion between Tb, Ta and (Tb - Ta), the two variables

explained a very small percentage of the variance in (Tb -Ta) in model I
linear regressions:

(Tb-Ta) == 4.48 (SE = 1.51) - 0.16.Ta (SE = 0.07)
.:!

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

and

(Tb - Ta) = 1'3.78 (SE ::: 1.51) + O.19.Tb (SE = 0.06)

(F (1, 76) = 9.14, P = 0.003, R2 = 10,7%]

There was {to significant difference in the value of (Tb - Ta) for males and
females (Mann-Whitney U-test, N1N2:::: 78,7, p::: 0.29) .

..
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5.5 DISCUSSIQN

The data show that there is no significant differenc- I between body
temperature and dry-bulb air temperature in Chircmani, '~\xerampelina.
Dry-bulb temperature is a good predictor of body temperature. This is in

agreement with results from diurnal studies of body temperature made by

Shoemaker et a1. (1987 J 1989). Basking and low evaporative water loss do not
appear to elevate nocturnal body temperature in C. xerampelina. I thus

suggest that the elevated body temperature in Hyperolius marmoratus can

not be attributed solely t,o 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 Tb and Ta of

3.1 C, I recorded a difference of 0.8 C. Thus, while the trend is supported, the
magnitude 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 inversely related to relative humidity in

anurans (Campbell & Davis 1971). So a high rata of evaporative water loss

by H. marmoratus during this study may explain the relatively low bcdy

temperatures I recorded when compared to those of Passmore & Malherbe
(1985).

What is the proximate explanation for elevated body temperature in H.

marmoratus? First, I can rule out the simple explanation that the air loses

heat more rapidly than the frog in the hours of darkness. There is no

correlation between (Tb - Ta) and time of night. Second, a major difference
between the two species examined is that calling is sporadic in C.

xerampelina whilst H, marmoratus males call continuously. Perhaps
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1.1

metabolic heat is generated by calling? Passmore anti Malherbe (1985)
suggested that calling was not the cause of elevated body temperature. They

noted that the temperature of females did not differ from that of nearby
males (N :: 6 females), We found the same :-'~lationship (N = 7 females), At

present. a satisfactory explanation for elevated body temperature in H~

marmoratus is unavailable.

Whatever the proxi-nate explanation for elevated body t{ a.peraturesin ;n·o
marmoratus, the effect on mating success is of biological significance,

Passmore et al. ·"unpublished} have shown in a Model I regression that:

. ,\all Rate (ealls per min) = 3.84 (Ta in C) ~41.54 (R2 = 70.7%)

As b6dy temper~ture (which is positively correlated with air temperature)

riEles,call rnte ir. creases. Field. work has shown that males with higher call
I.

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 the faster call when the difference is 5 ca,lls per min, but
sample sizes are; small and a Type II error is probable (Gerhardt 1991).

, 1./

I.
I!Q
1:
j "

t
IIe>

The regression shows that call rate increases by 3.84 calls per min for every

1 C change in air ternperature., Thus males with body temperatures 2 C

above air temperature hav), ". werage, call rates 7.7 calls per\1;Uinutefaster
\ ,: \'

than males whose body temperature equals air temperature. This difference
f, i

is probably sufficient for females to discriminate between inales.lNine of the

78 males examined (12%) had body temperatures more than 2 C above
ambient, It is thus possible that sexual selection has driven the evolution of

1 ,_1'\ •

mechanisme for elevating body temperature in H, marmoratus.

Weygoda & Williams t1991) have shown that the-mean nocturnal body

temperature ofHyla cinerea is 0.8 C above that of H water-saturi'ted plaster
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model. They su;gefJted that this~mpei-a~·3ifftrre:':lce wa~iofnc biolo;ieal
significance. However, an examination oftheir data shows ti t31.&l> of the

id,lividuals examined had temperatures 1.0 . 2.9 C above ~ .t 1'J;.he plaster
model. Female H.cinerea show 1\ preference for males with: -. eaU rates

(15% above mean, smallerdifferences 'were not tested) (G~k· .'~ 1981). If,
. • '1

as in other hylids (eg. Gayou 1984), there is a positiveorela·:~,.._...ili1iip betvteen

call rate and temperature then this temperature di.ffet\nce may affect
I .

patterns of female choice. II
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CHAPTER SIX

CONCLUDING DISCUSSION

6.1 SPERM COMPETITION IN CHIR01t.fANTIS

6.1.1 The evidence

Participation at nests by more than one male has been documented in all
three species of Chtromantis. This phenomenon has been a source of

co .roversy and two competing explanations have been advanced. First, male
behaviour has been described in terms of co-operation (Coe 1967) which then

lad tp an explanation invokingl,Jrl,p.selection (Wilson 1975). Althourrh kin \\
recognition in adult frogs hasnot been investigated in detail, t"~(does cccurm
tadpoles (but see Grafen 1990). It is possibe that adult male l'Jhiroman~

I'i

recognize kin and co-operate in nest building if this raises their, inclusive
" 1

fitness. Second, male behaviour was viewed in a corrpetitive light. In t<..o;'t.;, i i

animals. additional males associated with females during spawning or mating

a-e there as competitors. It was thus suggested that additional males in
Chiromantis are raising their reproductive success via sperm competition

(Halliday & Verrell 1984).

I found, un surprisingly I think, that the sperm competition hypothesis

provides the best explanation for additional males. There were four main
lines of evidence. First, C. xerasnpelina 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 sperm competition, Second, additional males were shown to release sperm
and possess the potential to fertilize eggs (Chapter Three) Third. there was

no evidence that males co-operated in helping to build nests by churning the
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foam (Chapter Two). Four, amplexus displacement; attempts and jostling

around the female indicated competitive i:r.:~r.!tctionf; between males (Chapter
I

Two).

6.1.2 Alternative mating tactics: who and~yl

A continuous study throughout an entire breeding season showed that sperm
competition is 8.: dominant feature of'the mating pattern in Chiromantis.

xerampelina. Over 8(J% of the males were seen to act as peripheral males

and 57% both amplexed and acted as peripheral males (Chapter Two). There

was no evidence that the tactic wassize-baaed or age-based. I suspect that

the reason for this i:..; ..,hatfemale choice based on male size or morphology is

very rare in prolonged breeding frogs. There is also scant ~videncilliat large
body size is advantageous in direct male-male competition in prolonged

1\

breeders. There seem to be 'few benefits associated with increased male body
\ ,

size in terms of mating success for prolonged breeders. III fish, large, size is
often associated with the ability to hold territories; and small size or female

mimicry is associated with inconspicuousness and 'sneaking' ability. In
'I

Chiromantis, divergent selection pressnres for two different body sizes do
II

not exist, hence the lack of two morphs.'/ln addition, in most frog-speciee a
I

large percentage of males fail to mate • even when they pursue thJ:dominant

tactic of calling ttract females, This low success rate makes it likely that

an alternative mating tactic, even with moderate pay-offs, will benefit males
if they can also pursue it 'opportunistically. This trend towards a flexible

response t(' changes in the social environment is a common feature of many
frog species (Arak 1988b}.

6.1.3 Consequences of sperm competition

The most obvious consequence of sperm competition in C. xerampelina is

enlarged testis size. I suggest, however, that other more subtle effects can

also be s€;~n. Prolonged breeders are characterized, 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 associated with call rate or call

intensity (Lopez & Narins 1991). The mating pattern in C. xerampelina
-:;, .

does not fit this picture. Males are W(lakcallers; they are mobile; and female

choice appears to be completely 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, selection for male body size will be reduced.

I suggest that weak calling is associated with reduced benefits to being in
amplexus because of sneak fertilization by peripheral males. Indeed, when

\)
one considers that the average male spends more time being peripheral than

in amplexus it is even possible that selection for traits associated with the

peripheral male tactic is stronger. This is indicated by the fact that all males

have large testis 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 a
peripheral position and 20% in amplexus (Chapter Two).

The absence of female choice can be explained in one of two ways. First, one
can view female mating preferences as 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 choice. If choice procedures

carry costs they will actually be selected 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. xerampeIina,
however, the peripheral male tactic selects for male ability to locate females.
A female only needs to enter the general area where males are present and

males will then search for and amplex with her. The male advertisement call
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is usul;lIty less intense than the ambient background noise which suggests

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

r r

Recent studies of sperm competition have focused on ways in which females}

influence the process (Birkhead & Hunter 1990). In C. xerampelina I could

find little evidence for adaptive female responses to sperm competition-First,

females did not appear to discriminate against peripheral males. Prior to
amplexus, they did not move away from areas where unpaired males w-:re

present. On the other hand, they did not delay oviposition if'peripheral males
"

were absent. Thera 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 was the first male to amplex
, ' '., 11

or a former peripheral male. It might be argued, however, that this IS a foi\m
\\

of female choice where the female accepts the outcome of male-male

competition. The only female response to sperm competition that I could see,

the lack of female choice.

6.1.4 Fertilization rates of the two reproductive tactics

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

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

a female 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 there is not strong selection 011 males to amplex'\)with females.

Second, males often dismount when the female descends to the\\water despite
\\

the females being gravid. It is possible that the female give~\the amplexing

male a cue that causes him to dismount • although I can not see why this

should occur. Even so, if amplexus is advantageous, males should be selected
to remain in amplexus regardless of female cues for dismcunting. Third,

because of sexual size dimorphism and the position peripheral males assume
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at nests, the amplexing male's cloaca is. in fact, farther from the extruded

egga than the cloaca of a peripheral tilale alJ~ide the pair. Four, peeipheral

males have indirect access to the cue indicating that the f~rnale is ovipositing
because oviposition occurs during bouts offemale hind ltrg mo'Vemei:ls.

It would be extremely interesting to calculate fertilizatiou" '8.~,f. / ..r the two
I '

tactics. There is, .t' believe, the potential for fa mixed, Evolutionary Stable
State (mESS). There do not seem to be differential costs associated with

amplexus and being peripheral; males do not have to call more (expending
energy) to be in amplexus; and predation risk4s likely to be identical (or &11
males at nests. Thus the fertilization rate will probably be directly related to
the overall. pay-off of the tactic. A. possible mESS occurs in Hyla cinerea
where satellites and callers have e.:lual ~[J.ting success (Perrill et al. 1978).

I,.'

However, satellites are smaller than callers and there are clearly energetic

costs associated with calling (Prestwhich et al, 1989). Satellites may be
pursuing a conditional tactic to redue..'e energetic co~ts (Gelhardt et al. 1987).

,
\,,-?
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6.2 CONCLtJ:SIONS

The mating behaviour ofChiromaJ\~tis xerampelina strongly suggests that
1,1

sperm competition is a regular feafure of breeding. A comparative study of
"')'

testis she supports this hypothesis. It is almost certain that all males are
/1,',

capable of pursuing the mating tactic of being a 'peripheral male. and
1\

engaging in sperm competi tion with the amplexing male. Male and female
behaviour hppear to have been affected by sperm competition. Male ma~ing
behaviour is characterized by reduced calling effort and increased at~~rtdance
at the breedingsite, while females do not discrimlnate between~es.

:' ;'1

The ~mctional significance and evolution of several aspects of breeding
remain obs~lure.,Why does amplexus displacement occur if all males can
fertilize eggs? if the answer is increased fertilization success b~; the

amplexing male, then why was displacement abse~an the Mkuzi poi!il1~tion?
\ I)

Why do. ~~l~s dismount between nest sessions? Why does male behaviour
~''''~'~>

prior to amplexus appear so inept - males being bypassed by females, males
not amplexing? Why do males continue to call ill amplexus? Why do males

even bother to call? All these issues can be addressed empirically. Future

studies of mating in this species will n~~ to investigate: fertilization rates;
sperm depletion: male!female loealil~ation mechanisms; 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 l'."'EO'TROPICAL FROG

A. INTRODUCTION

Leks are the least well understood mating system .because males defend
neither females nor resources. Instead. males aggregate in a limited area and

defend small territories (Davies 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 011 leks,
however, may also benefit in terms of reduced susceptibility to predators.

{,

When males group together there is a so-called 'dilution effect', whereby the
individual. risk of predation is inversely proportional to group size (Hamilton

1971). Individuals grouped for social or foi~ag.ingreasons can respond
adaptively to changes in predation risk that are associated with varying»

group size. In elk (Cervus elaphus), for example, individuals in larger

groups are able to devote less time to vigilance behaviour and more time to

other activities (Dehn 1990). To our knowledge, the effect of the number of

males on a lek on anti-predator behaviour has not been directly investigated.

Male Tungara frogs (Physalaemus puatulosus) group together to form

choruses and advertise vocally from stationary sites to attract females. There
is no resource-defence and, as with many other frogs~\:l:hemating system can

be considered a lek (Davies 1991). The main predator ofP. pustulosus is the

fringed-lipped bat (Trachops cirrhosus). These bats use the acoustic cues
,;/1

provide by the frog's advertisement calls to locate ~{eir prey. Male frogs take
/: ..5,
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evasive action in response to the presence of T. cirrhOSUB, or model
replicas, by shutting dovrn calling (Tuttle et al. ~9B2). This behaviour,

however, carries a potential 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 involved with calling inlarger choruses (Ryan et al. 198J). We

i

tested, therefore, whether the duration of non-calling evasive behaviour

varies among different sized choruses because of the change in predation
risk.

B. JWETHODS AND RESULTS

\1 We conducted experiments in Gamboa, Panama from June to August, 1991,.
,I

Male P. pustulosus were introduced into a plastic pool (2.2 m in diameter)

containing patches of water (max depth of 3 em) and dry areas, and natural

choruses were established. Males were able to leave 1:4epool and numbers
were maintained by periodic addition of nE;W individuals. A model of T.

eirrhosus was ..made by tracing the wing outline of an individual. onto

plywood. The model was attached to a roller and run acroasl\ the pool on a
sloped, nylon, monofilament line attached to two wooden s~\es (1.7 m and
0.4 m high) spaced 7.2:rn apart. Ambient ligh~ levels were mai\btained above
those of full-moon conditions by a nearby streetlight, which \~ontrolled for

variation in responsiveness associated with light levels (Tuttlte1: al. 1982).

i'

Trials were conducted between 2030 and 2200 hours and 7ll trials were
V

performed on 20 nights. There was at least a 10 minute interval between

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. Shutdown Duration was
defined as the time that elapsed between tOO termination of calling after the

release of the model and its resumption with the first advertisement call.

~
I

o
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Initial results revealed a significant difference in the shutdown durations of
solitary males versus two-male choruses. \Ve further investigated this
phenomenon by measuring ~e shutdown duration of solitary males to the
model when: a) the ma1e.~as alone (SOLITARY); b) a loudspeaker placed in

/1
the pool broadcast a con~!:pecificadvertisement call every 2 s, mimicking the
presence of a conspeeific (BAT' & CALLER); c) the loudspeaker broadcast

stopped as the model passed overhead, mimicking a conspecific that had
responded 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 AI.!). The

shutdown duration of two-male choruses was significantly longer than that
of solitary males. four-male choruses or five-male choruses' (Scheffe's 1lest.
two-tailed, P < 0.(5). 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 as chorus size increased from .two to five males. The shutdown
duration of a solitary male. ~.\oweyer,did not differ significantly from that of

a five-male chorus.

In P. pustulosus the individual risk of predation decreases as chorus she
increases (Ryan et al. 1981). Our study shows that the anti-predator response

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

size increased the anti-predator behaviour of~rminating calling weakened,

and calling resumed sooner. Male frogs intera~\ vocally and adjust calling
'I:

o

behaviour in relation to the presence of conspecifics (Wells 1988). This may

provi~~ the proximate mechanism for males to assess chorus size, at least in
"

small <\~horuses.The loudspeaker experiments investigated potential factors
causing solitary males to have a significantly shorter period of shutdown
than two-male choruses. Our results showed that the treatments had a

significant effect on shutdown duration (ANOVA, F (3, 36) = 4.I7~ P = 0.012)

(T\ible ALl). Furthermore, the shutdown duration for the treatment BAT &
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TABLE Ai.l

The effect of chorus size and experimental treatment on shutdown duration. For the

chorus size experiment, ANOYA F (4, 81) = 6.62, P < 0.0001. For the loudspeaker

experiment, ANOYA, F (3, 36) ':: 4.17, P = 0.012.

\
Number of males in chorus Shutdown duration (x ± SE)

dne "

71.1 ± 2.8s (N = 16 choruses)

83.38 ± 23.85 (N == 18 choruses)

38.55 ± 8.65 (N::: 15 choruses)

16.68 ± 4.4s (N = 15 choru1p;'
17.55 ± 6.25 (N = 12 chii~e5)

:J

Two

Three

Four

Five

Loudspeaker Treatment Shutdown duration (x ± SE)

SOLITARY

BAT & CALLER

NO BAT &. NON-CALLER

BAT & NON~CALLER

5.0 ~t2.2 (N::: 10 males)

10.9 ± 6.2\ (N::: 10 males)
t_/

15.4 ± 3.9 (N == 10 males)

39.2 ± 12.6 (N::: 10 males)
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NON~CALLER was significantly greater than that for the other three
iftreatments (A..1otlOVA, F (I, 38) = 11.79. P < 0.001). Shutdown duration for

BA'r & NON~CALLER was significFW-tlylonger 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 conspecific n;rJlesprovide additional information as to the

I(
, II

likelihood that a pri dator is present. Shutdown duration was longest in the
treatment which mimicked a second male alerted to a predator's presence
(BAT & NON-CALLER = 39.2 s), When calls were continuously broadcast, or

when the male was alone and the model was passed overhead, he ceased
calling for a significantly shorter period (5.0 s and 10.9 8 respectively). There

appears to be a synergistic interaction between cues indicating a potential
predator (eg. those derived from the model passing overhead), and the

termination of calling by a conspeeific (eg. switching the loudspeaker om.

Green (1990) noted that ;naIe P. PUStulOSU8 8Te attracted to conspecific

calls. This behaviour lead,s to grouping of males and may be related both to. . ,

benefits derived from the dilution effect and from the increased information

provided by ~ conspecific's response to a potential predator. We suggest that

future studies of species that lek, or display communally so that males are

in vocal or visual contact, should investigate interactions between males not
~/'

only in relation to mate attraction, but also ir, f:errn,; 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 have the potential to partially offset these display
costs.
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APPENDIX TWO
'I~HEADVERTISEME~"T CALL:

SUMMARY STATISTICS

A. iNTRODUCTION

The advertisement calls of frogs provide a reliable method of distinguishing

between species (Sullivan 1989). The mate recognition system of most frog species

it: based almost entirely on the advertisement call (Ryan 1990). Additional cues,\
that ensure successful fertilization may occur latter in the chain of co-adapted

responses between the sexes, but the initial assortment of individuals is based on

the mating call. Females are preferentially attracted to the.calls of conspecifies,

leading to positive assortative mating and the occurrence of isolated 'gene pools

that are the fundamental indicator of biological species (Mayr 1982). Species

identity is coded in a variety of ways. In amplitude modulated calls. the rata of
amplitude modulation (pulse 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

modulated calls, the direction of the sweep, start and stop frequencies, and cull
\i

duration may all be important (eg. Ryan 1983).

~
1

Although calls vary in a consistent manner between species, intra-specific

variation also occurs. This is important. beCaUSE!it many allow for mate choice

within a species, leading to evolution of calls through sexual selection by female

choice (Ryan 1991). For selection through female choice to occur, there must be

variation in the preferred trait (inter-male). Inaddition, if there is intra-inurvidual
" I

consistency ill call properties, tcese may allow females to reliably distinguish

between males. Intra-individual consistency may also indieate a heritable basis to

the call property, which creates the potential for evolutionary change. ~~
o
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Gerhardt (1991) bas recently suggested that: directional selection dueto female,~

choice is stronger on variable call properties, which do not coded species identity
(eg. call rate, call duration); variation at the population level mar be maintained
in spite of this directional selection; stabilizing selection tends to occur for

()

relatively invariant call properties (eg; pulse rate).

B. METHODS AND RESULTS

Methods

Calls were recorded on a TCD-5M tape reco~df>,(~-":;:iia Sony EM1]c-~T
• I

microphone and TDK-D90 audio tapes. Recordings werbhi.~.de at air temperatures
between 22.5 and 24.,Q C. Air temperature was measured using a B&.:-:J2 Bell;; ()

" i {,

Instruments digital thermometer. Two call type~ were recorded, 'fast' ana 'slow'
(see Chapter Two). call parameters were analyzed on":~Kay DSP Sana-graph
Model 5500 (Kay Electronics Company, New Jersey) within the frequency range

0-8KHz. The upper and lower limits of the emphasized frequraeies were ,
measured, along with call duration and the riumhe:':/of pulses per call. Pulse
repetition rate was also calculated. The first five 'fast' I!a.!lsof 15 niales were

i_, :;

measured, and individual coefficients of'variation (CV) were calculated fo~variolls
,~ ',J;

call parameters fc}ii each male. Fewer 'slow' calls wei'e available, and. coefficients

;Jf variation were only calculated for 7 individuals for whom ~. calls each were-
analyzed. These coefficients of variation provide information on the intra-
individual consistency of call parameters.

"
Population means, st~:9f~rd deviaticns=and coefficients of vauation were

\ " :~' _l' ',:

calculated using a single' call' 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. ',;2oefficients of variation, were also
calculated for various call parameters indicating the inter-individual, or population
level, variation in the trait. v.
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Table A2.1. (A) Comparison between the two calls, based on 13 males (1 call of each type
per male); (B) Within-male variability of acoustic properties of advertisement calls (based on
5 calls per male; N ::: 15 males for 'fast" call, 7 males for 'slow' call)

A. Inter-male
Ii

Call Property FA:':.T CALL SLOWCAU. P-value *
x ± SD (Coefficient of varian on)

-----------------,---,_,---,-_ ..
Cali duration (ms) \ 680 ± 13.2 (19.4) 298.2 ± 124.1 ('41.6) 0.0016

Pulse Rate (pulses/a) 557 ± 5.4 (13.2) 20.5 ± 2.9 (28.~!) 0.0016

Lower emphasized
frequency (Hz)

718.5 ± 95.0 (19.0) 776.9 ± 223.3 01.4) 0.78

Upper emphasized
frequency (Hz)

2884.6 ± 548.0 (~.7) 2886.2 ± 328.1 (14.1) 0.53

* WIlcoxon matched-pairs ranked-sign test
\\

B. Intra-male

Call Property FAST CALL \ " SLOW CALL
Mean Coefficient of variation (%) '"

...---------
,
"

Call duration (ms) 23.4 (12.5 - 45.1)

6.2 (2.5 • 12.1)

6.3 (1.4 - 14.6)

28.6 (18,5 • 40.1)

Pulse Rate (pulses/s) 10.5 (4.9 - 17.3)

Lower emphasized
frequency (Hz)

10.2 (1.2 - 34.4)

o bpper emphasized
frequency (Hz)

11.0 (3.4 - 17.6) 7.9 (4.4 - 11.4)

.jc range in paremhesis

e
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Fizure A2.1 Sonagrams o[ male Chiromantis xerarnpellna advertisement calls.
A.~Two 'Fast' calls, The first call has four pulses, and the second three pulses.
B. A 'Slow' cali'of ]3 pulses, the first pul-e is barely visible.
Be:h calls are from a single individual an, were made at a temperature of 23.1 C. SonAgrams
were made on a Kay nsp Soria-graph Model 5500 (Kay Electronics Company, New Jersey)
in tile frequency range of O~4KHz.
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Results

The advertisement call of Chiromantis :s:erampelina 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-
male and inter-male variation in call parameters are presented in Table A2.1.

'~l'ast' and 'slow' calls differed significantly in terms of call duration (68 vs 298
milliseconds) and pulse rate (55.7 vs 20.5 pluses per second), but not in terms of

emphasized frequency. The biological significance of these difference between the
"

calls is unknown. There was significant variation between males for both call
types, as indicated by the relatively high coefficients <of variation (9.7 - 41.6%).
However. variation in emphasized frequency should be viewed with caution.
Because C. xerampelina has a very soft call, calls did not stand out clearly from

background noise and it was thus difficult. to obtain accurate measures of
frequency parameters.

Pulse structure was 110t analyzed. it should. however, be noted that there was also
variation in this parameter. Specifically, pulse duration v&Iil~d;with some pulse
at least twice as long as the average pulse. Inspection of the sonagrams (Figure

I,'

A2.1) also indicates that. although the pulses were not divided into , clear
harmonics (frequency bands), there were two or more strongly emphasized

frequencies within thejotal frequency range of the pulse (eg. in Figure A2.1-B, at
(,.~/

1.5KHz and 2.3KHz), These strongly emphasized frequencies also showed a degree

of frequency modulation, but this was only clear when longer pulse.s were

inspected. (figure not presented).

A fairly large degree of intra-male variation was also found for the analyzed call
parameters, Call duration was especially variable (23.4 and 28.6 for 'fast' and

'slow' calls respectively). Other call parameters showed less variability, but still
more than expected for 'static' traits (sensu Gerhardt (1991), whereistatic' was
defined as less than 4%J.
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c. DISCUSSION

The calls of Chlromantls xerampelina are unusual in that there is a relatively
high degree of variability, both intra-male (and inter-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 hylids as those with

coefficients of variation (CV) less than 4%. Here, I found that the smallest inter-
male CV was 9.7% (upper emphasized frequency), and the smallest intra-male CV

was 6.2% (pulse rate). The high degree of inter-male variability suggests that

there-is 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 be reliable indicators of ~l'.lalephenotypic or genotypic characteristics.

The functional significance of the two call types is unclear. There usage does not

appear to be related to the social situation, and it is unlikely that they are related
to functional partitioning into 'female attraction' and 'male-male communication'
as found in several other species (eg. Backwe1l1988. Littlejohn & 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 intra-

specifically on the basis of call parameters, hence there is unlikely to be

dh:ectional selection which tends to erode variability. The variability in call

duration is also consistent with a general trend in frogs that 'call duration is ... less

variable in species with unpulsed or very rapidly pulsed calls than in species with
distinctly pulsatile calls' (Gerhardt 1991. p626).
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