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ornamented to larger females
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Abstract Female ornamentation may be directly sexually
selected, by male choice or female competition, or occurs as
the result of a genetic correlation, arising from sexual selec-
tion on males. However, increasing evidence supports the
former hypothesis, suggesting that males actively choose
their partner preferring traits indicative of female quality. In
the lagoon goby, Knipowitschia panizzae, a polygynous
species whose males perform parental care to eggs, body
length and the size of a sex-specific yellow patch on the
belly are known to be reliable indicators of female fecundity.
In this paper, we tested, using dummies, the male’s mating
preferences for female body and yellow belly patch sizes.
The two experimental trials in which a single female trait
was variable showed that males prefer a larger belly patch
and a larger body size, indicating that both these characters
are selected by male mate choice. However, when faced with
dummies exhibiting an inverse combination of body and
belly patch sizes (experiment 3), males significantly pre-
ferred the smaller ones with larger yellow belly patches. A
calculation of dummy theoretical fecundity reveals that in
the first two experiments, males would have received an
immediate benefit from their choice in terms of egg number,
whereas in the third one, males chose partners that would
have provided them with fewer eggs. The male lagoon goby
preference for females with larger belly patches, regardless
of their size, suggests that this trait, in addition to indicating
fecundity, conveys information about other aspects of female
and/or egg quality.
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Introduction

Lower investment in offspring and higher variance in
reproductive success usually lead to sexually selected
extravagant traits in males rather than in females (Darwin
1871; Andersson 1994). Numerous studies support this
argument, documenting male competition and female mate
choice (Andersson 1994). Female ornaments, in contrast,
have traditionally been considered artefacts, through genet-
ic correlation, of selection on male traits and as such have
rarely been investigated (Lande 1980). This conception has
recently been challenged, and the broader scenarios under
which female ornaments might evolve have begun to be
recognized (Amundsen 2000). Indeed, experimental evi-
dence and comparative studies have demonstrated that both
female intra-sexual agonistic interactions and male mate
choice may be important in the evolution and maintenance
of sex dimorphic traits in females (e.g. Amundsen 2000;
Amundsen and Forsgren 2001; Bonduriansky 2001; Griggio
et al. 2005; Torres and Velando 2005). In particular,
ornamented females and choosy males have been docu-
mented not only in the so-called sex role-reversed species,
as expected from theoretical predictions (Emlen and Oring
1977; Clutton-Brock and Vincent 1991; Clutton-Brock and
Parker 1992; Vincent et al. 1992; Barlow 2005), but also
in both monogamous and polygynous species with
conventional sex roles (Amundsen 2000; Amundsen and
Forsgren 2001; Griggio et al. 2005; Heinsohn et al. 2005;
Torres and Velando 2005), being male choice of partners
favoured in different social and environmental circum-
stances (Johnstone et al. 1996; Kvarnemo and Simmons
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1999; Bonduriansky 2001; Kokko and Monaghan 2001;
Simmons and Kvarnemo 2006).

If the female ornamental traits are adaptive, they are
expected to be favoured in sexual selection games, and their
expression should be indicative of individual quality
(Hamilton and Zuk 1982; Fitzpatrick 1994; Amundsen
2000). Experimental evidence shows that the relationship
between male preferences and female ornamentation may
be positive (Beeching et al. 1998; Amundsen 2000), null
(Wolf et al. 2004) or negative (Nordeide 2002; Nordeide
et al. 2006). The merging pattern seems ambiguous;
however, the association of female sexually dimorphic
traits with aspects of phenotypic quality has been investi-
gated only in a handful of species. In particular, female
ornamentation can be indicative of body size and/or
condition (Johnsen et al. 1996; Amundsen et al. 1997;
Jawor et al. 2004), parasite load (Potti and Merino 1996;
Roulin et al. 2001; Cordoba-Aguilar et al. 2003), ability to
tolerate reproductive costs (Hanssen et al. 2006) and
fecundity, in terms of egg number (Berglund et al. 1986;
LeBas et al. 2003; Massironi et al. 2005), egg quality
(Domb and Pagel 2001; Pizzari et al. 2003; McGraw et al.
2005; Cornwallis and Birkhead 2007) or number of broods
per season (Domb and Pagel 2001). By contrast, female
ornamentation does not signal female quality in an agamid
lizard, Ctenophorus ornatus (LeBas and Marshall 2000),
and in a goby fish, Gobiusculus flavescens, where the
higher egg carotenoid content exhibited by more colourful
females does not reflect egg or larval quality (Svensson
et al. 2006). A better comprehension of the general
principles guiding the evolution of such female traits
requires additional studies testing female ornaments for
potential function and male choice.

Male preference for more fecund females has been
demonstrated in several fish species where males provide
sole parental care of the eggs and fecundity is highly variable
among females (Andersson 1994; Itzkowitz et al. 1998;
Kvarnemo and Forsgren 2000). By undertaking parental
care, a male may limit his own potential reproductive rate
and could therefore benefit from discriminating among
females of different reproductive potential (Clutton-Brock
and Parker 1992). Indeed, males may gain immediate
benefits by choosing a more fecund female, and the strength
of this preference is expected to be inversely related to the
opportunity of a single male to mate with several females.
Body mass or size is the trait most commonly related to
fecundity in fish, and male preference for this trait has been
widely demonstrated (e.g. the pipefishes Syngnathus typhle
and Nerophis ophidon, Berglund et al. 1986; Gasterosteus
aculeatus and Oncorhynchus kisutch, Sargent et al. 1986;
Ophioblennius atlanticus, Côte and Hunte 1989; Poecilia
latipinna, Ptacek and Travis 1997; Gabor 1999; Stegastes
leucostictus, Itzkowitz et al. 1998; G. aculeatus, Kraak and

Bakker 1998; Pomatoschistus minutus, Kvarnemo and
Forsgren 2000, G. flavescens, Pélabon et al. 2003; Poecilia
reticulata, Dosen and Montgomery 2004). However, in two
species with male parental care and a short life cycle, the
two-spotted goby, G. flavescens, and the lagoon goby,
Knipowitschia panizzae, a female-specific yellow colour-
ation on the belly has been documented to convey
information on egg number or quality (Amundsen and
Forsgren 2001; Massironi et al. 2005). In the two-spotted
goby, more colourful females are strongly preferred by
males and produce eggs richer in carotenoids; however, the
content of these anti-oxidants does not appear to be related
to egg and larval quality (Svensson et al. 2006). In the
lagoon goby, K. panizzae, males typically care for only one
clutch at a time, and thus female fecundity is the major
determining factor of males’ reproductive success. In this
species, female fecundity is positively correlated to both
body length and a conspicuous yellow patch displayed on
the belly before spawning (Massironi et al. 2005). While no
evident variation has been observed in the intensity of the
yellow colouration, the size of this patch varies widely
among females and is not related to female length
(Massironi et al. 2005). The lack of aggressive interactions
among females seems to exclude a possible involvement of
the yellow belly patch in female–female competition
(Massironi et al. 2005). However, no information is
available on possible male preference for the two traits
indicating female fecundity in this species. Our study was
aimed to: (1) test if the female nuptial colouration is
sexually selected by male mate choice, (2) test if males
exert mate choice on the basis of female body size and (3)
evaluate the relative importance of these two traits for male
mate choice. In addition, with the goal to understand the
possible benefit of male choice, a theoretical estimation of
female fecundity in relation to the yellow belly patch size
was performed using the field collected data of Massironi
et al. (2005).

Materials and methods

Model species

The lagoon goby (K. panizzae, Verga 1841) is an
euryhaline teleost species belonging to the family Gobiidae.
It inhabits muddy bottoms of northern Adriatic lagoons and
estuaries, usually at a depth lower than 2 m. This goby is
relatively small sized (45 mm total length at maximum), has
a short life span (up to 1 year; Whitehead et al. 1986) and
its breeding season lasts from February to May (Massironi
et al. 2005). Females lay demersal eggs in nests, mainly
consisting of empty bivalve shells, and males perform all
parental care of the eggs until hatching (Gandolfi et al.
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1991). Males seldom take care of more than one egg clutch
at time (Massironi et al. 2005). During the breeding season,
the species presents sexual dimorphic colouration: males
show dark bars along their sides, dark fins and a blue spot
on the first dorsal fin, while females present a dark spot on
the mentum, a dark first dorsal fin and an evident yellow
belly colouration because of dermal pigments (Massironi
et al. 2005).

General methods

The study was conducted at the Chioggia Hydrobiological
Station (Venice, Italy) from February to May 2005 and
2006. Fish were caught in the southern part of the Venetian
lagoon by scuba-divers using hand-held nets. Individuals
were separated by sex by the shape of the dimorphic genital
papilla and/or by breeding colouration (Gandolfi et al.
1991). A total of 45 males in 2005 and 22 males in 2006,
ranging in size from 38 to 42 mm, were brought to the
laboratory. In addition, in 2005, ten females and ten males
were caught and used to observe courtship displays before
the initiation of experimental trials. All fish were kept in
stock tanks (36 l) until they were used for the experiments.
The aquaria were provided with sandy bottoms and
artificial shelters. Water was renewed daily. The tempera-
ture was maintained between 18 and 22°C, and the light
regime followed natural conditions. Fish were fed daily
with fresh chopped Mytilus sp. ad libitum. Observations of
courtship displays were performed in aquaria provided with
a Polyvinyl chloride (PVC) pipe as an artificial nest
(length=6 cm; diameter=3 cm). One male and one female
were placed in the tank, and their courtship and eventual
spawning behaviour were recorded. According to these
observations, males court females by spreading the first
dorsal fin and leading the female to the nest by swimming
back and forth between the female and the nest entrance.

Mate preference trials were conducted in experimental
aquaria, and artificial female dummies were used. The
dummies were made from fish-shaped lures of grey semi-
transparent silicone. Considering that the colour intensity of
the yellow belly patch has been found to be invariable
among females and consistently matching the tone E-X000
of the Pantone colour scale (Massironi et al. 2005), a
yellow patch was created on the dummy’s belly using
acrylic colour corresponding to the previous described
colour tone (Acrylide yellow, Hue 7.74Y, Value 7.64,
Chroma 12.59). To complete the imposture, two fins, a
dorsal and a caudal, made of acetate paper, were added
(Fig. 1). A total of 18 dummies were prepared, three for
each of six types, differing in total length and/or yellow
patch area (Table 1). The range of dummy size and yellow
patch area was set according to the values measured in the
Venetian lagoon goby population (Massironi et al. 2005).

Expected fecundity of the different dummies was estimated
with a multiple regression model (see below).

The experimental tank (34×34×34 cm), provided with a
sandy bottom, was subdivided in four parts (Fig. 2) with
transparent Plexiglas partitions: A, a large section (34×
25 cm) for the male was provided with an artificial nest in
the middle consisting of a half PVC tube (length=6 cm;
diameter=3 cm); B and C, two smaller sections (12×9 cm)
for the dummies and D, a small section (9×9 cm) to
separate B and C. A dark removable partition was placed
between part A and the other sections.

Males were put in the aquarium to acclimatize for an
average of 2 days before the experiment. A male was
considered acclimatized when he covered the artificial nest
with sand, preparing it for breeding (Massironi et al. 2005).
Males that did not cover the nest within 4 days were
removed. A dummy, randomly taken from the group
specific to the trial underway, was placed in each of parts
B and C for the experiment. Dummies were buoyant and
kept at 3 cm from the bottom with a transparent nylon
thread tied to a weight burrowed in the sandy bottom. In
this position, dummies were mimicking the typical belly
display that females exhibit during courtship. The dark
partition was then gently removed, and the behaviour of the
male was observed for 30 min. If the male responded to the
dummies, he exited from the nest, performed courtship
displays in front of the glass separating him from the
dummy, and attempted to lead the dummy to the nest.
Preference for a dummy was estimated as the time spent by

Fig. 1 Picture of a dummy used in the experiments

Table 1 Total length and yellow patch area of dummies used in the
experiments

Dummies Dummy total
length (mm)

Yellow patch
area (mm2)

MFSP: medium-size female, small patch 40 80
MFLP: medium-size female, large patch 40 180
SFMP: small female, medium patch 35 140
LFMP: large female, medium patch 42 140
SFLP: small female, large patch 35 180
LFSP: large female, small patch 42 80
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the male in front of the dummy section, within a choice
zone of less than or equal to 5 cm in front of the section.
The time spent in front of part D or at the back of the
aquaria was considered as no choice. If a male did not exit
from the nest or did not perform any courtship display
within the first 10 min, the experiment was interrupted and
discarded.

The experimental set up was: (a) experiment 1 (25
trials): yellow patch area; two female dummies of the same

body size with different sized yellow patches: medium-size
female, small patch vs medium-size female, large patch, (b)
experiment 2 (17 trials): female size; two dummies with the
same yellow patch size and different lengths: small female,
medium patch vs large female, medium patch, (c) experi-
ment 3 (14 trials): yellow patch area vs female size; two
dummies differing inversely in size and yellow patch area:
large female, small patch vs small female, large patch. All
males were used for a single trial and were kept for 1 day
after the experiment and fed ad libitum before being
released. All the fish were released into their natural habitat
after the experiments.

Data analyses

All data are reported as means±standard deviation. Differ-
ences between years in the willingness to court dummies
were tested with the Fisher exact test. Differences in the
proportion of time males spent in the choice and in the
neutral zones were tested with a t test for paired data, after
arcsine transformation. Male preference was calculated on
the basis of the proportion of time each male spent in front
of a given dummy relative to the total time spent in the
choice zone. Preference (proportion of time) was tested
against an expectation of no preference (proportion of
time=0.5), with a one-sample test. Proportions were arcsine
transformed. A multiple regression analysis was applied to
estimate dummy fecundity. The model was calculated using
the data of female total length (mm) and yellow patch area
(mm2), as independent variables, and fecundity (total
number of laid eggs) as the dependent one. Data from
Massironi et al. (2005) were used. The regression was
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Fig. 3 Male preferences for
(dummy) female traits in the
three experiments. Exp. 1 Yel-
low patch area, Exp. 2, female
size, Exp. 3 yellow patch area vs
female size. Abbreviations:
MFSP medium-size female,
small patch, MFLP medium-size
female, large patch, SFMP small
female, medium patch, LFMP
large female, medium patch;
SFLP small female, large patch,
LFSP large female, small patch

Fig. 2 Experimental aquarium: A male section, B and C dummy
sections, D separation section, cz choice zones. The grey box
represents the nest
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calculated with the raw data and after log transformation.
Statistical analyses were performed using STATISTICA 7.1
for Windows.

Results

In 30 out of 39 trials in 2005 and 10 out of 17 in 2006,
males showed an interest in the dummies, swimming in
front of the dummies and trying to lead them to the nest. No
statistical differences between years in the willingness to
court dummies were found (Fisher exact test: p=0.206).
The 16 experiments in which males did not show any
interest in the dummies were excluded.

In all the experiments, males spent more time in the
choice zone than in the neutral one (experiment 1: choice
zone=1,205.1±235.6 s, neutral zone=594.4±235.6, t=5.63,
df=19, p<0.001; experiment 2: choice zone=1,233.1±
158.1 s, neutral zone=566.9±158.1, t=6.42, df=9, p<
0.001; experiment 3: choice zone=1,232.6±70.6 s, neutral
zone=567.4±70.6, t=14.22, df=9, p<0.001). In experiment
1 (yellow patch area), in all 20 valid trials, males spent more
time in front of the dummy presenting the larger yellow
patch (Fig. 3), with a proportion of time significantly higher
than 0.5 (t=8.34, df=19, p<0.001; Table 2). In experiment 2
(female size), in nine out of ten valid trials, males spent more
time in front of the larger dummy (Fig. 3), with a proportion
of time significantly higher than 0.5 (t=4.14, df=19, p=
0.002; Table 2). In experiment 3 (yellow patch area vs
female size), in nine out of ten valid trials, males spent more
time in front of the smaller dummy presenting the larger
yellow patch (Fig. 3), with a proportion of time significantly
higher than 0.5 (t=2.95, df=19, p=0.016; Table 2).

Model to estimate fecundity

The linear model offered the best estimate of fecundity
(fecundity ¼ �875:61 þ 24:65� TL þ113:92� yellow
patch; F2,23=20.73, p<0.001; adjusted r2=0.612), while in
the model with log-transformed data, the determination
coefficient had lower values. Both independent variables
were significant in the regression (Female total length: t=

5.15, p<0.001; yellow patch area: t=3.57, p=0.002), and
females may attain the same estimated fecundity with
different combinations of length and yellow patch area
(Fig. 4). The estimated fecundity of the dummies is
reported in Table 3.

Discussion

Our results provide evidence of a clear male preference
towards the two considered female traits: body length and
yellow patch size. The use of dummies, justified by a male
response higher than 70%, further strengthens the results, as
no confounding variables, such as female behaviour or
readiness to spawn, may have influenced male preferences.
When responding to the stimuli, males spent more than
66% of their time in the choice area, demonstrating a robust
response to the experimental tests, even higher than that

Table 2 Proportion of time males spent in front of the chosen
dummy: experiment 1: dummy presenting the larger yellow patch;
experiment 2: larger-sized dummy; experiment 3: smaller dummy
presenting the larger yellow patch

Experiment Mean±SD Range

Exp. 1: yellow patch area 0.606±0.055 0.530–0.729
Exp. 2: female size 0.654±0.114 0.471–0.835
Exp. 3: yellow patch area
vs. female size

0.608±0.115 0.350–0.744

Fig. 4 A three-dimensional graph representing the variation in female
fecundity in relation to size and yellow patch area, calculated with the
linear regression model

Table 3 Estimated fecundity of the dummies used for the three
experiments

Experiment Dummy Fecundity Confidence limits

Exp. 1: yellow patch area MFSP 198.2 155.1–241.3
MFLP 292.6 265.3–319.8

Exp. 2: female size SFMP 146.0 103.0–189.1
LFMP 318.1 282.5–353.7

Exp. 3: yellow patch area
vs. female size

LFSM 247.3 194.8–299.9
SFLP 169.6 122.6–216.7

MFSP Medium-size female, small patch, MFLP medium-size
female, large patch; SFMP small female, medium-patch, LFMP
large female, medium patch, SFLP small female, large patch, LFSP
large female, small patch
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found in similar species using alive individuals (Amundsen
and Forsgren 2001; Pélabon et al. 2003).

In the experiments where male preference for the two
traits was tested separately, males spent more time
associating with the dummies presenting the larger yellow
patch and the greater body length, indicating that both these
traits are actually sexually selected by male mate choice.
While we did not test it in this study, the influence of intra-
sexual competition on these traits appears unlikely given
that agonistic behaviour among females has never been
observed (Massironi et al. 2005). The observed male
preference for larger females is not unexpected as, in fish,
fecundity is usually positively related to female size
(Bagenal 1966) and male choice based on female size has
been demonstrated in several species (e.g. Berglund et al.
1986; Itzkowitz et al. 1998; Kraak and Bakker 1998;
Kvarnemo and Forsgren 2000; Pélabon et al. 2003). In the
lagoon goby, with body length and yellow patch size
related to fecundity (Massironi et al. 2005), mate prefer-
ences give males an immediate benefit in terms of egg
number. This is confirmed by the estimation of dummy
fecundity, with a reward for the male of 1.5 and 2.2 times
the eggs he would have obtained spawning, respectively,
with the dummy presenting a smaller yellow patch or of
smaller size. In general, the strength of male preference is
expected to be related to the variance in mate quality
(Johnstone et al. 1996; Kvarnemo and Simmons 1999;
Bonduriansky 2001), that is to say, in this case, to the
variance in fecundity. In highly polygynous species, male
preference for large females is not expected to be strong,
given that males may obtain similar advantages mating
randomly with several females instead of actively choosing
only large females, wasting time and potential mates
because of this choice (Itzkowitz et al. 1998). In the lagoon
goby, a short-living species with low variability in
fecundity (coefficient of variation=30.65%, calculated from
Massironi et al. 2005), the observed strong preference for
more fecund females may be particularly rewarding
because males usually take care of only one egg clutch at
a time (Massironi et al. 2005).

In the third experiment, where the two investigated traits
were tested together, males exhibited a greater preference
for the size of the yellow belly than for that of body.
Dummy fecundity estimates project that the female dummy
preferred by nine out of ten males would have fewer eggs
(0.7 times than the other dummy) or, considering the
confidence limits, at best an equal number of eggs than the
larger one. These results might suggest that the yellow belly
patch acts as an amplifier of body size, as it has been
demonstrated for other sexually dimorphic fish traits
(Berglund 2000; MacLaren et al. 2004). In this scenario,
females with larger belly patch would exploit male

preference for partners with larger body size, appearing
larger to the prospective mates. Although this possible
sensory bias offers one explanation of the male preference
for females with larger belly patch, other explanations,
related to the information on female quality conveyed by
this ornament, may account for it. Indeed, in addition to
signal female fecundity (Massironi et al. 2005) the yellow
belly patch has been found to contain carotenoids (Pizzolon
and Mazzoldi, unpublished data). These pigments, respon-
sible for the yellow and red colouration of several sexual
ornaments (Gray 1996; Kodric-Brown 1989; Wedekind
et al. 1998; Blount et al. 2000; Svensson et al. 2006;
Griggio et al. 2007), are considered to honestly signal
individual condition (Hill 1991; von Schantz et al. 1999)
because of their role as anti-oxidants and in the immune
defence (Chew 1996; Edge et al. 1997; Olson and Owens
1998). A tradeoff between the use of these pigments to
maintain health and to signal to potential mates implies that
individuals in good condition are able to display more
brightly coloured or larger ornaments (Lozano 1994; Olson
and Owens 1998; Blount 2004). In the lagoon goby, it has
been shown that females displaying larger yellow patches
are more fecund than expected for their size (Massironi
et al. 2005). In this scenario, a male choosing a female with
a large patch could gain an immediate direct benefit because
of his mate condition and/or indirect benefits in terms of her
genetic quality and, consequently, that of her offspring.
Female ornaments could also signal the quality of the eggs,
in terms of overall size, yolk size or carotenoid content
(Svensson et al. 2006; Cornwallis and Birkhead 2007). In
the lagoon goby, the size of the yellow patch is not related
to egg or yolk size or to the size of hatching larvae
(Massironi et al. 2005). The carotenoid content of lagoon
goby eggs has not been investigated, but the concentration
of these substances does not always reflect egg or larval
quality, as recently demonstrated in G. flavescens, a species
where the female ornament expression is positively corre-
lated with egg carotenoids (Svensson et al. 2006). However,
that the size of the yellow patch could reflect female
capacity to provide eggs with components that are directly
related to egg quality, such as lipids, carbohydrates,
vitamins and hormones, cannot be ruled out (Brooks et al.
1997; Rennie et al. 2005).

In conclusion, we found that the nuptial colouration of
female K. panizzae is selected by male choice and may
convey multiple signals. While exactly which qualities of
the female and/or the eggs are signalled by the yellow patch
calls for investigation, this female ornament is expected to
convey to males, in addition to fecundity, crucial informa-
tion because they are ready to pay a price in terms of
fecundity by choosing a smaller female with a larger yellow
patch.
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