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Experimental and molecular evidence
that body size and ventral colour interact
to influence male reproductive success in a lizard
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This study aimed to first investigate the relationship between male ventral
colour, body size and ectoparasite load, and then test, using an enclosure experi-
ment, how body size and ventral colour influence male reproductive success in
a non-territorial lizard. Individuals of the sexually dimorphic Australian skink,
Pseudemoia entrecasteauxii, were sampled in the field and male body size and
ventral coloration were recorded. The frequency of orange and white ventral col-
our appeared bimodal; males either had orange or white ventral colour. While
larger males were more likely to have orange ventral colour, there was consider-
able variation and small males with orange ventral colour and large males with
white ventral colour were common. The number of mites each male had was
positively correlated with snout vent length, weight and head depth corrected for
body size and was greater for males with orange ventral colour. Mating trials in
outdoor enclosures were used to investigate the separate and combined effects of
male ventral colour, body size and male behavior on reproductive success. Behav-
ioural observations revealed that males with orange ventral colour were domi-
nant over males with white ventral colour and, contrary to expectations, male
body size was not related to dominance. A total of 32 neonates were genotyped
along with their mothers and potential fathers using three polymorphic DNA
loci. Large males with orange ventral colour fathered the most neonates. These
findings suggest that although males with orange ventral colour were dominant,
both body size and ventral colour influenced male reproductive success.

KEY WORDS: sexual selection, status-signalling badge, microsatellites, skink, Pseu-
demoia entrecasteauxii.
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INTRODUCTION

Sexual selection is one of the most powerful selective agents acting on sepa-
rate sex organisms (SHUSTER & WADE 2003). The study of male traits on reproduc-
tive success has provided insight into many areas of evolutionary ecology includ-
ing mating system evolution, speciation, inheritance and quantitative genetics
(ANDERSSON 1994, ARNOLD & DuvAaLL 1994, Kokko & MONAGHAN 2001, SHUSTER &
WADE 2003). Male traits can influence male reproductive success through male-
male competition and/or female mate choice (ANDERSSON 1994, Kokko et al. 2003).
Large body size, more elaborate armaments, or bright colours that correlate with
fighting ability are under strong intra-sexual selection in a variety of taxa (HOELZER
1990, ANDERSSON 1994, EMLEN 1996, OLsSSON & MADSEN 1998, FORSLUND 2000, HAGE-
LIN 2002). Similarly, female choice favours a variety of male traits that may or may
not be indicators of male quality (Kokko et al. 2003). In several species males have
multiple secondary sexual traits and different traits can influence male reproductive
success by influencing one or both of these processes of sexual selection (MARCHET-
TI 1998, ANDERSSON et al. 2002). Here we consider how two male traits influence
male reproductive success in a non-territorial lizard using a manipulative mating
study. Although lizards represent a highly morphologically diverse group that have
been used as model systems with which to address questions central to evolutionary
theory for many decades (Cox et al. 2003, P1anka & VITT 2003), evidence of sexual
selection acting on male traits are rare, and no studies have considered how multi-
ple male traits may influence reproductive success.

Male body size is the most common trait to influence reproductive success in
lizards, and several studies have demonstrated that large males generally sire more
neonates (ABELL 1997, GULLBERG et al. 1997, LEBAS 2001, CALSBEEK & SINERVO 2002,
MoRRISON et al. 2002). Other factors such as alternative mating tactics had little
direct effect on reproductive success (ZAMUDIO & SINERVO 2000, MORRISON et al.
2002, STAPLEY & KEoGH 2005) and no effect of colour badges has been identified
(ABELL 1997, LEBAS 2001). Evidence from field studies such as these are crucial and
provide evidence of traits influencing reproductive success, however often multiple
male traits can be highly correlated and it is difficult to tease apart the effects of
each trait on male reproductive success. Therefore, manipulative enclosure studies,
where particular combinations of males with different phenotypes can be used to
tease apart the individual and combined effects of different male secondary sexual
traits, offer the best opportunity for addressing this issue.

The Australian mountain log skink, P. entrecasteauxii is a sexually dimorphic
lizard that would be useful for identifying the influence of sexual selection on male
morphology and behaviour. During the breeding season some males develop orange
coloration that covers their ventral surface, and forms a thin lateral line from behind
the forelimb extending down their body (PENGILLEY 1972). The species occurs at high
densities, and adult home ranges overlap extensively suggesting that the species is
not territorial (PENGILLEY 1972). This allows for a clear test of the influence of male
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phenotypic traits on male reproductive success while controlling for the potentially
confounding affects of territory quality or male defence of resources. In addition mic-
rosatellite markers useful for paternity testing have been developed for this species
(STAPLEY et al. 2003). The aim of this study was to describe the relationship between
male traits and body size in P. entrecasteauxii and investigate how they influence male
reproductive success determined using genetic markers.

METHODS

Field sampling

Individuals were sampled from Namadgi National Park in the Australian Capital Territory
in southeastern Australia during December-January 2001-2002. Lizards were caught by “meal-
worming” whereby a mealworm is attached to a fishing pole with string and placed in front
of the lizard. When the lizard bites the mealworm the pole is gently lifted, with the lizard still
attached, and placed over the bucket into which the lizard drops. Lizards were then transferred
into individual cloth bags for transport back to the laboratory. Measurements were taken of
male snout vent length (SVL) to the nearest mm using a ruler, head length, width and depth to
the nearest 0.01 mm using digital callipers, and weight to the nearest 0.01 g using a digital bal-
ance. All measures of head size and weight were standardized for body size by using the residu-
als from a linear regression of each measure on SVL. As ectoparasites can be indicative of a
reduction in immuncompetence (SALVADOR et al. 1996, VEIGA et al. 1997), the number of mites
(Trombiculidae: Eutrombicula sp.) within the evaginations of the skin, known as “mite pockets”,
were counted under a dissecting microscope to investigate if ectoparasite load co-varied with
other male traits. Ventral and lateral colour score was recorded for all adult males (> 40 mm,
PENGILLEY 1972). Only ventral colour was used for further analyses because ventral and lateral
colour score were highly correlated (F, 549 = 105.6, P < 0.001, r = 0.29). This area of colour also
is much larger and, because males inflate their gular region during agonistic encounters (simi-
lar to behaviours described in Lampropholis guichenoti; ToRR & SHINE 1996), it suggests that
this area of colour is likely to be a stronger signal than the thin lateral line. Colour was identi-
fied by visual comparison to a Natural Colour Scheme (NCS) colour chart at normal incidence
(full, morning sunlight). A total of 34 different ventral colours were identified. The colours var-
ied from mostly white to strong orange. The frequency of each colour approximated a bimodal
distribution with a colour score of 0-1 in the white-cream range and a colour score of 23-24 in
the orange range (Fig. 1). Therefore most males could be characterized into those with orange
ventral colour (orange males) and those with white ventral colour (white males). This method of
colour assessment is biased toward the human visual system and we know from studies of Ano-
lis lizards that the lizard visual system varies considerably to that of humans (LoEw et al. 2002).
Lizards have four colour photoreceptors and can detect light at lower (ultraviolet) wavelengths
(LoeEw et al. 2002). We did consider the possibility that aspects of male colour may be reflected
in the ultraviolet range. Spectral measurements of a sub-sample of males failed to identify any
reflectance within the UV range (320-400 nm) and the orange colour of the male’s ventral sur-
face had a peak reflectance at 550-650 nm (J. ZEIL & J. STAPLEY unpubl. data). We used males
from the extreme ends of the colour continuum in our mating system experiments (below) to
ensure that these two colour morphs were likely to be perceived as different, regardless of the
visual system.

Mating study

The mating system study took place in large (2 m diameter) naturalistic outdoor enclo-
sures that were enclosed within a bird-exclusion fence. Mating takes place in autumn, sperm
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is stored over winter and females ovulate, fertilize the eggs and gestate through spring and
summer, giving birth to 3-6 offspring the following autumn (PENGILLEY 1972). Mating occurs
within four weeks of giving birth, so we placed lizards into the enclosures in December 2001
and made behavioural observations of mating behaviour during January-March 2002 once
females began to give birth to neonates that resulted from matings that occurred the previous
January-March in the wild. The neonates remained in the enclosures to minimize disturbance
and closely replicate field conditions but were removed from enclosures in April and released
back into the field. Lizards were housed at two densities to explore the possible influence of
density on male reproductive behaviours and male reproductive success. “Low” density enclo-
sures contained 9 adult lizards (5 females and 4 males) and “high” density enclosures con-
tained 18 adult lizards (10 females and 8 males). The low-density enclosure is similar to the
natural density of these lizards (J. STAPLEY unpubl. data). High and low density treatments
were replicated 12 times, resulting in 24 enclosures and 324 lizards. We used large initial
sample sizes because little is known about annual survivorship or age, so we were uncertain
about the number of animals that would survive for the length of the experiment. Lizards
remained in these enclosures until January the following year, at which time they were caught
and females were relocated to the laboratory to give birth and males were released into the
filed at their point of capture. Lizards were provided with ad libitum water and food in the
form of crickets and mealworms.

The males in both the low- and high-density enclosures were arranged into matched
pairs to test the individual and combined effects of male body size and ventral colour on
reproductive success. The low-density enclosure contained a set of 4 males and the high-density
enclosure contained two sets of 4 males (i.e. 8 males total). A male set was formed using two
small size matched males (one with orange and one with white ventral colour) and two large
size matched males (one with orange and one with white ventral colour). Therefore, there
were four male phenotypic categories: (1) small, white (SW) (mean SVL = 47.14 + 0.70); (2)
small, orange (SO) (mean SVL = 47.30 + 0.71); (3) large, white (LW) (mean SVL = 51.82 =
0.68); (4) large, orange (LO) (mean SVL = 51.85 + 0.63). Mean male condition (residuals from
linear regression of weight on SVL) did not differ between these phenotypic categories (F; ;4
=274, P = 0.10).
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Fig. 1. — Frequency histogram of male ventral colors for each colour score identified from the NCS

colour chart.
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Behavioural observations

We carried out detailed 20-min observations on each enclosure in a rotation, such that
each enclosure was observed 3 times during the breeding season, resulting in a total of 72
observation sessions. During the 20-min observations we recorded all lizards that were active
and all interactions between lizards. An overall activity ratio was calculated for each male
category. This was calculated by dividing the number of times a male from each phenotypic
category was active by the total possible activity score for that phenotypic category. The total
possible activity score for each male phenotypic category was the number of males in that
category (24 for low density and 48 for high density) times the number of 20-min observa-
tions for each enclosure (3). We scored an interaction when lizards were within 2 cm of each
other. Interactions between males were classified as aggressive or non-aggressive. The interac-
tion was scored as aggressive when lizard A approached lizard B and lizard B retreated rap-
idly, or if either lizard displayed any aggressive behaviours such as a slow walk approach with
head arched and gular region expanded, biting, wrestling or chasing (the sequence of aggres-
sion is very similar to behaviours described in Lampropholis guichenoti; TORR & SHINE 1994).
Following an initial aggressive encounter, biting and wrestling were rarely observed and most
encounters lasted less then 2 sec. For this reason we did not record the level or duration of an
aggressive interaction but simply scored an interaction as either “non-aggressive” (lizards next
to each other with no obvious interaction) or “aggressive” (any one of the aggressive displays
noted above with one lizard running away). We calculated an overall aggressive behaviour
score (ABS) for each male category in each enclosure. This was calculated as the total number
of “aggressive” interactions a male made minus the total number of “aggressive” interactions
that the male received (CARPENTER 1995).

Interactions between males and females were recorded and the initiator was noted.
When a lizard approached another of the opposite sex their behaviour was scored as an “asso-
ciation” if no tail twitch was observed, a “courtship” if the male performed a tail twitch as he
approached, which is a species typical courtship behaviour, and a “bite” if the male attempted
a mating grasp one the female (TorRR & SHINE 1994). We did not record female behaviour in
this study because there were few aggressive behaviours between females, or between females
and males and because the female’s response to male courtship was almost invariably the
rejection behaviour (one acceptance i.e. copulation was observed). From observations in cap-
tivity on 40 females paired with males in which mating was observed, females reject males
with a tail wave, when a female accepted a male’s courtship approach there was no tail wave
and the male would proceed to hold her in a mating grasp for up to 45 min before mat-
ing (J. STAPLEY unpubl. data). Female acceptance/rejection behaviour was obvious and accept-
ance always results in a mating. As only one mating was observed during this study there was
virtually no variation in female behaviour and it could not be analyzed. It is possible that
females perform subtle behaviours towards males that entice them to court more however, it
was not possible to quantify these subtle responses in these semi-natural conditions.

Paternity analysis

Females were caught in January 2003 and housed individually in plastic containers (420
mmL x 320 mmW x 220 mmH) in a temperature-controlled room (18-20 °C) with a natural
light cycle. Paper was provided as bedding and cardboard rolls provided refuge. A tempera-
ture gradient was established by placing heating tape under one half of the container to allow
animals to thermoregulate freely. Animals were provided ad libitum water and food. Females
were checked daily until parturition. On their day of birth, neonates were weighed, sexed by
everting the hemipenes and a small tissue sample (tail tip) was taken for DNA analysis. Moth-
ers and neonates were released at the mother’s point of capture 1-2 weeks after parturition.
All mothers, neonates and males from the female’s enclosure were genotyped for three micro-
satellite loci (Pe31, Pel134, Pe242) (STAPLEY et al. 2003). Paternity was assigned using the CER-
VUS program (MARSHALL et al. 1998). A conservative approach was taken to paternity assign-
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ment, sires were only assigned paternity if there were no genetic mismatches and if only a
single father was assigned to each neonate. The likelihood estimates were not used as these
can lead to erroneous conclusions (JONES & ARDREN 2003).

Data analysis

The relationship between male ventral colour (presence/absence) and other male traits
was analyzed with a logistic regression. The relationship between the number of mites and
other male traits was analyzed with a generalized linear regression with a Poisson model
because the data was count data (QUINN & KEouGH 2002). Male traits and male ABS in high-
and low-density enclosures was analyzed with an ANOVA. Comparisons of the activity index,
the total number of associations, total courtship interactions and number of neonate was
compared between each of the four male phenotypic categories and across the two densities
using a 2-Way Contingency table (QUINN & KEougH 2002). Data was analyzed with Genstat
Release 5.0 and R 2.0.1 (IHAKA & GENTLEMAN 1996). Post hoc power calculations were calcu-
lated for non-significant results using G*Power. Power was estimated for a small effect size of
0.15 (15% variation) (CoHEN 1988). This was chosen as it provides a conservative estimate of
power and is comparable to the average effect size of evolutionary and ecological studies as
calculated from 44 meta-analyses (M@LLER & JENNIONS 2002).

RESULTS

Field sampling

A total of 245 mature males were sampled from the field in 2001-2002. Males
with orange ventral colour were slightly larger than males with white ventral colour
(mean SVL + standard error (SE) orange = 49.79 + 0.34 and white = 47.79 + 0.44,
Fi,45= 6.54, P = 0.013). Condition and head size did not differ between white and
orange males (condition: F,45 = 0.01, P = 0.88; head width: F, 55 = 0.93, P = 0.33;
head depth: Fj 5= 1.00, P = 0.31, head length: F, ,;5 = 2.74, P = 0.09: Power = 1.0).
The number of mites was positively correlated with male body size, male condi-
tion, head depth and colour (Fig. 2. SVL: F;,45 = 475.92, P < 0.001; condition: F, 545
= 117.31, P < 0.001; head depth: F,,45 = 29.40, P < 0.001) and greater for orange
males (mean number of mites + SE orange = 11.62 + 0.65 and white = 10.29 = 0.64,
Fi 5= 8.88, P = 0.003). One observation had large residuals (i.e. one lizard had 99
mites), but removing this observation from the analysis did not alter the main find-
ings and so it has been included in the final analysis.

Mating study

Males from each of the four categories were equally likely to be active during
the 20-min observations in the high- and low-density enclosures (x?; = 0.03, df = 1,
P = 0.99, Power = 0.32) and this is also true when the data was pooled across the
two densities (% = 0.04, df = 1, P = 0.82, Power = 0.42). The ABS did not differ
between high- and low-density enclosures but differed between males of each phe-
notypic category (density: F; 4 = 0.77, P = 0.384; phenotype: F; 4, = 4.27, P = 0.04.
Fig. 3). When males were grouped according to body size, mean ABS did not differ
between large and small males (F; 4, = 1.04, P = 0.313, Power = 0.71), but was great-
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er in males that had orange ventral color (F, 44 = 6.66, P = 0.013). The most aggres-
sive interactions were initiated by large males with orange ventral colour (LO) and
directed towards large males with white venters (LW) (Table 1). In the high-density
enclosures there was the potential for interactions between males of the same size
and badge status, however these were rare (Table 1). This suggests that animals of
similar phenotype did not engage in more aggressive interactions.

The most numerous interactions observed between males and females were
associations and courtship interactions. Attempted mating grasps (bites) by males
were observed 9 times and were not formally analyzed. Males from each of the four
phenotypic categories were observed associating with, and courting females (Table 2)
at similar frequencies in the low-density (association: x?; = 3.84, P = 0.21, Power =
0.79; courtship: %3 = 6.73, P = 0.08, Power = 0.47) and high-density (association: y?; =
3.83, P = 0.22, Power = 0.73; courtship: x%; = 5.58, P = 0.13, Power = 0.44) enclosures.
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vent length (SVL), b) condition (the residuals from a regression of weight on SVL), c) residuals
from a regression of head depth on SVL.
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Table 1.

J. Stapley and J.S. Keogh

Frequency of non-aggressive (NA) and aggressive (A) interactions within high- and low-density
enclosures, between males of each of the four phenotypic categories; small with white ventral col-
our (SW), small with orange ventral colour (SO), large with white ventral colour (LW) and large
with orange ventral colour (LO).

Initiator Receiver High Low Total
NA A NA A NA A
SW SW 0 1 _ — . 5
SO SO 0 2 o . 0 5
Lw LW 0 0 o . 0 0
LO LO 0 2 o . 0 5
Sy SO 0 1 1 0 . .
SW LW 4 5 5 | ¢ .
SwW LO 0 1 3 2 3 3
SO SW 1 2 0 1 1 3
SO Lw 1 3 0 3 1 6
o) LO 1 1 0 0 . .
LW SW 0 5 1 > 0 .
Lw SO 4 4 0 4 4 4
Lw LO 2 2 3 1 5 ;
LO SW 0 9 0 3 0 12
LO SO 0 5 5 2 5 ;
LO LW 0 6 1 10 1 16
3.0 -
2.5 A _|_
2.0 A
g 157 |
< 1.0 A _
§ 0.5
= 0.0 r 11 _ - .
R
-0.5 4
-1.0 - B 1
-1.5 -
SW SO LW LO
Fig. 3. — Mean aggressive behavior score (+ standard errors of difference (SED)) of males from

each of the four phenotypic categories. The data has been pooled for high and low-density enclo-

sures.
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Table 2.

Number of female-male associations and number of courtships observed for each male phenotypic
category (SW - small with white venter, SO — small with white venter, LW — large with orange ven-
ter, LO — large with orange venter) in high- and low-density enclosures.

Associations Courtship
High Low High Low
SW 12 10 6 2
SO 20 13 7 8
LW 12 13 3 5
LO 10 21 10 9

A total of 33% (107) of the lizards survived over winter until December (sum-
mer) 2003 when the females were relocated to the laboratory to give birth. Annual
survival estimates for other lizards vary from 5% to 80% (ANDREws & NicHOLS 1990,
Diaz 1993) but no data is available for wild populations of our species. Survival
was random with respect to sex (x?, = 0.00, df = 1, P = 0.990, Power = 0.64) and
male phenotypic category (x%; = 0.06, df = 3, P = 0.804, Power = 0.53). Although the
power of the paternity analysis was reduced the lizards used in the paternity analy-
sis are likely to provide a random subset of the animals used in the experiment.
Most deaths occurred during winter and as such it was unlikely to effect the behav-
ioural observations during autumn in the previous year.

A total of 32 neonates (15 female, 17 male) were born in 2003 from 14 mothers
and paternity was assigned to all. Three clutches had two sires, which resulted in 27%
multiple paternity, excluding 3 clutches that had a clutch size of 1. Because of the low
sample sizes the paternity data was pooled across density treatments, as such density
was not analyzed. The number of neonates sired by each male phenotype differed
(x%3 = 21.75, P < 0.001. Fig. 4). Based on ventral colour alone, the number of neonates
sired by males with orange ventral colour was greater then for males with white (y?,
= 12.5, P < 0.001). Based on body size alone, larger males sired more neonates (x?;
= 6.12, P = 0.013). There was no evidence of size-assortative mating (F, ;s = 0.23, P
= 0.63, Power = 0.30). No measured female or male traits influenced neonate weight
(clutch size: Fyj; = 2.71, P = 0.12; mother SVL: F; ;; = 4.12, P = 0.06; neonate sex: F ;;
= 0.07, P = 0.78; father SVL: F, ;; = 0.17, P = 0.68; father colour: F, ;; = 0.66, P = 0.43,
Power = 0.48) or neonate sex (clutch size: F; ;; = 2.71, P = 0.12; neonate weight: F, ;,
= 0.01, P = 0.92; mother SVL: F; ;; = 0.20, P = 0.66; father SVL: F, ;; = 0.34, P = 0.54;
father color: F, ;; = 0.00, P = 0.92, Power = 0.48).

DISCUSSION

The population sampling revealed that the frequency of males in the popula-
tion with orange ventral colour was bimodal, thus males were categorized accord-
ing to their ventral colour and males belonging to these two categories were used
in the mating trials. Males with orange ventral colour were on average larger than
their white counterparts but this difference was small (1.5 mm) in relation to popula-
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tion variation in adult male body size (38-61 mm), and both large and small individu-
als with orange ventral colour were present in the population. Male mite load was
positively related to his body size, condition, head depth and was slightly larger in
males with orange venters. The enclosure experiment revealed that large, males with
orange ventral colour were more aggressive and had a higher reproductive success
compared to males in the other three phenotypic categories. Although the findings of
the paternity tests are limited by low survival, it does provide empirical evidence to
demonstrate that the combined effects of male traits, i.e. ventral colour and body size
influenced reproductive success in this non-territorial lizard. Male reproductive suc-
cess was not related to male-female associations or male courtship rates as measured
relatively crudely in this experiment and this is consistent with the findings of other
field studies that use molecular techniques to measure paternity (HUGHES 1998, Dou-
BLE & COCKBURN 2000, LEwIS et al. 2000, STAPLEY & KEoGH 2005).

Males with orange ventral colour were more aggressive than males with white,
but large males were not more aggressive than small males. Male aggression rarely
escalated to actual fights; instead subordinate males were submissive towards domi-
nant males and retreated on their approach. These observations are consistent with a
dominance hierarchy (Boyp & SiLk 1983). The recognition of hierarchies and subse-
quent reduced aggression helps to reduce the potential costs of aggressive encounters
and appears to be widespread among vertebrates (BRADBURY & VEHRENCAMP 1998),
including lizards (WHITING 1999, LopEZ & MARTIN 2001). Theory predicts that con-
tests between males of a similar size or coloration should be longer or more escalated
(MAYNARD SMITH & PARKER 1976). However, there were very few interactions observed
between males of the same phenotypic category in this study. A similar result was
found in tree lizards, where contests never escalated between males of the same col-
our morph (THOMPSON & STEWART 1994). Lizards were placed into enclosures in mid-
December and observations did not begin until January, so it is possible that contests
between males of a similar phenotypic category occurred before observations were
made. As dominance is correlated with male ventral colour, the orange ventral colour
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Number of offspring sired

SwW SO LW LO

Fig. 4. — Total number of neonates sired by males from each of the four phenotypic categories. The
data has been pooled for high- and low-density enclosures. The dashed line indicates the predicted
reproductive success if it was random with respect to male phenotype.
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of P. entrecasteauxii may provide a reliable cue to aggression and dominance status.
Increased plasma testosterone has been found to influence aggression and develop-
ment of colour badges in lizards (SALVADOR et al. 1996, VEIGA et al. 1997) suggesting a
possible physiological link between aggression and colour. Increased plasma testoster-
one of males with orange venters is further supported by the finding that these males
had a greater ectoparasite load, which may be indicative of a reduction in immuno-
competence (SALVADOR et al. 1996, VEIGA et al. 1997). Mite load was also positively
correlated with male size, condition and head depth.

We found no differences in dominance hierarchy or male-female interactions
between high- and low-density enclosures. Population density has been identified as
one of the major ecological variables influencing the structure of mating systems (for
review see BIRKHEAD & M@LLER 1998) and female and male mating behaviours (CRow-
LEY et al. 1991, CADE & CADE 1992, JIROTKUL 1999). In none of these previous studies
did a dominance hierarchy characterize the social system and it is possible that dom-
inance hierarchies are relatively robust to changes in density. The fact that no differ-
ences in male reproductive success were detected between the two densities may sim-
ply be the result of low power. However, several field studies also have failed to iden-
tify density effects on male reproductive success or levels of multiple paternity (DUNN
et al. 1994, WEATHERHEAD & BoAG 1997, GRIFFITH et al. 1999, JoNES et al. 2001).

Male ventral colour affected male dominance, but the combined effects of
body size and ventral colour influenced male reproductive success. This would sug-
gest that there is a male body size advantage to paternity that is not related to male
contest or dominance. This advantage may come from pre- or post-zygotic pater-
nity bias. If females preferred larger males then they could bias paternity by either
selecting to mate with larger males more often or at peak fertility, or by selecting
larger male sperm (Kokko et al. 2003). Studies testing female mating bias are need-
ed to confirm this hypothesis. The results of this study suggest that male traits may
interact in somewhat unpredictable ways to influence male reproductive success.
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