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In many species, particularly in ectothermic vertebrates, not only males but also females show bright body colorations. In Alpine newts, Ichthyosaura alpestris, both sexes have colorful orange bellies. This coloration varies in redness (yellowish to dark orange) among individuals, and previous work has shown that courting males preferred females with more orange bellies. Because males in this species are likely to be limited in their mating capacity, selection would favor this preference if this coloration honestly signals female quality. In this study, we investigated whether female belly coloration can predict individual fecundity in which case males might have the chance to fertilize more eggs when they choose to mate with a more ornamented female. We found that more orange females were more fertile than less orange ones. Additionally, we saw that more ornamented females could lay their eggs faster, which means that they ceased egg laying at a similar time as less ornamented females despite the greater number of eggs. This suggests that female color can convey quality advantages in a species with no sex-role reversal much in the same way as male colors can, making female ornaments subject to sexual selection acting directly on them.
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INTRODUCTION

Several theories have been put forward to explain the presence of secondary sexual ornaments. One well-documented mechanism for the evolution of such ornaments acts when that ornament functions as a quality indicator that provides a benefit during mate choice to both, the signaler, and the receiver. Since an individual may benefit by choosing a high-quality partner to mate with through direct (e.g., Price et al., 1993; Iwasa and Pomiankowski, 1999) or indirect benefits (e.g., Kirkpatrick and Barton, 1997), an exact assessment of the quality of a sexual partner may be substantially important for the choosing individual (reviewed in Kokko et al., 2003).

Many studies have demonstrated female preferences for male ornaments and have investigated different benefits that females might gain from choosing a highly ornamented male, suggesting that the ornaments can visualize quality in males. These benefits can include higher fertility of males (Pitcher and Evans, 2001), better paternal care (Hoelzer, 1989), or they could be associated with less pathogen infections (e.g., Ressel and Schall, 1989). However, benefits are not always as obvious. Females could also obtain offspring in better condition (health: Barber et al., 2001; or size: Parker, 2003) or highly ornamented males can provide their offspring with genes that make them more attractive as mating partners (e.g., Gwinner and Schwabl, 2005).

Female ornamentation has long been regarded as non-adaptive correlations to male ornaments (reviewed in Nordeide, 2002; Kraaijeveld et al., 2007). They were thought to appear through a genetic link between the male and the female ornament, and the selection acting on the male ornaments (Lande, 1980). However, a growing number of investigations prove these assumptions not to be universally applicable.

Although studies on female ornamentation are not as numerous, we now know that in some species, males may also base their choice on female secondary sexual ornaments. This was predominantly documented for sex-role reversed species (e.g., Berglund and Rosenqvist, 2001), but an increasing number of studies also demonstrate a male preference for ornamented females in otherwise conventional sex-roles (e.g., Torres and Velando, 2005; Baldauf et al., 2011; LaPlante, 2015; Belliure et al., 2018; Lüdtke and Foerster, 2018). Females of the rock sparrow, Petronia petronia, for example, have a yellow breast patch and males were found to court females with a smaller or experimentally reduced patch size less intensely and less frequently (Griggio et al., 2005).

This evidence, together with reports on male choosiness even in polygynous species (Servedio and Lande, 2006) suggests that the intensity of male choosiness is more dynamic than previously thought (Clutton-Brock, 2009; Clutton-Brock and Huchard, 2013). In fact, mutual mate choice, that is when both sexes exert mate choice, is rather common (Clutton-Brock, 2009; Rosenqvist and Berglund, 2011; Rosenthal, 2017) and the intensity of male choosiness is expected to vary with the availability of partners relative to its mating capacity (Edward and Chapman, 2011).

Consequently, female nuptial signals can well have a selective advantage (reviewed in Kraaijeveld et al., 2007). On the one hand, females may use them as an aggressive signal predominantly in intrasexual competition (Beeching et al., 1998), as it is the case in convict cichlids, Cichlasoma nigrofasciatum. Only females of this species typically develop an orange ventral coloration and only females seemed to use this color as a visual signal. Females were more aggressive toward more brightly colored individuals than intermediate ones. On the other hand, nuptial signals can also function as a signal to advertise females' reproductive state or individual quality. When this is the case, males benefit by mating with highly ornamented females. In species without maternal care, female quality is characterized by fecundity, the quality of the eggs or offspring performance after birth or hatching. For choosy males, any trait that reflects such quality aspects would be relevant. For example, the plumage color of blue tit females, Cyanistes caeruleus, correlated positively with clutch size, fledgling success, and recruitment (Doutrelant et al., 2008). Such a correlation between colorful ornaments and individual quality has also been shown for other birds (e.g., Pilastro et al., 2003) and some fish (e.g., Massironi et al., 2005; Kekäläinen et al., 2010). Further studies on other taxa that demonstrate a correlation between a colorful ornament and individual quality in females are currently lacking.

With this study, we want to extend the knowledge about the function of female coloration and the potential for selection on female nuptial signals in a Eurasian amphibian, the Alpine newt (Ichthyosaura alpestris). Alpine newt males and females have colorful orange bellies that vary naturally in their color hue (Kopecký and Šichtar, 2014; own obs.). Body colorations that appear red, orange, or yellow are caused by carotenoids or pteridines that accumulate in feathers or skin cells (Olson and Owens, 1998; Griffith et al., 2006; Weiss et al., 2012). Ornaments composed of such pigments have often been reported to communicate quality advantages of the bearer (reviewed in Weiss et al., 2011). For example, pigment content has been suggested to correlate with immune defense especially in mammals (Huber et al., 1984; Chew and Park, 2004). Whether these compounds directly enhance immune responses or provide important precursors for other compounds is, however, still debated (e.g., Pérez-Rodríguez, 2009; Koch et al., 2018). Ornamental pigment content has also been suggested to relate to individual reproductive potential. Carotenoid-based coloration was reported to correlate positively with fecundity in a bird (Doutrelant et al., 2008) and a fish (Svensson, 2006), and the pteridine-based ornament of female striped plateau lizards, Sceloporus virgatus, was positively related to the total amount and concentration of yolk antioxidants (Weiss et al., 2011). These findings suggest that colorful individuals cope better with immune challenges and are better able to allocate their resources to reproduction.

Both carotenoid and pteridine pigments were found in the belly skin of Alpine newts (Günder, 1954) and other newt species (e.g., Obika, 1963; Matsui et al., 2002). We therefore expect that the belly pigmentation might function as nuptial ornamentation in this species. We recently found that male Alpine newts exhibited preference toward certain females (Lüdtke and Foerster, 2018). Males spent more time courting larger females and females that had more orange bellies. However, for male choosiness to evolve, males are expected to be limited in their mating capacity and females are expected to vary in quality (Gwynne, 1991; Kokko and Monaghan, 2001). Male Alpine newts have comparatively high mating costs (reviewed in Thiesmeier and Schulte, 2010). They engage in a time consuming mating ritual (see Arntzen and Sparreboom, 1989) and are most likely limited in their mating capacity in terms of sperm expenditure (see below). Males would gain fitness advantages if they mate with a female that lays more eggs. If females vary in the amount of eggs they lay, males should be choosy and invest more into females that are more fecund. Therefore, males should choose more orange females if this color is an honest signal for fecundity.

In this study, we investigated whether Alpine newt females with more orange bellies lay more eggs. We hypothesize that the color intensity is a signal for the number of eggs a female lays and hence a signal for individual quality. We also tested whether more orange females laid their eggs faster compared to less orange ones.



MATERIALS AND METHODS


Study Species

Ichthyosaura alpestris is a medium-sized aquatic salamander with its main distribution in Central Europe (Thiesmeier and Schulte, 2010). They mate and oviposit in water bodies during spring to early summer but spend the rest of the year in a terrestrial phase. Alpine newts are sexually dimorphic in size and body shape, as well as in their dorsal and lateral coloration. Yet, both sexes show strikingly orange bellies (Figure 1).
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FIGURE 1. Male (left) and female (right) Alpine newt, Ichthyosaura alpestris.


During courtship males attract females with a complex but stereotypic suite of behaviors (Halliday, 1977; Arntzen and Sparreboom, 1989). They transfer sperm in form of spermatophores that they deposit on the substrate and try to guide the females over them. Unfortunately, many of those spermatophores are lost, because females frequently miss to take them up with their cloaca. Observations show that females pick up only 31% (or less) of deposited spermatophores (Halliday, 1977, 1990). Males probably enter the breeding season with a limited number of sperm because spermiogenesis is most likely completed during autumn and spermatozoa are stored until the next breeding season as described for smooth newts, Lissotriton vulgaris (see Verrell et al., 1986). During the mating season in early spring, Alpine newts gather in often crowded ponds, where high mating activity and scramble competition is observable at any time of the day (e.g., Blab and Blab, 1981; Lüdtke and Foerster, 2019). When courting a single female, males may sequentially deposit several spermatophores (Halliday, 1977; Maag, 2013; pers. obs.), and each male courts a large number of females if they are available to him (own observation in large group aquarium). Given the long duration of the Alpine newt breeding season (several weeks to a few months, Blab and Blab, 1981), we have thus reason to assume that a male's sperm capacity is limited and that any loss of spermatophores is costly for males.

After mating, females lay their eggs by individually wrapping them into submersed aquatic plant supports (Miaud, 1994, 1995; own obs.). Individual females can lay between 100 and 500 eggs (Miaud, 1994). The average number of counted oocytes from wild caught individuals was 258 (N = 8; Thomas et al., 2002), and 293 (N = 7; von Lindeiner, 1992). In laboratory experiments, female fecundity was observed to fluctuate between 20 and 271 eggs (reviewed in Thiesmeier and Schulte, 2010). Although female body size may be a proxy for fecundity in many species (e.g. Honěk, 1993; Bonduriansky, 2001; Wong and Svensson, 2009; Eddy et al., 2016), reports about Alpine newts on that matter are not consistent. Where Miaud (unpublished data, cited in Miaud and Merilä, 2001) reported a positive correlation between body size and egg number, such a relationship could not be confirmed when Thomas et al. (2002) investigated fecundity by counting the number of oocytes.



Lab Population and Husbandry

The study was carried out at the University of Tübingen, Germany, from 10 March to 20 July 2017. The lab population consisted of wild individuals caught in 2011 and 2012 from the surrounding of the city of Tübingen, and their descendants, all born in the lab between 2011 and 2014. The founder population included 243 individuals (125 females and 118 males), collected from two separate wild subpopulations. After hibernation, we separated males and females and kept them in aquaria at a maximum density of 15 individuals per aquarium (≈ 72 l each; 60 × 60 × 38 cm lwh). We regulated ambient air temperature to be between 12 and 16°C and set the photoperiod to 12:12 LD (light from 8:00 to 20:00). Home aquaria were equipped with black gravel, shelters (brick stones with many holes), water plants, and an above-water platform. We fed the newts with red mosquito larvae and water fleas (Daphnia sp.) ad libitum three times a week. Before we transferred the females into special oviposition aquaria, we placed males and females together into a large-group aquarium for four days to ensure insemination as described in Lüdtke and Foerster (2019). We randomly divided the newts into three groups with 36 individuals and a 50:50 sex ratio. We introduced the groups into the mating aquarium in succession.



Oviposition and Egg Handling

After 4 days in the mating aquarium, where females had free access to several males, we transferred the females (N = 54) into oviposition aquariums (≈ 40 l each; 60 × 60 × 38 cm lwh) that were divided into three same-sized compartments (20 × 60 × 38 cm lwh). Each female was placed in one of these compartments. We supplied each compartment with black gravel, a small PVC tube (10 cm length, 2.5 cm Ø) as a hiding place, a platform above the water level and a water plant (Ludwigia repens in terracotta supports) to lay eggs on. The first group of 18 females was introduced into the oviposition aquariums on 10 March, the second group on 18 March, and the last one on 22 March. One female escaped from the oviposition aquarium during the experiment and was excluded from the analysis. Every 4–7 days, we replaced plants, scanned the compartments for eggs that were laid outside of the provided plant and counted the total number of eggs a female had laid. To accurately define the number of eggs we carefully removed each counted egg with forceps and scanned the plant the next day for any remaining eggs. If a female did not lay a single new egg in 4 weeks, we assumed that it ceased laying and released it into the home aquarium in the husbandry.



Color and Size Measurements

Prior to the experiment, we measured reflectance of the ventral sides to quantify the color of the females' bellies. We measured reflectance in two different regions (belly and throat) from 380 to 700 nm using a spectroradiometer (SpectraScan PR 670, Photo Research Inc., Syracuse, NY, U.S.A.) (see also Lüdtke and Foerster, 2018). Each reflectance spectrum was calculated relative to a polytetrafluoroethylene (PTFE 98) white reflectance standard (Berghof Fluoroplastic Technology GmbH, Eningen, Germany) with the program Spectrawin 5.0 (Avantes, Apeldoorn, The Netherlands). We used two indices to describe color. We calculated hue (peak wavelength) as the wavelength where reflectance is at its maximum, and chroma (spectral purity) which describes the relative color saturation in a wavelength range of interest. We calculated chroma as the reflectance sum over the red range from 605 nm to the maximally measured wavelength (700 nm), divided by the total reflectance sum (R package pavo, Maia et al., 2013). For both, hue and chroma, we averaged the two measured regions (belly and throat) and refer to the mean as that female's belly hue or chroma, respectively. We measured snout-vent length (SVL) (5.2 ± 0.3 cm) when the animals were under anesthesia and weighed them (5.00 ± 0.88 g) just before they entered their individual oviposition aquaria. Additionally, we weighed the females again after they finished the experiment.



Statistics

We performed all statistical analyses using R version 3.5.1 (R Core Team, 2018) and all data summaries are reported as means ± SD. We excluded females from the statistical analyses that laid <20 eggs (12 individuals). We considered those females not to be fully ready to lay, either because they were still waiting for additional copulations or because their reproductive rhythm was delayed with respect to the other females. Although reports suggest that lab-reared amphibians are not as colorful as conspecifics found in the wild (e.g., Steinicke, 1976; Frost and Robinson, 1984; Matsui et al., 2002), we did not want to include individuals in our investigations that had an unnatural color scheme (more than 5% outside the range of the natural occurring range). As a reference, we compared the chroma values of newts in our experiment to 36 wild females that were captured in the population where our founder individuals originated from, measured in the same way as described before, and released into the wild in 2013 (chroma: 0.606 ± 0.023, range: 0.552–0.645; unpublished raw data). We then identified three experimental females that were unusually faint (chroma: 0.500, 0.514, and 0.521) and suspected that they were unable to store certain pigments in their skin. We therefore excluded two more females from the analyses (as the third was already excluded because of low egg numbers, see above). We finally used 39 females for all analyses.

The data for the total number of eggs did not show a normal distribution, nor did it fit a Poisson distribution. We thus applied non-parametric statistics: we tested the effect of hue, chroma, size, and weight on the total number of laid eggs with Kendall rank correlations. To test whether the daily laying activity was individually different, we also investigated the individual curves of the cumulative number of eggs. We performed linear mixed models (function lmer, package lme4; Bates et al., 2015) and included the day since introduction to the laying-compartment, either hue or chroma, and their interactions as fixed factors. We also included either SVL or weight, and their interaction with the day in the models. In all models, we log-transformed day (decadic logarithm) to fit the curve of the data. Apart from day, we standardized all continuous variables so that their means were zero and their standard deviations one. As random factors, we included female ID to account for repeated measures on each female, and mating group to account for random variance between the three groups that were mating in succession. We also included a random slope for the covariate day dependent on ID to account for unsystematic variance between the females (Korner-Nievergelt et al., 2015). For the parameter estimates (presented in the table) and model predictions (presented in the figure), we obtained 95% credible intervals (CrI) by using Bayesian statistics (Bolker et al., 2008). We calculated the exact uncertainty of model predictions (Gelman and Su, 2016) by using 10 000 simulated random values obtained from the joint posterior distribution of the model parameter. We concluded that a parameter was different from zero if the 95% credible interval of its estimate did not include zero (Bolker et al., 2008). We present the Akaike Information Criterium for small sample size (AICc) for each model and compare models based on the difference in AICc (Δ AICc).



Ethical Note

Maintenance and handling of the newts were conducted in accordance with German animal welfare law (Tierschutzgesetz) and FELASA guidelines. All experiments were approved by the local veterinary office “Veterinäramt, Regierungspräsidium Tübingen,” under the license number ZO 5/15.




RESULTS


Total Number of Eggs and Laying Duration

Female weight was not correlated to hue or chroma, and SVL was not correlated to hue (all p > 0.05). However, females with larger SVL were more orange as measured by chroma (rp = 0.446, p = 0.001). Three females did not lay a single egg and were excluded from the analyses. Additionally, we excluded the ones that laid <20 eggs from the analyses (N = 9), as well as the three females that were more than 5% less orange than females in the natural population (see Figure S1). Among all other females, the range of chroma was 0.535–0.642 (0.581 ± 0.025) and the total number of laid eggs varied between 23 and 451 (158.54 ± 106.60).

We found no relationship between a female's weight and the number of eggs it laid (rτ = 0.041, p = 0.717; Figure 2A); nor did we find a relationship between a female's SVL and the number of eggs (rτ = 0.051, p = 0.660; Figure 2B). However, females lost 0.72 ± 0.55 g, on average, during oviposition, although this weight loss was not correlated to number of eggs (rτ = 0.020, p = 0.856).
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FIGURE 2. Scatterplots illustrating the relationships between number of laid eggs and (A) female weight before the experiment started, (B) female snout-vent length (SVL), (C) female belly hue, and (D) female belly chroma. The red asterisks indicate significant correlations (p < 0.05). N = 39.


When we analyzed the effect of the two measurements of belly color (hue and chroma) on the total number of eggs, we found that more orange females (females with a higher hue and higher chroma value) laid significantly more eggs than less orange females (hue: rτ = 0.248, p = 0.031; chroma: rτ = 0.220, p = 0.049; Figures 2C,D). The five females with the lowest hue in our study laid on average 92.20 ± 69.52 eggs, while the four females with the highest hue produced on average 278.25 ± 181.44. For chroma, the five least orange females (lowest chroma value) laid on average 44.8 ± 27.29 eggs, while the five most orange females (highest chroma value) produced on average 159.29 ± 106.61 eggs.

We observed variation in the laying duration of the females. They laid eggs between 6 and 120 days (62.38 ± 21.47), but there was no correlation between belly color and the number of days a female laid eggs (hue: rp = 0.251, p = 0.123; chroma: rp = 0.277, p = 0.088).



Daily Cumulative Egg Numbers

Females with varying belly color showed differences in the daily cumulative egg numbers. The slopes of the interactions between day (log-transformed) and hue or chroma indicate how fast females with different belly color laid their eggs. When we included the weight of the female as covariate in both models, we found a significant effect of the interaction between day and hue as well as between day and chroma on the cumulative egg numbers (Table 1). Females with more orange bellies laid their eggs faster than less orange females (Figure 3A). In the other two models, we used SVL as a covariate, instead of weight (Table 1). Here, we found the same significant interaction effect (Figure 3B). For hue, the first model with weight explained the data better than the one with SVL (Δ AICc > 2.0), but since both models with chroma explained the data similarly well (Δ AICc < 2.0; see Table S1), we computed an averaged model. This averaged model suggested again that females with a higher chroma value laid their eggs faster, than females with lower value (see Table S2). This difference was particularly obvious when a female started to lay eggs: in the first 19 to 21 days, the four most orange females (according to hue) laid on average 176.25 ± 111.40, while the five least orange females laid only 66.4 ± 51.24 eggs on average. When we compare the females with the highest and lowest chroma values we found that the five most orange females laid on average 99.8 ± 71.21 eggs, while the five least orange females produced only 39.8 ± 25.15 eggs on average. Body size and weight did not affect the speed of egg laying: both, the interaction between day and SVL and the interaction between day and weight, were not significant in any of the tested models.


Table 1. Estimates, standard errors, and their 95% credible intervals from the different linear mixed models for daily cumulative egg numbers (A) with weight and (B) with SVL as a covariate.
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FIGURE 3. Model predictions of the cumulative number of eggs for minimum (yellow line), mean (red line), or maximum (dark red line) hue values. Gray lines represent the raw data from 39 females. Each curve represents the cumulative number of eggs laid up to each day by each individual female. Fitted values (solid lines), predicted from an LMM, with 95% credible intervals (dashed lines) are given assuming average values for (A) weight and (B) SVL as independent variables in the model. N = 39.





DISCUSSION

We showed that the intensity of a female's nuptial ornament had an influence on some indicators of reproductive quality. Therefore, the belly coloration of female Alpine newts might indeed function as an honest signal for fecundity. Less orange females laid their eggs more slowly, compared to more orange females. Further, we found that less orange females laid considerably fewer eggs than females with a more orange belly.

In many species, yellow, orange, or red colors in the skin or plumage are based on carotenoids (Blount and McGraw, 2008) or pteridines (e.g., amphibians: Ziegler-Günder, 1956; birds: McGraw, 2006). The intensity of these colors is positively correlated with pigment concentration. In striped plateau lizards, Sceloporus virgatus, for example, more colorful individuals had a higher concentration of drosopterin in their skin, a pterine that causes the orange color patches on the throat of this species (Weiss et al., 2012). In male three-spined sticklebacks, Gasterosteus aculeatus, the intensity of the red belly coloration correlated positively with astaxanthin concentrations in the tissue, a carotenoid that fish take up through their diet (Barber et al., 2000).

Both of these pigment classes were suggested to enhance immune system functions (e.g., Huber et al., 1984; Chew and Park, 2004; Hõrak et al., 2004). Carotenoids, for example, are well-known as effective antioxidants (Britton, 2008; Fiedor and Burda, 2014) and pteridines can also act antioxidatively under certain conditions (Oettl and Reibnegger, 2002). Therefore, colorful individuals might have an advantage in coping with oxidative stress and are hence better able to allocate their resources into the production of viable eggs. This was shown for blue tits, Cyabistes caeruleus, where female coloration was positively correlated to number of eggs when females were forced to produce a replacement clutch (Doutrelant et al., 2008), and for the two-spotted goby, Gobiusculus flavescens, where more colorful females produced larger clutches (Svensson, 2006). Our result show that Alpine newt females with more orange bellies also laid more eggs. Not only the number of eggs can be advertised by the color of the ornament but also the quality of those eggs. In striped plateau lizards, the color of the ornament was positively correlated with the concentration and total amount of yolk antioxidants (Weiss et al., 2011). This suggests that colorful females might also produce eggs of higher quality and provide better yolk content for the early growth phase of embryos. Whether more orange Alpine newt females produce higher quality eggs remains to be tested.

In addition to a higher number of eggs, we also found that more orange females laid their eggs faster than less orange females. As a result, more orange females ceased egg laying at a similar time as less orange females. Female Alpine newts may be selected to lay their eggs speedily, for two reasons: First, European newts spend most of their time on land (Taylor and Guttman, 1977), and they enter water bodies only during the breeding period. To ensure that the larvae have enough time to metamorphose and leave the water before the next terrestrial phase starts, it would be advantageous to lay eggs fast after insemination. Second, female newts compete for access to laying substrate (small leafed water plants), and newt larvae compete for food in crowded breeding ponds. In both cases, it is probably advantageous to be among the first competitors present.

Our results suggest that belly coloration can be an important signal to determine the individual quality of Alpine newt females. Because males complete spermiogenesis during autumn and store mature sperm until the next breeding season, they are likely to be limited in the total sperm numbers that are available during one mating season (Verrell, 1986). Sperm stores may hence deplete over the course of the breeding season. During a single courtship ritual, males deposit often more than one spermatophore if they are not interrupted by conspecifics (Halliday, 1977; own observation). Within successively deposited spermatophores, the number of spermatozoa decreased continuously (Maag, 2013). This suggests that males are sperm limited even within a particular day during the mating season, as multiple courtships per day (often with various partners) are common in this species (own observation). To invest the available sperm optimally, male Alpine newts should decide to court very fecund females or females whose eggs have a high reproductive value. Our findings suggest that by choosing to court more orange females (Lüdtke and Foerster, 2018), Alpine newt males gain adaptive advantages through a potentially higher number of fertilized eggs. Further, through the speedy laying pattern of orange females, there is a better chance that a high number of these eggs will be deposited on suitable substrate, and that a high number of hatchlings will be born early enough to get a head start in their development compared to other competing larvae in the pond. Since female belly color correlated with fecundity and with laying speed, it can function as an easy-to-detect target for male choice.

In a previous study, we found indeed that male Alpine newts courted more orange bellied females for longer than less orange ones (Lüdtke and Foerster, 2018). In that study, however, we also found that males courted longer for larger females. Despite anecdotal evidence that body size positively correlates with egg numbers in this species (Miaud and Merilä, 2001), other studies could not confirm such a relationship (Thomas et al., 2002) nor could we find a correlation between female size or female body weight and number of eggs laid in this experiment. This suggests that female size does not indicate fecundity in Alpine newts. Female size could nevertheless correlate to other aspects of reproductive value, such as the size of the eggs. In spadefoot toads, Spea multiplicata, for example, larger females laid larger eggs and larger eggs produced larger tadpoles (Martin and Pfennig, 2010). Larger body size, in turn, would greatly affect the tadpoles' survival and hence the fitness of their parents. It remains to be shown whether female body size or body weight advertise any component of female reproductive value in Alpine newts.

In conclusion, our results provide experimental evidence that female belly coloration of Alpine newts can function as an honest signal for individual quality. Males could consequently benefit when they choose to mate with a more orange female. The relation between female belly color and fecundity can further explain the evolution of male preference for a female ornament. The results from this study, together with our previous finding that males did indeed prefer more orange females in mate choice experiments, lead us to conclude that in Alpine newts, female belly color is subject to sexual selection acting directly on females.
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