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Introduction 

 

Amphibians are perhaps the most highly endangered group of animals (Alford & Richards 

1999; Houlahan et al. 2000), which is caused by several factors, but habitat loss is of central 

importance (Stuart et al. 2004). Due to their complex life cycle, waterbodies and their 

terrestrial surroundings are both important for them (Marsh & Trenham 2001). Temporal 

ponds represent ideal breeding sites for many amphibians as these usually lack fish, the most 

voracious predators of amphibian larvae. These habitats and the landscape where they are 

located are threatened by anthropogenic habitat alteration, which can be detrimental for many 

amphibian species. As a consequence, amphibian breeding habitat use can be best studied in 

landscapes which experienced a low degree of human impact.   

Amphibians, which are solitary creatures in most part of the year, get involved in complex 

social interactions during their breeding season (Wells 1977). Among interspecific 

interactions reproductive interference, which is mostly caused by the incompleteness of 

species recognition systems, is of central importance (Gröning & Hochkirch 2008). It may 

reduce or eliminate breeding success of the participating individuals, and it may also 

negatively affect fertilization at the population level (Hettyey & Pearman 2003), however, this 

had not been demonstrated unequivocally (Ficetola & De Bernardi 2005, Hettyey & Pearman 

2006). Field and laboratory studies often yield different results suggesting that environmental 

characteristics may influence the consequences.  

Asymmetry in the population-level outcome of reproductive interference is also widespread 

(Gröning & Hochkirch 2008). Asymmetry can be caused by different accuracy of species 

recognition or different competitive abilities. In anurans males are usually indiscriminate and 

often initiate and maintain amplexus with heterospecifics (Wells 1977). This is due to their 

male-biased sex ratio and their short breeding season which lead to mating systems where 

coercion and indiscriminateness is favoured by selection (Arak 1983). However, when 

heterospecifics are simultaneously present at the breeding sites, both males and females 

involved in heterospecific amplexi may suffer fitness loss if hybrids are counterselected. The 

ratio of eggs fertilized by conspecifics chiefly depends on the relative competitiveness of con- 

and heterospecific males, and the species with superior competitive abilities may realize 

higher fertilization success at the population level.  

Heterospecific amplexi have a negative effect on the reproductive success of females, thus, in 

mating systems where heterospecific, coercive matings are widespread, it seems likely that 
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females may have behavioural tactics to mitigate its negative fitness-consequences (Gröning 

& Hochkirch 2008). For anuran females, it has been reported that they might withhold their 

eggs for a longer time or behave conspicuously in front of conspecific males to increase the 

chance of takeover by conspecifics; or alternatively, they might economize on their current 

reproductive investment, laying fewer egg to be able to allocate more into future matings.  

Even amplexi by conspecific males are not always optimal for female frogs and toads. 

Traditionally, matings were regarded less costly for males as they produce gametes in a huge 

surplus and thus, they do not have to watchfully choose their mates (Wedell et al. 2002). The 

conception of limitless reproductive potential of males, however, seems to be disproved in 

many species: energy spent for matings and the production of ejaculates can be a limiting 

factor for them (Nakatsuru & Kramer 1982; Sato & Goshima 2006). This can be especially 

true when the breeding season is short and the number of mating opportunities is restricted, as 

is typical for explosively breeding amphibians. Sperm economy is a key factor: when males 

produce gametes before the onset of the breeding season, their sperm reserves may become 

depleted during consecutive matings, ultimately leading to decreased fertilizations success. 

This limited reproductive potential could be a source of conflict between the sexes, and thus, 

it may affect both the mating system and the mating strategies followed by individual males 

and females. Reproductive investment of larger and smaller males may be different if larger 

males can realize greater mating success – for example, due to their better performance in 

male-male competition. Under such circumstances small males investing more energy into 

somatic growth at the expense of current reproduction may be selected for. If smaller males 

invest less into reproduction, they may be capable of performing fewer successful matings or 

lose their breeding motivation earlier than larger males, but may in turn grow larger by the 

next breeding season. 
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Aims and methods 

 

1. We aimed to clarify which features of the aquatic and terrestrial environment 

influence the breeding habitat use of amphibians and the species richness of 

amphibian communities in the Pilis-Visegrádi Hills. 

2. We evaluated population-level consequences of reproductive interference between the 

agile frog and the common frog in natural breeding habitats. 

3. We investigated by what behavioural mechanisms agile frog females can reduce the 

negative fitness-effects of sexual coercion by heterospecific males. 

4. We assessed the relative competitiveness of agile frog and common frog males. 

5. We studied intrinsic limits in the reproductive potential of common toad males. We 

explored (a) if common toad males are sperm limited, (b) how ejaculate size, 

fertilization success and number of sperm stored in testes change during the breeding 

season, and (c) how the reproductive potential of males depends on their size and body 

condition. 

 

In the first field study we assessed reproducing amphibian species in 133 pond in the Pilis-

Visegrádi Hills. We also recorded the following terrestrial and aquatic habitat features of the 

ponds: pond surface area, water depth, sediment depth, aquatic vegetation cover, shadow, 

altitude, the cover of Turkey oak forest, mixed hornbeam-oak forest, beech forest and hay 

meadow around the pond at a 50 m radius. As the variables were highly correlated, we 

performed a PCA and obtained three PCs describing aquatic and terrestrial habitat. We built 

models with one, two or three PCs to test how they predict the occurrence of amphibian 

species and species richness. We performed model selection using an information-theoretic 

approach, ranking models by their AICc values. The direction and significance of 

relationships were tested using generalized linear models.   

In the second field study we investigated fertilization success of agile frog and common frog 

egg clutches in 25 ponds with different species abundance ratios during the entire breeding 

season. At the onset of the breeding season we assessed the amount of aquatic vegetation and 

other structures (stones, branches) which can reduce visibility in each pond. We visited ponds 

every two or three days and collected a sample of 4×5 eggs from each newly laid clutch 

which we thereafter marked using small numbered flags. We incubated egg samples in plastic 

boxes near the ponds until we could determine fertilization success by counting the 
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developing embryos. We hypothesised that decreased fertilization was caused by reproductive 

interference with the other species. We analyzed relationship between mean fertilization 

success of egg clutches of each species and species abundance ratios, pond size, spatial 

complexity and population density using generalized linear models.  

In a field-based experiment, we studied behaviour of agile frog females, amplexed by either a 

conspecific or a common frog male. Pairs were housed individually in the presence of other 

competing agile frog males. We hourly observed conspicuous behaviour (horizontal 

movements and vertical position) of the female and also noted which male was in amplexus 

with the female, how long amplexi lasted for, we counted the number of eggs layed and 

estimated fertilization success. As behavioural measures on conspicuousness were correlated, 

we performed a PCA and used the first PC as an overall conspicuousness measure. 

Conspicuousness and time until egg-laying were compared with GLMs, while egg numbers 

were compared with a linear mixed model (LMM). To assess male competitiveness we 

compared time until amplexus using GZLMs, amplexus duration using LMMs and the body 

size (SUL) of males which achieved or could not achieve a take-over against conspecific or 

heterospecific rivals using GZLMMs.  

In the first experiment on the reproductive potential of common toad males, we paired the 

experimental males consecutively with 3 females. We observed the behaviour of males, the 

changes in ejaculate size and in fertilization success. Before and after the experiment we 

dissected control and experimental males to determine sperm amounts stored in testes. To 

obtain ejaculate size males of one treatment were fitted with a preservative. For assessing 

fertilization success, we incubated samples taken from each egg-string until developing 

embryos were clearly discernible from non-fertilized eggs. Changes in sperm stores and 

sperm number in the ejaculates we compared using GLMs. We analyzed changes in 

fertilization success and readiness to re-mate using LMMs. We performed this experiment 

with average-sized males under controlled laboratory conditions.  

We performed the experiment on the reproductive investment of males under semi-natural 

conditions in the field with males of different sizes. Males in treatment 1 were re-hibernated, 

males in treatment 2 were kept without females and those in treatment 3 were allowed to mate 

consecutively with three or four females. After termination, we anaesthetized males and 

dissected them to assess their testes size and sperm stores. Testes size and sperm number 

stored in the testes were compared among treatments using GLM. We analyzed fertilization 

success using a repeated measures GLM, while readiness to mate using GZLM. 
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Results 

 

1. We recorded habitat use during reproduction in 10 amphibian species in the Pilis-

Visegrádi Hills. Common species were the agile frog, the common frog, the common 

toad, the smooth newt and the european treefrog. 

2. Occurrence of species was mostly governed by characteristics of the aquatic 

environment, but for some species terrestrial habitat features were also important.  

3. Most studied species occurred mainly in large ponds with dense vegetation; however, 

the common frog appeared to be a specialist of small, shallow pits.  

4. Reproductive interference between the agile frog and the common frog influenced 

reproductive success of agile frogs in natural populations. 

5. The effect of interference depended on the complexity of the physical environment 

(the amount of aquatic vegetation, branches and rocks which reduce visibility in the 

ponds): in ponds with low spatial complexity the fertilization success of agile frog egg 

clutches decreased with an increasing relative abundance of common frogs. In ponds 

with high spatial complexity we could not detect this decrease.  

6. The effects of reproductive interference appeared to be asymmetric, since the relative 

abundance of species did not have an effect on fertilization success in common frog 

egg clutches.  

7. To reduce the negative fitness-effects of sexual coercion by heterospecific males, agile 

frog females did not behave more conspicuously, but delayed egg deposition, 

deposited fewer eggs and laid multiple clutches. 

8. Larger agile frog males performed better in intraspecific competition for mates, 

however, all agile frog males were equally chanceless against common frog males 

already in amplexus. 

9. Reproductive potential of common toad males was limited: sperm number stored in 

the testes, ejaculate size and fertilization success decreased over the course of three 

consecutive matings. During that time, their readiness to mate also diminished. 

10. Small common toad males did not invest proportionally more in somatic growth at the 

expense of reproduction, despite the fact that larger males can achieve higher 

reproductive success.  
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Conclusions 

 

 

1. As different species use different types of breeding habitats, preservation of a species-

rich amphibian community can be best provided by maintaining heterogeneity of 

aquatic and terrestrial habitats. 

2. Reproductive interference can influence reproductive success at the population level 

under natural conditions; however, this effect may be modified by environmental 

complexity. 

3. Effects of reproductive interference can be asymmetric even at the population level, 

which can be caused by interspecific differences in the sexual competitiveness of 

males.  

4. Even females of a species with external fertilization have behaviourals to cope with 

heterospecific coercion and effectively mitigate its consequences for their own fitness. 

5. Common toad males start the breeding season with sperm stores that are produced 

earlier, and these stores they cannot replenish between matings. As a result, males are 

capable of performing only a few successful mating. This may influence mating tactics 

and reproductive motivation of males, and may also lead to conflict between the sexes. 

6.  Allocation into reproduction does not differ between small (young) and large (older) 

males in the common toad. This is probably explained by low year-to-year survival 

and high interannual variability of sex ratios at breeding grounds. As a consequence, 

small males do the best of a bad job by maximising reproductive investment each year.  
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