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Abstract

Interspecific reproductive interference can affect fitness-related breeding
performance, thus influencing fitness and distribution of populations. Laboratory
studies demonstrated the social interference of Rana dalmatinamales on R. latastei
breeding females: the presence of heterospecific males reduced the percentage of
viable embryos in R. latastei eggs. Here, we tested if the negative effects of
R. dalmatina males on R. latastei reproductive success occur in field conditions.
We compared the percentage of viable embryos of eggs laid in field conditions
from populations where R. latastei breeds alone with the percentage of viable
embryos of populations where R. latastei cohabits with R. dalmatina. We did not
find any significant difference in percentage of viable embryos between R. latastei
populations syntopic and allotopic with R. dalmatina, nor a relationship between
the relative abundance of heterospecifics and reproductive success. In natural
conditions, the presence of heterospecific males does not seem to interfere with the
reproductive success of R. latastei. The experimental procedure may influence the
interaction among individuals. Therefore, we suggest to validate on natural
populations the results of experiments dealing with complex interactions.
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Introduction

Interspecific interactions during the breeding season can have important
consequences for fitness, distribution and evolution of wild populations. For
example, hybridization can occur between sympatric, closely related taxa. In wild
populations, hybridization can occur between taxa that do not have complete pre-
or post-zygotic isolation. In these cases, the hybrids can be sterile or have lower
fitness than their progenitors (Barton & Hewitt 1985). When hybrids have lower
fitness than their parents, selection favours the evolution of pre-zygotic isolation
mechanisms (e.g. mating behaviours) and, consequently, enhance reproductive
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isolation between species (Howard 1993; Turelli et al. 2001; Pfenning & Simovich
2002). However, occasionally, hybrids may perform better than the parental
species and in such cases, hybridization can lead to the establishment of new
evolutionary lineages (reviewed in Arnold & Hodges 1995).

In frogs of the genus Rana, males usually remain in the wetland throughout
the breeding season, whereas females visit the areas only for a few days or a few
hours. As a result, the operational sex ratio is strongly male-biased at any given
time (e.g. Vieites et al. 2004). More than one male can clasp the same female, and
males can be very prone to mate also with heterospecific females, while females
are more selective trying to breed only with conspecifics (Roesli & Reyer 2000;
Vieites et al. 2004). Thus, hybridization commonly occurs between several taxa
belonging to the genus Rana. For example, the hybrids resulting by heterospecific
matings between the pool frogs species R. lessonae and R. esculenta are a distinct
form traditionally called �R. esculenta� (Berger 1967, 1968). R. esculenta is a
hemiclonal hybrid that eliminates the genome of one parental species from
germline prior to meiosis, and clonally transmits the genome of the other parental
species (Schultz 1969). Usually, hybrids can persist in mixed populations by
backcrossing with the parental genome they exclude, regenerating the hybrid
genotype in the next generation (Vorburger 2001). At least in some cases, the
hybrids can have more fitness than the parental species, for instance R. esculenta
are more abundant than the parental forms in areas with polluted water. This
suggest that the hybrids are more resistant to pollution (Bucci et al. 2000).

Although syntopic species usually do not interbreed or produce viable
offspring, they may nevertheless experience reproductive interference. Interspe-
cific social interference can negatively affect breeding-related performance
features, like the fertility of eggs or females, the frequency of pairing and the
time budget available for breeding activity (e.g. Verrel 1994; Takafuji et al. 1997;
Schultz & Switzer 2001). For example, the presence of the anemonefish
Amphiprion clarkii suppresses reproduction, in the juveniles of the closely related
A. perideraion when the two species coexist (Hattori 2000). The presence of
females of the salamander Desmognatus fuscus confuses males of D. ochrophaeus,
and disrupts their olfactory recognition of conspecific females. In the presence of
heterospecific females, D. ochrophaeus males have a reduced probability of mating
with conspecifics (Verrel 1994). Thus, social interference during the breeding
season can have important consequences on wild populations. Social interference
can reduce reproductive performance in one species, thus affecting species
distribution in a manner similar to other interspecific interactions, such as
competition.

Here, we used field observations to test whether the percentage of viable
embryos in the Italian agile frog R. latastei is affected by the presence of the agile
frog R. dalmatina. R. latastei and R. dalmatina are two closely related species of
brown frogs, and in the Padano-Venetian lowland (northern Italy) these species,
being syntopic, share many breeding sites. Crosses between R. dalmatina and
R. latastei do not result in viable offspring (Hettyey & Pearman 2003), and hence
natural hybrids between these two species do not occur. However, recently

765Social Interactions and Breeding Success



Hettyey & Pearman (2003), under laboratory conditions, demonstrated the
potential of reproductive interference between R. latastei and R. dalmatina. They
maintained females of R. latastei in outdoor experimental enclosures with an
increasing relative abundance of R. dalmatina males and revealed an increasing
percentage of unviable embryos of R. latastei from R. latastei females in cages
with an increasing percentage of heterospecific (R. dalmatina) males. Therefore,
they hypothesized that social interactions between these species may result in
reduced reproductive success of R. latastei when these two species breed close to
each other. We evaluated if, in field conditions, social interaction between these
two species commonly occurs: we investigated if R. latastei populations syntopic
with R. dalmatina show a reduced percentage of viable embryos. These species
have similar habitat requirement, but in some areas within the geographic range
of both species only one species is present. It is possible that social interference
between these species structure their distribution at local scale (Hofer et al. 2004
and references therein): this system is ideal to evaluate if social interference during
the breeding season can be a force influencing the fitness and distribution of wild
populations. The results may also raise important issues for the management of
R. latastei populations. Rana latastei is a threatened species, and habitat
management and relocation programmes are formulated by the European Union
for their protection (Gentilli et al. 2003).

Methods

In northern Italy, R. latastei and R. dalmatina breed from mid-February to
early April. Where the two species are syntopic, R. dalmatina frequently starts the
breeding season a few days earlier than R. latastei. The males of both species stay
in the wetlands for the entire breeding season, whereas the females stay in the
wetlands for only a few hours, leaving the water soon after egg-laying (Pozzi 1980;
Nollert & Nollert 1992; Vercesi et al. 2000). Rana latastei breeds in large, deep
wetlands surrounded by woodland, and uses submerged deadwoods to fix the egg
masses. Rana dalmatina can also breed in more sunny and swallow wetlands
(Vercesi et al. 2000; Ficetola & De Bernardi 2004). However, in several areas both
species breed in the same wetland, with a wide overlap in the breeding season
(Vercesi et al. 2000).

We studied five populations of R. latastei in Lombardy (northern Italy). All
of these populations breed in ditches within riparian woods of pedunculate oak
(Quercus robur), hornbeam (Carpinus betulus), willow (Salix sp.) and black alder
(Alnus glutinosa); the breeding sites are within the Adda Sud and Valle del Ticino
Regional parks (altitude: 60–95 m). In two sites (A1 and A2 – Adda Sud Park)
only R. latastei is present, and in three sites (S1, S2, S3 – Valle del Ticino Park)
R. latastei is syntopic with R. dalmatina. In these three sites, both species breed
contemporarily in the same waterbody, and egg masses of both species are
frequently found very close to each other. The distance between population pairs
within the same park was 10–30 km, a distance much greater than the known
dispersal distance of R. latastei; so these populations are unlikely to exchange
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individuals. The distance between the two parks was approximately 40 km. As the
frogs breed in wide ditches, it was not possible to quantify the relative abundance
of males of these two species in the syntopic populations. However, we performed
a semi-quantitative estimate of species abundance by counting the number of egg
masses laid by R. latastei and R. dalmatina females.

In Mar. 2003, we gently removed a small portion (�x ± SE: 30.6 ± 1.3 eggs)
from 26–32 R. latastei egg masses per site. In total, we collected 4585 eggs from
150 different egg masses laid in the field, 94 from populations syntopic with
R. dalmatina and 56 from allotopic populations. We transferred the eggs into
200-ml plastic containers, which were brought to the laboratory the same day. In
this way, we reduced the risk that environmental differences between sites caused
differences in the percentage of hatched eggs (Neckel-Oliveira 2004). To measure
the percentage of viable embryos, egg masses were maintained in the same
environment, with outdoor temperature (8–20�C) and natural daylight photope-
riod. We evaluated the percentage of viable embryos as the proportion of eggs in
the portion that hatched into tadpoles. After hatching, all tadpoles were returned
to the wetland of their origin.

Because we manipulated the eggs when we removed the clutch portions, it is
possible that our manipulation caused the death of some embryos and thus
affected the percentage of hatched tadpoles. Such an effect could cause an
increased egg mortality in the smallest egg portions, as in small portions a higher
proportion of eggs was directly manipulated. We used Spearman’s correlation to
test if the number of eggs removed from the clutches influenced the percentage of
viable embryos.

We used nested analysis of variance to test whether the presence of
R. dalmatina or the site of sampling had an effect on the percentage of viable
embryos of R. latastei. The presence or absence of R. dalmatina was entered as a
factor and the site of sampling as a random factor nested within the presence/
absence of R. dalmatina. As sample size differed among sites, the degrees of
freedom might be not integer. The percentage of viable embryos was arcsin-
transformed to meet the assumption of analysis (Sokal & Rohlf 1995). After
transformation, residuals were normally distributed (Kolmogorov–Smirnov test:
Z ¼ 0.989, p ¼ 0.282). Tukey’s post hoc comparisons were used to evaluate
pairwise differences between populations within groups. After the analysis of
variance, we performed a posteriori power analysis. Given the observed group
mean values and the within-group standard deviations, we estimated the observed
power and effect size (Steidl et al. 1997). We performed statistical analysis using
the programs SPSS 10.0.1 (� SPSS Inc 1989–1999) and R 1.9.1 (� 2004).

Results

The percentage of viable embryos was not related to the number of eggs
removed from the egg mass (rs ¼ )0.067, n ¼ 150, p ¼ 0.414) (Fig. 1). In all
populations, most clutches had a hatching percentage over 80. Only two clutches
had a hatching percentage below 10, and these were both from the allotopic
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population A1. In all syntopic populations, the hatching percentage was always
over 40. We found no evidence for a bimodal distribution of hatching percentage
in syntopic populations (Fig. 2). In all populations, the frequency distribution of
the percentage of viable embryos was negatively skewed (Fig. 2); skewness was
significant for two syntopic and for two allotopic populations (population S1:
skewness ¼ )1.398, p ¼ 0.001; S2: skewness ¼ )0.548, p ¼ 0.186; S3: skew-
ness ¼ )1.690, p < 0.001; A1: skewness ¼ )1.886, p < 0.001, A2: skewness ¼
)2.624, p < 0.001). By contrast, the pattern of kurtosis differed among
populations (population S1: kurtosis ¼ 1.092; S2: kurtosis ¼ )0.192; S3:
kurtosis ¼ 2.324; A1: kurtosis ¼ 3.234, A2: kurtosis ¼ 6.627). Kurtosis was not
significant in two syntopic populations (S1: p ¼ 0.249; S2: p ¼ 0.626), was
positive (leptokurtic curve) and marginally non-significant for the population S3
(p ¼ 0.092), while it was positive and significant for both allotopic populations
(A1: p ¼ 0.049; A2: p ¼ 0.006). We found no evidence that the pattern of
skewness was different among syntopic and allotopic populations; it seems that a
leptokurtic distribution is more frequent in the frequency distribution of allotopic
populations.

The average percentage of viable embryos per egg mass (�x ± SE) was
86.8% ± 2.8 (n ¼ 56, range: 0–100%) in allotopic populations and 86.0% ± 1.4
(n ¼ 94, range: 47–100%) in syntopic populations. Average percentage of viable
embryos per population ranged between 77.1% (population A1) and 98.0% (pop.
A2) in allotopic populations and between 79.7% (pop. S2) and 89.7% (pop. S3) in
syntopic populations (Fig. 3). The percentage of viable embryos differed
significantly among populations within the allotopic and syntopic groups
(F3,145 ¼ 18.410, p < 0.001). Within the allotopic group, population A1 showed
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Fig. 1: Relationship between the number of eggs collected per clutch and the percentage of viable
embryos. Some points are superimposed

768 G. F. Ficetola & F. De Bernardi



0

10

20

0

10

20

0

10

20

0

10

20

0

10

20

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Hatching proportion per clutch

S1

S2

S3

A1

A2

C
lu

tc
he

s 
(n

)

Fig. 2: Frequency distributions for hatching percentage in spawns from R. latastei populations
syntopic (grey bars: S1, S2, S3) and allotopic (black bars: A1, A2) with R. dalmatina
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a significantly lower percentage of viable embryos than the population A2
(Tukey’s post hoc: p < 0.001). Within the syntopic group, populations S1 and S3
showed a higher percentage of viable embryos than population S2 (p < 0.02 in
both comparisons) but the difference between populations S1 and S3 was not
significant (p ¼ 0.931). The differences in the percentage of viable embryos
among syntopic populations do not seem to be related to the relative abundance
of R. dalmatina. In population S1 we found 31 R. latastei and about 35
R. dalmatina clutches, in population S2 we found about 90 R. latastei and about
200 R. dalmatina clutches, and in population S3 we found 32 R. latastei clutches
and about 150 R. dalmatina clutches. Thus, the syntopic population having the
highest apparent relative abundance of R. dalmatina were not that having the
lowest percentage of viable embryos, while the populations S1 and S3 shared
similar percentage of viable embryos despite considerable differences in the
abundance of R. dalmatina.

We did not find significant differences in the percentage of viable embryos
between syntopic and allotopic populations (F1,3.011 ¼ 0.129, p ¼ 0.743). In this
analysis, a posteriori power and estimated effect size were very low (power ¼
0.057; effect size ¼ 0.174). However, the between groups variance (0.00187) was
much lower than the within groups variance (0.123). Indeed the difference
between groups was very small and the weighted averages for the two groups
(86.8% for allotopic and 86.4% for syntopic) differed by only 0.4%.

Discussion

Our analysis did not reveal any difference in the percentage of viable embryos
between populations of R. latastei syntopic and allotopic with R. dalmatina, and
the percentage of viable embryos was not associated to the relative abundance of
the two species. We did not observe a bimodal frequency distribution in any of
our syntopic populations, nor consistent differences in the frequency distribution
of egg viability between allotopic and syntopic populations. By contrast, Hettyey
& Pearman (2003) observed a bimodal distribution of percentage of R. latastei egg
viability when R. dalmatina males were present, with most of clutches showing
either a very high or a very low fertility. In the analysis of differences between the
syntopic and allotopic groups, the observed a posteriori power was small;
however, the observed effect size was also small (0.174), and the weighted averages
of two groups differed by only 0.4%. Altogether, our results do not support the
hypothesis that the presence of heterospecific males have a biological effect on the
percentage of viable embryos of R. latastei in natural conditions.

In our syntopic populations, we did not observe a reduced percentage of
viable embryos, although the ratio of R. latastei : R. dalmatina abundance was
always £1 : 1. These results differ from those of Hettyey & Pearman (2003).
They observed a reduction in reproductive success in laboratory experiments (in
containers), when the ratio of R. latastei : R. dalmatina males was 5 : 1, and a
percentage of viable embryos <20% when the ratio was 1 : 5. Indeed, the
average percentage of viable embryos we observed (‡77% in all populations) is
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comparable with those measured with similar methods in other wild populations
of the genus Rana. In a population of R. temporaria, the average percentage of
fertilized eggs was 72.9 when any interaction by conspecific or heterospecific
males was prevented (Vieites et al. 2004). Thus, the unviable embryos we
observed probably represent the proportion of unfertilized eggs normally found
in frog populations, rather than the outcome of interspecific interaction. In sum,
it seems unlikely that social interference between R. latastei and R. dalmatina
has a strong effect on the reproductive success of R. latastei in natural
conditions.

There are various explanations for the discrepancy between our results and
those obtained under laboratory conditions. First, in natural conditions,
R. dalmatina males have access to conspecific females and may be less likely to
try copulating with R. latastei females. The strong interspecific differences in calls
of males and the existence of releasing calls likely play an important role in the
selection of conspecific mates (Nollert & Nollert 1992; Roesli & Reyer 2000 and
references therein). Secondly, the limited space available to the males in the
experimental containers (in the laboratory conditions) may increase the rate of
interactions between species (Verrel 1990). In natural conditions, tens of
R. latastei females frequently lay their eggs on the same submerged wood (Pozzi
1980). Such aggregations of conspecifics may reduce the opportunity of
interactions with heterospecific males. Finally, our study populations were not
the same as those studied by Hettyey & Pearman (2003). Populations may differ in
their behaviour, for example, because they are adapted to different environments
(Freidenburg & Skelly 2004; Ficetola & De Bernardi 2005). Indeed, interspecific
matings can be a cost for both sexes, as they do not produce viable offspring.
Although males can mate with more than one female, fitness costs because of
interspecific matings can arise through reduced opportunities for mating with
conspecific females (Pfenning & Simovich 2002).

An alternative explanation of our results could be that females from the
syntopic populations laid eggs with inherently higher fertility and negative effects
of the presence of R. dalmatina compensates this advantage. However, we are not
aware of factors that could negatively affect the fertility of allotopic populations.
All populations live in similar habitats (ponds have similar depth and surface;
riparian woodlands have comparable composition), and there is no obvious
gradient of environmental quality to relate with the percentage of viable embryos.
Alternatively, if allotopic populations have lower genetic diversity than syntopic
populations, then inbreeding depression could reduce egg viability in allotopic
populations. Thus social interference in syntopic populations and inbreeding
depression in allotopic populations could produce similar egg viabilities in
syntopic and allotopic populations. Indeed, R. latastei shows a large-scale
geographic trend, where genetic diversity decreases across a distance of 500 km
from east to west (Garner et al. 2004). However, the allotopic populations (Adda
Park) are more eastern than the syntopic ones (Ticino Park). Therefore, contrary
to our argument, the genetic diversity is, in fact, likely higher in the allotopic
populations than the syntopic ones.
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The laboratory studies rely on the assumptions that laboratory conditions
allow more accurate experimental manipulation and gives realistic results (Huston
1999; Skelly & Kiesecker 2001). Of course, many studies confirmed in the field, the
results obtained under experimental conditions (Drenner & Mazumder 1999 and
references therein, Mathis et al. 2003). However, a number of studies revealed
poor concordance between laboratory and field experiments involving interaction
between individuals or species. This poor concordance could be due to the stress
caused by laboratory conditions, by different interaction frequencies among
individuals, or by unpredictable effects of the experimental environment on the
animals (Verrel 1990; Skelly 2002; Bezemer & Mills 2003; Joron & Brakefield
2003). Thus results obtained under experimental settings need to be validated in
natural conditions to avoid incorrect inferences of interspecies interactions
attributable to factors not included in the experimental design (Huston 1999;
Skelly & Kiesecker 2001). Field validation can be very important for studies
involving complex interactions, such as ecological, social and behavioural (Kohler
& Wiley 1997).

In conclusion, reproductive interference between R. latastei and R. dalmatina
does not seem to be a major force influencing the fertility of wild populations.
Further studies are required to better evaluate the niche-segregation mechanisms
and the interspecific interactions between these two closely related species, across
the life history stages.
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