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Aired'alimentation et régime alimentaire des oisillonsdela Sternede
Dougall (Sterna dougallii) a1'ile Country, Nouvelle-Ecosse

Jennifer C. Rock, Marty L. Leonard?, and Andrew W. Boyne?

ABSTRACT. Breeding seabirds are threatened by human activitiesthat affect nesting and foraging habitat.
In Canada, one of the seabirds most at risk of extirpation isthe Roseate Tern, Serna dougallii. Although
critical nesting habitat has been identified for the Roseate Tern in Canada, its foraging locations and the
diet of its chicks are unknown. Therefore, our goal was to determine the foraging locations and diet of
chicks of Rosesate Tern breeding on Country Island, Nova Scotia, which is one of Canada's two main
breeding colonies. In 2003 and 2004, we radio-tracked the Roseate Tern by plane to locate foraging areas
and conducted feeding watches to determine the diet of chicks. Roseate Tern foraged approximately 7 km
from the breeding colony over shallow water < 5 m deep. In both years, sand lance, Ammodytes spp., was
the most common prey item delivered to chicks, followed by hake, Urophycisspp. Our resultsare consistent
with previous work at coloniesin the northeastern United States, suggesting that throughout itsrange, this
species may be restricted in both habitat use and prey selection. The reliance on a specific habitat type and
narrow range of prey species makes the Roseate Tern generally susceptible to habitat perturbations and
reductions in the availability of prey.

RESUME. Les oiseaux de mer sont menacés par les activités humaines qui touchent leur habitat de
nidification et leurs aires d'alimentation. Au Canada, la Sterne de Dougall (Sterna dougallii) est I'un des
oiseaux de mer les plus menacés de disparaitre du pays. Méme si son habitat de nidification critique a é&té
identifié, ses sites d'alimentation et le régime alimentaire des oisillons demeurent inconnus. Notre objectif
était de déterminer le régime alimentaire des oisillons et les sites d'alimentation de la Sterne de Dougall
qui nicheal'lle Country, en Nouvelle-Ecosse, |'une des deux principal es col onies de cette espece au Canada.
En 2003 et 2004, nous avons fait un suivi télémétrique des sternes afin de localiser, par avion, leurs sites
d'alimentation, et avons observé le nourrissage des oisilions afin de préciser leur régime alimentaire. Les
Sternes de Dougall salimentaient a environ 7 km de la colonie, dans des zones d'eau peu profonde (< 5
m). Les deux années, les lancons (Ammodytes spp.) étaient la proie la plus souvent rapportée auix oisillons,
suivis des merluches (Urophycis spp.). Nos résultats sont en accord avec lestravaux antérieurs menés dans
des colonies du nord-est des Etats-Unis, ce qui suggere gque, dans I'ensemble de son aire, la Sterne de
Dougall pourrait ére limitée quant a I'utilisation d'habitats et a la sélection de proies. Le fait que cette
espece dépende d'un habitat specifique et d'un éventail restreint de proies contribue a savulnérabilité face
aux perturbations de son habitat et ala diminution de la disponibilité de ses proies.
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INTRODUCTION

Worldwide, breeding seabirds are threatened by
human activities. On land, for example, logging,
farming, and urban development can destroy
breeding sites (Brown and Nettleship 1982,
Vermeer and Rankin 1982, Furness and Monaghan
1987), and disturbance associated with recreational
activities can lead to nest desertion or reduced
breeding success (Benoit and Bretagnolle 2002). At
sea, foraging birds can be exposed to pollutants
(Thompson and Hamer 2000, Burger and Gochfeld
2001), compete with fisheriesfor prey (Furnessand
Ainley 1982), and be caught as by-catch in fishing
nets (Lewison et a. 2004). These activities have
undoubtedly contributed to the large declines that
some seabird species have experienced over thelast
century (LeCorreet al. 2003, Lewison and Crowder
2003, Frederikson et al. 2004).

Ensuring safe breeding opportunities for seabirds
thus requires not only the protection of the colony,
but al so the protection of important foraging habitat
(Brown and Nettleship 1982, Croxall et al. 1984,
Nettleship 1991). Although the locations of many
key seabird colonies are known, generaly, littleis
known little about foraging areas. To date, this
represents one of the principal gaps in knowledge
that directly affects conservation efforts (Boersma
et al. 2001).

In Canada, one of the seabirds most at risk of
extirpation is the Roseate Tern, Sterna dougallii
(Brown and Nettleship 1982, Environment Canada
2006). The Roseate Tern nesting in Canadabelongs
to the northeastern North American breeding
population that ranges from Nova Scotia to New
York (Environment Canada 2006). This breeding
population consistsof about 4000 pairsthat together
represent approximately 8% of the total global
population. Roseate Tern was listed as endangered
by the U.S. Fish and Wildlife Service in 1987
(Gochfeld et al. 1998) and by the Committee on the
Status of Endangered Wildlife in Canadain 1999.
Approximately 120 pairs of Roseate Tern nest in
Canada and most are concentrated in two colonies
in  Nova Scotiaz the Brothers, supporting
approximately two-thirds of the population; and
Country Island, supporting the remaining one-third
(Leonard et al. 2004).

Roseate Tern can be found nesting in small clusters
among other, more abundant tern species (Gochfeld
1983). The northeastern North American breeding
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popul ation hashistorically occurredinlow numbers
(Kirkhamand Nettleship 1987, Gochfeld et al. 1998,
Nisbet and Spendelow 1999), and specialized
foraging behavior is suspected to be a possible
explanation for this (Safina 1990, Nisbet and
Spendelow 1999).

In breeding colonies in the northeastern United
States, Roseate Tern forages over shallow sand
shoals and tide rips up to 25 km from the breeding
colony (Safina 1990, Heinemann 1992, Nisbet and
Spendelow 1999). The birds aso show fidelity to
particular foraging sites (Heinemann 1992),
sometimes using a single location over several
years. Adultsat these sitesdeliver few prey species,
predominantly feeding chicks sand lance,
Ammodytes spp. (Richards and Schew 1989, Safina
et a. 1990, Heinemann 1992). This reliance on a
relatively specific habitat type and narrow range of
prey species may make the Roseate Tern
particularly vulnerable to environmental disturbances
(Safinaet a. 1990).

This vulnerability underscores the need to identify
and protect foraging habitat around Canadian
breeding colonies. Critical nesting habitat has been
identified for Roseate Tern onitsCanadian breeding
grounds (Environment Canada 2006); however, it
Is not clear where the birds forage or what prey
species they bring to chicks during the breeding
season. | dentifying foraging areasand themain prey
speciesisnecessary if theRoseate Ternisto befully
protected in Canada.

Foraging behavior and diet can vary in response to
local conditions (Schneider and Hunt 1982).
Consequently, the results of the studies reported
above may not necessarily apply to breeding
colonies elsewhere. We conducted a 2-yr study to
locate foraging sites and determine the diets of
chicks of the Roseate Tern nesting on Country
Island, Nova Scotia, one of Canadas two main
breeding colonies.

METHODS
Study area

We conducted our study between May and August
2003 and 2004 on Country Island, Guysborough
County, Nova Scotia (45°06" N, 61°32" W). This
19-ha idand is situated 5 km offshore and is
surrounded by cobble beach and rocky shoals
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(Whittam and Leonard 1999). Approximately 410
Common Tern, S hirundo, pairs; 729 Arctic Tern,
S paradisaea, pairs, and 41 Roseate Tern pairs
currently breed on Country Island (Toms et a.
2006).

Roseate Tern typically arrives at the breeding
colony in May and lay thefirst eggsin early to mid-
June. Generally, the Roseate Tern lays 1-2 eggsin
nests that are hidden under vegetation, rocks, or
driftwood (Gochfeld et al. 1998). Incubation and
chick rearing is performed by both parents, with
each stagelasting about 3wk (Gochfeld et al. 1998).

Each year, from the last week of June to the end of
July, we systematically searched the tern colony
every two days for Roseate Tern. We identified
potential nests sites by locating adult birds from
blinds. Nests suspected to belong to the Roseate
Tern were marked and later confirmed by follow-
up observations of incubating adults made from
blinds. We assigned each nest a unique identifying
number and marked them with tongue depressors
placed within 0.5 m of the nest cup. We recorded
the number of Roseate Tern nests; for each nest, we
noted the number of eggs and chicks. Once chicks
were 5 days old, we banded them with standard U.
S. Fish and Wildlife Service bands. In both years of
the study, the Roseate Tern was found at the center
and edges of the colony, nesting in small clusters
among nesting Arctic Tern and Common Tern.

Radio tags

During late incubation, we used awire drop trap to
capture one adult from each of five Roseate Tern
pairs in 2003 and from each of five pairs in 2004.
Each bird was banded with asize-two incoloy U.S.
Geological Survey leg band equipped with aradio
and battery (model BD-2, Holohil Systems, Carp,
Ontario, Canada) that were fused to the band with
epoxy. The dimensions of the radio and battery unit
were 16 x 8 x 3.5 mm in length x width x height,
and the antennawas 14 cmin length. Thetotal mass
of the band was 1.1 g in 2003 and 1.2 g in 2004,
which was equivalent to < 1.2% of the average bird
body mass. The battery life of theradio transmitters
was approximately 4 wk in 2003 and 6 wk in 2004.
Wefound no differencein hatching successor chick
growth rates in broods with and without a tagged
parent (data not shown).
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Radio tracking

We tracked tagged birds using a Cessna 172
floatplane with a Y agi receiving antenna mounted
on each wing strut. The antennae were connected to
an ATS R2100 receiver (Advanced Telemetry
Systems, I santi, Minnesota, USA). Wemanipul ated
reception between the right and left sides of the
plane using a left—right switchbox. Throughout all
surveys, there was one observer on each side of the
plane.

We conducted surveysfrom an altitude of 300 mon
clear dayswith camwinds, i.e., < 15 knots. At this
altitude, we could detect signals located 5-7 km
away and we could al so determine whether atagged
bird was in transit or foraging, which was evident
from plunge-diving and surface-picking behaviors.
Our methods for tracking birds differed between
years; thus, we describe the protocol for each year

Separately.

Todeterminetheforaginglocationsof Roseate Tern
in 2003, we tracked tagged birds from the breeding
colony over a4-h period between 0900 and 1530 on
each of three days between 29 June and 7 July.
During this stage of the breeding season, birdswere
either incubating eggs or rearing young chicks; the
hatch date of the first chick of the brood was 1 July
+ 1.1days(mean + standard error). Wetracked birds
by circling the breeding colony and scanning
through the radio frequencies every two seconds.
Once we detected atagged bird leaving the island,
we followed it by flying in a zig-zag pattern and
used the left—right switchbox to pinpoint the
direction of the signal. When we visually located
the tagged bird, we circled it to confirm itsidentity
andfollowed it until it began foraging. Werecorded
theforaging location coordinates using GPS and by
marking the location on amap of the area. Oncewe
recorded the coordinates, we returned to the colony
and repeated the procedure.

In 2004, weconducted a4-h systematicaerial survey
between 0800 and 1500 on each of seven days
between 7 July and 5 August. Duringthistime, birds
were either incubating eggs or rearing chicks; the
hatch date of the first chick of the brood was 6 July
+ 2.3 days (mean * standard error). The survey area
encompassed all waters < 20 m deep within 20-25
km of the colony for atotal survey areaof 330 km?.
We sel ected the boundaries of the survey areabased
on the results of tracking in 2003, which showed
that most birds foraged in waters < 10 m deep, and
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previousresearchfrom other |ocations, whichfound
that the Roseate Tern foraged up to 25 km from the
breeding colony (Duffy 1986, Heinemann 1992,
Nisbet and Spendelow 1999).

We divided the survey area into nine east—west
transects that ranged in length from 20 to 33 km,
eachseparatedby 1’ latitudeintervals. Surveyswere
conducted by flying along each transect at
approximately 145 km/h, beginningwith theeastern
end of the closest inshore transect or the furthest
offshoretransect on alternate surveys, and scanning
through the tag frequencies every two seconds.
Once a signal was detected, we followed the
protocol described abovefor 2003 and then resumed
the transect survey.

Feeding watches

We conducted 2-h feeding watches of 21 Roseate
Tern broods, i.e., 7 broods in 2003 and 14 broods
in 2004, from blinds located 5-10 m away. We
carried out feeding watches at each nest beginning
when chicks were 2 days old and continuing daily
until fledging or disappearance. We balanced
watches for time of day by spreading them equally
across two watch periods: morning, 0500-1100; or
afternoon, 1500-2100. Observations were made
only during dry weather, using binoculars. Some
nestsweredifficult tofollow because parentsmoved
their chicks away from the origina nest site and
sometimesrelocated chicksto areaswherewe could
no longer monitor prey deliveriesfrom ablind. We
do not present feeding rates because our view of the
chicks was often obstructed by rocks or vegetation,
and it was difficult to determine whether the chicks
consumed each prey item.

Where possible, we recorded the species of prey
delivered to young on each feeding trip. Fish were
identified to genus based on descriptions provided
by previous monitoring of tern diets on Country
Island (Toms et al. 2006) and comparisons with
preserved collections and prey that had been
dropped in the colony. When prey items could not
be identified, they were classified as unknown.

Analyses
We plotted every point where a tagged bird was

detected in 2003 and 2004 onto a map of the area
using the GIS software Mapinfo Professional
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version 6.5 (Mapinfo Corporation 2004) and
Canadian Hydrographic Service charts 4233 Cape
Canso to Country Island and 4234 Country Island
to Barren Island (scale of 1:60,000). We estimated
thewater depth at the foraging locations by plotting
5- and 10-m bathymetric contours onto the same
map with the foraging locations, and measured the
shortest distance between each foraging location
and the colony or the closest point on the mainland
using straight-line distances.

To determine whether foraging birds were
concentrated in particular areas, we used the
foraging location points to create kernel density
plots (Wood et al. 2000) using ArcView desktop
GIS (Environmental Systems Research Institute,
Redlands, California, USA) and Animal Movement
extension for ArcView 3.2 (Hoogeet al. 1999). We
created density plots that encompassed 50, 75, and
95% of the foraging locations for all tagged birds.
There were few repeat observations of individual
birds, so we did not examine whether individual
birds showed foraging site fidelity.

To determine the diversity of prey species fed to
Roseate Tern chicks, we calculated the Shannon—
Weiner index of diversity, H' (Zar 1999),

5
(H)=-Zpilogeps @

where p, is the proportion of the ith speciesin the
diet and sisthe total number of speciesin the diet.
H’ = 0 indicates no diversity and H’ = 1 indicates
highdiversity. Wecalculated H’ separately for each
year.

RESULTS

Werecorded 32 foraging | ocationsfrom ninetagged
individuals of Roseate Tern across the 2 yr of the
study, with 3.6 + 0.3 observations per bird (mean £
standard error, range of 2-6; Fig. 1). The 10th bird
wasdetected at thecolony, but wasnot located while
foraging. Roseate Ternsforaged 6.9+ 1.5km (mean
+ standard error, range of 1.1-23.9 km) from the
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Fig. 1. Foraging locations of nine radio-tagged Roseate Ternsin 2003 and 2004 in relation to the 5- and
20-m depth contours surrounding Country Island, Nova Scotia, Canada. The inset in the top right corner

shows the location of Country Island on the eastern coast of Canadia.
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breeding colony, within 1.3 + 0.4 km (range of 0.1—
4.1 km) of the mainland, and within 0.3 £ 0.1 km
(range of 0.1-1.3 km) of the closest point of land,
including islands. The greatest concentration, i.e.,
50%, of foraging locations was located near
shorelines along both the mainland and islands near
the breeding colony (Fig. 2). Of the 32 foraging
locations, 29, i.e., 90%, were in water < 5 m deep
(Fig. 1). Based on the 330 km? that we surveyed in
2004, this water depth represents 12% of the total
survey area. The remaining three locations werein
water between 5 and 20 m deep.

Intotal, 234 food deliverieswere observed over the
2 yr of the study. Sand lance was the most common
prey item delivered to chicks, followed by hake,
Urophycis spp. (Table 1). Together, these species
accounted for 82 and 72% of identified prey in 2003

and 2004, respectively (Table 1). The remaining
identified prey species included herring, Clupea
spp., in 2003 and cod, Gadus spp., in 2004 (Table
1). Thediversity, H’, of prey speciesfed to Roseate
Tern chicks across the 2 yr of the study was 0.24
+ 0.06 prey species (mean £ standard error) for 21
nestsin 2003 and 234 nests in 2004.

DISCUSSION

The Roseate Tern at Country Island foraged an
averageof 7 kmfromthebreeding colony inshallow
water closetoland. Theseresultsareconsistent with
those of earlier studies of colonies in the
northeastern United States showing that the Roseate
Tern forages from 300 m to 25 km from breeding
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Fig. 2. Density plots from kernel estimations of foraging locations for radio-tagged Roseate Tern nesting
on Country Island, Nova Scotia, Canada, in 2003 and 2004. Contours indicate 50, 75, and 95% density
locations.
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colonies (Duffy 1986, Heinemann 1992, Nisbet and
Spendelow 1999) and in shallow water, often < 1
km from shore (Safina 1990, Heinemann 1992). In
contrast, Roseate Tern in tropical and subtropical
colonies forages in relatively deep water in
association with predatory fish (Hulsman 1989,
Shealer 1996, Ramos 2000). Therefore, the Roseate
Tern at Country Island foraged in similar habitats
to individuals nesting in the northeastern United
States, and this behaviour may in fact be
characteristic of the entire breeding population. To
protect critical habitat for the Roseate Tern at
Country Island, the protection of areas of shallow
water within 10 km of the colony is required,
especialy at sites< 5 m deep.

The single most important prey item for Roseate
Tern chicks at Country Island was sand lance.
Again, thisresult agrees with those of studiesfrom
coloniesin the United States, in which the diets of

chickswerea so dominated by sand lance (Richards
and Schew 1989, Safina et al. 1990, Heinemann
1992, Nisbet and Spendelow 1999) up to and
including the post-fledging period (Shealer and
Kress 1994, Watson and Hatch 1999). At colonies
located outside of the United States, studies have
shown that the diets of chicks are also dominated
by afew prey species (Randall and Randall 1978,
Shealer and Kress 1994, Shealer and Burger 1995,
Shealer 1998, Ramos 2000); however, the prey
speciesvary depending on the colony location. The
Roseate Tern at Country Island shares a similar
reliance on sand lance as do individuals nesting at
other sites in the northeastern United States,
indicating that this may be characteristic of this
breeding population.

Roseate Tern at Country | sland fed chicksonly three
speciesof identifiableprey ineach year of thestudy,
which was reflected by the relatively low diversity
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Table 1. Percentage of each prey typein the diet of Roseate Tern chicks on Country Island, Nova Scotia,
Canada, in 2003 (n = 7 broods) and 2004 (n = 14 broods).

Prey type 2003 2004
Sand lance (Ammodytes spp.) 48.7 64.8
Hake (Urophycis spp.) 33.9 7.3
Herring (Clupea spp.) 6.4 0.0
Cod (Gadus spp.) 0.0 3.7
Unknown 11.0 24.2

index of 0.24 £ 0.06. The diets of chicks of the
nesting Arctic Tern and Common Tern were also
dominated by hake (56.1 £ 7.6%) and sand lance
(23.5 £ 5.7%); however, the diet diversity of these
tern specieswashigh, at 0.35+ 0.06 for Arctic Tern
and 0.38 = 0.05 for Common Tern, and consisted of
eight toten prey types(Rock 2005). Similarly, other
studieshave shown that thediet diversity of Roseate
Tern chicks is low compared to that of co-nesting
Sandwich Tern (Shealer 1998) and Common Tern
(Safinaet a. 1990). Theseresultsfrom anumber of
sitesshow that the Roseate Tern apparently relyson
arelatively narrow range of prey for provisioning
chicks compared to co-nesting tern species.

Our results and those of previous work on other
populations of Roseate Tern in the northeastern
United States support the idea that this breeding
population is restricted in its habitat use and prey
selection. Thereliance on aspecific habitat typeand
narrow range of prey speciesmay haveimplications
for the conservation of thisendangered species. For
instance, specieswith specialized dietsarelessable
to switch to alternate prey should their preferred
food resources decline (Furness and Monaghan
1987). Thispoint iswell illustrated by apopulation
of Roseate Tern breeding in Puerto Rico, where, as
elsewhere, they feed their chicks a narrow range of
prey items. When the preferred prey in this area
apparently declined, the Roseate Tern failed to
deliver alternative prey, which in turn resulted in
reduced breeding and reproductive success (Shealer
1996, 1998). The dependence on a narrow range of
resourcesor specialized foraging behavior may also

limit the distribution of specialist species such as
the Roseate Tern (Safina1990). Speciesthat exploit
a narrow range of resources are more prone to
decline than are species that occupy a broader and
more flexible niche (Pimm and Pimm 1982).
Indeed, there is some evidence that the availability
of foraging habitat may limit the distribution of
breeding coloniesin the northeastern United States
(Nisbet and Spendelow 1999), making the
population more concentrated and thus more
vulnerable to chance events.

The speciaizations described above make the
Roseate Tern generally susceptible to habitat
perturbations throughout its range. However,
individual breeding colonies of the Roseate Tern
alsoface specificthreats, and the colony on Country
Island is no exception. Increasing industrialization
in the Country Harbour areaisraising concerns for
Roseate Tern conservation in Canada. Particular
attention should be given to developments and
activitiesthat will potentially disturb important fish
habitat or foraging birds; in addition, the possibility
of cumulative effects from industry should be
considered. Although our telemetry results are
limited by small sample sizes, we have established
baselineinformation ontheforaging habitat and diet
of chicks of the Roseate Tern in Canada, which had
not been described previously.
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Responsesto this article can be read online at:
http: //Amww.ace-eco.org/vol 2/issl/art4/responses/
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