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Disentangling Female Mate Choice and Male Competition in the

Rainbow Darter, Etheostoma caeruleum

Resecca C. FULLER

Sexual selection via female choice is assumed to be common in darters despite
few studies demonstrating the phenomenon. This study examines the breeding be-
haviors of the rainbow darter, Etheostoma caeruleum, and addresses the following
four questions: Do females exhibit mating preferences? Which behavioral variables
are good measures of female mating preferences? Which male behaviors are used
in the context of mating? How do female choice and male competition affect mating
success? In dichotomous choice tests, where females could choose between males
from two different populations, females performed a precopulatory behavior (no-
sedigs) significantly more often in front of males from Prairieville Creek than they
did in front of males from Seven Mile Creek. However, no pattern of choice was
detected when preference was measured as the amount of time Spent associated
with each male. When the animals were allowed to interact freely, males competed
aggressively over the female by chasing and attacking each other. Group spawns
occurred where two males mated simultaneously with the female. Male spawning
success was positively correlated with male guarding ability (the ability to prevent a
competing male from coming between himself and the female). However, there
were no significant correlations between overt aggression (chases and attacks) and
male spawning success or between female preference (measured in dichotomous
choice tests) and male spawning success. Male interactions, in the form of guarding,
appear to play a larger role in determining male mating success than does female

choice.

EXUAL selection, defined as differential re-
production owing to variation in the ability

to obtain mates, is thought to be common in
freshwater fishes, particularly those possessing
sexually dimorphic color patterns (Farr, 1989;
Ryan and Keddy-Hector, 1992; Seehausen and
van Alphen, 1998). Recent studies have focused
on the role of mating preferences in determin-
ing male mating success in fishes (reviews in An-
dersson, 1994; Dugatkin and FitzGerald, 1997;
although see Evans and Norris, 1996). Many of
these studies measure female choice using di-
chotomous choice tests in which the time spent
in association with a male is the measure of fe-
male preference. There are two problems asso-
ciated with such studies. First, it is unclear
whether such measures of choice indicate a
mating preference or simply a tendency to ag-
gregate. Second, these studies intentionally ex-
clude male/male competition so as not to ob-
scure patterns of preference. Although under-
standable, this leaves open the question of

whether female preferences can be realized in
the face of male/male competition.

Darters (Teleostei, Percidae) are a species-
rich group of North American freshwater fishes
(162 species; Nelson, 1994). Sexual selection is
assumed to be important in the evolution of
darters (Page, 1983; Page and Swofford, 1984;
Porterfield, 1999). Males of most darter species
bear conspicuous color patterns or presumably
expensive ornaments such as egg-mimics. The
roles of mate choice and competition in darter
mating systems are poorly understood, and few
studies have identified specific behaviors that
provide clues to the mode of sexual selection in
these fishes. The subgenus Catonotus, in which
males of several species possess egg-mimic struc-
tures, has been most thoroughly studied. Knapp
and Sargent (1989) demonstrated that male Eth-
eostoma flabellare with egg-mimic structures on
the first dorsal fin are more likely to spawn than
males that have had their egg-mimics removed.
Similarly, females of four species (Etheostoma
oophylax, Etheostoma neopterum, Etheostoma pseu-
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dovulatum, and Etheostoma squamiceps) spawned
in the nests of males with intact egg mimics as
opposed to males whose egg-mimics had been
removed (Strange, 2001). In E. virgatum, Porter
et al. (2002) found a positive correlation be-
tween the number of females spawning with a
male and the number of egg mimics (spots on
dorsal fins) possessed by the male. Thus, egg-
mimics are an important determinant of mating
success in male Catonotus individuals, however,
whether selection is based on female choice or
male competition is unclear. In the subgenus
Boleosoma, Grant and Colgan (1983) demon-
strated that male Ethevstoma nigrum that actively
guard their nests are visited more often by fe-
males and have more eggs in their nests. Finally,
in the subgenus Oligocephatus, Pyron (1995)
found no evidence for female mate choice in E.
spectabile where preference was measured as the
amount of time spent associated with a male. In
addition, Pyron (1995) found no evidence that
male secondary sexual traits are involved in
male competition.

Here | examine the breeding behaviors in the
rainbow darter, Etheostoma caeruleum (subgenus
Oligocephalus) and address the following four
questions: (1) Do females exhibit mating pref-
erences? (2) Which behavioral variables are
good measures of female mating preference?
(3) Which male behaviors are used in the con-
text of mating? (4) How do female choice and
male interactions affect male mating success?

MATERIALS AND METHODS

Etheostoma caeruleum is a small bottom-dwell-
ing fish that inhabits shallow riffles in swift
streams and gravel areas in clear lakes (Page,
1988). Adult males exhibit brilliant blue and
red color patterns, whereas females and juve-
niles are cryptic (Page, 1983; Page and Burr,
1991). The mating system is promiscuous. Dur-
ing the breeding season, males maintain mov-
ing territories on riffles (Winn 1958b). Breed-
ing males remain on their territories except for
brief periods when they leave to forage (Winn
1958b). Outside of mating, females remain off
of the territories and forage (pers obs). When
a female is ready to spawn, she moves to the
riffle and is immediately followed and defended
by a male. The male attempts to keep compet-
ing males away by chasing and attacking them.
The female solicits spawnings from the male by
performing nosedigs, a behavior in which the
female digs her head into the gravel, quivers,
and then moves down and forward into the
gravel so that her ventral half is buried in the
substrate. The male then assumes a position on
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top of the female, and the two fish vibrate rap-
idly during which time eggs and sperm are re-
leased (Winn, 1958a,b). Occasionally, nearby
males dash in and release their sperm next to
the pair of spawning fish (pers obs). There is
no parental care, and eggs are left buried in the
substrate (Page, 1985).

Etheostoma caerulewm individuals were collect-
ed with a kicknet between March and May 1995
at Seven Mile Creek, Kalamazoo County, and at
Prairieville Creek, Barry County, Michigan,
USA. These streams are two separate branches
of the Kalamazoo River drainage (MI). Animals
were returned to Kellogg Biological Station
where females and males were kept in separate
40-liter aquaria containing a gravel substrate.
Water was filtered with carbon filters. Other
than this filtration, there was no water current
in the aquaria. Animals were fed daily with live
tubifex worms and chironomids. All fish were
returned to their native populations at the end
of the experiment.

Mate choice trials.—Females from both popula-
tions were given a choice between Seven Mile
and Prairieville Creek males. Fish from these
two populations were used because they ap-
peared to differ in their color pattern and body
size. Males from Seven Mile Creek appeared
darker with more large patches of blue. Prair-
ieville Creek males appeared lighter with more
contrast between red and blue hues (pers. obs.).
Seven Mile Creek males were larger than Prair-
ieville Creek males (Seven Mile Creek: mean =
52.174 = 1.589 mm SE, Prairieville Creek: mean
= 45.731 + 0.835 mm SE, ¢ = 3.710, df = 47,
P = 0.001). Similarly, Seven Mile Creek females
were larger than Prairieville Creek females (Sev-
en Mile Creek: mean = 50.000 = 1.113 mm SE,
Prairieville Creek: mean = 44.158 = 1.018 mm
SE, ¢t = 3.210, df = 24, P = 0.004).

Three sequential mate choice trials were con-
ducted on each group of fish. A group consisted
of one Prairieville Creek male, one Seven Mile
Creek male, and one female from one of the
populations. In all three trials 2 mixture of fluo-
rescent and incandescent spotlights provided
lighting. Aquaria contained gravel substrate.
There was no water filtration in these aquaria
as fresh water was replaced between trials. Be-
cause of a paucity of animals, two males from
Seven Mile Creek were reused. One male was
used in two replicates—one replicate in which
spawning occurred and another in which
spawning did not occur. Another male was used
in three replicates, and no spawning occurred
in any of these replicates (see Appendix 1). Cor-
rection of the analysis for the reuse of these two
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Fig. 1. Mate choice aquaria set-up. (A) Trial 1.
The female has visual access to both males. (B) Trial
2. The female has both visual and olfactory access to
both males. (C) Trial 3. Identical aquarium set-up as
in trial 2 only the positions of the males have been
reversed. (D) 1.5-h observation period. Fish are al-
lowed to interact freely for 1.5 h. For the purpose of
demonstration the Prairieville Creek male is initially
placed in the left aquarium, but the position of males
was randomized across replicates.

males did not alter the results qualitatively. No
males from Prairieville Creek were reused, and
no females from either population were reused.
The night prior to experimentation, the stan-
dard lengths of the animals were measured, and
animals were placed in the aquaria for trial 1
(Fig. 1A). Males were placed randomly in one
of the two 20-liter aquaria. Pieces of cardboard
were placed between all the aquaria to prevent
visual access prior to the experiment.

In trial 1, the female was given visual access
to the two males. The piece of cardboard pre-
venting visual access between the males re-
mained in place. Animals were allowed to inter-
act for 30 min. In trial 2, the female’s 40-liter
aquarium was divided into thirds with Plexiglas®
barriers creating three separate compartments
(Fig. 1B); these barriers were not waterproof
and allowed olfactory cues to pass. The female
was placed in the central compartment, and
males were transferred from the 20-liter aquaria
to the end compartments. Males retained their
relative positions from trial 1. Animals were al-
lowed to interact for 30 min. In trial 3, the po-
sition of the males was switched to control for
any side biases that females may have (Fig. 1C).
Again, the fish were allowed to interact for 30
min. These trials were performed sequentially,
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and, hence, were completed in 90 min. No ad-
ditional acclimatization was allowed for trials 2
and 3.

Immediately following the three mate choice
trials, the fish were allowed to freely interact in
the 40-liter aquarium with no partitions for 1.5
h. If no spawning took place during the 1.5-h
observation period, then the animals were left
in the aquarium for 24 h. Reproductive behav-
ior was recorded from videotape, and aquaria
were searched for the presence of eggs. Each
replicate was categorized as either having
spawned (spawning occurred during the 1.5-h
observation or during the subsequent 24 h) or
not spawned (no spawning took place during
either the 1.5-h observation period or during
the subsequent 24 h).

In all three choice trials, behaviors were re-
corded with a video camera. Tapes were used to
assess the number of nosedigs females per-
formed in front of each male and the amount
of time females spent in front of each male. A
female was recorded as spending time with a
male if she was located on that male’s side of
the aquarium. A female was recorded as per-
forming a nosedig in front of a male if she per-
formed a nosedig on that male’s side of the
aquarium. The number of nosedigs performed
by the female was summed from all three trials
yielding total number of nosedigs. The total
number of nosedigs was compared between rep-
licates where spawnings did and did not take
place to determine whether this behavior is as-
sociated with mating condition.

In addition, nosedig and time scores were cal-
culated for each trial. Nosedig scores were cal-
culated as the proportion of nosedigs per-
formed per trial to the Prairieville Creek male
(number of nosedigs performed to Prairieville
Creek male divided by the total number of no-
sedigs performed in that trial). Similarly, time
scores were calculated as the proportion of time
each female spent in front of the Prairieville
Creek male. This measure of preference is sim-
ilar to that used by Pyron (1995) where females
in the field were designated as spending time
with a focal male if she was within 5 cm of his
cubicle. Finally, overall nosedig and time scores
were calculated as the proportion of nosedigs
and time spent with each male pooled over the
three trials. Scores above 0.5 indicate that fe-
males spent more time near the Prairieville
Creek male, and scores below 0.5 indicate that
females spent more time near the Seven Mile
Creek male.

The preferences of the females from the two
populations were pooled providing no signifi-
cant differences existed. A Kolmogorov-Smirnov
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Lilliefors test was used to discern whether the
variables were normally distributed, and either
a parametric one-sample #test or a nonpara-
metric Wilcoxon Signed Ranks test (depending
on whether the assumptions of normality were
met) was used to test whether female prefer-
ences differed statistically from 0.5, a null ex-
pectation of no choice.

Spawning dynamics.—During the 1.5-h observa-
tion period following the three mate choice tri-
als, the number of attacks, chases, and guards
performed by each male were recorded from
direct observation. Guarding behavior occurred
when one male was closer to the female and
successfully prevented a competing male from
coming between him and the female. From
these data, the total number of attacks, chases,
and guards were calculated as well as scores for
each variable (e.g., proportion of the behaviors
performed by the Prairieville Creek male, an at-
tack score greater than 0.5 indicates that Prair-
ieville Creek males performed more attacks
than Seven Mile Creek males). The number of
times each male was closer to the female when
she performed a nosedig and the number of
times each male spawned with the female were
also recorded. From these data, I calculated the
spawning score (proportion of spawns with
Prairieville male) and the male proximity no-
sedig score (proportion of time Prairieville male
was closer to the female when she performed a
nosedig). In addition, the number of group
spawnings where the two males simultaneously
spawned with the female and the number of
spawnings in which each male mated as the
dominant, guarding male and as the sneaker
male were recorded. The dominant, primary
male was defined as the male that initiated
spawning with the female. The sneaker male
was the male that released sperm next to a pair
of fish that had already begun spawning. Male
spawning success was defined as the number of
spawns where a male spawned as the dominant,
primary male.

Mann-Whitney UAtests and #tests were per-
formed on the total number of attacks, chases,
and guards to determine whether these behav-
iors were performed primarily in the context of
spawning. The correlation coefficients between
spawning and attack, chase, guard, male prox-
imity nosedig scores, and preference scores
were calculated to determine which behaviors
were most closely related to spawning success.
All probability tests were two-tailed, and results
were considered significant at P < 0.05. All anal-
yses were performed with SAS v.8.
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Fig. 2. Preference scores in trials 1, 2, 3, and the
overall preference score using nosedigs and time as
measures of preference. Data are shown for replicates
where spawnings occurred within 24 h (i.e., during
1.5-h observation period or within subsequent day).
Sample sizes are as follows: nosedig scores trial 1 n =
4, trial 2 n = 10, trial 3 n = 10, overall n = 12; time
scores n =15 in all cases. Means and standard errors
are shown. Preference is detected when the prefer-
ence scores differ from a null expectation of 0.5 de-
noted by the black line.

RESULTS

Female mate choice.—Of the 26 replicates, 11 con-
tained spawns during the 1.5-h observation pe-
riod, six contained spawns during the subse-
quent 24 h, and nine contained no spawns. To
discern which variables were appropriate mea-
sures of female mating preferences, the behav-
ior of females that spawned was compared with
the behavior of females that did not spawh. No-
sedigs were only performed in replicates where
females went on to spawn within 24 h (P =
0.0015, n = 26).

When measured as nosedig scores, female
mating preferences differed significantly from a
null expectation of no choice (Fig. 2). Females
performed more nosedigs to Prairieville Creek
males in trials 1 and 2 (trial 1: Wilcoxon Signed
Ranks test Z=—1.890, n = 4, P = 0.059, trial 2:
One sample #test ¢ = 2.632, df = 9, P = 0.027).
The overall nosedig score also differed signifi-
cantly from the null expectation of 0.5 (One
sample ttest ¢ = 3.487, df = 11, P = 0.005).
Nosedig scores did not differ significantly from
0.5 in trial 3 where the position of the males
was switched (¢ = 0.109, df = 9, P = 0.916).
Sample sizes were less than 17 because some
females did not perform nosedigs in all of the
trials. Female mating preferences were not de-
tected with time scores (Fig. 2). Neither time
scores nor the overall time score differed sig-
nificantly from 0.5 in any of the trials (P> 0.500
in all cases).

In trial 3, reversing the position of the males
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TABLE 1. SPEARMAN CORRELATION COEFFICIENTS BETWEEN SPAWNING SUCCESS AND MALE BEHAVIORS (IN BOLD)
AND FEMALE PREFERENCES (IN NORMAL TypE). Unadjusted probability values and sample sizes are shown.

Variable A P n
Male proximity nose dig 0.915 0.0001* - 11
guard score 0.880 0.0004* 11
attack score 0.368 0.323 9
preference—trial 3 (nose dig) 0.247 0.491 10
chase score 0.154 0.716 8
preference—trial 3 (time) 0.134 0.694 11
preference~—trial 2 (nose dig) -0.014 0.974 8
preference—trial 2 (time) —0.084 0.805 i1
preference—trial 1 (time) -0.453 0.161 11
preference—trial 1 (nose dig) -0.775 0.225 4

* Staistically significant after sequential Bonferonni correction.

had strong effects upon preference scores in
replicates where spawns occurred. All prefer-
ence scores were negatively correlated in trials
2 and 3 (nosedig scores: r =—0.834, P = 0.010,
n = 8, time scores: r =-—0.537, P = 0.026, n =
17). Conversely, in replicates where no spawns
occurred, reversing the position of the males
had a less dramatic effect on female mating

- preferences. There were no statistically signifi-

cant relationships between preference scores in
trials 2 and 3 (time scores: r =—0.158, P =
0.685, n = 9).
Spawning dynamics.—Males behaved more ag-
gressively within the context of mating. Males
performed more attacks, chases, gnd guards in
replicates where spawns occurred within 24 h
(Mann-Whitney, n = 26, df = 1, total attacks: P
= 0.0084, total chases: P = 0.0023, total guards:
P = 0.0030). As in the female choice experi-
ment, females only performed nosedigs in rep-
licates where spawns took place (P = 0.0015).
Group spawns occur when an alternate male
dashes in and releases his sperm next to a
spawning pair of fish. Group spawns occurred
in five of the 11 replicates in which animals
spawned during the 1.5-h observation period.
In three of the five replicates, both males
spawned as the dominant, guarding male at
least once. In four of the five replicates, the
smaller of the two males acted as the sneaker
male in the majority of the group spawns. The
absolute difference in body size between the
two males was smaller in replicates where group
spawns took place (Mann-Whitney, P = 0.043, n
= 11, df = 1). More chases and guards also took
place in replicates where group spawns took
place (Mann-Whitney, n = 11, df = 1, total chas-
es: P = 0.043, total guards: P = 0.028).
Aggression levels were higher in replicates
where the two males were of similar size. The

absolute size difference between the two males
was inversely correlated with the total number
of chases and attacks performed in replicates
where spawns occurred during the 1.5-h obser-
vation period (r, =-0.721, P < 0.02, n = 11; 7,
=-0.676, P < 0.05, n = 11, respectively). Males
from the two populations did not differ in their
tendencies to perform attacks, chases, guards,
group spawns, or in their ability to obtain
spawns (Wilcoxon Signed Ranks Test, P > 0.50
in all cases). Chase and attack scores were pos-
itively correlated (r, = 0.638, P < 0.05, n = 12).
Chase and attack scores were not correlated
with guard scores (r, = 0.181, n = 12, r, = 0.156,
P> 0.500, n = 13).

The relationship between female mating pref-
erences, aggressivé male behaviors, and spawn-
ing success is unresolved. There were no signif-
icant correlations between female mating pref-
erences as measured in trials 1-3 and male
spawning score (Table 1). Similarly, none of the
overall preference scores correlated with spawn-
ing or nosedig scores. Guard scores were highly
correlated with spawning scores in the obser-
vation period (Table 1). Furthermore, male
proximity nosedig scores and spawuing scores
were highly correlated indicating the male that
was closer to the female when she performed a
nosedig in the 1.5-h observation period was
most likely to spawn with her. However, overt
aggression was not strongly correlated with mat-
ing success. Neither attack scores nor chase
scores were correlated with spawning scores.

DisSCUSSION

Which behavioral variables are good measures of fe-
male mating preference?—Nosedig behaviors are
the most sensitive measures of female mating
preference. In E. caeruleum, female nosedig be-
havior provides an accurate measure of female
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mating preferences because the motivation for
this behavior is unambiguous. In nature, fe-
males only perform nosedigs prior to spawning
(Winn, 1958a,b; pers. obs.). The results pre-
sented here support this finding, since nosedigs
were only performed in replicates where spawns
took place. The fact that 11 females spawned
during the 1.5-h observation period suggests
that females had ovulated while being held in
the female stock tanks but had not yet dropped
their eggs. Unfortunately, the exact duration of
the postovulatory period is unknown. In many
Etheostoma species, females exhibit some type of
“head behavior” where females jab at the
spawning substrate with their snouts directly be-
fore copulating (Bart, 1992; Walters, 1994; Port-
erfield, 1999). Therefore, these behaviors may
provide convenient and representative mea-
sures of mating preference for many darters.

The amount of time spent with a given male
. does not appear to be an accurate measure of
female choice. Measures of female mating pref-
- erences based on time assume that females are
constantly choosing among males, a potentially
erroneous assumption. In this study, the average
time scores incorporate data from all three trials
of all replicates where females spawned. If fe-
males were not actively choosing among males
at all times, my conclusion of no female mating
preferences based on time scores may be erro-
neous because mating preferences were in-
ferred at times when no preferences existed.

Measures of female mating preferences based
on time have worked well in fish species where
the reproductive state of the female is easily as-
sessed. In poeciliids, females can store sperm
and directly fertilize their eggs when they ovu-
late. As a result, these females are typically re-
ceptive to males as virgins (when they have no
sperm) and after giving birth (Kodric-Brown,
1985; Farr and Travis, 1986; Endler and Houde,
1995). In other species, researchers have dem-
onstrated that mating preferences based on
time measures correlate with mating success
and are therefore accurate measures of mating
preferences (Forsgren, 1992; Berglund, 1993).
However, when conducting mate choice exper-
iments on previously unstudied organisms, it is
imperative to either use a biologically relevant
variable (i.e., a variable associated with repro-
duction) or demonstrate those time measures
are associated with some aspect of subsequent
spawning behavior.

Examining female choice after the positions
of the males had been reversed indicated the
presence of side biases. Female mating prefer-
ences became linked to their original spatial lo-
cation. Nosedig scorés were negatively correlat-
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ed between trials 2 and 3 (which differed only
in the location of the two males) indicating that
females did not follow the male they preferred
in trial 2 to the other side of the aquarium in
trial 3. This result cannot be accounted for by
a preference for simply one side of the aquari-
um because Prairieville males were placed in
the left and right aquaria at random in trial 1.
What can account for this behavior? Females
may never have to follow males in the wild. Typ-
ically, females enter an area and are themselves
followed and defended. Females may conceiv-
ably choose among males by performing nose-
digs at locations that they associate with specific
males. Another possibility is that olfaction plays
a role in mate choice. Although a given male
may be moved to another compartment, the re-
maining scent may take somé time to dissipate.
The practice of reversing the position of males
to control for side biases has been used predom-
inantly in studies of poeciliids (e.g., Kodric-
Brown, 1985) where males are very mobile and
spawning is not restricted in location to a spe-
cific substrate. In those cases, it is reasonable to
expect that females should follow preferred
males.

What accounts for female mating preferences?*—Fe-
males from both populations performed signif-
icantly more nosedigs in front of the Prairieville
Creek males. Given that females of many fish
species prefer larger males (Andersson, 1994;
Ptacek and Travis, 1997; Rosenthal and Evans,
1998), this result is unexpected. Females did
not prefer larger males, as Seven Mile Creek
males were larger than Prairieville Creek males.
Females must have relied on visual cues for
mate choice because a preference was detected
in trial 1 where there were no olfactory cues.
Prairieville Creek males may have appeared
more attractive because the experimental light-
ing conditions closely approximated lighting
conditions of Prairieville Creek. The sensory en-
vironments-of the two populations are different.
Seven Mile Creek is deeper, contains more dis-
solved organic material, and has a darker sub-
strate than Prairieville Creek (pers. obs.). Blues
may be used more often in waters containing
high levels of organic matter because this works
to increase the perceived contrast with other
color elements (Fuller, 2002). Different sensory
environments may result in the evolution of dif-
ferent male color patterns, and these color pat-
terns may be perceived as more attractive when
signaling takes place in their own environment
(Endler 1992, 1993).
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Which male behaviors are used in the context of mat-
ing?—Males competed aggressively over spawn-
ing opportunities. Attacks, chases, and guards
were performed primarily within the context of
mating, and aggression levels were higher when
males were of similar size and presumably com-
petitive ability. Group spawns occurred predom-
inantly in replicates where males were of similar
size and neither was capable of completely dom-
inating the other. The fact that males acting as
sneakers in group spawns would also mate as
dominant, guarding males indicates that these
males may be making the best of a bad situation
(Dunbar, 1982; Magnhagen, 1992, 1994). Alter-
native male mating strategies have been docu-
mented for other Oligocephalus species including
E. lepidum and E. spectabile (Breder and Rosen,
1966; Robinson and Buchanan, 1992; Pyron,
1995) and for one species of the subgenus Ozar-
ka, E. cragini (Distler, 1972).

How do female choice and male interactions affect
male mating success?—Males that successfully
guarded females had higher spawning success.
However, overt aggression (attacks and chases)
was not correlated with male spawning success.
Furthermore, female mating preferences were
not associated with male spawning success. Py-
ron (1995) obtained similar results in E. specta-
bile, a close relative of E. caerulewm. He found
that neither fernale mating preferences nor
overt male aggression was correlated with
spawning success. However, male guarding abil-
ity was correlated with spawning success in E.
spectabile. At one level, the data in the current
study are somewhat limited because of low sam-
ple size. Larger sample sizes would undoubtedly
increase the power to detect relationships be-
tween overt aggression and mating success and
also between female preference and mating suc-
cess. Endler (1985) has shown that low-selection
differentials are most likely quite common and
can produce dramatic changes in phenotypes
over many generations. Hence, additional stud-
ies with higher sample sizes are vital to under-
standing sexual selection in darters. Still, this
study shows that male guarding ability (ability
to prevent other males from coming between
himself and the female) and male ability to be
closest to the female when she performs a no-
sedig are strong predictors of male mating suc-
cess.

Female mating preferences, presuming they
exist, are most likely weak predictors of male
mating success for two reasons. First, group
spawning will hamper selection acting through
female mating preferences even if dominant,
guarding males are preferred (Jones et al,
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2002). In this study, group spawns occurred in
five of .11 replicates. In another population,
80% of the observed spawns involved 2-5 males
simultaneously spawning with the female (Gull
Lake population; unpubl. data). Paternity anal-
ysis indicates that the expected fertilization suc-
cess of the guarder and sneaker male is equiv-
alent in-group spawns involving two males (Ful-
ler, 1999). Females may have limited control
over male paternity, particularly in areas of high
male density.

The second reason female choice may be lim-
ited is because exerting preference is costly. Fe-
male E. caeruleum are fractional spawners and
must mate multiple times. Fuller (1998a) esti-
mates females mate an average of 39 times over
the course of a breeding season. Costs may ac-
crue through increases in female susceptibility
to predation (Forsgren, 1992; Chivers et al.,
1995; Fuller and Berglund, 1996) or through
decreases in egg viability caused by prolonged
mating activities. Survival costs to females ac-
crue in a multiplicative fashion making costs of
choice very high if females make a new choice
for each spawning. In addition, females have a
limited time frame over which they need to
spawn their eggs (unpubl.). Females can retain
unfertilized eggs for at least two days (perhaps
longer), but egg viability decreases with time
since ovulation. Excessive choosiness increases
the time required to spawn the entire clutch of
eggs, particularly in the face of male/male in-
teractions (Fuller, 1998b). Decreases in egg vi-
ability with time since owilation are quite com-
mon in external fertilizers (Bry, 1981; Vincent,
1994; De Gaudemar and Beall, 1998). Theoret-
ical investigations suggest that fractional spawn-
ers should have decreased levels of preference
in comparison to females that can spawn their
entire clutch at once (unpubl.).

This is the second study to find no correla-
tion between female preference and male mat-
ing success for a species from the subgenus Ok-
gocephalus. In contrast, it seems likely that fe-
male mating preferences are common and are
important determinants of male mating success
in the subgenus Catonotus, although more defin-
itive experiments are needed (Knapp and Sar-
gent, 1989; Strange, 2001; Porter et al., 2002).
In Oligocephalus, males guard and fight directly
over females producing high levels of male
competition and possibly making female choice
costly (Fuller, 1998b). In comparison, males of
Catonotus species compete over breeding sites
and most likely have restricted movement. This
may allow females to exercise preference with
lower costs.

In conclusion, three main findings emerge
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from this study. First, the observed pattern of
female mating preferences depends critically on
the variable used to assess preference. Prefer-
ence for males from Prairieville Creek was de-
tected when nosedigs were used as the measure
of preference. However, no pattern of prefer-
ence was found when preference was assessed
with the amount of time spent near a given
male. Nosedigs are only performed when fe-
males have ovulated and, hence, provide a use-
ful control for female motivation (i.e., mate
choice vs shoaling). The second finding to
emerge from this study is that female prefer-
ence and male aggression are weakly correlated
with male mating success. Male guarding behav-
iors are the best predictors of male mating suc-
cess. Finally, group spawning was common and
was most likely to occur when males were simi-
lar in size and competitive ability.
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ArpENDIX 1. CONTINUED
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