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Abstract 

 

The characterization of a species’ mating system is an invaluable tool that will ultimately 
deepen our knowledge on sexual selection, still a hot topic in evolutionary biology. 
Despite knowing that environmental variables can have a profound effect on mating 
patterns, little is known on how they actually may affect the intensity of sexual selection 
across time. In this study I compare two sampling periods, representing the onset and 
end of the breeding season of a pipefish, Syngnathus abaster, already known for its 
mild sex-role reversal. With the aid of microsatellites, I was able, for the first time, to 
identify a considerable number of putative mothers from within our samples in a wild 
population of pipefish. Additionally I show, as expected, that many mating system 
variables, such as male’s reproductive success, relative fitness, female’s investment or 
mate choice, vary widely across the breeding season. Near the onset of the breeding 
season, the male’s reproductive success and relative fitness were on average much 
higher than those calculated for the end of the breeding season. The cause for the later 
result might be the lower female investment during the end of the breeding season 
together with the very likely retreat of larger females from the mating pool. Larger 
females were only detected to mate during the onset of the breeding season. I also 
detected an extensive variation in the operational sex ratio (OSR), and I draw attention 
to the fact that this classical measure of the intensity of sexual selection should be used 
very cautiously when measuring the intensity of sexual selection. Summarizing, I show 
that time is a variable that should be accounted for whenever addressing questions 
regarding mating systems and sexual selection theory. 



 



5 
 

1. Introduction 

 

Sexual selection was a revolutionary idea put forward by Darwin to explain bizarre 

characters, such as the peacock’s tail, that seemed to defy the action of natural selection 

(Darwin, 1871). He noted that individuals who outcompeted their adversaries tended to be 

bigger, more aggressive and colorful, achieving copulation more often. Empirical evidence 

has been supporting the fact that females tend to prefer males with more elaborated 

secondary sexual characters in a wide array of taxa. For instance, in zebra finches, 

females have a preference for male bill coloration (Simons and Verhulst, 2011). In fish 

such as sticklebacks females also prefer colorful males, since duller colorations often 

indicate higher parasite loads (Milinski and Bakker, 1990). In arthropods, such as in the 

fiddler crab, females chose their mates based on claw size (Milner et al., 2010), while in 

odonates, where male body size is positively correlated with life-time mating success in 

males (Sokolovska et al., 2000), males are chosen based on their size. Physical attributes, 

as male body size, were also suggested to be preferred by female brown bears (Bellemain 

et al., 2006). I should point out, however, that mate choice is not restricted to females. For 

instance, males also prefer more colorful and bigger females in various species of fish 

(Amundsen and Forsgren, 2001; Andersson and Simmons, 2006; Mattle and Wilson, 

2009; Sargent et al., 1986). Also, mutual mate choice occurs in many species (Salehialavi 

et al., 2011). Here, I briefly show accumulated evidence on how different secondary sexual 

characters, promoted by sexual selection, can be used as selection cues by males, 

females, or both. Sexual selection favors individuals that are stronger and/or ―sexier‖, 

since these characters tend to be a signal of good condition, as Darwin pointed out 

(Darwin, 1871). The intensity of sexual selection, however, is not uniform and may vary 

heavily even in closely related species from the same family (Jones and Avise, 2001).  

There is a theoretical association between the intensity of sexual selection and mating 

systems based on the variation of reproductive success within the sexes (Figure 1). Emlen 

and Oring (1977) initially described mating systems as the behavioral and ecological 

potential for mate monopolization. In the wild, we can find mating systems ranging from 

monogamy, where neither sex has access to more than one mating partner, to 
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polygynandry, where each individual, male or female, gains access to more than one 

mate, and in both cases the intensity of sexual selection tends to be weak. Alternatively, 

we can find polyandry and polygyny, where either females or males, respectively, have 

access to more than one individual of the opposite sex. In these type of mating systems, 

the intensity of sexual selection tends to be strong (Avise et al., 2002) (Figure 1).  

As the intensity of sexual selection fluctuates according to the type of mating systems, so 

do mating systems change according to a wide array of variables. For instance, Emlen and 

Oring (1997)  pinpointed the importance of the environment in shaping mating systems. 

Spatial distribution of resources and temporal availability of mates were stressed as 

relevant variables that should be taken into account (Emlen and Oring, 1977). Although 

environmental variables were stressed as key factors affecting mating systems, this issue 

has not been thoroughly explored. Recently, both Wilson (2009) and Monteiro (2012) 

pinpointed once more that both space and time are variables worth taking into 

consideration when studying mating systems and sexual selection. 

 

Figure 1. A graphic illustration of the different mating systems. Blue lines depict mating partners producing 

offspring, and the red dotted lines shows excluded individuals. The possible theoretical relation between 

mating systems and the intensity is also shown, together with which sex is most likely to have elaborated 

secondary sexual characters. Adapted from Avise, J.C et. al. (2002). 
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The objective description of a species (or population) mating system is often a complex 

endeavor, which requires the ability to identify the full diversity of mating behaviors, and 

not only the most conspicuous. The first studies on reproductive behaviors, however, were 

mainly based on direct observations, which although still invaluable, are less prone to 

detect more cryptic behaviors. Nowadays, with the advent of molecular tools, such as 

microsatellites (Avise, 1994; Jones et al., 2010), some of the gaps remaining in our 

understanding of animal reproduction can be, at least partially, filled. One example is the 

evidence for extra-pair paternity (Ležalová-Piálková, 2010) in species previously described 

as socially monogamous. These technical improvements are immensely important since 

they give us the possibility of unraveling behaviors that were once hidden from the naked 

eye, thus allowing for a more precise determination of a species’ true mating system. 

Besides technical issues, the correct characterization of a species’ (or population) mating 

system is also strongly dependent on the number of observations and their distribution in 

time. Most studies regarding the description of a genetic mating system were performed 

based either on a unique or in a group of observations strongly clutched within a very 

narrow time window. Even if these studies were conducted using molecular markers to 

look for cuckoldry (McCoy et al., 2001), extra-pair paternity (Ležalová-Piálková, 2010; 

Meng-Hua Li et al., 2009) and multiple mating events (Bilde et al., 2010; Jones and Avise, 

2001; Jones et al., 1999), some variation in mating system parameters might not have 

been taken in to account if environmental or social parameters changed over the breeding 

season. Indeed, few studies have looked into the variation in mating systems and sexual 

selection across different populations and across time.  

In mammals such as prairie voles, it was found that both social and genetic monogamy 

were frequent in areas where resources were less aggregated and population density was 

lower (Streatfeild et al., 2011). In fish of the Syngnathidae family, it was also shown that 

differences in mating patterns and intensity of sexual selection existed across different 

populations, some due mostly to differences in demography (Mobley and Jones, 2007) 

while in others the influencing factors were temperature (Mobley and Jones, 2009; 

Monteiro and Lyons, 2012) or habitat-related (Mobley and Jones, 2009). Additionally, nest 

aggregation and nest availability also have an effect on the reproductive behavior in the 
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peacock blenny (Saraiva et al., 2009; Saraiva et al., 2012). In the field cricket, the 

presence of an excess of chemical cues experimentally mimicking both male and female 

density, also triggered different responses regarding mate choice, showing that social 

context is indeed an important variable worth taking into account (Bailey, 2011). Regarding 

plants, density is able to affect mating system parameters such as outcrossing rate 

(Franceschinelli and Bawa, 2000). All of the above mentioned variables, from population 

density to nest availability, have the potential to change, sometimes within a very narrow 

time frame. Thus, it seems reasonable to accept that variations in mating patterns might 

indeed vary within short time periods (e.g. during the extent of a breeding season). Indeed, 

in a controlled experience with the black striped pipefish, temperature, which noticeably 

fluctuates across the species’ breeding season, was found to affect mate preferences and 

female-female interactions (Silva et al., 2007). Also, in the sand lizard, increasing mean 

temperatures across the years augmented the mating rates as well as the number of sires 

per clutch (Olsson et al., 2011). Finally, a study on birds also demonstrated climate-

derived variation in female fitness (Robinson et al., 2012). Taking these observations, 

gathered from a wide variety of taxa, into account, I initially tried to determine if a specie’s 

mating system is indeed dynamic rather than static, varying as the breeding season 

progresses. Since I used a sex-role reversed pipefish as model organism, the black striped 

pipefish Syngnathus abaster, my aim was also to (1) describe the genetic mating system 

of the studied population (as no information exists for this species), (2) identify putative 

mothers that sired the broods within our samples, which will allow for a more complete 

understanding of mating preferences (e.g. is mating size-assortative and how do 

preferences change during the breeding season) and (3) evaluate if males do receive eggs 

from more than one female, estimating the relative contribution of each female to the 

brood and calculate the rates of multi-maternity along the breeding season.  

This study increases our knowledge on how mating patterns and sexual selection vary 

across time and, for the first time in a sex-role reversed species, mate choice variation has 

been investigated across time in a wild population. 

  



9 
 

2. Material and Methods 

2.1 Model species 

The black striped pipefish, Synganthus abaster (Figure 2) is a coastal euryhaline pipefish 

that inhabits both fresh and brackish water environments (Cakić et al., 2002), from 0.5 to 

5m depths, and temperatures ranging from 8 to 25ºC. Its geographic distribution ranges 

from the Black Sea, Mediterranean and part of the West Atlantic up to the Gulf of Biscay 

(Dawson, 1986). Syngnathus abaster is included in the subfamily Urophori, as males 

present the brood pouch located on the tail. The marsupium consists of two skin folds that 

contact medially with their free edges (Figure 2). Sex roles are reversed, albeit mildly 

(Silva et al., 2006), and females are larger than males and more competitive (Silva et al., 

2006; Silva et al., 2007, 2010). Reproductive behaviors have been shown to be 

significantly affected by temperature (Silva et al., 2007) and since during their reproductive 

season temperatures can vary from approximately 15 to 25ºC, changes in the intensity of 

sexual selection, across the breeding season, are to be expected. 

 

 

 

Figure 2. Female (up) and male (bottom) Syngnathus abaster. The male is pregnant and the brood pouch in 

the tail region is clearly visible. 
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2.2 Sample collection 

This study was based on samples collected in a population located in the Aveiro estuarine 

lagoon, a brackish water habitat on the Portuguese west coast (40039’56’’N, 8040’6’’W) 

(Figure 3). Animals were sampled twice, near the onset (May-June) and near the end 

(August) of the breeding season (BS), using a small manually operated bottom trawler (3 

mm mesh size). In order to avoid any hypothetical bias due to consecutive pipefish 

captures within a BS, sampling was performed in consecutive years (2010 and 2011). On 

the onset of the BS (2011), 109 individuals were caught and in the end of BS (2010) 392. 

This difference was not due to visible changes in overall pipefish density but resulted from 

an adjustment in sampling effort. All animals were individually photographed (Olympus 

μ1030 digital camera) alongside a ruler, and subsequently measured using ImageJ 

software. Samples were preserved in 15 ml Falcon tubes with ethanol (96%) until DNA 

extraction.  

 

Figure 3. Sampling at Aveiro estuarine lagoon. A manually operated bottom trawler was used to capture 

pipefish. ©2012 Google, Google Earth. 
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2.3 DNA extraction and PCR 

DNA was extracted from the tail region of both females and pregnant-males. Embryos 

were also collected from the male brood pouch for DNA extraction. Genomed JETquick 

tissue DNA spin kit/250 was used, following a partially modified protocol.  

Samples were amplified for 5 highly polymorphic microsatellite markers (Sabas3, Sabas5, 

Sabas7, Sabas8, and Sabas9) (Almany et al., 2009). All amplifications were performed in 

a 10µl reaction volume. For Sabas5 and Sabas9, reaction tubes contained approximately 

1μl DNA, 10X PCR Rxn Buffer (Invitrogen), 3mM MgCl2, 0.2mM dNTPs mix, 0.8μM primer, 

0.8mM fluorescently labeled tail, 0.1U Platinum Taq DNA Polymerase (Invitrogen) and 

0.3μg/μl BSA. The only modification for Sabas8 and Sabas7 was a reduction in MgCl2 

(2mM), while Sabas3 was amplified using 5µl MasterMix (Invitrogen), 1µl H2O, 0.8µM 

primer, 0.8mM fluorescently labeled tail. For four microsatellites (Sabas5, Sabas7, 

Sabas8, and Sabas9), the PCR parameters used were: Initial denaturation at 940C for 

15min followed by 40 cycles with 94ºC denaturation for 30s, locus specific annealing 

temperature of 62ºC for 30s, and 72ºC extension for 30s. Another set of 10 cycles 

followed, with a different annealing temperature of 53ºC, due to the fact that the 

fluorescent tail has a different annealing temperature. Microsatellite Sabas3 has a different 

PCR program: initial denaturation at 95ºC for 10min, 20 cycles with 95ºC for 30s, 74ºC 

annealing for 30s with touchdown (0.5ºC each repeat) to reduce nonspecific amplifications 

and 72°C for 30s. Then, 15 cycles with 95ºC for 30s, 64ºC for 30s, optimum locus 

annealing temperature and 72ºC for 30s, followed by 15 cycles for the fluorescent tail as 

described above. Final extension for all four microsatellites and Sabas3 was 72ºC for 

60min and 72ºC for 90min, respectively. All PCRs were done using BIO-RAD MyCyclerTM 

Thermal Cycler (Applied Biosystems). 

 

2.4 Microsatellite analysis 

Allele size was determined on an ABI 3100 capillary sequencer (Applied Biosystems) 

using LIZ 75-450 size standard (Applied Biosystems). Peak Scanner Software v1.0 
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(Applied Biosystems) was used to score the size of the fragments. GenAlEx v6.41 (Peakall 

and Smouse, 2006) was used to assess allele diversity, frequency, observed (H0) and 

expected (HE) heterozygosities, probability of identity (Pi) and probability of exclusion (PE) 

with one parent known. Cervus 3.0 (Kalinowski et al., 2007) was used to check the 

frequency of null alleles in every loci. 

2.5 Genetic mating system and parentage analysis  

In order to describe the genetic mating system, 60 and 61 females from near the onset of 

BS and near the end of BS, respectively, plus 25 pregnant males from each sampled 

period, together with a subsample from the carried embryos, were genotyped for 5 loci. 

Selected females and males did not differ in size from the distribution of sizes in the total 

field samples they were extracted from (either near the onset or near the end of the BS), 

as confirmed by an analysis of conditional contingency tables (Estabrook et al., 2002) 

(Onsetmales: X2=6.733, P=0.225, DF=11; Endmales: X2=1.363, P=0.841, DF=11 and 

Endfemales: : X2=5.222, P=0.616, DF=15). All the captured females during the onset of the 

BS were used, so no further analysis of conditional contingency was performed. From the 

total of the 50 genotyped males (and their embryos), 5 were excluded (3 in the onset and 2 

in the end) due to recurrent failed DNA extraction in some of the embryos. 

Embryo sampling and genotyping was performed in order to detect and quantify the rate of 

multi-maternity, to estimate female’s reproductive investment (number of embryos in the 

male’s brood pouch divided by the total number of females that sired the brood) and 

identify any putative mother from within our samples (i.e. females that I actually collected 

and had access to the phenotype). In order to do so, the pouch was dissected and divided 

into seemingly identical areas. The number of areas and genotyped embryos extracted 

from each area was dependent on the total number of embryos present, but ensuring an 

average coverage of 15%. For males carrying less than 20 embryos, two areas were 

created and 5 embryos were genotyped (Table 1) (two from one area and three from the 

other; the criteria used in embryo selection was that they should be sparsely distributed 

within each area). In males carrying 20 to 39 embryos, three areas were created and 2 

embryos from each area were genotyped following the same criteria presented above 

(Table 1). When males presented 39 to 50 embryos, 4 areas were created and 2 embryos 
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per area were genotyped (Table 1). Above 50 embryos, 5 areas were delimited and, again, 

two embryos genotyped within each area (Table 1). This experimental design was applied 

based on the previous observation that Syngnathus abaster females lay embryos in bouts 

of approximately 17 ± 6 (mean ± SD) (Silva et al., 2006). Also, as observed for other 

Syngnathus species, embryos from distinct mothers tend to be grouped within clutches 

inside the male’s brood pouch (Jones and Avise, 2001; Jones et al., 1999). Even if 

females lay smaller egg batches than those reported by Silva et al. (2006), by genotyping 

at least 5 embryos (when males have less than 20 embryos), I maximized the opportunity 

to detect at least three different mothers. Also, even when males present an unusually 

large number of embryos, by genotyping 10 embryos, I was confident that I would be able 

to detect up to 5 distinct mothers, a reasonable number when taking into account previous 

works on the genetic mating system of pipefish of the genus Syngnathus (Mobley et al., 

2011b).  

For the sampled males I also calculated a proxy for mating success (number of distinct 

mates per male) and relative fitness (number of embryos per male divided by the average 

number of embryos of the population). Since non-pregnant males were observed on both 

sampling periods, I included randomly chosen non-pregnant males following the proportion 

observed between pregnant and non-pregnant males. As an example, if in the onset of the 

BS I observed a ratio of 0.08 between non-pregnant and pregnant males, given that I 

sampled 22 pregnant males, I randomly selected and added 2 non-pregnant males to the 

analysis of mating success and relative fitness.  

In order to calculate the operational sex ratio (OSR - ratio of fertilizable females by males 

willing to mate), all the individuals captured in both sampling periods were used. All 

females were considered as being ready to mate since the smallest female in our dataset 

was found to have a compatible genotype with a sampled brood meaning that even the 

smallest females were indeed ready to spawn. 

To enhance the probability of finding putative mothers from within our samples, 10 extra 

males were added for each sampling period. Although the same general methodology was 

used, fewer embryos were extracted from each brood pouch (Table 1), as a way of 

increasing the odds of finding a genotype compatible with that of our sampled females. 
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In order to estimate the rate of multi-maternity and female’s reproductive investment, 

GERUDE v2.0 (Jones, 2005) was used. The detection of putative mothers from within our 

samples was performed using PARENTE v1.0 (Cercueil et al., 2002). 

 

Table 1. Total number of embryos extracted in males used to check for multi-maternity and female 

reproductive investment (no of genotyped embryos) and males added to increase the probability of finding 

putative mothers (no of genotyped embryos from additional males). The number of brood pouch regions in 

which the pouch was divided according with the number of embryos is also shown. 

No. of embryos in the 

male brood pouch 

No. of genotyped 

embryos 

No. of genotyped embryos 

from additional males 

No. of areas within the brood 

pouch for embryo sampling 

0-19 5 2 2 

20-39 6 3 3 

39-50 8 4 4 

>50 10 5 5 

 

2.6 Statistical analysis 

Statistical analysis was performed using STATISTICA v.7 (StatSoft) and ACTUS. All 

parametric analyses were performed after testing for the normality and equality of 

variances assumptions. If these assumptions were not met variables were transformed. If 

the assumptions were still not met, appropriate non-parametric tests were applied. 

 

3. Results 

3.1 Summary Statistics 

Adult sex ratio (ASR - proportion of males to all adults) between both sampling periods did 

not differ from equality (Proportions comparison, two-sided test, Near the onset of the BS, 
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P=0.37; Near the end of the BS, P=0.26, Table 2). On the other hand, OSR differed from 

equality in both periods (Proportions comparison, two-sided test, Near the onset of the BS, 

P<0.0001; Near the end of the BS, P=0.0001). During the end of the BS, the OSR was 

significantly higher than that calculated at the onset of the BS (Proportions comparison, 

two-sided test, P<0.001, Table 2). Pregnant males were significantly larger than non-

pregnant males near the onset of the BS (Mann Whitney; Npregnant=45, Nnon-pregnant=4, 

U=14, P=0.005, Table 2). Although no significant differences were found between the 

average size of females and males in both periods (Onset: Mann Whitney; Nmales=49, 

Nfemales=60, U=1411, P=0.72 and End: Mann Whitney; Nmales=211, Nfemales=181, U=18891, 

P=0.85, Table 2), the largest female (13.64 cm) was larger than the largest male (11.85 

cm). 

 

Table 2. Summary of demography and meristic variables measured near the onset of the BS and near the 

end of the BS of Syngnathus abaster (%m = percentage of males, %m´ = percentage of non-pregnant males, 

%f = percentage of females, and n = total number of adults). All length measures in cm ± SD. 

 Near the onset of the BS Near the end of the BS 

Demography:   

    Males (% m) 44.14 53.82 

    Non pregnant males (% m´) 3.60 23.97 

    Females (% f) 54.05 46.17 

    Adult sex ratio (m/n) 0.44 0.54 

    Operational sex ratio (m´/(f+m´)) 0.06 0.34 

Meristics:   

    Male length 7.90 ± 0.78 8.06 ± 0.98 

    Non pregnant males length  6.87 ± 0.55 8.06 ± 1.06 

    Average no. of embryos per male 45.88 ± 14.84 21.47 ± 7.94 

    Female length 7.89 ± 1.37 8.07 ± 1.13 
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3.2 Microsatellite analysis 

Four of the five loci assayed showed a high degree of polymorphism in both sampled 

periods, ranging from 25 to 29 alleles during the onset of the BS and from 21 to 28 in the 

end of the BS (Table 3).  

Table 3. Microsatellite loci assayed on Syngnathus abaster near the onset and near the end of the BS, 

respectively. Number of individuals sampled (n), number of alleles, observed and expected heterozygosity, 

one parent known exclusion probability (Excl. Prob.) and probabilities of identity (Id. Prob) as well as both 

combined for 5 loci, and the null allele frequency. 

   

Onset of the breeding season 

   Heterozygosity    

Locus n No. of alleles Exp. Obs. Excl. Prob. Id. Prob Null allele freq. 

Sabas3 297 27 0.95 0.96 8.0 x 10-1 5.5 x 10-3 -8.30 x 10-3 

Sabas5 297 29 0.94 0.88 7.8 x 10-1 6.8 x 10-3 3.52 x 10-2 

Sabas7 297 25 0.93 0.91 7.5 x 10-1 9.2 x 10-3 1.06 x 10-2 

Sabas8 297 6 0.54 0.54 1.5 * 10-1 2.6 x 10-1 -1.18 x 10-2 

Sabas9 297 28 0.93 0.92 7.6 x 10-1 8.2 x 10-3 5.40 x 10-3 

Total 297    1.0 7.4 x 10-10  

End of the breeding season 

   Heterozygosity    

Locus n No. of alleles Exp. Obs. Excl. Prob. Id. Prob Null allele freq. 

Sabas3 259 27 0.95 0.96 8.0 x 10-1 5.7 x 10-3 -1.00 x 10-2 

Sabas5 259 27 0.95 0.85 8.2 x 10-1 4.7 x 10-3 5.48 x 10-2 

Sabas7 259 21 0.93 0.87 7.4 x 10-1 1.0 x 10-2 3.15 x 10-2 

Sabas8 259 4 0.51 0.56 1.4 x 10-1 2.8 x 10-1 -4.62 x 10-2 

Sabas9 259 28 0.94 0.90 7.7 x 10-1 7.7 x 10-3 1.78 x 10-2 

Total 259    1.0 6.1 x 10-10  
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The exception was Sabas 8 which had only 4 near the onset of the BS, to 6 alleles near 

the end of the BS (Table 3). Ho (Observed heterozygosity) did not deviate from the 

expectations (Table 3). The Pi (Probability of identity) and Pe (Probability of exclusion) 

obtained for the onset of the BS for a 5 loci combination were 7.4x10-10 (which represents 

the likelihood of having identical genotypes in our samples) and 1.0 (which represents the 

likelihood of doing a correct assignment), respectively. Near the onset of the BS Pi and Pe 

were 6.1x10-10 and 1.0, respectively (Table 3). Null allele frequency was low for every loci 

independent of the sampling period (Table 3). 

3.3 Genetic mating system  

Syngnathus abaster presents an overall rate of multi-maternity of 91.1%. On average, 

each male mated with 2.82 ± 0.85 females. The genetic data also provided evidence for 

multiple mating by females since clutches of embryos from one female were detected in 

more than one male on two occasions (Figure 4) within the onset of the BS. Additionally, 

inferred females deposited eggs in the same male more than once within the period of one 

pregnancy. 

 
Figure 4. Graphical representation of multi-mating by females. Rectangles represent the male´s brood 

pouch. Diagrams are not drawn to scale, only a subset of embryos assayed is shown, together with a spatial 

map of full (same color) and half (different colors) sibs. Arrows are representing the patterns of egg 

deposition by females (equal colors represent embryos from the same female). 
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3.4  Reproductive and mating success 

For all males captured near the onset of the BS, the reproductive success (number of 

embryos per male, including non-pregnant males) was on average 42 ± 14, which is 

significantly different from the 12.01 ± 12.23 embryos found in males captured near the 

end of the BS (ANCOVA: F(1,257)=215.87, P<0.001; male size used as covariate). 

Additionally, male reproductive success near the onset of the BS was positively correlated 

with male size (R2=0.34; P<0.001) (Figure 5). When the BS gets closer to the end, 

although significantly different from zero (R2=0.05; P=0.001), the slope is less steep than 

in the onset of the BS. (Figure 5).  

 
Figure 5. Variation in reproductive success (number of embryos per male) according to male size, for both 

sampling periods. 

 

The mating success (number of females per male) of pregnant males from both periods 

was not significantly different (Mann Whitney; Nonset=22, Nend=23; U=213.50, P=0.37). The 

same result was obtained when including non-pregnant males (Mann Whitney; Nonset=24, 

Nend=40; U=355.50, P=0.08). Nevertheless, near the onset of the BS there was a positive 

correlation between male size and mating success (R2=0.38; P<0.001, Figure 6). On the 

other hand, close to the end of the BS the slope relating male size with mating success 

was not different from zero (R2=0.00; P=0.68, Figure 6).  
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Figure 6. Relationship between male size and mating success (number of mates), for both sampled periods. 

 

3.5 Male’s relative fitness 

Across both sampling periods, males carried an average of 27.58 embryos. Thus, when 

dividing the number of embryos carried by a particular male by the average number of 

embryos of the whole population, I have an estimate of the male’s relative fitness, which 

varied from 0 to 3.08. A value of 1 indicates that a male carries the average egg number of 

the population while a value of 2 indicates that it carries twice that number (Figure 7). In 

both periods, slopes of fitness regressed on number of matings were significantly positive 

(Onset; R2=0.48, P=0.0002; End; R2=0.76, P<0.0001). The slopes are obtained from the 

equations y=0.418x+0.4797 and y=0.292x+0.0338, corresponding to near the onset of the 

BS and near the end of the BS, respectively. By solving these equations for x when y=1 

(average population fitness), near the onset of the BS males need approximately 1 female 

(x=1.24) to have a relative fitness close to the population’s average. On the other hand, 

near the end of the BS, for y=1, males needed approximately 3 females (x=3.31), to match 

the population’s average (Figure 7). Males near the end of the BS never attained a relative 

fitness of 2, while those in the onset of the BS did so when mating with 3 to 4 females 

(x=3.64) (Figure 7). The slopes of the two obtained regressions (relative fitness and nº 

females in the onset and end of the BS), differed significantly (ANCOVA, separate slopes: 
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F(5,54)=10.61, P<0.001; timing of the BS used as covariate), although there was no 

difference in the intercepts (F(4,54)=0.77, P=0.55). 

 
Figure 7. Relationship between number of females (male mating success) and male relative fitness (number 

of embryos per male divided by average number of embryos per male in the population), for both sampling 

periods. Dotted horizontal lines represent the average population fitness (y=1), and twice the average 

population fitness (y=2). Dashed vertical lines indicate the number of females required by a male to obtain a 

relative fitness of 1 or 2. 

 

3.6 Mate choice 

Near the onset of the BS, 9 captured females had a genotype compatible with a fraction of 

the embryos of 11 different males, and near the end of the BS, 11 captured females were 

found to have a compatible genotypes with a fraction of the embryos present also in 11 

different males (Figure 8). Near the onset of the BS there was a positive correlation 

between male size and female size, although not significant (R2=0.27, P=0.1). 

Nevertheless, the vast majority of the confirmed matings were above the diagonal line that 

indicates pairs of the exact same size, indicating that females tended to be larger than the 

males they mated with. Near the end of the BS, although not significant (R2=0.10, P=0.39), 

a negative correlation between male size and female size was observed. The observed 

matings were mainly distributed bellow the diagonal line, indicating that males tended to 

be larger than the females they were mating with. 
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Figure 8. Size frequency distribution (top plots) and mating probability assuming random mating for both 

sampling periods (black and white area plots).  Solid line represents the relationship between male size and 

female size of the confirmed mating pairs (white dots), and the dashed line indicates a theoretical perfect 

size-assortative mating.  

 

3.7 Female reproductive investment 

Average female reproductive investment (total number of eggs in the male’s brood pouch 

divided by the total number of females that sired the brood) near the onset of the BS 

(15.49 ± 7.82 embryos) differed substantially when compared with the investment made 

near the end of the BS (8.22 ± 3.07) (Mann Whitney; Nonset=57, Nend=67; U=791.00, 

P<0.0001). The slope of the relationship between female reproductive investment with 

male size near the onset of BS was not significantly different from zero (Onset: R2=0.16, 

P=0.07). On the contrary, near the end of the BS, the slope of the positive relationship 

between female investment and male size was significantly different from zero (R2=0.22, 

P=0.03, Figure 9). 
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Figure 9. Relationship between male size and average female investment near the onset of the BS and near 

the end of the BS. 

 

4. Discussion 

 

Our understanding of how mating patterns might vary in time has progressed relatively 

slowly, with very few studies explicitly addressing this issue (Mobley and Jones, 2007; 

Olsson et al., 2011; Robinson et al., 2012; Sefc et al., 2009). Here, I present evidence that 

mating patterns vary within the short time period encapsulated within a breeding season 

and, for the first time, how the establishment of mating pairs (which might reflect either 

alterations in mate choice or constraints due to the inexistence of the preferred partners) 

seems to rapidly change in a wild population of pipefish. I found that demographic 

variables, reproductive success, mate choice and female investment all varied widely 

within the breeding season.  

Looking at both sampling periods (near the onset and near the end of the BS), I found 

multiple-mating events in both sexes, together with a high rate of multi-maternity, a fact 

that allow us to define the studied population of Syngnathus abaster as clearly 

polygynandrous. The average number of mates per mated males (nearly three) was 

similar to that reported in previously studied Syngnathus species (Jones et al., 1999; 
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Mobley and Jones, 2007; Mobley and Jones, 2009; Rispoli and Wilson, 2007; Wilson, 

2009). Although I was not able to explicitly detect female multi-mating near the end of the 

BS, I believe that this was due to the unlikelihood of detecting such events in a large 

population where individuals are not stationary. Since I only sampled a small fraction of the 

total population, the fact that I was able to twice detect that a female laid eggs in different 

males, and simultaneously that males generally carry eggs from multiple females, is an 

indication to backup the idea that ―bet-hedging‖ can indeed be a widespread tactic among 

females in this population. This tactic, which will surely help reduce the probability of losing 

all descendants when mating with a male that does not carry a pregnancy right up to the 

end (e.g. due to predation, parasitism, male quality, etc.), has already been described in 

other syngnathid species (Jones et al., 1999; McCoy et al., 2001; Mobley and Jones, 

2007; Mobley and Jones, 2009). These findings confirm previous ex situ experiments with 

S. abaster, where it was seen that males received eggs from different females, and 

females scattered eggs in different males (Silva et al., 2009; Silva et al., 2006). Also, to our 

knowledge, I have for the first time in wild syngnathids detected that females mate with the 

same male more than once within the time span of one pregnancy, something already 

observed in aquaria in this species (Monteiro, personal observation).  

Choosing a large and/or a colorful partner, characteristics often associated with high 

quality individuals, is a widespread strategy in nature (Andersson and Simmons, 2006), 

and quite common in syngnathids (Berglund et al., 1986; Rosenqvist, 1990; Silva et al., 

2009). Natural selection can partially explain why males tend to choose larger females, as 

body size in females is positively correlated with fecundity (e.g. more or larger eggs) 

(Braga Goncalves et al., 2011; Elgar, 1990; Tollestrup, 1982). Larger females in other 

pipefish species are known to produce larger eggs (Braga Goncalves et al., 2011), which 

may lead to higher embryo survivorship (Mobley et al., 2011a). Sexual selection has surely 

an important role in supporting size dimorphism since being larger might be advantageous 

either in intra-sexual competition or in mate choice (Mattle and Wilson, 2009; Wade and 

Arnold, 1980), as reported for many syngnathid species (Berglund and Rosenqvist, 2000; 

Berglund et al., 1986; Rosenqvist, 1990; Silva et al., 2009; Silva et al., 2006). Thus, with 

little surprise, I found that during the onset of the BS, males were mating with relatively 

larger females (eight mating pairs out of eleven detected). Given the existence of sex-role 
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reversal, it could be expected that the choosier males would gain access to the best 

quality females. Nevertheless, females are able to choose as well, a fact that might help 

strengthen the apparent size-assortative mating pattern observed during the onset of the 

BS. This observation explicitly confirms previous observations on this species using egg 

size as a proxy for female size (Silva et al., 2008). Mating was apparently size-assortative, 

but females were slightly larger than males, this can be explained by the existence of 

sexual dimorphism in size (females are slightly larger than males) (Silva et al., 2006). I 

should stress, however, that these observations on size-assortative mating were restricted 

only to the beginning of the breeding season. 

According to our predictions, mating patterns vary across the breeding season as 

temperature, as well as other variables, also fluctuates. Accordingly, near the end of the 

BS, from eleven mating pairs I was able to detect only two where females were larger than 

males. What I found was that males from a wide variety of sizes were mating with 

relatively smaller females, although larger females were present in the vicinity. Two 

explanations are possible: (1) male choice criteria changed over time or (2) larger females, 

although physically present, were not available for reproduction. The first explanation 

seems to be the less likely of the two since larger females are usually of higher intrinsic 

quality (Braga Goncalves et al., 2011). Most likely, the larger females are not available for 

reproduction because they had privileged access to males during the onset of the BS, and 

rapidly exhausted their reproductive capacity. Smaller females, even though preferring 

larger males at the onset of the BS, might at this time have been unable to reproduce due 

to male preference for larger females and/or if they lost out in female-female competition 

over males: large females frequently hinder and interrupt mating attempts from smaller, 

inferior competitors, as already observed in aquaria (Silva et al., 2006). It is possible that 

larger females carry an advantage if they mate earlier, since their offspring will be larger by 

the end of the breeding season, prior to the annual migration from the estuaries, 

enhancing their chance of survival, and thus increasing both female and male fitness. 

Contrasting to what has been described for Syngnathus typhle females from a northern 

population that experiences much colder seawater (forcing a time-constricted breeding 

season), where smaller females seem to exchange reproduction for growth (Berglund et 

al., 2006), in the sampled S. abaster population smaller females do not seem to need 
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skipping a BS altogether. Instead, a higher chance of reproducing might come up near the 

end of the BS, after larger females progressively stop reproducing. The presented 

scenario (progressively deteriorating quality of reproducing females) is even more likely 

considering the variation detected in male reproductive success, mating success, relative 

fitness and female reproductive investment during the breeding season. Male reproductive 

success during the onset of the BS is, besides being higher than by the end of the BS, 

also correlated with male size, which is consistent with the observed size-assortative 

mating. Close to the end of the BS, on the other end, there was no relationship between 

male size and reproductive success. The lower male reproductive success in the end of 

the BS can be explained by the lower female investment compared with the onset period, 

that comes as a consequence of larger females leaving the mating pool. Additionally, I 

found that the average mating success did not vary between sampling periods, but for a 

male to have a relative fitness equal to the population average in the end of the BS, that 

male needed to mate with more than 3 females, while a male in the onset of the BS 

needed only little more than 1 female to achieve the same relative fitness. Concurrently, 

female reproductive investment in the end of the BS was nearly half of that observed in the 

onset period of the BS. All these evidences suggest that larger females are reproducing 

mainly during the onset of the BS whereas smaller females, although able to reproduce 

during the whole season, mainly have access to high quality males when the breeding 

season is closing. 

I observed large variations in the operational sex ratio (OSR). Although the OSR was 

female-biased in both sampling periods, during the onset of the BS the bias was much 

stronger. As one of the most classical ways of inferring the intensity of sexual selection, 

OSR was originally defined as the average ratio of fertilizable females by males willing to 

mate (Emlen and Oring, 1977). Recently, it was suggested that the interpretation of the 

results emerging from an analysis of the OSR should be interpreted very cautiously (Kokko 

et al., 2012). The present study seems to be one good example where OSR is able to 

depict the relative changes in sexual selection intensity across the BS, but its interpretation 

should be done carefully. In the onset of the BS, the OSR is extremely low (nearly zero, as 

the vast majority of males are pregnant), suggesting that the shortage of non-pregnant 

males will probably increase the levels of female-female competition, driving sexual 
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selection into high gear. A closer look at our data suggests that the quantitative value of 

the OSR might be misleading, however. In Synganthus abaster both males and females 

are choosy, albeit probably at different degrees and during the onset of the BS I observed 

a clear size-assortative mating pattern. So, (i) are large females really competing with 

smaller ones for access to mates, or vice-versa? (ii) How fierce is the competition between 

large females, when females mate multiply and a large female do not generally fill a male’s 

brood pouch? These are very important details that we should be aware of and, while they 

cannot be answered by this study, suggest that the OSR values are probably inflated. 

During the end of the BS, the OSR is more relaxed, probably because predominantly the 

smaller females are reproducing. These females tend to produce fewer eggs than larger 

females, and so a higher number of smaller females are needed to fill a male’s brood 

pouch. This claim is supported by the fact that the number of mates needed per mated 

male, at the end of the BS, is higher if it were to match their relative fitness with the 

population’s average male egg number. This will ultimately result in more available males 

near the end of the BS. Since larger females seem to be out of the mating pool and males 

with at least partly empty brood pouches are still available for reproduction, an even more 

relaxed OSR than the one I found is likely. Nevertheless, even though the OSR might be 

quantitatively imprecise, it still depicts the relative difference in the intensity of female-

female competition and sexual selection between both sampled periods.  

Considering the male’s relative fitness gradient, I observed a significantly steeper slope 

during the onset of the BS (acquiring one mate in the onset increases the male’s relative 

fitness almost twice as when compared with the end of the BS. Given that males seem to 

be continuously reproducing (unlike females, I did not observe a specific male class 

stopping reproduction altogether as males of all sizes were pregnant even near the end of 

the BS), I can assume that the reproductive output in the end of the BS is a positive 

extension of the male’s fitness. Thus, a more intense competition for mates together with a 

higher intensity of sexual selection might indeed be present in the onset of the BS, which 

then progressively dims as the BS approaches its end. 

Along a breeding season, many environmental variables fluctuate, such as temperature 

which has been shown to influence interactions between and among the sexes (Silva et 
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al., 2007).  It is of great importance to understand how biotic and abiotic factors affect 

mating patterns, not only among species or populations, but also within a population 

across time. All the fluctuations detected in this study, regarding many critical mating 

system parameters such as male reproductive and mating success, relative fitness as well 

as mate choice and female investment, show that time should be considered as a key 

variable when addressing questions regarding mating systems and sexual selection 

theory. If time is dismissed as a key variable, one can easily overlook the important 

dynamics occurring within the mating arenas, hampering our full understanding of mating 

system evolution and sexual selection. 
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