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Summary. The lantern bass, Serranus baldwini, is 
a small hermaphroditic serranid found adjacent to 
coral reefs throughout the Caribbean. Data from 
gonad inspection, spawning behavior, and gamete 
release from individuals all confirm that popula- 
tions consist of simultaneous hermaphrodites and 
males. This gender pattern appears to be sequen- 
tial, with larger males derived from smaller her- 
maphrodites. The social system is haremic, with 
the male defending an area containing 1-7 her- 
maphrodites. The social system and gender pattern 
are similar to those of the eastern Pacific serranid, 
Serranus fasciatus. Males obtain disproportiona- 
tely high mating success by being nearly the sole 
mates of hermaphrodites within their harems. Her- 
maphrodites obtain very low levels of mating suc- 
cess through male function. This pattern may re- 
sult from "female choice" by hermaphrodites, 
mate sequestering tactics by males, or both. The 
serranids that change gender from hermaphrodite 
to male appear to have a higher environmental 
potential for polygyny than other simultaneous 
hermaphrodites in this family. Factors that may 
maintain male function in hermaphroditic S. bald- 
wini are outlined, but none currently provides clear 
evidence for why this species has not evolved to 
protogyny. 

Introduction 

Despite recent, major advances in sex allocation 
theory (reviewed in Charnov 1982), the primary 
forces behind the distribution of simultaneous her- 
maphroditism, especially in animals, remain large- 
ly mysterious (Ghiselin 1969, 1974; Maynard 
Smith 1978). Compared to the body of theory and 
data on sex changing animals (reviewed in Char- 

nov 1982; Policansky 1982; Warner 1984), current 
knowledge of the behavioral ecology of simulta- 
neous hermaphrodites is meager. The paucity of 
mating system data in particular hinders our un- 
derstanding of the evolution and maintenance of 
this gender allocation pattern. 

The serranid fishes are one of the few verte- 
brate groups exhibiting this form of hermaphrodit- 
ism. Large tropical serranids are all protogynous 
(Smith 1965), but many of the small (?< 30 cm SL) 
species in the subfamily Serraninae are simulta- 
neous hermaphrodites. Ecological factors such as 
low density have been proposed as selective agents 
favoring this reproductive mode (Tomlinson 1966; 
Ghiselin 1969), but they do not apply to these often 
common reef fishes. 

Recent work has implicated the mating system 
itself in the stability of simultaneous hermaphro- 
ditism in the serranids (Fischer 1980, 1984). In 
three species, reciprocal spawning with a mate has 
been shown to be the common behavior (Fischer 
1980, 1984; Pressley 1981). In two of the three, 
reciprocation is accomplished through egg trading 
- division of the clutch into several parcels released 
singly, with partners alternating regularly in release 
of eggs (Fischer 1980, 1984). Spawning reciproca- 
tion without clutch parcelling occurs in the other, 
Serranus tigrinus (Pressley 1981). The behavior of 
several other species suggests that they also trade 
eggs (Clark 1959, 1965; Lejeune et al. 1980; 
Fischer 1984). 

Egg trading, combined with long courtship and 
a short spawning period, reduces the ability of an 
individual to fertilize more eggs than it releases. 
It therefore severely restricts the potential advan- 
tage of a male specialist tactic and may thereby 
enhance the evolutionary stability of hermaphro- 
ditism. 

To understand the evolution and maintenance 
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of simultaneous hermaphroditism, it is important 
to compare reciprocal spawners with hermaphro- 
dites that do not reciprocate. In the absence of 
reciprocal spawning, what maintains simultaneous 
hermaphroditism as a stable gender allocation pat- 
tern? Do gender allocation strategies change with 
adult size or the ability of individuals to dominate 
conspecifics behaviorally? Previously only one 
nonreciprocating simultaneously hermaphroditic 
serranid, Serranusfasciatus, has been reported (Pe- 
tersen 1985; Hastings and Petersen 1986). This 
paper describes the mating system and gender allo- 
cation pattern of a second species that does not 
trade eggs, the lantern bass, Serranus baldwini. A 
companion paper (Fischer and Petersen 1986) de- 
scribes the behavior of this species. 

Methods 

S. baldwini are gleaning carnivores found throughout the Carib- 
bean in areas of coral rubble and sand often mixed with or 
adjacent to turtle grass, Thalassia testudinium (Fischer and Pe- 
tersen 1986). The results described here are from two indepen- 
dent studies, one (by CP) in Belize at Glover's Reef, May-June 
1983, and the other (by EF) in The San Blas Islands in Panama, 
August-November 1983 and 1984. 

In Belize, all data were collected from a group of individ- 
uals within a 9 x 9 m area that was marked at 2 m intervals 
in a grid pattern on the leeward side of Northeast Cay at 
Glover's Reef. The study area consisted of coral and shell rub- 
ble at a depth of approximately 3 m, with interspersed tilefish 
mounds (Malacanthus plumeri). Individuals were not marked, 
however most individuals could be recognized in the field by 
a combination of size, unique color or fin patterns, and repeated 
use of the same refuges. 

In Panama, a 9 x 28 m area at the edge of a turtle grass 
flat was gridded with flagging tape and mapped onto plastic 
sheets. Individuals were captured with handnets and quinaldine 
or phenoxyethanol anesthetic. They were then marked subcu- 
taneously with Alcian blue and returned to the place of capture 
on the same day. All data were taken on SCUBA. 

Gender allocation 

To determine patterns of gamete release, fish were captured 
with hand nests, between 1200 and 1615 h (Panama). They were 
placed in aquaria until after sunset, when gametes were stripped 
into Petri dishes containing seawater. Types of gametes released 
were noted at this time, and eggs were checked for viability 
(viable eggs are clear, buoyant, and spherical). As in hamlets 
(Fischer 1981), development was rapid, with larvae hatching 
in less than 24 h. Therefore, the percentage of developing eggs 
was determined the morning after stripping by counting devel- 
oping and nondeveloping eggs. 

The gender of collected individuals from sites in both Belize 
and Panama was determined by an inspection of the gonad 
for the presence of ovarian and testicular tissue. 

Space use 

Different measurements of space use were utilized in these ini- 
tially independent studies. In the Belize population, initial esti- 
mates of space use for both males and hermaphrodites were 

made after a 15-min period of focal individual observation of 
28 individuals (20 hermaphrodites, 8 males). Individual paths 
were traced on a map and the home range estimated by drawing 
a 5- to 10-sided polygon that included all of the area occupied 
by the individual. For males, any area where a male was aggres- 
sively displaced by another male was excluded and the space 
use estimate was considered a territory. Upon subsequent 5-min 
visits, individual space use was noted as either unchanged, ex- 
panded, or moved. If the space use was expanded, the new 
area was added to the home range estimate. If the home range 
moved so that some initial area no longer appeared to be used 
and new areas were in use, a new initial estimate was done. 
The estimate of space use was only considered valid after 2 
additional visits with no changes. In the Panama population, 
space use data were taken on plastic overlays of a map of 
the main study site for 23 different individuals as follows: Out- 
side the spawning period, the location of an individual was 
marked every 15 s for a 15 min sampling period. These periods 
were spread throughout the day. During the spawning period, 
individual paths were traced and spawning locations noted. 
Composite areas were calculated for individuals with at least 
three spawning and three nonspawning observation periods. 

Spawning behavior andfrequency 

Spawning roles and mating success were determined by focal 
sampling of individuals throughout the entire evening spawning 
period. The identity of spawning individuals, when known, and 
the relative positions of the individuals as they spawned were 
noted (combined sites: n = 63 focal reproductive periods, 177 
spawning events). 

Results 

Gender allocation 

In contrast to most species of Serranus, popula- 
tions of S. baldwini contain both simultaneous her- 
maphrodites and males. Inspection of gonads in 
latern bass indicated that smaller mature individ- 
uals had both ovarian and testicular tissue in a 
bilobed ovotestis, but the largest fish at any site 
had only testicular tissue (Fig. 1). There were no 
differences in coloration that could be used to dis- 
tinguish hermaphrodites and males. At both sites 
gender was preliminarily assigned by non-spawn- 
ing behavior and individual size. This assignment 
was checked using individuals collected from Be- 
lize. All fish.from this collection (6 males, 14 her- 
maphrodites) were correctly assigned. 

Several of the largest hermaphrodites (4 of the 
5 largest hermaphrodites in the San Blas collection, 
Fig. 1) had much more testicular tissue and a re- 
duction in ovarian tissue compared to smaller her- 
maphrodites. The presence of these "transitional" 
hermaphrodites, combined with the absence of 
small males, implies that males were simultaneous 
hermaphrodites at smaller sizes and had lost ovar- 
ian tissue. There appear to be no primary males 
(males from birth vs. secondary males, which are 
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Fig. 1. Size frequency distribution of individual sex based on 
inspection of gonads for collections of S. baldwini from 
Glover's Reef (Belize) and San Blas (Panama). Sample sizes 
were 27 for Glover's Reef and 17 for San Blas 
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Fig. 2. Gamete presence vs. individual size from gamete stripped 
individuals in Panama. N = no gametes. M = milt. E = eggs. In- 
dividuals were lumped into 4 mm size groups, with each catego- 
ry represented by individuals n- 2< < n + 2 mm relative to 
the length listed. Sample size was 30 individuals 

derived from females or simultaneous hermaphro- 
dites) in lantern bass. 

The gonadal pattern is reflected in the relation- 
ship between fish size and the type of gamete pro- 
duced (Fig. 2). Fish that had only milt were signifi- 
cantly larger than those with eggs (P <0.01, Mann- 
Whitney U-test). Two-thirds of captured individ- 
uals produced milt upon milking, and one-third 
produced eggs. All of those that produced eggs 
also had milt. 

Because S. baldwini did not spawn readily in 
aquaria, spawning sex roles could not be deter- 
mined experimentally. Lantern bass typically pair 
spawn, with each individual exhibiting a specific 
spawning role. While facing the same direction, 
one individual (the "follower") positioned itself 
with its chin near or touching the posterior dorsum 
of the other (the "leader"). Both fish then rushed 
together upward to a height of 0.25-0.75 m from 

the bottom, and quickly returned. Gametes are re- 
leased at the apex of this spawning rush. Individ- 
uals identified as males consistently spawned in 
the follower role (174 times as follower, 2 times 
as leader) while hermaphrodites spawned predo- 
minately as the leader (175 leader, 3 follower). The 
follower role is typically the male role in hamlets 
(Hypoplectrus spp., Fischer 1980) and chalk bass 
(Serranus tortugarum, Fischer unpubl.). In Serran- 
us fasciatus males were only observed spawning 
in the follower role (Petersen 1985; Hastings and 
Petersen 1986). We therefore assume that the fol- 
lower releases milt and its partner eggs in lantern 
bass. 

Twice, a third individual joined a pair during 
its spawning rush (streaking). In both cases the 
individual was recognized; in one case it was a 
male and in the other a hermaphrodite. This third 
individual is assumed to be a second male-role 
spawner (see Discussion). 

Spatial distribution 

Individuals adopted one of two spatial patterns 
in relation to conspecifics. Larger individuals pa- 
trolled territories containing the home ranges of 
several smaller fish. The smaller ones utilized a 
home range that overlapped or was included within 
the territory of a single larger individual. Although 
there may be occasional exceptions (discussed be- 
low), the larger lantern bass were males, the 
smaller hermaphrodites. 

Male territories serve as both feeding and 
spawning sites. The territories and their resident 
hermaphrodites were defended from other males, 
which regularly probed territory borders of neigh- 
bors. In Belize, completed home-range estimates 
were obtained for 8 males and 8 hermaphrodites. 
An individual hermaphrodite's home range was 
only a small part of the male's territory (Table 1). 

Males aggressively interacted with and dis- 
placed the smaller hermaphrodites. In interactions 
between males and hermaphrodites, males were in- 
variably dominant, displacing or often chasing the 
hermaphrodites. While hermaphrodites often in- 
teracted aggressively among themselves, it remains 
unclear whether all of them, especially smaller 
ones, also maintained territories. Individual her- 
maphrodites typically chased nearby ones but oc- 
casionally foraged in the same areas. Because space 
use and territory size were estimated differently 
in the two study areas, they cannot be quantitative- 
ly compared, but on a qualitative basis space use 
was similar in the two populations. 

Males also showed higher levels of site fidelity 
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Table 1. Spawning frequency in a male role for both hermaph- 
rodites and males, territory size of males and home ranges of 
hermaphroditic S. baldwini. Sample sizes for individual males 
represent reproductive periods observed, for hermaphrodites 
they represent the number of hermaphrodites used to compute 
the mean areas. Territory sizes in Belize and Panama were ob- 
tained by different methods and are not comparable. SD= 
Standard Deviation 

Site Male SL Male role Territory/home 
(mm) spawns/day range size 

(m 2) 

x range n 

Panama P1 39 6.0 5-7 3 10.8 
P2 39 4.0 4 3 11.8 
P3 39 4.0 3-5 3 9.1 

Male average 39 4.7 10.6 
(SD) (0) (1.15) (1.36) 

Belize Bi 35 1.5 1-2 4 3.5 
B2 36 3.7 3-4 3 6.4 
B3 37 0.7 0-1 3 2.7 
B4 38 3.8 3-4 4 2.4 
B5 38 2.7 1-4 3 4.3 
B6 40 2.3 1-3 4 5.4 
B7 40 2.7 2-3 3 4.4 
B8 41 4.0 4 3 3.3 

Male average 38.1 2.7 4.0 
(SD) (2.1) (1.16) (1.36) 
Hermaphrodites 0-1 8 0.5 

(0.26) 

than hermaphrodites. In Belize, all 8 males re- 
mained on the same territories throughout the 
study. Of the 20 hermaphrodites, 14 remained 
within the area of their initial space use estimate, 
2 had displaced home ranges within the same 
male's territory, and 4 disappeared. In addition, 
3 new hermaphrodites appeared in harems during 
the study, suggesting that immigration and emigra- 
tion of hermaphrodites were not uncommon at the 
Belize study site. 

Mating system 

As other serranids, S. baldwini have external fertil- 
ization and no parental care. Eggs, which are 
< 1 mm in diameter, are planktonic. In both Pan- 
ama and Belize, males visited and courted her- 
maphrodites successively in the 1.5 h before sunset. 
All observed spawns occurred during this time 
(Fig. 3). Spawning always occurred within the area 
that the male defended from other males. 

There was a tendency for larger males to have 
higher daily mating success (Belize r, = 0.482, n = 8, 
P=0.12; Panam'a rs=0.637, n=8, P= 0.46). In ad- 
dition, males at the main study site in Panam'a 

25 
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Fig. 3. Frequency of spawns relative to sunset for both popula- 
tions of S. baldwini. Spawns were never observed outside of 
this time period 

spawned at a significantly higher rate than those 
in Belize (spawns/day: Panamia xc=4.3, n=9; Be- 
lize x=2.6, n=8; P<0.01, Mann Whitney U-test, 
2-tailed). 

In contrast to several other simultaneously her- 
maphroditic serranids (Fischer 1984), S. baidwini 
do not divide the clutch into parcels but spawn 
as a female a maximum of once per day. Their 
spawning may be also be more variable than that 
of egg trading species (Fischer 1980, 1984). In Be- 
lize, hermaphrodites followed for the entire spawn- 
ing period mated on nine out of ten days. However, 
spawning did not generally appear so regular, as 
the number of hermaphrodites spawning with a 
given resident male varied considerably from day 
to day (Table 1). Since hermaphrodites rarely 
spawned as males, their average mating success 
was < 1 clutch/day. The size of a clutch, as esti- 
mated by data from stripped fish, was also highly 
variable (x=91, SD=114, n=36), and less than 
10% of this variability was accounted for by the 
effect of size (Pearson r for standard length vs In 
No. of eggs = 0.319, n = 36, P < 0.05, 1-tailed). 

In only four of 177 spawnings observed did 
hermaphrodites spawn as males. In one case, a her- 
maphrodite streaked a spawning of a resident male 
and another hermaphrodite. In another case, a her- 
maphrodite from the periphery of a male's territo- 
ry spawned first as a female with the male and 
later as a male with a smaller hermaphrodite. 

The other two cases involved reciprocation be- 
tween a presumed male and a hermaphrodite. In 
the Belize case, the male spawned in the female 
role with a hermaphrodite, then immediately 
changed positions and spawned with the hermaph- 
rodite in the follower (male) role. The other case 
involved an individual that took over the territory 
of a male that had disappeared (P2 in Table 2). 
The new resident assumed the female spawning 
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Table 2. Density, gender pattern, and mating system of the 
hermaphroditic serranines. Because densities were typically cal- 
culated from territory data that were collected using different 
techniques, these data are useful for comparing extreme differ- 
ences and establishing ranks among species but may not be 
capable of distinguishing finer differences, for example the dif- 
ference between the S. baldwini populations or difference be- 
tween S. baldwini and S. tortugarum. All densities were based 
on single study sites, so although densities vary intraspecifically 
a range of densities for any species cannot be calculated 

Species Density Gender pattern Reference 
(n/10 m2) 

H. nigricans 0.056 hermaphroditic Fischer 1981 
S. tigrinus 0.13 hermaphroditic Pressley 1981* 
S. fasciatus 0.73 hermaphroditic- Petersen 1985 

male 
S. tortugarum 4.25 hermaphroditic Fischer unpubl. 
S. baldwini 

-Panama 5.36 hermaphroditic- this study 
male 

-Belize 6.75 hermaphroditic- this study 
male 

* Estimated from territory map in Pressley 1981 

role once with a much smaller fish with which it 
had earlier spawned as a male. Except for these 
instances, both males acted as normal resident 
males. 

Discussion 

The data indicate that S. baldwini is haremic and 
that the species consists of both males and simulta- 
neously hermaphroditic individuals. The data do 
not conclusively demonstrate whether males are 
derived from simultaneous hermaphroditic indi- 
viduals (secondary males), are born as males (pri- 
mary males), or if both patterns occur in S. bald- 
wini. If primary males exist, they must be growing 
exceedingly fast to large sizes or exist in habitats 
away from the harems and obtain little or no re- 
productive success for most of their lives. Both 
of these possibilities seem highly unlikely. Al- 
though these data do not conclusively demonstrate 
that all males in S. baldwini are secondary, all of 
the data are consistent with that interpretation. 
Males in S. fasciatus are derived from hermaphro- 
dites (Hastings and Petersen 1986). 

Haremic mating systems are common in fishes 
(Robertson 1972, 1983; Robertson and Choat 
1974; Robertson and Hoffman 1977; Lobel 1978; 
Moyer and Nakazano 1978; Moyer 1979; 
Thresher 1979, 1984; Fricke 1980; Hoffman 1980, 
1983; Tribble 1982; Neudecker and Lobel 1982), 
but harems consisting of a male and several her- 
maphrodites are known from only one other spe- 
cies, the eastern Pacific seabass, Serranus fasciatus 

(Petersen 1985; Hastings and Petersen 1986). In 
both species, individuals occasionally join pair 
spawning fish at the apex of their spawning rush. 
This behavior, called streaking, is similar to that 
observed in S.fasciatus (Petersen 1985; Hastings 
and Petersen 1986), S. tigrinus (Pressley 1981), 
S. tortugarum (Fischer 1984), and several labroids 
(Robertson and Choat 1974; Warner et al. 1975; 
Robertson and Warner 1978; Warner and Robert- 
son 1978; Thresher 1979). In all the above studies 
where individuals were not hermaphroditic, the be- 
havior was only performed by males. We assume 
that streaking in lantern bass is analogous to 
streaking in other species, that it represents an al- 
ternative male mating tactic designed to fertilize 
eggs of the pair spawning female-role individual. 

The pattern of gender allocation exhibited by 
these two species appears to be unique in the ani- 
mal kingdom. Combinations of hermaphroditic 
and male individuals are also known from the cy- 
prinodontid fish Rivulus marmoratus (Kristensen 
1970; Harrington 1971, 1975), many barnacles 
(Ghiselin 1974; Crisp 1983; Charnov 1986), and 
some nematodes (Nicholas 1975). In Rivulus mar- 
moratus secondary males were obtained in labora- 
tory populations but all males in natural popula- 
tions were primary. There is no evidence that males 
are derived from simultaneously hermaphroditic 
individuals in any of these groups, as occurs in 
S. fasciatus and appears to occur in S. baldwini. 

The mating system of S. baldwini is nearly 
identical to that of S.fasciatus studied in the Gulf 
of California (Petersen 1985; Hastings and Peter- 
sen 1986). The differences between the two species 
are in mean harem size (3.2 for S.b. vs 4.6 for 
S.f.), a higher rate of streaking in S.fasciatus 
(10%, vs 1%), and the occurrence of more transi- 
tional hermaphrodites in S. baldwini (4 out of 17 
in a collection from Panama vs 1 in over 100 S. fas- 
ciatus examined from the Gulf of California). This 
higher percentage of transitional hermaphrodites 
may account for the rare cases of female-role 
spawning by a presumed male. When hermaphro- 
dites change behaviorally to males in S.fasciatus, 
they may continue to spawn for a short time as 
a female until the female tissue has been resorbed 
(Petersen 1985). 

In both S. baldwini and S.fasciatus the males 
are the largest individuals. Age-specific sex alloca- 
tion theory for simultaneous hermaphrodites is not 
well-developed, but concepts developed for proto- 
gynous hermaphrodites may be useful in under- 
standing this gender pattern. In protogynous reef 
fishes sex change is associated with the ability of 
large individuals to obtain disproportionate repro- 
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ductive success by attempting to sequester mates 
or preferred spawning sites. Males in S. baldwini 
are clearly obtaining disproportionate reproduc- 
tive success and are behaving similarly to males 
in protogynous haremic fishes. 

Hermaphrodites may prefer to mate with males 
instead of hermaphrodites ("female" choice), they 
may be under some constraint to mate with these 
large, more aggressive individuals (some form of 
intermale competition), or both factors may be op- 
erating simultaneously. Space use and activity in 
hermaphroditic S. baidwini appears to decrease 
during the reproductive period and is coincident 
with an increase in male activity and aggression 
(Fischer and Petersen 1986). This increased aggres- 
sion may be a male strategy to reduce hermaphro- 
dite-hermaphrodite spawning opportunities. There 
may also be selection for hermaphrodites to mate 
with larger individuals because those fish have 
proven high phenotypic quality (reviewed in 
Kodric-Brown and Brown 1984). Whatever the 
reason, hermaphrodites obtain almost all of their 
reproductive success through female function. 

Although much of the gender allocation pat- 
tern in S. baldwini can be explained by current sex 
allocation theory, two basic questions are raised 
by the mating system of this fish. (1) Why don't 
the largest individuals produce eggs? (2) Why do 
hermaphrodites retain male function? 

Current theory for simultaneous hermaphro- 
dites assumes that limited and usually fixed re- 
sources for reproduction must be divided between 
both sexual functions. Investment may be physio- 
logical (e.g., gamete production) or behavioral 
(e.g., courtship and sexual competition). Optimal 
gender allocation patterns are determined by mar- 
ginal payoffs, the relative change in fitness from 
investing a certain amount of resource in male ver- 
sus female function (Charnov 1982). For "pure" 
males to be favored, the theory predicts that repro- 
ducing as a female must reduce male reproductive 
success by more than the concomitant gain in fe- 
male success. 

In species with low levels of sperm competition, 
male allocation to testicular tissue is typically 
much less than female allocation to ovarian tissue 
(cf. Robertson and Choat 1974). If energy devoted 
to gamete production is lower in males than her- 
maphrodites, then what are males doing with their 
extra energy or time? Male gonads are an order 
of magnitude smaller than hermaphrodite gonads, 
even though males are much larger (male gonads 
0.0046-0.0056 g, n = 4; hermaphrodite gonads 
0.0545-0.1636 g, n= 10; Petersen unpublished 
data). The implication is that energy (or time nor- 

mally used to obtain energy) must be diverted from 
gamete production to competition and courtship 
for an individual to be a successful male. One 
would predict that males would be superior to her- 
maphrodites of equal size in competition for terri- 
tories and mates. Males are much more active and 
aggressive than hermaphrodites in this species, but 
it cannot be determined whether these differences 
in behavior are related to differences in sex, size, 
or both (Fischer and Petersen 1986). 

Why hermaphrodites retain testicular tissue is 
puzzling, because they have been so rarely ob- 
served to spawn as males. In contrast, hermaphro- 
ditic S. fasciatus engage in high levels of male 
spawning (9.4% of all spawns, combined data 
from Petersen 1985 and Hastings and Petersen 
1986). At least four hypotheses can account for 
the persistence of testicular tissue in hermaphro- 
ditic S. baldwini. 

HI. Hermaphrodites mate often enough as males 
to make investment in testes worthwile. If the cost 
of investment in testicular tissue is low enough, 
then selection would favor retaining it even if the 
return is small. For S. baldwini this explanation 
alone seems unlikely; based on their relative 
spawning frequency, male function in hermaphro- 
ditic individuals would have to incur a cost approx- 
imately one percent of the cost of female function 
to give equal marginal returns. However, the go- 
nads are predominately ovarian, and the tech- 
niques for separating the energetic allocation to 
each gender do not exist. 

H2. Having male tissue while a nondominant in- 
dividual reduces the cost of transition to a successful 
haremic male. For many protogynous haremic 
fishes, there is a 1-3 week delay between the re- 
moval of the dominant male and the production 
of sperm by the new haremic male (Robertson 
1972; Shapiro 1979; Hoffman 1980; Moyer and 
Zaiser 1984). This delay does not appear to occur 
in species with a hermaphrodite-male transition 
(Petersen 1985, this study). Depending on the re- 
productive lifetime of an individual, its absence 
may yield a significant increase in reproductive 
success. 

H3. The gender pattern is adaptive over the 
range of habitats exhibited by the species, but not 
in the particular habitats studied. Most marine 
fishes, including the lantern bass, have a larval dis- 
persal stage that should cause high levels of gene 
flow between populations. It is possible that selec- 
tion favors this gender pattern in some populations 
but not the ones studied, and gene flow occurring 
between adult populations of reef fish has main- 
tained it. This possibility was reduced in this study, 
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where two distinct adult populations gave nearly 
identical results. 

H4. The occurrence of males may be of such 
recent origin that selection has not had time to elimi- 
nate the testicular tissue of hermaphrodites. This 
hypothesis predicts that hermaphrodites would get 
a higher incremental increase in fitness if they real- 
located energy from male function to growth or 
female function when small. This hypothesis will 
be testable only when more detailed information 
is collected on: energy allocation to male tissue 
in hermaphrodites (instead of our current use of 
weights to estimate allocation); male reproductive 
success of hermaphrodites, especially when streak- 
ing; the effect on lifetime reproductive success if 
the energy from early male function is reallocated 
to female function or growth. 

Polygyny vs reciprocation in Serranus 

Within the genus Serranus, two distinct gender al- 
location patterns along with two general types of 
mating systems have emerged. In most species, 
some form of spawning reciprocation, usually in- 
volving egg trading, appears to have allowed the 
maintenance of a simultaneous hermaphroditic 
phenotype in all individuals. In S. fasciatus and 
S. baldwini, a second gender pattern exists, with 
both male and hermaphroditic individuals coex- 
isting. 

Petersen (1985) suggested that S. fasciatus had 
a higher environmental potential for polygyny 
(Emlen and Oring 1977) than any of the previously 
studied simultaneously hermaphroditic serranids. 
Serranus baldwini also appears to have a high po- 
tential for polygyny. Both species combine relative- 
ly high density for a serranid with a spatially and 
temporally predictable resource base that can be 
economically defended by larger individuals (Table 
2). Other species of simultaneous hermaphrodites 
either occur at lower densities (H. nigricans, S. ti- 
grinus) or may not be as predictable spatially be- 
cause they depend on planktonic food sources that 
shift with current direction and are not easily de- 
fendable (S. tortugarum). 

Hermaphroditism is clearly being maintained 
by mechanisms other than spawning reciprocation 
in S. baldwini and S. fasciatus. Limited male mat- 
ing opportunities could stabilize some allocation 
to male function in small hermaphroditic individ- 
uals and provide an alternative mechanism for 
maintaining simultaneous hermaphroditism. Giv- 
en the frequency of male matings by hermaphro- 
dites in S. fasciatus, the potential range of male 
investment leading to an evolutionarily stable 

strategy was estimated to be 1-9% (Petersen 1985). 
Because of the significantly lower male spawning 
rate of hermaphroditic S. baldwini, the range of 
male allocation that could give equal marginal 
value for male and female function in hermaphro- 
dites is even lower. The differences in the frequency 
of spawning roles within and between these two 
species, combined with apparent differences in the 
number of transitional hermaphrodites and harem 
size, may provide us with important clues to the 
stability and evolution of this gender pattern. 
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