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Abstract

Reproductive skew in polygynous mating systems leads to variation in the mating strategies, or the
tactics within strategies, adopted by individual males. For example, variation in the timing of
reproductive effort might reflect trade-offs between maximizing access to receptive females and
minimizing interactions with competitors. For capital breeding grey seals (Halichoerus grypus), male
mating success has been positively linked to total duration of tenure, but without differentiation of intra-
seasonal changes in reproductive effort. The aims of this study were to identify tactics within the
Tenured male strategy based on the timing of social dominance as a metric of reproductive effort, and
to compare mating success across identified tactics. Our results confirm that duration of stay on the
colony explained the most variation in mating success, but effect strength was reduced for tenures
longer than 10 days. Additionally, there was evidence that timing of reproductive effort within a
breeding season also contributed to observed variation in mating success. Males that maximized their
dominance score at or after the peak in female attendance achieved greater mating success, relative to
those who were dominant earlier in the breeding season. Males who timed their reproductive effort
earlier in the season still achieved some mating success, but it was reduced. Individuals' tactics were
flexible across years, and we found no evidence to support the hypotheses that timing of reproductive
effort before or after the peak in female attendance was utilized by smaller Tenured males, or to avoid
conflict. These results highlight that understanding temporal scheduling of individual reproductive
effort within abreeding season, relative to the availability of resources, constraints of fasting, and intra-
male competition, is a key aspect to consider when differentiating individual tactics in long-lived,

capital, polygynous breeders.

Highlights
o Tenured malegrey seals dominance scores shift throughout the breeding season
o Date of peak dominance was used as a proxy for timing of reproductive effort (RE)
e Prolonged length of stay increased mating success non-linearly
o Timing peak RE a or after peak female attendance also increased mating success.

o Tenured male grey seals were flexible in their mating tactics across years
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Introduction

Mating patterns arise as a function of the spatial and temporal distribution of the limiting sex
and the ability to monopolize mating opportunities (Emlen and Oring 1977). In polygynous mating
systems, due to the increased conflict and competition for access to females, males often have
exaggerated characteristics such as size (Jarman 1983, Carlini et al. 2006, Crocker et a. 2012),
ornamentation (Brodsky 1988, Sneddon et al. 1997) or behavioural displays (Clutton-Brock and Albon
1979, Sanvito et a. 2006) that enhance individual fitness. The high reproductive skew in these systems
also selects for variation in the mating strategies adopted by individual males (Smith 1982, Gross 1996,
Shuster and Wade 2003, Lifjeld et al. 2011, Lidgard et al. 2012).

In spatially and temporally discrete breeding systems, length of stay has been positively
correlated with male reproductive success, and so the evolutionary stable strategy is generally agreed
to be ‘come early, stay long’ (Smith and Price 1973, Anderson and Fedak 1985, Twiss 1991, Lidgard
et a. 2005, Nagy et a. 2012). Mdes adopting this strategy are typically referred to as ‘dominant’ or
‘Tenured” and gain the highest reproductive success (Boness and James 1979, Ellis 1995).
Alternatively, peripheral or ‘Transient’” males unable to hold territories or maintain access to females
may engage in scramble competition. In these cases, mating opportunities are gained through
opportunistic sneaky copulations, or intercepting femal es (Sandell and Liberg 1992, Lidgard et a. 2004,
Huffard et al. 2008, Franco-Trecu et a. 2014, Meise et d. 2014).

Across both of these strategies, timing of arrival and reproductive effort for polygynous males
can have implications for mating success (Clutton-Brock et al. 1979, Hoffman et al. 2003, Meise et al.
2014). Early arrival for malesis often associated with long tenure and increased mating success (Twiss
1991, Arnould and Duck 1997). Latearrival can result in reduced mating opportunitiesif fewer sexually
receptive females remain (Parker and Maniscalco 2014), or it can reduce costs by targeting periods
when male-male competitionislessintense (Mason et a. 2012). For example, peak reproductive effort
for prime-aged male red deer (Cervus elaphus) coincides with femal e oestrus, and while younger males
are present throughout the season, they peak in reproductive effort later (Mysterud et a. 2008). Y oung

mal e a pine chamois (Rupicapra rupicapra) also exhibit greater reproductive effort in the later part of
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the breeding season, presumably when competition with dominant, older males is reduced (Mason et
al. 2012).

The mating patterns of many pinniped species are characterized by moderate to extreme
polygyny and spatially and temporally discrete breeding seasons (Bartholomew 1970, Fitzpatrick et a.
2012, Gonzalez-Suarez and Cassini 2014). Across most pinniped species, Tenured malesthat are larger
and more dominant tend to stay for longer periods of time, and the duration of an individuas length of
stay within a breeding season shares a strong positive relationship with mating success (Anderson and
Fedak 1985, Twiss 1991, Arnould and Duck 1997, Lidgard et al. 2004, Carlini et al. 2006, Pérschmann
et al. 2010, Crocker et al. 2012, Lidgard et al. 2012, Franco-Trecu et a. 2014, Meise et a. 2014, Parker
and Maniscalco 2014). However, variation of dternative mating tactics within the Tenured strategy,
particularly with regard to timing of reproductive effort relative to female abundance, is less well-
understood. Studies often generalise timing of reproductive effort to pre- or peak-reproductive periods,
based on arrival (Meise et a. 2014) or implicitly assume within-individual reproductive behaviours are
uniform over-time and could be averaged across the breeding season (Twiss 1991, Twiss et al. 2006,
Lidgard et al. 2004, Franco-Trecu et a. 2014, Parker and Maniscalco 2014).

The tendency to select a coarse resolution for these investigations may be due to logistical
difficulties associated with quantifying within-individual and within-season variation in reproductive
effort. For example, massloss is acommon proxy for reproductive effort in ungulate studies (Mason et
al. 2012) andin studies of capital breeding pinnipeds (Anderson and Fedak 1985, Pomeroy et a. 1999b);
but such measures are typically calculated from one early capture and one late capture (Crocker et a.
2012), or at most using 3-4 captures throughout the season (Twiss 1991). This approach provides gross
seasonal changes, but isintrusive, and provideslimited insight into continuous within-season variability
in reproductive effort. Quantifying changes in individual reproductive effort within a breeding season
might be approached using behavioural metricsthat can be collected at a fine tempord resolution. One
such metric is dominance. Highly dominant Tenured male pinnipeds tend to have higher energetic
expenditures suggesting dominance can be a proxy for reproductive effort (Twiss 1991, Crocker et al.
2012). Additionally, dominance status relative to others on the colony is not uniform throughout an
individuals' tenure (Bishop et al. 2015b), and modern dominance-score cal culation techniques such as

3
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Elo scores (Neumann et al. 2011) that follow the sequence of outcomes of aggressive interactions for
individuals across time, can track these changesin social dominance at a daily temporal scale within a
breeding season. Being able to describe this variation in the scheduling and expression of dominance
within a season could therefore be a useful proxy for intra-seasonal variation in reproductive effort.

Grey seds (Halichoerus grypus) are an ideal study species to investigate the intra-seasonal
variation in timing of male reproductive effort. Grey seal breeding colonies form annually, typically at
remote offshore island sites, when females aggregate on shore to give birth to and nurse a single pup,
then mate with a male before weaning their pup and returning to sea (Boness and James 1979, Pomeroy
et al. 1999, Twiss et al. 2006). Traditionally, individual grey seal males are broadly classified into two
strategies: Tenured (present on the breeding colony for > 2 consecutive days and involved in >10 male-
mal e aggressive interactions) or Transient (present for < 2 consecutive days; Boness and James 1979,
Boness 1984, Anderson and Fedak 1985, Twiss 1991). The Transient strategy is sometimes adopted by
younger malesuntil asize/age threshold ismet for Tenure (Twiss 1991, Lidgard et al. 2012), and several
different tactics within the Transient strategy have been described including: sneaking copulations,
failed attempts at Tenured strategies, and aquatic mating (Worthington Wilmer et al. 1999, Lidgard et
al. 2001, 2004, 2005, Twiss et al. 2006).

Although length of stay is positively correlated with mating success for grey seals (Anderson
and Fedak 1985, Twiss 1991, Lidgard et a. 2004, Lidgard et al. 2012), there is till considerable
variation in mal e reproductive success, aggressive behaviours, and timing of activities within breeding
seasonsthat has not been examined. Therefore, the aimsof this study wereto explore within the Tenured
male grey seal breeding strategy the role of within-season scheduling of dominance, as a proxy for
reproductive effort, and assess if timing of dominance can explain some of the variation in individual
mating success for male grey seals. We tested whether Tenured males who time their peak dominance
to synchronize with peak female availability achieved greater mating success or if timing provided no
additional benefits relative to length of stay. We predict that within the Tenured male strategy,
individuals who cannot achieve the maximum durations of stay (e.g. smaller males) will time their RE
early or later in the season to gain mating success. While this tactic has been suggested as a mechanism
for smaller males to avoid conflict with larger males (Mysterud et a. 2008, Mason et a. 2012), we

4



112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

predict that males peaking early or late in the season will engage in a greater frequency of aggressive
interactions as sex-ratios during these periods are male-skewed. Further, we examined if individuals
exhibited inter-annual consistency in their timing of reproductive effort to suggest the presence of
alternative male mating tactics within the Tenured strategy. By assessing the consistency in male's
tactics across consecutive years, thiswill provideinitial insightsinto how flexible Tenured malesarein

their responses to intra and inter-annual changesin resource availability.

M ethods

Ethical Note

This study was observational in nature, and al work was approved by Durham University
Anima Welfare Ethical Review Board and complied with ASAB ethics guidance and UK Home Office
legislation.

Observational methods

Fieldwork was carried out at the Donna Nook grey seal breeding colony on the mainland North
Lincolnshire coast, eastern England, 53.47°N, 0.15°E (Bishop et a. 2014). The habitat at the Donna
Nook colony isamixture of shallow dunes, sand flats and marsh grass. Two main breeding aggregations
of females form within the Donna Nook colony: one at the waters' edge, and one at the dune line,
approximately 1 mile inland from the water’s edge. All observations were conducted at the inland
aggregation. The breeding season at Donna Nook spans from late October through December with peak
pupping occurring around 23 November. Observations in the field were conducted 27 October -14
December 2012 (d = 49); and 27 October - 12 December 2013 (d = 47), during all available daylight
hoursfor an average of 8h 48m of observations daily. Observations were conducted from observational
hides at two locations within Donna Nook approximately 500m apart, and separated by a bend in the
duneline(Hide1: 53.474° N, 0.155° E, Hide 2: 53.476° N, 0.148° E). Two observers alternated between
the two hides daily, allowing for full coverage of the site. A weekly walkthrough census was carried
out in both years by the head warden from the Lincolnshire Wildlife Trust, during which the total

number of adult females, adult males, and pups present were counted. Counts were used to generate
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attendance pattern curves (Figure 1) that describe the relative timing of female and mal e attendance and
pup production within and between years. Individual females remain ashore for 18-20 days, during
which they give birth to asingle pup, and wean the pup after approximately 18 days of nursing (Pomeroy
et al. 1999b). Peak female attendance occurred on Julian Day 327 (Figure 1). Oestrus for female grey
seals occurs during a very short window circa 16 days postpartum (Boness and James 1979, Pomeroy
et al. 1999, Twisset al. 2006). While the count of peak female attendance is comprised of females with
pups that range in age from new-born through to almost weaned, it is evident from these attendance
curves (Figure 1) that after JD 327 the number of females departing (and therefore not available for
Tenured males to mate with) exceeds the number of arrivals and female attendance sharply declines,
suggesting that peak female attendance is a conservative estimate of peak resource availability for

Tenured males.
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All maleswithin the study areas wereindividually identified daily via pelage patterns and scars
inthefield (Twisset a. 1994), or post hoc from high-resol ution pictures taken with a Canon EOS 30D,
100400 mm lens. Locations of all males were mapped hourly on printed aerial photos of the colony
(Twiss 1991, Twiss et a. 1994, Bishop et al. 20153, b). Incidences of aggression involving at least one
identified male were recorded by the observer with notation of participants IDs and start and end times
(Bishop et al. 2015b). Aggressive interactions are attention grabbing and sufficiently rare, alowing al
occurrences to be recorded while performing other observations (Altmann, 1974). Male grey sealsin
this study engaged in an average of 12 aggressive interactions per day (0.6 sg). The outcome of each
interaction was noted as either a Draw or Win-Loss. A male was determined to have won an encounter
if his opponent moved away or was chased away and lost his position amongst females; otherwise the
aggressive interaction outcome was defined as a draw (Anderson and Fedak 1985, Twiss 1991, Twiss
et al. 1998, Bishop et a. 2015b). Draws were included in this assessment because the key components
of maintaining position on the colony for grey seals are winning male-male contests, and engaging in
interactions that result in draws (Anderson and Fedak 1985). The average daily rate of aggression was
calculated for each male (Bishop et al. 2015b). Body length is a significant predictor of mass (Twiss
1991), and was used as our proxy for male size. Photographs collected throughout the season were used
to caculate multiple estimates of standard length (nose-to-tail: range 166.1-240.3 cm £ 0.5-10.9 cm
SE) for each male using photogrammetry (Jacquet 2006, Bishop et al. 2015a). This method utilized
established formulas describing the linear relationship of how the ratio of the known length of an object
(cm) to the width of the object in a photograph (pixels) changes as distance from the camera increases
(Bishop et a. 2015a). Maximum estimated standard lengths for each male were used in thisanalysis.

For sexual activities, each copulation event was recorded as either an attempted copulation or
copulation, dependent on the absence or presence of intromission respectively. Copulations were also
sub-classified into successful or unsuccessful. ‘Unsuccessful’ copulations, where the male achieved
intromission but lost contact with the female after a short period of time due to factors such as female
aggression, have been shown to last no longer than 7 min on average (average total duration of a
“successful copulation’ = 20min, Twiss 1991, Twiss et a. 2006). Therefore, we conservatively defined
a ‘successful copulation’ as a male remaining in the copulatory position for a minimum of 10 min

8
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without disturbance. With this criterion, we observed 313 instances of intromission but omitted 37
observations where the copulation was determined to be unsuccessful. As the timing of gaculation is
unknown for this species, this definition might be underestimating individual reproductive success if
gjaculation occurs immediately following intromission. However, Twiss et a. (2006) found that over
80% of assigned paternities agreed with observations of the sexual behaviour, thus suggesting our
criterion provides avalid, if conservative, estimate of mating success from behavioura observations.

Identifying timing of Dominance: a proxy for Reproductive Effort

For comparability with previous studies on dominance and mating success for this species only
males present for >2d and who participated in >10 aggressive interactions were included in dominance
calculations (2012 n = 74, 2013 n = 103) as this ensures males were considered Tenured and engaged
in a sufficient number of interactions to calculate a dominance score (Boness and James 1979, Twiss
1991, Twiss et al. 1998, Bishop et al. 2015b). Differences in the number of males between 2012 and
2013 are not a product of sampling effort, as duration and frequency of observations were identical
acrossthese years, but likely reflect different male activity patterns. We calculated dominance asan Elo
score, a metric which estimates an individua’s dominance aong a sequence of aggressive interactions
(Porschmann et a. 2010, Neumann et al. 2011). The parameters of the Elo calculations were set with a
starting score of 1000 for every male and a k of 200, where k is the amount a mal€'s score will shift
with awin, loss, or draw (0.5 * k) and is weighted by the score of his opponent (Neumann et al. 2011).
The constant k can be set at any value between 16-200 (Neumann et a. 2011). Since not losing is key
for mating success and dominance for grey seals (Anderson and Fedak 1985), we set k to maximise the
penalty for losing. Elo scores were updated following every aggressive interaction with another known
male. In the UK, tenured male grey seals that return to breed across multiple years exhibit site fidelity
and males do not shift in average dominance scores substantially between years (Twiss 1991, Twiss et
al. 1994). Therefore, we based Elo calculation on a continuous consecutive assessment across all years
mal eswere observed to take into account previous season’ sreproductive success (Neumann et al. 2011).
To confirm that this did not disadvantage males starting with lower scores in their second year, we
calculated the mean Elo score for individuals in each season separately and found the difference in the
two calculations was an average of 18.75 (3.6% of total range). Scores were averaged daily (Figure 2)

9
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and the date on which the average score was greatest within a breeding season was used as our metric

for timing of high dominance: Peak Elo Day.
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Julian Day

Figure 2: Examples of two males’ dominance patterns within a breeding season; points represent the
males average Elo score on agiven day. “B3” peaked in dominance on Julian Day 320 after which his
score gradually declined, whereas “B7” started with alow Elo score, and then surged and peaked on
Julian Day 332.

Statistical Analyses

We first assessed if timing of peak dominance or duration of stay for male grey seals was
associated with specific size-classes or was a mechanism for conflict-reduction (Mason et al. 2012).
Our prediction was that males timing reproductive effort before or after peak female attendance would
be smaller, but both early and | ate males would have a higher average number of aggressive interactions
per day as at the start and end of the season there are relatively more males per female (Figure 1, Boness
et al. 1995) and social structuresare less stable (Bishop et al. 2015b). We used generalized linear mixed-
effects models, GLMMs, with Poisson distributions (link=log) to test if males’ estimated body length

and average number of aggressive interactions per day were predictors of timing of peak dominance
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(response variable = Peak Elo Day relative to date of peak femal e attendance on the colony), or duration
of stay (response variable = total number of days observed). Male ID and year wereincluded asrandom
effectsto account for pseudoreplication and observations within years being correlated (n = 150 records
with standard length estimates, 127 I1Ds, 2 Y ears). These models were fit using R package {Imer4}.

We then examined how timing of reproductive effort (via peak dominance) and duration of stay
contributed to the variation in observed mating success for Tenured males by fitting a generalized
additive mixed effects model (GAMM) with Poisson distribution that included Male ID and Year as
random effects to account for individuals present in multiple years and interannual variation (n = 177
observations, 153 IDs, 2 Y ears). These models were fit using R package { gamm4} . We chose to use a
GAMM as we predicted mating success would have a non-linear relationship with timing of peak
dominance, and GAMMs allow for fitting amixture of linear and smoothed relationships. Our response
variable was the number of observed successful copulations, and predictor variables were al initialy
set as smoothed-term factors: timing of peak dominance (Peak Elo Day), intensity of dominance
(dominance rank based on relative Elo score achieved on Peak Elo Day) and duration of stay (total
number of days observed on the colony). If the model output indicated that the estimated degree of
freedom for one of the covariates was 1.00 then the smoother function for that covariate was replaced
asalinear term (Ingram et a. 2007). Arrival date was considered for inclusion in the model but it shared
a positive co-linearity with length of stay and was therefore omitted. Our model selection criteria
incorporated AlCc, a bias-corrected version of Akaike's Information Criterion that accounts for small
sample sizes. We use AAIC to denote the difference between the AIC values of each model relative to
the lowest AlCc value calculated, such that the ‘best’ AIC: model has AAIC = 0. Our final model set
included those models with AAIC < 6 that were not nested versions of simpler models. These criteria
prevent the selection of overly complex models (Richards 2008).

There were 24 Tenured males who were seen in both 2012 and 2013. To examine inter-annual
consistency in dominance partitioning and duration, males present across both breeding seasons were
examined for repeatability across years. Spearman’'s correlations between 2012 and 2013 were

calculated for Length of Stay, Arrival Date and Peak Elo Day.
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Results

Maletiming of dominance and length of stay

Timing of peak male dominance score ranged from Julian Day 301 (October 28th) to 346
(December 12th), (median = 323) and appeared to have a bimodal distribution with greatest frequency
of peaking at Julian Day 315, and then a secondary peak at Julian Day 330 (Fig.3a). On average, males
peaked in dominance 7.8 days + 0.7SE after arrival (range 0-39) (Fig.3b). Males stayed on the colony

for amean of 8.7 days + 0.5SE (range 2-29).

Figure 3: Kernel density plot representing the distribution of the date of peak Elo score (a) and of the
number of days after arrival individuals peaked in dominance (b), across both years and all Tenured
males combined (solid black line). Density for 2012 (n=74) and 2013 (n=103) are shown as blue and

red lines respectively. Bandwidth represents the standard deviation of the smoothing kernel.

Both size and aggression were retained as predictors of amale’s total length of stay (Table 1). Larger
males stayed on the colony for longer and males with a greater average number of aggressive
interactions per day stayed on the colony for ashorter duration (Table 1). Size and aggression were not

significant predictors of timing of peak dominance (Table 1).
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Table 1: Effect size (standard error), AIC,, AAIC, and model weight from GLMMs predicting Peak Elo
Day (relative to peak female attendance, Julian Day 327) and length of stay on the colony. The null
model was best for predicting Peak Elo Day and the full model was best under selection criteria for
predicting days on colony. All models included male ID and year as random effects, (n = 150

observations, 127 IDs, 2 Years).

Response M odel SL (s) DAl (se) AICc  BAIC  weight
Null 1030.3 0 0.412

(rel ati\,EelfO%zk la  -0.0041(0.0035) 1031.0 074  0.285
female attendance) 1b -0.0054 (0.0078) 10341 163  0.182

Full  -0.0040(0.0035) -0.0050(0.0077) 1037.1 247  0.120

Full 0.018(0.003)  -0.030(0.007)  970.7 0 0.999
Days on Colony 1a 0.017 (0.003) 9844 136 0001

1b -0.027(0.007) 9928 220 0

Null 10025  31.8 0

S_= estimated maximum standard length, DAI = Average number of aggressive interactions per day, se = standard error

M ating success

Average male mating success was 1.56 + 0.2 SE (range = 0-14). Length of stay and timing of
peak dominance were both retained as non-linear predictors of observed mating success (Table 2, Figure
43). Intensity, the relative dominance rank achieved on day of peak Elo, had an estimated degree of
freedom of one in the full model. All models were re-run with this factor as a linear term but this did
not improve model performance and intensity was not retained. From the visualization of the smoothed
relationship between observed mating success and length of stay (Figure 44), length of stay had an
initial positive relationship with observed mating success, but this effect became weaker for stayslonger
than 10 days (Fig. 4a). Timing of peak dominance aso shared a general trend of apositive relationship
with observed mating success (Figure 4b). Males peaking between Julian Day 308-318 (November 4-
14) had lower than average mating success, while males peaking between Julian Day 326-342

(November 22-December 8) had greater than average mating success (Fig.4b).

Table2: Estimated degreesof freedom (smoothed-terms (s)), estimate and standard error (linear-terms),

AlICc, AAIC, weight, and R-squared (R-sq) from the GAMMs predicting observed mating success. The
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model with cubic splines of Peak Elo Day and Days on Colony was best under our selection criteria of

a model having a AAIC < 6 and not being a more complicated version of a nested model (Richards

2008). All models included male ID and year as random effects (n = 177 observations, 153 1Ds, 2

Years).
Model s(Peak EloDay)  s(Dayson Colony) Intensity AICc AAIC weight R-s5q
Estimated Degrees of Freedom Estimate (se)
la 3.085 3.041 476.9 00 0.867 0.541
Full 3.179 2.959 -0.02(0.02) 480.6 3.8 0.133 0.537
1b 3.296 4946 9.1 0.000 0.447
1c 3.298 0.01(0.02) 4987 129 0.000 0.441
Null 626.2 149.4 0.000 -
T > T

-2 -2

Effect on Observed Mating Success

|‘
5 10 15 20 25 30 300 310 320 330 340

Days Observed on Colony Day of Peak Dominance (JD)

Figure 4: Estimated smoothing curves for GAMM describing the effect (a) Duration of Stay on the

Colony and (b) Timing of Peak Dominance (JD = Julian Day) have on observed mating success. The

solid black line indicates the smoothing curve, while the grey shaded area represent the approximate

95% confidence intervals. On the y-axis, O corresponds to no effect of the covariate, values >0 indicate

positive correlation and values < 0 indicate negative correation. The effect, relative to the mean mating

success (dashed line), for a particular value of a covariate can be obtained as the natural anti-logarithm

of the corresponding y-axis value (sold black line).

Consistency of individual’stactics
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For the 24 males seen in both seasons, there was no consistency in timing of peak dominance
(Spearman’s Rank Correlation r = 0.16, df = 22, P = 0.46), date of arrival (Spearman’s Rank
Corréationr = 0.226, df =22, P = 0.2865) or length of stay (Spearman’s Rank Correlation r = -0.09,
df =22, P =0.66) between 2012 and 2013.

Discussion

Timing of reproductive effort and its effect on mating success has been examined in several
species (Mysterud et al. 2008, Mason et al. 2012, Parker and Maniscalco 2014), but for species where
handling or repeat captures are difficult, assessments of within-season individual variation of timing of
reproductive effort have been limited. Additionally, prior to this study the general characteristic of
Tenure for grey seals has been that longer stays are positively associated with greater mating success
(Anderson and Fedak 1985, Twiss 1991, Lidgard et al. 2004, Lidgard et al. 2012). By using
intraseasonal variation in dominance as our proxy for reproductive effort, we refine this understanding
and show using observational methods that within the generalized strategy of “Tenure’, males that
timed their reproductive effort during or after peak female attendance had increased mating success,
and that timing reproductive effort later in the season resulted in more success than exerting high
reproductive effort early in the season. We found that larger males stayed longer and males with greater
rates of aggression had shorter stays, but contrary to our prediction, there was no evidence to suggest
that timing reproductive effort early or later in the season was associated with smaller males or greater
rates of aggressive interactions. Timing of reproductive effort for individuals was also not consistent
across the two years of the study, suggesting there may be individual behavioural flexibility or that
mal es might respond to shiftsin localized conditions.

Assessing differences in attendance duration and timing of reproductive effort across
individualsenabled ustofirst examineif there were any patternsto the types of males exhibiting specific
temporal or attendance tactics. Our results indicated that individuals with greater size and fewer
aggressive interactions had longer lengths of stay. This matches previous work that has shown that, for
many polygynous species, the total energy available for fasting and the adoption of mechanisms that

reduce energetic expenditure are positively associated with mating success (Clutton-Brock and Albon
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1979, Anderson and Fedak 1985, Twiss 1991, Lidgard et . 2001, McElligott et a. 2001, Lidgard et a.
2004, Twiss et al. 2006, Pérschmann et al. 2010, Crocker et al. 2012, Lidgard et al. 2012, Meise et al.
2014). With regards to timing however, we found no evidence to suggest size or rates of aggression
were predictive of male timing of reproductive effort. Late timing of reproductive effort has been
considered a conditional tactic that young or smaller individuals use to avoid costly interactions with
other larger males (Gross 1996, Mysterud et al. 2008, Mason et al. 2012), but may result in a greater
number of aggressive interactions between similar size/age class individuals as male-female sex ratios
draw closer to equivalent (Boness et al. 1995, Twiss et a. 1998). It is possible we did not capture this
shift in size or aggression in our sampling window as our observations concluded approximately 15-20
days before al males had left the colony. However, our study captured the mgjority of the femae
attendance duration and the associated decline in female:male ratios late in the season as females
departed, which is when we would have expected to see shifts in aggression (Fig 1). Future work
targeting thislate period could help clarify the apparent absencein size-rel ated associations with timing
of reproductive effort and would also provide the opportunity to look for other alternative tactics that
could be linked to timing of reproductive effort, such asinter-colony dispersal (Robertson et al. 2006).
For male grey sedl s, inter-colony movements are possible due to differences in breeding timing across
the UK (Coulson 1981) and could be tracked via observational methods and photo-1D networks (Hiby
et a. 2012, Patterson et al. 2013).

We found mating success had positive relationships with both duration of stay and timing of
reproductive effort. In contrast to previous work which suggested a linear relationship between male
duration of stay and mating success (Twiss 1991), we found that the rel ationship between length of stay
and mating success was hon-linear, with a stronger effect when increasing tenure from 2-10 days,
followed by a reduced effect when males stayed for longer than 10 days. Winning, or more precisely
not losing, aggressive interactionsis required to establish and maintain a position amongst females, and
increases an individual’s dominance score (Anderson and Fedak 1985, Twiss et a. 1998), but
maintaining access to females can be costly in terms of metabolism (Copeland et al. 2011), stress
(Lidgard et a. 2008) or physical injury. Donna Nook is characterized by relatively high individua rates
of aggression and closer male-male proximity than observed on off-shore UK colonies such as North
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Rona (Twiss 1991, Bishop et al. 2015b). This may explain the discrepancy between previous findings
of alinear relationship between length of stay and mating success and the findings of the present study.
Our findings could suggest that at Donna Nook, the costs and risks associated with increased aggression
would be worthwhile early inamales' tenure on the colony as the marginal benefits of mating increase
substantially for each day longer they can remain. Then, as margina benefits diminish with increasing
length of stay, other mechanisms might become more important to facilitate conservation of energy
instead of risky behaviours that could result in losing position. For example, it has been shown that
males which maintained local social stability through engaging in low-cost threat behaviours with
neighbours had fewer daily aggressive interactions on average, but that dominance score shared no
relationship with rate of aggression (Bishop et al. 2015b). In the present study, we found that males
with lower rates of aggression stayed longer, and length of stay positively predicted mating success.
Therefore, winning or maximizing dominance score is not the key driver in this system, but how
individuals achieve a balance in the trade-off between behaviours and energetics (fighting and fasting)
within a breeding season is important to consider in terms of predicting male fitness. It will be
informative for future work to examine of how differences in colony dynamics, topography, and
demography influence this apparent trade-off between aggression and fasting within breeding seasons.

Timing of peak dominance did share arelationship with mating success, with males peaking in
reproductive effort just before or during peak femal e attendance achieving agreater number of observed
copulations. A similar pattern has been observed for Steller sea lions (Eumetopias jubatus). Males in
centraly located territories, who maintained positions throughout female pupping had the greatest
relative mating success across years, but males that held sub-optimal territories and timed their arrival
to just prior to peak female attendance still achieved some mating success (Parker and Maniscalco
2014). Inthe present study, maleswho peaked in their reproductive effort early had poor mating success.
Thisfinding issomewhat in contrast to other systemswith spatially and temporally constrained breeding
seasons where early arrival and territory establishment is often associated with greater reproductive
fitness (Pomeroy et al. 1999, Smith and M oore 2005, Cordes and Thompson 2013). Some early breeding
female phocid seals have greater reproductive investment in their offspring and greater fithessthan later
arrivals at breeding colonies (Boness et a. 1995, Cordes and Thompson 2013). We found arelatively
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low number of copulations associated with the tactic of peaking early, so while malesthat express high
reproductive effort early might be targeting higher quality females, without a moderate length of stay
they could be experiencing greater risks of losing access to females before any mating success is
achieved.

Interannual variability in female arrival and reproductive phenology could further increase the
risks of early reproductive effort tactics if males experience temporal mismatch between timing their
reproductive effort and availability of their resource, oestrus females (Crick et a. 1997, Forrest and
Miller-Rushing 2010, Cordes and Thompson 2013). Nesting date for birdsinthe UK (Crick et al. 1997),
ringing date for seabirds (Mgller et a. 2006), and pupping date for harbour seals, Phoca vitulina,
(Cordes and Thompson 2013) have shown advances over time which can be attributed to various factors
such as climate change, the North Atlantic Oscillation, or population density respectively. In our study,
femal e attendance and pup production in 2013 was approximately 5-7 days later than observed in 2012.
When species are exposed to variable environments, alternative mating tactics enable malesto maintain
high levels of fitness across unpredictable fluctuations (Gross 1996, Meise et al. 2014). Populations
able to cope with disturbances are those that contain some portion of behaviourally flexible individuals
and such inter-individual variation can have profound consequences for how populations respond to
stress (Bolnick et al. 2003, Araljo et a. 2011, Carrete and Tella 2011, Violle et a. 2012). Across our
two study years, male grey seals did not appear to be consistent in their tactic in regards to arrival, peak
reproductive effort, or duration of stay; which could suggest their behavioural mechanisms for
optimizing mating success are reactiveto local current conditions. Longitudinal dataover amuch longer
time period would be necessary to confirm if the differences we observed in individual, interannual
patterns of reproductive effort are in response to natura fluctuationsin weather (Meise et a. 2014) and
phenologica shifts in resources and mates (Forrest and Miller-Rushing 2010), or if any individuals
within the population are fixed in their behavioural tactics within the Tenured strategy (Twiss et al.
2012).

ACKNOWLEDGEMENTS

This work was supported by the Durham Doctoral Studentship. We would like to thank the assistance
and support of the Lincolnshire Wildlife Trust, specifically Rob Lidstone-Scott and Lizzie Lemon, and
the staff of RAF Donna Nook for logistical assistance.

18



433 REFERENCES
434  Altmann J. 1974. Observational study of behaviour: sampling methods. Behaviour, 49:; 227-265.
435  Anderson SS, and Fedak MA. 1985. Grey seal males: energetic and behavioural links between size and

436 sexual success. Anima Behaviour, 33:829-838.

437  Araljo MS, Bolnick DI, and Layman CA. 2011. The ecological causes of individual specialisation.

438 Ecology Letters, 14: 948-958.

439  Arnould JPY, and Duck CD. 1997. The cost and benefits of territorial tenure, and factors affecting mating
440 success in male Antarctic fur seals. Journal of Zoology, 241: 649-664

441  Bartholomew GA. 1970. A model for the evolution of pinniped polygyny. Evolution, 24:546-559.
442  Bishop AB, R Lidstone-Scott, PP Pomeroy, and SD Twiss. 2014. Body Slap: An innovative aggressive

443 display by breeding male gray seals (Halichoerus grypus). Marine Mammal Science, 30:579-593.
444  Bishop AB, P Denton, PP Pomeroy, and SD Twiss. 2015a. Good vibrations by the beach boys. magnitude
445 of substrate vibrationsisreliable indicator of male grey seal size. Anima Behaviour, 100: 74-82.
446  Bishop AB, Pomeroy PP, and Twiss SD. 2015b. Variability in individual rates of aggression in wild grey
447 seals: Fine-scale analysis revealsimportance of social and spatial stability. Behavioral Ecology and
448 Sociobiology, 69: 1663-1675.

449 Bolnick DI, Svanbéck R, Fordyce JA, Yang LH, Davis M, Hulsey CD and Forister ML. 2003. The

450 Ecology of Individuals: Incidence and Implications of Individual Specialization. The American
451 Naturalist, 161: 1-28.

452  Boness DJ. 1984. Activity budget of male gray seals, Halichoerus grypus. Journal of Mammalogy, 65:291-
453 297.
454  Boness DJ, and James H. 1979. Reproductive behaviour of the grey seal (Halichoerus grypus) on Sable

455 Island, Nova Scotia. Journal of Zoology, 188:477-500.

456 Boness DJ, Bowen WD, and Iverson SJ. 1995. Does male harassment of females contribute to reproductive
457 synchrony in the grey seal by affecting maternal performance? Behavioral Ecology and

458 Sociobiology, 36: 1-10.

459  Brodsky LM. 1988. Ornament size influences mating success in male rock ptarmigan. Animal
460 Behaviour, 36: 662-667.
461  Carlini AR, Poljak S, Daneri GA, Marquez MEL, and Negrete J. 2006. The dynamics of male harem

462 dominance in southern elephant seals (Mirounga leonina) at the south Shetland islands. Polar

463 Biology, 29: 796-805.

464  Carrete M and TellaJL. 2011. Inter-Individual Variability in Fear of Humans and Relative Brain Size of
465 the Species Are Related to Contemporary Urban Invasion in Birds. PLoS ONE, 6: €18859.

466 Clutton-Brock TH, and Albon SD. 1979. The roaring of red deer and the evolution of honest

467 advertisement. Behaviour, 69:145-170.

468  Clutton-Brock TH, SD Albon, RM Gibson, and FE Guinness. 1979. The logical stag: adaptive aspects of
469 fighting in red deer (Cervus elaphus). Animal Behaviour, 27:211-225.

470  Copeland DL, Levay B, Sivaraman B, Beebe-Fugloni C, and Earley RL. 2011. Metabolic costs of fighting
471 are driven by contest performance in male convict cichlid fish. Animal Behaviour, 82: 271-280.
472  Cordes LS, and Thompson PM. 2013. Variation in breeding phenology providesinsightsinto drivers of
473 long-term population change in harbour seals. Proceedings of the Royal Society B: Biological
474 Sciences, 280: DOI: 10.1098/rsph.2013.084

475  Coulson JC. 1981. A study of the factors influencing the timing of breeding in the grey seal Halichoerus
476 grypus. Journal of Zoology, 194: 553-571.

477  Crick HQ, Dudley C, Glue DE, and Thomson DL. 1997. UK birds are laying eggs earlier. Nature, 388:
478 526-526.
479  Crocker DE, Houser DS, and Webb PM. 2012. Impact of body reserves on energy expenditure, water flux,

480 and mating success in breeding male northern elephant seals. Physiological and Biochemical
481 Zoology, 85: 11-20.

482  EllisL. 1995. Dominance and reproductive success among non-human animals: a cross species
483 comparison. Ethology and Sociobiology, 16: 257-333.

484  Emlen ST and Oring LW. 1977. Ecology, sexual selection and the evolution of mating systems. Science,
485 197: 215-223.

486 Fitzpatrick JL, Almbro M, Gonzalez-Voyer A, Kolm N, and Simmons LW. 2012. Male contest

487 competition and the coevolution of weaponry and testes in pinnipeds. Evolution, 66: 3595-3604.

19



488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543

Forrest J, and Miller-Rushing AJ. 2010. Toward a synthetic understanding of the role of phenology in
ecology and evolution. Philosophical Transactions of the Royal Society B: Biological Sciences, 365:
3101-3112

Franco-Trecu V, Costa P, Schramm Y, Tassino B, and Inchausti P. 2014. Sex on the rocks: reproductive
tactics and breeding success of South American fur seal males. Behaviora Ecology, 25:1513-1523.

gamm4, Simon Wood and Fabian Scheipl (2016). gamm4: Generalized Additive Mixed Models using
'mgev' and 'Imed’. R package version 0.2-4. https://CRAN.R-project.org/package=gamm4

Gonzélez-Suarez M. and Cassini MH. 2014. Variance in mal e reproductive success and sexua size
dimorphism in pinnipeds: testing an assumption of sexual selection theory. Mammal Review, 44:
88-93.

Gross MR. 1996. Alternative reproductive strategies and tactics: diversity within sexes. Trendsin Ecology
and Evolution, 11; 92-98.

Hiby L, PatersonWD, Redman P, Watkins J, Twiss SD, and Pomeroy P. 2013. Analysis of photo-id data
allowing for missed matches and individuals identified from opposite sides. Methods in Ecology
and Evolution, 4: 252-259.

Hoffman JI, Boyd IL, and Amos W. 2003. Male reproductive strategy and the importance of maternal
status in the Antarctic fur seal, Arctocephalus gazella. Evolution, 57: 1917-1930.

Huffard CL, Caldwell RL, and Boneka F. 2008. Mating behavior of Abdopus aculeatus (d'Orbigny 1834)
(Cephalopoda: Octopaodidae) in the wild. Marine Biology, 154: 353-362

Ingram SN, Walshe L, Johnston D, and Rogan E. (2007). Habitat partitioning and the influence of benthic
topography and oceanography on the distribution of fin and minke whales in the Bay of Fundy,
Canada. Journal of the Marine Biological Association of the United Kingdom, 87: 149-156.

Jaguet N. (2006). A ssimple photogrammetric technique to measure sperm whales at sea. Marine Mammal
Science, 22: 862-879.

Lidgard DC, Boness DJ, and Bowen WD. 2001. A novel mobile approach to investigating mating tacticsin
male grey seals (Halichoerus grypus). Journal of Zoology, 255: 313-320.

Lidgard DC, Boness DJ, Bowen WD, and McMillan JI. 2005. State-dependent male mating tacticsin the
grey seal: the importance of body size. Behavioural Ecology, 16: 541-549.

Lidgard DC, Boness DJ, Bowen WD, and McMillan JI. 2008. The implications of stress on male mating
behavior and success in a sexually dimorphic polygynous mammal, the grey seal. Hormones and
Behavior, 53: 241-248.

Lidgard DC, Boness DJ, Bowen WD, McMillan JI, and Fleischer RC. 2004. The rate of fertilization in
male mating tactics of the polygynous grey seal. Molecular Ecology, 13: 3543-3548.

Lidgard DC, Bowen WD, and Boness DJ. 2012. Longitudinal changes and consistency in male physical
and behavioural traits have implications for mating success in the grey seal (Halichoerus grypus).
Canadian Journal of Zoology, 90: 849-860.

Lifjeld JT, Kleven O, Jacobsen F, McGraw KJ, Safran RJ, and Robertson RJ. 2011. Age before beauty?
Relationships between fertilization success and age-dependent ornaments in barn swallows.
Behavioral Ecology and Sociobiology, 65: 1687-1697.

Ime4, Douglas Bates, Martin Maechler, Ben Bolker, Steve Walker (2015). Fitting Linear Mixed-Effects
Models Using Ime4. Journal of Statistical Software, 67(1), 1-48. doi:10.18637/jss.v067.i01.

Mason THE, Stephens PA, Willis SG, ChirichellaR, Apollonio M, and Richards SA. 2012. Intraseasonal
Variation in Reproductive Effort: Y oung Maes Finish Last. The American Naturalist, 180: 823-
830.

McElligott AG, Gammell MP, Harty HC, Paini DR, Murphy DT, Walsh JT, and Hayden TJ. 2001. Sexual
size dimorphism in fallow deer (Dama dama): do larger, heavier males gain greater mating success?
Behavioral Ecology and Sociobiology, 49: 266-272.

Meise K, Piedrahita P, Kruiger O, and Trillmich F. 2014. Being on time: size-dependent attendance
patterns affect male reproductive success. Animal Behaviour, 93: 77-86

Mgdller AP, Flensted-Jensen E, and Mardal W. 2006. Rapidly advancing laying date in a seabird and the
changing advantage of early reproduction. Journal of Animal Ecology, 75: 657-665.

Mysterud A, Bonenfant C, Loe LE, Langvatn R, Y occoz NG, and Stenseth NC. 2008. The timing of male
reproductive effort relative to female ovulation in a capital breeder. Journal of Animal Ecology, 77:
469-477.

Nagy Z, Knérnschild M, Voigt CC, and Mayer F. 2012. Male greater sac-winged bats gain direct fitness
benefits when roosting in multimale colonies. Behavioral Ecology, 23: 597-606.

20



544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597

Neumann C, Duboscq J, Dubuc C, Ginting A, Irwan AM, Agil M, Widdig A, and Englehardt A. 2011.
Assessing dominance hierarchies. validation and advantages of progressive evaluation with Elo-
rating. Animal Behaviour, 82: 911-921.

Parker P and Maniscalco JM. 2014. A long-term study reveals multiple reproductive behaviour strategies
among territorial adult male Steller sea lions (Eumetopias jubatus). Canadian Journal of Zoology,
92: 405-415.

Pomeroy PP, 1999 Breeding behaviour and oestrus in free-ranging grey seals. European Research on
Cetaceans, 12: 411-413.

Pomeroy PP, Fedak MA, Rothery P, and Anderson S. 1999. Consequences of maternal size for
reproductive expenditure and pupping success of grey seals at North Rona, Scotland. Journal of
Animal Ecology, 68:235-253

Porschmann U, Trillmich F, Mueller B, and Wolf JB. 2010. Male reproductive success and its behavioural
correlates in a polygynous mammal, the Galapagos sea lion (Zalophus wollebaeki). Molecular
Ecology, 19: 2574-2586.

Richards SA. 2008. Dealing with overdispersed count datain applied ecology. Journal of Applied Ecology,
45: 218-227.

Raobertson BC, Chilvers BL, Duignan PJ, Wilkinson IS, and Gemmell NJ. 2006. Dispersal of breeding,
adult male, Phocar ctos hookeri: Implications for disease transmission, population management and
species recovery. Biological Conservation, 127: 227-236.

Sandell M, and Liberg O. 1992. Roamers and stayers: amodel on male mating tactics and mating systems.
The American Naturalist, 139: 177-189.

Sanvito S, Galimberti F, and Miller EH. 2006. Observational evidences of vocal learning in southern
elephant seals: alongitudinal study. Ethology, 85: 207-220.

Shuster SM, and Wade MJ. 2003. Mating systems and strategies. eds. J.R. Krebsand T. Clutton-Brock.
Princeton University Press. Princeton, NJ, USA.

Smith JM. 1982. Evolution and the theory of games. Cambridge University Press, Cambridge, UK.

Smith JM, and GR Price. 1973. The logic of animal conflict. Nature, 246: 15-18.

Smith RJ, and Moore FR. 2005. Arrival timing and seasonal reproductive performance in along-distance
migratory landbird. Behavioral Ecology and Sociobiology, 57: 231-239.

Steinley D. 2006, K-means clustering: A half-century synthesis. British Journal of Mathematical and
Statistical Psychology, 59: 1-34.

Twiss SD, Cairns C, Culloch RM, Richards SA, and Pomeroy PP. 2012. Variation in female grey seal
(Halichoerus grypus) reproductive behaviour correlates to proactive-reactive behavioural types.
PL0S ONE, 7: e49598.

Twiss SD, Thomas C, Poland V, Graves JA, and Pomeroy P. 2007. The impact of climatic variation on the
opportunity for sexual selection. Biology Letters, 3:12-15.

Twiss SD, Pomeroy PP, and Anderson SS. 1994. Dispersion and site fidelity of breeding male grey seals
(Halichoerus grypus) on North Rona, Scotland. Journal of Zoology, 233: 683-693.

Twiss SD, Anderson SS, and Monaghan P. 1998. Limited intra-specific variation in male grey seal
(Halichoerus grypus) dominance relationshipsin relation to variation in male mating success and
female availability. Journal of Zoology, 246: 259-267.

Twiss SD, Poland VF, Graves JA, and Pomeroy PP. 2006. Finding fathers. spatio-temporal analysis of
paternity assignment in grey seals (Halichoerus grypus). Molecular Ecology, 15: 1939-1953.

Twiss SD. 1991. Behavioural and energetic determinants of individual mating and successin male grey
seals (Halichoerus grypus). PhD.Thesis. University of Glasgow, 337 pages.

Van Parijs SM, Lydersen C, and Kovacs KM. 2003. V ocalizations and movements suggest aternative
mating tactics in male bearded seals. Animal Behaviour, 65: 273-283.

Violle C, Enquist BJ, McGill BJ, Jiang L, Albert CH, Hulshof C, Jung V, and Messier, J. 2012. The return
of the variance: intraspecific variability in community ecology. Trendsin Ecology and Evolution,
27: 244-252.

Worthington Wilmer J, Allen PJ, Pomeroy PP, Twiss SD, and Amos W. 1999. Where have al the fathers
gone? An extensive microsatellite analysis of paternity in the grey seal (Halichoerus grypus).
Molecular Ecology, 8: 1417-1429.

21



