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Abstract
Research suggests an androgen mediated trade-off between nurturing and defensive
behaviour during parental care. This research, however, comes from species with biparental
care, where changes in behaviour of one parent can be compensated for by the other parent. I
tested the validity of this trade-off by manipulating androgen levels in bluegill sunfish
(Lepomis macrochirus), a species where males provide sole parental care. I implanted males
with testosterone, 11-ketotestosterone or flutamide, an androgen receptor blocker, and tested
their nurturing behaviour and aggressiveness towards a brood predator. Males implanted with
11-ketotestosterone were 64% more aggressive and 71% less nurturing than controls. In
contrast, males implanted with flutamide were 7% less aggressive and 126% more nurturing.
Males with elevated testosterone levels showed marginally higher aggression, but no
reduction in nurturing behaviour. This study is among the first to confirm an androgen
mediated trade-off in aggression and nurturing in a uniparental care system.

Keywords: Behaviour, bluegill sunfish, androgens, flutamide, parental care, aggression,
nurturing, trade-off, Challenge Hypothesis
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1.1

Chapter 1: Introduction

The relationship between hormones and behaviour

While there has recently been increasing interest on the relationship between hormones
and behaviour in a wide range of disciplines, there has been a long history of research
focused on these interactions. Among the first to study hormone-behaviour relationships
was A.A. Berthold, who showed that testosterone (T) affects the mating and aggressive
behaviours of roosters, Gallus gallus. Upon castration of the immatures, the males did not
develop to display typical rooster plumage, mating behaviour or aggression (Berthold
1849). However, when one of their testes was re-implanted, the birds developed into
typical adults (for a review, see Nelson 2000). Since this early experiment, many
endocrinologists have been interested in androgens, such as T, and their influences on
behaviour (e.g. Rose and Holaday 1971; Silverin 1980; Eising and Groothuis 2003;
Mutzel et al. 2011).

1.2

Hypothalamic-Pituitary-Gonadal axis

In vertebrates, T and its derivatives have been found to play a key role in the hormonal
link to aggressive behaviours. For example, during the mating season male ring-tailed
lemurs (Lemur catta) with higher T displayed more aggressive acts, such as biting,
chasing and lunging, than males with lower T (Cavigelli and Pereira 2000). Furthermore,
subordinate male cichlids (Oreochromis moccambicus) tend to have both lower 11ketotestosterone (KT), the primary T derivative in fish, and exhibit lower aggression than
dominant males (Oliveira et al. 1996). On the other hand, dominant male cichlids
(Neolamprologus pulcher) have higher levels of KT and exhibit aggressive behaviours
more frequently than subordinate males (Taves et al. 2009). These hormones are involved
in the hypothalamic-pituitary-gonadal (HPG) axis, which is an important component
underlying hormone-behaviour relationships in vertebrates. When stimuli, such as a

2

competitive encounter, signal the hypothalamus to release gonadotropin releasing
hormone (GnRH), the GnRH in turn signals the anterior pituitary gland to produce
lutenizing hormone (LH), which subsequently signals the testes to produce T (Nelson
2000). Testosterone and its derivatives can bind to receptors forming a complex and
subsequently the complex can influence behaviour by either binding directly to genes and
influencing transcription of those genes or by activating a secondary messenger to do so
(Ikeuchi et al. 2001). An increase in the concentration of any of these hormones could
increase the probability that individuals will behave in a certain way (e.g. compete or
submit). However, this cycle cannot continue indefinitely and when the circumstances are
appropriate, such as the removal or completion of a competitive encounter, there is a
negative feedback loop where high concentrations of T signal back to the pituitary and
hypothalamus to stop producing LH and GnRH, respectively, thus ending the production
of T and its derivatives (Nelson 2000). In fish, T is either converted to KT by the enzyme
17-β-hydroxysteroid dehydrogenase or to estradiol by the enzyme aromatase, and these
steroids bind to intercellular or intracellular receptors to have downstream influences on
behaviour (Borg 1994; Steinman and Trainor 2010). Overall, the influence of the HPG
axis is a key component behind the observed relationship between hormones and certain
behaviours.

1.3

The Challenge Hypothesis

The ‘Challenge Hypothesis’ suggests that individuals with high levels of androgens show
high levels of territorial aggression or defence when confronted with an intruder
(Wingfield et al. 1990). For example, Hau et al. (2000) found that male spotted antbirds
(Hylophylax naevioides) with experimentally increased androgen levels displayed a
higher frequency of aggression toward a social challenger than control males, while those
implanted with the androgen receptor blocker, flutamide, were less aggressive than
controls. The hypothesis has been studied predominately in birds (e.g. dark-eyed juncos,
Junco hyemalis: Cawthorn et al. 1998; cliff swallows, Petrochelidon pyrrhonota: Smith
et al. 2005; house sparrows, Passer domesticus: Buchanan et al. 2010). However, there is
support for the Challenge Hypothesis across a diverse range of taxa including reptiles
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(e.g. tree-lizards, Urosaurus ornatus: Weiss and Moore 2004), insects (via their androgen
equivalent, juvenile hormone, e.g. burying beetles, genus Nicrophorus: Scott 2006) and
mammals (e.g. ring-tailed lemurs, Lemur catta: Cavigelli and Pereira 2000; California
mice, Peromyscus californicus: Trainor and Marler 2001; Iberian wolves, Canis lupus:
Barja et al. 2008) including humans (Archer 2006; Gettler et al. 2011). This research has
contributed a great deal to our understanding of hormone-behaviour interactions.

1.4

Trade-off within parental care: an extension of the
Challenge Hypothesis

There has also been increasing interest in the potential trade-off between aggression and
nurturing behaviours during parental care. Building on the Challenge Hypothesis, it has
been proposed that this trade-off is also mediated by changes in androgens. In an early
study testing the effects of androgens on parental behaviours, Hegner and Wingfield
(1987) implanted male house sparrows with exogenous T or with the androgen receptor
blocker, flutamide. They found that T-implanted males performed more acts of nest
defence but fewer acts of nurturing behaviours (i.e. feeding the young) than control
males, while the inverse was seen in flutamide-implanted males. More recently,
Schwagmeyer et al. (2005) also found a similar behavioural trade-off in T-implanted
house sparrows. McGlothlin et al. (2007) found that, under natural conditions, male darkeyed juncos with elevated GnRH (and subsequently increased T) displayed more
territorial aggression towards an intruder and provided less food to their offspring than
control males. These studies on birds, among others (e.g. Silverin 1980; Ketterson et al.
1992), provide early evidence that male parental behaviours may be affected by androgen
levels.
The majority of studies examining the trade-off have done so in species with bi-parental
care, but interpretation of the results from such studies could be problematic because
changes in behaviour of the manipulated parent can be, and often are, compensated for by
changes in behaviour of the partner. This trend of female compensation has been reported
for several species including house sparrows (Hegner and Wingfield 1987; Schwagmeyer

4

et al. 2005) and dark-eyed juncos (Ketterson et al. 1992). In such systems, parental roles
may be divided into one of defender and the other of nurturer. While the trade-off still
tends to be found in species with bi-parental care and appears to be mediated by T, it is
not clear if the observed trade-off in males is entirely due to increased androgens or only
partially due to increased androgens, with compensation by the females driving the
remaining effect. Examining the trade-off in a system where only one parent provides
care would overcome this potential problem because the effects of androgens on
aggression and nurturing cannot be driven or compensated for by another parent.
Another confounding variable in studies of the trade-off between aggression and
nurturing is that mating behaviours often occur simultaneously with parental care. Studies
have found an additional androgen-mediated trade-off between mating and nurturing
behaviours (e.g. European starlings, Sturnus vulgaris: De Ridder et al. 2000; superb fairywrens, Malurus cyaneus: Peters 2002). In these cases, males with increased androgens
performed fewer nurturing behaviours towards their offspring and instead sought out
additional mating opportunities. However, it becomes difficult to investigate the effects
of androgens on parental nurturing and aggressive behaviour if another androgenmediated trade-off (that drives the male away from his nest) may be occurring
simultaneously. Therefore, investigating the androgen-mediated trade-off during parental
care in species where mating is discrete from parental care would also be beneficial in
determining the relationship between androgens and parental care behaviours.

1.5

Bluegill sunfish: a uniparental study species

The bluegill sunfish (Lepomis macrochirus) is native to North America in freshwater
lakes ranging from northern Mexico to southern Canada (Scott and Crossman 1973). I
conducted this study in Lake Opinicon (4434’N, 7619’W), Ontario, Canada, where the
bluegill mating system and general ecology has been studied for over the past 30 years
(e.g. Colgan et al. 1979, Colborne et al. 2011). The mating system of bluegill is
remarkable in that their reproductive life histories involve three male alternative
reproductive tactics: parental, female mimic (satellite) and sneaker (Gross 1982). In Lake
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Opinicon females sexually mature at 4 years of age while parental males, the largest of
the morphs, do so at about 7 years (Gross 1982; Neff 2003; Neff and Knapp 2009).
Parental males build nests, court females and provide sole parental care for the young. In
contrast, cuckolder males (consisting of sneaker males and female mimics) do not build
nests of their own or care for their offspring. These males mature precociously and steal
fertilization opportunities from parental males. The smallest of the morphs, “sneaker”
males, mature at the age of 2 years. Sneaker males exploit their size by hiding behind
plants, rocks or debris near a nest until the female begins to release her eggs, at which
point they dart into nests and release sperm (Gross 1982). Sneaker males that survive
long enough will develop into “female mimics” at 4-5 years old (Neff 2003). Female
mimics look and behave like female bluegill and their reproductive tactic is to squeeze
between a mating parental male and female, deceiving the parental male that he is a
second female in the nest. When the female releases her eggs, the female mimic
immediately releases his sperm and darts away. Cuckolder males leave the parental male
to care for both the parental’s offspring as well as the cuckolder males’ offspring (Gross
1982; Neff and Gross 2001).
In Lake Opinicon, mature parental males spawn with females from late May to early July
in several discrete breeding bouts (Gross 1982). A group of parental males form a colony
in the littoral zone of the lake, where there may be up to 300 males, each of whom build
an individual nest (Cargnelli and Neff 2006). Nest building typically lasts one day before
females arrive in groups. Females are promiscuous and release a small proportion of their
eggs in several nests. A male and female will begin a spawning ritual where they circle
the outer rim of the nest until the female dips on her side and releases a few of her eggs,
which is quickly followed by the release of the male’s sperm. Spawning lasts one day,
after which females return to the deeper waters of the lake to feed and replenish their
energy. Parental males remain at the nests for another 7-10 days to provide care for the
offspring (Scott and Crossman 1973; Magee et al. 2006; Neff and Knapp 2009). For the
first 3 days (egg phase), a parental male must fan the eggs to increase oxygen availability
and must remove moulding eggs from the nest (Côté and Gross 1993). However, males
must also protect their offspring from brood predators by actively chasing and biting
predators as well as performing other aggressive displays (Neff and Gross 2001; Neff
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2003). Once the eggs hatch, the parental male no longer displays nurturing behaviours
but continues to provide defence against brood predators until the young leave the nest 57 days later. A parental male will then return to deeper waters of the lake to replenish his
energy supplies before possibly returning to the littoral zone for another breeding bout
(Cargnelli and Neff 2006).

1.6

Research objective

Bluegill sunfish are an ideal candidate species for testing the trade-off between
aggression and nurturing during parental care for multiple reasons. Firstly, the natural
levels of androgens in bluegill over parental care periods have previously been
documented. Under standard conditions T and KT levels in male bluegill are lower
during high-investment parental care periods, compared to levels prior to and during
spawning (Kindler et al. 1989; Magee et al. 2006). These data provide some support for
the trade-off between aggression and nurturing in bluegill, suggesting that androgens are
naturally high when males must be aggressive and compete for the best nest sites, but
decrease during the egg phase of parental care when nurturing is most crucial to the
survival of the young (Côté and Gross 1993). An additional benefit to studying the tradeoff in bluegill is that parental male bluegill are the sole caretakers of the offspring and,
furthermore, mating opportunities with the females terminates before care of the
offspring begins. Therefore, using hormone manipulations, I investigated the role that
androgens play on aggressive and nurturing behaviours during parental care in bluegill
sunfish. I hypothesized that there would be an androgen mediated trade-off between
nurturing and aggressive behaviours in male bluegill sunfish. Specifically, I predicted
that male bluegill implanted with T or KT would be more aggressive towards a brood
predator and less nurturing than control males, while males implanted with flutamide
would be less aggressive towards a brood predator but more nurturing than controls.
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2.1

Chapter 2: Materials and Methods

Treatment assignment and implants

I performed the testosterone manipulations between June 14 - 21, 2009. Using daily
snorkeling surveys, swimmers located nests with spawning parental male and female
bluegill. The day after spawning (day 0), a swimmer captured males on their nests using
dip nets and brought them to a nearby boat, where I took initial blood samples (~300 µL)
from the caudal vein. Numbered tiles were placed on the shore side of each nest for fish
identification and covers were placed on nests to protect the eggs from brood predators
while parental males were being handled on the boat. Blood collection time (measured
from the time the fish was caught until the needle was removed from the caudal vein)
ranged from 59 to 240 seconds (average was 114 seconds). In total, 56 parental males
were captured. I anethestized the fish using clove oil, weighed them (to the nearest gram)
and measured them for total length (to the nearest mm). Fulton’s condition factor was
later calculated [(mass/length3) × 105] to estimate an individual’s energetic state. This
condition factor is positively correlated with an individual’s stores of non-polar lipids, the
main source of energy during periods of starvation (Neff and Cargnelli 2004). The
number of eggs in each male’s nest was estimated using Claussen’s (1991) ratings of 1
(1-4900 eggs), 2 (4600-29,000 eggs), 3 (27,000-53,000 eggs), 4 (49,000-87,000 eggs) or
5 (82,000-113,000 eggs). Individuals were then assigned to one of four treatments. The
males in the treated groups received a placebo, one testosterone implant (T1) or two
testosterone implants (T2) which were placed in the abdominal cavity of the fish. Males
in the fourth group (Control) were handled but had no surgery. Fish were collected
randomly from the colony and treatment was assigned by rotation through the treatments.
I made testosterone implants by packing pure crystalline T propionate (Sigma Aldrich,
Oakville, ON, Canada) into silastic tubing (Konigsburg Instruments, Pasadena, CA).
Placebo implants were completely filled with silicone sealant. These implants were 10
mm in total length (1.47 mm i.d. and 1.96 mm o.d.) and were sealed with 1 mm silicone
sealant on the ends.
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Following implantation, I injected 50 µL of antibiotic (oxytetracycline; Sigma-Aldrich,
Oakville, ON, Canada) into the incision in the fish to prevent infection and sealed the
wound with New Skin (Prestige Brand Holdings, Inc., NY, USA). Fish were placed in a
bucket filled with lake water and allowed to recover for 5 minutes before placing them
back on their nests where they typically resumed care within a few minutes.
I performed 11-ketotestosterone and flutamide manipulations between June 4 - 19, 2010
using the same methods as above, but with slight modifications. Ninety-eight males were
captured on their nests and assigned to one of five groups: in the treated groups, males
received either a placebo implant filled with castor oil, one flutamide implant, one 11ketotestosterone implant (KT1) or two 11-ketotestosterone implants (KT2). Individuals
assigned to the fifth group (Control) were handled but did not undergo surgery or receive
an implant. Initial bleed time ranged from 35 to 120 seconds. I made placebo and KT
implants with silastic tubing (1.47 mm i.d., 1.96 mm o.d.) and these implants were 7 mm
in total length with 1 mm silicone sealant on the ends. I made the KT implants using
crystalline 11-ketotestosterone (Steraloids, Newport, RI, United States) dissolved in
ethanol and subsequently mixed into castor oil (concentration ~8 mg KT/mL oil).
Flutamide implants were made by packing the interior of the tubing with crystalline
flutamide (Sigma Aldrich, Oakville, ON, Canada). These implants were 8 mm in total
length (1.47 mm i.d. and 1.96 mm o.d.) and were sealed with 1 mm silicone sealant on
the ends. I calculated testosterone, flutamide and 11-ketotestosterone doses based on
implant doses used in previous studies on fish and birds, while keeping average body
mass in mind (e.g. Hegner and Wingfield 1987; Kindler et al. 1991; Ros et al. 2004;
Yamaguchi et al. 2004; Yamaguchi et al. 2005; Alonso-Alvarez et al. 2007).

2.2

Behavioural observations

Each male was observed by one of six swimmers for nurturing and aggressive behaviours
between 0900 and 1700 EST. On days 1 and 2 after implantation, the number of caudal
sweeps, pectoral fans and egg removal behaviours were tallied and summed as a measure
of nurturing behaviour per fish. On days 3 and 4 after implantation, the number of bites,
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opercular flares and lateral displays directed towards a brood predator – a 16 cm
pumpkinseed sunfish (Lepomis gibbosus) in a plastic bag attached to a pole – were tallied
and summed as a measure of aggressive behaviour. A description of individual nurturing
and aggressive behaviours is provided in Appendix A. The number of nurturing
behaviours were recorded for 15 minutes per day for the two days, providing a 30 minute
tally for each fish. The number of aggressive behaviours were recorded for a 1 minute
period per day for the two days for a total of a 2 minute tally per fish. Each day, the 1
minute presentation of the brood predator was broken into two 30 second periods, with a
30 second break between presentations (see Neff and Knapp 2009).
On day 6 after implantation, males were re-captured from their nests, and final blood
samples were taken from the caudal vein to measure changes in hormone levels. I then
weighed and measured the length of the males for final calculations of Fulton’s condition
factor. They were then euthanized using clove oil, and dissected to ensure implants had
stayed in place. Range of bleed time for the final blood samples was 41 to 181 seconds in
2009 and 39 to 150 seconds in 2010. All blood samples were kept on ice until they were
returned to the lab, where the plasma was separated and extracted using a centrifuge and
was frozen at -20C until hormone assays were conducted.
In 2010, I modified my behavioural observation methods, recording both nurturing and
aggressive behaviours on days 1 and 2 after implant surgery. The purpose of this
modification was to more accurately test the trade-off between parental nurturing and
aggression simultaneously. The order of recording nurturing and aggressive behaviours
was switched each day. Final blood samples, as well as measurements of length and
weight of these fish were collected on day 3 after implant surgery, and fish were
subsequently euthanized and dissected.

2.3

Radioimmunoassay

I determined plasma levels of KT, T and estradiol using radioimmunoassay (RIA)
following extraction and chromatographic separation (Magee et al. 2006). From each
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plasma sample, I used 100 µL of plasma and added 2000 cpm of each titrated hormone to
allow for correction for losses during extraction and chromatography. Hormones were
extracted from the plasma using two 2 mL diethyl ether washes. The combined ether
extraction was dried down under nitrogen, resuspended in 10% ethyl acetate in iso-octane
and then run through diatomaceous earth-glycol columns. Collection of fractions of T,
estradiol and KT was achieved by sequential elutions with 10%, 20% and 30% ethyl
acetate in iso-octane, respectively. I dried down fractions under nitrogen, resuspended
each in 500 µL phosphate-buffered saline containing 0.1% gelatin and stored the
fractions overnight at 4°C. The T antibody I used (Wien T-3003 from Research
Diagnostics, Flanders, NJ, now Fitzgerald Industries, Acton, MA, USA) has high crossreactivity with KT and could thus be used to assay both hormones. The estradiol antibody
I used was from Biogenesis (7010–2650, Kingston, NH, USA). RIAs were conducted
using two 200 µL replicates of each sample and a charcoal-dextran solution in phosphatebuffered saline (without gelatin) was used to separate bound and unbound hormone
fractions. Samples were counted on a Beckman Tri Carb scintillation counter.
In 2009, samples were run in two assays. Intra-assay coefficients of variation for T were
4.8% and 6.6%, for estradiol were 19.7% and 14.2%, and for KT were 9.3% and 13.7%.
Inter-assay coefficients of variation were 3.5%, 5.3% and 9.2% for T, estradiol, and KT,
respectively. In 2010, samples were run in three assays. Intra-assay coefficients of
variation for T and KT ranged from 8.3-22.5% and 18.3-25.5%, respectively. Inter-assay
coefficients of variation were 17.4% and 7.6% for T and KT, respectively.
Most (77%) of the initial estradiol levels in all treatment groups and 83% of the second
levels of estradiol in placebo and control groups in 2009 were below the sensitivity of the
assay (~0.35 pg/tube; ~0.9 ng/mL plasma). Thus, these data were not included in
statistical analyses. However, I present descriptive statistics for estradiol in the second
blood samples from T-implanted groups because only 1 of these 23 (4.3%; from a T2
male) had non-detectable levels. For this male, I used the value calculated from the
standard curve in my analyses as an estimate of his very low estradiol levels. Levels of all
other hormones were detectable and were used in the analyses. All initial and final
estradiol levels for 2010 were below the assay’s level of detectability and thus are not
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discussed further and were not analyzed statistically. All other hormones in 2010 were
detectable.
Cortisol was extracted from a separate 100 µL aliquot of plasma using diethyl ether
washes as above and then assayed via RIA, but without prior chromatographic separation.
The cortisol antibody used was purchased from Esoterix Endocrinology (F3-314,
Calabasas Hills, CA). Cortisol levels in 2009 plasma samples were run in a single assay
with an intra-assay coefficient of variation of 16.5%. Cortisol for 2010 samples were run
in two assays with intra-assay coefficients of variation of 13.6% and 11.4% and an interassay coefficient of variation of 12.5%.

2.4

Statistical analyses

All data were analyzed in JMP version 4.0 (SAS Institute Inc.). The same analyses were
performed for both years of data. First, I used a Chi-Square test to determine if the
number of males that abandoned their nests was specific to any particular treatment
group. Next, I used a MANOVA to determine if there were differences between males
that stayed and males that abandoned in initial bleed time, body length, body mass,
Fulton’s condition factor, and egg score. If significance was found, t-tests were
performed to specify where the differences lay between males that stayed and males that
abandoned for each of these variables. For the males that stayed, I used a MANOVA to
analyze differences among treatment groups in initial and final bleed time, body length,
body mass, Fulton’s condition factor, and egg score. If significance was found, I
performed ANOVA’s to specify where the differences lay among treatments within each
of these variables. I then analyzed the relationship between bleed time and hormone
levels using Pearson correlations.
I analyzed initial hormone levels among treatments using a MANOVA. I then performed
three repeated measure ANOVAs (one for each hormone analyzed; T, KT and cortisol) to
compare each of the hormone levels over time, across treatments and in the interaction
between treatment and time. The repeated measure was the hormone concentration in the
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first and second blood samples (i.e. before and after the implantation). Tukey’s post-hoc
tests specified differences among treatments. The change in KT and T over the time
points in flutamide males were excluded from this analysis in 2010 because the hormone
difference in these males does not assess the effectiveness of the KT implants.
Summed aggressive behaviours and summed nurturing behaviours were each analyzed
for treatment differences using an ANOVA. I added observer as a random factor in these
models. For all analyses, a Tukey’s post-hoc test was used for pairwise comparisons.
Originally, I included initial body length, body mass, Fulton’s condition factor, and egg
score as covariates for all analyses. In 2009, only initial Fulton’s condition factor, body
length and body mass had an effect on overall models and thus these covariates were
included in the final 2009 analyses. However, in 2010 none of these factors had a
significant effect and were thus excluded from the final analyses.
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3

3.1
3.1.1

Chapter 3: Results

Testosterone manipulations (2009)
Abandonment data

Twenty-two males abandoned their nests before the experiment ended (see sample sizes
for each treatment in Table 1), thus a full set of behavioural and hormonal data were
collected from 34 males for hormone and behaviour analyses. The number of males that
abandoned their nests did not differ significantly between treatments (Chi-Square:
χ2=0.66, df=3, p=0.88; Table 1). There were also no significant differences in initial
bleed time, body length, body mass, Fulton’s condition factor or egg score between males
that stayed versus males that abandoned their nests (MANOVA: F4,48=0.29, p=0.88). For
the males that remained for the duration of the experiment, there was no significant
difference among treatments in the overall model of initial and final bleed time, body
length, body mass, Fulton’s condition factor and egg score (MANOVA: F24,67=1.32,
p=0.18; Table 2). Bleed time did not correlate with any hormone levels (p>0.18).

3.1.2

Hormone data

Mean (± SD) initial levels of T, KT, and cortisol for males that stayed throughout the
experiment were 2.3 ± 1.7 ng/mL, 7.5 ± 4.9 ng/mL, and 23.6 ± 31.6 ng/mL, respectively,
and did not differ significantly among treatments (MANOVA: F6,44=1.13, p=0.36). There
were no significant differences in levels of KT or cortisol among treatments, over time or
in their interactions between treatment and time (Table 2, 3). However, as expected, there
was a significant difference in T levels between the sampling dates, among treatment
groups and there was a significant interaction in treatment × time (Table 2, 3).
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Table 1: The total number of male bluegill sunfish (Lepomis macrochirus) sampled, as
well as number that abandoned or stayed on their nests until 4-7 days after spawning for
each treatment group in Lake Opinicon at Queen’s University Biological Station. In June
2009, treatments included males implanted with one placebo, one testosterone (T1), two
testosterone (T2) or no implants (Control). In June 2010, treatments included males
implanted with one placebo, one flutamide, one 11-ketotestosterone (KT1), two 11ketotestosterone (KT2), or no implants (Control).

Year

Treatment

2009

2010

Total number of fish

Number abandoned

Number stayed

Control

14

7

7

Placebo

14

4

10

T1

14

5

9

T2

14

6

8

Control

21

10

11

Placebo

17

9

8

Flutamide

17

8

9

KT1

20

11

9

KT2

23

13

10

15

Table 2: Means (± SD) for hormone levels, bleed times, Fulton’s condition factor, body length, body mass and egg score of parental
male bluegill (Lepomis macrochirus). Measurements were taken in June 2009 on Lake Opinicon the day after spawning (upper lines)
and seven days after implantation (lower lines). Treatments included males implanted with a placebo, one testosterone implant (T1),
two testosterone implants (T2) or none (Control).
Treatment

n

Bleed

Testosterone

11-

Estradiol

Cortisol

Body

Body

Fulton’s

Time

(ng/mL)

Ketotestosterone

(ng/mL)

(ng/mL)

length

Mass

condition factor

(sec)

Control

Placebo

T1

T2

7

10

9

8

(ng/mL)

3

(g)

(g/mm × 10 )

2.3 ± 0.5

9.8 ± 5.7

ND

26.6 ± 29.3

194 ± 10

142 ± 19

2.0 ± 0.1

93 ± 29

2.4 ± 2.2

7.0 ± 6.6

ND

25.8 ± 30.0

194 ± 9

129 ± 16

1.8 ± 0.1

127 ± 46

2.8 ± 2.6

7.4 ± 5.2

ND

9.9 ± 13.8

203 ± 6

150 ± 12

1.8 ±0.1

90 ± 39

1.8 ± 0.7

5.4 ± 2.2

ND

51.5 ± 62.3

202 ± 6

143 ± 12

1.8 ± 0.1

121 ± 54

2.2 ± 1.3

7.2 ± 5.0

ND

18.9 ± 11.5

201 ± 5

147 ± 14

1.8 ± 0.1

95 ± 46

93.4 ± 57.5

8.1 ± 5.8

7.6 ± 11.2

39.8 ± 35.5

199 ± 6

139 ± 16

1.8 ± 0.1

120 ± 50

1.6 ± 1.2

5.7 ± 3.7

ND

44.1 ± 56.9

204 ± 5

153 ± 14

1.8 ± 0.1

75 ± 23

125.1 ± 26.5

7.7 ± 8.4

12.4 ± 13.2

8.6 ± 7.4

201 ± 7

145 ± 14

1.8 ± 0.1

Score

5

(mm)

94 ± 37

ND = non-detectable (see text for details).

Egg

3±1

3±1

2±1

3±1
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Table 3: Summary of repeated measures analysis of variance for hormone levels in
parental male bluegill (Lepomis macrochirus) in June 2009 in Lake Opinicon. Hormone
levels were measured prior to and seven days after assignment to one of four treatments:
implantation of a placebo, one testosterone or two testosterone implants or none
(controls).

Hormone

Variable

df

F

P

Testosterone

Treatment

3,30

31.23

<0.001

Time

1,30

91.84

<0.001

Treatment × Time

3,30

32.63

<0.001

Treatment

3,30

0.40

0.75

Time

1,30

0.13

0.72

Treatment × Time

3,30

0.76

0.52

Treatment

3,22

0.07

0.98

Time

1,22

0.36

0.55

Treatment × Time

3,22

2.03

0.14

KT

Cortisol
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In particular, T1 and T2 males had a higher T six days after implantation than control
(p<0.001 for both) and placebo males (p<0.001 for both). Typical mean levels of
hormones in bluegill at the onset of care are 1-8 ng/mL for T, 5-15 ng/mL for KT and 25150 ng/mL for cortisol (Kindler et al. 1989; Magee et al. 2006). Thus, the elevated T
levels in my study were about 30-fold higher than is typical of nesting parental males and
about 20-fold higher than levels seen in parental males in the days immediately prior to
spawning (Kindler et al. 1989; Magee et al. 2006). However, natural T levels in bluegill
have been reported as high as 55 ng/mL (Kindler et al. 1989) which is only 2-fold lower
than the levels I induced.

3.1.3

Behavioural data

The number of nurturing behaviours did not differ significantly among treatment groups
(ANCOVA: F3,20=0.44, p=0.73; Figure 1a). Total aggressive behaviours differed
marginally among treatments, with T1 males being most aggressive, but the difference
was not significant (ANCOVA: F3,25=2.58, p=0.07; Figure 1b). Means for each nurturing
and aggressive behaviour recorded are summarized in Appendices B and C.
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Figure 1. Parental behaviour displayed by male bluegill (Lepomis macrochirus) in
response to experimentally manipulated levels of testosterone in June 2009 in Lake
Opinicon. Shown are means (± SE) for (a) nurturing behaviours and (b) aggressive
behaviours displayed during parental care. Nurturing behaviours comprised caudal
sweeps, pectoral fanning and egg removal. Aggressive behaviours comprised biting,
opercular flares and lateral displays directed towards the predator. Treatments include
males given no implant (Control, n=7), a placebo (n=10), one testosterone implant (T1,
n=9) or two testosterone implants (T2, n=8).

19

(a)
NS

Nurturing behaviours (number / 30 min)

50

40

30

20

10

0
Control

Placebo

T1

T2

(b)
100

Aggressive behaviours (number / 2 min)

NS

80

60

40

20

0
Control

Placebo

Treatment

T1

T2

20

3.2
3.2.1

11-ketotestosterone and flutamide manipulations (2010)
Abandonment data

Fifty-one males abandoned their nests before the experiment ended (Table 1), therefore, a
complete set of data were collected from 47 males which were used in behaviour and
hormone analyses. There was no significant difference in the number of males from each
treatment group that abandoned their nests (Chi-Square: χ2=0.29, df=4, p=0.99; Table 1).
There was a significant difference between males that stayed and males that abandoned in
the overall model of initial measures of bleed time, body length, body mass, Fulton’s
condition factor and egg score (MANOVA: F4,91=3.17, p=0.02). Males that abandoned
were marginally shorter in length (t=1.79, df=96, p=0.08), in better body condition
(t=1.83, df=96, p=0.07), had lower egg scores (t=1.74, df=96, p=0.09) and took longer to
bleed (t=1.86, df=96, p=0.07). The direction of these variables may be more common
among males that abandon within a breeding bout and they may instead return for a later
bout in the season (e.g. Magee et al. 2006). Among the males that stayed throughout the
experiment, there were no differences in initial or final bleed time, body length, body
mass, Fulton’s condition factor or in egg score among treatment groups (MANOVA:
F34,131=0.80, p=0.76; Table 4). Bleed time did not correlate with any of the hormone
levels (p>0.09 for all).

3.2.2

Hormone data

Mean initial hormone levels (± SD) for males that remained throughout the experiment
were 2.0 ± 1.2, 12.8 ± 9.6 and 11.9 ± 13.6 ng/mL for T, KT and cortisol respectively.
Initial hormone levels did not differ significantly among treatments (MANOVA:
F8,82=1.68, p=0.12). Overall, mean T levels were significantly higher on day 3 than on
day 1, but there was no difference among treatments, nor was there an interaction
between treatment and time, however, T tended to be higher on day 3 in KT1 males
compared to controls (Tables 4, 5). There was no significant difference in KT levels
among treatments, between the sampled time points or in the interaction between
treatment and time. The changes in KT levels between the days sampled were higher in
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Table 4: Means (± SD) for hormone levels, bleed times, Fulton’s condition factor, body length, body mass and egg score of parental
male bluegill (Lepomis macrochirus). Measurements were taken in June 2010 from a population in Lake Opinicon the day after
spawning (upper lines) and three days after implantation (lower lines). Treatments included males implanted with a placebo,
flutamide, one 11-ketotestosterone implant (KT1), two 11-ketotestosterone implants (KT2) or none (Control).
Treatment

n

Bleed time

11-Ketotestosterone Testosterone

Cortisol

Body

Body mass

Fulton’s

Egg

(sec)

(ng/mL)

(ng/mL)

length

(g)

condition

Score

(ng/mL)

factor

(mm)

(g/mm3 × 105)

Control

Placebo

Flutamide

KT1

KT2

11

8

9

9

10

59 ± 14

14.3 ± 10.0

2.1 ± 1.3

13.5 ± 13.4

197 ± 8

145 ± 17

1.9 ± 0.2

77 ± 27

7.7 ± 6.3

2.0 ± 1.6

33.7 ± 52.4

196 ± 9

140 ± 16

1.9 ± 0.1

65 ± 17

17.4 ± 13.6

1.9 ± 1.4

9.6 ± 7.2

206 ± 10

167 ± 25

1.9 ± 0.1

73 ± 25

12.2 ± 7.9

2.9 ± 2.7

11.5 ± 11.7

204 ± 10

159 ± 22

1.9 ± 0.1

65 ± 28

14.3 ± 11.2

1.9 ± 0.4

19.5 ± 21.5

199 ± 7

155 ± 18

2.0 ± 0.1

73 ± 30

16.9 ± 13.6

3.2 ± 2.2

14.1 ± 13.9

198 ± 8

149 ± 15

1.9 ± 0.1

64 ± 22

7.8 ± 5.2

1.7 ± 1.6

11.5 ± 11.3

206 ± 13

165 ± 32

1.9 ± 0.2

72 ± 25

12.4 ± 7.9

4.6 ± 3.2

7.5 ± 8.0

206 ± 14

163 ± 33

1.9 ± 0.1

63 ± 18

10.5 ± 5.2

2.3 ± 1.0

4.6 ± 7.1

199 ± 12

155 ± 32

1.9 ± 0.1

69 ± 18

11.0 ± 6.2

2.9 ± 2.7

6.2 ± 6.5

198 ± 13

148 ± 31

1.9 ± 0.1

2±1

2±1

2±1

3±1

2±1
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Table 5: Summary of repeated measures analysis of variance for hormone levels in
parental male bluegill (Lepomis macrochirus) in June 2010 in Lake Opinicon. Hormone
levels were measured prior to and three days after assignment to one of four treatments:
placebo, flutamide, one 11-ketotestosterone implant, two 11-ketotestosterone implants or
none (Controls).

Hormone

Variable

df

F

P

Testosterone

Treatment

3,34

0.81

0.50

Time

1,34

6.88

0.01

Treatment × Time

3,34

2.56

0.07

Treatment

3,34

1.01

0.40

Time

1,34

0.91

0.35

Treatment × Time

3,34

2.26

0.10

Treatment

4,42

2.50

0.06

Time

1,42

0.33

0.57

Treatment × Time

4,42

1.08

0.38

KT

Cortisol
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KT-implanted males than in control and placebo groups, however, these differences were
not significant (Tables 4, 5, Figure 2). Cortisol levels were not significantly different over
time and there was no significant interaction between treatment and time, however,
control males had marginally higher cortisol levels in general than KT2 males.
It is important to note that the final levels of KT are similar among the treatments, but the
direction of change between sampling points is interesting: while control groups had
decreased levels of KT over the three days (average C: -6.60 ng/mL, P: -5.20 ng/mL), all
experimental groups had increased levels of KT (average KT1: +4.66 ng/mL, KT2: +0.48
ng/mL, F: +2.58 ng/mL; Table 4, Figure 2).

3.2.3

Behavioural data

There was a significant difference in the number of nurturing behaviours performed
among treatment groups (ANOVA: F4,34=9.0, p<0.001; Figure 3a). The frequency of
nurturing behaviours was significantly less in KT2 males than control males (p=0.01).
KT1 males performed less nurturing behaviours than control males, but this difference
was not significant (p=0.14). Males treated with flutamide performed significantly more
nurturing behaviours compared to all other groups (p<0.02). All other comparisons were
not significantly different (p>0.26).
There was also a significant difference in aggression among treatment groups (ANOVA:
F4,37=3.2, p=0.02; Figure 3b). Specifically, males treated with two KT implants (KT2
group) performed more aggressive behaviours than flutamide, control and placebo groups
(p=0.01 for all). All other comparisons were not significantly different (p>0.21).
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Figure 2. Mean (± SE) change in circulating KT concentrations in male bluegill sunfish
(Lepomis macrochirus) in Lake Opinicon in June 2010. Hormone levels were collected
before implantation and 3 days after implantation of a placebo (n=8), a flutamide (n=9),
one 11-ketotestosterone implant (KT1, n=9), two 11-ketotestosterone implants (KT2,
n=10) or no implant (Control, n=11).
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Figure 3. Parental care behaviours displayed in response to experimentally manipulated
levels of 11-ketotestosterone and flutamide in male bluegill (Lepomis macrochirus) in
June 2010 in Lake Opinicon. Shown are means (± SE) for (a) nurturing behaviours and
(b) aggressive behaviours. Nurturing behaviours comprised caudal sweeps, pectoral
fanning and egg removal. Aggressive behaviours comprised biting at the brood predator,
opercular flares and lateral displays directed towards the predator. Treatments included
males given a placebo (n=8), a flutamide implant (n=9), one 11-ketotestosterone implant
(KT1, n=9), two 11-ketotestosterone implants (KT2, n=10) or none (Control, n=11). Bars
with different letters are significantly different from each other.
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4

4.1

Chapter 4: Discussion

Testosterone manipulations (2009)

The data from 2009 reveals no significant differences in the frequency of aggressive or
nurturing behaviour following increases in T. This could be due to a number of factors,
such as the pharmacologically-high dose of T or small sample size. However, the trend
for aggression in T-implanted males was still present and in the direction predicted.
These trends are consistent with data from a number of other vertebrates. A positive
relationship between androgen levels and aggression has been found in humans (Archer
2006), chimpanzees (Pan troglodytes schweinfurthii: Muller and Wrangham 2004), ringtailed lemurs (Lemur catta: Cavigelli and Pereira 2000), lizards (Anolis carolinensis:
Greenberg and Crews 1990) and some other fish species (see Oliveira et al. 2002 for a
review; Parablennius parvicornis: Ros et al. 2004). Thus, a growing body of evidence
indicates that T plays a part in mediating aggression in a broad range of animals.
If the T manipulations were responsible for the increased levels of aggression, then my
results suggest that the mechanism by which T can influence aggression is via direct
action of T and its receptors or via indirect action where T is converted to estradiol (see
Table 2). Several studies in birds and rodents suggest that T does not influence
aggression directly, but rather via its metabolism to estradiol in the brain (e.g. Hau et al.
2000; Soma et al. 2000; Silverin et al. 2004). For example, male California mice
(Peromyscus californicus) treated with an inhibitor of aromatase, the enzyme that
converts T to estradiol, displayed a lower frequency of aggressive behaviours towards an
intruder than did control males (Trainor et al. 2006). Without having blocked the
conversion of T to estradiol, I could not determine the specific mechanism by which Timplantation increased levels of aggression in my T1 fish.
The fact that T1 males were more aggressive than T2 males could be the result of an
inverted-U-shaped dose response curve commonly seen in hormone manipulation studies
(Hews and Moore 1997; Adkins-Regan 2005). For example, rats placed in an escapable
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shock situation and administered various doses of corticosterone displayed an inverted-Ushaped response in learned helplessness behaviour: in the low and high dose treatments,
rats exhibited few attempts to escape, whereas rats given a moderate dose maintained
high escape attempts and success (Kademian et al. 2005). Similarly, while low or high
exogenous prolactin can induce egg fanning in cichlid fish, moderate doses can inhibit
the behaviour (Blüm and Fiedler 1965). Nonetheless, caution is warranted in interpreting
my results because both of the T-implanted groups had T levels considerably above those
that parental males can produce endogenously (Kindler et al. 1989; Magee et al. 2006).
Despite this caveat, my 2009 data do indicate some role of T in mediating aggressive
behaviour during parental care and suggest that an inverted-U-shaped dose response may
be in effect. Future studies using implants that generate high physiological levels of T
will be important to fully understand T’s behavioural effects in the context of paternal
care.
While increases in T may have mediated increases in the frequency of aggressive
behaviour, they did not decrease the frequency of nurturing behaviours as predicted.
However, as noted above, the T manipulations also led to an increase in estradiol levels, a
hormone that has also been found to play a role in nurturing behaviours. For example,
exposure to 17α-ethinyl estradiol increased the time male sand gobies (Pomatoschistus
minutus) spent fanning their eggs compared to controls (Saaristo et al. 2009). Thus, the
higher estradiol levels in my T-implanted fish could have compensated for the predicted
T-induced decrease in nurturing behaviours, thus yielding no apparent difference in
nurturing behaviour. In future studies, it would be important to utilize an aromatase
inhibitor or androgen receptor blocker to tease apart the roles of estradiol and androgens
in mediating nurturing and aggressive behaviours during paternal care in bluegill.
It is also possible that nurturing and aggressive behaviour during parental care are
mediated by a more complex network of hormones and peptides. Arginine vasopressin
and oxytocin, for example, both have been implicated in nurturing and aggressive
behaviour (reviewed by van Anders et al. 2011). Aggression shown during parental care
in defence of the young is associated with increases in arginine vasopressin, and
nurturing behaviour in general is linked to increases in oxytocin levels, both of which in
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turn appear to facilitate social bonding (e.g. Stribley and Carter 1999; also see review by
Keverne and Curley 2004). Furthermore, because LH and GnRH were not measured in
this study, but are directly involved in the feedback loop of the HPG axis, I cannot rule
out the possible impact these hormones have on aggression. However, in fishes, KT is the
primary androgen and thus KT, as opposed to T, may more directly inhibit nurturing
behaviour. For example, in the rock-pool blenny (Parablennius parvicornis), exposure to
KT decreased the frequency of males’ egg fanning behaviour (Oliveira et al. 2001). In
addition, in bluegill, KT levels are lowest during the egg phase of paternal care when
fanning and other offspring nurturing behaviours are most frequent (Magee et al. 2006),
and thus this candidate hormone was selected for further analysis in the June 2010
bluegill breeding season.

4.2

11-ketotestosterone and flutamide manipulations (2010)

My results from this study provide compelling support for a trade-off between parental
aggression and nurturing in a fish and supports that this trade-off is mediated at least in
part by KT. As a group, males implanted with KT displayed 64% more aggressive
behaviours and 71% fewer nurturing behaviours than control groups. In contrast, males
implanted with the androgen receptor blocker, flutamide, displayed 7% fewer aggressive
behaviours and 126% more nurturing behaviours than controls. As in the present study,
Kindler et al. (1991) investigated aggression and nurturing in nesting bluegill but did not
find an overall effect of KT or T. However, those authors recorded rim circling
(continuous swimming around the edge of the nest) as their measure of nurturing
behaviour but it is unclear if this behaviour is a territorial or nurturing response (Colgan
et al. 1979). Furthermore, the authors used a plastic model of a conspecific bluegill to
assess aggression whereas I used a live potential predator, which may have represented a
more realistic threat to the nesting male bluegill. These discrepancies in methods may
explain the apparently disparate results. Nevertheless, my study adds to growing
literature supporting a trade-off between nurturing and aggression during parental care.
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While the implants I used were long lasting (Lynn et al. 2009), changes in circulating
androgen levels may rapidly lead to changes in behaviour. Implants of this sort typically
release steady pulses of the hormone within 24 hours of implant placement (Lynn et al.
2009). However, Yamaguchi et al. (2004) used KT implants that were similar to mine in
seabream fish (Pagrus major) and found that KT levels were initially high but dropped
three days after implantation, likely due to negative feedback. I conducted my
behavioural observations on days 1 and 2 after implantation, but took final blood samples
on day 3. Thus, it is possible that KT levels were higher in my KT-implanted males
during the behavioural observation period, but had declined by day 3 when the postimplant blood samples were taken. As such, when taking blood samples, I may have
missed the peak when KT levels were highest. Even so, while the difference in KT was
not significantly different among treatments as measured between day 0 and day 3, the
direction of change in KT was opposite in the KT-implanted males compared to both
control groups. Mean KT levels increased in KT-implanted groups whereas mean KT
levels decreased in the control groups, as is typical for natural KT levels in bluegill over
the egg stage of care (Magee et al. 2006). Taken together, this study supports a role for
KT in inhibiting nurturing behaviour and eliciting aggressive behaviour during parental
care in male bluegill.
However, nurturing and aggressive behaviours may show different sensitivities to
circulating androgen levels. Flutamide-implanted males displayed more nurturing
behaviours than any other group, but contrary to my expectations, they did not show
significantly less aggression than the control groups. A possible explanation for this
result is that the dose of flutamide I used may have blocked enough androgen receptors to
have an effect on downstream influences on nurturing behaviour, but was insufficient to
have an effect on downstream influences on aggression. Indeed, a study on house
sparrows, which weigh only about a fifth as much as the bluegill used in my studies, used
double my dose of flutamide (Hegner and Wingfield 1987). Those authors found that
there was both an increase in nurturing behaviours and a decrease in aggression in
flutamide-implanted males compared to controls. Thus, it is possible that the two types of
behaviours have different thresholds of androgen sensitivity. Alternatively, the lack of an
effect on aggression when androgen receptors are blocked could be explained by the
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‘essential parental care’ hypothesis (Lynn 2008), describing that, regardless of androgen
levels, a minimum amount of care or defence may be required to ensure the survival of
the offspring or ensure the efforts of the parent do not go to waste. My data suggests that
the trade-off between nurturing and aggression is indeed complex but is at least partially
linked to androgen-bound receptor complexes in the brain.
Despite the observed effects of androgens on parental behaviours, the specific genomic
targets of androgen-receptor complexes that influence the parental care trade-off are
unknown. In stickleback fish, it has been found that territorial and dominance types of
aggression are heritable but the specific genes affecting the behaviours were not
identified (Baker 1994). Knockout experiments in mice have identified 36 genes that
affect aggression (including the androgen receptor gene; reviewed by Maxon and
Canastar 2003), however studies on other taxa are rare. Genes that affect nurturing
behaviour in mice may include FosB, SPRY1 and Rad (Kuroda et al. 2008), however, like
aggression, studies identifying the genes that affect nurturing behaviour in other taxa
have been rare. Thus, while the trade-off between parental aggression and nurturing has
been observed for decades, the genomic mechanism behind the trade-off remains
unknown.

4.3

Conclusions

Taken together, my data suggest that manipulating T levels influenced parental
behaviours in that males with elevated T display marginally more aggressive behaviours
than control males, but there is no difference in the frequency that these males display
nurturing behaviours. The data suggest that androgens may play a role in aggression but a
number of confounding factors limit the conclusiveness that can be drawn. However,
through manipulations of KT levels, I found that males implanted with KT performed
more acts of aggression and less acts of nurturing in parental care than controls,
suggesting that androgens do play a role in a parental care trade-off.
In my T manipulation study, because my manipulations of T also elevated circulating
estradiol levels, likely via the steroidogenic enzyme aromatase, I could not conclude that
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the effects I observed in that study were mediated by changes in T levels and thus via
androgen receptors. The results of my 2010 study, investigating the effects of KT and
flutamide on nurturing and aggression, do show changes in parental care behaviour while
estradiol levels remained low. These recent results not only rule out estradiol as a
mediator of the behaviour observed but also demonstrating that at least some of the
nurturing and aggressive behavioural effects I observed were mediated via androgen
receptors.
The effectiveness of hormone implants in a new study species, such as bluegill, are
difficult to predict, however, I suggest some ways for future studies to improve on the
methods I used here. Firstly, I strongly recommend that future studies include a dose
response curve of the implants used, either via daily blood samples of the implanted
study species or via implants in saline solution (e.g. Kindler et al. 1991), to ensure the
implants are in fact releasing the target hormone. Furthermore, to tease apart the role of T
and KT in parental nurturing and aggression, T manipulations in bluegill should use a
lower dose to induce high physiological levels of the androgen. Specifically, implants
should be filled with approximately 1 mm of testosterone propionate (which cannot
convert directly to KT and thus would measure only the behavioural response to T). This
dose would likely result in a T concentration within the physiological range of bluegill
(the range for initial T samples in this study was between 0.09 ng/mL and 13.09 ng/mL).
These two studies are among the first to investigate the trade-off between nurturing and
aggression during parental care in a uniparental care system, and provide support for the
idea that the trade-off in parental behaviour in fish is mediated at least partially by
circulating androgen levels. Understanding the physiological mechanisms underlying
such a trade-off is valuable for furthering our knowledge about how hormone-behaviour
relationships contribute to an individual’s reproductive fitness. Additionally, these
findings indicate that exploration of the mechanistic details of how androgens influence
paternal behaviour would be a very productive area for future research.
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Appendices

Appendix A: Behaviours quantified during paternal care in bluegill (Lepomis
macrochirus)
Type of Behaviour

Behaviour Observed

Description of Behaviour

Nurturing

Pectoral fanning

Rapid synchronous movement
of the pectoral fins outwards
from the side of the body

Caudal sweep

Movement of the caudal fin
from side to side at a 45 angle
from the nest

Egg removal

Removing moulding eggs from
the nest with the mouth

Aggressive

Biting

Nipping at the predator with the
mouth and teeth

Opercular flare

Extending the opercula laterally
while facing the predator

Lateral display

Presenting body lengthwise to
the predator

41

Appendix B: Mean (± SD) number of individual nurturing and aggressive behaviours by
parental male bluegill (Lepomis macrochirus) in June 2009 in Lake Opinicon. Males
were implanted with a placebo, one testosterone implant (T1), two testosterone implants
(T2) or no implant (Control). Nurturing behaviours were recorded over 30 minutes and
aggressive behaviours toward a potential nest predator were recorded over 2 minutes (see
text for details).

Treatment

n

Nurturing behaviour

Aggression toward predator

Caudal

Pectoral

Egg

sweeps

fanning

removal

Bites

Opercular

Lateral

flares

displays

Control

7

13 ± 32

8 ± 16

6±5

46 ± 16

11 ± 8

7±3

Placebo

10

1±2

14 ± 11

9±7

50 ± 10

9±4

5±3

T1

9

8 ± 23

11 ± 13

4±4

61 ± 12

10 ± 9

11 ± 4

T2

8

2±3

9±7

5±5

52 ± 14

12 ± 7

8±4
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Appendix C: Mean (± SD) number of individual nurturing and aggressive parental
behaviours on the first and second days after spawning (egg stage) by parental male
bluegill (Lepomis macrochirus) in June 2010 in Lake Opinicon. Treatments include
males implanted with a placebo, flutamide, an 11-ketotestosterone implant (KT1), two
11-ketotestosterone implants (KT2) or no implant (Control). Nurturing behaviours were
recorded over 30 min and aggressive behaviours toward a potential nest predator were
recorded over 2 min (see text for details).

Treatment

n

Nurturing behaviour

Aggression toward predator

Caudal

Pectoral

Egg

sweeps

fanning

removal

Bites

Opercular

Lateral

flares

displays

Control

11

2±4

4±5

9 ± 13

9 ± 12

5±4

3±2

Placebo

8

3±5

1±1

5±4

6±7

7±5

5±4

Flutamide

9

11 ± 16

5±5

11 ± 8

4±3

9±5

3±2

KT1

9

1±3

1±1

3±4

10 ± 9

11 ± 10

4±3

KT2

10

0±0

1±1

1±2

14 ± 10

12 ± 8

7±4
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Appendix D: Mean (± SD) PC1 values for nurturing and aggressive behaviours by
parental male bluegill (Lepomis macrochirus) implanted with nothing (Control), a
placebo, one testosterone implant (T1), two testosterone implants (T2), flutamide, one
11-ketotestosterone implant (KT1) or two 11-ketotestosterone implants (KT2) for 2009
and 2010 study years.

Year

Treatment

Nurturing behaviour

Aggressive behaviour

2009

Control

0.07 ± 2.07

-0.57 ± 1.28

Placebo

0.18 ± 1.10

-0.61 ± 0.79

T1

-0.10 ± 1.33

0.96 ± 0.84

T2

-0.34 ± 0.70

0.04 ± 1.34

ANOVA

F3,30=0.46, p=0.71

F3,30=3.53, p=0.03

Control

0.12 ± 1.02

-0.45 ± 1.07

Placebo

-0.24 ± 0.47

-0.29 ± 1.19

Flutamide

1.11 ± 2.26

-0.50 ± 0.81

KT1

-0.37 ± 0.46

0.26 ± 1.42

KT2

-0.62 ± 0.09

0.94 ± 1.45

ANOVA

F4,42=3.23, p=0.02

F4,42=2.50, p=0.06

2010

Note: The first principal axis was used for each year and was composed of positive loadings for each
behaviour. In 2009 the loadings were: nurturing behaviour: caudal sweeps = 0.591, pectoral fanning =
0.594, egg removal = 0.545, EigenValue = 1.62 and this captured 58% of the variance; aggression: biting =
0.708, lateral displays = 0.705, opercular flare = 0.039, EigenValue = 1.40 and this captured 49% of the
variance. In 2010 the loadings were: nurturing behaviour: caudal sweeps = 0.696, pectoral fanning = 0.699,
egg removal = -0.166, EigenValue = 1.55 and this captured 52% of the variance; aggression: biting =
0.565, lateral displays = 0.639, opercular flare = 0.522, EigenValue = 1.66 and this captured 55% of the
variance.
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Appendix E: Representative radioimmunoassay standard curve for determining plasma
concentrations of 11-ketotestosterone in male bluegill sunfish (Lepomis macrochirus)
implanted with a placebo, flutamide, one 11-ketotestosterone implant, two 11ketotestosterone implants or no implants (Control). Hormone measurements were taken
the day after spawning and 3 days after implantation in June 2010 from a population in
Lake Opinicon.
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Appendix F: Representative radioimmunoassay standard curve for determining plasma
concentrations of testosterone in male bluegill sunfish (Lepomis macrochirus) implanted
with a placebo, flutamide, one 11-ketotestosterone implant, two 11-ketotestosterone
implants or no implants (Control). Hormone measurements were taken the day after
spawning and 3 days after implantation in June 2010 from a population in Lake
Opinicon.
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Appendix G: Representative radioimmunoassay standard curve for determining plasma
concentrations of cortisol in male bluegill sunfish (Lepomis macrochirus) implanted with
a placebo, flutamide, one 11-ketotestosterone implant, two 11-ketotestosterone implants
or no implants (Control). Hormone measurements were taken the day after spawning and
3 days after implantation in June 2010 from a population in Lake Opinicon.
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