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Abstract
In explosive breeding frogs, high intrasexual competition between males leads to a sexual coercion
ruled mating system, where males presumably evolved preferences for specific female traits. We
tested these preferences in the European Common Frog by excluding intrasexual competition.
We hypothesized that all males show preferences towards larger female body size, due to higher
fecundity. Our results did not show any preference considering female body size, neither in the
attempt to amplex a female nor during the formation of pairs. Additionally, we witnessed a high
failure rate of male mating attempts, which hints at high mating costs and offers an explanation
for the lack of preferences in males. Nonetheless, we observed a non-random mating pattern in
successfully formed pairs, where in the absence of size dimorphism females were on average larger
than males. This indicates a different mechanism for selection which is independent from male
mating preference or scramble competition.
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1. Introduction

Studies addressing the theory of sexual selection revealed that females are

the choosy sex in most species (Janetos, 1980; Ryan & Keddy-Hector, 1992;
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Paul, 2002; Edward & Chapman, 2011). Here, choosiness is defined as an
individual’s active effort to invest energy and time to assess potential mates,
whereas preference is defined as an intrinsic, passive attractiveness towards
specific honest traits that indicate high quality of the opposite sex (Jennions
& Petrie, 1997; Cotton et al., 2006). Preferences can enhance the evolution
of different mating strategies and tactics to increase reproductive output with
behavioural plasticity; depending on sex, age, physiological state or oper-
ational sex ratio (Parker, 1982; Gross, 1996). However, female preferences
can be overridden by dominant intrasexual competition in males (Qvarn-
ström & Forsgren, 1998; Formica et al., 2016), i.e., male–male competition
leading to a higher mating advantage of dominant males, regardless of female
preference of traits that are unrelated to dominance.

Nevertheless, males are choosy too, if (1) mate availability is high and
simultaneous sampling possible (Barry & Kokko, 2010), (2) there is varia-
tion in female quality/fecundity (Krupa, 1995; Johnstone et al., 1996), and
(3) the benefits of choosing between females are higher than the costs asso-
ciated with assessing females (Edward & Chapmann, 2011, and references
therein). Two prerequisites for males choosiness are the males’ ability to
detect differences between the females and a preference for particular traits.
One of these traits is body size which is an indicator for longevity mediated
by good genes and could be heritable (Kokko & Lindström, 1996; Møller &
Alatalo, 1999). However, body size is based on a variety of genes and envi-
ronmental processes which might obscure honesty of the trait, but large body
size definitely indicates higher fecundity (Peters, 1986; Shine, 1988; Nali et
al., 2014). Mating with a larger female thus should increase a male’s individ-
ual fitness. A male’s choice, however, should be based on an honest signal
that indicates high quality of a female, as choice will be impacted by trade-
offs concerning the costs for mating chances with a high quality female, and
thus individual males indeed may follow very different strategies to access
females. Some examples of male alternative tactics are satellite males, usu-
ally being smaller than their competitors (Arak, 1983; Halliday & Tejedo,
1995), mate-guarding (Parker, 1974), prudent mate choice (Fawcett & John-
stone, 2003; Härdling & Kokko, 2005), clutch piracy (Vieites et al., 2004) or
even functional necrophilia (Izzo et al., 2012).

Mating systems in amphibians are diverse, and apart from environmental
parameters, mostly depend on female availability over time (Wells, 2007). In
species with a short breeding period (explosive breeders) males are actively
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searching for mates and engage in direct male–male competition over the
arriving females. Explosive breeding is characterized by an almost equal
operational sex ratio, synchronized receptiveness of females and low sexual
selection (Emlen & Oring, 1977). In theory all males are able to mate and
reproduce, but larger/more dominant males have an advantage to access and
dominate receptive females during scramble competition leading to a vari-
ation in male mating success (Berven, 1981; Olson et al., 1986; Höglund,
1989; Vagi & Hettyey, 2016). Therefore, some males are considered to sexu-
ally dominate the females in explosive breeding systems, leaving little room
for male and female mate choice if the cost for mate sampling are too
high (Dechaume-Moncharmont et al., 2016). Nevertheless, male mate pref-
erences could have evolved in explosive breeders, because female fecundity
highly depends on female body size in most anuran species (Krupa, 1995;
Nali et al., 2014). All males should prefer larger high-quality females to
increase their own fitness according to adaptation theory, but preferences
could be obscured by high intrasexual competition. High intrasexual com-
petition between males to gain access to females, could lead to changes in
preferences, e.g. dominant more successful males will influence the prefer-
ence for potentially high-quality females of smaller males, as described with
the concept of ‘prudent choice’ (Härdling & Kokko, 2005). On the other
hand, costs associated with mate choice depend on male density and the
frequency of different mating tactics within a breeding aggregation (Arak,
1983; Höglund & Robertson, 1988), as well as male’s individual predation
risk (Magnhagen, 1991; Bernal et al., 2007), all factors which may vary even
during a short breeding season (Olson et al., 1986; Vojar et al., 2015).

In this study, we investigate the mating preference of the European Com-
mon Frog (Rana temporaria) because it is an excellent example of an explo-
sive breeder with high male–male competition. Although former studies
suggest a lack of male mate preferences in this species (Elmberg, 1991),
we observed non-random mating by body size (size-assortative mating) and
found indications of male mate preference for larger females and different
mating tactics in former experiments (Dittrich et al., 2018). Larger females
were paired more frequently than smaller females, while smaller males
showed a different mating approach by being faster in accessing females
(Dittrich et al., 2018). Those findings are contrary to the theory that sexual
selection is low in explosive breeders and that preferences for high mate
quality traits should be negligible. Therefore, we tested if males show a
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preference towards high-quality females in the absence of male–male com-
petition. Here, we hypothesized that males will prefer larger females inde-
pendent of their own body size, when intrasexual male–male competition
is absent and males are presented to differently sized females. We predict
small males to be faster in attempting to amplex a female to increase their
chances to keep an exclusive access to the female during possible scramble
competition.

2. Methods

2.1. Study area and species

The European Common Frog (Rana temporaria Linnaeus, 1758) is an explo-
sive breeder that forms dense breeding aggregations in early spring (Goll-
mann et al., 2014). The males engage in scramble competition over tem-
porally available receptive females (Savage, 1961). Here, larger males have
an advantage in direct combat (Arak, 1983), and small males may apply
a different mating tactic by being faster in amplexing females (Dittrich et
al., 2018). The species exhibits sexual size dimorphism, where females are
mostly larger in body size than males (Geisselmann et al., 1971; Elmberg,
1987), however this can vary between populations (Vojar et al., 2015; Dit-
trich et al., 2018). We did not observe any size dimorphism in in our study
population (Welsh two-sample t-test; t = −0.24, df = 100.6, p = 0.81).

We carried out fieldwork in southern Germany, near the village of Fab-
rikschleichach in Lower Franconia, Bavaria (49.924°N, 10.555°E, WGS
84). This area comprises roughly 140 ponds, of which R. temporaria uses
between 35–40 ponds for reproduction annually. In 2019 we fenced the four
ponds with the largest known breeding aggregations for the entire reproduc-
tive period (14–28 March). The fence consisted of plastic gauze (mesh size
2 mm, approx. height 60 cm) stretched between wooden poles and was mon-
itored twice a day (morning and evening).

We collected individuals that sat at the fence or were on their way to
the breeding pond, preferably collecting singles to minimize differences in
reproductive status. Amplexed females could potentially be affected by the
application of amplexin, which was found in gland tissue under the nuptial
pads of male R. temporaria. This is a protein similar to the plethodontid
modulating factor, a pheromone that influences courtship duration in sala-
manders (Willaert et al., 2013). So far, it is unknown if male R. temporaria
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are able to detect differences in the female’s reproductive status (Thomas,
2011). To account for potential amplexin interaction effects we recorded if
individuals were encountered as singles or in pairs and tested if the former
status influences preference behaviour of males.

All individuals were sexed in situ (males show characteristic dark nuptial
pads during the reproductive period). We measured snout–vent length (SVL
in mm) using a calliper (to the closest 0.5 mm), and mass using a spring scale
(1–100 g, 1 g increments). For transport, we placed each individual singly in
an opaque, 1 l volume plastic bucket with lid, which contained leaf litter to
hide and a thin layer of water to prevent desiccation. The animals were kept
in these buckets in the barn of the ecological field station in Fabrikschle-
ichach (temperatures only marginally higher than at the breeding sites) until
the start of the behavioural experiments, which started within 12 h after col-
lection. Although this handling could cause stress, studies in Cane Toads,
Rhinella marina, showed that stress levels will decrease after 8 h and with
low temperatures (Narayan et al., 2012a,b). All individuals were released at
their respective capture locations after completion of the experiment.

2.2. Behavioural experiment

We tested the hypothesis that males prefer the largest female in the absence
of intrasexual competition with a mate choice test, by placing two females of
different body sizes in the same container with a single male. We categorized
body sizes to allocate individuals to respective experimental trials, for the
analyses we used the continuous measurements. The size difference between
females in each trial exceeded 9 mm, with small females SVL being below
70 mm (N = 48, range = 48–70 mm, mean ± SD = 63.0 ± 5.7 mm), and
large females SVL over 71 mm (N = 48, range = 71–89 mm, mean ± SD =
77.3 ± 4.4 mm). In the containers, either a small male (N = 23, SVL range =
56–70 mm, mean ± SD = 63.8 ± 4.5 mm) or a large male (N = 25, SVL
range = 71–89 mm, mean ± SD = 76.6 ± 5.5 mm) were introduced. The
allocation of individuals in the experimental trials was random, except the
premises of a minimum of 9 mm size difference between the females.

The experimental trials were conducted in plastic containers (40 × 60 ×
40 cm), filled with 10 litres of rainwater (5 cm water depth). The species can
form amplexus terrestrially, during the migration towards the pond in the
terrestrial habitat, as well as within the aquatic habitat in the pond. The 5 cm
water depth was chosen to match the depth of the edge of the pond, where
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we continuously observed couples in amplexus. Although clutches are also
laid in deeper water, we kept the water level low to not stress the individuals
with the probability of drowning which can be regularly observed in mating
balls in the field (R. temporaria own observation; other explosive breeders:
Davies & Halliday, 1979; Trauth et al., 2000). Before starting the experiment,
a non-transparent plastic sheet separated the male from both females. We let
the animals acclimatize in the container for 10 min, then removed the plastic
sheet and started the experiment. A web camera (Logitech C920) placed at
1.5 m height above the plastic containers recorded each experimental trial
for one hour, even if amplexus was formed earlier.

Before starting a new trial, we cleaned the respective container and
changed the water completely to minimize the risk of potential effects from
residual chemical cues. Each animal was tested only once to reduce any
effects of change in motivation or influence of pheromones (Willaert et al.,
2013). If successful amplexus did not occur within the one hour experimental
time, the trial was terminated. In none of the trials spawning occurred.

We defined several variables that were recorded and analysed: when and
towards which female the male attempted to clasp first, the number of suc-
cessful and failed clasping attempts on each female, and with which female
successful amplexus occurred at the end of the experiment. The term attempt
is defined by an active, directional, target-oriented movement towards a spe-
cific female and trying to clasp her. It does not apply if animals are randomly
bumping into each other while exploring the box.

2.3. Statistical analyses

The aim of the study was to test if males show a preference for larger females.
First we tested with a Chi-square test if former pairing had an effect on
the formation of amplexus. We used a logistic regression model to test if
body size of individuals and number of total attempts of a male (proxy for
effort) influence the formation of amplexus (successful amplexus as bino-
mial response variable). Confounding factors like day of the breeding season,
time of the day or temperature did not show effects on amplexus success and
therefore were not used in further analyses. We used Pearson correlation to
check if number of total attempts correlates with male or female body sizes,
as well as the body size difference between females. We run a linear model
to test the influence of male and female body sizes on time till first attempt.
Additionally, we tested for size-assortment in the pairs with a Pearson corre-
lation and calculated the hypothetical Pearson correlation coefficients if the
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males would always choose the large female or the small female, respec-
tively.

We built a null model to assess the average observed correlation between
male and female body size if choice was completely random. To do so,
we simulated a random choice by the male for one of the females per
trial and calculated Pearson correlation for 1000 iterations. This null dis-
tribution was used to compare our observed Pearson correlation coefficient
of attempted and amplexed pairs with the mean and standard deviation of
the bootstrapped null-model. We used the z-score as a standardized effect
size. The same approach was used to investigate the body size difference
between the approached female and the respective male and within success-
fully formed pairs. The body size difference was calculated as SVL of the
female minus SVL of the male. For the null-model distribution, we calcu-
lated 1000 size differences between the male and a randomly chosen female
in the experimental trial. We then calculated the mean size difference for
attempted pairs and for pairs in amplexus. The observed data were compared
to the mean and standard deviation of the null-model. The deviation from
the null-model was significant with a p-value � 0.05 when the z-score of
observed values was above 1.96 or below −1.96. For all analysis and graphs
we used the R statistical environment (R Core Team, 2020, version 3.6.3).
We used the packages car (Fox & Weisberg, 2019) for model validation
(variance inflation factor), effects (Fox & Weisberg, 2019) for effect plots
of models, ggplot2 (Wickham, 2016) for drawing graphs, MuMIn (Bartoń,
2019) to calculate a coefficient of determination for the logistic regression
model based on the likelihood-ratio test, and plyr (Wickham, 2011) to count
number of occurrences.

2.4. Ethics approval

The government from Lower Franconia issued research permits (55.2 DMS
2532-2-316) and the Bavarian state forestry department provided access to
the forest ponds. All animal behavioural experiments followed the guidelines
provided by ASAB.

3. Results

We found no influence of female and male status (caught as a single or in
amplexus) on amplexus during the experimental trials. The proportion of
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Table 1.
Detailed results of the logistic regression model (glm(success(0/1) ∼ SVL male + SVL
female 1 + SVL female 2 + total attempts), with coefficient, estimate, standard error (SE),
z-value and p-value.

Coefficient Estimate SE z p

Intercept 2.33217 5.92414 0.394 0.69
SVL male −0.01517 0.04754 −0.319 0.75
SVL female 1 −0.08924 0.08924 −0.955 0.34
SVL female 2 −0.06741 0.11717 0.575 0.57
Number of total attempts of a male −0.07094 0.07730 −0.918 0.36

individuals being in amplexus was not significantly different between single
females and paired females (χ2 = 0.05, df = 1, p = 0.83). The same was
observed for the males (χ2 = 0.17, df = 1, p = 0.68). Therefore, we pooled
the data.

During the 48 trials, a total of 31 males did attempt both females during
the one hour experimental run (65%), 15 males did attempt only one of the
females (31%), and two males did not attempt any female (4%). In total, 32
trials ended in the formation of pairs; 16 trials were terminated without for-
mation of pairs after one hour. We observed a high failure rate in clasping a
female. In total, males approached females 255 times and failed to clasp them
in 179 cases (70.2%). We also observed several cases of female avoidance
behaviour; in five trials, males failed to clasp a female because she swam or
jumped away. In nine cases, males were successful in amplexing a female,
but females escaped the male grip. This led to the final N of 32 pairs that
successfully formed. This formation was not influenced by male or female
body sizes, nor by the total number of attempts by a male (glm details in
Table 1).

The number of total attempts per male, our proxy for the effort invested,
was not influenced by being paired before the experiment (Welsh two-sample
t-test, t = −0.41, p = 0.69), nor did it correlate with male body size (Pear-
son correlation, r = 0.13, df = 46, p = 0.37), female body sizes (Pearson
correlation; female one, r = 0.05, df = 44, p = 0.77; female two, r = 0.14,
df = 44, p = 0.34) or the size difference between females (Pearson correla-
tion, r = 0.10, df = 44, p = 0.53).

The time till first attempt of a male towards one of the females, was not
influenced by male body size or female body sizes (linear model details in
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Table 2.
Detailed results of the linear regression model (lm(time till first attempt) ∼ SVL male +
SVL female 1 + SVL female 2), with coefficient, estimate, standard error (SE), z-value and
p-value.

Coefficient Estimate SE z p

Intercept −19.5897 30.3000 −0.647 0.52
SVL male 0.3278 0.2527 1.297 0.20
SVL female 1 −0.3558 0.4457 −0.798 0.43
SVL female 2 0.3790 0.5966 0.635 0.53

Table 2). These variables could only explain 7% of the variation observed
(R2 = 0.07).

We observed a correlation of body sizes for final pairs in amplexus (Pear-
son correlation, r = 0.41, df = 30, p = 0.02), and also with the first female
that was attempted (Pearson correlation, r = 0.34, df = 44, p = 0.02).
Hypothetical preferences would be strongly correlated in body sizes between
individuals in a pair (Pearson correlation; large female, r = 0.55, df = 46,
p < 0.001; small female, r = 0.50, df = 46, p < 0.001). The null-model
showed a mean correlation coefficient of 0.3 and a standard deviation of 0.1
(N = 1000). Our observed correlations were not different from this random
null-model; attempted female, z-score = 0.40; amplexed females, z-score =
1.12, but a preference for one of the females would have been non-random.
(Figure 1).

In amplexed pairs the female was on average larger than the male
(N = 32, mean ± SD = −2.22 ± 8.42 mm). Contrary to this observation,
the female that was attempted first was on average smaller than the male
(N = 46, mean ± SD = 1.72 ± 9.99 mm). The normal distribution of a
bootstrapped null-model had a mean of 0.26 mm size difference between
pairs and a standard deviation of 1.03 mm (N = 1000), if pairs were formed
randomly. The size difference of males and attempted females resembled
a random value according to the z-score (z-score = 1.41; 93% of values
smaller than observed), but the size difference of pairs in amplexus indicated
a non-random value (z-score = −2.41, 99.2% of values larger than observed,
Figure 2). The size difference was larger than expected from the null model
and females were larger than males, although there was no size dimorphism
observed in the sampled population and we did not find any indication for
male mate choice or preference.



10 Behaviour (2022) DOI:10.1163/1568539X-bja10169

Figure 1. Null-model distribution of the Pearson correlation coefficient if pairing would be
random in the 48 Rana temporaria pairs (1000 iterations of picking one of the presented
females within an experimental trial randomly). The orange line depicts the observed Pearson
correlation coefficient of males and the first attempted female (z-score = 0.4), the red line
depicts the observed Pearson correlation coefficient of the pairs in amplexus (z-score = 1.1).
The dashed black line shows the expected Pearson correlation coefficient if males would
always pick the smaller female (pref small female) and the dashed blue line the expected
Pearson correlation coefficient if males would always pick the large females (pref large
female). The grey box underneath shows the 95% data interval. The z-scores of our observed
data are within the boundaries of the 1.96 standard deviations from the mean value and thus
random. Histogram bandwidth = 0.02.

4. Discussion

Contrary to our expectations, Rana temporaria males did not show a prefer-
ence for larger, more fecund females and seemed to randomly attempt and
amplex females. Our results support findings by Elmberg (1991), who also
observes no male mate preference for larger body size in R. temporaria.
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Figure 2. Null-model distribution of mean SVL difference in mm if pairing would be ran-
dom in the 48 Rana temporaria pairs (1000 iterations of picking one of the presented females
within an experiment). The orange line depicts the observed mean SVL difference of males
and the first attempted female (z-score = 1.4), the red line depicts the observed mean SVL
difference for the pairs in amplexus (z-score = −2.4). The grey box underneath shows the
95% data interval. The z-score of the pairs in amplexus is larger than −1.96 standard devi-
ations from the mean of the null model and thus indicates non-random pairing considering
body size differences of pairs. Histogram bandwidth = 0.2 mm.

The evolutionary prerequisites of mate choice may explain the lack of
preference for specific traits, in our study female body size. Body size alone
is unlikely to be a trait under sexual selection in anurans, because it is age
and resource dependent (Halliday & Verrell, 1988; Lodé et al., 2004), hence
has a low heritability and cannot be considered a true sexual secondary trait
that provides an honest signal concerning mate quality. However, larger body
size could be an indirect indicator for good genes (Kokko & Lindström,
1996; Møller & Alatalo, 1999), as larger females could be better survivors
and foragers. Additionally, some individuals might have an intrinsic higher



12 Behaviour (2022) DOI:10.1163/1568539X-bja10169

juvenile growth rate which could be passed on to their progeny (Halliday &
Verrell, 1988), making them more attractive for mates (high juvenile growth
enhances survival probabilities). It also has been shown that female body size
is highly correlated with fecundity (Nali et al., 2014; Dittrich et al., 2018)
and this alone would be an honest signal for higher reproductive output.
Nevertheless, evidence of heritability and reliability of these traits are scarce
(Hettyey et al., 2010).

The high clasping failure rate and time constraints during the mating sea-
son make mate choice by males unlikely. A very surprising result of our
study revealed that 70% of all male attempts to clasp a female failed. A high
failure rate when attempting to clasp a female should favour non-choosiness
in males, due to the evolutionary cost of failing to reproduce in a given sea-
son (Krupa,1995; Fawcett & Johnstone, 2003; Dechaume-Moncharmont et
al., 2016). Time constraints can be an important factor in the evolution of
mate choice strategies (Sullivan, 1994), and time is a limiting factor in explo-
sive breeding species such as the European Common Frog. The breeding
duration highly depends on weather conditions and the time frame varies
considerably between populations and locations, from a couple of days to
more than two weeks (Dittrich et al., 2018). The assumptions on the evolu-
tion of mate choice and the consequences of operational sex ratio between
explosive versus prolonged breeding are just ends of a continuum (Wells,
1977), and mating strategies could vary accordingly with the length of the
breeding period. Indeed explosive breeders have been reported to exhibit
high intraspecific variability of mating patterns between and within popu-
lation, i.e., with respect to large male advantage, different mating tactics and
size-assortment, due to high variability in mate availability, as well as intra-
sexual competition and environmental conditions (Olson et al., 1986; Vieites
et al., 2004; Vojar et al., 2015; Dittrich et al., 2018). Male mate choice as
well as its absence was found in various studies addressing the same species,
e.g., male mate choice detected: Bufo bufo (Arntzen, 1999), Rana sylvat-
ica (Berven, 1991; Swierk & Langkilde, 2019, 2021), no male mate choice
detected: B. bufo (Höglund & Robertson, 1987; Marco & Lizana, 2002),
R. sylvatica (Howard & Kluge, 1995). Therefore, the system of explosive,
scrambling breeders seems to be context dependent which makes general-
ization almost impossible.

Male European Common Frogs usually arrive earlier at breeding ponds
than the females and stay longer than the females (Savage, 1961; Geissel-
mann et al., 1971). In this system male mating success is positively correlated
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with the amount of time spent at breeding sites (Woodward, 1982). However,
if males spend too much time with selecting particular females or amplex-
ing/defending a non-receptive female, males’ chances to reproduce in a given
year decrease over time. Thus, males should minimize female selection time
in order to increase the probability to reproduce in a given year and in the
best case, reproduce more than once.

Here, we present other explanations than trait preference for the observed
size assortment in our study. Although, we could not detect preference of
larger females, yet females in amplexus were on average larger than the
males. The null-model indicated that pairs should be of similar size, if pair
formation would be random. We therefore conclude that a selective mecha-
nisms other than male competition and male mate preferences is responsible
for the observed size assortment pattern.

Sexual size dimorphism can be observed in most anuran species, were
females grow larger than males, but males reach maturity earlier so that sex-
ual size dimorphisms depends more on population demography and less on
sexual selection (Monnet & Cherry, 2002). We did not observe size dimor-
phism in our study population, hence ruling out size dimorphism as the
mechanism responsible for the observed size assortative mating pattern.

The proximate mechanism behind larger females in amplexus could be
mechanical and independent from male preferences. If females are smaller
than the amplexing male, males may not be able to hold them tight enough
to maintain amplexus. In Cane Toads (Rhinella marina) it was shown that
males with shorter arms could cling better to females compared to males
with longer arms, the latter being replaced more often as they could not
hold the females properly (Clarke et al., 2019). However, in the Woodfrog
(Rana sylvatica), a species morphologically and ecologically very similar
to the European Common Frog, longer arm length was beneficial to main-
tain amplexus during scramble competition (Howard & Kluge, 1985). We
found that females showed avoidance behaviour which lead to the high fail-
ure rate in amplexus. This behaviours included the turning of females bodies
to escape the male clasp and the release of calls by the female (Dittrich &
Rödel, 2020). This behaviour will be described and discussed in another pub-
lication in more detail. If females start to turn their bodies in order to escape
the male, the mechanical force of amplexus would depend on males arm
length. Therefore, a specific size ratio would be beneficial to stay amplexed.
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We tested one aspect of mate preferences, however preferences are often
based on multiple cues like body size plus coloration, call characteristics,
chemical cues and/or genetic incompatibility (Engeler & Reyer, 2001; Taylor
et al., 2007; Willaert et al., 2013; Starnberger et al., 2014; Bossuyt et al.,
2019), which could not be tested in this study, but which might offer another
explanation for the observed size assortment.

In conclusion, we showed that male European Common Frogs do not pre-
fer larger females and seem to mate randomly in regard to female body size.
However, there is a non-random mating pattern of males being in amplexus
with larger females, which indicates other selective mechanisms indepen-
dent from male mate preferences or male–male competition. Other selective
forces which shape the observed mating pattern could include mechanical
force transmission due to the ratio of male to female body size and the capa-
bility of the male to hold the female. Future studies might provide a more
detailed view onto the alternative explanations of the complex patterns of
size assortative mating in amphibians.
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