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Introduction
The North American boreal forest covers a vast re -

gion from Alaska through Newfoundland and Lab ra -
dor (Brandt 2009), and it contains numerous lakes and
large rivers that provide potential breeding habitat for
colonial waterbirds. The central and southern region of
Manitoba, in particular, is a major nesting area for Com-
mon Terns (Sterna hirundo) and Herring Gulls (Larus
argentatus), both of which breed primarily within the
boreal forest biome, as well as several other species
whose breeding range extends more broadly to the
south, e.g., Double-crested Cormorant (Phalacrocorax
auritus), American White Pelican (Pelecanus eryth -
ror hynchos), and Caspian Tern (Hydroprogne caspia)
(Koonz and Rakowski 1985). 
To date, there has been almost no work on the water-

bird community that uses the many smaller boreal lakes
north of approximately 54°N latitude (but see Vermeer
1973; Stelfox and Brewster 1979; Somers et al. 2010).
From the 1960s through the 1980s, several studies re -
ported on the abundance and distribution of colonial
waterbirds on lakes Winnipeg, Winnipegosis, and Man-
itoba, south of the 54th parallel (Vermeer 1969, 1970;
Koonz and Rakowski 1985; Hobson et al. 1989). No
region-wide monitoring has taken place in central and
southern Manitoba in over two decades despite ob -

served declines in the populations of some colonial
species further east on the Great Lakes (Morris et al.
2010, 2011) and a number of regional threats to water-
birds, including persecution, flooding of colonies due
to water level manipulation, and eutrophication of the
lakes, which may subsequently impact breeding water-
birds (Hobson et al. 1989; Lindenschmidt et al. 2012;
Schindler et al. 2012). 
Updated information on the abundance and distribu-

tion of colonial waterbirds in Manitoba and Saskatche -
wan is needed for conservation planning at regional,
national, and continental scales. To address this, sur-
veys were conducted in 2011 and 2012 consisting of
two components: 1) ground-based surveys in 2011 of
several smaller lakes along the southern edge of the
Boreal Shield ecozone/the northern edge of the Boreal
Plains ecozone, north of 54°N and 2) aerial surveys in
2012 of Lake Winnipeg, Lake Winnipegosis, and Lake
Manitoba to monitor all historical colonies and potential
new breeding sites (Wilson et al. unpublished manu-
script). The focus of the 2011 survey, reported on here,
was to examine breeding densities and the distribution
of colonial waterbirds on smaller boreal lakes north
of Lake Winnipegosis. Information on abundance and
long-term trends, based on the aerial surveys in 2012,
will be presented elsewhere, but I use overall abundance
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estimates from lakes Winnipegosis and Manitoba as a
basis of comparison for the breeding densities of Dou-
ble-crested Cormorants, Herring Gulls, Ring-billed
Gulls (Larus delawarensis), and Common Terns on
the smaller boreal lakes. 

Methods
Surveys
Surveys were conducted by boat (16 ft Big Lakes

model, Lund Boats Inc., Steinbach, Ontario) between
20 and 25 June 2011 (~40 hours of survey effort) on
11 lakes in The Pas–Flin Flon region of west-central
Manitoba and east-central Saskatchewan (Figure 1
and Table 1). Lakes included in the survey were Amisk
Lake in Saskatchewan and Athapapuskow Lake, Cor-
morant Lake, First Cranberry Lake, Second Cranberry
Lake, Goose Lake, Rocky Lake, Otter Lake, Schist
Lake, Simonhouse Lake, and White Lake in Manitoba.
Lakes varied in size from 0.6 km2 to 360 km2. Surveys
included the entirety of all lakes, with the exception of

Amisk Lake, where we were unable to survey Missi
Bay and the narrow channel to the northwest of Crater
Island, representing an estimated 11% of the lake area.
Because colonies tend to be on sites surrounded by
greater amounts of open water, it is likely that at most
only small numbers of breeding birds were missed in
this region. For all of the lakes, satellite imagery (Google
Image Landsat 2013) was used to identify all potential
islands that might contain breeding colonial species.
In addition, visual scans of all other islands that were
less suitable (e.g., entirely forested islands) were done
during surveys of the lake basin. 
Digital photographs were taken using a D700 Nikon

camera (Nikon Canada Inc., Mississauga, Ontario) and
a 400-mm zoom lens, with the magnification adjusted
as needed, of the adults at all breeding colonies. Be -
cause adults would depart as the boat approached, pho-
tographs were taken when the boat was about 75 m
away and at approximately 10-m intervals until the boat
reached the shore. This was particularly helpful in the

FIGURE 1. Map of the survey area showing boreal lakes that were included in the survey. Circles refer to the locations of
waterbird colonies on each lake. Inset map shows Saskatchewan and Mantoba with the square indicating the survey
area. The three large lakes surveyed in 2012 are also included; LW = Lake Winnipegosis, LM = Lake Manitoba,
LWG = Lake Winnipeg. 
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case of Common Terns, which often take flight uni-
formly, and made it possible to capture an entire colony
in a single frame. Photographs were taken in raw format
and set for the maximum resolution (~34.5 mexapixels
per image). 
Counts
Adult counts were conducted in Adobe Photoshop

CS5 (Adobe Systems Inc., San Jose, California) using
the digital photographs. Photographs of each colony
were first examined to identify the one that best cap-
tured the adults and then selected photographs were
split into 54 grid cells of equal width. Adults were
counted in each grid cell and then summed to produce
a total count. At some colonies, multiple photographs
were needed and landmarks such as vegetation, rocks,
and the position of breeding birds were used to identify
sections where photographs overlapped. A drawing tool
was then used to exclude sections of one photograph
that had been counted in another. 
Whenever possible, nest counts were carried out on

shore. An active nest was defined as a nest containing
eggs or chicks. Nests were counted with a hand-held
counter. For the larger colonies, flagging tape was used
to section off parts of the colony to keep track of nests
that had already been counted. 
Estimates of breeding pairs
For sites where nests could be reliably counted, this

count was used as the estimate of breeding pairs (one
nest equal to one breeding pair). For any sites where it
was not possible to go ashore, where chicks had hatched
and left the nest, or where there was evidence of recent
widespread nesting failure (a case for one Common
Tern colony), the count of adults was used to estimate
breeding pairs. 
Accurate nest counts were possible for 5 of 7 Dou-

ble-crested Cormorant colonies and 16 of 29 Common
Tern colonies. Nest counts were possible for Herring
Gulls at only a few sites because chicks had already
hatched at most colonies, but the number of chicks ob -
served was recorded and recently used nest structures
were noted to confirm a breeding colony. 
Breeding pair estimates based on the counts of adults

are less certain, because it is not clear what fraction of
breeding birds were at the colony during the count. To
provide a stronger measure, I determined the ratio of
adults to nests at all sites where both could be reliably
counted and then applied this estimate to those sites
where only adults could be counted. For Double-crested
Cormorants, this ratio (scaled to colony size) was 2.19
± 1.81 (mean ± SE, n = 5), while for Common Terns it
was 1.76 ± 0.07 (n = 16). The greater error in the ratio
for Double-crested Cormorants results in greater uncer -
tainty in the breeding pair estimate. 
Based on a small number of Herring Gull colonies

at either the egg stage or with chicks still in or beside
the nest, the ratio of adult Herring Gulls to nests was
1.63 ± 0.29 (n = 6), suggesting ~82% of adult HerringTA
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Gulls were at the colony on average during the incuba-
tion stage and early hatchling stages. Colony attendance
tends to decrease from incubation through the chick-
rearing period, and earlier studies on Larus spp. have
shown a range of colony attendance of about 60 to 80%
(Morris and Black 1980; Pierotti 1987). Surveys also
included adults offshore but within the vicinity of the
colony (<100m), and I assumed that 75% of adults were
present at colonies during the chick-rearing stages. 
Some degree of error is expected in the pair count,

and the numbers reported in this manuscript should be
treated as a best estimate. The number of adult Ring-
billed Gulls was often far higher than the nest count,
and Ring-billed Gulls were frequently observed loafing
at the colonies of other species (see Results). This poten-
tially suggests a large non-breeding component and I
therefore report only the number of adult Ring-billed
Gulls without a breeding pair estimate. 
Relationship between lake size and breeding 
abundance
For Common Terns and Herring Gulls, I examined

the effects of lake size on breeding abundance by com-
paring support for a linear, quadratic, and cubic rela-
tionship (Kutner et al. 2005) between lake area and
the estimated number of breeding pairs. Because of the
small sample size, I did not consider higher order terms
beyond a third-order polynomial. A generalized linear
model with a Poisson distribution was used to test this
relationship and was performed with program R (R
Core Team 2013). Evaluation of support for the three
model types was made using Akaike’s Information Cri-
terion for small samples (AICc), and all models within
2 units of the top model were considered to be support-
ed by the data (Burnham and Anderson 2002). Meas-
ures of lake area were made using a Google area map-
ping tool (Daft Logic 2013). I restricted this analysis
to Common Terns and Herring Gulls because Double-
crested Cormorants were observed breeding on only
three lakes and because of the uncertainty in the esti-
mate of breeding pairs for Ring-billed Gulls. 
Comparisons between this region and Lake Win-

nipegosis and Lake Manitoba were based on estimated
densities of each species (pairs or adults per km2 of lake
area). A detailed description of the methods and results
from the aerial survey will be presented elsewhere (Wil-
son et al., unpublished manuscript), but a brief summa-
ry is included here. The survey took place on 13, 15,
and 16 June, 2012 and was designed to include all his-
torical and potential new colony sites for island-nesting
colonial waterbirds on Lake Winnipeg, Lake Winni -
pe gosis, Lake Manitoba, and the inter-lakes region
between the three lakes. Colonies were surveyed by
helicopter (13 June) and float plane (15 and 16 June),
and high-resolution digital photographs were taken
of all locations where any one of the six target colo-
nial species (American White Pelican, Double-crest-
ed Cormorant, Ring-billed Gull, Herring Gull, Caspi-
an Tern, and Common Tern) was observed breeding.

Colonial bird counts based on the photographs were
conducted in Adobe Photoshop CS5 and included esti-
mates of adults and nest abundance (based on incu-
bating birds); these estimates were then used to esti-
mate the number of breeding pairs at each colony.
Calculation of area for Lake Winnipegosis and Lake
Manitoba was done using the same method as des -
cribed above for the small boreal lakes. It was not pos-
sible to survey the northeastern portion of Lake Win-
nipeg in 2012 and I therefore do not include abundance
on Lake Winnipeg in the density comparison. 

Results
Surveys located a total of 52 sites across the 11 lakes

where at least one of the four species was observed
breeding (Figure 1). Common Terns and Herring Gulls
were breeding on six of the 11 lakes, Ring-billed Gulls
on five, and Double-crested Cormorants on three (Table
1). Only two lakes (Amisk Lake and Goose Lake) had
breeding activity by all four species, while Schist Lake,
First Cranberry Lake, Otter Lake, and White Lake did
not have any breeding colonies. Colony characteristics
differed among the four species. Common Terns and
Herring Gulls were present at a larger number of sites
but with fewer pairs per colony: 29 colonies averaging
27 pairs per colony for Common Terns and 23 colonies
averaging 25 pairs per colony for Herring Gulls (Table
1). Colony sizes tend to be positively skewed for these
species and the median colony sizes were 20 pairs per
colony for Common Terns and 17 pairs per colony for
Herring Gulls. 
The number of breeding pairs was low on small lakes

but increased in a sigmoidal pattern with lake area (Fig-
ure 2). For both Common Terns and Herring Gulls, a
cubic model relating breeding pair abundance to lake
area had substantially more support than either the qua -

FIGURE 2. Number of breeding pairs in relation to lake area
for Common Terns (Sterna hirundo) and Herring Gulls
(Larus argentatus) on boreal lakes in west-central
Manitoba and east-central Saskatchewan. Best fit lines
for each species are based on a model with a cubic
relationship between lake area and number of breed-
ing pairs (solid line = Common Tern, dashed line =
Herring Gull). 
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dratic or the linear model (Common Tern: AICc in -
crease = 23.5 units for the quadratic model, 204 units
for the linear model; Herring Gull: AICc increase = 37.9
units for the quadratic model, 360 units for the linear
model). Predictions from the cubic model suggest that
the number of Common Terns would increase beyond
10 pairs on lakes exceeding 60 km2 and beyond 25
pairs on lakes exceeding 85 km2. For Herring Gulls,
those same predictions suggest in excess of 10 and
25 pairs on lakes that were greater than 85 km2 and
100 km2, respectively. 
Double-crested Cormorants were breeding at fewer

locations than Common Terns and Herring Gulls but
had larger average colony sizes (mean = 162 pairs,
median = 43 pairs). Eighty-one percent of breeding
Double-crested Cormorants were observed at a single
colony on Goose Lake with 916 pairs (Table 1). For
comparison, the largest Herring Gull colony (n = 111
pairs), on Lake Athapapuskow, comprised 19.5% of
the Herring Gull pairs on all lakes, while the largest
Common Tern colony (n = 100 pairs), on Cormorant
Lake, contained 12.9% of the Common Tern pairs on
all lakes. Because of uncertainty concerning the non-
breeding component of the Ring-billed Gull numbers,
I only report adult abundance and observed 3752 adults
and located 16 breeding colonies. The number of adult
Ring-billed Gulls far exceeded nest counts at several
colonies, and 11% of adults were observed at sites
where only the other species were observed breeding. 
Double-crested Cormorants were occasionally ob -

served loafing at the colonies of other species (4.9%
of adult observations), while Common Terns and Her-
ring Gulls almost never were (0.004 and 0.006% of
adults, respectively). A colony of 11 Forster’s Terns
(Sterna forsteri) was also observed on Cormorant Lake,
where they were nesting sympatric to a colony of Com-
mon Terns. In this case, the Common Terns were nest-

ing on rocky substrate on the main part of the island,
and the Forster’s Terns were nesting in a patch of dense
emergent vegetation along the periphery. Caspian Terns
and American White Pelicans were observed on sev-
eral lakes, but no breeding colonies were located. 
Of the 52 sites, 29 had only one species breeding; of

these 29 sites, 27 had either Common Terns or Herring
Gulls (Table 2). Both species were typically breeding
on small rocky islets, but, despite the large number of
colonies for the two, they rarely nested on the same is -
lands. Where Common Terns nested with other species,
they were most commonly associated with Ring-billed
Gulls; Herring Gulls were more often associated with
Double-crested Cormorants. There were three cases
where Herring Gulls and Ring-billed Gulls nested on
the same island, in which case Ring-billed Gulls tended
to nest in dense clusters in the centre of the island and
Herring Gulls were scattered around the periphery.
There were no sites where all four species were breed-
ing together. 
Densities of the four species showed different pat-

terns between the boreal lakes and Lake Winnipegosis
and Lake Manitoba. For Common Terns, breeding pair
densities on the boreal lakeswere about 2.2 times greater
than on Lake Winnipegosis and 2.2 times greater than
on Lake Manitoba (Table 3). For Herring Gulls, breed-
ing pair densities on the boreal lakes were about 3.4
times greater than on Lake Winnipegosis and 4.1 times
greater than on Lake Manitoba (Table 3). Double-crest-
ed Cormorants and Ring-billed Gulls showed the oppo-
site pattern. Relative to the boreal lakes, pair densities
of Double-crested Cormorants were about 4.6 times
greater on Lake Winnipegosis and 3.0 times greater on
Lake Manitoba (Table 3). Adult densities for Ring-
billed Gulls were 1.5 times greater on Lake Winnipe -
g osis and 1.6 times greater on Lake Manitoba. 

TABLE 2. Species assemblages at 52 sites on islands in the boreal region of west-central Manitoba and east-central Saskatchewan.
See Table 1 for the total number of sites for each species. 

Combination Cases Percentage of sites
Double-crested Cormorants only 1 2
Common Terns only 14 27
Herring Gulls only 13 25
Ring-billed Gulls only 1 2
Double-crested Cormorants + Common Terns 0 0
Double-crested Cormorants + Ring-billed Gulls 0 0
Double-crested Cormorants + Herring Gulls 5 10
Common Terns + Herring Gulls 2 4
Common Terns + Ring-billed Gulls1 11 21
Herring Gulls + Ring-billed Gulls 3 6
Double-crested Cormorants + Common Terns + Herring Gulls 0 0
Double-crested Cormorants + Common Terns + Ring-billed Gulls 1 2
Common Terns + Herring Gulls + Ring-billed Gulls 1 2
All species 0 0
1 Includes one colony with Forster’s Terns. 
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Discussion
Most previous monitoring of colonial waterbirds

in Manitoba has focused on breeding populations on
lakes Winnipeg, Winnipegosis, and Manitoba (Vermeer
1970, 1973; Koonz and Rakowski 1985; Hobson et al.
1989; Koonz 2000). The results reported here indicate
that medium-sized lakes in adjacent regions to the north
also support notable populations of some species. This
is particularly true for Common Terns and Herring
Gulls, whose densities were about 2 and 3–4 times
higher, respectively, on smaller boreal lakes than on
Lake Winnipegosis and Lake Manitoba. Similar levels
of abundance were previously reported for these two
species on Reindeer Lake, Saskatchewan, to the north-
west of the survey area (Stelfox and Brewster 1979). 
Densities of Ring-billed Gulls were about 50% high-

er on Lake Winnipegosis and Lake Manitoba, while
densities of Double-crested Cormorants were 3 to 4
times higher on the two large lakes. Double-crested
Cormorants are more prevalent in the Boreal Plains
ecozone and have only recently expanded their range
onto lakes in the Boreal Shield ecozone of Saskat che -
wan (Doucette et al. 2010). It is unknown whether this
is an original expansion or the species historically bred
further north in the Boreal Shield prior to the popula-
tion declines of the mid-20th century (Doucette et al.
2010). Lake Winnipegosis has one of the largest breed-
ing concentrations of Double-crested Cormorants in
North America, with 35 181 and 36 497 pairs in 1987
and 1999, respectively (Hobson et al. 1987; Koonz
2000). Numbers appear to have declined since, with
only 20 149 pairs observed in 2012 (Wilson et al., un -
published manuscript). Forster’s Tern, recorded breed-
ing in this survey only at Cormorant Lake, is near the
northern limit of the breeding range for this species in
Manitoba. 
Common Terns and Herring Gulls were rarely ob -

served outside breeding colonies, and the adult to nest
ratios at colonies were generally less than 2, suggest-
ing that the population of the two species in this region
in summer is primarily composed of breeding birds.
Single individuals of both species were occasionally
seen in flight or on the water away from a colony but
only in low numbers. In contrast, large numbers of
Ring-billed Gulls were observed at sites where they
were not breeding (i.e., the colonies of other species).
Even at breeding colonies, the ratio of adult Ring-billed

Gulls to nests was often high: in 5 colonies on Cor-
morant Lake, we observed 531 adult Ring-billed Gulls
but only 40 nests. A lower ratio was found on Amisk
Lake, where across 6 col onies 549 adult Ring-billed
Gulls and 207 nests were observed. The generally high
ratio of birds to nests could have been caused by late
breeding. However, this is unlikely, because during the
survey even Common Terns, which typically breed later
than Ring-billed Gulls (Nisbet 2002; Pollet et al. 2012),
were at the late incubation stage. Also, the large Ring-
billed Gull col ony on Rocky Lake contained primarily
hatched chicks, and the probability that young would
have hatched at some colonies while nesting had not
yet been initiated at others seems remote. 
There is a chance that some of the adult Ring-billed

Gulls observed may have been breeding on nearby
lakes that were not included in the survey. Baird (1976)
found that Ring-billed Gulls foraged an average of
10.8 km from the breeding colony with a range of
2–31 km. Although the distance from other lakes that
might support breeding colonies of Ring-billed Gulls
in the study region is considerably greater than 31 km,
monitoring of other lakes in the region would help
ex amine this possibility further. Another possibility is
that the adult Ring-billed Gulls observed had either
forgone breeding in 2011 or had attempted to breed
elsewhere and then moved into the study region after
their nests failed. The densities of Ring-billed Gulls on
the boreal lakes was lower than on Lake Winnipegosis
and Lake Manitoba, and this suggests that the boreal
lakes are a peripheral breeding area. This might explain
the higher ratio of non-breeders to breeders in Ring-
billed Gulls than in Common Terns and Herring Gulls. 
The number of breeding pairs for Common Terns

and Herring Gulls increased in a sigmoidal fashion with
lake area, and there were only low numbers of breed-
ing birds on lakes <100 km2, suggesting a threshold of
suitability. Even three of the smaller lakes in this study,
Schist Lake, First Cranberry Lake, and Second Cran-
berry Lake, are large by comparison to the many other
water bodies in the region. Schist Lake and First Cran-
berry Lake did not have any colonial waterbirds, while
Second Cranberry Lake had a single colony of 15 Com -
mon Tern pairs. Thus, although a much larger number
of small lakes in the 0.1–25 km2 range exists in this
region, they are unlikely to support populations of col -
onial waterbirds. Further monitoring across a latitudi-

TABLE 3. Comparison of adult and breeding pair densities on the boreal lakes in this study in 2011 and on Lake Winnipego-
sis and Lake Manitoba, surveyed in 2012. Only adult densities are provided for Ring-billed Gulls on the boreal lakes. 

Species Adults/km2 of lake area Pairs/km2 of lake area
Boreal Lake Lake Boreal Lake Lake 
lakes Winnipegosis Manitoba lakes Winnipegosis Manitoba

Double-crested Cormorant 1.73 6.91 3.72 0.83 3.79 2.53
Common Tern 1.00 0.43 0.44 0.56 0.25 0.25
Herring Gull 0.64 0.25 0.19 0.41 0.12 0.10
Ring-billed Gull 2.73 4.13 4.44 – 2.10 2.06
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nal gradient to the north and a greater range of lake
sizes would be useful to confirm the relationship be -
tween abundance and lake size for different species. 
Common Terns and Herring Gulls rarely utilized the

same islands for nesting, and Common Terns were
more likely to nest in association with Ring-billed
Gulls. Studies elsewhere have indicated that Herring
Gull predation on Common Tern nests can be substan-
tial and is notably higher at sites where Herring Gulls
also breed (O’Connell and Beck 2003). Encroachment
of Herring Gulls into colonies of Common Terns has
resulted in the latter selecting less favourable nesting
sites (O’Connell and Beck 2003) and a general de  c -
line in abundance in colonies along the Atlantic coast
(Burger and Shisler 1978). Herring Gulls can also in -
flict heavy losses on Ring-billed Gulls at breeding
colonies (Quinn et al. 1996). 
Studies comparing the effects of Ring-billed Gulls on

Common Terns are mixed. Morris and Hunter (1976)
reported that interactions were infrequent between the
two species in the Great Lakes, and Courtney and Blok -
poel (1980) found no significant effects of Ring-billed
Gulls on incubation attentiveness or breeding success
of Common Terns. However, evidence of predation by
Ring-billed Gulls on eggs during panic flights by Com-
mon Terns was later reported at Great Lakes colonies
(Morris et al. 1992). It seems likely that both larid spe -
cies may be at least occasional predators of Common
Tern eggs or chicks, but the segregation between Com-
mon Terns and Herring Gulls on boreal lakes in Man-
itoba suggests that Herring Gulls may be a greater per-
ceived threat, leading to avoidance of the same sites by
Common Terns. These surveys were not designed to
examine hypotheses underlying interspecific patterns
of colony site selection. Further study to provide a bet-
ter understanding of how all species select breeding
sites, as well as the potential implications of fluctua-
tions in the abundance of species for interspecific inter-
actions and breeding success, would be valuable. 
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