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Abstract
The spatiotemporal dynamics of receptivity and breeding date,
coupled with individual-level quality and attractiveness, are
centrally important to mating system dynamics. These topics
have been investigated in some detail in birds, but much less
work has been devoted to other taxonomic groups, and almost
no work has addressed spatiotemporal factors and individual
quality in sex-role-reversed taxa. The broad-nosed pipefish,
Syngnathus typhle, provides an excellent opportunity to inves-
tigate these ideas in a sex-role-reversed fish. Here, we ad-
dressed three questions related to mating dynamics in
S. typhle: (1) Do higher-quality males arrive earlier on the
breeding grounds and mate first? (2) Are early-breeding males
in better condition than later-breeding males? And (3) do mat-
ing events involving higher-quality males produce better
clutches than mating events involving lower-quality males?
We collected data from a field study and a laboratory breeding
experiment to address our hypotheses. Our results show that
larger males mate earlier than smaller males and that pregnant
males have higher measures of condition compared to non-

pregnant males. Moreover, our laboratory results demonstrate
that pairings between larger males and preferred females
yielded more offspring than pairings involving smaller males.
In summary, the spatiotemporal dynamics of S. typhle breed-
ing patterns, combined with variation in individual quality,
play an important role in shaping mating systems and should
be incorporated in future analyses of mating behavior and
sexual selection in this interesting sex-role-reversed pipefish.

Significance statement
The breeding patterns of a species can fluctuate over time due
to a number of factors, one of which is individual quality.
Although the effects of both the timing of reproduction and
female quality on mating systems have been studied in some
species, they have been investigated primarily in isolation.
Here, we demonstrate that individual quality and the timing
of reproduction interact to affect reproductive success in a
wild population of sex-role-reversed fish.
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Introduction

Characterizing and explaining variation are central for our
understanding of mating systems. Studies of mating systems
are often logistically constrained to study a single population
at a single time point, but natural mating systems are known to
be dynamic and fluctuate over time. Over the course of a
mating season, a variety of biotic and abiotic factors can cause
fluctuations in mating behavior. For example, the operational
sex ratio can change over the course of a breeding season,
which causes fluctuations in the opportunity for sexual selec-
tion and changes in mating patterns (Reichard et al. 2008;
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Olsson et al. 2011; Cunha et al. 2014). Abiotic factors such as
temperature (Silva et al. 2007; Milner et al. 2010), precipita-
tion (Robinson et al. 2012), and photoperiod (McAllan and
Geiser 2006) can also cause dynamic breeding systems.
Additionally, biotic and abiotic factors can interact to affect
traits relevant to breeding systems such as mate preferences or
mate quality (Jann et al. 2000; Cratsley and Lewis 2005;
McAllan and Geiser 2006; Kasumovic et al. 2008; Sefc
et al. 2009; Milner et al. 2010; Cunha et al. 2014).

Mate quality can interact with temporal aspects of breeding
systems in a variety of ways. For instance, in many migratory
bird species, quality is related to the arrival dates on the breed-
ing grounds (e.g., barn swallows, Møller 1994; American
redstarts, Smith and Moore 2003) and the nesting date of
females (e.g., common terns, Wendeln 1997; tree swallows,
Hasselquist et al. 2001). Individual quality may also impact
the timing of reproduction if quality affects receptivity or if
mate choice is condition dependent (reviewed in Cotton et al.
2006). In many species, early-breeding individuals have
higher mating or reproductive success (e.g., birds, Oring and
Lank 1982; Møller 1994; Aebischer et al. 1996; Mitrus et al.
2012; Rockwell et al. 2012; Saino et al. 2012; Laczi et al.
2013; fish, Dickerson et al. 2005; Parkos et al. 2011).
Although these studies show that the timing of reproduction
is closely related to mate quality, most examples come from
birds. To understand the generality of the relationship between
mate quality and the temporal dynamics of breeding, these
two components of mating systems should also be studied in
other groups of animals.

The study of mating patterns in sex-role-reversed species
provides a unique opportunity to test the generality of mating
system dynamics (Jones et al. 2000a, 2005). Female fecundity
is often the limiting factor in reproduction for species with
conventional sex roles. Consequently, size and fecundity are
often important indicators of female quality. In sex-role-
reversed species, on the other hand, females are the targets
of stronger sexual selection and female fecundity is not the
limiting factor in mate choice (Berglund et al. 1989; Emlen
and Wrege 2004; Rosenqvist and Berglund 2011). Rather,
male parental care and mate availability are the limiting re-
sources in many sex-role-reversed taxa (e.g., phalaropes,
Reynolds 1987; pipefish, Berglund et al. 1989; jacanas,
Emlen and Wrege 2004). As in species with conventional
sex roles, mating patterns and sexual selection in sex-role-
reversed taxa are affected by temporal aspects of breeding,
as has been shown, for example, for the rate of extra-pair
fertilizations in red phalaropes (Dale et al. 1999) and with
regard to fluctuations in the operational sex ratio and female-
female competition in Wilson’s phalaropes (Colwell and
Oring 1988). The broad-nosed pipefish, Syngnathus typhle,
has been a model for studying sex-role-reversed mating sys-
tems for decades (see BMethods^ and BStudy species^), but the
temporal dynamics of the breeding season and the influence of

individual quality have not been adequately documented.
Here, we present three complementary studies conducted to
understand how the timing of reproduction and individual
quality interact to affect reproductive success in S. typhle.

Methods

Study species

The broad-nosed pipefish, S. typhle, is a sex-role-reversed fish
in the family Syngnathidae (seahorses, pipefishes, and
seadragons) that occurs in marine waters throughout Europe.
In the Baltic and North Seas, where the behavior of S. typhle
has been studied in most detail, the breeding season typically
lasts fromMay until August (Vincent et al. 1995). The broad-
nosed pipefish has exclusively paternal care in the form of
male pregnancy, and male S. typhle can brood embryos from
multiple females (Jones et al. 1999). Females also mate mul-
tiply and collectively produce eggs faster than males can
brood them (Berglund et al. 1989).Males prefer larger females
as mates (Berglund 1993, 1994; Berglund and Rosenqvist
1993; Berglund and Rosenqvist 2001; Berglund et al. 1997,
2005; Mobley et al. 2011; Aronsen et al. 2013; Sundin et al.
2013), probably because larger females produce larger eggs
and transfer more eggs per copulation (Berglund et al. 1986a,
1988; Jones et al. 2000b; Partridge et al. 2009; Mobley et al.
2011; Sogabe and Ahnesjö 2011).

In S. typhle, male quality is likely to impact the fitness of his
offspring, since males contribute energy to embryos (Berglund
et al. 1986b) in the form of both amino acids and glucose
(Kvarnemo et al. 2011). Males are also able to absorb nutrients
from eggs and use them in brood pouch, liver, and muscle
tissues (Sagebakken et al. 2010). Previous work suggests that
body length is an indicator of male quality, at least with regard
to reproductive success. Large males with larger embryos in-
vest more energy per embryo than smaller males (Berglund
et al. 1986a). Although previous studies have shown that male
length does not affect very early embryo survivorship
(Partridge et al. 2009; Mobley et al. 2011; Sagebakken et al.
2011), larger males produce more newborn offspring (Ahnesjö
1992a; Sagebakken et al. 2011), and their offspring better sur-
vive predation compared to offspring from small males
(Ahnesjö 1992b; Sandvik et al. 2000). Intriguingly, anecdotal
observations imply that larger males breed earlier than smaller
males (Ahnesjö 1992b), and some evidence suggests that re-
productive males have smaller fat stores than non-
reproductive males (Svensson 1988). However, Svensson
(1988) scored fat content on a qualitative, binary scale (Bless
fat^ versus Bmore fat^) based on visual inspection.

These previous findings are sufficient to permit the formu-
lation of a hypothesis that in S. typhle, the highest-quality males
breed first in the mating season and those early matings result
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inmore or higher-quality offspring.We tested this hypothesis in
a series of three studies with clear predictions: (1) the highest-
quality males are the first to mate, (2) early-breeding males are
in better condition than males that do not mate early in the
season, and (3) mating events involving higher-quality males
have better clutches than matings involving low-quality males.
In all three studies, it was not possible to record data blind
because our study involved focal animals in the field.

Timing of reproduction

To evaluate the role of individual quality in the timing of
reproduction in S. typhle, we measured the body length of
mated (pregnant) and unmated (non-pregnant) males and all
females at the start of the breeding season. We chose to focus
on body length as a measure of quality for this component of
the study, which allowed us to sample the population with
replacement (i.e., the captured fish were returned to the
population).

We sampled a population of S. typhle at the beginning of
the breeding season. Fish were caught in shallow eelgrass
(Zostera marina) beds in Kyllaj, Gotland, Sweden (N 57°
35.163′, E 18° 44.749′) inMay and June of 2014 using a small
beam trawl (mesh size 4 mm) pulled by a boat. The trawl was
pulled for 2 h or until 100 fish were captured. Captured fish
were kept in buckets with aerated seawater and artificial
seagrass during transportation by a car (25 km) to the
Uppsala University Research Station in Ar, Gotland,
Sweden. Each fish was anesthetized by submersion in clove
oil (100 mg/L) and uniquely marked with an elastomer tag
(VIFE; Northwest Marine Technology, Inc., Shaw Island,
WA, USA) injected beneath the dorsal skin immediately be-
hind the operculum (see Rose et al. 2013a, b; Flanagan et al.
2014). Fish were photographed and allowed to recover in
aerated seawater with artificial seagrass. Once all fish were
tagged, they were transported back to Kyllaj and returned to
the eelgrass bed from which they had been captured. This
sampling, tagging, and returning procedure was repeated on
a total of 17 days between 17 May 2014 and 8 June 2014.
When a tagged fish was recaptured, it was anesthetized and
photographed again but not re-tagged. To establish whether
pregnancy status could be predicted by date of capture or body
length, a binomial generalized linearmodel was run with preg-
nancy status (pregnant or not pregnant) as the response vari-
able and date captured and body length as the predictor vari-
ables, with the interaction term included in the model.
Recaptured individuals were only included in the analysis on
their first date of capture.

Quality of mated males

Although body length likely reflects some key aspects of qual-
ity in S. typhle (Berglund et al. 1986a; Ahnesjö 1992a, b;

Sagebakken et al. 2011), potential condition-dependent traits
such as fat content and gonad mass are probably also impor-
tant (Tobler 2008; McPherson et al. 2011). To supplement the
BTiming of reproduction^ component of this study, we mea-
sured fat content, gonad mass, and body length in 28 pregnant
males, 27 non-pregnant males, and 29 females, caught on 8
June 2014 in shallow eelgrass beds in Kyllaj as described
above. The fish were transported to the Uppsala University
Research Station in Ar, Gotland, Sweden, where they were
humanely euthanized and measured. A fin clip was taken from
each fish and stored in ethanol before the remaining tissue was
placed in 10% formaldehyde. The gastro-intestinal tract and
reproductive organs, as well as embryos from the pregnant
males, were removed from the preserved bodies. Gonads
and embryos were dried at 55 °C for 24 h and the bodies were
dried for 72 h. After drying, tissues were weighed. Rather than
using the gonado-somatic index as a measure of gonad size
relative to body size, we used the residual gonad mass from
the linear relationship between body mass and gonad mass
(Tomkins and Simmons 2002), calculated separately for males
and females, where the body mass did not include the mass of
the gastro-intestinal tract. The bodies and gastro-intestinal
tracts were then placed in petroleum ether and the petroleum
ether solution was changed every day for 4 days. After 4 days,
the bodies were dried for 24 h at 55 °C and weighed again.
The fat content index was calculated as (Massbefore −
Massafter)/Massbefore (Tobler 2008). A binomial generalized
linear model, including interaction terms, was used to estab-
lish if the binary pregnancy status of a male (pregnant or not)
was predicted by fat content index, standard length, and/or
testis residuals.

Male quality and reproductive success

Finally, we wanted to establish whether higher-quality males,
as determined by body length, have better broods or whether
previously documented relationships betweenmale length and
offspring quality are a female effect. We conducted mating
experiments on fish caught at Kyllaj, as described above, in
June 2014. The fish were transported to the field station,
where they were acclimated to a flow-through system with
seawater pumped in from the Baltic Sea. Fish were initially
stored in 200 L barrels, were sorted by sex, and were fed three
times daily with a mix of live Artemia brine shrimp and frozen
mysids. After acclimation, the males were measured and
sorted into two size classes, small (115–130 mm standard
length) and large (145–160 mm standard length). These
groups were determined by splitting the size distribution of
the population from the tagging data into three non-
overlapping groups and taking the top third and the bottom
third as the large and small size classes. We set up 24 male-
female pairs (12 pairs with a large male and 12 pairs with a
small male), with females being evenly distributed by size
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among the large and small males (i.e., average female size was
the same for pairs with large males as it was for pairs with
small males). Each male-female pair was placed into its own
200-L barrel and allowed 2 weeks to mate. Each male and
each female were only provided with one mate.

After mating, the males were kept until day 21 of the preg-
nancy, at which time they were euthanized. Females were
killed at the same time as their mates. Embryos were removed
from pregnant males and counted. Each embryo could be
classified as either Bdeveloping^ or Breduced^ by comparing
the general stage of development within the pregnancy. Even
if the pairs had mated multiply, the male’s pouch closes after a
few days (Berglund et al. 1988) so all of the embryos were at
roughly the same developmental stage. Gonads and gastro-
intestinal tracts were dissected from males and females. The
body, gonads, and ten developing embryos from pregnant
males were placed in a drying oven at 55 °C for 24 h. Dried
tissues were weighed and the residuals from a linear regres-
sion of gonad mass on bodymass were calculated as described
above. Three fitness correlates were quantified: clutch size,
embryo weight, and embryo survivorship. Clutch size was
the number of developing embryos plus the number of re-
duced embryos or in other words the total number of eggs
initially transferred to the male. Embryo weight was calculat-
ed as the average dry weight of one embryo, calculated as the
mean of the ten embryos dried and weighed. Embryo survi-
vorship was calculated as the ratio of surviving embryos to the
total number of eggs transferred (number of developing
embryos/number of eggs transferred). Linear models were
used to determine whether the three fitness components could
be explained bymale size class, female length, testis residuals,
and ovary residuals. Because the study design treated male
size as dichotomous (either large or small), we analyzed the
data with male size as a categorical variable.

Statistics

All statistical analyses were performed in R 2.3.2 (R Core
Team 2013). The three datasets were analyzed separately.
Missing data were excluded, and all statistical tests were
two-tailed. Correlations were estimated using the R package
Hmisc version 3.14-3 (Harrell et al. 2014). The raw data and R
code used for analysis are archived on Dryad (http://dx.doi.
org/10.5061/dryad.5ff20).

Results

Timing of reproduction

We found that pregnant males were larger than non-pregnant
males and that average male size decreased over time, sug-
gesting that the largest males were the first to mate and that

smaller, non-pregnant males continued to move into the
breeding area as the season progressed. A total of 809 males
(268 pregnant, 541 non-pregnant), 722 females, and 84 juve-
niles were captured with a total of 11 recaptures (5 non-
pregnant males, 4 pregnant males, 2 females). No pregnant
males were captured on the first day of sampling (Fig. 1a),
but females were captured every day of sampling (Fig. 1b). A
linear model showed that pregnancy was predicted by length
(β = 0.04696, z = 2.814, p = 0.0049) and the interaction of
length and date (β = 0.005091, z = 2.953, p = 0.00315). Date
captured on its own was not significant (β = −0.384058,
z = −1.681, p = 0.09273; Fig. 1a). Any changes in average
size over time could be due to growth, but previous studies
and the recaptured individuals suggest that growth over the
course of 1 month is likely restricted to a change of less than
1 cm (Svensson 1988), a difference which would be unlikely
to impact the overall results of this study.

Quality of mated males

The three measures of quality (fat content, body length, and
testis residuals) were not correlated with each other (fat con-
tent and body length r = 0.23, p = 0.2231; body length and
testis residuals r = 0.13, p = 0.5049; fat content and testis
residuals r = 0.13, p = 0.5139), so all three were included in
the generalized linear model. Our fat content analysis of field-
collected males showed that pregnancy status (pregnant or
not) was significantly predicted by fat content (β = 76.5287,
z = 2.145, p = 0.0319; Fig. 2a) but not by body length
(β = 0.0322, z = 1.052, p = 0.2927) or testis residuals
(β = −1098.5785, z = −0.814, p = 0.4157). Within only the
pregnant males, none of our quality metrics significantly pre-
dict the number of eggs a male carried (R2

adj = −0.009683,
F3,25 = 0.9105, p = 0.45). Fat content did predict the average
dry mass of embryos (β = 0.0452, z = 2.209, p = 0.0366), and
longe r ma l e s t ended to have heav i e r embryos
(β = 0.00004581, z = 1.927, p = 0.0654).

We observed a significant positive relationship between
female length and the dry weight of female gonads
(r = 0.62, p = 0.0005; Fig. 2d). However, in the females, no
significant relationships were observed between fat content
and body length (r = −0.16, p = 0.4319) or the ovary residuals
(r = −0.02, p = 0.9400).

Male quality and reproductive success

Of the 24 male-female pairs that were established for the mat-
ing experiments (12 pairs with small males, 12 pairs with large
males), 22 of the pairs mated. One large and one small pair did
not mate. All of the pairs that mated did so between 15
June 2014 and 26 June 2014, which was approximately
1 month after the start of the breeding season. Six of the mated
males (three large, three small) died before the 21-day mark so
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those pairs were excluded from the analysis. Females ranged
in size from 128 to 194 mm (μ = 146.6 mm). The male length
and body weight were significantly correlated (r = 0.92,
n = 16, p < 0.00001; Fig. 3a), and male body mass was sig-
nificantly correlated with testis mass (r = 0.55, n = 16,
p = 0.0262). However, male size class, male body weight,
and residual testis mass were not correlated with clutch size,
embryo weight, or embryo survivorship in this experiment
(p > 0.05).

Female standard length was significantly correlated with
female body mass (r = 0.96, n = 16, p < 0.00001; Fig. 3a)
and ovary mass (r = 0.68, n = 16, p = 0.0003). Additionally,
the residual ovary mass significantly predicted the number of
eggs in the male’s pouch (t = −2.198, p = 0.0483; Fig. 3b),
although there was an interaction with male size category

where large males had large clutches even when their mate’s
residual ovary mass was small (t = 2.651, p = 0.0211; Fig. 3b).
Female standard length predicted clutch size, regardless of
male size (t = 2.59, p = 0.0237; Fig. 3c), and embryo size
was significantly predicted by female body weight
(t = 3.197, p = 0.00767; Fig. 3d). Offspring survivorship
was not related to female size or residual ovary mass
(p > 0.05). Hence, female size is associated with the clutch
size and embryo weight, whereas male size is not.

Discussion

We conducted three studies to investigate how individual
quality and the timing of reproduction shape the breeding

Fig. 1 The changes in average size over time in samples of pregnant and
non-pregnant S. typhle males and females. Top panel Pregnant males
were significantly larger than non-pregnant males, and average size
decreased significantly over time. The largest males were the first to
become pregnant, and large males consistently gained matings before
small males, but the decline in average pregnant male size demonstrated
that additional smaller males became pregnant as the breeding season
progressed. The sample sizes for pregnant males are above the points
and sample sizes for non-pregnant males are below the points. The bars

around each point represent the 95% confidence intervals. Bottom panel
The size range of captured males did not change dramatically over the
course of the breeding season, although average male size decreased.
Females were captured every day the population was sampled and
mean size did not change significantly over time. Female sample sizes
are in blue below the violin plots for females, andmale sample sizes are in
black above the violin plots for males. Violin plots show the kernel
density plots with the mean values as the white circles in the center
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system in a sex-role-reversed pipefish, S. typhle, and our re-
sults show that higher-quality males, as indicated by larger
size and greater fat content, mate earlier in the breeding season
and produce larger clutches. In laboratory breeding trials,
clutch size is explained by female size but not male size.
Our results suggest that both the timing of reproduction and
the overall quality of mating pairs are factors that must be
taken into account to obtain a complete understanding of mat-
ing dynamics and sexual selection in S. typhle.

The present study provides the first quantitative assessment
of mating by broad-nosed pipefish as they arrive on the breed-
ing grounds, and our results indicate that the timing of repro-
duction plays an important role in the mating dynamics of this
species. Combined with other work on S. typhle, our results
paint an exceptionally clear picture of the sources of variation
in reproductive success during the breeding season. Broad-
nosed pipefish normally move into shallow seagrass beds to
breed in late May, and their mating season lasts until August
(Vincent et al. 1994, 1995). By the end of May, the distribu-
tion of female sizes in the breeding area has already stabilized
(Fig. 1b). Males show a different pattern, however, in which
the largest of early arriving males are first to mate, confirming
previous anecdotal observations (Ahnesjö 1992b). As the

breeding season progresses into its second month (June), the
average size of males on the breeding ground drops, because
additional smaller males continue to arrive. Once the largest
males have mated so their pouches are filled, females turn
their attention to the smaller males, so the mean size of preg-
nant males also drops as the smaller males fill their pouches.
Eventually, all but the tiniest of males become pregnant.
Future work could investigate how these dynamics of the
early-breeding season impact mating patterns later in the sea-
son (in July and August).

Several important sources of variation in reproductive suc-
cess for both sexes may occur during this early part of the
S. typhle breeding season. With respect to females, we know
that larger females are preferred by males (Berglund et al.
1986a), that females have a much higher potential reproduc-
tive rate compared to males (Berglund et al. 1989; Berglund
and Rosenqvist 1993), and that females display above the
eelgrass to potential male suitors (Vincent et al. 1994).
Despite the fact that both sexes prefer larger mates, field-
based parentage data show no evidence of size-assortative
mating (Mobley et al. 2014). This pattern may nevertheless
be consistent with mutual mate choice if large females pro-
duce sufficient numbers of eggs to fill all males in the

Fig. 2 The impact of quality of
early-mating male S. typhle on
reproduction. a Wild-caught
pregnant males have higher fat
content indices than non-pregnant
males. The boxplot shows the
mean, quartiles, and outliers. b
Average embryo weight is
predicted by fat content index in
wild-caught pregnant males. c
Largewild-caught pregnant males
had heavier embryos than smaller
pregnant males. d A significant
relationship between body length
and ovary mass was observed in
wild-caught females
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population, because all males, regardless of their own size,
prefer larger females. Regardless, the main sources of fitness
variation for female broad-nosed pipefish probably stem from
differences in mating success (Jones et al. 2000b, 2005). Our
results also show that larger females have larger ovaries than
smaller females and produce larger eggs that result in larger
embryos (Fig. 3). Females may also derive other fitness ad-
vantages by mating with the largest males in the early part of
the breeding season; our results show that longer males and
males with higher fat content carry heavier embryos (Fig. 2).
Additionally, large males may be able to compensate for lower
residual ovary mass in their mates (Fig. 3b), although this
pattern is driven by two outliers, and it is possible that those
females started with higher residual ovary masses that were
diminished by mating.

The sources of variation in fitness for males differ from
those of females. One very important difference is that mat-
ing success makes a smaller contribution to male fitness
(Jones et al. 2000b, 2005). Previous work shows that male
S. typhle derive direct benefits from their mating choices by
obtaining larger eggs from large females (Mobley et al.
2011), by avoiding parasitized females (Rosenqvist and
Johansson 1995) and by producing offspring less

susceptible to predation (Sandvik et al. 2000). These direct
benefits may represent the primary fitness benefit of mate
choice for males, assuming mate choice is beneficial. Our
results suggest some other sources of variation in fitness for
males of this species. Early-breeding males, if they do mate
with the most attractive (i.e., largest) females, can obtain
clutches of large eggs and larger embryos (Fig. 3). Our
evidence suggests that the largest males are the first to
breed (Fig. 1) and that larger males who successfully mated
within the first month of the breeding season did have
heavier eggs (Fig. 2), lending indirect support for the hy-
pothesis that high quality early-mating males mated with
attractive, higher-quality females. The earliest males to mate
also had the highest fat content, which conceivably contrib-
utes to their ability to provision offspring, although this
hypothesis has not been tested. We speculate that early-
breeding males may gain an additional reproductive advan-
tage if, by breeding early, they increase the probability that
they will be able to have additional pregnancies before the
end of the breeding season. Males that breed early may also
have more successful offspring, because their offspring will
have more time to grow during the favorable summer
months. These latter two benefits will have to be confirmed

Fig. 3 Male and female effects
on clutch and embryo
characteristics in our S. typhle
laboratory experiment. a Larger
males and larger females had
higher body masses. b Residual
ovary mass significantly
predicted clutch size in the
female’s mate, and there was an
interacting effect of male size
category. c Longer females had
larger clutches, regardless of male
size class. d Clutches from
heavier females had heavier
embryos, regardless of male size
class
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with additional work, as we know very little about the
dynamics of the latter part of the breeding season, the
growth rate of pipefish during the summer, and patterns of
overwinter survival.

Our study also demonstrates that there are multiple mea-
sures of quality that influence reproductive success in
S. typhle. For instance, fat content was not associated with
length (see BResults^) but was related to pregnancy status in
wild-caught males (Fig. 2a). These findings suggest high-
condition males are more likely to be in a position to mate
early. One possibility is that males with fewer fat stores are not
yet ready to mate, especially since male pipefish provision
their young with nutrients during pregnancy (Ripley and
Foran 2006; Braga Goncalves et al. 2010). A relationship
between fat stores and reproduction is not unheard of in fish;
salmon juveniles do not mature in the spring if fat content
levels are too low (Rowe et al. 1991; Thorpe 1994), and fe-
male walleyes become reproductively active only if they have
sufficient visceral fat (Henderson et al. 1996). Other than fat
stores, male reproductive quality may also influence reproduc-
tive success, since we found that residual testis mass is posi-
tively associated with average embryo weight. Testis mass
was significantly and positively correlated with body mass
(see BResults^), and those individuals with higher residual
testis mass carried heavier embryos than other males of a
similar size. These observations again suggest that other mea-
sures of condition than body length contribute to reproductive
success. Since S. typhle males are guaranteed paternity (Jones
et al. 1999), sperm competition cannot explain our results. A
more likely explanation is that some males invest more in
developing their testes than in growing, and those males pro-
duce larger embryos (Reznick 1983; Roff 2011). An intrigu-
ing alternative hypothesis is that testes could be involved in
the provisioning of offspring observed in S. typhle and other
pipefish species (Ripley and Foran 2006; Kvarnemo et al.
2011).

In conclusion, the results from this study show that the
largest males of S. typhle arrive first on the breeding grounds,
are the first to breed, and have a reproductive advantage in the
wild over smaller males in the first month of the breeding
season by obtaining clutches with heavier embryos. These
temporal aspects of the early portion of the breeding season
contribute to fitness variation for both sexes of this species.
Hence, the interaction between the timing of reproduction and
individual quality is an important factor shaping reproductive
success and breeding patterns in this species and virtually any
other species with seasonal breeding.
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