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ABSTRACT

The size and shape of an animal’s breeding territory are dynamic features influenced by multiple intrinsic and extrinsic factors and can have im-
portant implications for survival and reproduction. Quantitative studies of variation in these territory features can generate deeper insights into
animal ecology and behavior. We explored the effect of age, breeding strategy, population density, and number of neighbors on the size and
shape of breeding territories in an island population of Passerculus sandwichensis (Savannah Sparrow). Our dataset consisted of 407 breeding
territories belonging to 225 males sampled over 11 years. We compared territory sizes to the age of the male territorial holder, the male’s re-
productive strategy (monogamy vs. polygyny), the number of birds in the study population (population density), and the number of immediate
territorial neighbors (local density). We found substantial variation in territory size, with territories ranging over two orders of magnitude from 57
to 5,727 m? (0.0057-0.57 ha). Older males had larger territories, polygynous males had larger territories, territories were smaller in years with
higher population density, and larger territories were associated with more immediate territorial neighbors. We also found substantial variation
in territory shape, from near-circular to irregularly shaped territories. Males with more neighbors had irregularly shaped territories, but shape did
not vary with male age, breeding strategy, or population density. For males that lived 2 years or longer, we found strong consistent individual
differences in territory size across years, but weaker individual differences in territory shape, suggesting that size has high repeatability whereas
shape has low repeatability. Our work provides evidence that songbird territories are highly dynamic, and that their size and shape reflect both
intrinsic factors (age and number of breeding partners) and extrinsic factors (population density and number of territorial neighbors).
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LAY SUMMARY

® The size and shape of birds' territories can affect survival and reproduction.

e Over an 11-year period, we measured the territory size and shape for 225 male Passerculus sandwichensis (Savannah Sparrow).

¢ \/Ve explored relationships between territory size and shape versus male features (male age, breeding strategy, and number of neighbors), and
population features (population density).

e Territory sizes were highly variable, ranging from 57 to 5,727 m? (0.0057-0.57 ha).

e Larger territories were held by males who were older, males with multiple mates, and males with more neighbors.

e Territories were larger during low-density years.

e Territory shapes were also variable, and males with more neighbors had more oddly shaped territories.

¢ \We conclude that territory size and shape are dynamic features influenced by diverse factors.
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TABLE 1. Details of 2 linear mixed-effect models explaining variation in the size and shape of territories of Passerculus sandwichensis. Fixed effects include
male age (1, 2, 3, or 4 + years), breeding strategy (monogamy versus polygyny), population density, and local density (n = 407 measured territories from
225 colorbanded males over 11 years); random effects include year and male identity (some males were sampled repeatedly across years).

Territory size (PC1)

Territory shape (compactness)

Estimate SE  df
Fixed effects
(intercept) 2.63 0.74 399
Male age 0.16 0.05 399
Breeding strategy 1.13 0.16 399
Population density -0.07 0.02 399
Number of neighbors 0.08 0.04 399
Random effects/R?
Residual 1.008
Variance 0.133 male, 0.203 year
Marginal R%conditional R? 0.33/0.50

t P Estimate SE df ¢t P
3.57 <0.001 0.84 0.07 399 11.36 <0.001
3.16 0.002 0 0.01 399 -0.76 0.45
6.86 <0.001 -0.02 0.02 399 -1 0.318
—4.6  <0.001 0 0 399 0.25 0.802
2.05  0.041 -0.02 0 399 —4.63 <0.001

0.012
0.002 male, 0.002 year
0.05/0.27

FIGURE 2. Male age (left) and male breeding strategy (right) versus territory size (top) and shape (bottom) in Passerculus sandwichensis. Territory size
is a principal component score, with strong loading from both territory area and territory perimeter, where high scores indicate a large territory. Territory
shape is measured as compactness, where higher scores indicate more circular territories and lower scores indicate more irregular territories. Older
males had larger territories than younger males (top left). Polygynous birds had larger territories (top right). There was no evidence of a relationship
between male age and territory shape (bottom left) or male breeding strategy and territory shape (bottom right).

seasons defending territories of intermediate size, on average.
Territories of polygynous males were ~50% larger by area
and 26% larger by perimeter (average area: 2,264 m?; average
perimeter: 191 m) compared to monogamous males (average
area: 1,499 m?; average perimeter: 155 m). In the year with
the lowest population density, territories were more than
twice as large by area, and more than 50% larger by perim-
eter (2016: average area: 2,613 m?; average perimeter: 202 m;
density: 29 males per 10 ha) compared to the highest density
year (2013: average area: 1,174 m?; average perimeter: 132
m; density: 57 males per 10 ha). Finally, territory size varied
with local density in the opposite direction to our prediction:
males with more immediate territorial neighbors had larger
territories (Figure 3). For example, the territories of males
with 7 territorial neighbors were larger (average area: 1,655

m?; average perimeter: 153 m) than the territories of males
with only one territorial neighbor (average area: 1,408 m?;
average perimeter: 142 m).

Territory shape, in contrast, showed no relationship with
male age (Table 1; Figure 2), breeding strategy (Table 1;
Figure 2), or population density (Table 1; Figure 3). Territory
shape, however, varied with local density (Table 1): males
with more neighbors had territories that were more irregular
in shape (Figure 3).

DISCUSSION

We examined how variation in both territory size and terri-
tory shape are related to male age, breeding strategy, popula-
tion density, and local density in P. sandwichensis over a span
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FIGURE 3. Population density (left) and local density (right) versus territory size (top) and shape (bottom) of male Passerculus sandwichensis. Territory
size is a principal component score, with strong loading from both territory area and territory perimeter, where high scores indicate a large territory.
Territory shape is measured as compactness, where higher scores indicate more circular territories, and lower scores indicate more irregular territories.
Territories were smaller in years with high population density (top left). No relationship was found between population density and territory shape
(bottom left). Territory showed a positive relationship with local density (top right). Territories were more circular when there was low local density

(i.e., fewer territorial neighbors; bottom right). Raw data are shown as well as the line of fit from the general linear model with a 95% confidence band

shown in grey.

of 11 breeding seasons. Our results suggest that males held
larger territories if they were older, polygynous, and bred in
years of low population density. Contrary to our prediction,
we also found that males with larger territories had more
immediate neighbors (higher local density). We did not find
any relationship between the shape of territories and male
age, breeding strategy, or population density. Interestingly,
we found that territory shape was positively related to local
density: males with fewer neighbors had more circular ter-
ritories whereas males with more neighbors had irregularly
shaped territories.

While our finding of a positive relationship between male
age and territory size is similar to studies on a number of
other species, including Fulica atra (Eurasian Coot; Cavé et
al. 1989), Larus glaucescens (Glaucous-winged Gull; Reid
1988), P. major (Duca et al. 2006, Both and Visser 2008), and
C. canadensis (Flockhart et al. 2016), the specific mechanism
by which older birds obtain and defend larger territories than
younger birds remains unclear. Given their experience arising
from previous reproductive seasons, one possibility is that
older males may be better skilled at defending and maintaining
territories (Ralph and Pearson 1971). Unfortunately, we have
no data to support or refute this hypothesis, although future
investigations could feasibly explore territorial behavior of
males of different age, possibly by following the approach
used by Thomas et al. (2021) involving acoustic analysis of
aggressive interactions. Another possibility is that older males
returning to a previously defended area place a higher value
on that area, and, therefore, exhibit stronger territory defense
behaviors (i.e., the value asymmetry hypothesis; Beletsky
and Orians 1987). Given that adults in our study site typic-
ally occupy the same area from year to year (mean breeding

dispersal distance is 40 m; Wheelwright and Mauck 1998,
Hensel et al. 2022), it seems likely that strong site fidelity
could contribute to differences in territory size between age
classes. Interestingly, in migratory birds, overwintering lati-
tude and timing of spring migration could be a logical mech-
anism by which older males can establish higher quality and
larger territories because they tend to arrive earlier than
younger males (Lozano et al. 1995, Potti 1998, Cadahia et
al. 2017; but see Petrie 1984). However, there is no evidence
for a difference in arrival time between age classes in Kent
Island P. sandwichensis (Woodworth et al. 2016). This sug-
gests that the mechanisms driving age-related differences in
territory size play out once birds have begun to interact on
the breeding grounds.

In addition to the effects of male age, we also found that
when males bred polygynously, which occurred in 13% of
the birds in this study, territories were almost 1.5 times larger
than when males bred monogamously. However, rather than
breeding strategy influencing territory size, it seems more
likely that, following the polygyny threshold model (Orians
1969), territory size influences whether or not males are able
to acquire a second mate. Several studies have shown that fe-
males prefer males with larger territories, including Geospiza
fortis (Darwin’s Finch; Price 1984) and closely-related P.
sandwichensis princeps (Reid and Weatherhead 1990). In
Kent Island P. sandwichensis, males tend to pair with sec-
ondary females well into the breeding season, after territorial
boundaries have largely been established and primary females
have started nesting. Males with larger territories may be
more attractive to secondary females, either because the terri-
tory is of higher quality or because there is more space for sec-
ondary females to establish nests, as well as feed young after
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