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a b s t r a c t
Girardinus metallicus is a Cuban poeciliid ﬁsh whose social behavior has been little studied. The only
account involves a colorless morph that is sexually monochromatic and does not exhibit courtship display.
We describe the behavior of two other morphs (black and yellow) that exhibit sexual dichromatism. We
observed courtship displays in black but not yellow males. Contrary to the pattern in most poeciliids,
black males exhibit long gonopodia and courtship; typically, longer gonopodia evolve in species without
courtship, because they facilitate coercive mating but circumvent female choice. We focused on the
black morph to address whether morphological traits are favored by sexual selection. Larger males with
longer gonopodia courted and attempted copulations more often. Black area was not associated with
intersexual interactions, but was positively associated with aggressiveness. Dominant males attempted
more copulations, consistent with the idea that black coloration may be a badge of status. Black males
may possess long gonopodia because the gonopodium itself is a target of female choice. However, there
was no difference in gonopodium length between black and yellow males, although the latter do not
court. We discuss processes that may maintain the polymorphism and prospects for future studies in this
intriguing system.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
Poeciliids are a diverse group of primarily viviparous, freshand brackish-water ﬁshes whose males possess a modiﬁed anal
ﬁn, the gonopodium, used to transfer sperm (Bisazza, 1993; Evans
et al., 2011a; Houde, 1997; Meffe and Snelson, 1989). Much of the
detailed work on this family has focused on just a few species,
with a paucity of studies of the vast majority of the clade (Bisazza,
1993; Endler, 2011; Evans et al., 2011b). Detailed descriptions of
understudied poeciliid species will contribute to comparative studies, and will ultimately enhance our understanding of diversity in
freshwater tropical systems, including the impact on those systems
of anthropogenic disturbances (Endler, 2011; Sih, 2013; Sih et al.,
2011).
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Most poeciliids achieve sperm transfer via coercive mating (also
called sneak copulations or gonopodial thrusting), during which
the male approaches the female from outside her visual range and
forcibly inserts his gonopodium into her genital opening (Bisazza,
1993; Rosen and Tucker, 1961); sneak copulations are thought to be
the ancestral mode of sperm transfer for the family (Bisazza et al.,
1997; Farr, 1989; Ptacek et al., 2005). At least two genera, Poecilia
and Xiphophorus, independently evolved courtship displays, during which the male swims into the visual ﬁeld of the female and
displays ornaments prior to copulation (Bisazza, 1993; Farr, 1989;
Martin et al., 2010; Rosen and Tucker, 1961). Males can alternate
between courtship and coercion (Houde, 1997; Magurran, 2011;
Plath et al., 2007), although in some species there is evidence for
individual consistency in tactic use (e.g., Evans, 2010; Magellan and
Magurran, 2007).
Sexually selected traits in poeciliids include striking coloration
patterns and exaggerated ﬁns (Kang et al., 2013; Morris et al.,
2005; Ptacek et al., 2005; Robinson et al., 2011). Research continues to unveil others, such as the mustache-like rostral ﬁlaments
of Poecilia sphenops (McCoy et al., 2011; Schlupp et al., 2010).
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Some authors have suggested that the gonopodium itself may be
an ornament, displayed by being held or moved away from the
body (Kallman and Borowsky, 1972; Kahn et al., 2010; Langerhans,
2011). While females in some studies prefer longer gonopodia
(Brooks and Caithness, 1995; Kahn et al., 2010; Langerhans et al.,
2005) in other studies they do not (Gasparini et al., 2011). If the
gonopodium is a sexually selected ornament, one would expect that
gonopodium coloration would evolve, and that species with mating
displays would possess longer and more ornamented gonopodia than species without courtship (Langerhans, 2011). However,
longer gonopodia may be favored primarily due to their success in
forced copulations, and not via female preference (Gasparini et al.,
2011). Consistent with this idea, longer gonopodia are associated
with conditions such as high predation risk, when forced copulations are more common than courtship (Gasparini et al., 2011;
Jennions and Kelly, 2002; Kelly et al., 2000; Langerhans, 2011;
Reynolds, 1993). As Langerhans et al. (2005) and Jennions and Kelly
(2002) emphasize, variation in selection pressures may favor longer
gonopodia in some cases and not others.
Martin et al. (2010) described a bimodal frequency distribution of relative gonopodium lengths among poeciliid species,
with a threshold value of 35% differentiating short- from longgonopodium species (Fig. 1A). Using a phylogenetic approach,
they concluded that, on multiple occasions, the evolution of short
gonopodia preceded the evolution of courtship display, and that
species with long gonopodia tend to be non-courters (also see
Rosen and Tucker, 1961). Their explanation is consistent with
the idea that if selection acts against gonopodium length due to
locomotory or other costs (e.g., Langerhans et al., 2005), coercion
via long gonopodia becomes less feasible, and the evolution of
courtship display is favored. As Martin et al. (2010) emphasize,
however, information about the mating tactics of lesser-studied
species would have improved their ability to discriminate patterns
of association between behavior and morphology.
The metallic livebearer (Girardinus metallicus Poey) is a poeciliid endemic to Cuba, which has been characterized as lacking
courtship display (Bisazza, 1993; Farr, 1989, 1980; Rosen and
Tucker, 1961). G. metallicus occurs in three morphs, the sexually monomorphic colorless morph, and black and yellow morphs
(Fig. 2). The black morph is likely the “ventral nigra” strain used
by geneticists (Schartl et al., 1982; Schlupp et al., 1992). The only
detailed study of G. metallicus mating behavior involved the colorless morph and concluded that it exhibits no sexual dimorphism in
coloration (Farr, 1980). However, the black and yellow morphs are
sexually dichromatic, with males exhibiting pronounced black or
yellow coloration on the ventral surface, including the gonopodium
(Fig. 2A and B). All three morphs, thought to be the same species,
occur sympatrically in the wild (Ponce de Léon and Rodriguez,
2010; J.L. Ponce de Léon, pers. comm.). Martin et al. (2010) categorized G. metallicus as having a long gonopodium, based on an
image of a colorless morph male from Wischnath (1993; S. B. Martin, pers. comm.). However, our measurements reveal that both
color morphs have average gonopodium lengths very close to the
35% threshold: 37.7% (range = 34–41%, N = 16) for yellow and 38.9%
(range = 35–43%, N = 34) for black (Fig. 1). Furthermore, we noticed
that black males exhibit what appears to be courtship behavior.
The focus of our study was to provide the ﬁrst detailed account
of G. metallicus black and yellow morph mating behavior. During
our observations we routinely noticed black G. metallicus males
exhibiting courtship behavior. We therefore examined the correlations among morphology (body size, gonopodium size and ventral
black area) and behavior (courtship duration, copulation attempts
per minute and dominance status). We also assessed whether
dominance status positively correlated with courtship activity and
copulation attempts. Ventral black coloration may be maintained
via female choice, as a badge of status in aggressive encounters
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Fig. 1. Frequency distribution of relative gonopodium lengths. The solid black line
that slices vertically through the three panels shows the 35% differentiation threshold value identiﬁed by Martin et al. (2010) to demarcate species that possess
relatively short (<35%) versus long (>35%) gonopodia. (A) Bimodal frequency distribution of relative gonopodial length across poeciliid ﬁsh species. Species with
relatively short gonopodia often have a courtship display while species with relatively long gonopodia do not court (from Martin et al., 2010). (B) Frequency
distribution of relative gonopodial length of yellow G. metallicus (average = 37.7%
shown as a dashed line). Yellow G. metallicus do not have a courtship display. (C)
Frequency distribution of relative gonopodial length of black G. metallicus (average = 38.9% shown as a dashed line). Black G. metallicus are the only known species
to have relatively long gonopodia and also exhibit a courtship display.

among males, or both (Berglund et al., 1996). Although formal tests
of these hypotheses require experimental manipulation, we examined the correlational relationships as a ﬁrst step to form the basis
for hypothesis tests in the future. Studies of other poeciliids led us
to predict that these correlations would be positive (reviewed by
Houde, 1997; Langerhans, 2011; Rios-Cardenas and Morris, 2011).
2. Materials and methods
2.1. Fish husbandry
Our colonies of black and yellow G. metallicus were obtained
from the laboratory of David N. Reznick at the University of
California, Riverside and a private collector, respectively, in 2010
and maintained at the Kolluru laboratory at California Polytechnic State University. We minimized the opportunity for inbreeding
within our stocks by always housing morph-speciﬁc mixed-sex ﬁsh
together in large groups. Stocks were housed in ten-gallon tanks
under controlled temperature (25 ± 0.5 ◦ C) and lighting conditions.
Light was provided using a mixture of full-spectrum ﬂuorescent
and LED bulbs, on a 12:12 L:D schedule. Fish were fed twice daily
(between 0815 and 0900, and again between 1800 and 2000),

46

G.R. Kolluru et al. / Behavioural Processes 106 (2014) 44–52

Fig. 2. Digital images of the left lateral surfaces of male black (A) and yellow (B) and female black (C) and yellow (D) G. metallicus taken under sedation with MS222. A 1 cm
scale line is included for each image. The gonopodia of males were extended prior to photographing.

using a mixture of high-quality tropical ﬂake food and frozen brine
shrimp (Artemia sp.).

2.2. Behavioral observations
Behavioral trials (N = 17 trials, 34 black males) were performed
in two-gallon plastic tanks with a natural-colored gravel substrate
and a single java fern (Family: Polypodiaceae; Microsorum pteropus)
for cover, situated behind a black curtain that minimized extraneous light and other visual disturbance. The aquaria were directly
illuminated using a combination of LED and full spectrum ﬂuorescent lighting. We employed an open aquarium design that allowed
the ﬁsh to interact directly (Houde, 1997). We transferred two stock
females and two stock males to the observation tank. We minimized body-size disparities between females and between males,
while still being able to distinguish the males from each other. Fish
were fed a small quantity of high quality ﬂake food. The four ﬁsh
were chosen from different stock tanks, such that they were all
unfamiliar to each other.
We allowed 18–22 h between isolation of the ﬁsh and observation, for the ﬁsh to become comfortable with the observation
arena and for stable patterns of dominance to form (see Kolluru and
Grether, 2005 for a similar approach). Between 1000 h and 1400 h,
one observer entered the curtained area and sat quietly in front
of the tank for a 5-min acclimation period. We then performed 2
sets of 5-min focal observations, alternating observation of the two
males within the tank, such that each male was observed for 10 min
total. For each focal observation the observer called out the behaviors (see below), which were recorded by another person outside
of the curtain.
We recorded the following behaviors for male–female interactions: courtship (male swims in proximity to the female and within
her visual range, usually with dorsal ﬁn spread, gonopodium held
perpendicular to the body, and head raised, seemingly to display
his gonopodium and anterior ventral surface; Fig. 3); gonopodial swings (in an action typical of other poeciliids, the male
swings his gonopodium forward toward the head, often followed
by a contortion of the body); copulation attempts (copulation
attempts following courtship, during which gonopodial contact
with the female’s ventral surface was visible); and follows female
(male positioned behind female, either motionless or following her
from behind as she moves, while appearing to remain outside the
female’s visual range). We recorded chases and bites given to and
received by the other male and the females. We looked for but

did not observe black males exhibiting sneak copulation attempts.
Although we occasionally observed ﬁn ﬂares (ﬁsh ﬂares all ﬁns and
jerks whole body; Farr, 1980) and ﬁn folds (folds ﬁns and tilts
body away from other ﬁsh; thought to be an indication of submissiveness) in our pilot studies, and they are regularly observed
during female–female interactions (Y.J. Akky, pers. comm.), they
never occurred in our observations and so were not included in the
behavioral indices.
Although the focus of our study was the black morph, we also
subjected a smaller sample of yellow ﬁsh (N = 3 trials, 6 yellow
males) to behavioral trials using the same methods as described
above, to determine whether this morph also exhibits courtship
display and to characterize its behavior.
2.3. Morphological measurements
Immediately following the observations, all adult black ﬁsh
were sedated with tricaine methane sulfonate (MS222; 200 mg/L
of water; Finquel; Argent Chemical Laboratories) and weighed to
the nearest 0.1 mg using a digital balance. The left lateral surface of
each male was photographed using a Sony Cybershot digital camera with a ruler in the image for scale, and with the gonopodium

Fig. 3. Hand-drawn illustration showing the courtship display of black G. metallicus
(drawing © Erin Thorsell).
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extended for later measurement. Females were sedated, weighed
to the nearest 0.1 mg and standard length (distance from anteriormost portion of closed snout to posteriormost portion of caudal
peduncle line) measured using digital calipers with a resolution of
0.01 mm. All ﬁsh were recovered and returned to designated stock
tanks such that ﬁsh were never reused. We used digital images
of the left lateral surface of each male and ImageJ 1.46r software
(Abràmoff et al., 2004) to quantify the following morphological
traits: standard length (distance from anteriormost portion of
closed snout to posteriormost portion of caudal peduncle line),
gonopodium length (distance from the insertion point of the
anteriormost portion of the gonopodium to the distal tip of the
hook), gonopodium lateral area (outline of the gonopodium from
the dorsal tip to its insertion point), ventral black area (black area
in the region extending from the anterior dorsal edge of the eye to
the tip of the gonopodium). Ventral black area appeared to be generally symmetrical on both sides of the ﬁsh, such that measuring
the left side was adequate to capture variation among males.
We also collected morphological data from 16 adult yellow
males (different from those from which we obtained behavior data)
that spanned the range of sizes in our stock tanks. These ﬁsh were
sedated, weighed, and photographed as described above. All ﬁsh
were recovered and returned to designated ‘used’ stock tanks. We
used the digital images of the left lateral surface of each male
(see Fig. 2B for representative example) and ImageJ 1.46r software
(Abràmoff et al., 2004) to quantify standard length and gonopodium
length.
2.4. Data analysis
As described below, only the black ﬁsh exhibited courtship display, and we focused on that color morph for in-depth analyses,
except when we compared morphological traits between morphs.
Data from the two focal observations for each black male were
summed prior to analysis. Residuals for all morphological data met
parametric assumptions.
We used linear regression models with log-transformed data to
address whether sexual ornaments display allometric or isometric
relationships with body size. We present wet mass for descriptive purposes only; we intentionally excluded wet mass from all
statistical models because it is potentially inaccurate. Instead, our
statistical analyses employ standard length as the measure of body
size for females, and standard length and body area as the measures of body size for males. We included ventral black area and
gonopodium length and area as dependent variables. We matched
each sexual ornament’s unit of measure with the body size measure
that has a matching unit of measure; e.g., log gonopodium length
was regressed on log standard length. We evaluated allometry by
testing whether each regression slope was signiﬁcantly different
from unity sensu Jennions and Kelly (2002): positive allometry > 1;
isometry = 1; negative allometry < 1.
Because the morphological variables were inter-correlated we
used factor analysis to extract orthogonal factors. We used maximum likelihood factor analysis with varimax rotation on male
standard length, body area, ventral black area, and gonopodium
length, and retained two factors, retaining loadings with an absolute value > 0.50. We classiﬁed factor 1 as the male body and
gonopodium size index because male standard length, body area,
and gonopodium length had positive rotated factor loadings ≥ 0.90
and explained 63% of the observed variation (eigenvalue = 3.05).
We classiﬁed factor 2 as ventral black area because only ventral
black area had a high rotated factor loading (0.78) and explained
24% of the observed variation (eigenvalue = 0.81). We retained two
factors, even though one of these factors (ventral black area) had
an eigenvalue < 1.0, because the scree plot and chi-square analyses
indicated that two factors were sufﬁcient while one factor was not.
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To examine the correlation between morphological variation
and aggressive behavior, we used the aggression variables to
compute a dominance index sensu Oliveira and Almada (1996):
(chases delivered + bites delivered)/(chases delivered + bites delivered + chases received + bites received), where chases were in units
of proportion of time spent and bites were in units of rate per
minute. We then constructed a general linear mixed model using
restricted maximum likelihood, with dominance index as the
dependent variable, male nested within pair (the pair of males
tested together) as a random effect, and the two morphological indices (factor 1: body and gonopodium size and factor 2:
ventral black area) and the mean of the standard length of the
two females as covariates. We Box-Cox transformed dominance
index to ensure that the residuals met parametric assumptions.
To examine the correlations among mating behavior, dominance and morphology, we constructed a categorical dominance
status variable, categorizing each male as either “dominant” or
“subordinate”, based on the dominance index. Comparing and contrasting the number of chases and bites delivered and received
revealed identical dominant and subordinate classiﬁcations. We
constructed two general linear mixed models using restricted maximum likelihood, with male nested within pair as a random effect,
and dominance status (dominant or subordinate) as a main effect.
The mean of the standard length of the two females, factor 1
(body size and gonopodium size), and factor 2 (ventral black area),
were included as covariates. The dependent variables for these
two tests were proportion of time spent courting and copulation
attempts per minute. We Box-Cox transformed these dependent
variables to ensure that the residuals met parametric assumptions. We corrected these two tests using the false discovery rate
(FDRB-Y ) method (Benjamini et al. 2001); our FDRB-Y corrected
alpha = 0.033.
We used t-tests to ascertain whether black males differed from
yellow males in standard length and relative gonopodium length.

3. Results
3.1. Behavioral repertoire of black G. metallicus
We found clear and consistent evidence for a courtship display
by male black G. metallicus (Fig. 3; Video at: http://bit.ly/1irAvlX).
The display involves the male raising his head (“chin-up” posture),
dropping his gonopodium to an almost 90◦ angle away from his
body and swimming alongside and in front of the female, such
that he is within her ﬁeld of vision. In conjunction with the prominent black coloration on the ventral surface, this display appears to
serve to exhibit the ventral surface, including the gonopodium, to
the female. Additionally, males performed gonopodial swings, followed females from behind, and engaged in aggressive chases and
bites with males and females (Table 1). We observed no coercive
mating.
Males varied widely in their courtship duration, copulation
attempt rate, and aggressive behavior (Table 1). For example, some
males never displayed gonopodial swings, courted or attempted to
copulate with females, while others performed all of these behaviors multiple times per minute. Similarly, some males aggressively
chased and bit other males, while others either never engaged in
an aggressive encounter, or were only the recipients of aggression.
Female behavior was also variable, occasionally including chasing
and biting males; female–male aggression did not occur as often
as male–male aggression (Table 1) or as often as female–female
aggression in other studies of this species (Y.J. Akky and G.R. Kolluru, unpublished data).
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Table 1
Descriptive statistics for morphological and behavioral traits in black Girardinus metallicus (M = male; F = female).
Trait

Sex

Mean ± Stdev

Morphological
Standard length (mm)
Mass (g)
Body area (mm2 )
Gonopodium length (mm)
Gonopodium area (mm2 )
Gonopodium black area (mm2 )
Chin length (mm)
Chin black area (mm2 )
Ventral black area (mm2 )
Gonopodium length/standard length
Standard length (mm)
Mass (g)

M
M
M
M
M
M
M
M
M
M
F
F

19.23 ± 2.17
0.11 ± 0.04
69.53 ± 16.56
7.47 ± 0.81
3.57 ± 0.50
2.94 ± 0.92
10.05 ± 1.15
4.87 ± 2.03
7.81 ± 2.67
38.91 ± 2.25
25.58 ± 4.51
0.36 ± 0.17

Behavioral
Courtship displays (/min)
Courtship displays (proportion)a
Courtship displays avg duration (s)b
Copulation attempts (/min)a
Gonopodial swing (/min)a
Receives chase from F (/min)
Receives chase from F (proportion)
Receives chase from F avg duration (s)b
Receives bite from F (/min)
Follow F (/min)a
Chases F (/min)
Bites F (/min)
Receives chase from M (/min)c
Receives chase from M (proportion)
Receives chase from M avg duration (s)b
Chases M (/min)c
Chase M (proportion)
Chases M avg duration (s)b
Receives bite from M (/min)c
Bites M (/min)c

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M

0.76
0.18
18.07
0.10
0.45
0.03
0.00
1.27
0.01
0.54
0.00
0.04
0.08
0.01
5.68
0.04
0.00
1.36
0.15
0.13

a
b
c

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

1.10
0.29
33.89
0.22
0.60
0.08
0.00
0.66
0.02
0.59
0.00
0.07
0.18
0.02
6.27
0.09
0.00
0.21
0.43
0.45

Range
15.84–24.05
0.05–0.21
46.60–110.40
5.91–9.65
2.70–4.66
0.37–4.62
8.34–13.47
1.27–10.88
1.64–15.04
35.26–42.91
16.90–34.40
0.10–0.84

CV%
11.28
39.85
23.82
10.87
13.99
31.50
11.42
41.65
34.14
5.78
17.62
46.90

0–4.50
0–0.99
2.34–148.80
0–0.90
0–2.40
0–0.40
0–0.01
0.78–2.70
0–0.10
0–2.80
0–0.00
0–0.30
0–0.90
0–0.10
0.25–19.05
0–0.40
0–0.01
1–1.60
0–1.80
0–2.40

Included in PC1 courtship and PC2 readiness indices.
Only performers were included in analysis.
Included in dominance index.

3.2. Morphological variation in black G. metallicus
Black G. metallicus varied widely in morphology (Table 1). Larger
males had larger gonopodia (Regression: p < 0.0001, F1,32 = 93.34,
2 = 0.74) and more black on their ventral surfaces (Regression:
Radj
2 = 0.14). The slope of these relationships
p = 0.016, F1,32 = 6.56, Radj
did not differ signiﬁcantly from unity, indicating isometric relationships (gonopodium length: p = 0.082, t = 1.80; ventral black area:
p = 0.34, t = 0.96; Jennions and Kelly, 2002). When body size was
controlled for, male ventral black area was negatively correlated
with gonopodium length such that males with relatively shorter
gonopodia had more ventral black on their bodies (Fig. 4; Regres2 = 0.29, p = 0.002; standard length t = 3.64,
sion: F1,32 = 7.90, Radj
p = 0.001; gonopodium length t = −2.34, p = 0.026; VIF = 3.97l). Black
female morphology was also highly variable (Table 1).

even after accounting for morphology (Table 2; Fig. 6A). While
factor 2 (ventral black area) was not correlated with courtship
or copulation attempts, it was positively correlated with dominance status (Fig. 6B; general linear model: Factor 1 body size and
gonopodium length: F = 0.05, p = 0.83; Factor 2 ventral black area:
F = 5.65, p = 0.032; mean female standard length: F = 0.02, p = 0.89;
2 = 0.18).
full model Radj

3.3. Relationships between morphology and behavior in black G.
metallicus
We looked simultaneously at the correlations between dominance status, female body size, and male morphology (factor 1 body
size and gonopodium length, and factor 2 ventral black area) on
time spent courting and copulation attempt rate. Our correlations
revealed that males who were tested with small females courted
and attempted copulations more often than males who were tested
with large females (Table 2; Fig. 5A and C). Males who scored higher
on factor 1 (body size and gonopodium length) also courted and
attempted copulation more often (Table 2; Fig. 5B and D). Further,
dominant males performed more copulation attempts per minute

Fig. 4. Relationship between ventral black area and gonopodia length (leverage
residuals, controlled for standard length), as inferred from multiple regression analysis.
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Table 2
Results of two general linear mixed models using restricted maximum likelihood, with male nested within pair as a random effect, and dominance status (dominant or
subordinate) as a main effect; covariates included the mean of the standard length of the two females, factor 1 (body size and gonopodium size), and factor 2 (ventral black
area); dependent variables included proportion of time spent courting and copulation attempts per minute, both of which were Box-Cox transformed to ensure residuals
met parametric assumptions. The variance explained by male nested within pair was 1.8 ± 0.7% for courtship displays and 0.7 ± 0.2% for copulation attempts. Signiﬁcant
relationships are given in bold; signiﬁcance level was alpha = 0.033 to correct for multiple tests (FDRB-Y method).
Behavior

Independent variable

2
Radj

DF

F

t

P

Courtship displays proportion

Factor 1 size + gonopodium
Factor 2 ventral black
Mean (female standard length)
Dominance status

0.418

1,15
1,15
1,15
1,15

6.190
1.659
5.331
2.567

2.49
1.29
−2.31
1.60

0.025
0.217
0.036
0.130

Copulation attempts/min

Factor 1 size + gonopodium
Factor 2 ventral black
Mean (female standard length)
Dominance status

0.495

1,15
1,15
1,15
1,15

5.580
1.545
6.185
5.975

2.36
1.24
−2.49
2.44

0.032
0.233
0.025
0.027

3.4. Behavioral variation between color morphs

3.5. Morphological variation between color morphs

In contrast to the black morph, yellow males did not exhibit a
courtship display either in our informal pilot observations (conducted using a range of group sizes from lone pairs to groups of
6 ﬁsh, and including trials with sexually receptive females) or in
our more formal observations (conducted using the same methods
outlined above for black males). Of the 6 yellow males we observed
formally, all followed females and 4 performed sneak copulation
attempts, suggesting that they were sexually receptive and ready
to mate. Interestingly, the yellow males performed ﬁn ﬂare displays (=“lateral displays”, Farr, 1980) to both sexes, a behavior not
seen in the black males. We chose not to extend our sample size of
observations of yellow ﬁsh to statistically compare their behavior
with black ﬁsh, because such a comparison would not be meaningful given the largely non-overlapping mating behavior patterns of
the two morphs.

Fig. 2 shows black and yellow males and females. Black
males were smaller than yellow males (black: 19.23 ± 0.35; yellow: 22.80 ± 0.51 mm standard length; p < 0.0001, t = 6.23, df = 36).
Whereas black males tended to have relative gonopodium lengths
slightly longer than yellow males (38.9% versus 37.7% of body
size; Fig. 1B and C), relative gonopodium length did not differ
signiﬁcantly between the two morphs (p = 0.07, t = −1.90, df = 29).
Similar to black males, yellow males varied widely in morphology, exhibiting a 1.5 fold range in standard length (19.2–26.3 mm).
Gonopodium size of yellow males was positively related to
standard length such that larger males had longer gonopodia
2 = 0.53). The slope of the relationship
(p = 0.001, F1,13 = 17.04, Radj
did not signiﬁcantly differ from unity, indicating that there was no
allometry in gonopodium size (Jennions and Kelly, 2002; p = 0.11,
t = 1.73).

Fig. 5. Relationships between mating behaviors and morphological traits: (A) courtship display and mean female body size, (B) courtship display and factor 1 (body size and
relative gonopodium length), (C) copulation attempts per minute and mean female body size, and (D) copulation attempts per minute and factor 1 (body size and relative
gonopodium length). Relationships are leverage plots, revealing the impact of adding this effect to the model, given the other effects already in the model.
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Fig. 6. Relationship between (A) copulation attempts per minute and dominance
status and (B) dominance index and ventral black area. Relationships are leverage
plots, revealing the impact of adding this effect to the model, given the other effects
already in the model.

4. Discussion
To date, the only published studies on social behavior of the
Cuban poeciliid ﬁsh G. metallicus focused on the colorless morph.
Farr (1989, 1980) concluded that the species is sexually monochromatic, and that males achieve sperm transfer solely through
coercive mating, with no courtship display. We examined two
color morphs of G. metallicus whose social behavior has not to
our knowledge been characterized in the scientiﬁc literature. We
found marked sexual dichromatism: black and yellow males exhibit
black and yellow coloration, respectively, on their ventral surfaces including the gonopodium, and this coloration is not present
in females. We also observed a distinctive courtship display in
the black but not the yellow morph. It is likely that the yellow
morph reproduces solely through coercive mating, as Farr (1980)
described for the colorless morph.
Although we did not directly measure female choice, female
black G. metallicus are very aggressive toward approaching males
compared to other poeciliids such as guppies (Y.J. Akky and G.
R. Kolluru, unpublished data), suggesting that unwanted mating
attempts are resisted. This interpretation is bolstered by our observation of negative correlations between female size and male
courtship time and copulation attempts, despite the pattern in poeciliids of larger females being more fecund (Ala-Honkola et al.,
2010; Arriaga and Schlupp, 2013; Plath et al., 2007). In this system, smaller females may be less aggressive and therefore less

dangerous for males to pursue. Alternatively, smaller females may
be preferred because they are more likely to be virgins, if there
is strong ﬁrst-male sperm precedence in this species as in other
poeciliids (e.g., Ala-Honkola et al., 2010).
We found that, despite loosely size-matching males within
each pair, larger males with longer gonopodia within each pair
courted and attempted copulations more often. These results are
consistent with studies of other poeciliids suggesting that females
prefer larger males and longer gonopodia (Brooks and Caithness,
1995; Kahn et al., 2012; Langerhans et al., 2005; Reynolds, 1993).
Males with greater ventral black area exhibited a higher dominance
index, and dominant males attempted copulations more often than
subordinate males. Together our correlative results suggest that
the ventral black coloration may be a badge of status (Berglund
et al., 1996) in agonistic interactions among males, whereas the
gonopodium may be the target of female choice.
Studies of other species with multiple sexually selected traits
have supported the “multiple receiver hypothesis”, which suggests that selection by different receivers may maintain multiple
costly, condition-dependent traits (reviewed by Andersson et al.,
2002). For example, in red-collared widowbirds (Euplectes ardens)
the carotenoid-based red coloration is selected by male–male
competition, whereas tail length is favored by female choice
(Andersson et al., 2002). In black G. metallicus, both ventral black
area and gonopodium length are positively correlated with body
size, suggesting condition-dependence. Although the possibility
that gonopodium morphology could be used as badge of status
has been suggested (Langerhans, 2011), to our knowledge no study
prior to ours has demonstrated evidence supporting this idea.
A prediction of the multiple receiver hypothesis is that the two
condition-dependent traits should be negatively correlated with
each other, because males cannot simultaneously invest maximally
in both (Andersson et al., 2002). Ventral black area was negatively
correlated with gonopodium length after controlling for body size.
One way this negative correlation could be generated is if individual males specialize in agonism versus courting females. Indeed,
although dominant males attempted copulations more frequently
than subordinate males, they did not court more.
Interestingly, we found no signiﬁcant correlation between body
size and the dominance index, suggesting that when males are
size-matched, factors other than the small remaining disparity in
body size predict which males are more aggressive. Farr (1980)
found that smaller male colorless morph G. metallicus were more
aggressive than larger males, because aggressive juvenile males
matured earlier (and therefore at a smaller size), but were dominant
to their larger counterparts. We did not see this type of negative
correlation between body size and dominance status in our study,
either because of differences in morphology-behavior relationships
among color morphs, because we size-matched males, or because
Farr (1980) reared males either singly or in pairs, whereas we reared
our ﬁsh in large groups, where they were presumably part of more
intricate dominance hierarchies.
The broader question of what maintains the color polymorphism in this species has not been addressed. Other poeciliid
species exhibit genetic and phenotypic polymorphism in morphology and behavior, including the striking color pattern variation in
guppies (Endler, 2011). For example, a Y-linked locus mediates variation in body size and mating behavior in Xiphphorus species and
in the sailﬁn molly (Poecilia latipinna), such that larger males tend
to court females more often, whereas smaller males sneak copulations without courting (Ptacek and Travis, 1997; Ryan and Causey,
1989; Ryan et al., 1992; reviewed in Kolluru and Joyner, 1997). In
sailﬁn mollies the exaggeration of the dorsal ﬁn, a sexually selected
trait, is also more pronounced in the large males (Ptacek and Travis,
1997). Field observations (J.L. Ponce de Léon, pers. comm.; also see
Wischnath, 1993; Ponce de Léon and Rodriguez, 2010; Ponce de
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León et al., 2013) indicate that the three morphs of G. metallicus
co-occur in at least some of the same bodies of water, although
at different frequencies: the colorless morph is the most common,
the black morph less common, and the yellow morph very rare (J.L.
Ponce de Léon, pers. comm.). It is possible that different morphs are
favored under different environmental conditions, such that ﬂuctuating selection pressures maintain the polymorphism. For example,
conspicuous male guppies are attractive to females under low light,
but lose their mating advantage under high light, when predation
risk to responding females is greater (Reynolds, 1993). G. metallicus is known to occur in direct sunlight in the wild (Ponce de
León et al., 2013). Alternatively, frequency-dependent selection by
females and/or predators may maintain the polymorphism, as has
been supported for the extreme variation in guppy color patterns
(Hughes et al., 1999; Olendorf et al., 2006). Another possibility is
that sexual selection may favor morphs that are selected against
by predators. This phenomenon has recently been demonstrated in
another poeciliid, Poecilia parae, which occurs in ﬁve color morphs
(Hurtado-Gonzales et al., 2010). G. metallicus co-occurs with a variety of predators, at least some of which are visually orienting (Ponce
de León et al., 2012). Finally, there is the intriguing possibility
that the three morphs represent different species, although neither the aquarium industry (Wischnath, 1993, with respect to two
of the three morphs) nor other researchers familiar with the species
believe they are (J.L. Ponce de Léon, pers. comm.).
Farr (1980) provided a thorough description of the behavioral
repertoire of colorless G. metallicus. However, our study illustrates
the pitfalls of assuming that those results extend to the entire
species. Our results emphasize the value of closely studying poeciliid species that have received less attention in the past, to fully
appreciate the phenotypic diversity within and among species,
and to understand the interplay between environmental variation
and trait variation (Endler, 2011). Our ﬁndings reveal that black G.
metallicus is unique, based on Martin et al. (2010), in that it has
a somewhat long gonopodium and also exhibits courtship; most
species exhibit courtship displays and possess short gonopodia, or
exhibit no courtship display and possess long gonopodia. Until the
present study, the few species that were mismatched had relatively
short gonopodia and no courtship display. As Martin et al. (2010)
suggest, the description and quantiﬁcation of the mating tactics of
lesser-studied species should improve our ability to discriminate
patterns of association between morphology and behavior.
Although there is some evidence that gonopodia are the target
of female choice in other poeciliids (e.g., Reynolds, 1993; Brooks
and Caithness, 1995; Langerhans et al., 2005; Kahn et al., 2010),
longer gonopodia tend to evolve in species without display, because
they assist in coercive mating but circumvent female choice (e.g.,
Evans et al., 2011a; Gasparini et al., 2011; reviewed in Langerhans,
2011). It is possible that in black G. metallicus the gonopodium itself
has evolved into a display trait, as evidenced by the prominent
gonopodium coloration, such that females prefer longer gonopodia. We found substantial variation in gonopodium length among
males of both the courting, black G. metallicus and the non-courting,
yellow morph, with coefﬁcients of variation similar to the higher
values given for other poeciliids in Jennions and Kelly (2002).
However, there was no difference in relative gonopodium length
between the two morphs, challenging the idea that gonopodium
length differs between courting and non-courting groups. Our data
may be explained if the two morphs interbreed, such that the
gonopodium length–behavior relationship is not maintained. Alternatively, given that our data suggest that females in the courting
morph prefer longer gonopodia, gonopodium length may be maintained via female preference in black males and beneﬁts to coercive
mating in yellow males.
The focus of the present study was to describe the courtship
display and address correlations between morphology and
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behavior. Future studies should employ manipulation experiments to tease apart the inﬂuence of ventral black coloration
and body/gonopodium size independently. Manipulation studies
should contrast the behavior of low and high black males and small
and large males, with the other variable held constant. We plan
to perform such studies in the near future. In addition, the patterns we describe are from stocks of ﬁsh that are far removed from
wild-caught. Long-term captivity may have inﬂuenced behavior,
morphology, and the relationship between the two. Future studies
should therefore strive to observe the behavioral and morphological variation within and among morphs of this species in the ﬁeld,
and in controlled settings using ﬁsh more recently derived from
wild-caught stocks. Anecdotal ﬁeld observations by a researcher
who has worked with our G. metallicus stocks suggest that the ventral black coloration and levels of intermale aggression in the wild
may be somewhat less pronounced, compared to the laboratory
stocks (B.J. A. Pollux, pers. comm.). In spite of this, it seems unlikely
that the existence of a courtship display would be an artifact of
the lab environment, given that this species does not appear to
have been artiﬁcially selected, per se, and given that Farr’s (1980)
description of the colorless morph was also taken from stocks far
removed from wild-caught.
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