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SOCIAL STATUS AND AVAILABILITY OF FEMALES DETERMINE PATTERNS OF 
SPERM ALLOCATION IN THE FOWL 

CHARLIE K. CORNWALLIS1',2 AND TIM R. BIRKHEAD1 
1Department of Animal and Plant Sciences, University of Sheffield, Sheffield S1O 2TN, United Kingdom 

Abstract.-Where sperm competition occurs, the number and quality of sperm males inseminate relative to rival males 
influences fertilization success. The number of sperm males produce, however, is limited, and theoretically males 
should allocate sperm according to the probability of gaining future reproductive opportunities and the reproductive 
benefits associated with copulations. However, the reproductive opportunities and value of copulations males obtain 
can change over their lifetime, but whether individuals respond to such changes by adjusting the way they allocate 
sperm is unclear. Here we show that, in the fowl, Gallus gallus, dominant males, which have preferential access to 
females, modulate the number of sperm they ejaculate according to the availability of females. When presented with 
two females, dominant males allocated more sperm to higher quality females, whereas when females were on their 
own, only copulation order had an affect on their sperm numbers. In contrast, subordinate males, whose mating activity 
is restricted by dominant males, allocated high numbers of sperm to initial copulations, irrespective of female avail- 
ability. We further show, by manipulating male social status, that sperm allocation is both phenotypically plastic, with 
males adjusting their patterns of sperm allocation according to their dominance rank, and intrinsic, with males being 
consistently different in the way they allocate sperm, once the effects of social status are taken into account. This 
study suggests that males have evolved sophisticated patterns of sperm allocation to respond to frequent fluctuations 
in the value and frequency of reproductive opportunities. 
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In numerous species, females are promiscuous, leading to 
the ejaculates of males competing for fertilizations (Parker 
1970; Smith 1984; Birkhead and Moller 1998; Simmons 
2001). Where sperm competition arises, the number of sperm 
males inseminate relative to rivals plays a key role in deter- 
mining fertilization success (Martin et al. 1974; Petersen et 
al. 2001; Neff et al. 2003; Garcia-Gonzalez and Simmons 
2005), and this has been shown to be instrumental in shaping 
the evolution of a wide range of reproductive traits (Smith 
1984; Andersson 1994; Birkhead and Moller 1998; Simmons 
2001). For example, both within and across species, more 
intense sperm competition has been found to result in the 
evolution of larger testes, which increases sperm production 
and promotes success in sperm competition (Stockley et al. 
1997; Hosken et al. 2001; Pitcher et al. 2005; Ramm et al. 
2005). However, sperm production is costly (Dewsbury 1982; 
Olsson et al. 1997; Van Voorhies 1992) and the number of 
sperm males ejaculate can be limited (Squires et al. 1979: 
Nakatsuru and Kramer 1982; Birkhead et al. 1995), con- 
straining male reproductive success (Preston et al. 2001). 
Under such circumstances, sexual selection is expected to 
lead to the evolution of strategic sperm allocation with males 
adjusting the number of sperm they inseminate according to 
the reproductive value of copulations and the probability and 
cost of acquiring future reproductive opportunities (Parker 
1982, 1990a,b, 1998; Reinhold et al. 2002; Wedell et al. 
2002). 

The reproductive opportunities available to males often 
depend on the social environment and can be influenced by 
factors such as male social status and the number of available 
females (Parker 1983; Shapiro et al. 1994; Warner et al. 1995; 
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Johnstone et al. 1996; Jennions and Petrie 1997; Widemo 
and Saether 1999). Social status mediates access to females, 
placing dominant and subordinate males in favored and dis- 
favored roles, respectively (LeBoeuf 1974; Cheng and Burns 
1988; Rudolfsen et al. 2006). Theoretically, favored and dis- 
favored mating roles are expected to lead to the evolution of 
alternative ejaculate strategies and it is predicted that males 
in disfavored roles will allocate more sperm to initial cop- 
ulations due to a lower probability of obtaining extra cop- 
ulations and a higher risk of facing sperm competition (Parker 
1990a, 1998; Ball and Parker 2000; Reinhold et al. 2002). 
In contrast, males in favored roles are expected to evolve 
more prudent sperm allocation strategies, adjusting ejaculate 
size according to the reproductive value of copulations be- 
cause the probability of gaining future copulations is high 
(Parker 1990a, 1998; Ball and Parker 2000; Reinhold et al. 

2002). Examining the interaction between targets of pre- and 

postcopulatory sexual selection, such as social status and 

ejaculate size, is therefore important in understanding the 
evolution of alternative reproductive strategies and how ge- 
netic diversity is maintained within the sexes. 

The value of copulations can differ in a number of ways, 
and empirical research has shown that males allocate sperm 
according to female quality (Shapiro et al. 1994; Yusa 1994; 
Yasui 1996; MacDiarmid and Bulter 1999), the risk and in- 

tensity of sperm competition (Linley and Hinds 1975; Mar- 
conato and Shapiro 1996; Jivoff 1997; Hunter et al. 2000; 
Nicholls et al. 2001; Pound and Gage 2004), and the number 
of sperm males have previously inseminated in females (Piz- 
zari et al. 2003). Nevertheless, the reproductive opportunities 
and the value of copulations males acquire can vary, for 

example with changes in social status (Setchell and Dixson 
2002; Setchell and Lee 2003; Rudolfsen et al. 2006) and the 

quality of available females (Shapiro et al. 1994), and sexual 
selection is predicted to favor males that adjust their patterns 
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of sperm allocation accordingly (Parker 1990a, 1998). How- 
ever, the way variation in reproductive opportunities has 
shaped the evolution of male ejaculate strategies and whether 
patterns of sperm allocation are phenotypically plastic or 
fixed within males requires further research. 

The aim of this study was therefore to experimentally test 
the hypothesis that individual males adjust the number of 
sperm they allocate to copulations of different reproductive 
value according to probability of gaining future reproductive 
opportunities, using the model system of the fowl. The fowl, 
Gallus gallus, is a highly promiscuous species living in so- 
cially structured groups in which sperm competition is in- 
tense (Collias and Collias 1996; Pizzari et al. 2002). Dom- 
inant males acquire more copulations than subordinate males 
(Guhl et al. 1945; Cheng and Burns 1988), which is due in 
part to dominant males restricting the copulation activity of 
subordinates (Pizzari et al. 2002), but also due to females 
preferring to copulate with dominant males (Pizzari and Birk- 
head 2000). Females further enhance the probability of dom- 
inant males fertilizing their eggs by ejecting the sperm of 
subordinate males (Pizzari and Birkhead 2000). In addition, 
females vary in their reproductive quality, and males are 
attracted to females with large ornaments (a fleshy appendage 
on the head called the comb) which are in better condition 
and produce eggs of greater mass and yolk content (Pizzari 
et al. 2003; Cornwallis 2004). The reproductive opportunities 
available to males are therefore dependent upon their social 
status, and the reproductive value of copulations is linked to 
female comb size. 

We have previously shown that dominant and subordinate 
males differ in the way they allocate sperm under different 
levels of sperm competition and to females with different 
comb sizes (Pizzari et al. 2003). However, male social status 
and the number and reproductive quality of available females 
frequently changes (Collias and Collias 1996) and it is un- 
known whether individual males respond to such changes by 
adjusting their patterns of sperm allocation. Here we manip- 
ulate the number of reproductive opportunities in two ways: 
through (1) female availability, and (2) male social status, to 
test the prediction that individual males allocate more sperm 
to higher quality females when more reproductive opportu- 
nities are available. 

MATERIALS AND METHODS 

Study Population 

We studied a free-ranging population of fowl that are be- 
haviorally and morphologically very similar to red jungle 
fowl (Harrison 1987; Schtitz and Jensen 2001) at Tovetorp 
Zoological Field Station, University of Stoickholm during 
April to July 2002 and May to August 2003. Males were 
randomly assigned to pairs and kept in aviaries (6 x 6 m) 
separated using wire netting from groups of four females in 
adjoining aviaries (6 x 8 m). Male dominance was assessed 
through pairwise interactions (Clutton-Brock et al. 1979). 
The birds were fully habituated to human presence and nat- 
ural ejaculates were obtained by presenting males with live 
females fitted with plastic harnesses and held in a soliciting 
position (Pizzari et al. 2003). Following copulation, ejacu- 
lates were collected and measured using a Gilson (Middleton, 

WI) pipette and stored in 5% formalin solution for later count- 
ing, which was done using a standard protocol (Bakst and 
Cecil 1997; Pizzari et al. 2003). The comb size of females 
was measured every two weeks by taking a digital image 
against a standardized background with a scale under stan- 
dardized light conditions. Each image was calibrated against 
the scale and the area (mm2) of the comb was calculated 
using Adobe Photoshop (San Jose, CA). Body mass was also 
measured every two weeks to the nearest 10 g, and body size 
was measured at the start and the end of the breeding season 
using principal component one (PC1) of a principal com- 
ponents analysis of tarsus, wing, and head measurements. 
PC1 explained 79% of the variation in these morphological 
traits and an average of the two PC 1 values that were obtained 
from measurements at the start and the end of the breeding 
season was used in all analyses. For body mass and comb 
size, the measurements used in analyses were those taken 
nearest to the time to when females were presented to males. 

Availability of Females 

The influence of the availability of females on male sperm 
allocation was assessed in two ways: first, on the number of 
sperm allocated to initial copulations, irrespective of female 
quality, and second, on the number of sperm allocated to 
attractive and unattractive females, as indicated by their comb 
size (Pizzari et al. 2003). 

Part 1: Sperm allocated to initial copulations.--Males were 

exposed in a randomized order to two treatments. In both 
treatments males were chosen at random with respect to their 
social status. In the first treatment (single) males were pre- 
sented with a single female and allowed to copulate once. In 
the second treatment (paired) males were presented with two 
females who were two meters apart from each other and 
equidistant from the male, who was at least one meter away. 
The male was prevented from copulating with one female, 
chosen at random, by placing a small wire cage over her. 
The male was allowed to copulate with the uncaged female 
once. This experiment was carried out using 20 males who 
were exposed to the two treatments and were replicated once 
in the single treatment and up to three times in the paired 
treatment. Variation in the number of sperm males allocated 
to females presented singly and in pairs was analyzed using 
a generalized linear mixed model (GLMM) with male social 
status and female presentation (1 = single, 2 = pair) as fixed 
effects and male identity nested within group, defined as the 
subject of repeated measure, and year as random effects. 
Sperm numbers followed a Poisson distribution, which is 
typical for count data (Quinn and Keough 2002), and there- 
fore the model was defined with a Poisson error structure. 

Part 2: Sperm allocated to attractive and unattractive fe- 
males.--Sperm allocated to attractive and unattractive fe- 
males was assessed when females were presented in: (a) iso- 
lation and (b) pairs. (a) Presentation of females in isolation: 
Males were presented with a single female, chosen at random, 
and allowed to copulate once. Following the first copulation, 
males were presented with a second female and again allowed 
to copulate once. Males were then sexually rested for 48 h, 
which is the time required for males to replenish their sperm 
reserves (Etches 1996), and, consistent with this idea, the 
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number of sperm that dominant and subordinate males ejac- 
ulated during first trials was not significantly different from 
that ejaculated 48 h later (GLMM: total number of sperm as 
response variable, trial and status as a fixed factor, and male 
nested within group as a random factor: trial, F1, 115 = 1.59, 
P = 0.21; status, F1, 15 = 0.36, P = 0.55; trial x status, 
F1, 114 = 0.29, P = 0.59). After 48 h of sexual rest, males 
were presented with the same two females, but the order in 
which they copulated with females was reversed. This was 
to control for the effects of copulation order on sperm num- 
bers. This experiment was conducted using 20 males, each 
replicated once. Data from first copulations were the same 
as that used in the single treatment in part (1). (b) Presentation 
of females in pairs: Males were presented with two females 
simultaneously, but prevented from copulating with one fe- 
male, chosen at random, by placing a wire cage over her. 
Males were allowed to copulate once with the uncaged fe- 
male. Females were then presented again, but the cage was 
placed over the female that previously received a copulation, 
allowing the male to copulate with the second female. The 
male therefore copulated with each female once. After 48 h 
of sexual rest the protocol was repeated but the order in which 
males copulated with the females was reversed. This exper- 
iment was carried out using the same 20 males as in (a). 
Males were replicated up to three times each with different 
pair of females, and data from first copulations were the same 
as that used in the paired treatment in part (1). In all exper- 
iments, males were isolated from their pair male 30 min prior 
to the presentation of females. In (a) and (b), the two females 
were ranked according to their relative comb sizes: large or 
small. We analyzed variation in the relative number of sperm 
that males allocated to large-combed females (number of 
sperm ejaculated with large-combed female - number of 
sperm ejaculated with small-combed female/total number of 
sperm ejaculated) using a general linear mixed model with 
male social status, female presentation, copulation order, fe- 
male body size, and body mass as fixed effects and male 
identity nested within male group (defined as the subject of 
repeated measure) and year as random effects. The effect of 
female comb size on the number of sperm that males ejac- 
ulated was analyzed by testing the relative number of sperm 
that dominant and subordinate males allocated to large- 
combed females (mean ? SE) against zero using least-square 
means from the GLMM. 

Manipulation of Social Status 

At the beginning of each breeding season pairs of males 
were established (2002: npairs = 8; 2003: npairs = 8). Halfway 
through each breeding season social status was experimen- 
tally manipulated by switching males between pairs. Male 
pairs were randomly chosen two at a time, and the two dom- 
inant males from these pairs were placed together, resulting 
in one male decreasing in status and becoming subordinate. 
The same was done with the two subordinates from these 
pairs, leading to one subordinate becoming dominant. Over- 
all, this resulted in 16 males changing status. After the ma- 
nipulation, groups were left for one week to acclimatize. In 
2003, two males became sick and could not be used. One 
male, who was only replicated once when subordinate and 

deviated from other males, was excluded from the analysis 
as a significant outlier (Cook's distance = 1.23). Three males 
used in both 2002 and 2003 changed status between years, 
giving a total of 16 males that were used in the analysis. In 
2002, male sperm allocation patterns were measured twice 
before and twice after the status manipulation and in 2003 
twice before and once after using the experimental protocol 
described in Part 2(a) (Availability of females). We analyzed 
variation in the relative number of sperm allocated to large- 
combed females when males were dominant and subordinate 
using a GLMM with male social status, direction of status 
change (1 = dominant to subordinate, 2 = subordinate to 
dominant), and copulation order as fixed effects and male 
identity (defined as the subject of repeated measure) and year 
as random effects. We also analyzed variation in the relative 
number of sperm allocated to first copulations (number of 
sperm ejaculated during first copulation - number of sperm 
ejaculated during second copulation/total number of sperm 
ejaculated) when males were dominant and subordinate using 
a GLMM with male social status, direction of status change, 
and female comb rank (1 = large, 2 = small) as fixed effects 
and male identity (defined as the subject of repeated measure) 
and year as random effects. 

All analyses were conducted using SAS version 9.1 (SAS 
Institute, Cary, NC), and all results are given in the figure 
legends. 

RESULTS 

Availability of Females 

Consistent with the idea that males are more prudent with 
their sperm when more reproductive opportunities are avail- 
able, dominant males allocated less sperm to females when 
females were presented in a pair than when females were on 
their own (Fig. 1). In contrast, subordinate males did not vary 
the number of sperm they ejaculated according to whether 
females were presented singly or as a pair (Fig. 1). 

The differences in the number of sperm that dominant and 
subordinate males allocated to initial copulations influenced 
the number of sperm they ejaculated during subsequent cop- 
ulations. When females were presented in pairs, dominant 
males allocated significantly more sperm than subordinate 
males to females with large combs during second copulations 
(Fig. 2A). This resulted in dominant males, over two copu- 
lations, allocating more sperm to large-combed females than 
to females with small combs (see Fig. 2A legend). However, 
the relative number of sperm that subordinate males trans- 
ferred to females with large and small combs was not sig- 
nificantly different (see Fig. 2A legend). There was a sig- 
nificant interaction between male social status, the number 
of females presented, and copulation order, indicating that 
the difference in the sperm allocated by dominant and sub- 
ordinate males to females when they were presented in pairs 
disappeared when they were presented singly (Fig. 2). When 
females were presented singly, the number of sperm that 
dominant males allocated to first and second copulations with 
large-combed females did not differ from that of subordinate 
males (see Fig. 2B). Furthermore, this meant that neither 
dominant nor subordinate males allocated more sperm to fe- 
males with large combs when females were presented on their 
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FIG. 1. Number of sperm allocated (mean ? SE) by dominant 
(filled bars) and subordinate males (empty bars) in a single copu- 
lation to females when they were presented in a pair (pair) and 
when presented on their own (single). Dominant males allocated 
more sperm to females when they were presented in isolation (least- 
square means: P = 0.0005), whereas the number of sperm that 
subordinate males ejaculated was unaffected by whether females 
were presented as pairs or singly (status, F1,105 = 0.34, P = 0.559; 
female presentation, F1,105 = 5.89, P = 0.016; status x female 
presentation, F1,105 = 5.52, P = 0.021). 

own (Fig. 2B legend). This suggests that, irrespective of the 
availability of females, subordinate males consistently allo- 
cate higher numbers of sperm to initial copulations, whereas 
dominant males allocate more sperm to the highest quality 
female when more females are available. 

Manipulation of Social Status 

Manipulating social status had a marked effect on the way 
males allocated sperm to females with large combs and initial 
copulations. When males were dominant they allocated sig- 
nificantly more sperm to females with large combs (Fig. 3A) 
and significantly less sperm to first copulations than when 
they were subordinate (Fig. 3B). The direction in which males 
changed status (dominant to subordinate or subordinate to 
dominant) had no effect on the relative number of sperm 
males transferred to females with large combs or initial cop- 
ulations (see Fig. 3 legend). The relative number of sperm 
males allocated to females with large combs and initial cop- 
ulations when they were dominant was also positively related 
to the number of sperm they allocated when they were sub- 
ordinate (Fig. 3): males that transferred more sperm during 
initial copulations (averaged over dominance ranks = sperm 
ejaculated when dominant + sperm ejaculated when subor- 
dinate/2) transferred significantly less sperm to females with 
large combs (Fig. 4). This indicates that, in addition to males 
adjusting their sperm allocation patterns according to their 
social status, there were also inherent differences between 
males, and allocating more sperm to current copulations was 
traded off against allocating sperm to females of the highest 
quality. 

DIscusSION 

The results of this study demonstrate that males adjust their 

patterns of sperm allocation in response to changes in the 

availability of reproductive opportunities, which in the fowl 
is determined by male social status and the number of ac- 
cessible females. These results have important implications 
for our understanding of the evolution of alternative repro- 
ductive strategies and the maintenance of genetic variation 
within populations. 

The availability of reproductive opportunities, as deter- 
mined by the number of soliciting females, elicited social 

status-dependent patterns of sperm allocation. Subordinate 
males consistently allocated more sperm to initial copulations 
regardless of female quality or whether females were pre- 
sented in pairs or on their own. This was not due to the 

inability of individual males to adjust their sperm numbers, 
since when they became dominant they preferentially allo- 
cated sperm to large-combed females. Therefore, sexual se- 
lection may favor males when in subordinate positions to 
increase the number of sperm they allocate to initial copu- 
lations, irrespective of the availability of females, because 
the probability of acquiring subsequent copulations is low 
due to dominant males preventing copulation (Parker 1983; 
Reinhold et al. 2002; Wedell et al. 2002). Models of sperm 
allocation have demonstrated that males should allocate more 

sperm to initial copulations, largely due to the uncertainty of 

gaining extra copulations (Freyer et al. 1998; Reinhold et al. 

2002), and males in a wide variety of species ejaculate the 

majority of their sperm reserves during first copulations 
(Squires et al. 1979; Pitnick and Markow 1994; Birkhead et 
al. 1995). Selection for allocating more sperm to initial cop- 
ulations may be further intensified by the fact that in some 

species female propensity to remate, and hence sperm com- 

petition, is reduced by receiving larger ejaculates (Cook and 
Wedell 1999). 

Theoretically, as the probability of obtaining subsequent 
copulations increases, and given there is variance in female 

quality (Parker 1983; Reinhold et al. 2002), males are ex- 

pected to adjust their allocation patterns, transferring more 

sperm to the highest quality females (Reinhold et al. 2002). 
The probability of dominant males gaining copulations with 
additional females is higher than that of subordinate males 

(Guhl et al. 1945; Cheng and Burns 1988; Pizzari and Birk- 
head 2000), and thus it is expected that sexual selection will 
favor dominant males that strategically allocate sperm ac- 

cording to the reproductive value of copulations (Parker 
1998; Reinhold et al. 2002; Wedell et al. 2002). In accordance 
with theory, when dominant males were presented with pairs 
of females, males allocated more sperm to females of higher 
quality, despite there still being strong effects of copulation 
order. Nonetheless, under natural conditions the composition 
of social groups frequently changes (Collias and Collias 
1996), and even the probability of dominant males gaining 
future copulations will be low when the number of females 
in groups declines. Consistent with this idea, dominant males 
ceased to allocate more sperm to higher quality females when 
females were presented on their own and transferred greater 
numbers of sperm to initial copulations. This suggests that, 
mechanistically, males may use the number of females vi- 
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FIG. 2. Relative number of sperm (mean ? SE) allocated to females with relatively large combs by dominant (filled bars) and subordinate 
males (empty bars) when females were presented in (A) pairs and (B) singly. Lowercase letters represent significant differences between 
bars (least-square means P < 0.05). The dashed line separates bars that represent when females were presented as pairs and as singles. 
(A) When females were presented in pairs, dominant males allocated significantly more sperm to large-combed females during second 
copulations than did subordinate males (least-square means P < 0.05). This resulted in dominant, but not subordinate, males allocating 
more sperm over two copulations to large-combed females (relative sperm number (mean ? SE) tested against zero using least-square 
means from generalized linear mixed model (GLMM): dominant males, 15.20 ? 0.69, t = 2.20, n = 10, P = 0.031; subordinate males, 
0.51 ? 0.07, t = 0.70, n = 10, P = 0.49). (B) When females were presented singly, dominant and subordinate males did not differ in 
the number of sperm they allocated to large-combed females during first or second copulations (least-square means P > 0.05). Conse- 
quently, when females were presented singly, neither dominant nor subordinate males allocated more sperm to females with large combs 
(relative sperm number mean + SE tested against zero using least-square means from GLMM: dominant males, 0.035 ? 1.15, t = 0.03, 
n = 10, P = 0.98; subordinate males, 0.0092 ? 1.15, t = 0.01, n = 10, P = 0.99) leading to a significant interaction between status, 
female presentation, and copulation order (GLMM: status, F,110 = 0.69, P = 0.41; female presentation, FI,110 = 1.56, P = 0.21; 
copulation order, FI,110 = 63.40, P < 0.0001; status X female presentation x copulation order, F4,110 = 2.72, P = 0.033). 

sually present to assess the probability of obtaining future 
reproductive opportunities and adjust their patterns of sperm 
allocation accordingly. Similar findings have been docu- 
mented in the bluehead wrasse, Thalassoma bifasciatum, in 
which males with higher mating success release fewer sperm 
per spawning event than less successful males, and fertiliza- 
tion rates are dependent upon female body size, a correlate 
of fecundity, and whether spawning occurs in groups or in 
pairs (Shapiro et al. 1994; Warner et al. 1995). The repro- 
ductive success of males in favored mating roles may there- 
fore be dependent on the availability of females, whereas that 
of males in disfavored roles will be more influenced by the 
presence of other males, resulting in the evolution of status- 
specific sperm allocation patterns that are expressed accord- 
ing to current social conditions. 

Status-specific patterns of sperm allocation may theoreti- 
cally evolve to be phenotypically plastic, with males ad- 
justing the way they allocate sperm according to their mating 
role (conditional strategy), or fixed, with males remaining 
constant over their lifetime (alternative strategy) (Gross 
1996). Whether sexual selection favors the evolution of con- 
ditional or alternative strategies of sperm allocation is likely 
to depend upon the frequency with which males occupy dif- 
ferent social positions and the net benefits and costs asso- 
ciated with adjusting patterns of sperm allocation. In the fowl, 

male social status frequently changes (Collias and Collias 
1996; Cornwallis 2004), generating variation in copulation 
success (Guhl et al. 1945; Cheng and Burns 1988), and the 
number of sperm males have available for ejaculation influ- 
ences their fornication success, but can be limited (Martin et 
al. 1974; Pizzari et al. 2003). These conditions are likely to 
have promoted the evolution of phenotypically plastic pat- 
terns of sperm allocation that were evident in this study, with 
males changing the relative number of sperm they transferred 
to copulations according to their social status. This is con- 
sistent with recent research on Artic charr, Salvelinus alpinus, 
which revealed that males respond to changes in social status 
by adjusting their sperm quality (Rudolfsen et al. 2006). 

Despite males being phenotypically plastic in their patterns 
of sperm allocation, after the effects of social status had been 
taken into account, there were consistent differences in the 
way males allocated sperm to copulations. Males appeared 
to face a trade-off between allocating sperm to initial cop- 
ulations and to females of higher quality. This relationship 
may have been accentuated by the fact that male behavioral 
choice for females was removed in this study, resulting in 
males copulating with the females they least preferred first 
50% of the time. It is therefore possible that, under natural 
mating conditions, males may circumvent this trade-off be- 
tween allocating sperm to first copulations and to females 
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FIG. 3. Relative number of sperm males allocated to (A) females 
with large combs, and (B) first copulations when dominant (y-axis) 
and when subordinate (x-axis). Points in the gray areas indicate 
that males allocated greater numbers of sperm when they were 
dominant than the number they allocated when subordinate. Lines 
represent best linear fits. (A) After controlling for the effects of 
copulation order, males allocated significantly more sperm to fe- 
males with relatively large combs when they were dominant versus 
when they subordinate (status, F1,113 = 6.67, P = 0.011; copulation 
order, F1,113 = 44.47, P < 0.0001; direction of status change, F1,114 
= 0.61, P = 0.4353). There was also a tendency for the number of 
sperm that males allocated to large-combed females when dominant 
to be correlated to the number of sperm they allocated when sub- 
ordinate (Pearson's correlation: r = 0.44, n = 16, P = 0.087). (B) 
After controlling for the effects of female comb size, males allo- 
cated significantly less sperm to first copulations when they were 
dominant versus when they were subordinate (status, F1,113 = 3.90, 
P = 0.051; comb rank, F1,113 = 21.71, P < 0.0001; direction of 
status change, F1,114 = 0.93, P = 0.3370). Furthermore, the amount 
of sperm that males allocated to first copulations when they were 
dominant was significantly correlated to when they were subordi- 
nate (Pearson's correlation: r = 0.68, n = 16, P = 0.004). 

with larger combs by preferentially copulating with large- 
combed females. Nevertheless, under natural conditions the 
copulation success of males is constrained by the activity of 
females and other males (Pizzari et al. 2002) and it is unlikely 
that males consistently acquire copulations with preferred 
females. The trade-off between allocating sperm to initial 

copulations and to future opportunities of higher reproductive 
value may consequently reflect the interaction between pre- 
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FIG. 4. The relationship between relative number of sperm allo- 
cated to large-combed females and first copulations. Datapoints 
represent sperm allocation by individual males averaged across 
when they were dominant and when they were subordinate. The 
relative number of sperm that males allocated to large-combed fe- 
males was significantly negatively correlated to the number of 
sperm they allocated to first copulations (Pearson's correlation: r 
= -0.53, n = 16, P = 0.035). 

and postcopulatory sexual selection. Genetic variance in pre- 
copulatory sexually selected traits, such as social status, will 
determine the probability of males obtaining subsequent cop- 
ulations and also govern the risk and intensity of sperm com- 
petition that males face, which play key roles in postcopu- 
latory sexual selection and in the evolution of sperm allo- 
cation (Parker 1982, 1990a,b, 1998; Reinhold et al. 2002; 
Wedell et al. 2002). Genetic covariance between pre- and 
postcopulatory sexually selected traits may therefore arise, 
and where trade-offs exist between such traits, the genetic 
covariance will be negative, facilitating the evolution of al- 
ternative reproductive strategies. 

In the fowl, despite social status changing, there is a her- 
itable component to dominance (Craig et al. 1965; Etches 
1996). Therefore, genes coding for social status may to some 
extent determine the reproductive opportunities and sperm 
competition that males experience and, in turn, facilitate the 
evolution of heritable patterns of sperm allocation. However, 
the heritability of sperm allocation and genetic covariance 
with precopulatory sexually selected traits, including social 
status, does remain to be investigated, and it is possible that 
differences between males in this study were the result of 
maternal effects (Sheldon 2000) or past social experience. 
Regardless of the underlying causes it appears that patterns 
of sperm allocation are composed of an intrinsic element, on 
top of which, phenotypic plasticity enables males to respond 
to variation in reproductive opportunities. 

In summary, where variance in reproductive success is 
linked to the number of sperm that males transfer to females, 
sperm resources are limited and reproductive opportunities 
frequently change, postcopulatory sexual selection is ex- 



1492 C. K. CORNWALLIS AND T. R. BIRKHEAD 

pected to lead to the evolution of phenotypically plastic pat- 
terns of sperm allocation, for which this study provides em- 
pirical evidence. These results also have important reper- 
cussions for the evolution of female reproductive strategies, 
because the number of sperm females obtain, and, in turn, 
the paternity of their eggs, is dependent on the presence of 
other females and the relative social competitive ability of 
males. Changes in social dynamics, combined with trade-offs 
in the number of sperm that males can allocate to copulations, 
may therefore lead to the evolution of alternative reproduc- 
tive strategies that are phenotypically plastic and that main- 
tain genetic variance within populations. 
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