
q 2005 by the American Society of Ichthyologists and Herpetologists

Copeia, 2005(2), pp. 403–408

Male Mate Choice Lacking in the Agile Frog, Rana dalmatina

ATTILA HETTYEY, JÁNOS TÖRÖK, AND GERGELY HÉVIZI

In anurans, mate choice is traditionally considered to be exercised exclusively by
females. Recent studies have, however, pointed out, that male mate choice might
occur in a wider array of frog species than previously thought. Theory predicts that
male mate choice is likely to be present in a species if female fecundity is related
to body size and where time invested into one mating is relatively large. We inves-
tigated male mating preferences in Rana dalmatina, a species where both assump-
tions were likely to be met. Although fecundity was positively correlated with size
in females and amplexus does seem to last relatively long, there was no male mate
choice for larger females. We discuss these results considering costs and benefits of
mate choice and speculate that adaptations to male-male competition and avoidance
of heterospecific matings with co-occurring, larger Bufo bufo females may have
shaped the evolution of non-choosiness in R. dalmatina males.

SINCE Darwin (1871), Bateman (1948), and
Trivers (1972) it is evident that parental in-

vestment is important in determining which sex
competes and which sex is choosy with respect
to selection of mates. Consequent theoretical
and empirical studies of reproductive invest-
ment have lead to the conclusion that females
are generally the choosier sex whereas males
compete for mates (Andersson, 1994). However,
if 1) males provide breeding resources or pa-
rental care, 2) males are limited in the number
of females they can mate with, 3) females vary
substantially in fecundity or 4) mating incurs
high costs for males, selection may favor male
mate choice (Parker, 1983; Andersson, 1994;
Parker and Simmons, 1996).

In ectotherms, research concentrated on fe-
male mate choice and male-male competition
in the last decades (Arak, 1983; Ridley, 1983;
Andersson, 1994). At the same time, male mate
choice based on female fecundity has been
demonstrated in a wide array of taxa (e.g.,
Gwynne, 1981; Sargent et al., 1986; Shine et al.,
2003). Recently, Werner and Lotem (2003)
demonstrated male mate choice even in the
lekking haplochromine cichlid fish Astatotilapia
flaviijosephi. Species that show lekking behavior
demonstrate strong mate choice by females, but
not generally by males. Nevertheless, the gen-
eral notion still is that males of ectothermic spe-
cies do not display sophisticated mate-selection
choices (Shine et al., 2003).

Following the founding paper of Wells (1977)
on the mating system of anurans, research fo-
cused on female mate choice (Arak, 1983; Hal-
liday, 1983a). This has been demonstrated for
many species (e.g., Rana catesbeiana: Howard,
1978; Physalaemus pustulosus: Ryan et al., 1990;
Rana lessonae and Rana esculenta: Engeler and

Reyer, 2001) but female mate choice may be
overruled by male-male interactions (Davies
and Halliday, 1977; Bergen et al., 1997; Roberts
et al., 1999). In some species size-assortative
mating was observed that was traditionally
viewed as a consequence of competition be-
tween males but probably also shaped by female
choice (Davies and Halliday, 1977; Halliday,
1983a; Gutiérrez and Lüddecke, 2002). Male-
male competition for females (Loman and Mad-
sen, 1988; Elmberg, 1991; Byrne and Roberts,
2004) and alternative reproductive strategies ap-
plied by males (Howard, 1984; Halliday and Te-
jedo, 1995; Roberts et al., 1999) have been stud-
ied in detail as well. Nonetheless, male mate
choice has been regarded as unlikely in anurans
(Wells, 1977) because males of some species
clasp any small object about the size of a con-
specific female (Arak, 1983) and readily mate
and spawn with heterospecific females (e.g.
Rana temporaria and Bufo bufo: Reading, 1984;
Bufo alvarius, B. cognatus and B. woodhousii: Ger-
gus et al., 1999; Rana latastei and R. dalmatina:
Hettyey and Pearman, 2003). It has rarely been
tested if males may exert mate choice when the
opportunity is there.

Based on a qualitative model, Ridley (1983)
predicted that male mate choice may occur in
those anuran species where female fecundity is
size-related and time spent in amplexus is suf-
ficiently long to impose a constraint on the
number of matings a male can achieve. Krupa
(1995) reached similar conclusions with a quan-
titative model. These models and the observa-
tion of a widespread correlation between female
body size and fecundity in anurans (Halliday,
1983b) lead to the prediction that if males ex-
erted mate choice, they should prefer large fe-
males.
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As to our knowledge, Berven (1981) was the
first to report male mate choice based on fe-
male body size in anurans. He studied Rana syl-
vatica, an explosive breeder where, according to
Wells (1977), mate choice in general was not
likely to be encountered due to the lack of time
available for exerting sophisticated mate choice.
More recently, male mate choice based on fe-
male size has been reported to occur in another
anuran, in Alytes muletensis (Bush et al., 1996),
However, as A. muletensis possesses a reproduc-
tive system that is extraordinary among frogs, in
that males provide parental care and females
have mating calls and compete among each oth-
er for males (Bush, unpubl.), the occurrence of
male mate choice in this species may be viewed
as rather exceptional. Marco et al. (1998), how-
ever, tested for male mate choice in Bufo boreas
and found that although males did not discrim-
inate between sexes or between gravid or non-
gravid females, they did discriminate between
small and large females. Similarly, Marco and
Lizana (2002) reported the absence of male
mate choice based on species, sex, or size of
females in Bufo bufo but Arntzen (1999) found
male mate choice according to female size in
the same species. Species indiscriminateness
had been described for both B. boreas and B.
bufo males before (Arak, 1983; Reading, 1984).
Considering the occurrence of male mate
choice in these species, it seems to us that al-
though males of some frog species may be non-
choosy in many respects, male mate choice
based on the size of females may be more com-
mon in anurans than currently thought.

The aim of this study was to investigate male
mate choice in the agile frog (Rana dalmatina).
We chose this species because it is neither a typ-
ical explosive breeder, nor a typical prolonged
breeder (sensu Wells, 1977) and, thus, studying
this species may allow us to contribute to a gen-
eral conclusion about the occurrence of male
mate choice in anurans. Rana dalmatina exhibits
a short breeding season (5–30 days) and males
search and compete actively for females in high
density choruses, whereas at lower densities
males call in the water and maintain territories
in areas suitable for egg-deposition (Lesbarrères
and Lodé, 2002; Lodé and Lesbarrères, 2004; A.
Hettyey, pers. obs.). Similarly, arrival of females
to the breeding grounds is either synchronous,
as expected from typical explosive breeders, or
asynchronous, as expected from typical pro-
longed breeders (Sofianidou and Kyriakopou-
lou-Sklavounou, 1983; Gollmann et al., 1999;
Hartel, 2003). Consequently, it was hard to
make any prediction about the occurrence of
mate choice in R. dalmatina. Our null hypoth-

esis was that R. dalmatina males lack male
choice. However, Parker (1983) proposed that
male mate choice is likely to occur under spe-
cific conditions and these conditions are expe-
rienced by R. dalmatina: (1) variance in female
fecundity is generally high and positively cor-
related with body size in anurans (Halliday,
1983b), (2) the number of females a male can
mate with is presumably constrained in R. dal-
matina by a short breeding season and a highly
variable OSR (Operational Sex Ratio, as fe-
males:males available for mating) that results in
very few nights with high reproductive activity
and by a relatively long duration of amplexus
(Sofianidou and Kyriakopoulou-Sklavounou,
1983; Gollmann et al., 1999; Hartel, 2003), and
(3) the cost of mate rejection may be low on
nights with peak reproductive activity, when fe-
males are abundant. We tested the alternative
hypothesis, namely that R. dalmatina males ex-
hibit mate choice in a semi-natural experimen-
tal design.

MATERIALS AND METHODS

The study species.—The agile frog (Rana dalmati-
na) is a medium sized (ca. 60 mm), widespread
‘brown frog’ native to the Palaearctic region
(Nöllert and Nöllert, 1992). Despite its wide dis-
tribution range, surprisingly little is known
about its reproductive behaviour (Hartel, 2003).
Males arrive earlier at the breeding ponds than
females and stay there throughout the breeding
season. Breeding migration activity seems to
vary with microclimate. Most females arrive si-
multaneously on a few distinct nights, following
heavy rainfall, whereas on other nights of the
reproductive season only very few females may
reach the pond and breeding activity may be
low (Sofianidou and Kyriakopoulou-Sklavoun-
ou, 1983; Gollmann et al., 1999; Hartel, 2003).
This results in a highly variable OSR. Most fe-
males enter the pond unamplexed, they usually
mate within the same night and leave the pond
immediately after depositing a single clutch (So-
fianidou and Kyriakopoulou-Sklavounou, 1983;
A. Hettyey, pers. obs.). Lodé and Lesbarrères
(2004) found multiple paternity to occur occa-
sionally in this species and proposed this to be
a consequence of synchronous polyandry.

Data collection.—We collected animals from a
breeding site in the Pilis-Mountains (478429 N,
198029 E) 30 km to the north of Budapest, Hun-
gary in early spring 2003. On three nights (31
March, 06 April, 11 April) we hand-collected on
average 30 reproductively active males (exhib-
iting elaborate nuptial pads on the thumb of
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the forelimbs) from the pond and 20 females
approaching the breeding site and kept both
sexes in pond water until further processing.
The collections were done on nights with peak
reproductive activity. On the same nights two of
us surveyed the breeding population for 3
hours between 1900 h and 2300 h. We hand-
collected 32 amplectant pairs from the pond
and measured snout-vent length (SVL) of males
and females with a plastic ruler (to the nearest
0.5 mm) to gather data on size-assortative mat-
ing. We also searched for heterospecific am-
plexus with common toad (Bufo bufo) individu-
als, which were present in high numbers. We
hand-collected 33 B. bufo females and measured
their SVL for comparison with R. dalmatina fe-
males. We counted egg-clutches at the end of
the breeding season to estimate the sizes of the
breeding populations.

On the individuals collected for the experi-
ments, we measured SVL, and, to account for
possible variation in preference functions de-
pending on male size (Amundsen and Fors-
gren, 2003; Shine et al., 2003), we created two
size groups in males. Small males were # 54.5
mm and large males were $ 57 mm. We as-
signed females to two size groups as well to be
able to present males with a big and small fe-
male. Small females were # 64 mm and large
females were $ 65.5 mm. Individuals interme-
diate in size were released back to the pond.

We ran experimental trials in 11 plastic wad-
ing pools (80 cm in diameter, 40 cm deep)
placed 20 m away from the breeding pond and
filled to a depth of 15 cm with pond water. To
provide cover for the animals and substrate for
egg-deposition, we put a handful of sedge-leaves
collected from the pond into each pool. We ran-
domly assigned one male to each pool, either 5
or 6 from each of the two size classes. After al-
lowing males to acclimatize for 30 minutes, we
added one randomly chosen large and one
small female to the pools. Our experiments
therefore involved 5 small and 6 large males
(plus 22 females) in one trial and 6 small and
5 large males (plus 22 females) in two trials.
Experiments were started at about 2200 h im-
mediately after collection and measurements
were completed. The next morning we removed
those females that were not in amplexus and
left the amplexed pairs in the pools until egg-
deposition. At termination, we noted which fe-
male had laid its eggs, re-measured SVL for all
animals and released them back to the pond.
To avoid repeated use of males, we marked in-
dividuals by toe-clipping after the first group of
trials. However, as the large number of repro-
ductively active males in the pond (ca. 900 in-

dividuals throughout the experimental period)
made recaptures over one occasion unlikely, we
discarded toe-clipping in the second group so
as not to harm animals needlessly. We trans-
ported the egg clutches individually to the Ecol-
ogy Laboratory at Eötvös Loránd University, Bu-
dapest. There we divided the clutches into por-
tions containing around 20 eggs and performed
egg-counts. After egg-numbers were evaluated
for each clutch, we returned the eggs to the
pond where we had collected the parents.

Statistical analyses.—We used paired-sample Stu-
dent t-tests instead of ANOVA to evaluate mate
choice in the experiments as proposed by Hor-
ton (1995) and Szentesi and Jermy (1999) for
paired-choice assays. Females simultaneously
presented to the same male were treated as a
paired sample. All statistics were calculated us-
ing SPSS 11.5 for Windows.

RESULTS

Breeding phenology.—The sampled population of
R. dalmatina consisted of approximately 1700
adults. The breeding period of R. dalmatina
overlapped in the studied population with that
of a co-occurring, large population of B. bufo
(ca. 600 breeding adults). B. bufo females (SVL
5 86.7 6 0.9 mm; mean 6 SE; N 5 33) were
larger than R. dalmatina females (SVL 5 64.9 6
0.4 mm; N 5 107; Student’s t-test; t45.58 5 22.13,
P , 0.001). We observed interspecific amplexus
both between R. dalmatina males and B. bufo fe-
males and between R. dalmatina females and B.
bufo males. However, we did not see interspecific
spawning. Size-assortative mating in the natural
population of R. dalmatina was absent as we did
not find a correlation between the size of males
and females in amplexus (Pearson correlation;
r 5 20.218, N 5 32, P 5 0.23).

Experimental animals and fecundity.—Mean SVL
(6 1 SE) of small and large R. dalmatina male
subjects was 52.4 6 0.5 mm and 58.9 6 0.4 mm
and that of females was 61.4 6 0.4 mm and 68.6
6 0.4 mm, respectively. In all cases males were
in amplexus after the first night. Egg-deposition
occurred in 3 cases within the first 24 hours, in
22 cases during the second night, in 4 cases dur-
ing the third night and in 4 cases during the
fourth night. Average clutch size was 1068 eggs
(SE 5 37.6; range: 706–1529). The number of
eggs laid was positively correlated with female
SVL (linear regression; r 5 0.633, F1,29 5 19.38,
P , 0.001; Fig. 1). Clutch size of large females
was bigger than that of small females (Student’s
t-test; t29 5 24.81, P , 0.001) by about 30%, as
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Fig. 1. Relationship between female body size and
fecundity in the experimental trials.

Fig. 2. Size of males and mated/unmated females
involved in each experimental trial. Trials are ordered
by the size of males for ease of interpretation. (3 5
male, ● 5 mated female, C 5 unmated female)

small females laid 916.8 6 28.22 eggs and large
females laid 1192.5 6 46.42 eggs (mean 6 1
SE).

Male mate choice.—In 15 trials males mated with
the smaller female and in 18 trials they chose
the bigger female (Fig. 2). Small males mated
in 8 trials with the smaller female and in 9 trials
with the bigger one, large males mated in 7 tri-
als with the smaller female and in 9 with the
bigger one (Fig. 2). Size of mated and unmated
females did not differ in the experiments
(paired-samples t-tests; for all males: t32 5
20.75, P 5 0.46; for small males: t16 5 20.29,
P 5 0.77; for large males: t15 5 20.81, P 5
0.43). To test for the possibility that males can
distinguish only between females that differ
strongly in size we excluded 8 trials with be-
tween-female differences less than 5 mm. The
size of mated and unmated females did not dif-
fer in this experimental arrangement either
(paired-samples t-tests; for all males: t24 5
20.94, P 5 0.36; for small males: t12 5 20.33,
P 5 0.75; for large males: t11 5 21.06, P 5
0.31). Also, as males may avoid females of ex-
treme sizes, we excluded 5 trials where the larg-
er female’s SVL exceeded 70 mm and 5 trials
where the smaller female was less than 60 mm
in SVL. Males did not show a preference based
on female size in this case either (paired-sam-
ples t-tests; for all males: t22 5 20.017, P 5 0.99;
for small males: t9 5 0.9, P 5 0.4; for large
males: t12 5 20.67, P 5 0.52). We found no
correlation between male size and the size of
the mated female (Pearson correlation; for all
males: r 5 2 0.038, N 5 33, P 5 0.84; for small
males: r 5 0.071, N 5 17, P 5 0.79; for large
males: r 5 2 0.257, N 5 16, P 5 0.34).

DISCUSSION

Our results show a positive correlation be-
tween the body size of females and their fecun-
dity in R. dalmatina. Larger females may lay up
to twice as many eggs as a small female. On the
other hand, the breeding period is relatively
short and females arrive in waves to the breed-
ing pond whereas males stay in the pond or
close nearby throughout the reproductive peri-
od. Consequently, less biased OSR is presum-
ably restricted to a few nights every year and
males strongly outnumber females on most
nights (Sofianidou and Kyriakopoulou-Skla-
vounou, 1983; Gollmann et al., 1999; A. Hettyey,
unpubl. data). Also, amplexus can last from sev-
eral hours up to a few days (Sofianidou and Kyr-
iakopoulou-Sklavounou, 1983; this study). Con-
sequently, males invest heavily into mating with
a particular female in terms of time spent in
amplexus as, while clasping one female, they
may lose the opportunity to mate with another
potentially more fecund one. Thus, we would
expect to see male mate choice in this species.
However, we found no male mate choice based
on female size either in small or in large R. dal-
matina males. This result remained unchanged
when we excluded trials with between-female
differences , 5 mm, to account for limitations
in male discrimination abilities. Similarly, re-
moving those trials that included females of ex-
treme sizes, as males may avoid mating with very
small or extremely large females, did not
change our results.

The question arises, why has choosiness not
evolved in R. dalmatina males? First, a rigid pref-
erence for large females may be maladaptive as
on other than the nights with peak reproductive
activity, when the OSR is highly male-biased, the
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rejection of a small female would most probably
result in no mating at all. The eventual gain in
number of offspring on nights with peak repro-
ductive activity might hardly make up for the
potential loss of reproductive success on other
nights. However, if males amplex the first fe-
male they encounter, the question remains why
they do not swap females when they have the
opportunity to acquire a larger female than the
one with which they are amplexed. One possi-
ble explanation is that they just cannot. Presum-
ably, the intensive male-male interference com-
petition for females, in the form of wrestling,
has lead to adaptations in R. dalmatina males
such as elaborate nuptial pads (Nöllert and Nöl-
lert, 1992) and spasmodic tension in the fore-
limbs developing shortly after initiation of am-
plexus (A. Hettyey, pers. obs.). Once a male has
got into amplexus, it simply may not be able to
let go of the female until spawning is complete
due to these adaptations. Alternatively, there is
the possibility that males cannot discriminate
between females based on their body size de-
spite the obvious fitness advantage of mating
with a larger, more fecund female.

An alternative idea is that females exert mate
choice and are able to enforce their preferenc-
es. This could result in high variance in male
mating success: certain males would be chosen
by many females, and typically, smaller males
would not be able to find mating partners. In
this case, succesful males would not choose be-
cause they could mate with many females, in-
cluding large, fecund ones and smaller males
would not reject any females as mating with a
small female could be the only chance they
have. However, as female mate choice has not
been investigated in R. dalmatina, it remains to
be tested if the presence of female choice has
prevented the evolution of male mate choice in
this species.

Another potential cause for the apparent in-
discriminateness of R. dalmatina males is that
the breeding season of a relatively large co-oc-
curring population of B. bufo usually overlaps
that of R. dalmatina at our study site. As B. bufo
females are larger than R. dalmatina females,
there is a possibility that R. dalmatina males do
not exert a preference for larger and thus more
fecund conspecific females so as to avoid inter-
specific spawning. Compromising on mate qual-
ity in order to avoid heterospecific matings has
been reported for anurans (Marquez and
Bosch, 1997; Pfennig, 2000). However, the hy-
pothesis that avoidance of heterospecific spawn-
ing has shaped the evolution of non-choosiness
in R. dalmatina males in our study population
remains to be tested.
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