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Synopsis

Serranus tabacarius (Serranidae), the tobaccofish, is a simultaneous hermaphrodite which belongs to a group
of seabasses that exhibit a wide variety of social and mating systems . The reproductive behavior of tobaccofish
is similar to other hermaphroditic seabasses, with individuals assuming sex-specific spawning behaviors that
allow for the assignment of male and female roles in a mating sequence . Virtually all matings involved pairs of
individuals, although streaking, an alternative male mating tactic, was observed once . Pairs engage in egg
trading, where individuals divide their daily clutch into a series of sequentially released parcels and take turns
releasing eggs for their partner to fertilize . Individuals mate over a late afternoon spawning period with a
number of partners sequentially. Larger individuals have both more total matings and more spawning part-
ners. Egg trading is not symmetrical, the number of male and female matings for an individual in a spawning
sequence is often unequal . Overall, the ratio of male to female matings increases with individual size . Large
individuals are socially dominant, chase conspecifics during the reproductive period, and are more likely to
end a spawning bout with a partner immediately after mating in the male role . In addition, larger individuals
are less likely to reciprocate female matings by a partner, either by only mating once (as a male) in a spawning
bout or by mating consecutively as a male within a series of matings . Although larger individuals show this
relative specialization in the male role, they maintain their simultaneous hermaphroditism and obtain a sub-
stantial percentage of their mating success through female function . Egg trading appears to reduce the oppor-
tunity for large individuals to specialize as pure males, and thus interacts with the environmental potential for
polygamy in shaping the mating system and sex allocation pattern in this species .

Introduction

Understanding the ecological and phylogenetic fac-
tors affecting the evolution of animal mating sys-
tems has been an area of success and increasing pre-
dictive power within the field of behavioral ecology .
Although this theory was developed with separate-
sexed animals in mind, it has also been applied to
both sequential (Warner 1984) and simultaneous
hermaphrodites (Fischer & Petersen 1987, Leonard

1991) . Within the simultaneously hermaphroditic
seabasses, Fischer & Petersen (1987) have hypothe-
sized that interspecific differences in social systems
can be understood using hypotheses first developed
for birds and mammals (Emlen & Oring 1977, Veh-
rencamp & Bradbury 1984) . In separate-sexed spe-
cies that lack parental care, the ability of males to
monopolize mates or the resources they require to
reproduce has been described as the potential for
polygamy (Emlen & Oring 1977), and has been ex-
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amined by assessing patterns of individual density,
and the temporal and spatial predictability of indi-
viduals. Polygamous hermaphroditic seabasses
have both high density and territoriality of all indi-
viduals (Petersen & Fischer 1986, Fischer & Peter-
sen 1987) . In these species large individuals defend
harems of smaller hermaphrodites from other large
individuals, lose their female function, and became
gonadally and behaviorally male specialists . In con-

trast, several species form either long-term monog-
amous pairs occurring at low density or are promis-
cuous with little or no apparent sexual role special-
ization and have spawning locations that cannot be
controlled by single individuals specializing on
male function (Pressley 1981, Fischer 1980, 1984,
Fischer & Petersen 1987) .

The initial pattern discussed by Fischer & Peter-
sen (1987) was based on published studies of five
species of simultaneously hermaphroditic seabass-
es, but to test the predictive power of their results,
data from other species are required . In this paper,

the patterns of space use, agonistic behavior,
spawning behavior and spawning site choice are de-
scribed in a sixth species, the tobaccofish, Serranus
tabacarius, and the predictions of Fischer & Peter-
sen (1987) concerning the evolution of mating sys-
tems in simultaneously hermaphroditic fishes are
tested .

It is difficult to directly assign the sexual roles of
simultaneous hermaphrodites that release exter-
nally fertilized gametes into the water column un-
less the fish can be induced to spawn in aquaria. Us-
ing glass-partitioned aquaria, Fischer (1981) was
able to induce hamlets (Hypoplectrus spp.) to mate
with partners separated by the partition, and was
able to assign the release of eggs or sperm to specific
spawning behaviors . In this paper the reproductive
behavior of tobaccofish will be described in detail in
order to compare its behavior with other herm-
aphroditic and gonochoristic fishes, where the sex-
ual roles are known to allow for the assignment of
male and female roles in tobaccofish spawning . This

comparative approach has provided unambiguous
assignments of sexual roles in other hermaphroditic
seabasses (Pressley 1981, Fischer 1984, Hastings &
Petersen 1986, Petersen & Fischer 1986) .

One of the unique behaviors seen in simultane-

ous hermaphrodites is the parceling of a clutch and
the alternation of sexual roles during mating, a be-
havior called egg trading in seabasses by Fischer
(1980, 1984, 1987, 1988) and more generally de-
scribed as gamete trading by Leonard & Lukowiak
who referred to both internally and externally ferti-
lizing simultaneous hermaphrodites (Leonard &
Lukowiak 1984, 1985, 1991, Leonard 1991, 1993) .
Fischer (1980) hypothesized that egg trading was a

behavior that reduced the potential for polygamy
and specialization as a male-role spawner in a herm-
aphroditic population. By releasing their eggs over
a large portion of the spawning period after a pro-
longed courtship, individuals reduced the benefits
to their mate for mating only as a male and then
leaving to find other mates . These individuals that
do not reciprocate by releasing eggs are thought of
as `cheaters', and these male phenotypes can poten-
tially invade a population of hermaphrodites if they
achieve higher total reproductive success.

Egg trading has been described in two species,

Hypoplectrus nigricans (Fischer 1980) and Serranus
tortugarum (Fischer 1984) and probably exists in at
least two other species of Serranus (Fischer 1984) .

Understanding the dynamics and variability of egg-
trading behavior is important for understanding the
evolution of mating systems in simultaneous her-
mophrodites because it can stabilize monogamous
mating systems under ecological conditions in
which monogamy would not be expected to orig-
inate or persist (Fischer 1988, Leonard 1990) . Ga-
mete trading appears to be a general, although not a
necessary, behavior for hermaphroditic animals,
and exists in related forms in polychaetes (Sella
1985,1988) and gastropods (Leonard & Lukowiak
1985, Leonard 1991) . In addition to describing the
spawning behavior of tobaccofish and comparing
their mating system with related species, egg trad-
ing in tobaccofish will be compared with egg trading
in other hermaphroditic seabasses in order to un-
derstand how this behavior affects and interacts
with other elements of the mating system .

Natural history of tobaccofish

Serranus tabacarius is a small carnivorous bass



found throughout the Caribbean ; apart from its si-

multaneous hermaphroditism (Petersen 1991) little
is known about its reproductive biology and ecol-
ogy. Thresher (1980) published a short description
of spawning in this species, but these observations
were incomplete or incorrect . Preliminary observa-
tions in both Belize and Panama revealed that what
Thresher had described as mating was probably
merely courtship (Petersen personal observation) .
Tobaccofish occur in areas of sand and a low per-
centage coral rubble adjacent to reefs at depths as
shallow as 6 m but typically is more abundant below
a depth of 15 m . It is a gleaning carnivore, eating
small mobile crustaceans and fish above the sand .
There are no other reports concerning its ecology or
behavior .

Materials and methods

This study was conducted April-September 1988 on
the southern, leeward side of Smithsonian tupo reef
adjacent to the San Blas Station of the Smithsonian
Tropical Research Institute off the Caribbean coast
of Panama. The study area consisted of sloping sand
and occasional coral and rock rubble or turtle grass
Thalassia testudinium beds. All observations were
made on a group of individuals within an irregularly
shaped area along the margin of the reef that was
marked at 5 m intervals in a grid pattern (total grid-
ded area = 3100 m2) .

All individuals could be recognized from the var-
iation in their dorsal coloration, which remained

stable throughout the study period . During the
study, the relative size of individuals was moni-
tored. At the end of the study, most of the individu-
als were captured and their lengths measured . The
length of individuals not captured was determined

using the size of the individual relative to captured
individuals and interpolating . All behavioral data
were taken using SCUBA .

Space use and social behavior

Serranus tabacarius is a diurnal predator, spending
the night under rocks . Individuals were followed
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during the late morning and early afternoon to de-

termine home range during the non-reproductive
period. An individual's location relative to the grid
was noted every minute for a 10-minute period . For
each focal period, a polygon was drawn using the
minimum area polygon method (Southwood 1978) .
For each individual, the combined area from five 10-
minute periods was used to estimate home range .
The area of each polygon was determined using a
digitizer. Preliminary data showed that additional
focal periods added less than 10% to the estimate of
home range . During the same 10-minute periods
intraspecific aggressive interactions involving the
focal individual were also recorded .

Mating success

Spawning roles and patterns of mating were deter-
mined by focal sampling of an individual through-
out the entire afternoon reproductive period . A to-
tal of 60 dives were made and 750 matings were ob-
served during the study, with a total of 44 complete
reproductive-period records from 22 focal individu-
als . In all but one case individuals used in the analy-
sis of mating success had a minimum of two com-
plete focal reproductive periods . Male and female
spawning roles were determined from behavioral
observations and comparisons with other herm-
aphroditic seabasses where sex roles have been es-
tablished (Clark 1965, Fischer 1980, 1984, Petersen
& Hastings 1986, Petersen & Fischer 1986, see be-
low). As with other members of the family, eggs are
planktonic, and float away from the site once they
are released. There is no parental care .

Only data from complete reproductive period re-
cords were analyzed . For several of the analyses
(number of spawning partners, spawning rate), the
average for an individual was used as a single da-
tum. Analysis of covariance was used to test the ef-
fect of spawning season (categorical variable) and
time in the lunar month (days from full moon, con-
tinuous variable) on the beginning and ending of
the spawning period and the average duration of
the spawning period in a day. Most data were col-
lected during two distinct time periods, either mid-
May to early June or mid-August to early Septem-



354

ber, and for analysis of time of year on spawning
these periods were considered two discrete seasons .

Several variables were examined as potential
correlates of male mating success. In an egg-trading
hermaphrodite female mating success should be
highly correlated with male mating success, while
for polygamous species such factors as the size of
the individual, the number of spawning partners,
the size of its home range, or its level of intraspecific
aggression appear to play a role in determining

male mating success (Petersen & Fischer 1986, Pe-
tersen 1990). A matrix was constructed to examine
the correlations among male mating success, female
mating success, number of partners in a day, home
range size, and the rate of aggression during the re-
productive period . The significance level for the
pairwise correlations within the matrix was deter-
mined by using a sequential Bonferroni test (Rice
1989) with the groupwide Type I error set at 0 .05 .
Correlations were tested for significance using the
Pearson correlation coefficient (r) for bivariate
normal data or the Spearman rank correlation (r s )
for non-parametric data .

Results

Spawning behavior

Several spawning behaviors were observed, and
most of these had analogs to the spawning behavior
in other simultaneously hermaphroditic seabasses .
The following behaviors were observed during a
typical spawning sequence.
Spawning and courtship was often preceded by

individuals displaying towards conspecifics at a dis-
tance of 1-10 m by hovering up to 1 m above the bot-

tom, with the caudal fin curved upward. Individuals
often combine this display with short arching swims
upward, accentuating the display. This display was
performed by one or both conspecifics and made
fish much more visible to the diver and appeared to
enable fish to locate each other. This behavior

showed no association with subsequent spawning
roles as defined below.

Clear courtship behavior began when one fish
(the initiator after Barlow 1975, Fischer 1980, 1984)

approached another stationary fish from a distance
of 0.5 m or less while facing away from the second
fish (the follower) . The initiator might quiver to a
varying degree, or distort its body into a lateral s-
shaped curve. This behavior varied greatly in inten-
sity, with the most intense displays involving rapid
quivering with the initiator's vent (area of anus and
urogenital opening) touching the head of the fol-
lower. The initiator often performed several in-
tense displays in succession, swimming less than
0.3 m away from the follower between successive

displays .
The follower responded to the approach of the

initiator by either ignoring the initiator, swimming
away, or responding to the initial courtship with a
behavior we call bumping. In bumping, the follower
moved forward toward the initiator, either contact-
ing the initiator in the vent area with its mouth, or
stopping short of contact while the initiator swam
forward. Several bumps often came in quick succes-
sion, with the initiator swimming slowly or stopping
between bumps by the follower . The follower often
opened its mouth when making contact with the ini-
tiator. The same individuals stayed in the roles of
initiator and follower during a bout of bumping . Al-
though bumping usually started very close to the

bottom, after several bumps the pair were often
0.5-1 m above the bottom .

Mating occurred after a variable number of
bumps. The follower approached the initiator, but
instead of moving forward the initiator turned back
toward the follower and they both quickly rose to-
gether approximately 0 .3-0.5 m in a mating rush
with the gametes released at its apex. The mating
rush was very fast, lasting less than 1 second . Based
on similar behavior of other hermaphroditic sea-
basses studied in both aquaria and in the field the
initiator releases eggs in the mating while the fol-
lower releases sperm. In one case out of a total of
750 matings observed, a third fish joined the mating

rush at its apex. This behavior was defined as
streaking and considered a male mating behavior
due to its similarity to alternative male mating be-
havior in other separate-sexed and hermaphroditic
fishes .

After a mating occurred, both fish swam back to-
wards the substrate, with one or both fish perching



on the bottom. Often one fish would immediately
perch on the bottom, while the second fish assumed

the position of initiator. Although bumping oc-
curred when two fish mated repeatedly in succes-
sion, the approach behavior was typically less in-

tense in these subsequent matings. A spawning
bout was defined as a series of matings by a pair of

individuals without intervening matings with other
partners .

Activity patterns

Individuals had large (mean = 229 m 2 , range 35-
452 m2 ), permanent home ranges that increased
with individual size (r = 0 .74, N =16, p < 0 .01). The
density of individuals over the entire study area was
approximately 7 individuals per 1000 m2 . Home
ranges were not defended from conspecifics during
the non-reproductive period of the day, and 2-4 in-

dividuals often foraged close by. Individual home
ranges had a high degree of overlap ; a typical loca-
tion within the study area was included in the home
range of 1-4 individuals .

Spawning occurred over a wide range of times
from mid-afternoon to shortly after dusk (Fig . 1) .
However, for an individual within a day, spawning
occurred over a shorter time period, always less
than 2 h (mean = 75 min, SD = 21 .7 min, range =
31-115 min) . There appeared to be patterns of
spawning times and durations both seasonally and
within a lunar month. Spawnign began earlier (AN-
COVA, F1.17 = 15 .02, p = 0.001, interaction between
day from full moon and season not significant), and
ended earlier (ANCOVA, F11, = 7.22, p = 0 .016, in-
teraction not significant) in May-June than in Au-
gust-September but had a similar duration in the
two seasons (F1 , 17 = 3.2, p > 0 .05). The spawning du-
ration for all matings observed in a day showed a
strong lunar component in August-September,
with an increase in spawning duration for days clos-
er to the full moon (r = 0.94, N =13 days, p < 0 .001),
but this pattern was not evident in May-June (r =
0.37, N = 8, p > 0.3) . This led to a significant interac-
tion between season and lunar timing and daily
spawning duration (ANCOVA, F117 = 9.46, p <
0.01). The duration of spawning by an individual on
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Fig. 1 . Timing of spawning for all records from complete focal
reproductive samples . Sunset occurred between 18 :24-18 :42 h
during the study period . Each bar represents a 10 min period
starting with the time on the x-axis .

a day was positively correlated with its mating suc-
cess for that day (r = 0 .47, N = 44 focal individual
observations, p < 0 .001), and daily mating success
increased as spawning neared full moon (r = 0 .57,
p < 0.001) .

Although several types of aggressive displays
were observed, only data from chases, the most in-
tense display, are presented here. Other displays in-
cluded a lateral display with median fins erect, giv-
en when the displaying fish is parallel or at a slight
angle relative to the individual it is displaying to-
wards, and opercular flares when the displaying in-
dividual is facing the second individual . Chasing oc-
curred at minimal rates during the non-reproduc-
tive period (0 .167 interactions per 10 min, range 0-
0.6, N = 21 individuals) . These rates increased dra-
matically during the reproductive period in the late
afternoon, with the mean rate an individual was
chased by or chasing another individual increasing
13 fold to 2 .21 interactions per 10 min (range 0 .7-4 .3
interactions per 10 min) . There was evidence that
aggression was differentially initiated by larger in-
dividuals, and 80% of aggressive interactions by fo-
cal individuals during the reproductive period (378
of 472) were directed towards smaller conspecifics .
The rate that an individual chased other conspecif-
ics was positively correlated with its size (r, = 0 .73,
N = 21, p < 0 .001), although the rate that an individ-
ual was chased was not related to its size (r, = - 0.19,
N = 21, p > 0.2) .
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Summary of daily spawning patterns

Individuals spawned every day that they were ob-
served. The average mating rate was high, at 16 coat-
ings per day, with approximately half in each sexual
role (mean male mating success = 7 .7 matings day -',
SD = 4.2; mean female mating success = 8 .2 matings
day', SD = 3.4, N = 22 individuals with 1-3 focal
days of observation for each individual) . Spawning
occurred within the home range of an individual ; to-
baccofish do not migrate to specific locations to

spawn and do not appear to spawn in specific areas
within their home range .

Individuals had an average of 3 .2 mating partners

during the day (range 1-9), but often mated with the

same individual several times during the reproduc-
tive period. The average number of female-role
matings with a partner on a day was 2 .6 (8.2 matings
day' divided by 3 .2 spawning partners day') .

Egg trading

Spawning bouts between a pair of individuals typ-
ically involved multiple matings (69% of all spawn-
ing bouts). In these cases of multiple matings be-
tween a pair, tobaccofish show a strong tendency to
alternate spawning roles during a mating sequence .

An alternation of spawning roles (reciprocation)

was observed in 95 % (410 of 432 cases) of the mat-
ing sequences between a pair, with two sequential

matings by a pair in the same spawning roles (non-
reciprocation) occurring only 22 times in this study.
In these cases when there were two consecutive
matings by a pair in the same spawning role, the pe-
riod between matings was much longer than the
time between consecutive matings when reciproc-
ation occurred (mean times 70 vs . 402 seconds, Wil-
coxon two-sample test, Z = 7 .44, p < 0 .001). There
was no difference in the number or duration of
bumping behavior prior to mating in reciprocated
versus non-reciprocated matings (Wilcoxon two-
sample tests, p > 0.4) . Following a consecutive mat-
ing in the same role, the pair are no more likely to
end their reproductive bout than occurs after reci-
procation (X2 = 2.7, p > 0 .05, df = 1) . When a pair

split up, it took the focal individual an average of
approximately 11 minutes to mate with another

partner if it continued spawning that evening (mean
time = 688 seconds, SD = 512 seconds, N = 211
cases). The alternation of spawning roles and par-
celling of the clutch defines this species as an egg
trader .

Body size affected several aspects of spawning
behavior. There was significant size-assortative
pairing viewed either as the total number of matings
(G = 132, df = 4, p < 0 .001) or as the total number of
spawning bouts (G = 16 .7, df = 4, p = 0 .002), using

Table 1 . Correlation matrix of potential variables affecting male mating success (MMS) . r = Pearson correlation coefficient . NS = not
significant .

MMS HR RPAR SL FMS

Number of mating partners r = 0 .843 r = 0.438 r = 0 .736 r = 0.699 r = 0 .668
N=22 N=17 N=22 N=22 N=22
p < 0 .001 NS p<0.005 p<0.005 p<0.01

Female mating success r = 0 .797 r = 0.363 r = 0 .615 r = 0.636
(FMS) N = 22 N = 17 N=22 N=22

p < 0 .005 NS p<0.05 p<0.05
Standard length r = 0 .761 r = 0.729 r = 0 .602
(SL) N=22 N=17 N=22

p < 0 .01 p < 0 .01 p < 0 .05
Reproductive period r = 0 .690 r = 0.448
aggression rate N = 22 N = 17
(RPAR) p < 0 .005 NS
Home range r = 0 .479
(HR) N = 17

NS



Average number of partners

Fig . 2 . The relationship between the average number of mating
partners in a day for an individual and its ratio of male to female
matings . Ratios greater than one indicate higher male than fe-
male mating success . Least squares regression line is shown . r =
0 .56, p < 0 .01, N = 22 individuals .

three size categories. There was also a significant
positive correlation between the average number of
spawning partners and the size of the individual

(Table 1), and larger individuals tended to mate
more often as both males and females. Although
larger fish tended to have more partners, the num-

ber of partners for an individual could vary consid-
erably between days, and there was no correlation
between the number of partners on successive focal
observations of an individual (r, = 0 .20, N = 21 indi-
viduals, p > 0.1) .

The relative size of individuals in a pair was also
related to their sexual roles in spawning sequences .
When all spawning bouts were considered, there
was a significant tendency for the larger member of
the pair to both begin and end in the male role (be-
gin : X2 = 6.1, df = 1, p < 0 .05; end : X2 = 8.45, df =1,
p < 0.005). This effect was largely due to spawning
bouts that consisted of single matings, where the
larger individual mated as the male 67 % of the time
(49 of 73 cases, X 2 = 8.6, df = 1, p < 0.005) . When
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Standard length (mm)

Fig. 3 . The relationship between the size of an individual (stan-
dard length) and its ratio of male to female matings. Least
squares regression line is shown . r = 0 .63, p < 0 .005, N = 22 indi-
viduals.

these matings are removed from the analysis of sex

role versus size for the first and last mating in a bout,
larger individuals are still more likely to end in the
male role (60% of 165 cases, X2 = 6.6, df = 1, p <
0.05), but the trend for large individuals to begin in
the male role is not significant (54% of 165 cases,
X2 = 1.0, df = 1, p > 0.05). In spawning sequences
when the pair mated consecutively in the same roles
(non-reciprocation), there was a tendency for the
male-role individual to be larger, but the small num-
ber of cases gives the statistical test low power and
the pattern was not significant (13 of 20 cases, X 2 =
1.8,df=1,p>0.05) .

Correlates of male mating success

Male mating success was correlated with four of the
five independent variables that were considered as
possible factors affecting either egg trading behav-
ior or behavior that would increase an individual's
ability to mate polygamously (Table 1). The number

Table2 . Stepwise multiple regression of independent variables from Table 1 with male mating success as the dependent variable . Variables
not added : reproductive period aggression rate, home range .

Variable Cumulative R Z Variance (r2 ) accounted for Significance of r2

Number of mating partners in a day 0 .711 0.711 p < 0 .001
Female mating success 0.810 0 .099 p < 0.02
Standard length 0.832 0.022 p > 0 .2
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of mating partners an individual has during a day,
the female mating success of the individual, the size
of the individual, and the rate of chasing during the
reproductive period are all correlated both with
each other and with male mating success . Only indi-
vidual home-range size showed a weak covariance
with the other variables . When the data are ana-
lyzed as a stepwise multiple regression, only two
factors, the number of mating partners in a day, and
the daily average number of female-roles matings
are significant (Table 2) . As the number of mating
partners in a day increases, the ratio of male to fe-
male matings increases (Fig . 2) . If egg trading were
perfectly symmetrical among individuals, then all
individuals would be expected to have a male to fe-

male mating ratio of 1. There is also a significant in-
crease in this ratio with individual size (Fig . 3) .
These results confirm that egg trading is not sym-
metrical and that the patterns of individual size and
mating role in the mating sequences are additional
elements contributing to male mating success in this
species .

Discussion

Defining spawning roles

There are several similarities between the spawning
behavior exhibited by tobaccofish and those exhib-
ited by other simultaneously hermaphroditic sea-

basses that allow for the clear assignment of sexual
roles in a mating . In all of the species of purely
hermaphroditic seabasses studied the individual re-
leasing eggs initiates courtship between the two in-
dividuals, typically facing away from the partner
(Clark 1959,1965, Fischer 1980, Pressley 1981, Fisch-

er 1984), often either pitching forward or contorting
into a slight s-curve to reveal and accentuate a swol-
len abdomen. Although the approach behavior ex-
hibited by tobaccofish is more intense and obvious
than in S. tortugarum and Hypoplectrus nigricans,
there are clear similarities, such as the quivering of
approach in tobaccofish and the head snap in H. ni-
gricans (Fischer 1980) . Laboratory studies have ver-
ified that the presumed female-role individual re-
leases eggs while the presumed male-role individu-

al releases sperm in one species (H. nigricans, Fisch-
er 1981) and work on harem polygynous species
with males and hermaprhodites verify that these
behaviors are associated with the female role (Pe-
tersen & Fischer 1986, Petersen 1987). Unfortunate-

ly, tobaccofish are too large to study reproductive
behavior in normal-sized aquaria, so it is difficult to
produce experimental verification of the spawning

roles . However, evidence overwhelmingly supports

the hypothesis that in tobaccofish the initiator re-
leases eggs in a mating and the follower sperm .

The spawning rush in this species is typical of
other members of the genus, with a quick vertical
rush followed by the return of the animals to the
relative safety near the bottom . The one case of a
third individual joining a mating appears to be an
alternative male mating behavior that is common in
separate-sexed and sex-changing fishes (Warner &
Robertson 1978, Warner 1984, Gross 1984) and has
been observed in several species of hermaphroditic
seabasses (LeJeune et al. 1980, Pressley 1981, Fisch-

er 1984, Hastings & Petersen 1986, Petersen &
Fischer 1986, Petersen 1987, 1990) .

Although not emphasized in previous studies,
courtship by the individual releasing sperm does oc-
cur in some hermaphroditic seabasses, although it
follows female courtship. Bumping is a behavior
that occurs prior to mating and is always performed
by the eventual male-role spawner, and can be con-
sidered male courtship behavior. Other short
movements towards the female-role individual very
similar to bumping in tobaccofish have been de-
scribed in S. sublingarius (Clark 1959), and Fischer
describes contact by the male-role individual's
snout to the ventral area of the female-role fish in
H. nigricans (Fischer 1980) .

Tobaccofish spawn both earlier in the day and are
more variable in both time of day and duration of
spawning than the other hermaphroditic seabasses,
which spawn much closer to dusk (Fischer 1980,
1986, Pressley 1981, Petersen & Fischer 1986, Peter-
sen 1987) . At least some of this variation appears to
be tied to a lunar schedule, and a similar pattern of
lunar spawning may exist in the congener, Serranus
tigrinus (Pressley 1981). Although lunar patterns of
spawning are more common in fishes with demersal
eggs, lunar reproductive patterns are known to oc-



cur in some species in the Caribbean that produce
pelagic eggs, although the significance of this pat-
tern is not well understood (Robertson et al . 1990) .
The higher mating rate near full moon implies that
tobaccofish egg production schedules may have a
lunar component .

Egg trading

Tobaccofish show a strong tendency to egg-trade ;
they divide their daily clutch into a large number of
parcels and show strong alternation of sexual roles
with a mating partner. Individuals that do not reci-
procate matings are discriminated against ; in the
few cases where non-reciprocation occurred there
was a delay between consecutive mating relative to
reciprocating pairs . As in other hermaphroditic sea-
basses, the female-role individual begins the court-
ship although the male-role individual assumes
characteristic behaviors from the beginning of

courtship until mating .
Egg trading in tobaccofish is qualitatively similar

but quantitatively different from the other egg-

trading seabasses . Large individuals mate dispro-

portionately in the male role in tobaccofish, a pat-
tern that occurs in one (H. nigricans, Fischer 1980)

but not the other (S. tortugarum, Fischer unpublish-

ed data) egg trader where data exist . In tobaccofish,

this asymmetry is caused by several factors, but the
most important appears to be that in the last mating
of a spawning bout the larger fish is in the male role .
This, combined with a trend for larger fish to start a
bout in the male role and to mate twice as a male in
succession in the few non-reciprocation sequences,
leads to an asymmetry in egg trading, with larger
fish exchanging less that one female mating to mate
once as a male.

Courtship is not prolonged in tobaccofish or S.
tortugarum (Fischer 1984) as it is in H. nigricans
(Fischer 1980) . From these results it appears that
prolonged courtship is not necessary for the stabil-
ity of egg trading behavior in hermaphroditic sea-
basses, contrary to Fischer (1980) . Courtship was
described as subtle and virtually non-existent in S
tortugarum (Fischer 1984), and this species has simi-
lar levels of parceling to tobaccofish (7 .5 for S. tortu-
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garum ; 8.2 for tobaccofish) ; considerably higher

than the level of H. nigricans (4.7 parcels day',
Fischer 1980) . As long as spawning is synchronized
within the population, it appears that egg trading
can stabilize hermaphroditism, and that prolonged
courtship may only occur in species where individu-
als create few parcels, as in H. nigricans, making the
value of a first parcel in an interaction with a part-
ner much higher.

Sexual selection, individual size, and mating system
evolution in tobaccofish

Larger individuals behave differently from smaller

individuals . They have larger home ranges, higher

rates of aggressive behavior, more spawning part-
ners, and mate more often as males . All of these be-

haviors suggest the potential for specialization by
large individuals as males as seen in S fasciatus and
S. baldwini. However, the largest individuals are
hermaphrodites, not males, as occurs in the harem
polygynous serannines, and obtain substantial
amounts of mating success through female func-
tion. The high degree of egg trading in this species
appears to place an upper limit on the ability of
large individuals to obtain high levels of male mat-
ing success .

These data support the hypotheses of Fischer and
Leonard that the male role is the preferred sexual
role in the hermaprhoditic seabasses and that sex-
ual conflict (conflict between the sexes) exists in

this group of animals . As with the harem polygy-
nous serranids, the male role is associated with so-
cial dominance, indicating that it is the preferred
role (Petersen & Fischer 1986, Petersen 1987,1990,

Leonard 1993) . The ovotestis of tobaccofish is pre-
dominantly female (93 %, Petersen 1991), and if this
difference in biomass reflects differences in ener-
getic investment, then larger individuals specialize
in the less costly male role and achieve higher total
mating success than if they were perfect egg traders .

Fischer & Petersen (1987) drew a distinction be-
tween two types of mating systems within the herm-
aphroditic seabasses; (1) monogamous systems
characterized by no apparent size-advantage in
mating success and either egg trading with sequen-
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tial partners (= serial monogamy, S. tortugarum, H.
nigricans) or permanent monogamy (S tigrinus),
and (2) harem polygynous systems with males and
hermaphrodites in cases where large individuals are
able to defend mates in predictable spatial locations

(S. fasciatus, S. baldwini) . Tobaccofish appear to
have elements of both egg trading and a male size
advantage in its mating system .

The differences between tobaccofish behavior
and behavior in other seabasses makes it difficult to
test the hypotheses of Fischer & Petersen (1987)

correlating individual density and space use with
mating system . The densities of tobaccofish are sim-
ilar to those of two other monogamous seabasses,

H. nigricans and S. tigrinus, ranging from 5 .6-13 x

10-3 individuals m-' (Petersen & Fischer 1986) com-
pared with 7 x 10 -3 individualsm2 for tobaccofish .
However, tobaccofish are slightly larger and more
mobile than these two monogamous seabasses, and
have high interaction rates with conspecifics during
the reproductive period, implying that frequent
contact among conspecifics can occur. These char-
acteristics increase the potential for polygamy and
mate monopolization and specialization as males
might be expected, as in S. fasciatus and S. baldwini
(Petersen & Fischer 1986, Petersen 1987, 1990) .
However, the overlapping home ranges of tobac-
cofish combined with clutch parceling and spawn-

ing occurring throughout an individual's home
range and over the entire spawning period appears
to reduce the potential for mate monopolization

and hence the potential for polygamy in this spe-
cies. Thus, although tobaccofish have some charac-
teristics that suggest an environmental potential for
polygamy, egg trading appears to interact with the
current ecological conditions in selecting for more
monogamous mating systems and sex allocation
patterns in seabasses, and may be able to stabilize
simultaneous hermaphroditism in situations where
egg trading could not evolve but could be main-
tained once it evolved as predicted by Fischer
(1988) .

Egg trading appears to be common in herm-
aphroditic seabasses, a behavior combining the par-
celing of a day's reproductive output into several
batches, the alternation of sexual roles in matings
with a partner, and the discrimination against indi-

viduals that do not reciprocate and release eggs to
be fertilized . Due to these elements, egg trading is
considered a strong example of delayed reciprocity
in non-related individuals that may conform to a tit-
for-tat strategy of cooperation (Axelrod & Hamil-
ton 1981) and is critical in maintaining hermaphro-
ditic phenotypes in the population (Fischer 1980,
1988). The male-biased reproductive success of
larger individuals within this species supports the
predictions of Leonard (1990) that cheating
(spawning in the preferred role) will occur at low
levels in gamete-trading mating systems and sup-
ports the hypothesis that sexual conflict occurs in
hermaphrodites. Asymmetries exist among individ-
uals in energetic investment, behavior, and sex allo-
cation in tobaccofish, and complicate this cooper-

ative model, which is often viewed as a symmetric
game between equal individuals . These asymme-
tries need to be incorporated into cooperation
models to provide realistic models of cooperative
behavior in nature .
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