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Abstract Among taxonomically widespread cooperatively
breeding vertebrates, those with non-breeding helpers-at-
the-nest provide an excellent opportunity to understand the
proximate mechanisms underlying care and allocare. In this
study, we examined androgen levels in relation to care
behavior in a cooperatively breeding cichlid fish, Neo-
lamprologus pulcher, from Lake Tanganyika. We concen-
trated on androgens, as these hormones have been linked to
the defense behavior, and the defense of young is a
common form of parental care in fishes. N. pulcher
dominant female breeders performed the most care and
also displayed the highest levels of plasma testosterone (T)
compared with other individuals within the social group.
We also found that dominant male breeders provided a
similar amount of care as did the subordinate helpers, but
breeding males had the highest levels of 11-ketotestoster-
one (11KT), an important androgen in fish. Breeders had
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higher levels of both androgens (7 and 11KT) compared to
helpers. There was a weak but significant positive correla-
tion between T levels and the frequency of care regardless
of sex and status. Our results suggest that androgens may
promote defense of young and are in contrast to the
commonly reported trade-off between androgen and paren-
tal care.
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Testosterone - 11-Ketotestosterone - Cichlids -
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Introduction

Cooperative breeding has been demonstrated in 120 species
of mammals (Solomon and French 1997), 300 species of
birds (Schoech et al. 2004), and eight species of fishes
(Taborsky 1984). In these breeding systems, non-parental
individuals called helpers contribute to the care of young,
performing behaviors collectively referred to as “allocare”.
The expression of care and allocare is thought to be
regulated by hormones. To date, most of the research on
hormones in relation to care behaviors has concentrated on
two hormones, prolactin (PRL) and testosterone (T; Mays et
al. 1991; Schoech et al. 1991; Khan et al. 2001). This
previous research has mainly been conducted on birds and
mammals (Ziegler 2000); our study expands this line of
investigation by examining the relationship between hor-
mones and care as well as allocare in fishes.

Testosterone (T) is a steroid hormone, secreted primarily
by the gonads, that is often linked to aggression, reproduc-
tion, and territory defense. A number of authors have
argued that T interferes with the expression of parental care
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(Hegner and Wingfield 1987; Saino and Mpgller 1995;
Ketterson et al. 1996). In birds and mammals, T levels are
highest when males are nest building and courting, but
dramatically decrease when males are providing care to
young (birds: Wingfield et al. 1990; Peters et al. 2001;
Foerster et al. 2002; Goymann et al. 2004; mammals:
Ziegler 2000; Carlson et al. 2004; Young et al. 2005). In
fish, the relationship between T and care is more ambigu-
ous. Male sticklebacks (Gasterosteus aculeatus) showed
dramatic increases in circulating androgens at the onset of
spawning and nest building with subsequent decreases
during paternal care (Pall et al. 2002). Treatments with
exogenous androgens (11-ketotestosterone, a primary fish
androgen) increased courtship behavior and reduced fan-
ning rates compared to controls (Pall et al. 2002). However,
Sikkel (1993) found no difference in either of these
androgens (7 or 11KT) in mating and caring garibaldi fish
(Hypsypops rubicundus). In addition, in the midshipman
fish (Porichthys notatus), no differences in androgen levels
were found between males with and males without eggs
(Knapp et al. 1999). Recent research has shown that in
fishes, parental behavior may be enhanced (rather than
inhibited) by androgens (Ros et al. 2004; Magee et al.
2006; Rodgers et al. 2006).

While the study of T profiles and the relationship be-
tween testosterone and behavior has been primarily studied
in males, the presence and action of testosterone is not
exclusively confined to males. Across most vertebrate taxa,
adults of both sexes naturally produce T (Nelson 2000), and
T in females has been implicated in many different
physiological and behavioral functions (Staub and De Beer
1997; Ketterson et al. 2005; Mpller et al. 2005). In the
female spotted hyenas (Crocuta crocuta), T mediates the
expression of female dominance behavior and male-like
female physiology (Lindeque and Skinner 1982). It has also
been shown that T in females varies across the breeding
season (Ketterson et al. 2005) and that females of many
species respond behaviorally to exogenous T (Ketterson et al.
2005). For example, in female dark-eyed juncos (Junco
hyemalis), experimental increased T levels resulted in
increased aggression between same-sex individuals (Zysling
et al. 2006). In female fish, the relationship between T and
behavior has not previously been explored.

Testosterone profiles have been examined in mammalian
and avian cooperative breeding species in which subordi-
nates help raise the young of other individuals in a social
group. Among cooperative breeders, the dynamics of T
expression have been shown to be equivalent between
breeders and (Ziegler 2000). Like breeders, helpers’
androgen levels tend to be much higher earlier in the
reproductive cycle before the young emerge compared to
levels when there are young in the nest (Wingfield et al.
1990; Mays et al. 1991; Vleck and Brown 1999). In some
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cooperative species, absolute levels of T are similar
between male helpers and male breeders, while in other
species, male breeders have been shown to have higher
levels than male helpers (Schoech et al. 1996; Vleck and
Brown 1999; Khan et al. 2001). Two previous laboratory
studies have examined androgens in a cooperatively
breeding fish (Oliveira et al. 2003; Bender et al. 2000),
and both have shown that absolute androgens levels were
identical between dominant male breeders and subordinate
male helpers, as has been shown in some of the bird and
mammal research.

The vast majority of the previous research on coopera-
tive breeding and androgens has compared male breeders to
male helpers. In this study, we compared androgen profiles
between breeders and helpers in both males and females of
the cooperative breeding cichlid fish, Neolamprologus
pulcher. This species is endemic to Lake Tanganyika and
we conducted this study on wild fish. Specifically, the aims
of our study were threefold: (1) to examine whether sex and
social status (breeder, helper) are related to androgen levels,
(2) to determine how sex and status are related to rates of
care and other behaviors such as social interactions, and (3)
to relate individual levels of care, especially defense, to
circulating levels of androgens.

Materials and methods
Study species, field site, and behavioral measures

N. pulcher live in social groups consisting of a dominant
breeding pair and 1-20 helpers (males and females) that
assist in all aspects of care (Taborsky 1984). Care consists
of territory/nest defense, territory/nest maintenance, and
direct brood care (fanning and cleaning of the eggs and
larvae). Allocare or helping has been shown to enhance the
frequency and number of young produced as well as
offspring survival within the group (Taborsky 1984;
Balshine et al. 2001; Brouwer et al. 2005). In this species,
breeders can spawn monthly throughout the year, and care
occurs continuously because dispersal is rare and breeders
continue to protect helpers well into adulthood (Taborsky
1985; Stiver et al. 2004).

Between January 29th and April 29th in 2004 and
between February 2nd and April 28th 2005, social groups
were studied using SCUBA in Kasakalawe Bay, Lake
Tanganyika (Zambia). The groups were located at 8.5-12 m
of depth, and each territory was marked with uniquely
labeled rocks. Each group was monitored one to three times
(for an average of 15 min) to assess group size and
composition; each individual was reliably identified by a
combination of underwater size estimates and specific
individual markings. Fish were individually marked by fin
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clipping and injecting of nontoxic acrylic paints into scale
pockets (see Balshine-Earn et al. 1998 for details).
Behavioral recordings never occurred before a minimum
of 3 days had elapsed since capture and marking. Mean
group size in this study was nine individuals, two breeders,
and seven helpers (N=10, range 6—14).

Two focal watches (7-10 min) were conducted on 172
male breeders, 138 female breeders, 93 male helpers, and
95 female helpers. One focal watch was conducted in the
morning and the other was conducted in the afternoon to
control for diurnal variation in behavior (Werner et al.
2003); the behaviors recorded (see below) were averaged
across the two watches. Each focal watch was preceded by
a 2-min habituation period. Studies using underwater video
cameras have shown that N. pulcher behavior is not
significantly altered by the presence of scuba diving
observers (S. Balshine, personal observation). Within
minutes of the divers’ arrival, individuals will feed,
socialize, and actively defend their territory.

All behaviors observed were recorded on polyvinyl
chloride plates and later transcribed into data sets at the
surface. Behaviors included feeding, territory defense
(aggressive behaviors such as ramming, chasing, biting,
mouth fighting, and defensive posturing towards hetero-
specifics), territory maintenance (digging and carrying of
substrate), brood chamber visits (where the eggs are laid),
and social behaviors (following, soft touching, parrell
swimming, tail quivering, and submissive postures; see
Buchner et al. 2004 for a recent ethogram of these
behaviors). Territory defense was defined as any aggressive
behavior oriented towards heterospecifics. We restricted our
analysis to heterospecifics and excluded aggression towards
non-group conspecifics to ensure we were measuring
behavior that was consistent with protection of young, not
the protection of the mating territory, the mate, or the
breeding position. Behaviors were recorded on individual
fish, and we also noted the target of the behaviors and
whether the target individual was a heterospecific or a
conspecific, what species it was, and or whether or not it was
a group member.

To score care, we used a composite that was the sum of all
behaviors thought to enhance offspring survival; this
included defense against heterospecifics, territory mainte-
nance, and visits to the brood chamber. Defense was defined
as any aggressive behavior oriented towards hetrospecifics.
We use visits to the brood chamber as a proxy for direct
brood care, as in the field, it is impossible to observe caring
acts such as fanning and cleaning that occur deep in the
brood chamber. We also analyzed defense, maintenance, and
brood chamber visits individually. Within-group aggression
was defined as a sum of all aggressive behaviors displayed
towards one’s own group members. We also used a
composite score for social behavior that was a sum of all

within-group non-aggressive behaviors (see above). These
composite or summed scores for care, social behavior within-
group aggression have been used previously with this species
(Balshine et al. 2001; Stiver et al. 2004; Bergmiiller et al.
2005; Stiver et al. 2005). For further details of the study site,
field methods, and behavioral observations, see Balshine-
Earn et al. (1998), Balshine et al. (2001), Buchner et al.
(2004), Stiver et al. (2004, 20006), Fitzpatrick et al. (2006),
and Desjardins et al. (2007).

Blood sampling

Blood samples were collected from 101 male breeders, 79
female breeders, 94 male helpers, and 92 female helpers. To
collect fish, we placed a tent net directly over the entire
group after the completion of the behavioral observations.
We then carefully injected a small volume (3—7 ml) of
quinaldine [2-methylquinoline; CsH4N:C(CH3)CH:CH), an
anesthetic] into the center 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 (20x20%20 cm) to recover
from sedation and were then slowly (~20 min) brought to
the surface (see Fitzpatrick et al. 2006). At the surface,
individuals were easily identified by a combination of body
size information and natural as well as artificial individual
markings on each fish.

Once at the surface of the water, fish were anesthetized
with a lethal dose of benzocaine (Ethyl p-Aminobenzoate,
1.0 pg/ml). Fish were then sexed by examining the
genitalia and measured for standard length to the nearest
millimeter. 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. Blood was
collected in heparinized micro-capillary tubes, spun at
8000 RPM for 10 min, and the separated plasma was
removed and stored at —10°C for analysis of testosterone
(7) and 11-ketotestosterone (11KT). There was an unavoid-
able 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 are possibly and even likely
lower than the absolute levels expected in non-stressed fish.
However, all fish, regardless of sex and status were handled
in a similar manner, and we restricted our analysis and
discussion to the determination of relative differences in
androgen levels rather than absolute amounts. The blood
plasma samples were transported back to Canada at —4°C
for hormone assay. After the 2004 field season, the samples
were delayed by about 24 h (at room temperature) en route
to Canada. We included these samples in our analyses, as
the steroid levels in the 2004 samples were comparable to
the levels measured in the 2005 samples.
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Hormone assays

We extracted steroids 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 resolubilized in
assay buffer and frozen at —20°C. Extraction losses were
independently monitored and recoveries after a double
extraction procedure were 88+4% (Desjardins et al. 2006).
We used radioimmunoassay to measure 7 and 11KT
following the techniques to measure steroids from plasma
described by McMaster et al. (1995). The reported values
are the average concentrations calculated from duplicate
aliquots whose values fell within the 5-95% binding limits
of the appropriate standard curve following the linearization
with a log-logit transformation. Intra-assay coefficients of
variation ranged from 5.8 to 9.3% for T and from 4.2 to
8.9% for 11KT. Inter-assay coefficients of variation did not
exceed 15% in assays for T or 11KT. The assays for 7 and
11KT were validated for this species before the experiment
and have been reported in Desjardins et al. (2006).

Statistical analysis

Statistical analyses were performed using the software JMP
5.1.1 (version 5.1, SAS Institute 2004). Data were tested for
normality, transformed when necessary, and analyzed with
parametric tests. Two-tailed tests were used throughout. We
had larger samples for behavior than for hormone levels, as
not all the fish observed were physiologically sampled.
Samples with too small a volume to yield a detectable level
of hormone were deleted from the dataset. When the blood
sample was large enough to reveal a hormone level but a
non-detectable hormone level was still observed, we
estimated the minimum detectable level from the standard
curve for this individual to ensure that the means are not
artificially inflated by missing data.

We attempted to measure both 11KT and 7 in all
animals; however, given the small plasma volumes collect-
ed, we were often restricted to only one of these androgens.
The variation in sample size between the two androgens
reflects the fact that the fish were often simply too small to
recover sufficient blood for the analysis of two hormones.
Hence, all individuals included in the analysis of 11KT are
included in the analysis of 7'and vice versa. In the analysis
of the ratio of 11KT/7, only individuals for which both
11KT and T were detectable using RIA were included. To
test for the effect of sex and breeder/helper status on
hormone levels and on behaviors, we used two-way
analyses of variance (ANOVAs) and Tukey—Kramer post
hoc tests. In the event of a significant interaction term in the
two-way ANOVAs, linear contrast analysis was performed
to interpret main effects. To test for relationships between
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aggression and steroid hormones, Pearson’s correlations
and regression analyses were performed.

Ethical note

The fish were collected over two field seasons that spanned
a 15-month period, and extreme care was taken not to
collect fish from small subpopulations (less than ten
groups). Neighboring groups were always left intact to
minimize the impact of collection, and neighboring fish
quickly recolonized emptied positions and territories,
usually within 1-2 days. All research described conformed
to the protocols approved by the Animal Research Ethics
Board of McMaster University and the Canadian Council
for Animal Care guidelines. Furthermore, this research was
conducted with the permission and cooperation of the
Zambian Department of Fisheries.

Results
Hormones, sex, and status

Overall, androgen levels were not related to group size
(11KT: Fs5591=1.168, p=0.33; T: Fs515=1.822, p=0.11),
and this was also true when the relationship between
androgens and group size was examined on all classes of
classes of individuals separately (all p>0.13). Androgen
levels were therefore treated as independent from group size.
Males had higher levels of 11KT than females (F 29;=36.9,
p<0.001, Fig. 1a), and breeders had higher levels of 11KT
than helpers (F;291=9.2, p=0.003). Male breeders had
higher levels of 11KT than all other individuals (all
p<0.001). Male helpers also had high levels of 11KT, higher
than both breeding females (»p<0.0001) and helper females
(»<0.0001). Female breeders and female helpers had similar
levels of circulating 11KT (p=0.81).

Males and females had equal levels of T (£ ;36=2.4, p=
0.12, Fig. 1b), but breeders had higher levels of T than
helpers (F,186=10.2, p=0.002). Female breeders had the
highest levels of T, and these were significantly higher than
in all other classes of fish (F} 156=13.4, p<0.001). Male
breeders, male helpers, and female helpers did not differ in
their levels of T (all p>0.23). Some authors have suggested
that the ratio between 11KT and 7 is more informative than
are absolute androgen levels because this ratio is a proxy
for the physiological action of T (Oliveira 2006). We
examined the 11KT to T ratio in relation to sex and status in
those individuals for which both of these androgens were
available. Males (both breeders and helpers) had a higher
LHIKT/T ratio (Fy,123=4.6, p=0.03, Fig. 1c) than females.
However, breeders and helpers had equal 11KT/T ratios
(F1’123:0.2, p:068)
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Table 1 Results of two-way ANOVAs with the overall model results, the main effects (sex and status), and the interaction statistics for territory
maintenance, brood chamber visits, and territory defense against heterospecifics

Variable Overall model Main effect: sex Main effect: status Interaction
Territory maintenance behaviors (#/10-min) F5.493=2.705 F 493=4.590 F1.493=0.565 Fi495=1.165
p=0.04 p=0.03 p=045 p=0.28
Brood chamber visits (#/10-min) F5 493=6.788 F.493=11.084 F493=0.037 F493=4.533
»=0.0002 »=0.0009 p=0.84 p=0.03
Territory defense behaviors (#/10-min) F3.493=7.243 Fy 493=2.679 F1493=4.187 F 493=2.051
p=0.0041 p=0.10 p=0.04 p=0.15

Care, allocare, and social behavior

Frequency of care depended on both the sex and the social
status of the individual (sex X status: Fj 493=3.3, p=0.02,
Fig. 2a). Female breeders provided more care than all other
members of the group (£493=6.2, p=0.01), while male
breeders and helpers (both males and females) performed
similar levels of care (F;493=1.3, p=0.26). Within each
individual component of the care index (territory mainte-
nance, brood chamber visits and territory defense), female
breeders were also performing more of each of these
behaviors (see Table 1).

Helpers performed more non-aggressive social behaviors
than breeders (F5493=13.1, p=0.003, Fig. 2b), but there
were no sex differences in rates of social behaviors (F5 493=
1.9, p=0.17). Male breeders participated in the fewest social
behaviors compared to all other individuals (p=0.01).
Interestingly, there were no differences in within-group
aggression displayed by males and females (F5493=2.2, p=
0.14, Fig. 2c) or by breeders and helpers (F5 493=2.4, p=0.12).

We examined 12 groups that had newly hatched young
(fish 0.5 to 1.5 cm) in the brood chamber/nest when the
behavioral watches were conducted and compared these
groups to 12 neighboring groups without young. We were
unable to detect any differences between these groups with

young (N=12) and without young (N=12) in the overall
rates of territory maintenance activities (mean + SE: with
young, 1.7+0.7; without young, 0.8+0.7; F'; ,,=2.507, p=
0.10), brood chamber visits (with young=3.6+1.1; without
young=3.9+1.0; F, 5,=2.488, p=0.12), or territory defense
against heterospecifics (with young=0.7+1.1; without
young=1.3+0.271; F;,,=2.568, p=0.12) Similarly, there
were no detectable differences in 7 or 11KT between
individuals with young and without young (see Table 2).

Correlations between hormones and care

There was a weak but significant positive correlation
between the frequency of care and testosterone when we
examined all fish regardless of sex or status (+*=0.08, n=
295, p=0.005, Table 3), and this pattern held when we
controlled for the amount of time individuals spent on the
territory (*=0.08, =295, p=0.007). We also examined the
relationship between each of the composite components of
care and T and found no significant relationships (Table 3).
When we looked at all classes of individuals separately
(Table 4), female breeders appeared to drive this significant
positive relationship between care and T (+*=0.13, n=60,
p=0.03). Among female breeders, there were positive
relationships between T and territory maintenance (+*=0.12,

Table 2 Comparisons of the androgens T, 11KT, and 11KT/T between individuals with and without fry

Individual Hormone Mean + SE (pg/ml) Statistics
With fry Without fry

Male breeders T 4.04+1.27 3.19+1.95 F116=0.135, p=0.72
11KT 1.35+0.367 0.90+0.41 F116=0.90, p=0.42
11KT/T 0.46+0.20 0.49+0.31 F116=0.008, p=0.93

Female breeders T 6.24+1.38 11.21+2.75 F,,=1.61, p=0.20
11KT 0.33£0.15 0.42+0.21 F,7=0.124, p=0.73
11KT/T 0.11£0.10 0.043+0.21 F,7=0.091, p=0.78

Male helpers T 3.95+0.56 3.05+0.63 F10=0.34, p=0.89
1IKT 1.30+0.35 0.65+0.33 Fi10=1.71, p=0.22
11KT/T 0.33+0.12 0.21+0.18 F110=0.54, p=0.69

Female helpers T 5.91+4.49 3.68+3.18 F,9=0.16, p=0.75
11KT 0.63£0.19 0.29+0.19 F19=1.632, p=0.21
11KT/T 0.11+0.20 0.077+0.12 F,6=0.007, p=0.91
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Table 3 Regression analysis of androgens (11KT, T, and 11KT/T) on composite care score

N R 8 P

Composite care score

11IKT 295 —-0.04 —6.30 0.63

T 190 0.16 171.34 0.005

11IKT:T 127 —0.008 —0.0032 0.83
Regression analysis

Territory defense 190 0.19 207.92 0.04

Brood chamber visits 190 0.025 —63.12 0.79

Territory maintenance 190 0.14 375.80 0.0047

The regression analysis of 7 on each of the components of the composite care score (territory defense against heterospecifics, visits to the brood
chamber, and territory maintenance). All individuals (males, females, breeders, helpers) were combined for this analysis.

N Sample size, R Pearson’s correlation, 3 slope of the regression line

n=60, p=0.05) as well as territory defense (*=0.19, n=60,
p=0.01). No other significant relationships between andro-
gens and care behavior were detected.

Discussion

We did not find evidence in support of testosterone having
a negative impact on parental care in N. pulcher. The
degree of parental care was in fact positively related, albeit
weakly, to levels of T, suggesting a facilitating link between
testosterone and parental care. In addition, no relationship
was found between within-group aggressive behaviors and
androgen levels. Our results are particularly important
because until recently, the majority of experimental and
observational data supported of a trade-off between levels
of androgens and the degree of parental care (Wingfield
et al. 1990; Vleck and Brown 1999; Clark and Galef 1999;
Hirschenhauser et al. 2003; Peters 2002). High androgen
levels were shown to enhance aggression in male—male
competition, but were thought to be detrimental to parental
care and rearing of young (Wingfield et al. 1990; Clark and
Galef 1999; Hirschenhauser et al. 2003; Peters 2002 among
others). However, the support for such a trade-off is now
ambivalent with a number of recent studies, in addition to
this one, finding no trade-off between androgens and
parental care in birds, mammals and fishes (Creel et al.
1993; Van Duyse et al. 2000; Lynn et al. 2002, 2005; Ros et

al. 2004; Magee et al. 2006; Rodgers et al. 2006). It appears
that there are a number of ecological conditions under
which T and parental care may not be linked (see Hau 2007
for a review). Our data suggest that high androgen levels
are not necessarily deleterious to care but may actually
promote effective parental care. Indeed, in a number of bird
species with precocial young, males incubate and care for
hatched young to a greater extent than females; yet, in these
species, T levels are known to be higher in males than
females, so, clearly, androgens do not always limit parental
care (Oring et al. 1989; Gratto-Trevor et al. 1990).

11KT was higher in male breeders than male helpers,
while 7' was higher in female breeders than female helpers.
N. pulcher male breeders have much larger gonads than
subordinate helpers and more competitive faster-swimming
sperm (Fitzpatrick et al. 2006). A number of studies of
cooperative breeders have shown a similar pattern; domi-
nant male breeders have larger gonads and higher levels of
T than male helpers (white browed sparrow weaver,
Plocepasser mahali, Wingfield et al. 1991; bell miners
Manorina melanophrys, Poiani and Fletcher 1994; Florida
scrub-jays, Aphelocoma coerulescens, Schoech et al. 1996;
superb fairy wrens, Malurus cyaneus, Peters et al. 2001).
However, other studies of cooperative breeding species have
reported similar levels of androgens between male breeders
and male helpers (e.g., red cockaded woodpeckers, Picoides
borealis, Khan et al. 2001; Mexican jays, Aphelocoma
ultramarina, Vleck and Brown 1999). The different patterns

Table 4 Regression analysis of 7" on composite care score (territory defense against heterospecifics, visits to the brood chamber, and territory

maintenance)

N R s p
Male breeders 79 0.04 44.69 0.77
Female breeders 56 0.25 138.60 0.015
Male helpers 30 —-0.02 —135.29 0.41
Female helpers 25 0.04 89.75 0.55

N Sample size, R Pearson’s correlation, /3 slope of the regression line
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observed within cooperative breeders appear not related to
the degree of reproductive sharing within a social group
because reproductive skew or sharing varies from high to
low in both these groupings (Cockburn 1998; Creel 2001).
This is the first study to examine hormone differences
among females of different social states in fishes.

Mays et al. (1991) study on Harris hawks, Parabueus
unicinctus, Asa et al. (1986) study on gray wolves (Canis
lupus), and Poiani and Fletcher (1994) on bell miners are
the only other studies, apart from this one, to have compared
female breeders and helpers. Mays et al. (1991) showed,
like we did in N. pulcher, that female breeders had higher
levels of T than female helpers. Higher hormone levels were
found in breeders vs helpers depending on sex and the
androgen in question. Different androgens may control
aggressive behavior in males and females N. pulcher, and
indeed different hormones may modulate of parental care.

Given the small size of N. pulcher (3 to 6 g), only a
limited amount of plasma could be extracted, and our field
study procedures were necessarily terminal. A non-invasive
sampling method that facilitates repeated hormonal meas-
ures has been pioneered and used successfully with this
species (see Oliveira et al. 2003; Bender et al. 2006).
Unfortunately, this technique is currently only practical in a
laboratory situation, as individuals need to be isolated in a
known amount of water for 1 h. Oliveira et al. (2003) and
Bender et al. (2006) have used this technique to assess
excreted androgens in a laboratory stock of N. pulcher. In
contrast to our field results, the laboratory studies found no
difference between male breeders and male helpers in
excreted levels of 7'and 11KT. However, previous studies
did not include females and did not relate the frequency of
care and other behavior to androgen levels. Additional
work is now needed to resolve why excreted androgens and
plasma androgens showed different patterns.

We have attempted to address whether androgens might
be related to variation in parental care; however, there were
some limitations to the level of analysis and the samples
included in this study. We were able to show correlations
between levels of T and care along a continuum from high
to low. Over the course of two field seasons, we were able
to closely monitor a large number of social groups;
however, all of these groups were performing care for
young and helpers to some extent. In N. pulcher, the
defense of young and the territory by both breeders and
helpers is continuous and occurs throughout an individual’s
lifetime. This limits our ability to detect differences
between caring and non-caring individuals. When we
compared between groups that had newly emerged young
vs similar groups that did not, we were unable to detect any
differences in 7, 11KT, care, or territory defense. Future
work in N. pulcher should address whether reproductively
capable group members that are not providing care differ in

@ Springer

androgen levels from those that are providing care. Given
that most helpers do provide care to young, it may be
necessary to hormonally manipulate helpers to get them not
to help at all. Finally, another obvious hormone candidate
to investigate with respect to parental care is prolactin. In a
number of species, prolactin has been shown to play an
important role in modulating care (birds: Gratto-Trevor
et al. 1990; Ketterson and Nolan 1994; Lormee et al. 2000;
mammals: Ziegler 2000; Schradin and Anzenberger 2003;
Schradin and Pillay 2004; fish: Schiitz and Barlow 1997).
To date, no one has examined prolactin in relation to care
vs allocare in fishes.

In summary, our study is the first to examine hormone
levels in both sexes in a cichlid and a cooperative breeder.
Currently, in the literature, there is a reasonable description
and a diversity in patterns in androgen (testosterone)
secretion in relation to paternal behavior across vertebrate
species but, as yet, there is little known about androgens
and female behavior and life history in free living animals.
Further study and experiments are needed to test the
suggestion that testosterone and sex steroids in general
may play a role in the expression of parental care
(especially defensive care) and allocare in both male and
female fishes in general.
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