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Energetic costs of sexual coercion—the price of persuasion

Females are often subjected to unwanted mating advances from males. Such advances can be costly
to both parties. The costs of harassment to females have been widely explored in the literature;
however, few studies have measured the direct fitness costs. Moreover, few have examined male
costs. Conventional wisdom would lead us to hypothesise that when males and females are housed
together, harassment would reduce foraging, growth and reproductive output. This study
quantified harassment costs in both sexes by observing behavioural responses and long-term
effects of unsolicited mating in a controlled setting. Sexually mature guppies were subjected to two
housing treatments: equal sex ratios or single-sex groups. The effects of male coercion on males
and females were assessed by measuring behaviour, growth rate and the number of offspring
produced. Contrary to our expectations, our results indicated no significant differences in foraging
and growth rates between mixed and single-sex shoals for either sex. Moreover, there was no
significant difference in fry output between mixed and all-female shoals. Further, large males
showed higher survival when housed with females. Thus, it appears that there were no direct costs
of harassment for females in natural, mixed-sex shoals, but males appear to bear significant

harassment costs. The study provides insights into reproductive behaviour and life history traits.
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Animal mating strategies can be either cooperative or conflictive to various degrees (Pizzari &
Gardner, 2012). There are two main theories that explain sexual selection and mating systems in
nature—(1) conflict between the sexes over mating decisions (Chapman, Arnqvist, Bangham, &
Rowe, 2003; Chapman, 2006; Davies, Hartley, Hatchwell, & Langmore, 1996; Gavrilets, 2000;
Rowe, Arnqvist, Sih, & Krupa, 1994) and (2) adaptive mating strategies and the diversification of
mating systems driven by variation in ecological conditions (e.g.,, Environmental potential for
polygamy model, Emlen & Oring, 1977; Rowe, Arnqvist, Sih, & Krupa, 1994; polygyny threshold
model, Verner, 1964; Verner & Willson, 1966; Orians, 1969; Weatherhead & Robertson, 1979). In
most instances, males maximise reproductive fitness by mating as many times as possible with as
many partners as possible (Arnqvist, 1989; Arnqvist & Nilsson, 2000; Bateman, 1998; Gowaty,
Kim, Rawlings, & Anderson, 2010; Pilastro, Benetton, & Bisazza, 2003), because they have higher
numbers of low cost gametes (Hayward & Gillooly, 2011; Yasui, 1997; Wedell, Gage, & Parker, 2002).
In contrast, females have fewer high cost gametes (Hayward & Gillooly, 2011; Wedell, Gage, &
Parker, 2002) and do not need to mate as frequently (Arnqvist & Rowe, 2013; Gasparini, Devigili, &
Pilastro, 2011; Parker, 1979; Pilastro et al., 2003).

Harassment is a consequence of differing optimal mate numbers between males and females and
the conflicting mating strategies that result (Chapman, Arnqvist, Bangham, & Rowe, 2003; Dadda,
Pilastro, & Bisazza, 2005; Gavrilets, 2000) and is quite common in the animal kingdom (Clutton-
Brock & Parker, 1995; Kohler et al,, 2011), with females usually being the recipients (Pizzari &
Gardner, 2012). Males maximise chances of paternity by mating at higher frequencies than females
resulting in wasted time spent evading these mating attempts or ‘harassment’ for females (Davies,

Hartley, Hatchwell, & Langmore, 1996).

This phenomenon has been observed across a wide range of taxonomic groups, including
invertebrates (Okada et al., 2015); mammals (Clutton-Brock & Parker, 1995); bony and
cartilaginous fishes (Magurran & Seghers, 1994); reptiles (Taylor, Price, & Wedell, 2014) and
amphibians (Taylor et al., 2014). The costs for females may be many and varied, but range from
physical damage (e.g., bean beetles Callosobruchus maculatus, harassment results in damage to the
female’s reproductive tract, Pizzari & Gardner, 2012), enhanced risk of predation (e.g., eastern

Mosquitofish Gambusia holbrooki, Dadda et al., 2005) and lost foraging opportunities (female bees



Anthophora plumipes, Stone, 1995) to high mortality costs (e.g., dung fly Sepsis cynipsea,
Blanckenhorn et al., 2002).

Most research has concentrated on the costs of male harassment on females, but few have
considered the male costs. One such study (Jordan & Brooks, 2010) explored the lifetime growth
costs of increased reproductive efforts in male guppies and found that significant costs were
incurred when males pursued unfamiliar mates. In addition, Clutton-Brock & Langley (1997) found
that persistent coercive mating can affect longevity in both sexes of tsetse flies (Glossina morsitans
morsitans), with males showing greater costs when the sex ratio was biased towards females.
Similar results were found in Soay sheep, Ovis aries, when a bias towards females was present
during winter months, resulting in higher male mortality (Bancroft 1993). Green and Madjidian
(2011) attributed this deficiency in quantifying male costs to anthropogenic influences, wherein

traditional male-female sex terms are used to describe animal mating systems and behaviour.

Fishes have been widely used as model organisms to study sexual harassment, particularly those
in the Poeciliidae family (Plath, Makowicz, Schlupp, & Tobler, 2007). Harassment was found to
cause declines in foraging rates and fecundity in female Trinidadian guppies (Poecilia reticulata)
(Magurran & Seghers, 1994). Guppies are livebearing fish, i.e. they exhibit internal fertilisation and
have a monthly brood cycle (Evans & Magurran, 2000; Kodric-Brown & Nicoletto, 2001). Males
achieve insemination by either performing courtship displays by bending their bodies into an ‘S’
or sigmoid shape in front of or near females (Liley, 1966) or by ‘sneaky’ coercive mating or
gonopodial thrusts (the 34, 4th and 5t anal fin rays are modified to form an intromittent organ
called the ‘gonopodium’) (Howell, Black and Bortone, 1980) (Guevara-Fiore, Skinner, & Watt,
2009; Mathews, Evans, & Magurran, 1997; Pilastro & Bisazza, 1999).

Coercive mating resulted in a significant decrease in foraging rates and therefore body mass in
focal (harassed) females (Magurran & Seghers, 1994). These findings are supported by work on
coercive mating in Atlantic mollies by Kohler et al. (2011), who found significant reductions in
foraging times in female fish and potentially increased energy expenditure in the presence of
males. Several other studies (Pilastro et al.,, 2003; Dadda et al., 2005; Schlupp, McKnab, & Ryan,
2001; Plath, Parzefall, & Schlupp, 2003) also further substantiate the conclusion that coercive
mating results in reduced foraging rates in focal females. While it has been proposed that sexual

coercion is independent of male size (Plath et al., 2003), Schlupp et al. (2001) found that smaller-
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bodied males impose a greater fitness cost on females because, unlike their larger counterparts,
they rely on sneaky mating as opposed to display-based courtship. Tobler, Schlupp, & Plath (2011)
suggest that reduced feeding success in female fish may be a result of a combination of factors such
as intersexual and intrasexual competition for food along with coercive mating, as opposed to
solely harassment alone. Findings from the study indicated that foraging success in females was
dependent on two factors, namely avoidance of unwanted mating and, interestingly, active seeking

of preferred males (Tobler et al.,, 2011).

It is widely assumed that the unwanted attention by males is stressful for female recipients.
Previous studies have explored the negative ecological and metabolic effects of male harassment
on female fish (Magurran & Seghers, 1994; Ojanguren & Magurran, 2007; Schlupp, McKnab, &
Ryan, 2001; Tobler, Schlupp, & Plath, 2011). In contrast, Kohler et al. (2011) observed no such
physicochemical signs of stress (such as reduced foraging or reduced gill ventilation) in harassed
females, possibly owing to stress habituation wherein temporal reduction in stress levels occurs
on repeated exposure to a stressor. The authors conclude that females have become accustomed
to the constant harassment by males and so do not show symptoms of distress (Kohler etal., 2011).
Other studies also found no harmful effects on direct fitness in poeciliid females (Smith & Sargent,
2006; Smith, 2007). Indeed, one might expect evolution to impose mechanisms that counter-

balance the potential impacts of male harassment in species in which it is commonly observed.

Females may show behavioural strategies to reduce the burden of harassment. Pilastro et al.
(2003) observed that harassment encouraged shoaling with other females because proximity to
other females diluted male sexual attention, providing more time for feeding (Pilastro et al., 2003).
Similar observations have been made in other studies (Dadda et al., 2005; Agrillo, Dadda, & Bisazza,
2006; Darden & Watts, 2012). However, male harassment can also disrupt female social behaviour
(Wearmouth et al., 2012) and social networks resulting in increased aggression among females,
which likely has direct fitness costs (Darden & Watts, 2012). Harassment might also lead to niche
segregation, where females seek out microhabitats that are not available to males (Wearmouth et

al, 2012).

The costs of harassment in females (especially poeciliids) have been widely explored in the
literature; however, few studies (Jordan & Brooks, 2010; Gasparini, Devigili, & Pilastro, 2012) have

directly measured the direct fitness costs associated with harassment (i.e. reproductive output).



For instance, one such study (which evaluated the cross-generational effects of male sexual
harassment on females) (Gasparini, Devigili, & Pilastro, 2012) found that sexual harassment did
not affect lifetime fecundity in females, but caused a deterioration in offspring fitness. Another
study (Jordan & Brooks, 2010) evaluated the lifetime costs of increased male mating efforts in
males. Moreover, the focus of sexual harassment studies has most often been on female costs
(Makowicz & Schlupp, 2013). The male costs of constantly chasing and displaying to females are
seldom quantified. Recent evidence (Makowicz & Schlupp, 2013) suggests that harassment can
cause a reduction in both female and male body condition. The present study quantified fitness
costs to both males and females by observing behavioural responses to and long-term effects of
unsolicited mating attempts in a controlled laboratory setting. We measured fitness directly by
recording growth, mortality and reproductive output. We also recorded changes in both male and

female behaviour in mixed-sex versus single-sex groups.

We hypothesised that males bear high costs from constantly displaying to and harassing females,
which may be borne out by a reduction in foraging behaviour, reduced growth rate and higher
mortality. Similarly, we expected females to show reduced foraging behaviour, growth rates and

reproductive output in the presence of males.

Methodology

Sexually mature male and gravid female guppies originating from a feral population in Darwin,
Australia were used in this study. They were first generation, captive-reared fish held at Macquarie
University; thus, there is no expectation that captivity affected their behaviour. The population was
kept in the laboratory in standardised environments. All experimental procedures adhered to
institutional guidelines and were approved by the Animal Ethics Committee of Macquarie

University (AEC Reference No.: 2014/005-5).

Fish were sorted into two groups based on body size (small-bodied and large-bodied, referred to
as ‘small’ and ‘large’ individuals, respectively) (standard length range: small males, 7.89-22.35
mm; large males, 13.08-30.13 mm; small females, 6.67-23.23 mm; large females, 13.21-35.09
mm) and then housed in groups of 6. Note that in guppies there is a strong relationship between
body length and age, thus larger fish are also older. We chose small and large guppies because small

female guppies tend to grow fast but have low reproductive output, whereas large guppies tend to
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grow little but have large reproductive output. In this fashion, we could monitor the effects of male
harassment on two primary measures of female fitness. Similarly, small males mostly rely on
sneaky mating (Houde, 1997; Price & Rodd, 2006) while large males rely on courtship displays
(Houde, 1997); thus, we might expect to see different costs of harassment in different sized males.
Group composition varied according to treatment: mixed-sex shoals (3 males and 3 females) and
single-sex shoals (6 males or 6 females). After 3 months, stored sperm numbers were expected to
be limited (multiply mated females would have higher sperm stores) (Evans & Magurran, 2000),
so we briefly introduced males from the single-sex shoals into the all-female shoals once a month
to ensure consistent sperm quality. Furthermore, frequent remating may reduce the costs of long-

term storage (Constantz, 1984).
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Fig. 1. Experimental tank design showing partitioning and fly mesh screens.

We used 108 guppies in this study (males, n = 54 and females, n = 54), with 6 replicates (small
individuals = 4 tanks and large individuals = 2 tanks). All experiments were conducted from
January to July 2015 (6 months). Individuals were housed in 6 aquaria (95 cm x 53.2 cm x 35.9 cm)
with about 23 cm of water and a layer (3-5 cm) of river gravel as substrate and clumps of Java
moss for cover. Each aquarium was divided into three compartments (31 cm x 53.2 cm x 35.9 cm)
using fly mesh screens (Fig. 1). Each compartment was assigned to different treatments: mixed-
sex shoals (3 males and 3 females) and male and female single-sex shoals (6 males or 6 females

each). Fish could see and smell but could not interact with individuals in the neighbouring
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compartment. Fish were fed daily on a varied diet of commercial flakes (Tropical Colour™ fish food
flakes) alternated with vegetable flakes, brine shrimp and spirulina (Fluval™). Water quality was
maintained using internal filters and monitored through monthly water quality testing. Room
temperature was maintained at 26 °C. A photoperiod of 12:12 light-dark hours was maintained.

pH was maintained at 7.6.

Individual females were identified by injecting them with a small coloured polymer-elastomer tag
(VIE; Northwest Marine Technology, Inc., Shaw Island, WA, USA) in one of 6 locations while under
a mild anaesthetic (MS222; White & Brown, 2013). Males were identified by their unique

colouration.
Mortality rate

The number of fish that died during the experiment was tabulated. Dead fish were immediately
replaced with fish of the same sex and size from stock tanks. Mortality rate was calculated by
dividing the total number of deaths per month by the number of females or males in the

compartment to produce a per capita mortality rate (6 for female only groups and 3 for mixed-sex

groups).

Growth rate

Standard length was measured from the tip of the snout to the end of the caudal peduncle (Fink &
Weitzman, 1974) at the beginning of the experiment, after three months and at the end of the 6-
month experiment. Monthly growth rate was calculated (mm/month) based on these
measurements. Individuals were gently netted, placed on a grid and photographed. Images were
analysed using Image] software (version 1.48) (Ferreira & Rasband, 2012). We chose to use
standard length as opposed to weight, since the latter is heavily influenced by female reproductive

status. Guppies are live-bearers and heavily pregnant females change mass across their cycle.

Reproductive output



The number of young produced in each group was monitored daily. Newly born guppies were
removed from the experimental tanks using hand nets and housed in a rearing tank. Reproductive
output was calculated by dividing the total young produced per month by the number of females

in the compartment to produce a per capita birth rate (6 for all-female groups and 3 for mixed-sex

groups).
Behaviour

Daily behavioural observation (5 min) of all shoals was conducted throughout the study period at
three different times of day (lunch, 12-3 pm; afternoon, 3-6 pm and evening, 6-7.45 pm) resulting
in 438 observation days. An observer sat motionless 1 m from the aquarium and recorded
behaviour in real time using EthoLog (version 2.2; Ottoni, 2000). An Ethogram was created with
predefined behavioural categories and associated key codes (Table 1). However, only behavioural
data pertaining to sexual harassment were analysed and presented herein. An individual fish was
selected at random and observed for the various types of behaviour, and observations for
individuals from each shoal were entered into EthoLog (Ottoni, 2000). EthoLog generated output
files of each session that summarise the amount of time spent (sec) on each of the behavioural

categories which were then exported into MS Excel.

Table 1. Ethogram with user-defined key codes and behavioural categories

Category | Key Code Description

Evasion E Females evading male mating attempts
or males avoiding female aggression

Hunting H Foraging at the bottom of the tank

Pursuit P Individuals swimming towards/chasing
those of the opposite sex

Shoaling S Individuals are 3-4 body lengths apart

Statistical Analysis
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We used ANOVA to compare mortality rates and individual growth rates between treatments. The
proportion of time individuals spent conducting various behaviour categories was compared
between treatments using mixed models analysis, with treatment and body size as the main factors
and observation day as the random effect. A mixed model approach was also used to compare the
mean number of offspring produced, with month as the random effect. Analyses were performed
using SPSS (version 21) and StatView software (version 5.0.1). In most cases, behavioural data

were not normally distributed and were transformed prior to analysis.

Results
Mortality rate

There were no significant effects of treatment (F1,8 = 1.123, P = 0.320) and body size (F18=0,P =
0.718) on monthly mortality in females, with no significant interactions (F1s = 1.123, P = 0.320).
On average, one female died every 5 months. Mortality in males was lower in all-male shoals
compared to mixed-sex shoals (F1,8 = 33.333, P = 0.0004), particularly in larger males (F1,s = 8.333,
P =0.020) (Fig. 2). There was significant interaction between shoal composition and body size (F1,8
=5.333, P = 0.049). Male mortality for larger fish in mixed-sex shoals was more than 3-fold higher
than in all other contexts. There was no significant difference in total mortality between females

and males (F1,142 = 0.031, P = 0.859).
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Fig. 2. Monthly mortality rates (+SE) in male guppies for mixed- and single-sex shoals.
Growth rate

Mean growth rate in females was not significantly influenced by body size (F1,50 = 0.482, P = 0.491)
or treatment (F1,50 = 0.188, P = 0.666). There was also no significant interaction between the two

factors (P > 0.05).

There was no significant difference in growth rates between large and small males (F1,50 = 2.526, P
= 0.118). Similarly, there was no significant effect of treatment on male growth (Fi50 = 1.950, P =
0.168). The interaction between shoal and growth stage was not significant (P > 0.05).

Females generally grew significantly faster than males (F1,106 =42.707, P < 0.0001) (Fig. 3).
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Fig. 3. Mean (#SE) monthly growth rates for female and male guppies.

Reproductive output

Notably, there was a tendency for mixed-sex shoals to produce more fry, but this was not
statistically significant (F1,74 = 1.253, P = 0.267) (Fig. 4). Larger females tended to produce more
fry than small females (F1,74 = 3.735, P = 0.057). There was no significant interaction between the
two factors (F1,74 = 0.50, P = 0.824). Further, we found a significant variance across months (Fs 74 =
5.017, P < 0.001). More fry tended to be produced towards the end of the experiment as the fish

settled into the experimental tanks.
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Fig. 4. Mean (#SE) monthly fry production between mixed-sex and all-female shoals.
Behaviour
Energy-time budgets

The time budgets for males and females respectively are summarised in Figures 5 and 6, showing
the three key behaviours of interest. Visual observation suggests that there are big changes in

behaviour between single- and mixed-sex groups.
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Fig. 5. Energy-time budget for females in all treatments. S = small-bodied females, L = large-bodied

proportion of time spent on key
behaviours (%)
= = N N w
o v o ui o

(52}
1

females, M = mixed-sex groups, A = all-female groups. Evasion is females evading sexual harassment.
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Fig. 6. Energy-time budget for males in all treatments. S = small-bodied males, L = large-bodied males,

proprtion of time spent on key
behaviours (%)

M = mixed-sex groups, A = all-male groups. Harassment refers to males harassing females.

Foraging

Females in mixed shoals spent less time foraging compared to those in single-sex shoals (F1,188 =
3.897, P = 0.050) (Fig. 7). Larger females tended to spend less time foraging than smaller ones
(average time, 42.908 s vs. 74.774 s, respectively), but there was no significant effect of body size
on foraging time (F1,188 = 3.793, P = 0.053) (Fig. 8). There were no significant interactions between
the various factors and the time of day (P > 0.05). There was no significant variation across the

repeated days of observations (Fzo0,188 = 1.519, P = 0.079).
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Fig. 7. Mean (+SE) time spent foraging in mixed- and single-sex female shoals
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Fig. 8. Mean (+SE) time spent foraging for large and small female shoals

Males in mixed- and single-sex shoals spent similar times foraging (average time = 48.553 s vs.
34.848 s, respectively; F1,190 = 0.957, P = 0.329) (Fig. 9). Further, large males were observed feeding
as often as their smaller counterparts (average time 46.1265 s vs. 37.2745 s, respectively; F1,190 =

0.327, P = 0.568). There was a significant interaction between shoal and body size (F2,190 = 6.225,
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P =0.013) (Fig. 9). Large males tended to spend more time foraging in the evenings when in the
presence of females (F20,190 = 1.833, P = 0.020). There were no significant interactions between the
other factors (P > 0.05). There was significant variation across the repeated days of observations

(F20,190 = 1.833, P = 0.020).
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Fig. 9. Mean (+SE) time spent foraging for large and small males in mixed and single-sex shoals
Shoaling

Females generally spent less time shoaling when in mixed-sex groups compared with single-sex
groups (F1,18s = 11.888, P > 0.001) (Fig. 10) . Small fish tended to show lower shoaling tendencies
than larger fish (F1,188 = 7.790, P = 0.006; 1.254 s vs. 1.558 s, respectively) (Fig. 11). Shoaling did
not vary with the time of day (F2,18s = 1.682, P = 0.189). Smaller females also shoaled less when in
the presence of males (1.236 s vs. 1.576 s), but this is true for both large and small females (1.558
s vs. 1.254 s, respectively) during lunch time observations. No other significant interactions were
observed. There was no significant variation across the repeated days of observations (Fzo, 188 =
1.047, P = 0.409).
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Fig. 10. Mean (*SE) time spent shoaling for mixed- and single-sex female shoals
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Fig. 11. Mean (*SE) time spent shoaling for large and small females

Male shoaling was significantly affected by shoal (treatment) (F1,190 = 132.931, P < 0.001) (Fig. 12).
Shoaling did not vary with the time of day (F2,190 = 1.530, P = 0.219) and there was marginal
interaction between treatment and time of day (Fz,190 = 2.873, P = 0.059). In general, males spent
more time shoaling when in all-male groups than in mixed-sex groups (1.8715 s vs. 0.9225 s,
respectively), and this was most apparent during lunch time observations. No other significant
interactions were observed (P > 0.05). There was significant variation across the repeated days of

observations (Fz0,190 = 1.989, P = 0.009).
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Fig. 12. Mean (*SE) time spent shoaling throughout the day for mixed- and single-sex male shoals

Harassment and evasion

Since harassment is generally a male behaviour and is orientated towards females, and evasion is
typically the female response, only data from mixed-sex groups can be analysed. There were only
2 incidences of harassment initiated by females out of 111 observations, so we analysed data from
males alone. There was only 1 recorded instance of a male evading violence from a large female

out of all the observations, so we analysed evasion data for females alone.

Large and small males did not differ in the amount of time spent harassing females (F1,86 = 1.857,
P =0.177), although smaller individuals tended to spend more time harassing females than larger
ones (proportion of time = 53.69% vs. proportion of time = 36.65%, respectively) (Fig. 13). There
was a significant effect of time of day on harassment (Fz,86 = 8.162, P = 0.001); males were most
likely to harass females at lunch time. There was no significant interaction between size and time
of day (P > 0.05). There was no significant variation across the repeated observations days (Fzo,s6

=1.562, P=0.082).
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Fig. 13. Mean (£SE) Proportion of time spent on harassment throughout the days for large and small

males

Equally, large and small females spent the same amount of time evading harassment (F1,85 = 3.476,

P = 0.066), with smaller females tending to spend more time evading mating attempts than their

larger counterparts (proportion of time, 12.20% vs. 6.15%, respectively) (Fig. 14). There was no

significant effect of time of day and no significant interaction between size and time of day (P >

0.05). There was no significant variation across the repeated observations days (F20,85 = 1.253, P =

0.234).

When males and females were housed together, females spent 9.17% of their time evading mating

attempts on average, whereas males spent 45.17% of their time budget harassing females.

20



proprtion of time spent on evasion (%)
(o))

Large Small

Female body size

Fig. 14. Mean (£SE) Proportion of time spent on evasion for large and small females.

Discussion

Our findings suggest that, under laboratory conditions, sexual harassment has fatal direct costs to
males unlike their partners, who are seemingly little affected by the constant unsolicited mating
attempts. Unlike previous studies that tend to focus on harassment costs to females, we have also
quantified the direct costs of harassment to males. While harassment clearly altered the time
budget of both males and females, we found no significant differences in growth rates or birth rates
between treatments. Both males and females in mixed-sex groups tended to spend less time
shoaling than in single sex groups. Females also spend less time foraging in mixed-sex shoals. Thus,
females seem to lose social cohesion and foraging opportunities as a result of male harassment.
Overall, it appears that females incurred few direct costs of harassment in natural mixed-sex

shoals, whereas male mortality was significantly higher under these conditions.

Sexual conflict in mating systems often results in an uneasy understanding, with both parties
sharing a common goal of transmitting genetic material to the next generation (Arnqvist & Rowe,
2013). Male and female traits are believed to coevolve through either antagonistic coevolution or
the Fisherian model of cryptic female choice (Evans, van Lieshout, & Gasparini, 2013). Females
appear to have overcome the direct costs of harassment by maturing early and prioritising feeding
to grow at a much faster pace than males, thus enabling them to withstand constant male advances,
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particularly at the latter phase of their life cycle when females significantly outgrew males. This
size advantage appeared to deter male harassment to a certain extent, although not significantly
so. Conversely, at the early stages of their life cycle, when there is negligible difference in body size
between the sexes, females experience comparatively higher levels of harassment. In addition to
faster growth, females also appear to be habituated to the constant stressor of harassment (Kohler
et al., 2011). Natural selection has acted to buffer the effects of harassment in multiple ways. For
example, cerebral lateralization is much stronger in females compared to males. Dadda and Bisazza
(2006), in their study on a poeciliid fish goldbelly topminnow Girardinus falcatus, showed that
female fish could partition different tasks in different parts of their brains, enabling them to forage
and avoid unwanted male attention simultaneously. Females were also found to be less bold than
males (poeciliid Brachyraphis episcopei, Brown, Burgess, & Braithwaite, 2007; Poecilia reticulata,

Piyapong et al,, 2010) and were harder to capture, which could be a result of lateralisation as well.

Males appear to bear comparatively higher costs—in terms of high mortality rates—of sexual
coercion. These results support those of the previously mentioned study by Jordan & Brooks
(2010), in which males were found to incur significant lifetime growth costs as a result of coercive
mating. It is noteworthy that these costs are undoubtedly offset by increased mating success.
However, the reverse maybe true if indirect costs are taken into consideration. According to Evans
(2012), estimates of a female’s lifetime reproductive success (LRS) are useful to identify any
indirect costs (in addition to direct ones). Since the present study was designed to quantify direct,
short-term fitness costs, its longevity did not allow for the manifestation of any such long-term,
indirect costs (although 6 months is a substantial proportion of a guppy’s life). So although females
bear few direct costs, although unlikely, they may incur indirect costs in terms of long-term
reproductive potential. Available literature pertaining to LRS provides mixed results with regard
to female costs (Evans, 2012; Gasparini, Devigili, & Pilastro, 2012). It is noteworthy, however, that
neither fry output nor growth rate was hindered in the presence of males over the 6-month study.
Females in the single-sex treatments were expected to have higher reproductive outputs. One
possible explanation for this discrepancy could be intrasexual competition. Borg et al. found
similar results in their study on female guppies subjected to different treatments—exposure to
larger or smaller female conspecifics (competitive treatments) and solitary treatment (Borg,
Rosengvist, Amundsen, & Forsgren, 2006). They found that solitary females had higher

reproductive outputs when compared to those housed with other females, which was attributed
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to higher energetic costs due to social interactions in the competitive treatments. Another study
by Borg et al. found that female-female competition may affect resource budgets, and
consequently, reproductive rates (Borg et al. 2012). Additionally, egg maturation (Borg,
Rosengvist, Amundsen, & Forsgren, 2006; mosquitofish, Lutnesky & Adkins, 2003) was found to

be hampered by the presence of other females likely due to chemical inhibition.

Arnqvist & Rowe (2013) observed that parents do not have genetic interests in each other since
they are unrelated, yet are equally genetically invested in their progeny. In terms of direct costs,
males may appear to be at a disadvantage in that they incur comparatively higher costs of
harassment than females; however, they gain significant benefits in terms of maximising paternity.
Further, a study by Smith (2007) in Western mosquitofish Gambusia affinis indicated that females
may have a greater propensity for cannibalising their offspring compared to males; the same may
hold true for guppies and warrants further study. It is possible that males, although not the most
cooperative mates (Smith, 2007), may inadvertently be more benevolent parents to fry owing to
their less voracious appetites and smaller body size. This may, however, be a reflection of captive

studies where fry have limited opportunity to disperse and escape from their mothers.

Notably, the experimental design resulted in changes in intrasexual competition, with males and
females experiencing higher competition from members of their own sex when in single-sex
shoals. Intrasexual aggression is energetically costly when resources are limited. Makowicz &
Schlupp (2013) found that intrasexual aggression owing to competition resulted in a decline in
male body condition. It is important to note, however, that the fish in our study were fed till

satiated, so competition was likely minimal.

Conclusions
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Our results suggest that sexual harassment appears to have significant direct costs to males in the
form of higher mortality with limited direct costs to females. The loss of foraging opportunities by
females did not seem to hamper growth or reproductive output over the 6 month study. It may be
the case that females incur indirect costs that could be identified in a multigenerational study. We
suggest that natural selection may shape female behaviour and life-history strategies in such a
manner as to reduce the cost of constant male harassment. This topic could form the basis for

future research.
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Highlights

=  We measured direct fitness (growth/reproductive output changes) in both sexes.
= No effect of harassment on females in natural, mixed-sex shoals.
= Males showed higher survival when housed with females.

= Males bear significant costs of harassment.
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nonparametric ANOV As). One-tailed (or specific) tests should be used with caution. Their use is
justified only when there are strong a priori reasons for predicting the direction of a difference or trend
and results in the opposite direction can reasonably be regarded as equivalent to no difference or trend

at all. Authors are referred to Kimmel (1957, Psychological Bulletin, 54, 315-353).

Do not quote decimals with naked points, for example quote 0.01, not .01, or normally to more than
three decimal places (the exception being P values for significance tests, which may be quoted to four

decimal places where appropriate, e.g. 0.0001).

Regressions and analyses of variance. The significance of regressions should be tested with F or ¢ but
not the correlation coefficient . R? should be quoted with both regressions and parametric analyses of

variance.
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Multiple range tests. Unplanned multiple range tests following ANOVA should be avoided unless their
appropriateness for the comparisons in question is verified explicitly. Authors are referred to the review

by Day and Quinn (1989, Ecological Monographs, 59, 433-463).

Power tests. Where a significance test based on a small sample size yields a nonsignificant result,
explicit consideration should be given to the power of the data for accepting the null hypothesis.
Authors are referred to Thomas and Juanes (1996, Animal Behaviour, 52, 856-859) and Colegrave and
Ruxton (2003,Behavioral Ecology, 14, 446-447) for guidance on the appropriate use of power tests.
Providing a value for power based on a priori tests is preferred. Values of observed power are not
appropriate. Authors should consider effect sizes and their confidence intervals in drawing conclusions

regarding the null hypothesis.

Transformations. Where data have been transformed for parametric significance tests, the nature of the

transformation and the reason for its selection (e.g. log x, x?, arcsine) should be stated.

Discussion

It is often helpful to begin the Discussion with a summary of the main results. The main purpose of the
Discussion, however, is to comment on the significance of the results and set them in the context of
previous work. The Discussion should be concise and not excessively speculative, and references

should be kept to a minimum by citing review articles as much as possible.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, as a subsection of a

Discussion or Results and Discussion section.

Appendices
If there is more than one appendix, they should be identified as 1, 2, etc. Formulae and equations in

appendices should be given separate numbering: equation (A1), equation (A2), etc.

Essential title page information

Title. This should be brief and informative, and should not exceed 120 characters. Avoid abbreviations,
as well as part numbers unless the papers are to be published consecutively in the same issue of the

Journal.
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Author names and affiliations. Where the family name may be ambiguous (e.g. a double name), please
indicate this clearly. Present the authors' affiliation addresses (where the actual work was done) below
the names. Indicate all affiliations with a lower-case superscript letter immediately after the author's

name and in front of the appropriate address. Affiliations should not include street, box number, postal
(zip) code, country (when that is obvious) or city, state, province, etc., when that is redundant with the

University name.

Corresponding author. Clearly indicate who is willing to handle correspondence at all stages of
refereeing and publication, also post-publication. Ensure that telephone and fax numbers (with
country and area code) are provided in addition to the e-mail address and the complete postal

address.

Correspondence. At the bottom of the page, give the full postal address and e-mail address (if desired)
of the corresponding author and the present addresses of any co-authors if different from their

affiliations; e-mail addresses of co-authors may also be given.

Word count. Include a word count for the text.

Reviews. These should address fundamental issues relating to behaviour and provide new insights into
the subject(s) they cover. Original interdisciplinary syntheses are especially welcome. Reviews should
be no longer than 6000 words (excluding references) and should include an abstract of up to 300 words.
In the first instance, a preliminary outline of up to 600 words should be submitted online (as a Review
proposal). The decision as to whether to proceed to a full review then rests with the Executive Editors
of invited advisers. Contributions submitted on this basis will be subjected to the same refereeing

process as normal manuscripts.

Essays. These should address fundamental issues relating to behaviour and provide new insights into
the subject(s) they cover. In contrast to Reviews, Essays provide an opportunity for authors to express
opinions, consider the subject area in a historical context and speculate on its future development.
Essays should be no longer than 6000 words (excluding references) and should include an abstract of
up to 300 words. In the first instance, a preliminary outline of up to 600 words should be submitted
online (as an Essay proposal). The decision as to whether to proceed to a full essay then rests with the
Executive Editor or invited advisers. Contributions submitted on this basis will be subjected to the

same refereeing process as normal manuscripts.
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Title document
The title document should contain the title of the article, all affiliations of the corresponding author and
co-authors and the corresponding author's address. In case of double blind peer review, this information

should not appear in any other file, in order not to yield the authors identity to the reviewer.

Abstract

The Abstract should describe the purpose of the study, outline the major findings and state the main
conclusions. It should be concise, informative, explicit and intelligible without reference to the text.
Abstracts should usually be limited to 300 words. Use both common and scientific names of animals at
first mention in the Abstract unless they are given in the title. Avoid using references; if used, give the

journal name, volume and page numbers, or the book title and publisher.

Highlights

Highlights are mandatory for this journal for research articles, essays, reviews, commentaries and
forum articles. They consist of a short collection of bullet points that convey the core findings of the
article and should be submitted in a separate file in the online submission system. Please use
'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters including spaces
and each bullet point should be on a separate line). Seehttp://www.elsevier.com/highlights for

examples.

Keywords

Immediately after the abstract, provide up to 10 keywords, using British spelling and avoiding general
and plural terms and multiple concepts (avoid, for example, "and", "of"). Be sparing with

abbreviations: only abbreviations firmly established in the field may be eligible.

Abbreviations

Define abbreviations that are not standard in this field at their first mention in the abstract and the main

text. Ensure consistency of abbreviations throughout the article.
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Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance or

proof reading the article, etc.).

Nomenclature and units

Follow internationally accepted rules and conventions: use the international system of units (SI). If

other quantities are mentioned, give their equivalent in SI.

Math formulae

Present simple formulae in the line of normal text where possible. Single-letter variables should be

italics. Number consecutively any equations that have to be displayed separately from the text.

Footnotes

Use footnotes only to add information below the body of a Table (using superscript letters or numbers),
for probability values in Figures and Tables (using multiple asterisks) and, on the title page, for authors'
affiliations (using an asterisk for the corresponding author and superscript letters for authors'
affiliations). Superscript numbers may be used for coauthors' e-mail addresses and/or changes of

address, and other information such as a deceased author.

Artwork

Image manipulation

While it is accepted that authors sometimes need to manipulate images for clarity, manipulation for
purposes of deception or fraud will be seen as scientific ethical abuse and will be dealt with
accordingly. For graphical images, this journal is applying the following policy: no specific feature
within an image may be enhanced, obscured, moved, removed, or introduced. Adjustments of

brightness, contrast, or colour balance are acceptable if and as long as they do not obscure or eliminate
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any information present in the original. Nonlinear adjustments (e.g. changes to gamma settings) must

be disclosed in the figure legend.

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Indicate per figure if it is a single, 1.5 or 2-column fitting image.

» For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

* Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or convert
the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Colour or greyscale photographs (halftones): always use a minimum of 300 dpi.
TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (colour or greyscale): a minimum of 500 dpi is
required.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPQ); the resolution is too
low.

* Supply files that are too low in resolution.

* Submit graphics that are disproportionately large for the content.

Colour artwork
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If, together with your accepted article, you submit usable colour figures, then Elsevier will ensure, at no
additional charge, that these figures will appear in colour on the Web (e.g. ScienceDirect and other
sites) and in the printed version. For further information on the preparation of electronic artwork,
please seehttp://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications that can arise by converting colour figures to
"greyscale" (for the printed version should you not opt for colour in print) please submit in addition

usable black and white versions of all the colour illustrations.

Figure captions
Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but

explain all symbols and abbreviations used.

Tables

Number tables consecutively, with Arabic numerals, in accordance with their appearance in the text.
Place footnotes to tables below the table body and indicate them with superscript symbols. Be sparing
in the use of tables and ensure that the data presented in tables do not duplicate results described
elsewhere in the article. Do not divide tables into two or more parts. Tables should not contain vertical
rules, and the main body of the table should not contain horizontal rules. Large tables should be narrow
(across the page) and long (down the page) rather than wide and short, so that they can be fitted into the

column width of the Journal.

References

Citations in the text

Check that all references in the text are in the reference list and vice versa, that their dates and spellings
match, and that complete bibliographical details are given, including page numbers, names of editors,
name of publisher and full place of publication if the article is published in a book. References cited in
the Abstract must be given in full. Unpublished results are not recommended in the reference list. If
these references are included in the reference list, they should follow the standard reference style of the

journal. Check foreign language references particularly carefully for accuracy of diacritical marks such
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as accents and umlauts. For papers in the course of publication, use 'in press' to replace the date and

give the journal name in the references.

Web references

Because of the ephemeral nature of many Web sites, other Web citations will be reviewed by the
Editors to ensure they are appropriate to an archival journal. As a minimum, the full URL should be
given. Any further information, if known (DOI, author names, dates, reference to a source publication,

etc.), should also be given.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in the

text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have a standard template available in key reference management packages. This
covers packages using the Citation Style Language, such as Mendeley
(http://www.mendeley.com/features/reference-manager) and also others like EndNote
(http://www.endnote.com/support/enstyles.asp) and Reference Manager
(http://refman.com/downloads/styles). Using plug-ins to word processing packages which are available
from the above sites, authors only need to select the appropriate journal template when preparing their
article and the list of references and citations to these will be formatted according to the journal style as
described in this Guide. The process of including templates in these packages is constantly ongoing. If
the journal you are looking for does not have a template available yet, please see the list of sample

references and citations provided in this Guide to help you format these according to the journal style.

If you manage your research with Mendeley Desktop, you can easily install the reference style for this
journal by clicking the link below:

http://open.mendeley.com/use-citation-style/animal-behaviour

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-ins
for Microsoft Word or LibreOffice. For more information about the Citation Style Language,

visit http://citationstyles.org.
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Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book title,
chapter title/article title, year of publication, volume number/book chapter and the pagination must be
present. Use of DOI is highly encouraged. The reference style used by the journal will be applied to the
accepted article by Elsevier at the proof stage. Note that missing data will be highlighted at proof stage
for the author to correct. If you do wish to format the references yourself they should be arranged

according to the following examples:

Reference style

Text citations. Follow the referencing style used by the American Psychological Association. You are
referred to the Publication Manual of the American Psychological Association, Fifth Edition, ISBN
978-1-4338-0561-5, copies of which may be ordered from http://books.apa.org/books.cfm?id=4200067
or APA Order Dept., P.O.B. 2710, Hyattsville, MD 20784, U.S.A. or APA, 3 Henrietta Street, London,
WC3E 8LU, U.K.

For text citations with:

(a) One or two authors: give each author's surname and the year of publication.

(b) Three to five authors: give each author's surname and the year of publication at first mention; at
subsequent mention, give the first author's surname followed by "et al." and the year of
publication.(exception: when two or more sources shorten to the same form (i.e. they have the same
primary author but different multiple coauthors), list as many of the coauthors' surnames as needed to
distinguish between the sources, followed by a comma and 'et al.": Zuur, Ieno, et al., 2009; Zuur,
Walker, et al., 2009).

(c) Six or more authors: give the first author's surname followed by "et al." and the year of publication

(but see exception above).

Note that 'et al.' is not in italics. Use a comma to separate the author from the date. Use lower-case
letters to distinguish between two papers by the same authors in the same year (e.g. Packer, 1979a,
1979b). When two or more primary authors have the same surname, include the primary author's
initials in all text citations (A. T. Smith & Ivins, 1987; F. V. Smith & Bird, 1964). List multiple
citations in alphabetical, then chronological, order (e.g. Arnold, 1981a, 1981b; Halliday, 1978; Nussey
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et al., 2011; Sih, in press-a, in press-b; Zuur, leno, Walker, Saveliev, & Smith, 2009), using a
semicolon to separate each reference. In running text, use 'and' instead of '&' before the final name in a

multiple-author citation: 'as described in Smith and Jones (2013)'".

Reference List:

References should be arranged first alphabetically and then further sorted chronologically if necessary.
For sources with more than six authors, include the surnames and initials of the first six authors,
followed by 'et al'. More than one reference from the same author(s) in the same year must be identified
by the letters "a", "b", "c", etc., placed after the year of publication "(2012a)". In press sources by the

same author(s) must be identified as "(in press-a)","(in press-b)", etc.

Examples:

Reference to a periodical:

Buttelmann, D., Carpenter, M., Call, J., & Tomasello, M. (in press). Chimpanzees,Pan troglodytes,
recognize successful actions, but fail to imitate them. Animal Behaviour. Retrieved

from http://dx.doi.org/10.1016/j.anbehav.2013.07.015

Robinson, M. H., & Robinson, B. (1970). The stabilimentum of the orb web spider,4rgiope argentata:
an improbable defense against predators. Canadian Entomologist, 102, 641-645.

Reference to a book:

Bailey, N. J. (1981). Statistical methods in biology (2nd ed.). London, U.K.: Unibooks.

Reference to an article in an edited book:

Emlen, S. T. (1978). The evolution of cooperative behaviour in birds. In J. R. Krebs, & N. B. Davies
(Eds.), Behavioural ecology (pp. 245-281). Oxford, U.K.: Blackwell Scientific.

Ketterson, E. D., Nolan, V., Jr., Casto, J. M., Buerkle, C. A., Clotfelter, E. D., Grindstaff, J. L., et al.
(2001). Testosterone, phenotype, and fitness: a research program in evolutionary behavioral
endocrinology. In A. Dawson & C. M. Chaturvedi (Eds.), Avian endocrinology (pp.19 - 40). New
Delhi, India: Narosa.
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Reference to a thesis:

Bower, J. L. (2000). Acoustic interactions during naturally occurring territorial conflict in a song

sparrow neighborhood (Doctoral dissertation). Ithaca, NY: Cornell University.

Brewis, J. M. (1981). The population dynamics and growth of the freshwater crayfish
Austvopotamobius pallipes in an aqueduct in Northumbria (Doctoral thesis). Durham, U.K.: Durham

University. Retrieved from http://etheses.dur.ac.uk/7546/

Note that journal titles in the reference list should be written in full.

For publications in any Latin script language other than English, give the original title and, in brackets,
the English translation. Titles of publications in non-Latin scripts should be transliterated. Work
accepted for publication but not yet published should be referred to as "in press".

Cite "personal communications" in the text only. Provide the initials and surname(s) for personal
communications and give the date of the personal communication (as exact as possible), separated by a

comma (A. Smith, personal communication, 9 September 2013).

Video and Audio Data

Elsevier accepts video/audio material and animation sequences to support and enhance your scientific
research. Authors who have video, audio or animation files that they wish to submit with their article
are strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video, audio or animation content and noting in the
body text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video/audio file's content. In order to ensure that your video or animation material is
directly usable, please provide the files in one of our recommended file formats with a preferred
maximum size of 50 MB. Video, audio and animation files supplied will be published online in the
electronic version of your article in Elsevier Web products, including

ScienceDirect: http://www.sciencedirect.com. Please supply 'stills' with your files: you can choose any
frame from the video or animation or make a separate image. These will be used instead of standard
icons and will personalize the link to your video/audio data. For more detailed instructions please visit

our video instruction pages at http://www.elsevier.com/artworkinstructions. Note: since video, audio
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and animation cannot be embedded in the print version of the journal, please provide text for both the

electronic and the print version for the portions of the article that refer to this content.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words and
to help readers understand what the paper is about. More information and examples are available

at http://www.elsevier.com/audioslides. Authors of this journal will automatically receive an invitation

e-mail to create an AudioSlides presentation after acceptance of their paper.

Supplementary material

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is directly
usable, please provide the data in one of our recommended file formats. Authors should submit the
material in electronic format together with the article and supply a concise and descriptive caption for
each file. For more detailed instructions please visit our artwork instruction pages

at http://www.elsevier.com/artworkinstructions.

Database linking

Elsevier encourages authors to connect articles with external databases, giving readers access to

relevant databases that help to build a better understanding of the described research. Please refer to
relevant database identifiers using the following format in your article: Database: xxxx (e.g., TAIR:
AT1G01020; CCDC: 734053; PDB: 1XFN). See http://www.elsevier.com/databaselinking for more

information and a full list of supported databases.

Google Maps and KML files
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KML (Keyhole Markup Language) files (optional): You can enrich your online articles by providing
KML or KMZ files which will be visualized using Google maps. The KML or KMZ files can be
uploaded in our online submission system. KML is an XML schema for expressing geographic
annotation and visualization within Internet-based Earth browsers. Elsevier will generate Google Maps
from the submitted KML files and include these in the article when published online. Submitted KML
files will also be available for downloading from your online article on ScienceDirect. For more

information seehttp://www.elsevier.com/googlemaps.

Submission checklist

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

* E-mail address

* Full postal address

* Telephone

All necessary files have been uploaded, and contain:

» Keywords

* All figure captions

* All tables (including title, description, footnotes)

Further considerations

» Manuscript has been 'spell-checked' and 'grammar-checked'

* Manuscript should have continuous line numbers and double spacing

» All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including the Web)
* Color figures are clearly marked as being intended for color reproduction on the Web (free of charge)

and in print, or to be reproduced in color on the Web (free of charge) and in black-and-white in print

46


http://www.elsevier.com/googlemaps

	Guide for Authors
	Your Paper Your Way   We now differentiate between the requirements for new and revised submissions. You may choose to submit your manuscript as a single Word or PDF file to be used in the refereeing process. Only when your paper is at the revision st...



