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ABSTRACT

BODY SIZE, FIRST-YEAR BREEDING, AND EXTRA-PAIR PATERNITY IN AN ISLAND

ENDEMIC, THE ISLAND SCRUB-JAY

Body size is a fundamental characteristic that shapes all aspects of an organism’s biology.
The advantages of large body size may include increased probability of territory acquisition, a
critical component of fitness for species that require a territory to breed. Large body size, an
indicator of quality, may also be advantageous to males in acquiring mates, including matings
outside of a pair bond. Such advantages could be especially important in island systems because
habitat saturation may result in strong intra-specific competition for territories, and females may
be especially motivated to seek large extra-pair mates to increase the body size of their offspring.
We tested the role of body size in determining the ability of an island-endemic bird, the Island
Scrub-Jay Aphelocoma insularis, to acquire a territory and breed in their first spring, as well as to
sire extra-pair offspring. We compared the body size of individuals that obtained a territory and
bred to those that did not, as well as the body size of social fathers to the extra-pair sires to
whom they lost paternity. We found that large body size was important in the siring of extra-pair
young. However, body size did not predict the ability of male or female Island Scrub-Jays to
acquire a territory and breed in their first year. We suggest that year-to-year variation in
environmental conditions and chance may be more important than a large body size or weapon
performance in early territory acquisition. Our study provides evidence for a mechanism,
specifically female preference for a large body size in males, that supports the observed rates of

extra-pair paternity, and demonstrates the general difficulty, even for individuals with a
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relatively large body size, of acquiring a territory as a yearling in an island system with saturated

habitat.
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INTRODUCTION
"Size dictates the characteristics of all living forms. It is the supreme and universal

determinant of what any organism can be and can do." — John Tyler Bonner (2006)

An organism’s body size fundamentally shapes all aspects of its biology (Thompson
1917; Peters 1983; Calder 1984; Schmidt-Nielsen 1984; Bonner 2006). Some factors correlated
with body size across taxa include physiological and metabolic rates (Bouteiller-Reuter & Perrin
2005; Bonner 2006), predator avoidance or defense (Christensen 1996; Arendt 2008; Geary et al.
2012; De Robertis et al. 2010), locomotor performance (Dial 2003), the timing and investment of
energy in reproduction (Roff 1992; Stearns 1992), and mate choice (Darwin 1871; Andersson
1994). These factors and their interactions can determine the conditions favoring smaller or
larger body sizes (Foster 1964; MacArthur & Wilson 1967; Van Valen 1973; Yeaton 1974; Case
1978; Sondaar 1986; Clegg & Owens 2002; Palkovacs 2003; Lomolino 2005).

The advantages of a large body size have been best documented in animals that exhibit
sexual size dimorphism, where one sex, often the male, is larger and uses its size to monopolize
breeding opportunities (Andersson 1994). In such cases, large body size often confers dominance
in social hierarchies (Stamps & Krishnan 1994; Piper 1999; Jenssen et al. 2005; Martin & Moore
2008; Serrano-Meneses et al. 2007; Sacchi et al. 2009), and has been implicated in territory
acquisition across a variety of taxa, including invertebrates (Martin & Moore 2008; Serrano-
Meneses et al. 2007), amphibians (Mathis 1990, 1991), fish (Rowland 1989; Candolin & Voight
2001; Natsumeda et al. 2011), reptiles (Morrison et al. 2002; Jenssen et al. 2005), birds (Holmes
et al. 1996; Keyser & Hill 2000; Marra & Holmes 2001; Mazerolle & Hobson 2002), and

mammals (Bouteiller-Reuter & Perrin 2005; Iossa et al. 2008). The evolution of sexual size



dimorphism in these cases is often described as a form of intra-sexual selection due to greater
fighting ability correlated with large body size (e.g. Haley ef al. 1994; Alcock 1996), or the
reluctance of a smaller adversary to escalate a contest where they may be more likely to be
injured (Parker 1974).

A positive relationship between body size, dominance, and territory acquisition, however,
is not universal. In some species, weapon performance, such as the bite force a jaw can exert
(Lappin & Husak 2005; Husak et al. 2006), or length of residency in a location (Dale &
Slagsvold 1995) are better correlated with success in contests than overall body size. A smaller
body size may even be associated with dominance in some cases, due to greater locomotor
ability and maneuverability in contests (Schulte-Hostedde & Millar 2002). Further, much
research has been devoted to the positive influence of age and/or experience on dominance and
territory acquisition, which often trumps the advantage of a larger size (Clutton-Brock 1988;
Berdoy et al. 1995; Coté 2000; Coltman et al. 2002; Sergio et al. 2009a; Sarova et al. 2013).
Studies are rare that compare individuals of known age and experience, but vary in body size, to
test if size predicts dominance, territory acquisition, or the initiation of breeding.

Body size can also positively influence reproductive success, particularly when used as
an indicator of quality in mate choice (Trivers 1972; Andersson 1994; Griffith et al. 2002;
Swierk et al. 2012; lossa et al. 2008). Even in socially monogamous species, which are expected
to have reduced sexual selection for male body size (Dunn ef al. 2001; Wiegmann & Nguyen
2006), large males may retain a fitness advantage through extra-pair matings, or copulations
outside of the territorial pair bond (Weatherhead & Boag 1995; Lacey & Wieczorek 2001;
Griffith ef al. 2002; but see Neto et al. 2010). Thus a large body size has the potential to increase

the fitness of males in socially monogamous species. However, in some species, body size



remains relatively unimportant in mate choice, and other hypothesized indicators of quality such
as territory size, calling duration, horn length, and age are better correlated with reproductive
success (Roithmair 1992; Roithmair 1994; Coltman et al. 2002; Ursprung et al. 2011). Thus,
explaining existing variation in extra-pair paternity remains a complex problem in behavioral
ecology (Griffith et al. 2002).

The advantages of a large body size may be pronounced in island systems for several
reasons. Islands can exhibit habitat saturation (Komdeur 1992), and breeding territories may be
limiting, which may result in a non-breeding portion of the population with some individuals
never gaining the opportunity to breed (Newton 1994; Buston & Cant 2006). Thus, competition
is expected to be especially strong on islands, which should select for traits, such as a large body
size, that confer an advantage in competitive interactions (Atwood 1980b; Newton 1994; Buston
& Cant 2006). Additionally, given the hypothesized advantages of a large body size in island
competition, females of socially monogamous island species may be especially motivated to seek
out males that are larger than their social mates as extra-pair mates to increase offspring body
size and fitness (Griffith ef al. 2002). However, the importance of extra-pair paternity in island
systems is not clear, because of conflicting ideas about whether extra-pair mating should be
relatively rare or common on islands as compared to mainland species. Island species typically
have reduced genetic diversity (Frankham 1997), which reduces the benefit of extra-pair matings
as a strategy to increase genetic diversity of offspring (Griffith 2000; Griffith et al. 2002;
Krokene & Lifjeld 2000). However, island species often exist at higher densities than mainland
species (Yeaton 1974; George 1987; Ricklefs & Lovette 1999), and experience reduced
resources, both of which have the potential to increase the rate of extra-pair mating (Fridolfsson

1997; Charmantier & Blondel 2003).



We assessed the role of body size on initial territory acquisition and subsequent patterns
of extra-pair paternity in the Island Scrub-Jay, Aphelocoma insularis, which is endemic to Santa
Cruz Island, CA. The Island Scrub-Jay is socially monogamous, and mated pairs jointly defend a
multi-purpose territory year round, potentially for life (Atwood 1980a; Curry & Delaney 2002).
Island Scrub-Jays, which are larger in body size than their mainland congeners (Pitelka 1951),
typically live as non-breeders and do not acquire a territory until a median age of four years
(Atwood 1980a; Collins & Corey 1994), in contrast to Western Scrub-Jays, A. californica, and
Florida Scrub-Jays, A. coerulescens, that acquire territories after one and two years, respectively
(Woolfenden & Fitzpatrick 1996; Carmen 2004).

Given the potential for strong competition among Island Scrub-Jays for breeding
territories, we hypothesized that body size is an indicator of individual quality and predicted a
positive relationship between body size and early territory acquisition and extra-pair mating
success. To test this hypothesis, we monitored yearling Island Scrub-Jays in their first spring,
and compared the body size of individuals that did and did not obtain a breeding territory. We
also assigned paternity to young within broods of territorial pairs and compared the body size of
social fathers and extra-pair sires. Specifically, we predicted that Island Scrub-Jays that acquired
and defended a territory and bred in their first breeding season would be larger than those that
did not. We also predicted that males who fathered extra-pair offspring would be larger than the

social mates that they cuckolded.



METHODS

Santa Cruz Island (34°0° N, 119° 45° W), part of Channel Islands National Park, is 32 km
off the coast of southern California and is the largest (249 km?) of the Channel Islands. The
island has a Mediterranean climate characterized by cool, wet winters and hot, dry summers
(Junak et al. 1995; Fisher et al. 2009). We worked on three study sites (see Caldwell et al. 2013)
that ranged in size (226, 163, and 115 hectares) and encompassed a gradient of breeding habitat
quality, from isolated oak chaparral interspersed in grassland to continuous oak chaparral.
Fieldwork was conducted under permits from the USGS Bird Banding Lab (22665) and the
California Department of Fish and Game (SC-6471, SC-11219), and under IACUC protocols
approved by Colorado State University (08-314A-01, 09-045A-03, 12-3206A) and the
Smithsonian Institution (11-28).

We captured Island Scrub-Jays from February through June 2009 — 2012 to collect
morphological measurements necessary to test the role of size in early territory acquisition and
breeding, as well as extra-pair paternity. We trapped birds using drop box traps and mist nets
baited with peanuts. After capture, we used calipers to measure tarsus, exposed culmen, bill tip
to nares, bill depth, and bill width to the nearest hundredth of a millimeter. We used a wing ruler
to measure un-flattened wing chord to the nearest millimeter (Pyle 1997). We measured tarsus
twice per capture on each individual, and the average of these measures was used in analyses.
We collected 70 - 100 pl of blood from each jay via brachial venipuncture for genetic analysis

and molecular sexing. Blood was stored in 1.5 mL of lysis buffer until DNA extraction.



Extra-pair paternity and size

During the breeding seasons (mid-February to late June) of 2010, 2011, and 2012, we
monitored a minimum of 15 established breeding pairs on each study plot and attempted to find
all nesting attempts to sample young for paternity analysis. We checked each nest every three
days until it failed or successfully fledged young. A nest was considered successful if it was
found empty, with the lining neat, edges partially flattened, and the parents were observed
feeding young. A nest was considered to have failed if it was found empty with its lining
damaged, with eggshells in or near the nest, or if the eggs were cold and the adults were seen
building another nest (see Caldwell ez al. 2013 for further details). We collected 50 — 100 ul of
blood from nestlings in accessible nests 11 to 13 days after hatching. 34 breeding pairs were
sampled once, contributing a single brood to our dataset. Four breeding pairs were sampled twice
with two broods across different years, and three pairs were sampled three times, with two
broods in the same season (due to nest failure and subsequent re-nesting) and an additional brood
in a different year.

We extracted DNA from blood samples with a Qiagen DNEasy Blood and Tissue Kit
following the manufacturer’s protocol and amplified 9 variable microsatellite loci (Langin ef al.
in prep). The microsatellites were amplified in 10 pL multiplex reactions (with 2-5 loci per
reaction) using QIAGEN’s type-it microsatellite PCR kit and a Vapo-Protect Mastercycler 6321
(Eppendorf, Hauppange, NY, USA). Loci in the same reaction were distinguished from one
another by unique fluorescent labels or by pre-determined allele-size differences. The PCR
products were run on an Applied BioSystems 3730x]l DNA Analyzer, and the resulting
electropherograms were scored automatically and checked manually with GeneMarker version

1.91 (SoftGenetics, State College, PA, USA). We dropped 3 nestlings from our parentage



analysis out of the total 158 sampled due to poor microsatellite amplification (five or less loci)
and the resulting loss of power to resolve parentage unambiguously.

We used CERVUS version 3.0 to determine parentage and the presence of extra-pair
paternity within broods (Kalinowski et al. 2007). CERVUS assigns parentage based on
population-level allele frequencies and presents the results as the natural logarithm of the
likelihood ratio, or LOD score. The likelihood ratio is calculated as the probability that a
candidate male is the true parent of a given offspring, divided by the probability that the same
male is not the true parent, multiplied over all loci for which genetic information is available.
This approach allows for the possibility of low levels of typing error, as well as the possibility
that not all sires have been sampled in the population. We assumed the territorial female of a
sampled brood was the genetic mother, as no evidence of conspecific brood parasitism has been
found in the species (Delaney 2003). With the 9 variable microsatellite loci used, the average
probability that an unrelated parent could not be excluded when only the offspring genotype was
known was 7.5 x 10, the probability that an unrelated candidate male could not be excluded
when the offspring and maternal genotype was specified was 2.1 x 10, and the probability of
not excluding an unrelated parent pair given only the genotype of the offspring was <0.00001.
The combined exclusionary power of the microsatellites we used is comparable to that achieved
by other studies of parentage (Marshall et al. 1998; Delaney 2003).

Candidate fathers (n = 231 over the entire study) included all males sampled from fall 2009
through spring 2012 on the same study plot as the nestlings being assigned. We restricted our
paternity assignment to individuals sampled on the same study plot because dispersal occurs
before an individual’s potential first breeding season (Langin ef al. in prep), and territorial jays

typically stay on the same territory for life (Atwood 1980b, Caldwell et al. 2013). CERVUS



requires the input of an estimated number of candidate males per plot, a value that is meant to
incorporate both known possible sires and possible unknown sires not sampled. To estimate plot-
specific numbers of candidate males, we took the area of each plot from Caldwell et al. (2013),
and estimated habitat-specific densities from Sillett e al. (2012), divided by two.

We rejected CERVUS’ assignment in 10 cases using a set of rules. First, we rejected an
assignment if the candidate male was a full sibling of the offspring in question (n = 8§ cases). Full
siblings can have equal or slightly higher LOD scores than a true parent when a mother is not
sampled (n = 2 of the 8 cases) or when the population exhibits high male philopatry (Marshall et
al. 1998; Richardson ef al. 2001), as in the Island Scrub-Jay (Langin et al. in prep.), and analyses
are not separated by year (all 8 cases). Second, we rejected an assignment if the candidate male
was not seen, or was presumed dead in the breeding season in which the offspring was sired (n =
2 cases). For these ten rejections we then assigned paternity when possible (n = 8 cases) to the
next most likely male above the threshold needed for a 95% confident assignment.

To assess the role of body size in extra-pair mate choice, we used a paired #-test to compare
the tarsus length of males that lost paternity (losers), to those that gained paternity (winners).
Tarsus length for this analysis was the average of all measurements taken on an individual (range

1 — 5 captures, median 3), in many cases over multiple seasons.

Pair & breeding status of radio-tagged jays in their first breeding season

In order to follow first-year Island Scrub-Jays to determine their pair status and if they bred
in their first spring, we fit hatch year jays with Lotek Pip Ag radio transmitters (< 3% of body
mass). We fit 20 hatch year jays with transmitters in October 2011 and 20 in October 2012.

Individuals outfitted with transmitters were the first 20 hatch year jays caught each fall in order



to maximize behavioral data collection. Transmitters were attached with a Rappole-Tipton
harness (Rappole & Tipton 1991; Bowman & Aborn 2001) made of elastic thread and lasted 7 —
9 months.

We collected a point location confirmed by visual identification on each radio-tagged jay
approximately every three days. After confirmation, we observed jays for five-minutes and noted
pair behaviors (call and rattle exchanges joint foraging, joint perching, territory defense, and
mate feeding), as well as agonistic behaviors (chases and displacement from a perch; see Curry
& Delaney 2002 for a detailed description of behaviors). When possible, we recorded the identity
of other individuals interacting with the focal jay. Jays captured in 2011 were followed using this
protocol from the second week of February through the third week of May in 2012. Those
captured in 2012 were tracked from the first week of October through the first week of
December in 2012, and from the second week of March through the second week of May in
2013. Data collected in the fall of 2012 were used in a study of dominance behavior presented in
the appendix. We classified a jay as being paired if we observed it engaging in pair behaviors
with the same individual on multiple occasions throughout the breeding season. A paired jay was
not classified as a breeder until we documented a complete nesting attempt (i.e., nest building,
egg-laying, and nest attendance). We were confident in our ability to reliably assess breeding
status throughout this entire first breeding season due to the frequency with which we tracked

jays and checked any nests they built (every three days).

Territory acquisition, breeding, and size
To investigate the role of body size on territory acquisition and breeding, while controlling

for age and experience, we compared the body size of Island Scrub-Jays that acquired a territory



and bred in their first spring with those that did not. Jays classified as territorial breeders
included radio-tagged individuals that bred in 2012 and 2013, as well as individuals banded as a
hatch year in 2009-2012 observed to breed in their first full spring. Jays classified as non-
breeders included radio-tagged individuals that did not breed and birds of known sex banded as a
hatch-year in 2009 — 2012 that were not observed as breeders. We used tarsus length as an index
of body size (Rising & Somers 1989; Freeman & Jackson 1989). We did not use body mass
because mass fluctuates temporally over the course of a day and a season in many avian species,
including the Island Scrub-Jay (Atwood 1979), and our mass measurements of different
individuals were taken over an approximately three month period. We used ANOVA to
determine whether tarsus length varied with status (breeder or non-breeder), sex, and their
interaction.

A structure that could be used as a weapon may also influence territory acquisition
(Lappin & Husak 2005; Husak et al. 2006). We hypothesized that bills are important weapons
for Island Scrub-Jays, because they are used as weapons in other birds, including other species of
jay (Johnson 1988; Minguez ef al. 2001). When engaging in a physical contest, a jay will hold
another individual on the ground and repeatedly peck at the back of the head and nape of the
neck (Atwood 1980b; personal observation). We frequently noted missing feathers during
routine banding procedures, presumably due to scar tissue in these areas. We used ANOVA to
determine whether nares length, a measure of bill size, varied with status (breeder or non-
breeder), sex, and their interaction to investigate a possible relationship between nares length and
territory acquisition. We did not correct for body size in these analyses (e.g., by using residuals
from a regression of nares length on body size), because there was no correlation between nares

length and tarsus length in yearling male or female Island Scrub-Jays (males: F; 95 = 0.66, P =
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0.42, R’ = 0.007; females: F_so = 0.96, P = 0.33, R” = 0.02). All statistical analyses were carried

out in JMP version 10 (SAS institute 2012).
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RESULTS
Extra-pair paternity and size

We determined whether parentage was within-pair or extra-pair for 153 nestlings from 53
broods (clutch size mean + SE: 3.67 + 0.09, range: 1-5 eggs) produced by 41 pairs. Six pairs
(14.6%) had a brood that contained at least one extra-pair offspring. Seven broods (13.2%)
contained extra-pair young, with the percentage of extra-pair young within those broods ranging
from 25% to 100% (median = 50%; Figure 1). Twelve nestlings (7.8%) were extra-pair young.
We were able to assign a sire at a 95% confidence level to 147 of 153 nestlings. The social males
in the six unassigned cases (from two broods) were sampled, indicating extra-pair paternity from
an un-sampled male. We assigned paternity to a specific extra-pair male in five broods that
contained extra-pair young. Four of the extra-pair sires were neighboring territory holders; the
territory status of the other sire was unknown. As predicted, cuckolding males had larger tarsi
than the males they cuckolded (#9s = 2.18, df =4, P < 0.05; winners: 47.31 £ 0.18, losers: 46.67

+ 0.29; Figure 2).

Pair & breeding status of radio-tagged jays in their first breeding season

We were able to confidently assign status (breeder or non-breeder) to 27 out of 40 radio-
tagged Island Scrub-Jays. Eleven of 27 yearling jays that we radio-tracked engaged in some form
of reproductive behavior in their first breeding season. Two males that successfully defended a
small territory were able to build a nest and mate (Table 1). Both nests were depredated. These
two young pairs did not build new nests, even though established pairs often re-nest following
nest failure (Caldwell et al. 2013). The remaining nine individuals (8 males, 1 female) formed

pairs but did not breed. Seven (6 males, 1 female) established and defended a small territory; the
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other two, both male, were unable to establish and defend a territory (Table 1). The remaining 16
jays that were not observed engaging in reproductive behavior were often detected while
foraging alone in dense vegetation, although they occasionally associated with other jays. These
associations were transient (i.e., they were seen with the same individual on fewer than three
occasions over less than nine days) and therefore not indicative of long-term pair bonding. We
could not determine the status of 13 Island Scrub-Jays that received radio transmitters. Seven
were depredated prior to their first spring; one died in fall 2011, and the remaining six died over
the winter of 2012 — 2013. Three jays lost transmitters prior to their first breeding season, two
transmitters’ batteries failed, and we never received a signal from one jay, either due to battery

failure or the movement of the jay out of range of the study plots (Table 1).

Territory acquisition, breeding, and size

Contrary to predictions, we did not find that body size, or our measure of weapon size,
were related to territory acquisition and breeding in male or female yearling Island Scrub-Jays.
We found no difference in tarsus length between individuals that acquired a territory and bred as
yearlings and those that did not (F3, 177 = 38.46, P = 0.53; male breeders = 47.01 £+ 0.26, male
non-breeders = 46.91 + 0.10; female breeders = 45.45 + 0.29, female non-breeders = 45.28 +
0.13) and we found no difference in weapon size, specifically bill length, as measured from nares
to tip, between yearling territorial breeders and non-breeders (F3, 173 = 47.40, P = 0.29; male
breeders = 24.96 + 0.26, male non-breeders = 24.51 + 0.10; female breeders = 22.79 + 0.30,
female non-breeders = 22.78 + 0.13). Sex was a predictor of both tarsus length (£, 177 = 38.46, P
<0.0001) and bill length (F3, 175 = 38.46, P <0.0001), which was not unexpected given sexual

size dimorphism in the Island Scrub-Jay (Pitelka 1951). We found no significant interactions
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between sex and status on tarsus length (£ 177 = 38.46, P = 0.85), or bill length (3,173 = 38.46,

P=0.32).
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DISCUSSION

The conditions that result in a positive relationship between body size and fitness have
important implications for understanding the evolution of body size (Brown ef al. 1993). In many
species, larger individuals are dominant in social groups, giving them greater access to resources
such as food, shelter, or mates, and thus greater fitness (Andersson 1994; Piper 1999; Robertson
1996). We found that extra-pair paternity in the Island Scrub-Jay, but not first year breeding, was
positively associated with body size. We expected body size or weapon size to influence the
ability of young Island Scrub-Jays to acquire and defend territories in this saturated island
system, yet we did not detect such patterns, suggesting other factors may be more important. Our
paternity findings, however, did support our predictions and the previous literature suggesting
that body size can provide a mating advantage to males, even in a socially monogamous species,
where extra-pair matings have the potential to skew reproductive success (Weatherhead & Boag
1995; Dunn et al. 2001; Lacey & Wieczorek 2001; Griffith ef al. 2002; Wiegmann & Nguyen

20006).

Body size and extra-pair paternity

Genetic monogamy is the exception rather than the rule in avian mating systems, with
over 90% of species exhibiting some level of extra-pair paternity, or mating outside of the pair
bond (Griffith ef al. 2002). Among socially monogamous avian species, an average of 11.1% of
offspring and 18.7% of broods have extra-pair paternity (Griffith et al. 2002). The rate of extra-
pair paternity we detected in the socially monogamous Island Scrub-Jay (7.8% of offspring,

13.2% of broods) is therefore relatively low. It is also lower than the Western Scrub-Jay (21.4%
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of offspring; Delaney 2003), but higher than the cooperatively breeding Florida Scrub-Jay (0%;
Townsend et al. 2011).

Studies of extra-pair paternity provide conflicting evidence for if and how rates of extra-
pair paternity differ between island and mainland bird species. Founder events and genetic drift
in small island populations decrease genetic diversity (Frankham 1997), thereby reducing the
benefit to females of extra-pair matings as a strategy to maximize the genetic diversity of their
offspring (Griffith 2000; Griffith ef al. 2002; Krokene & Lifjeld 2000). The lower extra-pair
paternity in the Island Scrub-Jay compared to the Western Scrub-Jay is consistent with this
hypothesis. However, lower rates of extra-pair paternity are not always found in island
populations known to have reduced genetic diversity. In fact, some island species exhibit greater
levels of extra-pair paternity than their mainland counterparts (Fridolfsson 1997) even when
genetic diversity is lower in the island population (Charmantier & Blondel 2003). The
disproportionate influence of high breeding density and resource limitation are suggested
mechanisms that may increase rates of extra-pair paternity on islands in the face of reduced
genetic diversity (Fridolfsson 1997; Charmantier & Blondel 2003).

Theory predicts that a female must acquire benefits to engage in extra-pair matings,
especially if they risk losing male parental care as a result (Dixon ef al. 1994; Perlut et al. 2012).
Benefits can be direct, such as access to resources, or indirect, such as maximizing the genetic
diversity or genetic quality of their offspring (Griffith ez al. 2002). We found that female Island
Scrub-Jays engaged in extra-pair matings with males that were larger than their social mate
(Figure 2). If body size reflects underlying genetic quality, then these results would be consistent
with the hypothesis that females seek “good genes” for their offspring by mating with males who

present phenotypes (e.g., large body size) that are indicators of quality (Trivers 1972; Moller
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1988; Westneat ef al. 1990; Birkhead & Moller 1992). Our results suggest that being a large
male Island Scrub-Jay can increase an individual’s reproductive success through extra-pair
matings. However, extra-pair matings may not always result in increased male reproductive
success. In some species, males that engage in extra-pair matings suffer a loss of paternity in
their own nest (Andersson 1994; Webster et al. 1995; Churchill & Hannon 2010). Concurrent
loss of paternity is expected in systems where the “rules” governing why females engage in
extra-pair matings apply equally to all females (i.e., females engage in extra-pair matings as
insurance against mate infertility). This is in contrast to situations where females are seeking
good genes, which tend to provide disproportionate paternity benefits to high quality males. High
quality males are able to gain extra-pair paternity for themselves, but have mates that are
unlikely to seek matings elsewhere (Kokko & Morrell 2005). We see this latter pattern in our
paternity data. Large male Island Scrub-Jays were able to gain extra-pair paternity, but we did

not find evidence of concurrent loss of paternity in their own nests.

Body size and the ability to breed in the first year

Island Scrub-Jays, which are physiologically capable of reproducing in their first
breeding season (Atwood 1980b; Caldwell et al. 2013), exhibited a wide range of reproductive
behaviors in their first year (Table 1). Many individuals did not engage in any breeding behavior,
some formed a pair bond and jointly defended a small territory, and a few built nests and
produced eggs (Table 1). This gradient of breeding behavior is similar to that observed in young
Western Scrub-Jays (Carmen 2004), but differs from the cooperative breeding system of Florida
Scrub-Jays and a population of Western Scrub-Jays in Oaxaca, Mexico, where young will forego

their own reproduction and stay on their natal territory to help raise siblings (Burt & Peterson
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1993; Wolfenden & Fitzpatrick 1984). The formation of breeding pair relationships prior to
territory acquisition has also been noted in other non-breeding birds (e.g., oystercatchers,
Haematopus ostralegus; Heg et al. 2000). A common strategy of non-breeding birds is to spend
time on the territories of breeding individuals, either waiting for a vacancy, or attempting to evict
an owner (Zack & Stutchbury 1992; Tobler & Smith 2004). This pattern is especially prevalent
in long-lived species that hold year-round territories in saturated habitat (e.g., tropical species),
or that migrate with high site fidelity (Zack & Stutchbury 1992; Duca & Marini 2014). Yearling
Island Scrub-Jays that acquired a territory and bred often did so on the borders of established
territories, suggesting that they employ a strategy similar to other long-lived species that
experience habitat saturation by spending time prospecting near established pairs. Other non-
breeding tactics of avian species include membership in non-breeding flocks (e.g., some colonial
seabirds; Hudson 1985). These flocks can include dominance hierarchies, with locally high-
ranking individuals most likely to acquire a vacancy (e.g., Magpie, Pica pica; Eden 1987).

Our inability to detect a relationship between body size and early territory acquisition in
the Island Scrub-Jay is surprising given that we expected a benefit of large body size due to
habitat saturation, which should select for traits that confer a competitive advantage (Atwood
1980b; Newton 1994; Buston & Cant 2006). Nevertheless, it is possible that a large body size is
advantageous in territory acquisition for young Island Scrub-Jays, but properties of our data set
may have obscured the pattern. First, we may have underestimated the number of breeders by
classifying some breeders incorrectly as non-breeders. Individuals that were undetected on
territories were classified as non-breeders, but may have established territories out of the bounds
of our study area. Additionally, due to the rarity of first year breeding the number of breeders

was low (14 males and 11 females), reducing our power to detect a pattern. Ideally we would be
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able to compare a larger sample of known territorial, breeding individuals to known non-
territorial, non-breeding individuals.

Factors other than body size may play a larger role in territory acquisition and breeding in
a jay’s first year of life. It is possible that the inexperience of young Island Scrub-Jays prevents
even those with a relatively large body size from acquiring a territory and breeding as a yearling
since they are likely competing with older birds for a territory (Atwood 1980a; Collins & Corey
1994). This may be especially likely if older individuals direct greater aggression towards
younger individuals regardless of size (Coté 2000). Additionally, other factors, including
familiarity with the terrain and chance vacancies, likely play a role in territory acquisition
(Collins & Corey 2005; Mudry 2008). Vacancies are filled fast, often within days, especially
within the breeding season (Collins & Corey 2005; personal observation), which may favor jays
that are familiar with the area and its established pairs, or that happen upon an opening,
regardless of body size (Zack & Stutchbury 1992). If one member of a mating pair dies and the
surviving individual does not replace its mate quickly, two Island Scrub-Jays already interacting
as a pair may force out the previously established breeder (Collins & Corey 2005; personal
observation).

Different years present different resource availability for young jays, which apparently
influences their ability to survive their first winter and possibly obtain a territory. Wetter years
may result in greater densities of food resources for egg laying and feeding young (Denac 2006),
and young jays may be able to nest in areas that would be unsuitable in dryer years. We found
that yearling birds bred in apparently unoccupied territory sites in 2010 (z = 11) and 2011 (n =
8), years that were preceded by relatively wet rainy seasons (Western Regional Climate Center).

In contrast, 2012 only had two yearlings attempt to breed and 2013, a drought year, had none.
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The winter rainy season of 2012-2013 was the driest of our radio-tracking study, and we noted
the most deaths due to predation in our population of radio-tagged jays that winter (n = 6 out of
20; Table 1). Jays may engage in risky foraging behavior when nutritionally stressed, as in

drought years, putting them at greater risk of being depredated (Sweitzer 1996; Bateson 2002).

Conclusions

Island taxa often exhibit differences in body size compared to closely related mainland
species (Foster 1964; Case 1978; Sondaar 1986; Lomolino 2005). Some taxa tend to become
larger on islands, while others become smaller, due to a variety of interacting factors such as
reduced or non-existent emigration, reduced species diversity, changes in competition and
predation, as well as resource limitation (Foster 1964; MacArthur & Wilson 1967; Yeaton 1974;
Palkovacs 2003). Population densities are often high on islands (Yeaton 1974; George 1987,
Ricklefs & Lovette 1999), leading to limited habitat and elevated intraspecific competition,
where large body size can confer a dominance advantage (Robinson-Woolrath & Owens 2003),
and smaller individuals may be excluded from breeding (Newton 1994; Buston & Cant 20006).
Given the saturated breeding habitat of Santa Cruz Island (Atwood 1980b; Caldwell et al. 2013),
and the later median age of first breeding (Atwood 1980a), we predicted that a large body size
would be advantageous in territory acquisition and breeding in yearling Island Scrub-Jays. We
did not find evidence of this pattern, but our hypothesis warrants further investigation with
confident measures of non-breeders over a longer time scale to better evaluate the role of
temporal variables, such as rainfall, on body size and suitability of habitat for early breeding.

Future research that would further our understanding of the correlates of extra-pair

paternity rates could assess the relationship between age, experience and extra-pair mating in the
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Island Scrub-Jay. A larger sample of broods and of precisely aged males would lend insight as to
if young males are being cuckolded more often than older males, or even if older males may
tolerate the bordering territories of young males in order to cuckold them (Greene et al. 2000).
Additionally, older, more experienced males may simply be more skilled at gaining extra-pair
matings (Weatherhead & Boag 1995).

How body size and reproductive success are inter-related in the Island Scrub-Jay is
almost definitely more complicated than simply acquiring a territory or gaining extra-pair
matings. For example, it is possible that larger individuals may be able to acquire higher quality
territories (Sergio et al. 2009b) that have reduced predation risk (Caldwell et al. 2013).
Territories with greater vegetation height and complexity, which leads to better nest concealment
(Caldwell et al. 2013), may be more desirable territories that only larger individuals can acquire.
Similarly, larger birds may defend their nest against predators more aggressively (Larsen et al.
1996), which could also increase their lifetime reproductive success. Though additional future
research is needed, our study contributes empirical findings to the body of literature investigating
the evolution of body size and its contribution to fitness, both through territory acquisition and

extra-pair mating success.
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TABLES

Table 1: Status of the 40 radio-tagged Island Scrub-Jays during the spring of 2012 and 2013. Jays
were tagged in the fall of 2011 and 2012 as hatch years.

Hatch year 2011 Males Females
Breeder

Paired & Territorial
Paired
Non-breeder
Depredated

Alive, dropped/ bad -
transmitter

Unknown - -

rNOTON
N =011 =

Hatch year 2012
Breeder

Paired & Territorial
Paired
Non-breeder
Depredated

Alive, dropped/ bad
transmitter
Unknown 1 -

= 1O 1 =
N =W
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Figure 1: Percentage of within-pair and extra-pair offspring in broods containing extra-pair
offspring (n = 7).
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were compared. Bars represent one standard error around the mean.
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APPENDIX: dominance interactions
Methods

In order to test for an advantage of large body size in dominance interactions we collected
behavioral data during the fall of 2012 and spring of 2013 on 20 radio-tagged yearling Island
Scrub-Jays. A five-minute observation period began once a tagged bird had been located and
sighted. During those five minutes we recorded whether the focal bird was dominant or
subordinate in interactions (Table 2). If a target bird could not be followed for the complete five
minutes we recorded how long it was in sight, in seconds, as a measure of our sampling effort.

We calculated two indices of dominance for each Island Scrub-Jay: 1) the absolute number
of interactions in which the individual was dominant per unit time sampled; and 2) the ratio of
the number of interactions in which the individual was dominant to the number of interactions in
which it was subordinate per unit time sampled. We used linear regression to determine whether
tarsus length measured in the fall of the first year of life predicted either of the two dominance
indices. We separated regression analyses by sex in order to account for sexual size dimorphism
in the Island Scrub-Jay (Pitelka 1951).

We also made direct comparisons of the body sizes of dominant and subordinate
individuals that participated in paired agonistic interactions. We observed 42 agonistic
interactions between first-year radio-tagged jays and other banded jays during the fall of 2012
and the spring of 2013. Due to sexual size dimorphism (Pitelka 1951) we eliminated interactions
involving individuals of unknown sex, and pairs of individuals of different sexes. We also
eliminated interactions between first-year radio-tagged jays and known territory holders, since
experience and territoriality may also influence dominance (Murie & Harris 1978; Holmes ef al.

1996; Rosell et al. 2008). When a given bird dominated the same individual multiple times, we
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only included that pair once in the analysis. We also excluded pairs that interacted twice if their
status as dominant or subordinate switched between the two interactions. This left a total of six
interactions for which we used a paired t-test to compare the tarsus length of radio-tagged males
to other non-territorial, or unknown territory status males, not controlling for age. Second, we
compared the tarsus length of radio-tagged males to other non-territorial or unknown territory
status males of the same age (n = 4 interactions). The small sample size prevented statistical
comparisons, but we present a summary of the findings. Because we only observed one
interaction between first-year females of non-territorial status we were unable to make statistical

inferences, and instead present a summary of this interaction.

Results

Tarsus size did not predict the number of interactions per unit time where a first-year
Island Scrub-Jay, male or female, was dominant, nor did it predict the ratio of dominant to
subordinate interactions per unit time (Table 3). Not controlling for age, dominant males of non-
territorial or unknown territory status did not have larger tarsi than subordinate males in agonistic
interactions (¢ = 1.20, df = 5, P> 0.1; Figure 3). In two of the four interactions between non-
territorial, first-year male jays, the dominant individual had a larger tarsus, and in the other two
interactions the subordinate individual had a larger tarsus (Table 4). We only observed one
interaction between first-year, female, non-territorial jays. The dominant and subordinate
females in this case had nearly the same tarsus length (45.18 and 45.08 mm respectively, which

is within the range of error between repeated measurements on the same individual).
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Discussion

In addition to influencing territory acquisition and extra-pair paternity, we expected body
size of first-year Island Scrub-Jays would be positively correlated with dominance during social
interactions. Contrary to our prediction, we found that body size did not predict the outcome of
social interactions with other jays. However, the social interactions we observed of these first-
year jays were not restricted to members of the same age class and instead included many
interactions with older jays, including territory holders. Body size effects may have been more
evident if we had observed a larger sample of interactions with other first-year jays of the same
experience and territorial status, since both of these can influence dominance (Murie & Harris
1978; Holmes et al. 1996; Rosell et al. 2008). Further, in cases where size differences between
opponents are small, size may not be a good predictor of outcome (Reichert 1978).
Further study of dominance interactions in first-year Island Scrub-Jays are needed to thoroughly
evaluate the role of body size as it relates to dominance in young birds. This could be
accomplished by further observational study of dominance interactions of radio-tagged
individuals in future field seasons, or an experimental staged dominance trial, such as at a

feeding platform.
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TABLES

Table 2: Agonistic behaviors recorded during a standardized, 5-minute observation period and
their definitions.

Behavior Dominant/ Definition

Subordinate
Displaced by Subordinate Conspecific supplants the focal bird on a perch.
Displaces Dominant The focal bird supplants a conspecific on a perch.
Chased by Subordinate Conspecific chases the focal bird.
Chases Dominant The focal bird is chased by a conspecific.

Table 3: Summary of results for the regression of dominance on tarsus size for both male and
female first-year Island Scrub-Jays. # dom is the number of interactions where a focal bird was
dominant, #sub is the number of interactions where a focal bird was subordinate, time is the total
observation time for a focal bird.

# dom/ time (#dom/ #sub)/ time
Males R?=0.20,P=0.11,DF = 13 R?’=0.11, P=0.25, DF =13
Females R?°=0.40,P=0.18,DF =5 R°=0.29,P=027,DF =5

Table 4: Summary of agonistic interactions between non-territorial, first-year, male Island Scrub-
Jays.

Dominant tarsus (mm) Subordinate tarsus (mm) Is dominant larger?
46.95 46.47 Yes

46.99 45.98 Yes

43.69 46.83 No

46.95 48.02 No
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FIGURES
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Difference in tarsus length: Dominant — subordinate (mm)
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Figure 3: A paired comparison of the tarsus lengths of dominant and subordinate males in
agonistic interactions (n = 6). Males compared are not necessarily of the same age, and are of
non-territorial, or unknown territorial status.
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