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Increased performance of offspring sired by
parasitic males in bluegill sunfish
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Males of many species are characterized by alternative mating tactics. In bluegill sunfish (Lepomis macrochirus), some males delay
maturation and become “parentals” while other males mature precociously and become “cuckolders.” Parentals use an overt,
territorial mating tactic, defending a nest and courting females. Cuckolders instead use a sneaking tactic to parasitize parentals. It
has previously been shown that parentals that are heavily cuckolded provide less care to their young, yet females do not appear to
discriminate against cuckolders, and they may actually release more eggs when a cuckolder is present than when spawning only
with a parental. Here I examined growth rate of fry of known paternity through the yolk-sac stage of development using
complementary laboratory and field studies to assess a potential indirect benefit for females that mate with cuckolders.
Comparison of maternal half-siblings sired in vitro shows that cuckolder offspring grow faster and to a larger size than parental
offspring while feeding endogenously on their yolk sac. Because both food resource and maternal genes are equivalent across
treatments, these data indicate a genetic difference in growth between the two male life histories. In the field, fry from nests that
have proportionately more cuckolder offspring are larger when they emerge from the nest. This increased size can lead to
threefold higher survivorship for cuckolder offspring than parental offspring from Hydra canadensis predation, a major predator
of bluegill fry. These results are discussed in the context of mate choice for direct and indirect benefits and in the context of the
evolution of alternative mating tactics. Key words: bluegill sunfish, good genes, growth rate, indirect benefits, Lepomis macrochirus,

mate choice, mating systems. [Behav Ecol 15:327-331 (2004)]

ales of many species display alternative mating tactics

(Brockmann, 2001; Gross, 1996; Henson and Warner,
1997; Taborsky, 1998). In fish, these alternative tactics have
been broadly classified as a territorial “bourgeois” tactic,
whereby a male attempts to monopolize access to a female,
and a nonterritorial “parasitic” tactic whereby a male attempts
to exploit the bourgeois male (Taborsky, 1997). Bourgeois
males often provide parental care to the young in their
territory and may reduce their care when parasitic males are
successful at stealing fertilization during spawning (Trivers,
1972; Westneat and Sherman, 1993). In such cases, females
pay a direct cost when their eggs are sired by parasitic males,
and therefore females should avoid parasitic males when
spawning.

Recent evidence from Atlantic salmon (Salmo salar) suggests
that parasitic males have genes conferring a faster growth rate,
at least during early development, than bourgeois males
(Garant et al., 2002). Because growth rate is an important
component of survivorship in fish (Miller et al., 1988; Toneys
and Coble, 1979), females might obtain an indirect benefit by
mating with parasitic males (also see Garant et al., 2003).
Furthermore, because males in Atlantic salmon provide no
parental care, females should actually prefer to mate with
parasitic males. In contrast, in mating systems where
bourgeois males provide parental care, such as the bluegill
sunfish (Lepomis macrochirus), a female would have to trade-off
genetic benefits from parasitic males with reduced parental
care by bourgeois males (sensu Alatalo and Ritti, 1995;
Shellman-Reeve and Reeve, 2000). In this study I examined
the genetic basis of growth rate in offspring of bourgeois and
parasitic males of the bluegill sunfish as a potential indirect
benefit for female mate choice.

Male bluegill are characterized by alternative mating tactics
referred to as “parental” and “cuckolder” (Gross, 1982;
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Gross and Charnov, 1980). In Lake Opinicon (southeastern
Ontario; 44°16°N, 76°30°W), parentals mature at age 7 years
and compete to construct nests in densely packed colonies
during the breeding season (May-July). Nesting males court
and spawn with females over the course of a single day and
then provide sole parental care for the developing young in
their nests (Gross, 1982). The care period last 7-10 days and
involves fanning and defending the eggs until they hatch (2-3
days) and then defending the fry until they leave the nest (5-
7 days). The care is critical for survival of the young. In
contrast, cuckolders are parasitic males that mature pre-
cociously and steal fertilizations in the nests of parentals
through two tactics: “sneakers” are young cuckolders aged 2—
3 years that dart into nests during female egg releases; and
“satellites” are older cuckolders aged 4-5 years that express
female color and behavior and appear to deceive parentals
into identifying them as a second female in the nest
(Dominey, 1980, 1981; Gross, 1982; Neff and Gross, 2001).
Cuckolders die before they ever reach the size of mature
parentals, and there is no evidence that they ever become
parentals themselves (Gross, 1982).

Nest-tending parentals that are cuckolded more provide
less care to their young and are more likely to partially
cannibalize or even abandon their brood (Neff, 2003; Neff
and Gross, 2001). Thus, in bluegill, females pay a direct cost
from cuckoldry. However, cuckolders are excellent sperm
competitors, fertilizing some 80% of the eggs that females
release when they successfully intrude into a parental’s nest,
and females do not appear to prevent intrusions (Fu et al.,,
2001). Furthermore, females may release up to three times as
many eggs when a cuckolder is present than when they spawn
alone with a parental (Fu et al.,, 2001). This suggests that
females may be exercising a cryptic form of choice (sensu
Eberhard, 1996), preferring to mate in the presence of
cuckolders.

In this study I examined the performance of offspring sired
by parentals and cuckolders to determine if there is an indirect
benefit for females that mate with cuckolders. Specifically, I
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examined the growth rate and survivorship of fry using three
approaches. First, I used maternal half-sibs sired in vitro to
quantify the genetic contribution to growth rate from parentals
and cuckolders. Growth rate was examined during the yolk-sac
stage of development (i.e., before exogenous feeding). Thus,
both parental and cuckolder offspring have equivalent energy
sources from which to grow (the yolk sac from the egg), and
any difference can be attributed to paternal genes (Barber and
Arnott, 2000). Second, I used genetic markers to quantify
natural rates of cuckoldry in the field and related this to the
growth rate of parental and cuckolder offspring. Third, I
quantified size-dependent predation on fry by Hydra canaden-
sis, one of the most important predators on fry that emerge
from the colony (Elliott et al., 1997).

METHODS
In vitro fertilization and growth rate

My assistants and I collected 18 fish (6 each of females,
parentals, and cuckolders [4 sneakers and 2 satellites]) from
a natural colony in Lake Opinicon shortly after spawning
commenced in June 2000. Parentals were selected haphaz-
ardly from the colony, and cuckolders and gravid females were
collected from the water column immediately above the
colony. We collected eggs from each female by applying gentle
pressure to the abdomen. Approximately equal numbers of
eggs (40-50) were placed into two rearing dishes (1 1)
containing 50 ml of water. A female was alternated between
the two dishes twice during the collection so that about one-
quarter of the eggs were placed into any one dish at a time.

We collected sperm from either a cuckolder or a parental
using a 2-ml syringe (by applying gentle pressure to the gonad
region) and used the sperm to fertilize the eggs. The life
history of the first male was alternated in each successive trial.
Males were used only once and females were used twice, once
for a parental sample and once for a cuckolder sample. The
sperm-egg-water mixture was left for 2 min, after which the
dishes were filled with lake water. We placed a small air
bubbler in each dish to ensure ample oxygen was present in
the water. I conducted 30% water changes every 12 h at 0800 h
and 2000 h each day. After 8 days, at the end of endogenous
feeding, we collected the fry from each dish and preserved
them in 70% ethanol.

My assistants later chose 10 fry haphazardly from each cross
(120 fry total), and each fry was photographed using a digital
camera. NIH imaging software was then used to calculate the
total length of each fry. My assistants also measured the size of
the eye by taking orthogonal measurements (length and
width) intersecting the center of the eye. Eye area was
calculated assuming the eye was an ellipse from the formula:
n X length X width. I used eye area as another measure of body
size and as an indication of visual acuity (Walton et al., 1994,
1997). The sire identity of each sample was unknown to the
photographer and measurer. Following Welch et al. (1998), I
used ANOVA with either body length or eye area as the
dependent variable, sire life history (parental or cuckolder) as
the independent variable, and family (i.e., mother’s identifi-
cation) as a random factor.

Cuckoldry and growth rate in the field

During the breeding season of 1999, my assistants and I
collected a sample of 29 bluegill nests from colonies in Lake
Opinicon and our experimental pool facility (see Fu et al,,
2001). At the end of the care period (shortly before the fry
“swim-up” and leave the nest), fry were uniformly sampled
from not less than five places within each nest and preserved
in 70% ethanol. We also took a small sample of the nest-
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tending parental’s caudal fin. We used microsatellite genetic
markers to calculate each parental’s paternity following
methods outlined in Neff (2001). Because of the complex
mating system, with multiple males and multiple females
spawning in each nest, parent-offspring relationships could
not be conclusively established. The parentage models instead
identify proportions of young sired by each candidate parent
(see Neff et al., 2000).

For up to 46 fry from each nest, my assistants measured
body length and eye area as above and averaged the
measurements. I examined the relationships between these
averages and proportion of brood fertilized be cuckolders
using linear regressions.

Size-dependent survivorship

My assistants and I quantified size-dependent survivorship of
bluegill fry using Hydra canadensis as a predator. Hydra was
selected because they kill an average of 20% of the fry that
emerge from the colony (Elliott et al., 1997). We collected fry
from seven nests during the breeding season of 2002, brought
them back to the field laboratory, and placed them in 10 1
aquariums. Each brood (nest) was kept together in its own
aquarium, and once the fry began feeding exogenously (i.e.,
once they swim up off the bottom), they were fed frozen and
fresh daphnia ad libitum. Broods were kept in aquarium for
up to 10 days to provide fry of increasing body sizes.

We then collected Hydra from macrophytes (Myriophyllum
spicatum) near the colonies from which the fry were originally
collected. We placed 20 Hydra into each of 4 rectangular
containers (20 X 15 X 10 cm) filled with 750 ml of lake water
and left them for approximately 24 h at room temperature.
The Hydra typically attached themselves to the sides or bottom
of the container and began to forage by extending their
tentacles. An additional four containers were also set up
without Hydra to serve as controls.

A trial began at 1000 h EST when 20 fry (from the same
brood) were introduced into each of the predator and control
containers. The containers were left undisturbed for 24 h and
were exposed to a natural light cycle (indirect light from
a nearby window). We measured 10 other fry from the brood
to the nearest 0.01 mm using a dissecting microscope with an
ocular micrometer. We averaged these measurements to
provide an estimate of the mean body size of the fry within
the experimental containers. At the end of the 24-h period,
we determined the number of fry consumed by Hydra by
counting the number of black Hydra (indicative of fry
consumption: Elliott et al., 1997) as well as the number of
missing fry. These two counts were always consistent. We also
counted and averaged the number of dead fry in the control
containers. Survivorship was then calculated in each of the
Hydra containers from (mean number of surviving fry in
controls — number of fry consumed by Hydra) /mean number
of surviving fry in controls. At the end of the trial we released
all fry from the brood back into the lake. The experiment was
repeated for a total of seven different broods and fry body
sizes, and linear regression was used to compare the relation-
ship between body length (logarithm transformed) and mean
survivorship.

The density of fry and Hydra around colonies in Lake
Opinicon at swim-up was estimated by Elliot and colleagues
(1997) to be 22.5 and 25.5 per 750 ml, respectively. Thus, the
densities in this experiment closely matched those found in
nature.

All statistics were performed using SPSS (version 10).
Analysis of variance utilized type III sums of squares. All
means are reported plus or minus one standard error and all
p values are from two-tailed tests.
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RESULTS
In vitro fertilization and growth rate

For fry length, the ANOVA revealed a significant difference
among families as well as a significant effect of sire life history
(family: F5 5 = 6.3, p = .03; life history: Fy 5 = 10.7, p = .02;
family X life history: F5108 = 1.7, p = .13). Fry sired by
cuckolders were longer than fry sired by parentals (Figure 1A).
For fry eye area, the ANOVA revealed no difference among
families, but a significant effect of sire life history (family: F; 5 =
3.2, p=.11; life history: I} 5 = 9.4, p = .03; family X life history:
5108 = 1.8, p = .12). Fry sired by cuckolders had larger eyes
than fry sired by parentals (Figure 1B).

Cuckoldry and growth rate in the field

There was a positive relationship between the proportion of
cuckolder offspring in a nest and the average body length of
the fry (* = .17, n = 29, p = .03; Figure 2). From the
regression, the mean length of parental offspring at swim-up
(i.e., when they leave the nest) is predicted to be 4.37 mm
(Pr. = 0), and the mean length of cuckolder offspring is pre-
dicted to be 5.29 mm (Pr. = 1). Thus, cuckolder offspring are
predicted to be 21% longer (= [5.29 — 4.37]/4.37) than
parental offspring when they leave the nest.

Although there was also a positive relationship between the
proportion of cuckolder offspring and the average eye area,

this result was not significant (#* = .10, n = 29, p = .10).

Size-dependent survivorship

The mean number of fry that died within the control
containers ranged from 0.5 to 4.75. There was no relation-
ship between the mean number of fry that died and the
mean fry size (# =.001, n =17, p = .94). Within the Hydra
predation treatments, however, larger fry had significantly
higher survivorship (Figure 3). Linear regression revealed
a highly significant relationship between fry length and
survivorship (r* = .79, n = 7, p < .01). The equation of the
line was survivorship = 3.83 X logjo(length) — 2.32. Using
this equation and the predicted sizes of parental (4.37 mm)
and cuckolder (5.29 mm) fry from the field, the survivorship
is predicted to be 0.13 and 0.45 for the two types of
offspring, respectively. Thus, cuckolder fry are predicted to
have over three times higher survivorship than parental fry
(0.45/0.13 = 3.46).

From the in vitro fertilization experiment, parental fry were
5.15 mm and cuckolder fry were 5.39 mm. Based on these data
and the size-dependent survivorship equation above, the
survivorship is predicted to be 0.41 and 0.48 for parental and
cuckolder offspring, respectively. Thus, in this case, cuckolder
fry are predicted to have 17% higher survivorship than
parental fry (0.48/0.41 = 1.17). This latter calculation may
be more reliable than the calculation based on the field data
because it involves less extrapolation of the survivorship
equation to a body size below the minimum tested (i.e., below
5.48 mm).

DISCUSSION

I have shown that the parasitic life history of bluegill sunfish
(cuckolders) produce offspring that grow faster before
exogenous feeding as compared with the parental life history.
These differences can be attributed to paternal genetic effects
(see Barber and Arnott, 2000). Thus, cuckolder offspring
appear inherently better able to metabolize nutrients in their
yolk sac, converting them into somatic tissue. Increased growth
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Figure 1

Summary of the in vitro fertilization experiment. Fry sired by
cuckolders were on average 5% longer (A) and had 15% larger
eyes (B) compared with fry sired by parentals. The bars represent
averages (+SE) of all fry from each treatment (n = 120).

during early development is particularly important for survivor-
ship in bluegill because fry experience strong size-dependent
predation from Hydra canadensis. Hydra congregate on macro-
phytes around colonies and use stinging tentacles to capture
prey. In Lake Opinicon, they are estimated to kill an average of
20% of the fry that emerge from the colony (Elliott et al.,
1997). I have shown here that the increased size of cuckolder
offspring at the time they emerge from the colony may confer
upward of a threefold increase in survivorship (estimated
range 1.17-3.46) from Hydra predation alone.

Increased juvenile size can also increase survivorship
through size-dependent feeding and starvation (e.g., Par-
tridge and DeVries, 1999) and size-dependent overwinter
mortality (e.g., Oliver et al., 1979; Toneys and Coble, 1979).
Miller and colleagues (1988) developed a general model for
fish to estimate the probability of starvation based on body
length. Using their model, the 21% increase in body size of
cuckolder offspring calculated here from the field data is
predicted to lead to a 30% lower susceptibility to starvation.
Cargnelli and Gross (1996) further showed that larger young-
of-year can have considerably higher survivorship over the first
winter as compared to smaller individuals. Thus, cuckolder
offspring may have considerably higher survivorship, at least
during the first year of life.

It is unclear if the increased growth of cuckolders persists
through to maturation. It is known that cuckolders grow
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Regression analysis of cuckoldry rate and mean offspring length in
the field. There was a positive relationship between the proportion
of cuckolded offspring found in a nest and the average fry length.

slower after maturation than parentals of similar age (but still
immature; Gross, 1982; Gross and Charnov, 1980). No doubt
maturation is costly as cuckolders invest considerable energy
into gonad development and mating effort, and this likely
explains the difference (Gross, 1982). However, based on back
calculations of growth from an analysis of scales, Gross (1982)
was unable to detect a difference between growth rates of
cuckolders and parentals. This may be because heritability of
life history in bluegill is low or environmental variation
dominates growth patterns, masking any genetic effect.

Three additional analyses could provide further insight into
differences in growth and survivorship of parental versus
cuckolder offspring. First, it is unknown if cuckolder and
parental offspring have differences in their predation
avoidance abilities independent of body size. The Hydra
experiments used fry of known size, but of mixed parentage.
Thus, it is possible that cuckolder offspring could be more or
less susceptible to Hydra predation independent of their body
size. Given that visual acuity increases with eye size (Walton
et al.,, 1994, 1997) and that cuckolder offspring had larger
eyes, it is conceivable that these individuals are better able to
detect and avoid Hydra than parental offspring.

Second, the size of fry from the in wvitro fertilization
experiment differed from those predicted from the field
data, independent of sire life history. Fry were larger in the
laboratory experiment (cuckolder, 5.39 vs. 5.29 mm; parental,
5.15 vs. 4.37 mm). This variation may be attributed to
differences in rearing temperature. The fry reared in natural
nests experienced lower temperatures ranging from 17 to
22°C, while the fry reared in the laboratory were kept at room
temperature, which ranged from 20 to 28°C. Dissolved oxygen
concentrations in the water may also have contributed to the
differences in size because the water in the in vitro experiment
was actively aerated. Lower temperature and oxygen concen-
tration are both known to reduce metabolic and growth rate
(e.g., Claramunt and Wahl, 2000; Matschak et al., 1998), but
the specific effects on the experiments conducted here are
unknown.

Third, in the field cuckolders might preferentially spawn in
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Size-dependent predation of Hydra on bluegill fry. Larger fry were
less likely to be killed and consumed by Hydra under experimental
conditions. Each data point represents an average of four trials.

nests that are in warmer water, have higher dissolved oxygen
concentrations, or that attract higher quality females. Thus, on
average, their offspring may experience better rearing con-
ditions or benefit from greater maternal effects than parental
offspring. This could contribute to the positive relationship
found between cuckoldry rates and mean offspring size in
natural nests. However, cuckoldry is known to reduce the
fanning rate of nest-tending parental males (Neff and Gross,
2001), which could instead reduce growth rate of the
developing young. It would be interesting to compare the size
of parental offspring in nests with high versus low rates of
cuckoldry. Nevertheless, the in vitro fertilization experiment
clearly demonstrates a genetic basis to the difference in
growth rate, albeit our analysis was based on a small sample
of 12 sires.

In Atlantic salmon, Garant and colleagues (2002) found
similar results, with offspring of precocious, parasitic males
growing faster during the yolk-sac stage of development than
offspring of the considerably larger anadromous males. They
were able to rule out maternal effects because each brood was
spawned by a single female but fertilized by multiple males.
Ryan and colleagues (1992) also have suggested a genetic
difference in growth rate between alternative life histories in
swordtail fish. However, unlike the bluegill mating system,
these other two systems do not have paternal care. Thus, in
bluegill, spawning females must make complex choices
between the potential genetic benefit of increased offspring
growth obtained by mating with cuckolders and the direct
benefit of increased paternal care obtained by mating with
parental males. Females of many bird species have been
shown to make similar choices trading off the direct benefit of
paternal care from their social mate with genetic benefits
obtained through extrapair fertilizations (Alatalo and Ritti,
1995; Johnsen et al., 2000; Shellman-Reeve and Reeve, 2000).

Finally, the data presented here could have consequences for
understanding the evolution of alternative life histories. If the
increased growth rate of cuckolder offspring confers higher
survivorship to maturation, then parental offspring would have
to have higher mating success to ensure equal fitnesses and
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evolutionary stability of the alternative life histories (Maynard
Smith, 1982). Conversely, the life histories might represent
a condition strategy whereby higher quality individuals adopt
the life history (and corresponding mating tactic) that confers
higher fitness (Gross, 1996). In this case equal fitnesses are not
required because all individuals in the population have the
same “decision” gene, and the decision is made based on an
individual’s status. The fact that cuckolder offspring grow
faster might lead to a greater proportion of them adopting the
cuckolder life history (see Hutchings and Jones, 1998).
However, the parental life history would be maintained in the
population through a combination of status and negative
frequency-dependent selection (Gross, 1996; Hunt and Sim-
mons, 2001). Although in bluegill it remains to be determined
whether the alterative life histories represent a conditional
strategy or alternative strategies, the predicted differential
survivorship calculated here can be used in calculations of
relative fitness (Gross and Charnov, 1980) and may help to
understand the mechanism underlying the alternative life
histories in bluegill.
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