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Abstract

In nest-building fish species, mature males often exhibit one of two alternative reproductive
behaviours. Bourgeois males build nests, court females, and guard their eggs. Parasitic
cuckolders attempt to steal fertilizations from bourgeois males and do not invest in parental
care. Previous evidence from the bluegill sunfish (Lepomis macrochirus) suggests that adult
males are morphologically specialized for these two tactics. Here, we used microsatellite
markers to determine genetic parentage in a natural population of the spotted sunfish
(L. punctatus) that also displayed both bourgeois and parasitic male morphs. As gauged
by relative investments in gonadal vs. somatic tissues, between 5 and 15% of the mature
adult males were parasites. Multi-locus genotypes were generated for more than 1400 embryos
in 30 nests, their nest-guardian males, and for other adults in the population. Progeny
in approximately 57% of the nests were sired exclusively by the guardian male, but the
remaining nests contained embryos resulting from cuckoldry as well. Overall, the fre-
quency of offspring resulting from stolen fertilizations was only 1.3%, indicating that the
great majority of paternity is by bourgeois nesting males. With regard to maternity,
87% of the nests had at least three dams, and computer simulations estimate that about
7.2 dams spawned per nest.
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Introduction

Organisms have evolved varied mating strategies in response
to selection pressures promoting reproductive success.
Differences between the sexes with regard to reproductive
behaviours have long been of interest (Darwin 1871; Fisher
1958), but recently, increased attention has been devoted
to mating tactics within a gender (Gibbs et al. 1990; Gross
1996; Henson & Warner 1997, Mauck etal. 1999). In
particular, the evolution and maintenance of alternative
reproductive strategies within a sex has received considerable
attention (see for example, Zimmerer & Kallman 1989;
Gross 1991; Lucas & Howard 1995).

Correspondence: Andrew DeWoody. *Present address: Institute
of Environmental and Human Health, Texas Tech University,
Lubbock, TX 79409, USA. Fax: 806 885-2132; E-mail:
andrew.dewoody®@tiehh.ttu.edu

© 2000 Blackwell Science Ltd

One such classic example of alternative mating strat-
egies among males involves the bluegill sunfish Lepomis
macrochirus (Gross 1979; Dominey 1980). For males
of reproductive age, individuals can be classified as
either bourgeois or parasitic based on behaviour, appear-
ance, and relative investments in gonadal vs. somatic
tissues (Gross & Charnov 1980; Taborsky 1997). Bourgeois
males build nests, court females, vigorously defend
eggs and juveniles from intruders, and have a low ratio
of testes to body size. Parasitic males steal fertiliza-
tions from bourgeois males via female mimicry or by
simply streaking through the nest and releasing gametes
while the bourgeois male is actively spawning with
a female (Dominey 1980; Gross 1982; Ehlinger et al.
1997). In some populations, as many as 85% of the
reproductively active males display the parasitic lifestyle
(Gross 1982).
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In theory, the relative success of the bourgeois strategy
may be related to the frequency of parasitic cuckolders in
the population (Gross 1991; Philipp & Gross 1994), if for
no other reason than that paternity by bourgeois males is
high when sneaker morphs are absent (Philipp & Gross
1994; DeWoody et al. 1998). Recently, we used microsatel-
lite markers to document parentage in a related species,
the redbreast sunfish (L. auritus). Roughly 40% of the
nests surveyed showed evidence of cuckoldry. However,
based on morphology and colouration, no male repro-
ductive parasites were observed in the study population
and bourgeois males sired over 90% of the embryos
surveyed (DeWoody et al. 1998). These findings suggest
that reproductive parasitism in L. auritus probably stems
from bourgeois males themselves.

Here, we document the existence of alternative male
reproductive strategies (bourgeois and parasite) in a popu-
lation of the spotted sunfish (L. punctatus). We suspected
that the presence of a cuckolder morph in the spotted sunfish
might result in even higher incidences of cuckoldry than
those found in the redbreast sunfish. We generate and
employ microsatellite data to document genetic parentage
for large numbers of embryos within numerous spotted
sunfish nests. These data permit estimates of cuckoldry
rates and the number of females who contributed to each
nest. They also prompt comparisons of these findings to
those for the redbreast sunfish likewise assayed from the
same stream in South Carolina (DeWoody et al. 1998).

Materials and methods

Field collections and laboratory technigues

Samples were collected in May and June 1998 from three
different sites (1, 2, and 3) in Fourmile Creek, a tributary
of the Savannah River (Fletcher et al. 2000). Guardian males
were captured on 29 nests, using techniques described in
DeWoody et al. (1998). Also collected (for identification of
parasitic males and allele frequency estimates) were a
total of 83 adult females and 44 reproductively mature
males that were collected indiscriminately from known
spawning areas. Embryos/larvae scooped from the nest
substrate were preserved in an ambient solution of 20%
DMSO/saturated NaCl.

The reproductive phenotypes of field-collected adult
males were categorized as either ‘bourgeois’ or “parasitic’
based on the gonadosomatic index (GSI; Jennings &
Philipp 1992a; Taborsky 1998), which is the weight of an
individual’s gonadal tissue expressed as a percentage of
total body weight. Often, the GSI for reproductive para-
sites is at least two times higher than those of bourgeois
males (see Gross 1982; Taborsky 1998). Thus, the GSI tends
to be strongly bimodal and nonoverlapping (Ehlinger
et al. 1997), thereby providing a clean demarcation between

individuals specialized for the two alternative reproduct-
ive tactics.

DNA was extracted by standard organic, Chelex,
or embryo extraction protocols (Manitatis et al. 1982;
Altschmied et al. 1997; DeWoody et al. 2000a). Embryos
were genotyped at two microsatellite loci (RB7 and RB20)
originally developed for Lepomis auritus (DeWoody et al.
1998), but in this case the primers were labelled with
fluorescent dyes. Reactions were electrophoresed in 4.5%
denaturing polyacrylamide gels on an ABI 377 automated
sequencer, and alleles were sized with respect to electro-
phoretic mobility. Genotypes were assigned using the
Genotyper (ABI) software package.

Genetic assessments of parentage

Utilizing the allele frequencies observed in the adult
population, computer simulations were employed to
estimate the mean sample sizes necessary to detect all
maternal contributions to the progeny array within a nest
(DeWoody et al. 2000b). These simulations suggested that
if no more than nine females contributed equally to a
nest, a sample of 49 embryos per nest would be sufficient
on average to detect the gametic contributions of each
dam. If fewer than nine females normally contributed to a
nest, smaller samples of offspring should suffice. Based
on the results of these a priori simulations, we genotyped
a mean of 48 embryos per nest.

Genotypes were scored for each embryo and its nest-
attendant male. Typically, most of the progeny within a
given nest proved to be either full- or half-sibs, so mater-
nal contributions to each embryo were readily deduced
by subtraction. The minimum number of dams contribut-
ing to a nest was tallied by taking the smallest integer
value greater than or equal to one-half the number of dif-
ferent maternal gametotypes represented in the progeny
array (e.g. DeWoody et al. 1998; Kellogg et al. 1998). Di-
locus matrix procedures (conceptually similar to Punnett
squares) assisted in reconstructing the relative contribu-
tions of different mothers to each nest (DeWoody et al.
2000c). To adjust the mininum number of dams toward
more realistic estimates of the true number of mothers
per nest, the computer simulations of DeWoody et al.
(2000b) were employed.

Results

Population characterization

Among 44 males (collected from all three sites) not
affiliated with the assayed nests, 42 (95%) were classified
by morphology as bourgeois, and only two (5%) as
potential reproductive parasites (Fig.1). Both of these
parasites were found at site 1 in Fourmile Creek, yielding
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an estimate of 15% for the frequency of parasitic sneaker
phenotypes at this specific locale. Because no parasitic
sneaker morphs were found at the other two sites (2 and
3), overall at least 85% of the reproductively mature,
nonterritorial males collected from all three sites in
Fourmile Creek appeared to be of the bourgeois ilk. Two
more parasitic cuckolders were also collected during the
course of broader fish collections, and GSIs for these fish
are included in Fig. 1 for illustrative purposes. However,
because those two parasites were captured during non-
targeted sampling of fish from the stream, they are not
included in the current frequency estimates. Nonetheless,
these general collections support the notion that parasitic
males are rare compared to bourgeois males.

The four individuals displaying the parasitic morpho-
logy were small [48, 51, 51, and 55 mm in standard length
(SL)], barely half the length of the nest-guarding males
collected (Table 1). They also were smaller than most
mature females in the population (mean SL =70; SD = 14,
range = 46-118). These parasites did not express any of
the sexually dimorphic characters (copper breast coloura-
tion, black pelvic fins, or enlarged ear tabs) typical of
bourgeois males. Body dimensions of the adult reprodu-
ctive parasites were similar to those of juvenile fish of
similar size. Many juveniles, however, were larger than
the parasites. Thus, the parasitic morph is not part of an
obligate ontogenetic state (sensu Jennings & Philipp 1992a)
as occurs in some minnows (Fletcher & Burr 1992).
Presumably, as juveniles destined to become bourgeois
males mature, they develop with age and size a deeper
body characteristic of the bourgeois morph.

The two microsatellite loci (RB7 and RB20) yielded 19
and 16 alleles, respectively, in our sample of 39 adults
collected near nests (Fig.2). Assuming that one parent
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(i.e. the father) is known with certainty, the average
single-parent exclusion probability (Selvin 1980) for the
two loci exceeded 0.95. Alternatively, when both parents
are unknown, the average parentage exclusion probability
(Garber & Morris 1983) is 0.88. In practice, these numbers
may underestimate the exclusionary power of the genetic
assays because not all alleles present in the sunfish
population were represented in our sample of adults; in
many progeny arrays, we detected maternally derived
alleles not present in the adult population sample. Thus, a
more exhaustive population survey would likely reveal
even more allelic diversity which could further increase
the exclusion probabilities.

Paternity

All of the surveyed progeny in 17 of the 30 nests (57%)
displayed multilocus genotypes that were consonant with
paternity by a single male, usually the guardian (Table 1).
[In nest #19, no guardian male was collected, but all
juveniles had genotypes consistent with a single sire.]
Thirteen of these 17 nests (76%) were from site 1, where
the sneaker morphs were captured, and four were from
the other two sites at which such sneaker phenotypes
were not found.

Low levels of cuckoldry were detected in the 13 other
nests (43%) surveyed (Table 1). For example, two of 47
embryos (4.2%) surveyed from nest #12 clearly were sired
by a male other than the nest attendant (Fig. 3). Overall,
of the 13 cuckolded nests, nine (69%) were from site 1. In
a statistical comparison between sites at which parasitic
morphs either were or were not found, the frequencies
of cuckolded nests were not demonstrably different
(binomial, P > 0.1).
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Table 1 Paternity and maternity in a population of the spotted
sunfish. Paternity refers to the number of embryos consistent
with the di-locus genotype of the guardian male (and standard
length is his size). The minimum number of dams was
determined by counts of maternally derived gametotypes in the
progeny. The estimated number of dams is an average of the
mean and the most likely number from the GAMETES and
HAPLOTYPES computer simulations (DeWoody et al. 2000b)

0.18

0.16
0.14
0.12

0.14
0.08+

RB7

Nest Site Standard Minimum  Estimated
no. no. length Paternity  no. of dams no. of dams
LP-1 1 104 570f58t 6 10.8
LP-2 1 109 500f 51t 6 11.8
LP-3 1 103 59 of 59 5 9.7
LP-4 1 131 55 of 55 5 8.0
LP-5 1 113 250f25% 3 3.3
LP-6 1 101 37 of 37 4 4.8
LP-7 1 103 47 of 47 6 12.7
LP-8 1 97 35 of 35 4 5.4
LP-9 1 84 46 of 46 1 1.0
LP-10 1 90 550f56§ 5 8.0
LP-11 1 95 54 of 54 6 11.5
LP-12 1 92 450f478 5 11.8
LP-13 1 100 520f541] 5 10.7
LP-14 1 87 880f89§ 4 5.8
LP-15 2 93 46 of 48§ 4 4.8
LP-16 2 91 47 of 47 2 2.1
LP-17 1 97 470f48§ 5 9.2
LP-18 1 98 41 of 42t 6 10.3
LP-19 1 no 45 of 45 4 4.3
guardian
LP-20 1 89 44 of 44 2 2.1
LP-21 1 81 500f51t 5 9.7
LP-22 1 131 46 of 46 5 7.2
LP-23 2 96 41 of 4419 4 5.8
LP-24 1 93 46 of 46 5 9.7
LpP-25 2 94 42 of 42 1 1.0
LP-26 2 109 42 of 42 5 6.7
LpP-27 2 129 580f591 5 11.0
LP-28 2 88 52 of 52 4 43
LP-29 2 122 46 0f 481§ 5 9.7
LP-30 1 101 170f17t 4 4.2
Mean —  100.7 472 0f48.0 4.37 7.2
StdDev — 13.49 11.8,120  1.38 3.52

*Nest not sired by attendant male, but most of the progeny are
consistent with paternity by a single male (suggesting a nest

takeover event; see text).

tEmbryos excluded on the basis of locus RB20 only; mutation

possible as an alternative explanation.

{Entire nest surveyed.
§Embryos excluded at both loci; cuckoldry.
{Embryos excluded on the basis of locus RB7 only; mutation

possible as an alternative explanation.

Despite the fact that roughly 43% of the nests con-

tained juvenilles which were genetically inconsistent
with the guardian male, paternity by the guardian male
was generally very high (Table 1). For example, the most
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Fig. 2 Allele frequencies for microsatellite loci RB7 and RB20 in
39 presumably unrelated Lepomis punctatus adults from Fourmile
Creek.

severe case of nonpaternity by any single resident bour-
geois male occurred in nest #23, where only three of 44
embryos (7%) were inconsistent with that attendant’s
genotype.

In one of the cuckolded nests (#15), none of the
embryos was sired by the attendant male. However, 46 of
those 48 embryos (96%) were consistent with paternity by
a single other hypothetical male. Of the two remaining
embryos from that nest, one was provisionally excluded
as an offspring of the primary sire on the basis of a single
locus, and the other was excluded at both loci. Thus, one
male (not the captured guardian) likely sired 46 of
the sampled offspring and a second male (a cuckolder
of the primary sire) fathered the other two embryos
assayed. Hence, the primary sire was expelled, departed,
or died, and nest #15 then was taken over by the captured
guardian.

In cases where exclusions were based on only one of
the two loci employed (e.g. preceding paragraph; Table 1),

© 2000 Blackwell Science Ltd, Molecular Ecology, 9, 2119-2128
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de novo mutations could account for some of the paternity
exclusions. However, using these same microsatellite
loci, DeWoody et al. (1998) argued (on the basis of known
patterns of microsatellite mutations) that single-locus
exclusions are more likely due to cuckoldry. Thus, in the
current context, we assume that all exclusions are due to
stolen fertilizations rather than mutations. Either way, the
fact remains that bourgeois nesting males generally sire
more than 98% of the juvenilles in the population.

Maternity

In each of two nests (#9 and #25), the progeny array
contained no more than two maternal alleles at a locus, or
four di-locus gametotypes. Thus, these nests appear to
have a single mother and father. Furthermore, the full-sib
progeny in each case were sired by the guardian male.
Within these nests (which perhaps were incomplete

© 2000 Blackwell Science Ltd, Molecular Ecology, 9, 2119-2128

with respect to spawning), all embryos were of the same
developmental phase. Nests #9 and #25 both contained
substantially fewer embryos (probably less than 300
individuals) than did most other nests (>500 embryos),
except nest #30 (see Table 1).

Two other nests were likely mothered by just two females
each. Nest #16 consisted of embryos from two different
dams, one of whom contributed approximately 69% of
the eggs (the other, 31%). Similarly, two dams contributed
to nest #20 in a ratio of 75:25. Table 2 illustrates the recon-
struction of maternal genotypes and estimation of repro-
ductive skew in nest #16.

In contrast, all other nests (26 of 30, or 87%) contained
more than four maternally derived gametes and, thus,
contained eggs from at least three dams (Fig. 4). Whereas
estimates for the minimum number of mothers are un-
ambiguous, the reconstruction of maternal genotypes
(and determining the true number of mothers) is often not
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Table 2 Maternal gametotypes and female reproductive skew in
nest LP16. One female (with genotype 125/129 at locus RB7,
236/272 at RB20) contributed 69% of the embryos surveyed from
the nest, and the other (di-locus genotype of 113/121, 248/284)
contributed the remaining 31%. Gametic phase disequilibria
were not significant

(RB20)

236 272 248 284
(RB7)
125 7 5
129 6 9
113 3 4
121 3 2

straightforward (Table 3). The ambiguity results from the
fact that as more parents contribute to a progeny array,
the probability that two or more parents share alleles
increases dramatically (Fiumera efal. 2001). Thus, we
used computer simulations to estimate the true number
of dams for each nest (DeWoody et al. 2000b,c). Results
are summarized in Fig. 4. In some cases, the estimated
number of dams was almost twice the minimum number
(Table 1).

Discussion

Theory suggests that the ‘optimal’ reproductive strategy
of any organism depends largely on the frequency
and success of all competing strategies in the population
(Gross 1991), which themselves may be partial functions
of ecological circumstance. In some species (such as
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Fig. 4 Distributions of the minimum (above) and estimated

(below) number of mothers per nest across the 30 surveyed nests
of Lepomis punctatus.

Lepomis macrochirus), alternative male reproductive strategies
are thought to be both genetic and obligatory (Dominey
1980; Gross 1982). In such cases, it follows that if parasitic
males can achieve reproductive success only by stealing
fertilizations from bourgeois males, then forces promoting

Table 3 One possible manner of organizing and interpreting the maternal gametotypes in nest LPO1. Based upon allelic counts, at least
six mothers contributed to this nest. In this representation, two of these mothers could have had di-locus genotypes 121/129, 280/330
and 145/193, 248/256 at RB7 and RB20, respectively. However, with these small cell sizes, the reconstruction of maternal genotypes
remains provisional. See DeWoody et al. (2000c) for a discussion of how sample sizes relate to genotypic reconstructions and

interpretations of such matrices

Locus RB20

280 330 248 256 240

288 284 264 244 260 300

Locus (RB?)
121 5 4

129 3 4 1

145 5 2

193 3 2 1

173
181
117
133
149
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‘stable” equilibria (e.g. perhaps frequency dependent mating
success) are required for the long-term maintenance
of both strategies in a population. The equilibrium
points may shift in time or space, but the long-term
persistence of both genetic strategies requires their
resistance to loss. Here, we interpret the current genetic
data in light of the two alternative reproductive beha-
viours (nest-tending and sneaking) also suspected to be
present in L. punctatus.

Male reproductive behaviour

In our study population of L. punctatus, 13 of 30 nests
showed evidence for reproductive parasitism, yet more
than 98% of the 1434 embryos surveyed were sired by the
bourgeois, nest-attendant males. In other words, despite
the moderate incidence of cuckoldry (43% of the nests),
less than 2% of the progeny could have stemmed from
reproductive parasitism by sneaker (or other) males.

Theory predicts that stable genetic equilibria between
competing reproductive strategies can occur when (in this
case) the lifetime fitness of parasitic sneakers and bour-
geois males are equal to the proportions of eggs they each
fertilize (Gross 1991; Berglund 1997). In our study sites at
Fourmile Creek, between 5 and 15% of the reproductively
mature males in our samples were of the parasitic morph.
These estimates are only modestly larger than the
suspected frequency of progeny (1.3%) that might have
been conceived by parasitic sneakers. Thus, with current
data, we cannot entirely eliminate the possibility that the
coexistence of bourgeois and parasitic males in our popu-
lation of L. punctatus is an example of a mixed evolution-
arily stable strategy (ESS; Maynard Smith 1982) governed
by a genetic polymorphism for parasitic vs. bourgeois
lifestyles. A similar suggestion has been made by Gross
(1991) for L. macrochirus.

Alternatively, the sneaker vs. bourgeois morphs in
L. punctatus might result from environmental influences
to which embryos, fry, or young adults are exposed,
perhaps triggering ontogenetic switches. If so, any genetic
underpinning for the sneaker/bourgeois dichotomy might
be reflected as a scope for developmental plasticity rather
than a hardwired genetic polymorphism (Ehlinger ef al.
1997). Perhaps such possibilities could be tested empiric-
ally by rearing fry under controlled laboratory conditions,
as has been done to document developmental plasticity
for distinct trophic morphs in some cichlid fishes (see Sage
& Selander 1975; Turner & Grosse 1980; Meyer 1987).

Female reproductive behaviour

Compared to male sunfish, less is understood about the
reproductive ecology of females. It is known that female
sunfish often distribute their eggs among several nests
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(Gross 1991), and that a female may spawn with the same
male in temporally discrete reproductive bouts (DeWoody
etal. 1998). However, if a large number of females
typically spawn in a nest, reconstruction of precise maternal
genotypes within a progeny array is difficult even with
highly polymorphic microsatellite markers, and it is seldom
possible to be certain of the exact number and contributions
of dams for each nest (Table 3; DeWoody et al. 2000a,c).

Nonetheless, it is clearly the case in our study popula-
tion that multiple females often contributed eggs to a nest
(Fig. 3). Indeed, only two of 30 nests contained embryos
from a single female. The difference between the mini-
mum and the true number of females to spawn in a nest
depends upon the variability of the markers employed
to infer maternity (DeWoody et al. 2000b), and the two
estimates may differ substantially (Fiumera et al. 2001;
Table 1). In the present study, however, as many as six
different females demonstrably spawned in particular
nests, and the computer simulations suggest that the true
number sometimes may exceed a dozen females per nest.
This notion is reinforced by the fact that we based our
sampling regime on the assumption that fewer than
10 females spawned (on average) in each nest. Had we
accounted for more females in our initial simulations
(and thus sampled more progeny per nest), estimates of
the number of females spawning in each nest might be
even larger (DeWoody et al. 2000b).

In many fish species, females are attracted to larger
males, such that one potential predictor of both male and
female reproductive success is body size (Jennings &
Philipp 1992b). In the present study, the standard lengths
of nest-tending males were regressed against both the
minimum and the estimated numbers of dams who con-
tributed to their nests. Although the regression slopes
were positive and in a direction suggestive of female
preference for larger males, they did not reach levels of
statistical significance (Fig. 5).

Interspecific comparisons and environmental factors

Parentage patterns in the spotted sunfish from Fourmile
Creek are strikingly similar to those of redbreast sunfish
sampled from the same drainage. Thus, based on directly
comparable genetic assays and analysis procedures for
the two species, the documented (minimum) mean number
of dams per nest was 3.7 in the redbreast sunfish, and 4.4
in the spotted sunfish. Likewise, the incidences of cuckoldry
(proportions of nests with at least some progeny not sired
by the attendant male) were 40% and 43%, and the over-
all percentages of offspring resulting from cuckoldry were
roughly 10% and 2% in the two respective species. Nest
takeovers (Taborsky 1994) also were observed in both species.

One apparent difference between the redbreast and
spotted sunfish is that morphs specialized for the male
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reproductive parasitic tactic are not reported in L. auritus.
For the bluegill sunfish, Philipp & Gross (1994) suggested
that reproductive parasitism is directly proportional to
sneaker densities. However, the similarities between the
redbreast and spotted sunfish with regard to paternity in
Fourmile Creek suggest that cuckoldry rates are influ-
enced by factors in addition to sneaker density.

For L. auritus, nonpaternity by attendant males appears
to increase as a function of nest density (as opposed to
sneaker density), suggesting that the former is a key com-
ponent of cuckolder success (Fletcher et al. 2000). This
hypothesis is supported by the fact that guardian males

steal fertilizations from nearby nesting males when
opportunities arise (Jennings & Philipp 1992b; DeWoody
et al. 1998; Taborsky 1998). Why do males build colonies if
their paternity assurance decreases with increasing nest
density? Of course, high nest densities are a double-edged
sword for males, so one possibility is that certain males
also may benefit from colonial nesting by virtue of their
added scope for fatherhood via cuckoldry of neighbours.

Another set of possibilities relates to potential advant-
ages for females. Coloniality may benefit females because
of reduced predation (perhaps a dilution effect, or joint
defence), less male sexual harrassment, and/or better
opportunities for mate choice (Berglund 1997; Danchin &
Wagner 1997). In some fish and bird species, females
(rather than males) choose mating sites and female activity
can determine which nest sites are desirable (Warner 1987;
McKaye et al. 1990; Warner 1990; Stauffer et al. 1995; Wagner
et al. 2000). Thus, colonialism may be a male response
to intersexual selection pressure operating via female
choice (Danchin & Wagner 1997; Henson & Warner 1997).

In L. auritus, nests in colonial settings contain, on aver-
age, progeny from more females than do solitary nests
(DE Fletcher, unpublished data). This fact may contrib-
ute to male tolerance for colonial spawning in the face of
increased cuckoldry pressure. However, the results from
generally solitary nesting L. punctatus (Carr 1946; present
study) suggest that the nearest-neighbour distance had
little effect on the number of mates (data not shown) and
that most nest-building males in Fourmile Creek, regard-
less of proximity to other bourgeois males, regularly
spawn with at least half a dozen females.

Conclusions

In summary, as gauged by morphological evidence, spotted
sunfish in Fourmile Creek display two distinct male
mating strategies (bourgeois and parasitic). The genetic
data demonstrate that a great preponderance of paternity
is by the bourgeois (nest-attendant) strategy, and that
most nests are mothered by multiple (>5) dams. These
conclusions about genetic parentage are remarkably
similar to those for redbreast sunfish studied at the same
site. Further research is required to determine if the
bourgeois/parasitic polymorphism in the spotted sunfish
is genetically ‘hard-wired’ or, alternatively, reflects a
developmental or behavioural switch.

Acknowledgements

We thank Anthony Fiumera, Beth McCoy, Devon Pearse, Brady
Porter, David Queller, Jay Stauffer, Jr., and DeEtte Walker for
useful comments on the manuscript. Work was supported by the
Pew Foundation, by funds from the University of Georgia, and by
Financial Assistance Award Number DE-FC09-96S5R18546 between
the U.S. Department of Energy and the University of Georgia.

© 2000 Blackwell Science Ltd, Molecular Ecology, 9, 2119-2128



GENETIC PARENTAGE AND CUCKOLDRY IN SUNFISH 2127

References

Altschmied J, Hornung U, Schlupp I, Gadau J, Kolb R, Schartl M
(1997) Isolation of DNA suitable for PCR for field and labor-
atory work. Biotechniques, 23, 228-229.

Berglund A (1997) Mating systems and sex allocation. In: Beha-
vioral Ecology of Teleost Fishes (ed. Godin J), pp. 237-265. Oxford
University Press, Oxford.

Carr MH (1946) Notes on the breeding habits of the eastern
stumpknocker, Lepomis punctatus punctatus (Cuvier). Journal of
Florida Academy of Sciences, 9, 101-106.

Danchin E, Wagner RH (1997) The evolution of coloniality: the
emergence of new perspectives. Trends in Ecology and Evolu-
tion, 12, 342-347.

Darwin C (1871) The Descent of Man, and Selection in Relation to
Sex. John Murray, London.

DeWoody JA, DeWoody YD, Fiumera AC, Avise JC (2000b) On
the number of reproductives contributing to a half-sib progeny
array. Genetical Research (Cambridge), 75, 95-105.

DeWoody JA, Fletcher DE, Wilkins SD, Avise JC (2000a) Micro-
satellite analyses of parentage and nest guarding in the
tessellated darter (Pisces: Percidae). Copeia, 2000, 740-747.

DeWoody JA, Fletcher DE, Wilkins SD, Nelson WS, Avise JC
(1998) Molecular genetic dissection of spawning, parentage,
and reproductive tactics in a population of redbreast sunfish,
Lepomis auritus. Evolution, 52, 1802-1810.

DeWoody JA, Walker D, Avise JC (2000c) Genetic parentage
in large half-sib clutches: theoretical estimates and empirical
appraisals. Genetics, 154, 1907-1912.

Dominey W] (1980) Female mimicry in male bluegill sunfish — a
genetic polymorphism? Nature, 284, 546—548.

Ehlinger TJ, Gross MR, Philipp DP (1997) Morphological and
growth rate differences between bluegill males of alternative
reproductive life histories. North American Journal of Fisheries
Management, 17, 533-542.

Fisher RA (1958) The Genetical Theory of Natural Selection. 2nd
edn. Dover, New York.

Fiumera AC, DeWoody YD, DeWoody JA, Asmussen MA, Avise JC,
(2001) Accuracy and precision of techniques to estimate the
number of parents contributing to a half-sib progeny array.
Journal of Heredity, in press.

Fletcher DE, Burr BM (1992) Reproductive biology, larval
description, and diet of the North American bluehead shiner,
Pteronotropis hubbsi (Cypriniformes: Cyprinidae), with com-
ments on conservation status. Icthyological Explorations of
Freshwater, 3, 193-218.

Garber RA, Morris JW (1983) General equation for the average
power of exclusion for genetic systems of # codominant alleles
in one-parent and in no-parent cases of disputed parentage.
In: Inclusion Probabilities in Parentage Testing (ed. Walker RH),
pp- 277-280. American Association of Blood Banks, Arlington
Virginia.

Gibbs HL, Weatherhead PJ, Boag PT et al. (1990) Realized repro-
ductive success of polygynous red-winged blackbirds revealed
by DNA markers. Science, 250, 1394-1397.

Gross MR (1979) Cuckoldry in sunfishes (Lepomis: Centrarchidae).
Canadian Journal of Zoology, 57, 1507—-1509.

Gross MR (1982) Sneakers, satellites, and parentals: polymorphic
mating strategies in North American sunfishes. Zietschrift Fur
Tierpsychologie, 60, 1-26.

Gross MR (1991) Evolution of alternative reproductive strat-
egies: frequency-dependent sexual selection in male bluegill

© 2000 Blackwell Science Ltd, Molecular Ecology, 9, 2119-2128

sunfish. Philosophical Transactions of the Royal Society of London
B, 332, 59-66.

Gross MR (1996) Alternative reproductive strategies and tactics:
diversity within sexes. Trends in Ecology and Evolution, 11, 92—-98.

Gross MR, Charnov EL (1980) Alternative male life histories in
bluegill sunfish. Proceedings of the National Academy of Sciences
of the USA, 77, 6937-6940.

Henson SA, Warner RR (1997) Male and female alternative
reproductive behaviors in fishes: a new approach using inter-
sexual dynamics. Annual Review of Ecology and Systematics, 28,
571-592.

Jennings M]J, Philipp DP (1992a) Reproductive investment and
somatic growth rates in longear sunfish. Environmental Biology
of Fishes, 35, 257-271.

Jennings M]J, Philipp DP (1992b) Female choice and male com-
petition in longear sunfish. Behavioral Ecology, 3, 84—94.

Kellogg KA, Markert JA, Stauffer JR, Kocher TD (1998) Intra-
specific brood mixing and reduced polyandry in a maternal
mouth-brooding cichlid. Behavioral Ecology, 9, 309-312.

Lucas J, Howard RD (1995) On alternative reproductive tactics
in anurans: dynamic games with density and frequency-
dependence. American Naturalist, 146, 365-397.

Maniatis T, Fristch EF, Sambrook ] (1982) Molecular Cloning: A
Laboratory Manual. Cold Spring Harbor Publications, Cold
Spring Harbor, New York.

Mauck RA, Marschall EA, Parker PG (1999) Adult survival and
imperfect assessment of parentage: effects on male parenting
decisions. American Naturalist, 154, 99-109.

Maynard Smith J (1982) Evolution and the Theory of Games. Cam-
bridge University Press, Cambridge.

McKaye KR, Louda SM, Stauffer JR (1990) Bower size and male
reproductive success in a cichlid fish lek. American Naturalist,
135, 597-613.

Meyer A (1987) Phenotypic plasticity and heterochrony in
Cichlasoma managuense (Pisces, Cichlidae) and their implications
for speciation in cichlid fishes. Evolution, 41, 1357-1369.

Philip DR, Gross MR (1994) Genetic evidence for cuckoldry in
bluegill (Lepomis macrochirus). Molecular Ecology, 3, 563-569.

Sage RD, Selander RK (1975) Trophic radiation through poly-
morphism in cichlid fishes. Proceedings of the National Academy
of Sciences of the USA, 72, 4669—-4673.

Selvin S (1980) Probability of nonpaternity determined by multiple
allele codominant systems. American Journal of Human Genetics,
32,276-278.

Stauffer JR, Bowers NJ, McKaye KR, Kocher TD (1995) Evolu-
tionarily significant units among cichlid fishes: the role of
behavioral studies. In: Evolution of the Aquatic Ecosystem:
Defining Unique Units in Population Conservation (ed. Nielsen JL),
pp. 227-244. American Fisheries Society Symposium 17,
Bethesda, Maryland.

Taborsky M (1994) Sneakers, satellites, and helpers: parasitic and
cooperative behavior in fish reproduction. Advances in the Study
of Behavior, 23, 1-100.

Taborsky M (1997) Bourgeois and parasitic tactics: do we need
collective, functional terms for alternative reproductive beha-
viors? Behavioral Ecology and Sociobiology, 41, 361-362.

Taborsky M (1998) Sperm competition in fish: ‘bourgeois’ males
and parasitic spawning. Trends in Ecology and Evolution, 13, 222—
227.

Turner BJ, Grosse DJ (1980) Trophic differentiation in Ilyodon, a
genus of stream-dwelling goodeid fishes: speciation versus
ecological polymorphism. Evolution, 34, 259-270.



2128 J. A. DEWOODY ET AL.

Wagner RH, Danchin I, Boulinier T, Helfenstein F (2000) Colonies
of by products of commodity selection. Behavioral Ecology, 11,
572-573.

Warner RR (1987) Female choice of sites versus mates in a coral
reef fish, Thalassoma bifasciatum. Animal Behavior, 35, 1470-1478.

Warner RR (1990) Male versus female influence on mating-site
determination in a coral reef fish. Animal Behavior, 39, 540—548.

Zimmerer EJ, Kallman KD (1989) Genetic basis for alternat-
ive reproductive tactics in the pygmy swordtail, Xiphiphorus
nigrensis. Evolution, 43, 1298-1307.

J. Andrew DeWoody is a geneticist with a keen interest in natural
history. Before assuming his current faculty position, he was a
postdoctoral fellow in the Avise laboratory. Dean Fletcher and
Dave Wilkins are both ichthyologists who have long been interested
in fish mating systems. Mark Mackiewicz is a graduate student
in the laboratory of John Avise, where he hopes to continue
recent work on a variety of empirical and theoretical appraisals
of biological parentage and genetic mating systems in fishes.

© 2000 Blackwell Science Ltd, Molecular Ecology, 9, 2119-2128



