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ABSTRACT. When closely related species that share aspects of their habitat niches nest in sympatry, selection is expected to favor
species-specific differences in nest-site selection that allow birds to partition habitat. We tested habitat-partitioning theory in a minimally
managed colony of closely related Arctic Terns (Sterna paradisaea), Common Terns (Sterna hirundo), and endangered Roseate Terns
(Sterna dougallii) nesting on a rocky island in the Gulf of Maine, Nova Scotia, Canada. The site also consisted of a colony of Great
Black-backed Gulls (Larus marinus), significant predators of tern eggs. Availability of nesting habitat is thought to limit growth of the
Canadian Roseate Tern population, which preferentially nests in colonies with Common and Arctic terns. Accordingly, understanding
how these three tern species partition nesting habitat will help guide efforts for identifying islands potentially suitable for Roseate Tern
nesting, a priority strategy for the species’ recovery in Canada. We compared physical attributes of nest sites, i.e., rocks of different
size classes and cover, and nearby densities of intra- and interspecific tern nests (i) between nest and random sites, i.e., nest-site selection;
(i1), between successful and unsuccessful, i.e., predated, nests; and (iii) among the three species, i.e., habitat partitioning. All three tern
species clustered their nests into sub-colonies, although Arctic Tern sub-colonies were positioned in open, more peripheral areas of the
colony than those of the other two species. Roseate Terns established sub-colonies within Common Tern sub-colonies, but lateral cover
at Roseate Tern nests, which was provided primarily by rocks, was six times greater than that at Common Tern nests. Greater levels of
cover did not translate into improved nest success; however, the number of interspecific nests < 2 m from a nest was linked to enhanced
nest success for Common Terns, possibly reflecting efficient group defense against predation. We conclude that patterns of nest-site
selection observed among Arctic, Common, and Roseate terns are consistent with habitat partitioning. Managers are encouraged to
include the potential for rocky substrate to provide nest cover as a criterion for identifying tern islands that may be suitable for Roseate
Tern nesting in Canada.

La répartition de I’'habitat dans les sites de nidification de la Sterne arctique, Sterne pierregarin et
Sterne de Dougall

RESUME. Lorsque des espéces étroitement apparentées nichent en sympatrie, la sélection devrait favoriser les différences spécifiques
aux especes dans le choix des sites de nidification qui permettent aux oiseaux de se répartir ’habitat. Nous avons testé cette théorie de
la répartition de I’habitat dans une colonie peu gérée de sternes arctiques (Sterna paradisaea), de sternes pierregarin (Sterna hirundo)
et de sternes de Dougall (Sterna dougallii) qui nichent sur une ile rocheuse du golfe du Maine, en Nouvelle-Ecosse, au Canada. Le site
abritait également une colonie de goélands marins (Larus marinus), des prédateurs importants des ceufs de sternes. On suppose que la
disponibilité de ’habitat de nidification limite la croissance de la population canadienne des sternes de Dougall, qui nichent de préférence
dans des colonies de sternes pierregarin et arctiques. En conséquence, la compréhension de la maniére dont ces trois especes de sternes
se partagent I’habitat de nidification permettra d’orienter les efforts d’identification des iles potentiellement propices a la nidification
de la Sterne de Dougall, une stratégie prioritaire pour le rétablissement de I’espéce au Canada. Nous avons comparé les caractéristiques
physiques des sites de nidification, c.-a-d. les rochers de différentes tailles et couvertures, ainsi que les densités voisines des nids de
sternes intra- et interspécifiques (i) entre les sites de nidification et les sites aléatoires, c.-a-d. la sélection des sites de nidification ; (ii)
entre les nidifications réussies et échouées, c.-a-d. ayant fait I’objet d’une prédation ; et (iii) entre les trois espéces, c.-a-d. le partage de
I’habitat. Les trois espéces de sternes ont regroupé leurs nids en sous-colonies, bien que les sous-colonies de sternes arctiques aient été
placées dans des zones ouvertes et plus périphériques de la colonie que celles des deux autres espéces. Les sternes de Dougall ont établi
des sous-colonies au sein des sous-colonies de sternes pierregarin, mais la couverture latérale des nids de sternes de Dougall, qui était
principalement constituée de rochers, était six fois plus importante que celle des nids de sternes pierregarin. Les niveaux de couverture
plus élevés ne se sont pas traduits par une amélioration de la réussite de la nidification. Toutefois, le nombre de nids interspécifiques
<2 m d’un nid était corrélé a une amélioration de la réussite de nidification des sternes pierregarin, traduisant une défense efficace du
groupe contre la prédation. Nous estimons par conséquent que les schémas de sélection des sites de nidification observés chez la Sterne
arctique, la Sterne pierregarin et la Sterne de Dougall sont cohérents avec le partage de I’habitat. Les gestionnaires sont encouragés a
inclure la possibilité que le substrat rocheux abrite un nid comme critére d’identification des iles susceptibles de convenir a la nidification
de la Sterne de Dougall au Canada.
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INTRODUCTION

Selecting a safe nest site helps birds ensure reproductive success
because predation is often the leading cause of nest failure
(Martin 1993, Weidinger 2002, Laidlaw et al. 2020). Defense
against predation has been cited as an important advantage of
colonial breeding, a nesting strategy used by most seabird species
(Coulson 2002). Reproductive success for seabirds in large, dense
colonies can benefit from predator confusion (Stempniewicz
1995, Davies et al. 2012), synchronous breeding, i.e., dilution
effects (Hatchwell 1991, Descamps 2019), and predator mobbing
(Clode et al. 2000). Greater reproductive success can thus be
afforded to nests occurring where intraspecific nest densities are
relatively elevated (Herndndez-Matias et al. 2003, Liljesthrom et
al. 2008).

Colonial breeding can nonetheless promote intraspecific
competition for nesting habitat (Schreiber and Burger 2002),
forcing some individuals to choose nest sites where reproductive
success can be relatively low (Hildén 1965, Kokko et al. 2004).
The role of competition for resources in shaping patterns of nest-
site selection may become increasingly complex when closely
related species nest in sympatry, i.e., mixed-species colonies,
because one species can outcompete and displace the other(s)
when habitat niches completely overlap (Gause 1934, Burger
1979). Accordingly, natural selection is expected to favor species-
specific differences in nest-site selection in mixed-species colonies,
allowing birds to partition habitat and minimize competition
(MacArthur and Levins 1967, Schoener 1974, Buckley and
Buckley 2000).

Closely related Arctic Terns (Sterna paradisaea), Common Terns
(Sterna hirundo), and Roseate Terns (Sterna dougallii) are three
seabird species that nest sympatrically in colonies on small rocky
islands in the Northwest and Northeast Atlantic Ocean (Gochfeld
and Burger 2020). The three species are characterized by having
similar breeding chronologies, placing their nests of similar size
on rocky substrate, and defending nesting territories against
neighboring terns and avian predators (Arnold et al. 2020,
Gochfeld and Burger 2020, Hatch et al. 2020). Mixed colonies of
Arctic, Common, and Roseate terns thus provide suitable
opportunities to test habitat partitioning theory among closely
related species (Bridge et al. 2005). Previous work has shown that
each of these three tern species will partition habitat when nesting
alongside one other species. For example, Common Terns may
select nest sites that are less concealed than those of nearby
Roseate Terns, and Roseate Terns will establish sub-colonies
within groups of Common Tern nests (Gochfeld and Burger 1987,
Burger and Gochfeld 1988a, Ramos and del Nevo 1995). Arctic
Terns breeding in colonies with either Common or Roseate terns
will establish sub-colonies where cover is sparse compared to nest
sites of the other two species (Hawksley 1957, Kress and Hall
2004, Hatch et al. 2020). Still, little is known about how Arctic,
Common, and Roseate terns select nest sites where the three
species nest sympatrically. The level of niche separation among
sympatric species is expected to vary according to the number of
interacting species (MacArthur 1958, Northfield et al. 2010,
Robertson et al. 2014), thus quantifying differences in nest-site
selection among these three tern species will enhance our
understanding of the extent to which closely related species can
partition fine-scale habitat.
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We assessed nest-site selection and habitat partitioning in a
colony of Arctic, Common, and Roseate terns on a coastal rocky
island in Lobster Bay, southwest Nova Scotia, Canada. Here,
the three tern species nested adjacent to a colony of Great Black-
backed Gulls (Larus marinus), an important predator of tern
eggs and young (Whittam and Leonard 1999, 2000, Donehower
et al. 2007). Our study had three objectives. First, we compared
habitat characteristics at nest sites, i.e., rocks of different size
classes, cover, nearby densities of intra- and interspecific nests,
to those at randomly selected sites to elucidate nest-site selection
for each species. However, patterns of nest-site selection may
not reveal evolutionary processes that shape habitat selection,
i.e., correlates of nest success (Pulliam and Danielson 1991,
Clark and Shutler 1999). Thus, our second objective was to
compare habitat characteristics of successful and unsuccessful
nests to assess how selection may shape nest-site selection
behavior. Finally, we compared nest-site characteristics among
Arctic, Common, and Roseate terns to determine the extent to
which these species partition habitat within the colony. We
predicted that (i) the three terns would partition aspects of
nesting habitat, given that habitat niches among closely related
species nesting in sympatry are not expected to completely
overlap (MacArthur and Levins 1967); and (ii) nest success
would be greatest for nests surrounded by high densities of tern
nests, because the efficiency of antipredator tactics can increase
with nest densities (Burger and Gochfeld 1988b).

The Roseate Tern is listed as endangered in Canada and in the
United States (COSEWIC 2009, U.S. Fish and Wildlife Service
2010). Currently, the Canadian Roseate Tern population is
restricted to three islands in Nova Scotia, though ~80% of these
birds breed at our study site in Lobster Bay. The annual number
of breeding pairs across the three sites (70 to 80 pairs) currently
does not meet national recovery goals for the species, i.e., > 150
pairs (Environment Canada 2010). Low productivity and
availability of nesting habitat are thought to contribute to
limited growth of the Canadian Roseate Tern population
(COSEWIC 2009). A key habitat feature for breeding Roseate
Terns in Canada is the presence of large numbers of nesting
Common and Arctic terns (Rock et al. 2007, Environment
Canada 2014). Accordingly, understanding how the three tern
species partition nesting habitat will help guide efforts for
identifying tern islands, e.g., those with large colonies of
Common and Arctic terns, potentially suitable for Roseate Tern
nesting, a priority conservation strategy for the species
(Environment Canada 2014).

METHODS
Study site

During 2018, we studied a colony of Arctic, Common, and
Roseate terns on Gull Island (43°39°40.03”N, 65°54'56.83"W;
Figure 1), situated in the upper Gulf of Maine. Gull Island
measures 4 ha, is low-lying (~1.5 m above sea level), and consists
primarily of rocky substrate with areas of sparse vegetative
cover in the form of shrubs and herbaceous plants. The tern
colony consisted of approximately 350 nests and was in a ~2000-
m? area in the southwest region of the island and adjacent to a
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Fig. 1. Location of Gull Island in southwest Nova Scotia,
Canada (black rectangle in top panel). Distribution of Arctic,
Common, and Roseate tern nests in the southwest portion of
Gull Island in 2018 (bottom panel). Water is represented in
white with grid lines.
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small tidal pond. In total, 62 Great Black-backed Gull nests were
found on the island, the majority of which were in the northeast
portion of the island but within 50 to 200 m of the tern colony.
No mammalian nest predators were detected on the island during
the study.

Monitoring of this Arctic, Common, and Roseate tern colony in
Lobster Bay began in 1982 and, up until 2018, the colony was
known to nest annually on North Brother Island (43°3810.99"N,
65°49"24.49"W; https://teddeon.com/ternrep.html), located 8§ km
southeast of Gull Island. North Brother Island is managed for
tern breeding with measures to support recovery of the Canadian
Roseate Tern population, including provisioning of artificial nest
shelters and predator management (Environment Canada 2010,
Pratte et al. 2021). In 2017, high rates of tern nest predation by
American Crows (Corvus brachyrhynchos) and gulls were at least
partially responsible for abandonment of the North Brother
Island tern colony, and some of these terns immediately relocated
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to Gull Island where they resumed breeding (J. McKnight,
personal observation). The tern colony returned to Gull Island in
2018, though it has been back on North Brother Island since 2019.
Unlike most large Roseate Tern colonies in the Northeast and
Northwest Atlantic Ocean, tern habitat enhancement, e.g.,
provision of nest shelters, and predator control, except for the
removal of three Great Black-backed Gull nests, was not
undertaken on Gull Island in 2018 (Seward et al. 2019, U.S. Fish
and Wildlife Service 2020). The situation on Gull Island in 2018
thus provided a rare opportunity to assess habitat partitioning
among these three tern species under conditions of minimal
management.

Data collection

We visited Gull Island two to three times weekly during the 2018
breeding season that spanned mid-May to early August. Island
visits did not occur during inclement weather, i.e., rain or heavy
fog, and typically lasted no more than two to three hours. Tern
nests were identified to species by observing incubating adults
from a blind placed 5 to 25 m from focal nests. Peak nesting for
all three tern species occurred during the second and third weeks
of June. A total of 292 tern nests were identified to species: 81
Arctic, 176 Common, and 35 Roseate tern nests. We likely
identified all Roseate Tern nests in the colony. We recorded nest-
site coordinates with a high-precision GPS (error of 20 cm; EOS
positioning systems, Terrebonne, Québec, Canada). A sub-
sample of the 292 nests that included 48 Common, 43 Arctic, and
the 35 Roseate tern nests were marked by placing a 15 cm long
stick ~25 cm to the west of the nest bowl. Nest marking facilitated
observations of incubating adults. Marked nests were followed
until their fates were determined, and during each nest visit we
noted clutch size and nest status as active or failed. Successful
nests hatched > 1 egg. We did not find cases in which terns
abandoned their clutches, and only Great Black-backed Gulls
were observed predating tern eggs. We therefore suspect that most,
if not all, unsuccessful tern nesting attempts were attributed to
avian predation.

At the conclusion of the breeding season, we measured habitat
characteristics at all marked tern nests. We centered a 1-m
diameter plastic ring on the nest bowl and obtained an overhead
photograph of habitat within the ring. A 1 m long stick with 10-
cm unit markers was placed on the ground and included in photos,
with the stick serving as a size reference for rocks at nest sites.
From photos, the number of rocks inside the ring was recorded
for each of two categories representing a rock’s maximum length
in cm parallel to the substrate: i) 20 to 29 cm; and ii) > 30 cm. The
two rock-length categories represented intermediate, i.e., 20 to 29
cm, and large, i.e., > 30 cm, rocks in the tern colony. Rocks of
these size classes were included in analyses because they were
among the most distinct features of tern nesting substrate.
Although we were unable to measure rock height from photos,
we still had a general sense of the height of rocks at nest sites
because lateral cover scores were a function of rock height. We
recorded overhead cover at nest sites by placing a 10-cm diameter
black disk with five 4.5-cm? white squares, positioned along two
lines perpendicular to each other, in the middle of the nest bowl.
The disk’s diameter represented the approximate size of a tern
nest bowl (Arnold et al. 2020, Gochfeld and Burger 2020, Hatch
et al. 2020). We then estimated the percentage of each of the five


http://www.ace-eco.org/vol20/iss2/art17/
https://teddeon.com/ternrep.html

white squares that was not visible from 1 m above the ground and
averaged the five estimates to determine an overhead cover score
at the nest. We recorded lateral cover at nests by placing two
artificial tern eggs in the center of the nest bowl and determining
whether eggs were visible from each of the four cardinal directions.
Observations were undertaken from 40 to 60 cm above the ground
and laterally 30 cm from the nest. We chose a 40 to 60 cm height
to simulate the height of an adult Great Black-backed Gull. Lateral
cover was scored as 0 if any portion of either egg was visible or 1
if the eggs were not visible. The average lateral cover from the four
directions served as a lateral cover score at the nest site.

For each tern nest at which habitat characteristics were measured,
we selected a random site where we measured habitat
characteristics as described above. A series of random numbers
was used to choose directions and distances between nests and
random sites. To ensure random sites were in available tern nesting
habitat and within the colony boundaries, we limited the maximum
distance between a nest site and its associated random site to 3.3
m, a value that represented the approximate maximum distance
between nests along the periphery of the colony and other nests.
We chose a new random site if the previous site was in unsuitable
tern nesting habitat, such as an area flooded daily during high tides.

We determined tern nesting densities around marked nests and
their random sites by calculating the number of interspecific and
intraspecific nests within 1, 2, and 5 m using the Geosphere package
(Hijmans et al. 2017). Geographic coordinates were not obtained
for about 50 tern nests in the colony because of logistical
constraints; however, the majority of these nests occurred in an
area of the colony that did not include marked nests, so their
exclusion from analyses was not expected to bias conclusions about
the role of tern nesting densities on nest-site selection and nest
success.

Data analyses

We tested for correlations between rock-size classes and lateral and
overhead cover using Spearman rank correlations. Number of
rocks 2 30 cm was correlated with lateral cover (p = 0.14, p = 0.03)
and overhead cover (p = 0.24, p < 0.01). We included lateral cover
in subsequent analyses because many tern nests were adjacent to
large, flat rocks that offered minimal nest cover (N. Knutson,
personal observation). Overhead cover was not observed at Arctic
and Common tern nests or at their associated random sites, so we
did not include overhead cover in analyses for these two species.
In contrast, 14 of 35 (40%) Roseate Tern nests had at least some
overhead cover, i.e., overhangs provided primarily by rocks > 30
cm. For each of the Roseate Tern nest-site selection and nest-
success datasets, we conducted binomial logistic regressions to
compare the fit of a model with overhead cover as the only
explanatory variable to that of a model with number of rocks > 30
cm as the only explanatory variable. Both models included an
intercept term. Response variables were site type, i.e., nest or
random site, and nest fate, i.e., successful or unsuccessful nest.
Model fit was assessed using the multi-model inference package
(MuMIn; Bartori 2015) and we compared models with values of
Akaike’s Information Criterion corrected for small sample sizes
(AICc; Akaike 1973). Lower AICc values indicated better model
fit. For Roseate Tern nest-site selection, a model with overhead
cover had a lower AICc value (81.21) than that with number of
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rocks > 30 cm (90.20), whereas a model with number of rocks > 30
cm had better fit (AICc = 46.82) than a model with overhead cover
(AICc = 50.50) for discriminating between successful and
unsuccessful nests. Accordingly, we included overhead cover, but
not number of rocks > 30 cm, in analyses for Roseate Tern nest-site
selection, and rocks > 30 cm, but not overhead cover, for Roseate
Tern nest success analyses.

Binomial logistic regressions were used to assess differences in
habitat between (i) nest and random sites and (ii) successful and
unsuccessful nests, and a multinomial logistic regression model was
used to evaluate differences in nest-site characteristics among the
three tern species, i.e., habitat partitioning, with package nnet
(Ripley and Venables 2025). Response variables were site type, i.e.,
nest or random site, for nest-site selection analyses; nest fate, i.e.,
successful or unsuccessful nest, for nest success; and tern species,
i.e., Arctic, Common, or Roseate tern, for habitat partitioning. The
logit link was used for all regression analyses. Partial predation was
detected at some successful tern nests; however, we opted to
compare habitat characteristics between successful and
unsuccessful nests because complete nest predation exerts strong
selection on nest-site selection behavior (Clark and Shutler 1999).
The role of habitat characteristics in tern nest-site selection, nest
success, and habitat partitioning was initially assessed using
univariate logistic regressions. We included in final candidate model
sets only those habitat characteristics that were deemed potentially
informative for tern nesting behavior (p > 0.25; Hosmer et al. 2013;
Table 1).

For each of the nest-site selection, nest success, and habitat
partitioning analyses, we evaluated candidate models consisting of
all single and additive effects of habitat characteristics deemed
potentially informative using the multi-model inference package
(MuMIn; Barton 2015). AICc was used to assess model fit and

Table 1. Habitat characteristics assessed in final candidate model
sets for analyses of nest-site selection, nest success, and habitat
partitioning for Common, Roseate, and Arctic terns on Gull Island,
Nova Scotia, in 2018.

Habitat characteristics included in final

Analysis
candidate model set’

Nest-site selection
Common Terns lateral cover; no. of rocks > 30 cm; no. intersp.
nests < 5m
lateral cover; overhead cover; no. intersp. nests <
2 m; no. intrasp. nests < 1 m, <2 m
no. intersp. nests < 1 m, < 2 m; no. intrasp. nests
<Ilm,<2m

Roseate Terns
Arctic Terns

Nest success
Common Terns no. rocks 20-29 cm, > 30 cm; no. intersp. nests <
2 m, no. intrasp. nests < 5 m
no. rocks 20-29 cm, > 30 cm; no. intersp. nests <
Im <2m,<5m
no. rocks 20-29 cm, > 30 cm; no. intersp. nests <
5 m; no. intrasp. nests < 5 m

Roseate Terns
Arctic Terns
lateral cover; no. rocks 20-29 cm, > 30 cm; no.

intersp. nests < I m, <2 m, < 5 m; no. intrasp.
nests <1 m, £2m, <5 m

Nest-site partitioning

" Habitat characteristics with p < 0.25 from univariate binomial logistic
regressions were included in final candidate model sets (Hosmer et al. 2013; see
Methods).
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Table 2. Summary of best approximating models (AAICc < 2) for nest-site selection by Common, Roseate, and Arctic terns on Gull

Island, Nova Scotia, in 2018. All models include an intercept term.

Model K" log-likelihood AIC AAICC w!
Common Terns
lateral cover + no. rocks > 30 cm + no. intersp. nests < 5 m 3 -59.24 124.75 0.00 0.35
lateral cover + no. rocks > 30 cm 4 -58.27 124.98 0.23 0.31
lateral cover + no. intersp. nests < 5 m 3 -59.80 125.87 1.12 0.20
Roseate Terns
lateral cover + overhead cover 3 -34.14 74.64 0.00 0.10
lateral cover + no. intrasp. nests < 2 m + overhead cover 4 -33.11 74.83 0.19 0.09
lateral cover + no. intersp. nests < 2 m + no. intrasp. nests < 1 m 4 -33.17 74.96 0.32 0.09
lateral cover + no. intrasp. nests < 1 m 3 -34.32 75.00 0.36 0.09
lateral cover + + no. intrasp. nests < 1 m + overhead cover 4 -33.21 75.05 0.40 0.08
lateral cover + no. intersp. nests < 2 m + overhead cover 4 -33.27 75.15 0.51 0.08
lateral cover + no. intersp. nests < 2 m + no. intrasp. nests < 1 m + overhead cover 5 -32.12 75.18 0.54 0.08
lateral cover + no. intrasp. nests <2 m 3 -34.53 75.42 0.78 0.07
lateral cover + no. intersp. nests < 2 m + no. intrasp. nests < 2 m + overhead cover 5 -32.49 7591 1.27 0.05
lateral cover 2 -36.07 76.31 1.67 0.04
lateral cover + no. intersp. nests < 2 m + no. intrasp. nests <2 m 4 -33.97 76.55 1.90 0.04
Arctic Terns
no. intersp. nests < 1 m + no. intrasp. nests <2 m 3 -50.27 106.85 0.00 0.23
no. intersp. nests < 2 m + no. intrasp. nests < 2 m 3 -50.89 108.09 1.24 0.12
no. intersp. nests < 1 m + no. intrasp. nests < 1 m 3 -51.01 108.33 1.48 0.11
no. intersp. nests < 1 m + no. intersp. nests < 2 m + no. intrasp. nests <2 m 4 -50.06 108.66 1.81 0.09

" Number of parameters in model.
* Akaike’s Information Criterion (corrected for small sample sizes).

¥ Difference in Akaike’s Information Criterion (corrected for small sample sizes) values between the model in question and the most parsimonious model.

' Measure of relative support for the model in question (model weight).

to identify the best approximating model(s), i.e., AAICc < 2
(Burnham and Anderson 2002). For each best approximating
model, we calculated model weight (w), a measure of relative
support for the model from the data. We model-averaged slopes
of each habitat characteristic included in the best approximating
model(s) and generated unconditional standard errors and 95%
confidence intervals to accommodate model uncertainty
(Burnham and Anderson 2002, Arnold 2010). Habitat
characteristics with 95% confidence intervals that did not include
0 were considered informative for tern nesting behavior
(Anderson et al. 2001).

‘We compared nest-success probabilities among Arctic, Common,
and Roseate terns using a chi-squared test for equality of
proportions. All statistical analyses were performed using R 4.5.1
(R Core Team 2025). For each of the three analyses, results of
models with weights > 0.01 are presented in Appendices 1 through
7.

RESULTS

Sub-colony placement

Each of the three tern species clustered their nests into sub-
colonies (Figure 1). Arctic Terns formed two sub-colonies along
the periphery of the colony near the high-water line, whereas
Roseate and Common tern sub-colonies were at more interior
regions of the colony. Lateral and overhead cover at tern nest sites
was provided by rocks, most often rocks > 30 cm (N. Knutson,
personal observation), except for herbaceous plants that provided
sparse lateral cover at some Common Tern nests.

Nest-site selection and nest success

For Common and Roseate terns, lateral cover was included in all
models best approximating nest-site selection (AAICc < 2; Table
2), and summed weights for these models were 0.85 for Common

Table 3. Habitat characteristics (mean * SD) at Common Tern
nest sites and associated random sites on Gull Island, Nova
Scotia, in 2018. Lateral and overhead cover scores represent the
proportion of a nest concealed laterally and from overhead,
respectively.

Nest sites Random Successful Unsuccessful
(n=48) sites nests nests (n = 20)
(n = 46) (n=28)

No. rocks 20-29 cm 2.54+£234 215%*1.78 1.96 £2.20 3.35+£2.35
No. rocks > 30 cm 0.58£0.92 0.26+0.49 0.39 +£0.63 085+ 1.18
Lateral cover 0.04£0.09 0.01 £0.04 0.04 £0.09 0.05%0.10
Overhead cover 0.00 £0.00  0.00 +0.00 0.00 = 0.00 0.00 = 0.00
No. intrasp. nests< 1m  0.63+0.76  0.65%0.71 0.54 £ 0.69 0.75+0.85
No. intrasp. nests<2m 233+ 1.63 2.54+1.86 2.18 £1.33 2.55+1.99
No. intrasp. nests< 5m  10.85+4.07 11.30+4.28 11.61 +3.31 9.80 £4.83
No. intersp. nests< I m  0.10£0.31  0.04 +0.21 0.14 £0.36 0.05%0.22
No. intersp. nests<2m  0.46 £0.71  0.30 £ 0.63 0.57£0.74 0.30 £ 0.66
No. intersp. nests<5m  3.42+3.14 2.37+235 332+£242 3.55+4.00

Terns and 0.81 for Roseate Terns. Lateral cover was eight and ten
times greater at nest sites compared to random sites for Common
Terns (model-averaged p = 9.44; 95% CI: 0.75-18.13) and Roseate
Terns (model-averaged f = 6.17;95% CI: 1.27-11.07; Tables 3 and
4), respectively. Habitat characteristics measured at Arctic Tern
nests did not vary from those at random sites (Table 5).

Nest success was similar among Roseate (63% of 35 nests),
Common (58% of 48 nests), and Arctic terns (72% of 43 nests; x2
=1.91; df = 2; p = 0.38). We found no support for an effect of
lateral or overhead cover on tern-nest success (Tables 3, 4, 5).
However, there was evidence for a positive association between
the number of interspecific nests < 2 m and nest success for
Common Terns (model-averaged p = 1.34; 95% CI: 0.05-2.64).
The number of interspecific nests < 2 m was included in all four
models best approximating nest success for Common Terns, and
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Table 4. Habitat characteristics (mean *+ SD) at Roseate Tern nest
sites and associated random sites on Gull Island, Nova Scotia, in
2018. Lateral and overhead cover scores represent the proportion
of a nest concealed laterally and from overhead, respectively.
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Table 5. Habitat characteristics (mean = SD) at Arctic Terns nest
sites and associated random sites on Gull Island, Nova Scotia, in
2018. Lateral and overhead cover scores represent the proportion
of a nest concealed laterally and from overhead, respectively.

Nest sites Random sites Successful Unsuccessful
(n=35) (n=35) nests nests
(n=22) (n=13)

No. rocks 20-29 cm 2.89 £2.27 2.51+£228 3.32+2.53 2.15+1.57
No. rocks > 30 cm 1.77 £ 1.83 0.60 £ 0.97 1.32 £ 1.64 2.54£1.94
Lateral cover 0.30 £0.31 0.03 £0.08 0.27 £0.34 0.35+0.26
Overhead cover 0.22£0.35 0.00 * 0.00 0.21 £0.36 0.24 £0.35
No. intrasp. nests < 1 m 0.57 £0.81 0.29 * 0.46 0.59 £0.85 0.54 £0.78
No. intrasp. nests <2 m 1.71 £ 1.90 1.14+1.19 1.68 £ 1.94 1.77 £ 1.92
No. intrasp. nests < 5 m 6.00 *3.83 6.11 £ 3.50 5.86 +3.20 6.23 485
No. intersp. nests < 1 m 0.26 £ 0.51 0.40 £ 0.55 0.36 £ 0.58 0.08 £0.28
No. intersp. nests < 2 m 1.43£1.29 2.17+2.16 1.82+£1.26 0.77 £ 1.09
No. intersp. nests < 5m 10.60 + 4.43 10.51 +5.54 11.91 +4.28 8.38 +3.88

these models had a summed weight of 0.67 (Table 6). In contrast,
there was no model support for an effect of nearby interspecific
nests on nest success for Roseate Terns (model-averaged f = 0.16;
95% CI: -0.16-0.48) and Arctic Terns (model-averaged p = 0.17;
95% CI: -0.12-0.45).

Nest-site habitat partitioning

Lateral cover, number of rocks > 30 cm, and number of inter- and
intraspecific nests < 5 m were included in the two best-
approximating models of habitat partitioning (Table 7). On average,
30% of a Roseate Tern nest was covered laterally, which was
considerably higher than lateral cover at nests of Common Terns
(model-averaged f = 6.06; 95% CI: 0.66-11.46) and Arctic Terns
(model-averaged p = 11.79; 95% CI: 4.85-18.74; Figure 2). Number
of rocks > 30 cm at Roseate Tern nests was also greater than that
for Common Terns (model-averaged p = 0.95; 95% CI: 0.36-1.55),
but not for Arctic Terns (model-averaged f = 0.30; 95% CI: -0.21-
0.82; Figure2). Although we did not measure rock height, the height
of rocks > 30 cm at Arctic Tern nest sites was generally lower than
that at Roseate Tern nests, given that lateral cover was sparse at
Arctic Tern nests and common at those of Roseate Terns (Tables 4
and 5).

Roseate Tern nests averaged 11 interspecific nests < 5 m, which was
greater than that for Common Terns (model-averaged f = 0.42;95%
CI: 0.22-0.62) and Arctic Terns (model-averaged § = 0.31; 95% CI:
0.13-0.49; Figure 2). The number of intraspecific nests < 5 m from
Common Tern nests (average 11 nests) was higher than that for
Arctic Terns (model-averaged p = 0.31; 95% CI: 0.13-0.49), but not
Roseate Terns (model-averaged p = -0.11; 95% CI: -0.44-0.01).
These species-specific differences in the number of inter- and
intraspecific nests < 5 m reflected tendencies for (i) Roseate Terns
to nest at high densities within Common Tern sub-colonies and (ii)
Common Terns to nest at high densities throughout much of the
colony (Figure 1).

DISCUSSION

When closely related species that share aspects of their habitat
niches nest in sympatry, natural selection is expected to favor
species-specific differences in nest-site selection that allow birds to
partition habitat and minimize competition for nest sites (Schoener
1974, Martin et al. 2004, Samraoui et al. 2025). Our observations
support habitat partitioning as an explanation for the existence of

Nest sites  Random sites Successful ~ Unsuccessful
(n=43) (n=36) nests nests
(n=231) (n=12)

No. rocks 20-29 cm 3.09+1.95 344%271 2.81 £2.17 3.83+0.94
No. rocks > 30 cm 1.23+1.52  1.00+1.22 0.77 £ 1.02 2.42+1.98
Lateral cover 0.01 +£0.05 0.03+0.11 0.02 +£0.06 0.00 + 0.00
Overhead cover 0.00+0.00  0.00 +0.00 0.00 +0.00 0.00 + 0.00
No. intrasp. nests< I m 023 +0.48  0.44 +0.69 0.23 +£0.50 0.25+0.45
No. intrasp. nests<2m 144 +1.55 2.11+191 1.39+1.58 1.58 £ 1.51
No. intrasp. nests< 5m  6.86 +4.33  7.81 +4.80 5.94+392 9.25+4.58
No. intersp. nests< Im  0.07+0.26  0.25+0.65 0.10 £0.30 0.00 + 0.00
No. intersp. nests<2m  0.51 £1.08 092+ 1.57 0.61 +1.20 0.25+0.62
No. intersp. nests<5m  5.63+4.74 539 +5.60 6.97 £4.55 2.17+3.35

a dense colony of closely related Arctic, Common, and Roseate
terns on Gull Island, Nova Scotia, because the three species
demonstrated marked differences in nest-site habitat preferences.
Terns clustered their nests into species-specific sub-colonies and,
notably, Arctic Tern sub-colonies contrasted with those of
Roseate and Common terns by occurring along the periphery of
the colony where substrate consisted of relatively large, flat rocks
providing little nest cover. Compared to Common and Roseate
terns, Arctic Terns have short tarsi and long wings, and both traits
may help make Arctic Terns well adapted to nesting in open,
nearshore terrain where adults can fly directly to nest sites
(Hawksley 1957). In the absence of nesting by other tern species,
Arctic Terns may nonetheless place their nests adjacent to low
cover (Kress and Hall 2004).

There were spaces for additional tern nests along the periphery
of the colony, i.e., adjacent to Arctic Tern nests, yet Common and
Roseate terns chose to nest at more interior sites and where
Roseate Tern sub-colonies occurred within sub-colonies of
Common Terns. Still, we found that the two species partitioned
nest habitat according to the distribution of rocks > 30 cm, and
importantly, rocks of this size class were the primary source of
lateral cover at tern nests, and they provided overhead cover to
some Roseate Tern nests. At least one rock > 30 cm was adjacent
to most Roseate Tern nests, whereas the majority of Common
Tern nests were void of rocks > 30 cm, resulting in lateral cover
at Roseate Tern nests being six times greater than that for
Common Terns. Nest initiation among Common Terns generally
began a few days prior to that for Roseate Terns (N. Knutson,
personal observation), meaning that Common Terns had
opportunities to select nest sites with relatively high levels of cover,
but they avoided them. Thus, the patterns of nest-site selection
observed among Common, Roseate, and Arctic terns are more
consistent with habitat partitioning than competition for limited
habitat. Nonetheless, availability of nesting habitat on Gull Island
was not quantified, so we cannot fully dismiss competition as a
factor potentially contributing to the limited niche overlap
observed across species.

Across their range, Roseate Terns are more likely to nest closer to
ledges, vegetation, logs, rocks, or other structures affording high
levels of nest cover than sympatric Common Terns (Spendelow
1982, Ramos and del Nevo 1995, Donehower et al. 2007). Several
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Table 6. Summary of best approximating models (AAICc < 2) for differences in habitat characteristics between successful and
unsuccessful nests of Common, Roseate, and Arctic terns on Gull Island, Nova Scotia, in 2018. All models include an intercept term.

n

Model K log-likelihood AIC AAICC w!
Common Terns
no. rocks 20-29 cm + no. intersp. nests < 2 m + no. intrasp. nests < 5 m 4 -26.71 62.35 0.00 0.22
no. rocks 20-29 cm + no. intersp. nests < 2 m 3 -28.00 62.54 0.19 0.20
no. rocks 20-29 cm + no. rocks > 30 cm + no. intersp. nests <2 m 4 -26.99 62.90 0.55 0.16
no. rocks 20-29 cm + no. rocks > 30 cm + no. intersp. nests < 2 m + no. intrasp. nests < S m 5 -26.28 63.99 1.64 0.10
Roseate Terns
no. rocks 20-29 cm + no. rocks > 30 cm + no. intersp. nests < 5m 4 -15.79 40.92 0.00 0.20
no. rocks 20-29 cm + no. rocks > 30 cm + no. intersp. nests <2 m 4 -16.63 42.59 1.67 0.09
no. rocks 20-29 cm + no. intersp. nests < 5 m 3 -17.93 42.63 1.71 0.08
no. rocks 20-29 cm + no. rocks > 30 cm 3 -18.03 42.84 1.92 0.08
Arctic Terns
no. rocks > 30 cm + no. intersp. nests < S m 3 -18.89 44.39 0.00 0.22
no. intersp. nests < 5 m 2 -20.26 44.83 0.43 0.18
no. rocks > 30 cm 2 -20.44 45.18 0.78 0.15

" Number of parameters in model.
* Akaike’s Information Criterion (corrected for small sample sizes).

¥ Difference in Akaike’s Information Criterion (corrected for small sample sizes) values between the model in question and the most parsimonious model.

' Measure of relative support for the model in question (model weight).

Table 7. Summary of best approximating models (AAICc < 2)
for nest-site partitioning by Common, Roseate, and Arctic terns
on Gull Island, Nova Scotia, in 2018. All models include an
intercept term.

Model K log- AICC' AAICE  w
likelihood '

lateral cover + no. rocks > 30 cm + no. 10 -79.41 180.74  0.00 0.31

intersp. nests < 5 m + no. intrasp. nests < 5 m

lateral cover + no. rocks > 30 cm + no. 12 -77.36 181.49  0.75 0.21

intersp. nests < 5 m + no. intrasp. nests < 1 m
+ no. intrasp. nests < 5 m

: Number of parameters in model.

: Akaike’s Information Criterion (corrected for small sample sizes).

" Difference in Akaike’s Information Criterion (corrected for small sample sizes) values
between the model in question and the most parsimonious model.

‘ Measure of relative support for the model in question (model weight).

hypotheses have been proposed to explain selection for nest cover
by Roseate Terns, including the role of cover in minimizing effects
of aggression from nearby terns (Burger and Gochfeld 1988b,
Ramos 1998). Common Terns at our study site often exhibited
aggression toward conspecifics and Roseate Terns nesting on
adjacent territories. Rocks providing lateral and overhead cover,
and particularly those rocks > 30 cm, may help screen Roseate
Tern eggs and chicks from neighboring terns. In the absence of
nesting Common Terns, Roseate Terns will nest at sites with sparse
cover, though it has been suggested that this tactic has evolved to
reduce predation pressure, e.g., avoiding land crabs at sites in the
Caribbean (Burger and Gochfeld 1988c¢), rather than reflect a
niche shift linked to the absence of nesting Common Terns.

Large gull species have adverse effects on tern breeding colonies
by predating adults, chicks, and eggs (Becker 1995, Whittam and
Leonard 1999). Predation by Great Black-backed Gulls was the
most important source of tern egg mortality during our study,
and we occasionally observed gulls predating tern chicks. Nest
success for all three tern species ranged from 58% for Common
Terns to 72% in Arctic Terns. Rates of tern nest depredation by

gulls on Eastern Egg Rock, Maine, were lower for Roseate Terns
(6%) compared to Common (23%) and Arctic terns (32%;
Donehower et al. 2007). The study’s authors attributed these
species-specific differences in nest predation rates to nest-site
selection because, unlike Common and Arctic terns that nested
in relatively open areas, Roseate Terns nested at sites with cover
sufficient for reducing gull predation risk (Donehower et al. 2007).
On Gull Island, higher levels of nest cover did not translate into
improved rates of tern nest success, suggesting that rocks adjacent
to tern nests were generally inadequate in providing eggs, and
possibly chicks, with a refuge from gull predation, and regardless
of rock size.

Colonial nesting can enhance fitness of terns and other seabirds
through factors that include improved information sharing, e.g.,
location of food sources (Goyert 2015), and reduced predation
pressure (Anderson and Hodum 1993). Where nest predation risk
is high, tern reproductive success can increase with colony size
and nest densities (Hernandez-Matias et al. 2003, Byerly et al.
2021) because large groups of terns breeding synchronously may
maximize effectiveness of antipredator tactics such as vigilance,
mobbing, and prey dilution (Burger and Gochfeld 1988b, Burger
et al. 1993). In tern sub-colonies on Gull Island, the relationship
between nest success and intraspecific nest densities may have
reached an upper plateau, because we failed to detect links
between tern nest success and numbers of nearby intraspecific
nests. In contrast, our results suggest that tern fitness can increase
with greater densities of nests of other tern species, because we
found support for a positive association between nest success and
numbers of nearby interspecific nests for Common Terns. Model
support for similar associations was not obtained for Arctic and
Roseate terns, though we noted that successful nests generally had
greater nearby densities of interspecific nests relative to
unsuccessful nests for both species (Tables 4 and 5). Arctic,
Common, and Roseate terns are aggressive defenders of their
nests (Shealer and Burger 1992, Whittam and Leonard 2000).
Accordingly, elevated nest predation risk, such as that observed
on Gull Island, may favor selection for nest sites, at least for
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Fig. 2. Means * standard errors for proportion of nest covered
laterally (A), proportion of nest covered from overhead (B),
number of rocks > 30 cm (C), number of rocks 20-29 cm (D),
number of interspecific nests < 1 m (E), number of interspecific
nests < 2 m (F), number of interspecific nests < 5 m (G), number
of intraspecific nests < 1 m (H), number of intraspecific nests < 2
m (I), and number of intraspecific nests < 5 m (J) at nest sites of
Arctic (n = 43), Common (n = 48), and Roseate terns (n = 35) on
Gull Island, Nova Scotia, in 2018.
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Common Terns, where locally high densities of intra- and
interspecific nests facilitate efficient group predator defense or prey
dilution (Burger and Gochfeld 1988a, Palestis 2005). In turn, such
fitness advantages linked to antipredator strategies would be
expected to help promote the evolution of nest-site partitioning in
mixed colonies of terns.

Habitat partitioning observed among Arctic, Common, and
Roseate terns reflected the response of a single colony, and thus
these observations limit generalization of results. Still, similar to
what unfolded on Gull Island during our study, historical
observations from North Brother Island, i.e., primary location of
the Lobster Bay mixed-tern colony, have showed that these three
tern species select nest sites that vary spatially within the colony and
along a range of concealment options provided by rocky substrate.
Notably, Arctic Tern sub-colonies on North Brother Island are
discriminated from those of Common and Roseate terns by
occurring in open, more peripheral areas of the colony than the
other two species, and Roseate Tern nests have greater lateral cover
than nests of neighboring Common Terns. There thus may be a high
level of repeatability in patterns of nest-site habitat partitioning
within this mixed colony across islands in the Lobster Bay area.
Accordingly, we encourage managers tasked with identifyingislands
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potentially suitable for Roseate Tern nesting, i.e., islands with
large colonies of Common and Arctic terns, to consider the
potential for rocky substrate to provide cover for Roseate Tern
nest sites, and particularly within sub-colonies of Common Terns.
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Appendix 1: Summary of models (model weights > 0.01) assessing nest-site selection

by Common Terns on Gull Island, Nova Scotia, in 2018. All models include an

intercept term.

Model K’ likelrﬁi;)od AICct  AAICS  wi

lateral cover + no. rocks > 30 cm + no. intersp. nests <5 m 3 -59.24 12475 0.00  0.35
lateral cover + no. rocks > 30 cm 4 -58.27 12498 023 0.3l
lateral cover + no. intersp. nests <5 m 3 -59.80 125.87 .12 0.20
lateral cover 2 -61.91 12795 320 0.07
no. rocks > 30 cm 2 -62.81  129.74 499 0.03
no. rocks > 30 cm + no. intersp. nests <5 m 3 -62.05  130.37 5.62 0.02
no. intersp. nests <5 m 2 -63.46 131.04 6.29 0.01
null model 1 -65.13 13231  7.56  0.01

"Number of parameters in model.

Akaike’s Information Criterion (corrected for small sample sizes).

‘Difference in Akaike’s Information Criterion (corrected for small sample sizes) values.

between the model in question and the most parsimonious model.

'Measure of relative support for the model in question (model weight).



Appendix 2: Summary of models (model weights > 0.01) assessing nest-site selection

by Roseate Terns on Gull Island, Nova Scotia, in 2018. All models include an

intercept term.

log-

Model K’ likelihood ~ AICc?  AAICEY  wi
lateral cover + overhead cover 3 -34.14 74.64 0.00 0.10
lateral cover + no. intrasp. nests < 2 m + overhead cover 4 -33.11 74.83 0.19 0.09
lateral cover + no. intersp. nests <2 m + no. intrasp.

nests <1 m 4 -33.17 74.96 0.32 0.09
lateral cover + no. intrasp. nests < 1 m 3 -34.32 75.00 0.36 0.09
lateral cover + + no. intrasp. nests < 1 m + overhead

cover 4 -33.21 75.05 0.40 0.08
lateral cover + no. intersp. nests < 2 m + overhead cover 4 -33.27 75.15 0.51 0.08
lateral cover + no. intersp. nests < 2 m + no. intrasp.

nests < 1 m + overhead cover 5 -32.12 75.18 0.54 0.08
lateral cover + no. intrasp. nests <2 m 3 -34.53 75.42 0.78 0.07
lateral cover + no. intersp. nests <2 m + no. intrasp.

nests <2 m + overhead cover 5 -32.49 75.91 1.27 0.05
lateral cover 2 -36.07 76.31 1.67 0.04
lateral cover + no. intersp. nests < 2 m + no. intrasp.

nests <2 m 4 -33.97 76.55 1.90 0.04
lateral cover + no. intersp. nests <2 m 3 -35.15 76.67 2.03 0.04
lateral cover + no. intrasp. nests < 1 m + no. intrasp.

nests < 2 m + overhead cover 5 -32.98 76.90 2.26 0.03
lateral cover + no. intrasp. nests < 1 m + no. intrasp.

nests <2 m 4 -34.15 76.91 2.27 0.03
lateral cover + no. intersp. nests <2 m + no. intrasp.

nests < 1 m + no. intrasp. nests <2 m 5 -33.17 77.27 2.63 0.03



lateral cover + no. intersp. nests < 2 m + no. intrasp.
nests < 1 m + no. intrasp. nests <2 m + overhead cover 6 -32.09 77.52 2.88

no. intersp. nests <2 m + no. intrasp. nests <1 m +
overhead cover 4 -35.85 80.32 5.68

no. intersp. nests <2 m + overhead cover 3 -37.06 80.48 5.84

0.02

0.01

0.01

"Number of parameters in model.

*Akaike’s Information Criterion (corrected for small sample sizes).

SDifference in Akaike’s Information Criterion (corrected for small sample sizes) values
between the model in question and the most parsimonious model.

'Measure of relative support for the model in question (model weight).



Appendix 3: Summary of models (model weights > 0.01) assessing nest-site selection

by Arctic Terns on Gull Island, Nova Scotia, in 2018. All models include an

intercept term.

Model K’ likelﬁiz)od AICct  AAICES  wi
no. intersp. nests < 1 m + no. intrasp. nests <2 m 3 -50.27  106.85  0.00 0.23
no. intersp. nests < 2 m + no. intrasp. nests <2 m 3 -50.89  108.09 1.24 0.12
no. intersp. nests < 1 m + no. intrasp. nests < 1 m 3 -51.01 108.33  1.48 0.11
no. intersp. nests < 1 m + no. intersp. nests < 2 m + no. intrasp.

nests <2 m 4 -50.06 108.66  1.81 0.09
no. intersp. nests <1 m + no. intrasp. nests < 1 m + no. intrasp.

nests <2 m 4 -50.16  108.86  2.01 0.08
no. intersp. nests < 2 m + no. intrasp. nests < I m 3 -51.79  109.90  3.05 0.05
no. intersp. nests < 1 m 2 -52.95 110.07  3.21 0.05
no. intrasp. nests <2 m 2 -52.97 110.10  3.25 0.04
no. intersp. nests < 2 m + no. intrasp. nests < 1 m + no. intrasp.

nests <2 m 4 -50.84  110.23  3.37 0.04
no. intersp. nests < 1 m + no. intersp. nests < 2 m + no. intrasp.

nests <1 m 4 -50.96 11046  3.61 0.04
no. intrasp. nests < 1 m 2 -53.16 11047  3.62 0.04
no. intersp. nests < 1 m + no. intersp. nests <2 m + no. intrasp.

nests < 1 m + no. intrasp. nests <2 m 5 -49.99  110.80 3.94 0.03
null model 1 -5445 11095 4.09 0.03
no. intersp. nests <2 m 2 -53.53  111.21 435 0.03
no. intrasp. nests < 1 m + no. intrasp. nests <2 m 3 -52.84 11199 5.14 0.02
no. intersp. nests < 1 m + no. intersp. nests <2 m 3 -52.93 112,18 533 0.02

"Number of parameters in model.



*Akaike’s Information Criterion (corrected for small sample sizes).
SDifference in Akaike’s Information Criterion (corrected for small sample sizes) values
between the model in question and the most parsimonious model.

'Measure of relative support for the model in question (model weight).



Appendix 4: Summary of models (model weights > 0.01) assessing differences in

habitat characteristics between successful and unsuccessful nests of Common Terns

on Gull Island, Nova Scotia, in 2018. All models include an intercept term.

Model K likelﬁiz)od AICct  AAICES  wi
no. rocks 20-30 cm + no. intersp. nests < 2 m + no. intrasp. nests

<5m 4 -26.71 62.35 0.00 0.22
no. rocks 20-29 cm + no. intersp. nests <2 m 3 -28.00 62.54 0.19 0.20
no. rocks 20-29 cm + no. rocks > 30 cm + no. intersp. nests < 2

m 4 -26.99 62.90 0.55 0.16
no. rocks 20-29 cm + no. rocks > 30 cm + no. intersp. nests < 2

m + no. intrasp. nests <5 m 5 -26.28 63.99 1.64 0.10
no. rocks > 30 cm + no. intersp. nests <2 m 3 -29.20 64.94 2.60 0.06
no. rocks 20-29 cm 2 -30.49 65.24 2.89 0.05
no. rocks 20-29 cm + no. intrasp. nests < 5 m 3 -29.68 65.90 3.55 0.04
no. rocks > 30 cm + no. intersp. nests < 2 m + no. intrasp. nests <

S5m 4 -28.69 66.30 3.96 0.03
no. rocks > 30 cm 2 -31.11 66.48 4.13 0.03
no. rocks 20-29 cm + no. rocks > 30 cm 3 -30.10 66.74 4.39 0.02
no. intrasp. nests <5 m + no. intrasp. nests <5 m 3 -30.19 66.93 4.59 0.02
no. intrasp. nests <5 m 2 -31.41 67.09 4.74 0.02
null model 1 -32.60 67.29 4.94 0.02
no. intersp. nests <2 m 2 -31.70 67.66 5.31 0.02
no. rocks > 30 cm + no. intrasp. nests <5 m 3 -30.68 67.91 5.56 0.01
no. rocks 20-29 cm + no. rocks > 30 cm + no. intrasp. nests < 5

m 4 -29.58 68.10 5.75 0.01

"Number of parameters in model.



*Akaike’s Information Criterion (corrected for small sample sizes).
SDifference in Akaike’s Information Criterion (corrected for small sample sizes) values
between the model in question and the most parsimonious model.

'Measure of relative support for the model in question (model weight).



Appendix 5: Summary of models (model weights > 0.01) assessing differences in

habitat characteristics between successful and unsuccessful nests of Roseate Terns

on Gull Island, Nova Scotia, in 2018. All models include an intercept term.

log-
Model K’ likelihood ~ AICc* AAICCY — wi
no. rocks 20-29 cm + no. rocks > 30 cm + no. intersp. nests < 5
m 4 -15.79 40.92 0.00 0.20
no. rocks 20-29 cm + no. rocks > 30 cm + no. intersp. nests < 2
m 4 -16.63 42.59 1.67 0.09
no. rocks 20-29 cm + no. intersp. nests <5 m 3 -17.93 42.63 1.71 0.08
no. rocks 20-29 ¢cm + no. rocks > 30 cm 3 -18.03 42.84 1.92 0.08
no. rocks 20-29 cm + no. rocks > 30 cm + no. intersp. nests < 2
m + no. intersp. nests <5 m 5 -15.56 43.18 2.26 0.06
no. rocks 20-29 cm + no. rocks > 30 cm + no. intersp. nests < 1
m + no. intersp. nests <5 m 5 -15.79 43.66 2.74 0.05
no. rocks 20-29 cm + no. intersp. nests < 2 m + no. intersp. nests
<5m 4 -17.30 43.93 3.01 0.04
no. intersp. nests <2 m 2 -19.90 44.18 3.26 0.04
no. rocks 20-29 cm + no. intersp. nests <2 m 3 -18.82 44.42 3.50 0.03
no. intersp. nests <5 m 2 -20.11 44.59 3.67 0.03
no. rocks 20-29 cm + no. intersp. nests < 1 m + no. intersp. nests
<5m 4 -17.76 44.85 3.93 0.03
no. intersp. nests <2 m + no. intersp. nests <5 m 3 -19.04 44.86 3.94 0.03
no. rocks 20-29 cm + no. rocks > 30 cm + no. intersp. nests < 1
m 4 -17.81 44.96 4.04 0.03
no. rocks 20-29 cm + no. rocks > 30 cm + no. intersp. nests < 1
m + no. intersp. nests <2 m 5 -16.62 4531 4.39 0.02
no. rocks > 30 cm + no. intersp. nests <2 m 3 -19.28 45.34 4.42 0.02



no. rocks > 30 cm + no. intersp. nests <5 m 3

no. rocks 20-29 cm + no. rocks > 30 cm + no. intersp. nests < 1

m + no. intersp. nests <2 m + no. intersp. nests < 5 m 6
no. intersp. nests < 1 m + no. intersp. nests < 5 m 3
no. intersp. nests < 1 m + no. intersp. nests <2 m 3

no. rocks 20-29 cm + no. intersp. nests < 1 m + no. intersp. nests
<2 m + no. intersp. nests <5 m 5

no. rocks 20-29 cm + no. intersp. nests < 1 m + no. intersp. nests
<2m 4

no. rocks > 30 cm + no. intersp. nests < 2 m + no. intersp. nests <

5m 4
no. rocks > 30 cm 2
no. intersp. nests < 1 m 2

no. intersp. nests < 1 m + no. intersp. nests < 2 m + no. intersp.
nests <5 m 4

no. rocks > 30 cm + no. intersp. nests < I m + no. intersp. nests <

2m 4
no. rocks > 30 cm + no. intersp. nests < 1 m 3
no. rocks 20-29 cm + no. intersp. nests < 1 m 3

no. rocks > 30 cm + no. intersp. nests < 1 m + no. intersp. nests <
Sm 4

no. rocks 20-29 cm 2

-19.46

-15.54

-19.69

-19.72

-17.27

-18.66

-18.69

-21.22

-21.45

-18.99

-19.22

-20.55

-20.55

-19.29

-21.90

45.69

46.09
46.16

46.22

46.62

46.65

46.71
46.82

47.28

47.32

47.78
47.87

47.87

4791

48.18

4.77

5.17

5.24

5.30

5.70

5.73

5.79

5.89

6.35

6.39

6.86

6.94

6.95

6.99

7.26

0.02

0.02

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

"Number of parameters in model.

Akaike’s Information Criterion (corrected for small sample sizes).

SDifference in Akaike’s Information Criterion (corrected for small sample sizes) values

between the model in question and the most parsimonious model.



'Measure of relative support for the model in question (model weight).



Appendix 6: Summary of models (model weights > 0.01) assessing differences in

habitat characteristics between successful and unsuccessful nests of Arctic Terns on

Gull Island, Nova Scotia, in 2018. All models include an intercept term.

log-
Model K" likelihood ~ AICc* AAICCY — wi
no. rocks > 30 cm + no. intersp. nests <5 m 3 -18.89 44.39 0.00 0.22
no. intersp. nests <5 m 2 -20.26 44.83 0.43 0.18
no. rocks > 30 cm 2 -20.44 45.18 0.78 0.15
no. intersp. nests < 5 m + no. intrasp. nests <5 m 3 -19.99 46.59 2.20 0.07
no. rocks 20-29 cm + no. rocks > 30 cm + no. intersp. nests < 5
m 4 -18.85 46.75 2.35 0.07
no. rocks > 30 cm + no. intersp. nests < 5 m + no. intrasp. nests <
S5m 4 -18.89 46.82 243 0.07
no. rocks > 30 cm + no. intrasp. nests <5 m 3 -20.20 47.01 2.62 0.06
no. rocks 20-29 cm + no. intersp. nests <5 m 3 -20.26 47.14 2.75 0.06
no. rocks 20-29 cm + no. rocks > 30 cm 3 -20.40 47.42 3.02 0.05
no. rocks 20-29 cm + no. intersp. nests < 5 m + no. intrasp. nests
<5m 4 -19.97 48.99 4.59 0.02
no. rocks 20-29 cm + no. rocks > 30 cm + no. intersp. nests < 5
m + no. intrasp. nests <5 m 5 -18.83 49.29 4.89 0.02
no. rocks 20-29 cm + no. rocks > 30 cm + no. intrasp. nests < 5
m 4 -20.19 49.44 5.05 0.02
no. intrasp. nests <5 m 2 -22.92 50.14 5.74 0.01
no. rocks 20-29 cm + no. intrasp. nests < 5 m 3 -22.67 51.95 7.56 0.01

"Number of parameters in model.

*Akaike’s Information Criterion (corrected for small sample sizes).



SDifference in Akaike’s Information Criterion (corrected for small sample sizes) values
between the model in question and the most parsimonious model.

'Measure of relative support for the model in question (model weight).



Appendix 7: Summary of models (model weights > 0.01) assessing nest-site habitat

partitioning by Common, Roseate, and Arctic Terns on Gull Island, Nova Scotia, in

2018. All models include an intercept term.

log-
Model K" likelihood AICc* AAICC  wi
lateral cover + no. rocks > 30 cm + no. intersp. nests <5 m +
no. intrasp. nests <5 m 10 -79.41  180.74 0.00  0.31
lateral cover + no. rocks > 30 cm + no. intersp. nests < 5 m +
no. intrasp. nests < 1 m + no. intrasp. nests <5 m 12 -77.36  181.49  0.75 0.21
lateral cover + no. rocks > 30 cm + no. intersp. nests <2 m +
no. intersp. nests < 5 m + no. intrasp. nests <5 m 12 -78.35  183.46  2.71 0.08
lateral cover + no. rocks > 30 cm + no. intersp. nests < 1 m +
no. intersp. nests < 5 m + no. intrasp. nests <5 m 12 -78.57 18391  3.17 0.06
lateral cover + no. rocks > 30 cm + no. intersp. nests <5 m +
no. intrasp. nests <2 m + no. intrasp. nests <5 m 12 -78.83  184.42  3.67 0.05
lateral cover + no. rocks > 30 cm + no. rocks 20-29 cm + no.
intersp. nests < 5 m + no. intrasp. nests <5 m 12 -78.89  184.54 380  0.05
lateral cover + no. rocks > 30 cm + no. intersp. nests < 1 m +
no. intersp. nests < 5 m + no. intrasp. nests < 1 m + no. intrasp.
nests <5 m 14 -76.48  184.75 4.00  0.04
lateral cover + no. rocks > 30 cm + no. intersp. nests <2 m +
no. intersp. nests < 5 m + no. intrasp. nests < 1 m + no. intrasp.
nests <5 m 14 -76.56 18491 416  0.04
lateral cover + no. rocks > 30 cm + no. rocks 20-29 cm + no.
intersp. nests < 5 m + no. intrasp. nests < 1 m + no. intrasp.
nests <5 m 14 -77.05  185.89 5.14  0.02
lateral cover + no. rocks > 30 cm + no. intersp. nests <5 m +
no. intrasp. nests < 1 m + no. intrasp. nests < 2 m + no. intrasp.
nests <5 m 14 -77.24  186.27 5.53 0.02



lateral cover + no. rocks > 30 cm + no. intersp. nests <2 m +

no. intersp. nests < 5 m + no. intrasp. nests < 2 m + no. intrasp.

nests <5 m

lateral cover + no. rocks > 30 cm + no. rocks 20-29 ¢cm + no.
intersp. nests <2 m + no. intersp. nests < 5 m + no. intrasp.
nests <5 m

lateral cover + no. rocks > 30 cm + no. intersp. nests < 1 m +

no. intersp. nests <2 m + no. intersp. nests < 5 m + no. intrasp.

nests <5 m

lateral cover + no. rocks > 30 cm + no. intersp. nests < 1 m +

no. intersp. nests <5 m + no. intrasp. nests < 2 m + no. intrasp.

nests <5 m

lateral cover + no. rocks > 30 cm + no. rocks 20-29 ¢cm + no.
intersp. nests < 1 m + no. intersp. nests < 5 m + no. intrasp.
nests <5 m

lateral cover + no. rocks > 30 cm + no. intersp. nests <5 m +
no. intrasp. nests < 1 m

lateral cover + no. rocks > 30 cm + no. intersp. nests <5 m +
no. intrasp. nests <2 m

lateral cover + no. rocks > 30 cm + no. rocks 20-29 cm + no.
intersp. nests < 5 m + no. intrasp. nests < 2 m + no. intrasp.
nests <5m

14

14

14

14

14

10

10

14

-77.45

-77.58

-77.85

-77.99

-77.99

-83.05

-83.42

-78.55

186.69

186.94

187.48

187.77

187.77

188.01

188.76

188.88

5.95

6.20

6.74

7.02

7.02

7.27

8.01

8.14

0.02

0.01

0.01

0.01

0.01

0.01

0.01

0.01

"Number of parameters in model.

*Akaike’s Information Criterion (corrected for small sample sizes).

SDifference in Akaike’s Information Criterion (corrected for small sample sizes) values

between the model in question and the most parsimonious model.

'Measure of relative support for the model in question (model weight).
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