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ABSTRACT
Although alternative reproductive behaviours have been studied extensively, it has only been
possible in a few cases to document the underlying life-history pathways and factors that
determine their expression. In Symphodus ocellatus, a Mediterranean wrasse, males adopt a
variety of behaviours. Within a season, they may invest in territory defence, nest building and
broodcare (nesting males); join nesting males in their defence against reproductive parasites, but
also participate in spawning (satellites); parasitize nesting males’ spawns (sneakers); or refrain
from reproduction (non-reproductives). To examine the life-history patterns of these alternatives, we observed individual males during a reproductive season and categorized their
behaviour as sneakers, satellites, nesting males or non-reproductives. We then used their otoliths
to estimate age and growth patterns. Males are sneakers, satellites or non-reproductives in
their ﬁrst reproductive season, while they behave as satellites or nesting males when 2 years
old. Diﬀerences in early growth and behaviour suggest three alternative pathways: switching
between reproductive seasons from being non-reproductive directly to nesting, changing from
satellite to nesting behaviour between seasons, or from sneaking to adopting satellite behaviour.
The adoption of a behaviour is apparently related to growth before reproduction in the ﬁrst
year of life. The existence of four age-dependent alternative behaviours within three separate
life-history pathways indicates that we need to determine the life-history pathways that occur
before we can infer the underlying mechanisms allowing the stable co-existence of alternative
reproductive behaviours in a given species.
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pathways, ontogeny.
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INTRODUCTION
There is empirical evidence for alternative reproductive behaviours in many taxa, with
a variety of mechanisms being evoked to explain the existence of such variation (Levene,
1953; Gadgil, 1972; Dawkins, 1980; Rubenstein, 1980; Cooper and Kaplan, 1982; Gross,
1982, 1984, 1991, 1996; Waltz, 1982; Austad, 1984; Dominey, 1984; Kaplan and Cooper,
1984; Caro and Bateson, 1986; Moore, 1991; Taborsky, 1994, 1997, 1998; Sinervo and
Lively, 1996; Henson and Warner, 1997). Although alternative reproductive behaviours
have attracted extensive empirical and theoretical attention, in most cases we know very
little about the life-history pathways of the alternatives (for reviews, see Gross, 1984, 1996;
Taborsky, 1994, 1998). Consequently, we often compare the expected ﬁtness of alternative
behaviours to infer the underlying mechanisms maintaining variation in the population.
For example, we could compare the reproductive success of territorial and non-territorial
males to determine diﬀerences in expected ﬁtness associated with each behaviour. However,
if we wish to understand the evolution of alternative reproductive behaviours, knowledge of
the life-history pathways is essential.
In a Mediterranean wrasse, Symphodus ocellatus, observations have indicated that distinct alternative male reproductive behaviours exist (Soljan, 1930; Fiedler, 1964; Warner and
Lejeune, 1985; Taborsky et al., 1987). Large, colourful males defend territories, build nests
out of algae, court females and care for the eggs until hatching. Other, smaller males in
the population hover around active nests and attempt to join the nesting male’s spawns
by simultaneous, parasitic spawning (Soljan, 1930; Fiedler, 1964; Lejeune, 1985; Taborsky
et al., 1987; Taborsky, 1994). These smaller males (sneakers) have mature testes and sperm
capable of fertilizing eggs (Warner and Lejeune, 1985). Intermediate-sized males adopt
another behaviour. These individuals, commonly called satellites, associate with nesting
males and chase sneaker males from the nests, but parasitize spawns and do not assist
in parental care (Taborsky et al., 1987). Some males do not take part in reproduction
throughout an entire reproductive season (Taborsky et al., 1987; Taborsky, 1994).
Although Soljan (1930) speculated from growth marks on scales that nesting and
parasitic males might represent alternative life-history pathways, the exact life history
of S. ocellatus male alternative reproductive behaviours is unknown. Switching between
nesting and parasitic behaviour has never been observed within a season, but could
conceivably occur between reproductive seasons. Nesting and parasitic male standard
lengths are signiﬁcantly diﬀerent (Taborsky et al., 1987). This pattern might suggest a sizedependent switch between parasitic and nesting behaviour. However, some adult males do
not take part in reproduction throughout the entire season, which suggests that future
nesting males may invest in growth instead of reproduction in their ﬁrst year (Taborsky
et al., 1987; Taborsky, 1994).
In principle, two basic life-history patterns may exist: (1) Individuals may switch between
behaviour types as they grow older and larger. (2) Alternatively, nest building and parasitic
behaviour could represent two distinct life histories. If individuals simply show an ontogenetic change in behaviour, male behaviour types should not diﬀer in early growth rates
because nesting males simply represent older individuals within a single growth trajectory.
However, if separate pathways exist, growth patterns may be distinctly diﬀerent between
behaviour types. For example, individuals destined to be nesting males may show high early
growth rates (e.g. Gross, 1982; Taborsky, 1994, 1998). To study the pattern of expression of
these alternatives, we examined the age and growth patterns of known S. ocellatus males
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using otoliths. The reproductive behaviour of these individually marked males had been
observed during the reproductive season prior to their collection.

METHODS
Symphodus ocellatus is a Mediterranean wrasse found on rocky and seagrass substrates in
shallow coastal waters (Fiedler, 1964). Estimates of adult densities in our study site range
from 0.34 to 0.94 individuals per square metre (Lejeune, 1985; Taborsky et al., 1987). There
is no evidence for sex change in this species (Warner and Lejeune, 1985; Bentivegna and
Benedetto, 1989). The breeding season lasts for approximately 2 months between May
and June (Fiedler, 1964; Voss, 1976; Lejeune, 1985), during which time nesting males are
temporarily dichromatic (Voss, 1976; Lejeune, 1985). Spawning occurs in nests built out of
algae by the large, territorial males (Fiedler, 1964; Lejeune, 1985). All females examined
during the reproductive season have active gonads (Warner and Lejeune, 1985; Taborsky
et al., 1987). Most males in all size classes above 40 mm have active testes, but some males
in this size range were not involved in reproduction in that particular reproductive season.
Dissection of these males revealed highly reduced testes (Taborsky et al., 1987; Taborsky,
1994).
Reproductive behaviour is easily observed along rocky coasts in shallow water (Fiedler,
1964; Voss, 1976). Mating occurs daily from sunrise to sunset (Lejeune, 1985). Individuals
live up to 3 years (Warner and Lejeune, 1985). All observations and collections were conducted during 1982 and 1983 on the rocky substrate in front of La Station de Recherches
Sous-Marin et Océanographique (STARESO) near Calvi, Corsica, France, in depths of
1–8 m along a stretch of approximately 150 m of shoreline.
During 1982 and 1983, a total of 359 individuals were caught throughout the study area
at the beginning of the reproductive season and individually marked for the duration of
a reproductive season using subcutaneous injections of alcian blue (Thresher and Gronell,
1978; Lejeune, 1985). Marked individuals were then observed whenever encountered
throughout the reproductive season (n = 297 individuals). Males could be classiﬁed by
their behaviour as sneakers, satellites, non-reproductive or nesting males. The latter are
easily recognized by their colouration and nesting behaviour. Males classiﬁed as sneakers or
satellites were observed during the reproductive season to be involved in parasitic spawns at
nests. Satellite behaviour can be distinguished from that of sneakers by the satellite male’s
submissive behaviour towards the nesting male and aggression towards sneaker males
(Taborsky et al., 1987). Individuals classiﬁed as sneakers were never observed behaving
as satellites. Males considered to be satellites occasionally adopted parasitic spawning without adopting the typical aggressive behaviour of a satellite. Non-reproductive males were
never seen to be involved in reproduction. Unfortunately, following individuals between
years was not possible because alcian blue marks do not usually last between reproductive
seasons. Only one individually marked male was observed in both 1982 and 1983. For more
details on the reproductive biology of this species and observation methods, see Taborsky
et al. (1987).
Otolith preparation
At the end of the two reproductive seasons, 110 marked individuals were recaptured, 80
of which were euthanized using MS-222 and preserved in ethanol. Their saggital otoliths
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were removed and prepared following a standard procedure. The otoliths were embedded
in resin, mounted on slides and ground, allowing the core of the otolith to be exposed.
The otoliths were then placed under a microscope and photographed at a standard magniﬁcation (100 × ). A photograph of a 1 mm2 grid was also taken for calibration. Black
and white photographs were printed at a standard size (12.7 × 17.8 cm) and measurements
were made from the photographs. A standard measure was exposed with the photographs
to determine that the enlargement of the negative was consistent across photo prints. A
comparison of measurements from photographs and directly from slides showed such
measurements to be consistent between both sources.
Measurements
First, the number of dark bands was determined for each otolith. This measure indicates
the number of winters the ﬁsh has survived and is, therefore, an indicator of age (Bagenal,
1974). Otolith growth is commonly used as an indicator of somatic growth (Bagenal, 1974;
Campana and Neilson, 1985). All measurements of otolith distance were made along the
longest radius from the centre of the otolith (see Fig. 1). Callipers (accurate to 0.1 mm) were
used to measure the distance to the ﬁrst winter band from the centre of the otolith and the
width of the ﬁrst winter band on the photographs. The distance from the core to the distal
end of the ﬁrst winter band was used to estimate growth in the ﬁrst year. For individuals
with two dark bands, we measured the distance between these bands and the width of the
second winter band. The distance from the ﬁrst winter band to the distal edge of the second
winter band was used to estimate growth in the second year. The distance from the last band
to the edge of the otolith was also measured. These measurements were all taken by one
investigator and were made ‘blind’, that is, without knowledge of the sex or behaviour of
the individual ﬁsh.
Analyses
We ﬁrst made comparisons between age cohorts for all otolith measurements to test for
between-year eﬀects on growth that might confound comparisons between individuals
born in diﬀerent years. If the assumptions of normality and equal variances were met,
we made comparisons using a parametric analysis of variance (ANOVA) and report the
associated F-statistic. Variables were ﬁrst tested for signiﬁcant deviations from normality
using a Kolmogorov-Smirnov test (Zar, 1996), and the assumption of equal variances
was examined using the Levene Median test (Snedecor and Cochran, 1989). If a variable
deviated signiﬁcantly from normality or equal variance, we conducted a Kruskal-Wallis
non-parametric ANOVA on ranks and report the associated H-statistic.
We determined the age of individuals by the number of dark bands present. Individuals
were classiﬁed by their sex, age and behaviour type. We tested whether adopting a speciﬁc
male behaviour was independent of age using a chi-square test with a Yates correction. We
used a chi-squared test, although our data do not conform to the standard rule of thumb
that all expected frequencies be equal to or greater than 5 because χ2 tests are generally
resilient to small samples (Cochran, 1954; Roscoe and Byers, 1971; Koehler and Larntz,
1980; Snedecor and Cochran, 1989; Zar, 1996). However, expected values are always greater
than 3. We also compared all relevant variables between 1-year-old and 2-year-old females
using a two-sample t-test. Females do not show diﬀerent reproductive behaviour types.
Signiﬁcant diﬀerences between 1- and 2-year-old females would therefore indicate a con-
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Fig. 1. Otolith measurements, showing the ﬁrst year and second year growth in brackets.

founding eﬀect of age on otolith measurements. Comparisons between all sex, age and
behaviour groups were made using a one-way ANOVA. We then examined all reasonable
life-history pathways using multiple comparison contrasts with a sequential Bonferroni
correction (Holm, 1979; Rice, 1989; Levin, 1997). Comparisons were also made between all
groups on all otolith variables (growth in ﬁrst year, growth in second year and the distance
from band 2 to the edge of the otolith).
RESULTS
Comparison between age cohorts
There were three age cohorts: individuals that were 2 years old in 1982 (n = 20), individuals
that were 1 year old in 1982 or 2 years old in 1983 (n = 38), and individuals that were 1 year
old in 1983 (n = 21). Only one 3-year-old individual was found. This female was excluded
from all analyses. Comparisons were made between the three age cohorts to check for
between-year diﬀerences in otolith growth. Signiﬁcant diﬀerences were found between
age cohorts for both measures (width of band 1: H = 6.766, d.f. = 2, P = 0.034; distance to
band 1: F = 3.994, d.f. = 2, P = 0.022). However, because these diﬀerences were in opposite
directions, total growth in the ﬁrst year (distance to band 1 plus the width of band 1) did
not diﬀer signiﬁcantly between age cohorts (H = 3.236, d.f. = 2, P = 0.198). This measure,
therefore, was used for all future comparisons between behaviour types. No signiﬁcant
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Table 1. Age frequencies for each behaviour type

Females
Sneakers
Satellites
Non-reproductives
Nesting males

1 year

2 years

15
9
8
6
0

11
0
11
1
18

Note: χ2 = 31.66, d.f. = 4, P < 0.001.

diﬀerences were found between the 1982 and 1983 age cohorts for any otolith measurements
in 2-year-old individuals (1 − β > 0.971 with α = 0.05 for all otolith measurements). We also
found no signiﬁcant diﬀerences between 1-year-old and 2-year-old females in any variable,
suggesting that age itself had no signiﬁcant eﬀect on otolith measurements (1 − β > 0.999
with α = 0.05 for all measures).
Comparison between behaviour types
Individuals had been classiﬁed as females (n = 28), sneakers (n = 9), satellites (n = 19), nonreproductive males (n = 7) or nesting males (n = 18). Comparing the frequency of 1- and
2-year-olds in each behaviour group, we found that behaviour type was not independent of
age in the population sampled (Table 1). All sneakers were 1 year old and all territorial
males were 2 years old. Comparison of otolith growth in the ﬁrst year suggested signiﬁcant
diﬀerences between groups (F = 3.129, P = 0.009, n = 78) (Fig. 2). Given that basically three
behaviours are adopted by 1-year-old males (sneaker, satellite or non-reproductive) and
two behaviours are adopted by 2-year-old males (satellite or nesting), six possible lifehistory patterns exist. Therefore, six contrasts were made between male behaviour types that
could represent the same life history. Only one contrast showed signiﬁcant diﬀerences
between means. This contrast indicated that nesting males, 1-year-old satellites and nonreproductive males had signiﬁcantly greater growth in their ﬁrst year than sneakers and
2-year-old satellites (F = 12.34, P < 0.0001). We found no signiﬁcant diﬀerences between
behaviour types for any other otolith measurements. Therefore, the only observed differences in otolith growth occurred in the ﬁrst year prior to reproduction (growth in
year 2: F = 0.1154, P = 0.8913, n = 40, with α = 0.05 and 1 − β = 0.0664; distance to edge:
F = 0.6162, P = 0.5455, n = 40, with α = 0.05 and 1 − β = 0.1450). Although alcian blue
marks do not usually last between reproductive seasons and most of the marked individuals
were collected at the end of each season, a single male was observed in 1982 and 1983. This
male was classiﬁed as a satellite male in both years and was one of the smallest satellites
in 1982 and one of the largest in 1983. Unfortunately, no other individuals were observed in
multiple reproductive seasons.
DISCUSSION
Our results suggest the existence of three life-history pathways (Fig. 3). Since both nonreproductives and 1-year-old satellites have early growth similar to nesting males, there are
two possible pathways to nesting behaviour (Fig. 3). Non-reproductive males apparently

Evidence for multiple life-history pathways

1003

Fig. 2. Otolith growth in the ﬁrst year varies between age and behaviour groups (mean ± standard
deviation). Sneaker males and 1-year-old satellites have signiﬁcantly lower early growth than nonreproductive males, 2-year old satellites and nesting males.

Fig. 3. Theoretically possible life-history pathways (dashed lines) of male alternative reproductive
behaviours in S. ocellatus, and those supported by otolith growth data (bold lines).

delay reproduction in their ﬁrst year and behave as nesting males in their second year, while
individuals that are satellites in their ﬁrst year also become nesting males. Sneakers become
satellites in their second year (Fig. 3). It is important to realize that these early growth
diﬀerences are not the result of diﬀerences in reproductive behaviour because they exist
prior to the ﬁrst reproductive season. It is also notable that the life-history patterns
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observed are quite diﬀerent from the expected dichotomy between either ontogenetic or
separate life histories of parasitic and territorial alternatives. Instead, we have one pathway
that includes parasitic and territorial behaviour, another that involves two types of parasitic
behaviour and a third involving delayed reproduction. Clearly, the patterns are more
complex than we tend to consider theoretically.
Soljan (1930) also compared the growth patterns of S. ocellatus male behaviour types. It
is diﬃcult to compare our results directly with those of Soljan, since we used otoliths while
he used scales, he had very small sample sizes, and we distinguished between satellites and
sneakers while he did not. However, he also argued that non-reproductive males and nesting
males comprise one life-history pathway while sneakers and satellites comprise another. In
addition, we found that satellites can also become nesting males. By distinguishing between
satellites and sneakers, we found this additional life-history pattern not detected by Soljan.
It has been suggested that the origin of alternative male life-history pathways can be
viewed at three diﬀerent levels: determination, plasticity and selection (Taborsky, 1998).
Our results are not suited to judge the determination of reproductive tactics in S. ocellatus
(i.e. whether or to what extent these are genetically ﬁxed or environmentally induced)
or evaluate the relative beneﬁts of diﬀerent trajectories with respect to lifetime reproductive ﬁtness (i.e. if diﬀerent pathways result in the same or unequal Darwinian ﬁtnesses).
Our results do, however, reveal that a degree of plasticity exists because males switch
behaviours between years. Although we cannot eliminate completely the possibility that
these alternative life-history pathways are genetically determined, it is more probable that
early growth diﬀerences caused by settlement date or environmental conditions inﬂuence
the size at maturity, and thus the adoption of one or the other lifetime strategy. Obviously,
growth diﬀerences between males have the potential to determine life-history pathways
in S. ocellatus, as also demonstrated in Atlantic and Coho salmon (Dalley et al., 1983;
Metcalfe et al., 1989; Gross, 1991).
Our level of otolith analyses cannot discriminate between diﬀerences in growth rate and
length of the growth period. If some individuals were born and settled early in the season,
they could grow more slowly but still have the same otolith growth and size as another
individual that grew faster for a shorter period of time. In S. ocellatus, males that reproduce
lose weight during the reproductive season while non-reproductive males increase their
weight (Taborsky, 1994). As a result, small individuals reproducing as 1-year-olds may not
grow large enough to compete as nesting males in their second year. This would explain the
existence of the year-one-sneaker-to-year-two-satellite pathway inferred from the similarity
in pre-reproductive growth of these two classes. Alternatively, larger and fast-growing individuals may be able to start their ﬁrst year as satellites and still grow enough to be nesting
males in their second year. Individuals that are large at the beginning of their ﬁrst reproductive season may adopt still another alternative. Large males that grow less quickly
may refrain from reproduction as 1-year-olds to speed growth (Taborsky, 1994, 1998) and
become nesting males in the next season. For this tactic to make sense, delaying reproduction must yield overall higher or equal ﬁtness as behaving as sneakers or satellites in their
ﬁrst year and foregoing nesting behaviour in their second. Given the overriding importance
of early reproduction (Stearns, 1992), this is a serious cost to bear. An alternative possibility
is that, for some other reason, these males are unable to reproduce.
Our results also do not allow us to discriminate between the four potential mechanisms
underlying a size-based choice of life-history trajectories: (1) absolute size (i.e. based on a
mechanism involving size thresholds), (2) relative size (i.e. based on evaluation of success
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probabilities including frequency dependence), (3) speed of growth (i.e. based on individual
or environmental quality) and (4) environmental cues (such as daylight or temperature
during early ontogeny). These mechanisms are clearly not mutually exclusive.
Although there are discrete behaviours and an indication of separate life histories, early
growth distributions do overlap, and there may in fact be a continuum in which early growth
inﬂuences the probability of adopting certain behaviours (for example, see the documented
case in which a small satellite remained in the satellite role in the subsequent year). It
is possible that further life-history pathways occur that we did not detect. The sample sizes
of some groups were small and the power of some of the contrasts were low. Similarly,
mortality may mean that some pathways are less probable than others.
In conclusion, the life history of S. ocellatus includes the typical dichotomy between
territorial and parasitic behaviours (Taborsky, 1994, 1997) and a third option – not reproducing at all. However, the actual life-history pathways include a parasitic pathway (sneaker
to satellite), a territorial life history (non-reproductive to nesting) and a third that combines
both types of behaviour (satellite to nesting). Furthermore, age-dependent alternatives
and within-age alternatives occur within one species. Thus, simple dichotomies do not
hold true at the level of the life history. Researchers have previously compared the reproductive success of parasitic and nesting males to determine if these two behaviours
represent separate life histories with equal ﬁtness (Warner and Lejeune, 1985; Taborsky
et al., 1987). It is clear, however, that the life-history pathways of S. ocellatus are much more
complex. To determine if these pathways have equal ﬁtnesses, we need to determine the
ﬁtness of each behaviour at each age as well as behaviour-dependent survival and growth.
For example, it makes no sense to examine satellite mating success as a whole. Instead,
we must compare the expected lifetime reproductive success of 1-year-old satellites with
sneakers and non-reproductive males. This demonstrates that one needs to know the lifehistory pathways that occur before comparing the ﬁtness of alternative behaviours to infer
the underlying mechanism allowing their co-existence.
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