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Polygyny is regarded as a beneficial strategy for males, whereas females mated with polygynous males
(males simultaneously paired to more than one female) often suffer a reduction in pair male contributions.
This study examined the costs and benefits associated with polygyny in the cooperatively breeding cichlid
Neolamprologus pulcher. In this species, males are facultatively polygynous; some males hold only one ter-
ritory with one breeding female whereas other males hold multiple territories, each with its own breeding
female. Polygynous males were larger than monogamous males and body-scraped less, a behaviour often
associated with ectoparasite loads. Polygynous males also had larger testes (controlling for body mass) and
higher circulating 11-ketotestosterone levels than monogamous males. Paradoxically, monogamous males
occupied higher-quality territories with more shelter and fewer predators. Monogamous males also pro-
vided more parental care than polygynous males but the number and survival of young did not vary
according to male mating behaviour. The results of our study suggest that females trade-off between
male genetic quality and resources in N. pulcher. Our results imply that males holding only one territory
may provide their mates with significant assets but may not be able to outcompete neighbours for addi-
tional breeding positions because of their small body size and possible higher parasite load. The lack of
differences between monogamous and polygynous groups in terms of offspring survival (a measure of re-
productive success) suggests that there may be few if any fitness consequences of polygynous pairing for
females.
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The evolution of polygyny typically is easily explained (Verner & Willson 1966; Westneat 1988; Slagsvold &

from the males’ perspective because males increase their
reproductive success by gaining access to many fertile
females (Orians 1969; Trivers 1972; Emlen & Oring 1977;
Hasselquist 1998). It is more difficult to explain why
females mate with polygynous (already mated) males
because these females often suffer costs from such matings
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Lifjeld 1994; Pribil & Searcy 2001). In species where care
is important for the survival of the young, females in po-
lygynous groups regularly receive less male assistance and
often have lower reproductive success than females paired
with monogamous males (Slagsvold & Lifjeld 1994; Eens
& Pinxten 1995; Kempenaers 1995; Czapka & Johnson
2000). Consequently, it is difficult to explain theoretically
why females would mate with polygynous males. In the
real world, mating behaviour is not often the choice of
only one sex but instead is more likely the outcome of
a conflict between the sexes (Davies 1989). Explaining
the evolution and maintenance of polygyny in light of
sexual conflict is an area of current active research (Rowe
et al. 1994; Chapman et al. 2002; Houston et al. 2005;
Parker 2006). In this study, we set out to explore correlates
dy of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
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of polygyny and to identify possible sources of sexual con-
flict in a cichlid fish.

Several factors have been suggested to select for polyg-
yny (Emlen & Oring 1977; Searcy & Yasukawa 1989).
Female-biased sex ratios, in which females have few alter-
native breeding options, have been shown to lead to
polygyny (Smith et al. 1982; Kempenaers 1994; Pinxten
& Eens 1997). However, Trivers (1972) argued that a fe-
male-biased sex ratio is derived from the mating system
and is not a causal factor. Polygyny is also expected to
arise when resources and/or females are spatially clustered;
when territories can support multiple females, females can
be easily monopolized by a single male (Emlen & Oring
1977). Females also may benefit more from mating with
an already mated male if this ensures them access to
a high-quality mate or a high-quality territory with
many resources (Verner 1964; Verner & Willson 1966;
Orians 1969). In these situations females will often expe-
rience a trade-off between the quality of their mate or ter-
ritory and the amount of paternal care that would be
provided (Dyrcz 1986; Webster 1991a, b; Kempenaers
1994; Slagsvold & Lifjeld 1994).

Degrees of sexual dimorphism in body size and re-
productive investment often differ between monogamous
and polygynous species. Polygynous species are associated
with more extreme sexual size dimorphism and greater
male gonadal investment than what is found in closely
related monogamous species (Luetenegger 1978; Gage
1994; Fairbairn 1997; Balshine et al. 2001). Also, steroid
hormone fluctuations vary with mating systems (Oliveira
et al. 2001). Polygynous species, where males provide little
to no paternal care and compete to attract females
throughout the breeding season, have been shown to
maintain high levels of plasma androgens (at or near their
physiological maximum) (Wingfield et al. 1990). In con-
trast, socially monogamous males that provide paternal
care maintain low androgen levels (near the breeding
baseline) and show dramatic increases in androgens only
in the event of sporadic maleemale competition (Wing-
field et al. 1990). This idea is known as the challenge
hypothesis and has received support in many studies of
birds (e.g. Ferree et al. 2004; Geslin et al. 2004; Smith
et al. 2005) mammals (e.g. Goymann et al. 2003; Muller
& Wrangham 2004) and fish (e.g. Hirschenhauser et al.
2004; Desjardins et al. 2006). However, to date, no study
has examined how androgen levels, specifically testoster-
one (T) and 11-ketotestosterone (11KT; a primary andro-
gen in fish), differ between males and females in species
in which males adopt different mating strategies.

In this study we used the mixed mating system found in
the cooperatively breeding cichlid fish Neolamprologus
pulcher to explore the behavioural and physiological corre-
lates of multiple versus single pair bonds in males. Neolam-
prologus pulcher is particularly well suited to this
investigation since males are either socially monogamous
(occupying a single territory containing a breeding female
and a series of helpers) or socially polygynous (holding the
dominant breeding position in multiple territories, each
containing its own breeding female and helpers) (Lim-
berger 1983), and females may choose males based on
these territory characteristics. The aims of our study
were (1) to investigate the morphological, physiological
and behavioural correlates of males and females adopting
these two mating options, (2) to characterize the differ-
ences in group composition and territory quality between
monogamous and polygynous groups and (3) to explore
the costs and benefits for females associated with monog-
amy versus polygyny in an attempt to explain the mixed
mating strategy in N. pulcher.
METHODS
Study Species, Field Site and Behavioural
Measures
Neolamprologus pulcher lives in social groups consisting
of a dominant breeding pair and 1e20 other male and
female individuals (‘helpers’) that assist in all aspects of
care (Taborsky & Limberger 1981; Taborsky 1984, 1985;
Balshine-Earn et al. 1998; Stiver et al. 2005; Heg et al.
2005). Parental care by breeders and allocare by helpers
consist of territory/nest defence, territory/nest mainte-
nance and direct brood care (fanning and cleaning of
the eggs and larvae). Such allocare has been shown to
enhance the frequency of breeding events, the number
of young produced and offspring survival within the
group (Taborsky 1984; Balshine et al. 2001; Brouwer
et al. 2005). When not providing care, individual
N. pulcher feed on zooplankton (usually in the water col-
umn) and engage in aggressive and nonaggressive social
contact with other members of their group and with con-
specifics from other groups in their subpopulations.

Our study area in Kasakalawe Bay, Lake Tanganyika
(Zambia: 8.5�S, 31.05�E) consists of thousands of groups of
fish divided into nine subpopulations. Between 2 February
and 28 April 2005 we collected group composition and
mating/pairing data from a sample of 254 N. pulcher
groups from all nine subpopulations (see Balshine et al.
2001; Stiver et al. 2007). Groups were found at depths of
8.5e12 m and were observed using SCUBA. Each group’s
territory was marked with a uniquely labelled rock and
group size, and composition was determined in two or
three 5-min observational visits. Of the groups observed
in our study area, we targeted 59 groups for close behav-
ioural monitoring and sampling. Thirty-eight of the tar-
geted groups were polygynous (a breeding female and
her helpers and the polygynous male associated with
this group) and 21 were monogamous groups (a breeding
pair and their helpers). The numbers of monogamous and
polygynous groups studied did not reflect the proportion
of monogamous and polygynous groups in the study
area (see Results) and did not represent a random sample
of the groups in the study area. Polygynous males were
males that participated in parental care in multiple groups
and polygynous females were female breeders that were
assisted in parental care by a polygynous male. A polygy-
nous group refers to one of a polygynous male’s territories
consisting of one female and her associated helpers. Each
individual in each of the 59 groups was reliably identified
using a combination of underwater size estimates and spe-
cific individual markings including fin clipping and
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nontoxic acrylic paint injection into scale pouches
(Balshine-Earn et al. 1998; Stiver et al. 2006). Territory qual-
ity was assessed for each of the 59 groups by counting the
number of rocks (potential shelters), actual shelters (rocks
used and excavated by fish to hide from predators) and
number of other territories within a 1-m radius. We also
measured the distance to the nearest N. pulcher neighbours
with a measuring tape. Finally, to assess predation risk as
a measure of territory quality, heterospecific/predator
scans were performed twice at each territory by identify-
ing and counting the number of heterospecific fish within
5 m of each territory.

Two 10-min focal watches were conducted on the four
largest individuals in each group: the female breeder and
the two largest helpers from her group (regardless of sex)
as well as the male breeder associated with this group
(either monogamous or polygynous). Because we observed
the two largest helpers regardless of sex, the number of
large adult male and female helpers observed was not
equal. One focal watch on each individual was conducted
in the morning and the other was conducted in the
afternoon to control for diurnal variation in behaviour
(Werner et al. 2003). Each focal watch was preceded by
a 2-min habituation period. Prior studies using under-
water video cameras show that fish behaviour was not
significantly altered by the presence of a SCUBA diving
observer (S. Balshine, personal observations). Within 1e
2 min of a diver’s arrival, the individuals were feeding, so-
cializing and actively defending their territory normally.
All behaviours (averaged across the two watches) includ-
ing feeding, body scraping, territory maintenance, brood
chamber visits, aggression (ramming, chasing, biting,
mouth fighting, threat displays and puffed throat display),
submission (postures and displays) and social interactions
(soft touches, follows and parallel swims) were recorded
on PVC slates and later transcribed into data sets at the
surface (for details of behaviours see Buchner et al. 2004).

We also noted the target of any aggression observed,
which individual/species (conspecific or heterospecific)
was the recipient of the aggression and whether it was
a group member. We used a composite score called ‘parental
care’ of all care behaviours thought to enhance offspring
survival including territory defence, territory maintenance
and visits to the brood chamber. Social behaviour was also
defined as a composite of all within-group nonaggressive
behaviours. Within-group aggression was defined as all
aggressive behaviours displayed towards one’s own group
members. These composite scores for care, aggression and
social behaviour have been used extensively with this
species (Balshine et al. 2001; Bergmüller et al. 2005; Stiver
et al. 2005, 2006). As in previous studies, body scraping
(when the fish drags the side of its body against a rock or
the substrate) was used as a proxy for ectoparasite load
(Gunter 1953; Rand & Wiles 1988; Barber et al. 2000). We
also monitored the survival of young in each group by
counting free-swimming larvae on the day that they first
emerged from the brood chamber and on 4 consecutive
days following the day of emergence. (For further details
of the study site, field methods and behavioural observa-
tions see Balshine-Earn et al. 1998; Balshine et al. 2001;
Stiver et al. 2004, 2005, 2006; Fitzpatrick et al. 2006.)
Hormone Sampling
Once the behavioural observations were complete for
a particular group, we collected all of the focal individuals
within this group by placing a conical net directly over the
territory (Morley & Balshine 2002). We then injected
a small volume (3e7 ml) of quinaldine (2-methylquino-
line; C6H4N:C(CH3)CH:CH, an anesthetic) into the centre
of the territory while the net was in place and collected
the temporarily sedated fish. Fish from each group were
placed together in individually marked mesh holding
cages (20� 20 � 20 cm) to recover from sedation and were
then slowly (w20 min) brought to the surface (Fitzpatrick
et al. 2006). At the surface, individuals were easily identi-
fied by a combination of natural and artificial individual
markings on each fish, as well as individual size and group
information.

Once at the surface of the water, fish were given a lethal
dose of benzocaine (ethyl p-aminobenzoate, 1.0 mg/ml).
Fish were then sexed by examining the genitalia and mea-
sured for standard length (SL) to the nearest millimetre.
Body mass was measured to the nearest 0.001 g and
a blood sample was taken by caudal severance. Sex was
confirmed by gonadal examination, then the gonads
were removed and weighed to the nearest 0.001 g. Relative
gonad investment was measured using the gonadosomatic
index (GSI ¼ (gonad mass/body mass) � 100%). Blood col-
lected in heparinized microcapillary tubes was spun at
8000 revolutions/min for 10 min and the separated
plasma was removed and stored at �20�C for analysis of
T and 11KT. There was an unavoidable time delay between
the initial sedation of the animals and the collection of
hormone samples, a common logistical constraint in
many field studies. As a result, the levels of androgens
measured were probably lower than the absolute levels ex-
pected in nonstressed fish. However, all fish, regardless of
sex and status, were handled in a similar manner, and we
restricted our analysis to the determination of relative dif-
ferences in androgen levels, rather than absolute amounts.
The blood plasma samples were transported back to
Canada (McMaster University and Guelph University)
at �4�C for hormone assay.
Hormone Assays
Steroids were extracted from plasma by shaking the
aliquots with 5 ml of diethyl ether twice. After freezing the
aqueous phase in an acetone and dry ice bath, the organic
phase was decanted and dried. The dry extracts were reso-
lubilized in assay buffer and frozen at �20�C. Extraction
losses were independently monitored, and the mean � SE
recovery following a double extraction procedure was
88 � 4% (Desjardins et al. 2006). We used radioimmuno-
assay to measure T and 11KT following McMaster et al.
(1995). The reported values are the average concentrations
calculated from duplicate aliquots whose values fell
within the 5e95% binding limits of the appropriate stan-
dard curve following linearization with a logelogit
transformation. Intra-assay coefficients of variation were
5.8e9.3% for T and 4.2e8.9% for 11KT, and thus, did
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not exceed 15%. Assays for T and 11KT were validated for
N. pulcher before the experiment (Desjardins et al. 2006).
The variation in sample size for the two androgens in
this study reflects the loss of some samples during
hormonal assay and the fact that the fish were often sim-
ply too small to recover sufficient blood for the analysis of
two hormones.
Statistical Analysis
Statistical analyses were performed using the software
JMP 5.1.1 (version 5.1, SAS Institute Inc., Cary, NC,
U.S.A.). Data were tested for normality, log-transformed
when necessary and analysed with parametric tests. Two-
tailed tests were used throughout.

To test for the effects of sex and mating system on
behaviour, physiology and morphology, we used two-way
ANOVAs and post hoc linear contrast analysis. In the
event of a significant interaction term in the two-way
ANOVAs, linear contrast analysis was performed to in-
terpret main effects (Rosenthal & Rosnow 1985). Alpha
levels were adjusted using Bonferroni corrections to con-
trol for multiple comparisons performed on the same
data set. To test the numbers of males and females and
of adults and subadults against the null expectations of
equal numbers, chi-square tests were performed on the
counts of adult and subadult fish in each subpopulation.
A fish was classified as adult when its standard length
fell within the 95% sex-specific confidence interval of
breeding individuals. For males, this size range was 5.1e
6.4 cm, and for females, this size range was 4.2e5.6 cm
(Stiver et al. 2004). We used this designation because
larger fish, whether they are breeders or helpers, can suc-
cessfully compete over open breeding positions in the
event of a breeder turnover (Balshine-Earn et al. 1998;
Stiver et al. 2004; Fitzpatrick et al. 2008). All smaller
individuals were classified as subadults. To test for differ-
ences in territory quality between monogamous and
polygynous groups, t tests were performed. To test for
behavioural differences between monogamous and polyg-
ynous males, the behaviour of monogamous males on
their only territory was compared to the behaviour of po-
lygynous males on all territories that they monopolized.
This allowed us to compare the total workload of monog-
amous males to the total workload of polygynous males.
To examine the effect of mating system on fry survival,
20 groups were selected (12 polygynous, 8 monogamous)
and these were monitored daily. All fry were counted for
5 consecutive days. We then used repeated measures AN-
OVAs and appropriate post hoc tests to analyse these data.
Ethical Note
The data for this study came from 59 groups that
represent a tiny proportion of the thousands of groups
found in our study area. The groups were collected over
a 4-month period and great care was taken not to collect
fish from small subpopulations (<10 groups) and to leave
neighbouring groups intact to minimize the impact on
the subpopulation. Neighbouring fish would colonize
emptied positions and territories within a few days. All
research described conformed to the protocols approved
by the Animal Research Ethics Board of McMaster Uni-
versity and the Canadian Council for Animal Care
guidelines. This research was conducted with the permis-
sion and cooperation of the Zambian Department of
Fisheries.
RESULTS
Spatial Structure of Monogamous versus
Polygynous Groups
In the 59 groups that were closely monitored for this
study, there were 180 adult females and 105 adult males,
a sex ratio that differed significantly from equal
(c2

1 ¼ 11:5, P < 0.001). In contrast, among the subadult
population that we sampled, there were 97 females and
106 males. This ratio was not different from an equal
number of males and females (c2

1 ¼ 0:4, P ¼ 0.53).
In our study area, N. pulcher territories are clustered into

distinct subpopulations (Taborsky 1984; Stiver et al. 2004,
2007). Within a subpopulation, polygynous territories
held by one male were more closely clustered than were mo-
nogamous territories (as measured to their nearest neigh-
bours). On average, the distance between territories
shared by one male was shorter (mean 92 � 7.1 cm) than
the average distance between a monogamous male and
his nearest neighbour (average distance: 204 � 10.8 cm;
t28 ¼ �4.85, P < 0.001).

Overall, in our study population, 73% of females were
part of a polygynous group whereas the remaining 27% of
females were part of a monogamous group (N ¼ 254
groups). Polygynous males maintained a mean � SE of
2.75 � 0.06 territories (range 2e6 groups). Among the
groups closely monitored for this study (N ¼ 59), group
size (number of individuals in a breeding female’s
group) did not differ between monogamous female
groups (7.59 � 0.28) and polygynous female groups
(7.61 � 0.17; t28 ¼ 0.06, P ¼ 0.95). Contrary to expecta-
tions, monogamous groups appeared to occupy better-
quality territories containing more rocks (monogamous:
17.6 � 1.0; polygynous: 13.4 � 0.7; t28 ¼ 3.46, P < 0.001)
and more shelters (monogamous: 5.9 � 0.049; polygynous:
4.6 � 0.32; t28 ¼ 2.3, P ¼ 0.02) than polygynous groups.
However, there was no difference in the number of neigh-
bouring territories within a 1-m radius for monogamous
and polygynous groups (F1,61 ¼ 1.549, P ¼ 0.21). Monoga-
mous groups also appeared to have fewer predators within
5 m of their territory (mean � SE ¼ 5.1 � 3.5) than polygy-
nous groups (12.2 � 1.4); however, this difference was not
significant (t28 ¼ 1.86, P ¼ 0.06).
Morphological and Physiological
Characteristics of Individuals in Monogamous
versus Polygynous Groups
Polygynous males were longer (standard length:
F1,81 ¼ 13.280, P ¼ 0.004; Fig. 1a, Table 1) and heavier
(body mass: F1,81 ¼ 20.042, P < 0.0001) and scraped their
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Figure 1. Mean þ SE of (a) standard length and (b) number of body

scrapes as a function of sex and mating type. Different letters denote

significant differences at a ¼ 0.05.
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bodies against rocks less often than did monogamous
males (F1,81 ¼ 10.579, P ¼ 0.001; Fig. 1b). Polygynous
males had greater relative gonadal investment (F1,81 ¼
8.740, P ¼ 0.03; Fig. 2a) and greater amounts of 11KT
(F1,70 ¼ 5.733, P ¼ 0.02; Fig. 2b) than monogamous males
but males did not differ in their T levels (F1,47 ¼ 0.023,
P ¼ 0.87; Fig. 2c). Females paired with monogamous and
polygynous males did not differ in body length (F1,91 ¼
3.242, P ¼ 0.77), mass (F1,91 ¼ 3.322, P ¼ 0.72), or scrap-
ing rates (F1,91 ¼ 2.785, P ¼ 0.55). Monogamous females
and polygynous females (controlling for body mass) had
similar investment in gonadal tissue (F1,91 ¼ 0.312,
P ¼ 0.52). In contrast to males, females paired to polygy-
nous and monogamous males did not differ in 11KT
(F1,42 ¼ 0.014, P ¼ 0.91), but monogamous females had
higher T levels than polygynous females (F1,27 ¼ 5.197,
P ¼ 0.03).
Care and Survival of Young in Monogamous
versus Polygynous Groups
Polygynous males spent less time on their territory
(F1,37 ¼ 23.318, P < 0.001; Fig. 3a) and provided less
parental care (F1,37 ¼ 4.514, P ¼ 0.03; Fig. 3b) than monog-
amous males. Polygynous males also fed less than monoga-
mous males (F1,37 ¼ 19.389, P < 0.001; Fig. 3c). Females
paired to monogamous and polygynous males did not dif-
fer statistically in any behaviour measured (Fig. 3a). There
were no differences between monogamous and polygynous
groups in the number of helpers (X� SE: 3.56 � 0.27 versus
3.61 � 0.17; F1,58 ¼ 1.089, P ¼ 0.29) or in the size of helpers
(4.03 � 0.10 cm versus 4.16 � 0.05 cm; F1,58 ¼ 0.886,
P ¼ 0.54). Helpers from polygynous groups did not appear
to be compensating for the lack of paternal care; helpers
in monogamous and polygynous groups performed allo-
care equally frequently (F1,58 ¼ 0.123, P ¼ 0.44), and spent
equal amounts of time on territory (F1,58 ¼ 0.108,
P ¼ 0.45).

The mean � SE number of fry emerging from polygy-
nous groups (14.3 � 1.6) was similar to the mean number
of fry emerging from monogamous groups (13.2 � 2.7;
t14 ¼ �1.07, P ¼ 0.29). In all groups, the number of fry
decreased over time (repeated measures ANOVA:
F4,19 ¼ 3.631, P ¼ 0.02; Fig. 4). However, fry survival did
not differ between monogamous and polygynous groups
(repeated measures ANOVA: F1,19 ¼ 0.731, P ¼ 0.58). Post
hoc tests revealed no differences between the number of
fry in monogamous and polygynous groups on any day
(all P > 0.53).
DISCUSSION

A female-biased adult sex ratio and the spatial clustering
of females may promote polygyny in our N. pulcher popu-
lations. Alternatively, the female-biased sex ratio may be
a result of sex-biased dispersal patterns or even the mating
system itself (Stiver et al. 2004, 2007) and supports the
idea of matrilines (Dierkes et al. 2005). Regardless, given
the propensity for males of this species to behave polygy-
nously, it is likely that all N. pulcher males ‘prefer’ to be
polygynous and maintain multiple territories, each with
its own breeding female, but this preference remains to
be tested. In our study populations, socially monogamous
males were smaller and scraped their bodies on rocks far
more often, a behaviour often suggesting a higher ectopar-
asite load in other fish species (Gunter 1953; Rand & Wiles
1988; Barber et al. 2000). Hence, monogamous males may
have been of lower quality and thus less capable of de-
fending multiple territories. However, monogamous males
fed more, provided more parental care and apparently
occupied higher-quality territories.

Our results suggest that female N. pulcher that mate
with monogamous males may face a trade-off: a smaller
male partner of lower quality will provide more paternal
care on a safer territory. Females mated with polygynous
males also face an apparent trade-off: a higher-quality
male partner will provide less parental care and a territory
of lower quality. These types of trade-offs, mate quality
versus paternal care, have been documented in several
species (Dyrcz 1986; Webster 1991a, b; Kempenaers
1994; Slagsvold & Lifjeld 1994). Females may resolve
this apparent trade-off by pairing with a monogamous
male but promoting extrapair fertilization by a polygynous



Table 1. Results of two-way ANOVAs with the overall model results, the main effects (sex and mating type) and the interaction statistics for
body morphology, physiology and behaviour

Variable Overall model

Main effect

Interaction?Sex Mating type

Body length (SL, cm) F3,104¼72.291 F1,104¼195.708 F1,104¼15.156 No
P<0.001 P<0.001 P<0.001

Body mass (g) F3,104¼119.602 F1,104¼325.211 F1,104¼20.471 No
P<0.001 P<0.001 P<0.001

Body scrapes (per 10 min) F3,104¼5.288 F1,104¼4.214 F1,104¼1.575 Yes
P¼0.002 P¼0.04 P¼0.21

Gonadal somatic index F3,103¼6.856 F1,103¼18.135 F1,103¼1.425 No
P¼0.0003 P<0.001 P¼0.24

11-Ketotestosterone (ng/ml) F3,63¼14.139 F1,63¼34.668 F1,63¼1.826 No
P<0.001 P<0.001 P¼0.18

Testosterone (ng/ml) F3,45¼2.190 F1,45¼1.057 F1,45¼3.696 Yes
P¼0.10 P¼0.30 P¼0.06

Parental care (per 10 min) F3,104¼4.162 F1,104¼5.226 F1,104¼7.800 No
P¼0.008 P¼0.02 P¼0.006

Allocare (per 10 min) F3,313¼0.91 F1.313¼1.13 F1.313¼0.42 No
P¼0.44 P¼0.29 P¼0.52

Time on territory (per 10 min) F3,104¼26.373 F1,104¼47.25 F1,104¼21.962 Yes
P<0.001 P<0.001 P<0.001

Feeding (per 10 min) F3,104¼9.085 F1,104¼4.992 F1,104¼19.178 Yes
P<0.001 P¼0.03 P<0.001

Parental care was calculated as a composite score of all territory maintenance, direct brood care and territory defence behaviours displayed by
the breeding pair. Allocare was calculated as the same composite score of behaviours displayed by the helpers.
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high-quality neighbouring male. Although this sugges-
tion remains to be tested, there were no obvious differ-
ences between females that paired with monogamous
and polygynous males in our study.

Polygynous females did not provide more care for
offspring than monogamous females. It is possible that
polygynous females received more assistance from their
helpers, as is the case in the many birds (Brown 1987;
Emlen 1991; Komdeur 1994; Hatchwell & Russell 1996;
Wright 1997; Hatchwell 1999). Our results suggest that
this was not the case; monogamous and polygynous
groups were of equal size with a similar number of helpers,
and helpers in both types of groups provided similar levels
of allocare. Interestingly, our measures of offspring sur-
vival did not vary between monogamous and polygynous
groups. It is possible that survival differences occurred in
the brood chamber before the start of our monitoring pe-
riod. In addition, both the small number of groups moni-
tored and the short monitoring duration suggest the need
for further work to examine the long-term fitness conse-
quences in terms of young survival in relation to male
pairing behaviour. None the less, our results suggest that
the benefits to females of obtaining higher-quality mates,
better care or better territories do not necessarily translate
into increased reproductive success. If this is indeed the
case, being part of a monogamous or a polygynous group
may be of little consequence to females; females may even
tolerate polygyny especially if any additional breeding
females within a harem are close relatives (Emlen 1995;
Pen & Kerth 2005). We are currently investigating
whether females are maximizing their inclusive fitness
by sharing reproduction with close kin. Finally, females
may have little choice in mates and are forced to accept
either a polygynous or monogamous male because of
the severely limited breeding opportunities available to
them (Stiver et al. 2006).

Polygynous males had significantly higher gonadal
investment (controlling for body size) and levels of the
androgen 11KT than monogamous males. This finding is
not surprising given that polygynous males have access to
multiple females and probably fertilize more eggs than
monogamous males. The production of 11KT has been
linked to spermatogenesis and the expression of second-
ary sexual characteristics in many fish (reviewed by Borg
1994). Surprisingly, in this study there were no overall dif-
ferences in T between males and females. Using monoga-
mous groups in the field and in the laboratory, our
previous research revealed much higher levels of T in fe-
males than in males (Desjardins et al. 2006; Aubin-Horth
et al. 2007). This pattern for monogamous groups was
confirmed in this study; the high levels of T drove the pre-
viously reported differences in T between males and
females in monogamous groups. But why would monoga-
mous females have higher levels of T than polygynous
females? In this study, monogamous females provided
slightly more parental care than polygynous females.
T levels may be related to the level of parental care pro-
vided by the breeding female (Desjardins et al. 2008). To
answer this question more completely, further investiga-
tion is required.

Females paired with polygynous males may experience
other costs that we did not measure, such as reduced
longevity and lower lifetime reproductive success. Long-
term monitoring of wild populations is needed to in-
vestigate this suggestion. Future experiments designed to
manipulate ecological conditions such as the number of
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predators or the amount of food available could reveal the
subtle fitness consequences for males and females in
monogamous and polygynous groups. In addition, exper-
imental manipulations of androgens in monogamous and
polygynous individuals of both sexes would clarify
whether androgens regulate the ability of males to be
polygynous and the ability of females to provide adequate
parental care. Ultimately, our data suggest that the mixed
mating system in N. pulcher may result from differential
male competitive ability and that females may not suffer
high reproductive costs of polygyny.
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