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Mechanisms of sexual selection
operating on body size in the

mosquitofish (Gambusia holbrooks)
DANA

MAR 12 1992

BIOMEDICAL LIBRARY

Collections in two natural populations of the mosquitofish, Gambusia holbrooki, were made to
determine whether the sexes associated nonrandomly based on body size, and laboratory ex-
periments were performed to identify mechanisms that could generate the observed field
patterns of association. In both populations larger females were associated with larger males.
However, the size distributions of males caught with and without females were not different.
Both gravid females and females that had released broods within the previous 24 h spent more
time near larger males in laboratory choice experiments. In contrast, males did not discriminate
between females on the basis of size or reproductive status in laboratory choice experiments,
and males did not attempt relatively more copulations with larger females when one male was
allowed to freely interact with two females. Body size differences and aggressive interactions
between males did influence the access of males to females, with larger males attempting more
copulations with females when two males were allowed to freely interact with one female:
aggressive interactions between males were frequent when males differed by <1.0 mm standard
length but were rare when males differed by >5.0 mm standard length. These results indicate
that female choice for larger males could contribute to generating the nonrandom associations
between the sexes that were observed in these two populations and that interactions between
males in the vicinity of females may additionally increase the mating advantages of larger males.

[Behav Ecol 3:1-12 (1992)]

he operation of sexual selection requires
that pairings of mates occur nonran-
domly, based on their phenotypes. Nonran-
dom associations of mates may occur in two
ways (Darwin, 1 871): interactions between in-
dividuals of one sex may cause some individ-
uals of that sex to have greater access to mates,
or individuals may choose mates that express
particular phenotypes. These two mechanisms
are not mutually exclusive and so may operate
simultaneously in a population (Bradbury and
Davies, 1987). Much of the motivation for
studying sexual selection is to understand the
evolution of elaborate morphological and be-
havioral characters that apparently reduce the
survival of their possessors but increase their
mating success (Bradbury and Andersson,
198'7). However, mechanisms of sexual selec-
tion may also affect the evolution of ecologi-
cally important characters. In fact, many mod-
els assume that mating preferences are initially
based on characters that indicate a mate’s vi-
ability (Fisher, 1958; Heisler, 1984, 1985;
Kirkpatrick, 1987; Kodric-Brown and Brown,
1984; Lande, 1981, 1982). The operation of
sexual selection may oppose or reinforce nat-

ural selection on these ecologically important
characters.

Mechanisms of sexual selection have been
fruitfully studied in many fish species in the
family Poeciliidae (reviewed in Meffe and
Snelson 1989). Males of many poeciliid spe-
cies express elaborate pigment and morpho-
logical characters that are used during court-
ship [e.g., dorsal fins of sailfin mollies (Poecilia
latipinna), extensions of caudal fin rays in
swordtails (Xiphophorus spp.), color patterns
in guppies (P. reticulata)], but males of many
other poeciliid species (e.g., Gambusia spp.)
do not express elaborate secondary sexual
characters (Farr, 1989). In those species lack-
ing elaborate secondary sexual characters, ag-
gressive interactions among males are thought
to primarily determine access to females (Farr,
1989). Larger males dominate smaller males
in aggressive interactions in the laboratory
(Caldwell and Caldwell, 1962; Hughes, 1985a;
Itzkowitz, 1971; Martin, 1975; McAllister,
1958). One study has reported that females
held in the absence of males for more than
30 days preferred to mate with larger males
(Hughes, 1985a). Thus, mechanisms of sexual
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selection may operate on body size in these
species. However, whether nonrandom asso-
ciations of mates based on body size occur in
nature and the relative importance of intra-
sexual interactions and mate choice in gen-
erating any field patterns are unknown.
Therefore, the goals of this study are (1) to
determine whether males and females asso-
ciate nonrandomly with respect to size in two
natural populations of the mosquitofish G.
holbrooki and (2) to evaluate experimentally
whether intrasexual interactions and mate
choice could potentially account for any ob-
served mate association patterns.

Study organism

Gambusia holbrooki is now recognized as a spe-
cies separate from G. affinis (Wooten et al.,
1988). G. holbrooki is a polygynous/polyan-
drous species. Males do not express elaborate
morphological characters used in courting fe-
males, and most males and females in popu-
lations are similarly pigmented. [Two to four
percent of males in most populations (McPeek
MA, unpublished data) display a melanistic
spotting pattern (Angus, 1989). The impor-
tance of the melanistic polymorphism to male
mating success will be considered in a future
publication (Walcott J and McPeek MA, in
preparation). The present paper considers only
the majority of males, which are pigmented
like females.] Like other poeciliid species, fer-
tilization is internal, with males using their
modified anal fins (gonopodia) to transfer
sperm to females (Rosen and Bailey, 1963).
Although courtship displays have been re-
ported, the vast majority of copulations result
from males forcibly inseminating females
(Martin, 1975; Peden, 1973). Females are
ovoviviparous, retaining fertilized eggs inter-
nally until offspring can live on their own
(Constantz, 1989). Males provide no parental
care. Females store sperm (Hildebrand, 1917),
and offspring in one clutch are often sired by
more than one male (Chesser et al., 1984). In
other poeciliid species the last male to mate
with a female fertilizes the majority of eggs in
her next brood (Constantz, 1984). The sexes
are dimorphic in size. Males do not grow much
after becoming sexually mature (Hughes,
1986; Turner, 1941). Females continue to
grow after becoming sexually mature, and
larger females produce more offspring per
clutch (McPeek MA, unpublished data; Rez-
nick, 1981; Yan, 1986; see Reznick and End-
ler, 1982, for guppies).

MATERIALS AND METHODS
Field patterns

To determine whether males and females as-
sociate nonrandomly in natural populations,
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I collected Gambusia individuals swimn
gether from two lakes in Highlands (
Florida, USA. Fish were collected fro:
Annie, a 35-ha lake on the Archbold

ical Station (27°12'35" N, 81°20'57"”

28 and 29 May 1990, and from Lake
1418-ha lake 8.3 km northwest of Lak«
(27°17'50" N, 81°18'00” W), on 30 Ma
Mosquitofish in these lakes breed from
to October (McPeek MA, unpublishe:
Both lakes support diverse fish faur
Werner et al., 1977, for data on Lake

I collected fish by slowly walking t
weedbeds in the lakes and using a D-fr:
net (largest dimension 30.5 cm) to capt
that were swimming together. All fisk
ming together were usually caught
method. Fish did not appear to be
disturbed while I made these collectio
regularly swam up to me, and male
attempted to copulate with females n
Also, fish did not appear to segregate
basis of size within the weedbeds. I my¢
the standard length (SL; length fron
snout to end of last vertebra) of each cz
individual with dial calipers and dete
its reproductive state. I recognized 1
the elaboration of the anal fin into
podium (Turner, 1941); females were
nized by the presence of a gravid spot
rear of the abdomen (Carlson, 1969;
1973). I categorized all other fish as ju
[Because >95% of mature females in t!
ulations were gravid at this time (McPe
unpublished data), few sexually matur
gravid females would have been misid:
as juveniles.]

To test whether males swimming v
males differed in size from males no
ming with females, I compared the s
tributions of all males collected wi
without females using a Kolmogorov-S
two-sample test (Daniel, 1978). Separa
yses were performed for the two lakes.
whether a relationship existed betwe
sizes of males and females swimming to
I performed polynomial least squares
sions of the SLs of the largest male and
in a group swimming together (Draf
Smith, 1981). I used polynomial regr
because inspection of standardized e
from linear regressions suggested no
relationships (Draper and Smith, 198
arate regressions were performed for -
lakes. (Regressions using the mean
males and females swimming togethue
quantitatively similar results.)

I also examined the size relationship:
of the same sex swimming together
relating the SL of the largest fish with
of the smallest fish and the range in ST
swimming together. All SLs were log



formed for this analysis, and Pearson’s Prod-
uct-Moment correlations were used (Sokal and
Rohlf, 1981). Because of small sample sizes,
I pooled data from both lakes for this analysis.

Choice experiments

The analyses of the field patterns indicated a
significant positive association between males
and females based on size (see below). This
relationship could result from males choosing
to associate with larger females, from females
choosing to associate with larger males, or
both. To test whether fish of one sex choose
to associate with larger fish of the other sex
and whether the female reproductive status
also influences mate choices, I performed the
following laboratory experiments.

All experiments except one were per-
formed in July 1990, and the final experiment
(identified below) was performed in April
1991. T used identical methods to handle fish
for experiments performed in 1990 and 1991.
I collected a large stock of males and gravid
females (>100 of each sex) for these experi-
ments from Lake Annie 4 days before the be-
ginning of the experiments. The sexes were
housed separately in 210-1 aquaria to reduce
aggression between males in the stock tanks
(Itzkowitz, 1971) and to prevent females from
being inseminated after releasing broods. The
bottom of each aquarium was covered by a
layer of sand, the natural substrate in both
Lake Annie and Lake June. I kept the fish at
30°-31°C on a 14 h: 10 h light : dark photo-
period (the light period began at 0600 h) and
fed them several times each day with Tetra
Min flake fish food.

All choice experiments were performed in
38-1 aquaria (50.8 cm long % 30.5 cm tall X
95.4 cm wide) that were divided on the long
dimension into three compartments by Plexi-
glas dividers. The two end compartments were
each 10.2 cm long, and the center compart-
ment was 30.4 cm long. I filled aquaria with
well water and covered the bottoms of all com-
partments with sand. Pieces of string were
taped vertically to the outside front and back
of each aquarium to delineate the two halves
of the center compartment, and black plastic
covered the outer surfaces of the back and
two end walls. Aquaria were illuminated with
two 40-watt fluorescent lights suspended 35
cm above the water’s surface.

Trials of the experiments consisted of plac-
ing a single fish in the center compartment
and a single fish in each of the end compart-
ments and recording for 10 min the time spent
by the center fish in each half of the center
compartment. I selected fish haphazardly from
the stock population to meet the size and re-
productive criteria specified by the treatments

of an experiment (given below). The fish in
the two end compartments were randomly as-
signed to the compartments in every trial. I
allowed fish to acclimate before trials for at
least 15 min. Trials were observed from be-
hind black plastic blinds and were conducted
between 0830 and 1500 h. Fish spent most of
the 10 min in all trials interacting with the
other fish through the Plexiglas dividers (fish
swimming together and males attempting to
copulate with females). This experimental de-
sign removes the effects of direct interactions
between fish of one sex on the choice of as-
sociation by fish of the other sex. The fish in
the center compartment demonstrated their
choices of association by spending signifi-
cantly more than 5 min in the half of the
center compartment next to one of the treat-
ment types.

I used individual fish only once in an ex-
periment. After being used in an experiment
fish were held in 38-1 aquaria until all trials of
that experiment were completed (1-2 days)
and then returned to the stock populations to
be used in other experiments. Therefore, I
used some fish in more than one experiment.
In all treatments of all experiments, I used
fish that covered the full size ranges for both
males and females in the stock populations:
male size range 16.9-29.5 mm SL, female size
range 21.5-42.1 mm SL.

Males choosing between gravid and

postpartum females

In this experiment I allowed a single male to
choose between a gravid female and a post-
partum female (i.e., 2 female that had released
a brood of young within the last 24 h) of sim-
ilar sizes. Females of other poeciliid species
are receptive to male sexual advances only
within 24-48 h after releasing broods (Farr,
1984; Farr and Travis, 1986; Kadow, 1954;
Liley, 1966). I checked the stock of gravid
females each morning for females that had
released broods within the previous day. These
females were identified by the lack of a gravid
spot and the greatly reduced abdominal size
(Carlson, 1969; Peden, 1973). I also removed
a gravid female of similar size (difference <1.0
mm SL) from the stock population and used
these two females as a pair in trials.

I used eight pairs of females in this exper-
iment. To evaluate the consistency of male
choice between the two females of a pair, three
males were tested with each pair of females
(24 males total were tested); i.e., a nested ex-
perimental design was employed. I chose the
three males tested with each female pair to
cover the range of male sizes in the stock pop-
ulation (i.e., a small, an intermediate size, and
alarge male) and tested themin random order
on the same day. These methods of choosing
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