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Abstract

An understanding of animal movements contributes important knowledge on the spatial
and temporal distribution of these animals. In particular, research on the distribution of seabirds,
which are important ecological indicators, can provide new insights and understanding of the
physical and biological aspects of the marine environment. Information on distribution can also
be used to delineate marine protected areas and oil spill response strategies. Black Guillemots
(Cepphus grylle) are particularly susceptible to various threats in the marine environment such as
vessel disturbance, tidal energy development and oil spills due to their drifting and diving
foraging behaviour. As tidal energy development and oil exploration increase, the effects on
Black Guillemots may go unobserved due to our limited understanding of their at-sea
distribution. Little is known about Black Guillemot distribution in Atlantic Canada, particularly
in the winter (nonbreeding) season. To examine the winter distribution Black Guillemots, Global
Location Sensing (GLS) tags were deployed and recovered on seven individuals at two breeding
colonies in Nova Scotia, Canada, and New Brunswick, Canada, during 2017-2018. Guillemots
dispersed from breeding colonies throughout the region (Scotian shelf, Gulf of St. Lawrence,
Bay of Fundy, Gulf of Maine) with both populations overlapping in the Bay of Fundy. Most bird
locations (82%) were associated with the continental shelf, with 8% associated with pelagic
waters and 10% associated with the shelf break (25 km buffer around the 200 m shelf break).
Birds moved an average of 167 km from colony and 70 km from shore, with maximum offshore
distances of 470 km and maximum depths of 4830 m. The application of GLS tagging methods
on Black Guillemots enhances our ability to examine seabird distribution and to use seabirds as
ecological indicators of the marine environment.

Key words: Black Guillemot, Cepphus grylle, distribution, geolocator, migration, seabird
tracking



1.0 Introduction

The migratory movements of seabirds have been increasingly studied in the last 30 years
(Vandenabeele et al. 2011). An understanding of seabird movements contributes important
knowledge on species spatial and temporal distribution, migration routes, and social behaviour
(Vandenabeele et al. 2011, Robinson & Jones 2014). Information on the distribution and
migration routes of seabirds, which are important ecological indicators, can provide new insights
and understanding of the physical and biological aspects of the marine environment (Burger &

Shaffer 2008, Vandenabeele et al. 2011, Hobson & Bond 2012).

The information from tracking studies can be used to measure seabird foraging distances,
map migration routes, and identify important offshore habitats (Montevecchi et al. 2012,
Tranquilla et al. 2014, Takahashi et al. 2015). This information, combined with data on prey
availability or seasonal oceanic productivity, can identify factors influencing seabird distribution
(Takahashi et al. 2015). In addition to understanding ecological drivers of seabird movements,
information on movement patterns can also be used for conservation planning, such as
identifying threats, delineating marine protected areas and planning oil spill response strategies
(Hyrenbach et al. 2006, Fraser & Racine 2016). For example, tracking data have been used to
identify various risks to Alcids, a group of coastal drifting and diving seabirds (Butler & Buckley
2002). Knowledge from tracking data suggest this group is susceptible to numerous threats in the
marine environment, such as bycatch (Benjamins et al. 2008), vessel disturbance (Ronconi & St.
Clair 2002), tidal energy development (Furness et al. 2012) and oil spills (Ronconi et al. 2015,
Lieske et al. 2019). As such, tracking data have played an important role in understanding risks

to Alcids in Atlantic Canada (Clarke et al. 2011, Montevecchi et al. 2012).



The Black Guillemot (Cepphus grylle) is a common species along the Atlantic coast in
the Alcidae family that is likely exposed to some of the risks described above, yet we have
limited understanding of its distribution (Nol & Gaskin 1987, Ronconi & St. Clair 2002, Ronconi
& Wong 2003). Black Guillemots are coastal, pursuit-diving seabirds that forage by passively
drifting in shallow coastal areas where prey is available (Cairns 1987, Nol & Gaskin 1987,
Mehlum et al. 1993). These birds spend a high proportion of their time on the water surface or in
the water column where they may come in contact with vessels (Ronconi & St. Clair 2002), tidal
energy infrastructure (Furness et al. 2012) surface oil or oil and gas platforms (Furness et al.
2012, Lieske et al. 2019) and may also be at risk of bycatch (Lieske et al. 2019). As oil
exploration and tidal energy development expands, the effects on Black Guillemots may go
unobserved because we have limited understanding of their at-sea distribution. Therefore, it is
essential to understand the movement and overwintering locations of this species (Nol & Gaskin
1987). Tracking studies on Black Guillemots will help determine important congregation areas,
habitats and migration routes, which can help us understand their relative exposure to these

threats.

Despite the need for this knowledge, there is limited information on distribution and
habitat use by Black Guillemots throughout most of their range. Knowledge on their distribution
is largely limited to the Arctic region, where guillemots prefer coastal areas and ice edges to
offshore waters (Renaud & Bradstreet 1980, Cairns 1987, Prach & Smith 1992, Divoky et al.
2016). Information on distribution beyond the Artic region is based on two studies conducted in
the Atlantic region that also found Black Guillemots prefer coastal areas (Nol & Gaskin 1987,
Huettman et al. 2005). However, these studies were conducted during the breeding season when

the birds come to land to nest. There remains no research on the winter distribution, which



comprises the vast majority of their annual cycle where Black Guillemots spend the most time at
sea (Butler & Buckley 2002), or the habitat use, of Black Guillemots in Atlantic Canada (Nol &
Gaskin 1987, Prach & Smith 1992). Therefore, tracking studies on Black Guillemots in the
winter season are necessary to fill significant knowledge gaps regarding their distribution and

habitat use away from breeding colonies.

The purpose of my study is to examine the winter distribution and movement patterns of
Black Guillemots in Atlantic Canada by deploying leg-mounted global location sensors to track
birds from two Maritime breeding colonies to overwintering locations. Additionally, I aim to
determine the primary winter habitat types of the Black Guillemot to better understand guillemot

movements with respect to seasons and colonies.

Previous research has shown that leg-mounted tracking devices may have negative
impacts on seabirds such as decreased reproductive rates, return rates, and adult and/or chick
mass (Adams et al. 2009, Schacter & Jones 2017). Alcids are twice as likely as other seabirds to
show negative effects due to their diving foraging behaviours (Schacter & Jones 2017).
Therefore, tagging effects must be considered in the design of tracking studies, to determine if
animals are adversely affected by tag attachment and to ensure devices are not affecting the
parameters being measured (Barron et al. 2010, Vandenabeele et al. 2011, Robinson & Jones
2014, Schacter & Jones 2017). Therefore, | will also examine the effect of tagging on adult mass
and hatch success to determine whether the deployment of tags can be continued without

significant adverse effects.



2.0 Literature Review

This literature review outlines research on the spatial distribution and migratory
movement of seabirds in the family Alcidae, in particular the Black Guillemot. I also examine
the potential effects of tracking devices on seabirds, especially in the Alcidae family. The main
databases used for this literature review were Biological Abstracts, Web of Science Citation and
Google Scholar. The key search terms used were: seabird*, alcid*, Black Guillemot?, distribut*,
migrat*, movement?, tracking, effect*, and affect*. Conflicts, limitations and knowledge gaps in

the literature will be identified. To conclude, directions for future research will be addressed.

2.1 Conservation applications of understanding seabird distribution and movement
Knowledge on the distribution and movement of seabirds can help answer important
conservation questions in marine biology. For example, information on migratory movements
can be used to identify important feeding or stopover sites that can help designate marine
protected areas (Burger & Shaffer 2008, Le Corre et al. 2012). This knowledge can also be
applied to current marine protected areas, to determine if and how seabirds are using the space
(Hyrenbach et al. 2006). Additionally, information on the distribution and movement of seabirds
can be used in oil spill response planning (Takahashi et al. 2015, Fraser & Racine 2016).
Seabirds impacted by oil spills, especially as oil exploration expands further offshore, may not be
readily observed because we have limited understanding of their at-sea distribution (Ronconi et
al. 2015). Therefore, knowledge on the distribution and movement of seabird species from
tracking studies will allow us to adequately plan responses to potential threats and ensure the

protection of these important ecological indicators.



2.2 Methods of seabird distribution and movement monitoring

2.2.1 Observational studies in conjunction with tracking studies

In the 1970’s, research on seabird distribution and movement was based on observational
studies conducted from offshore vessels (Hunt et al. 1999). At-sea surveys are important because
they can sample all species and age classes, whereas many tracking studies are limited to few
species, few individuals, and often breeding age seabirds (Huettmann & Diamond 2000,
Takahashi et al. 2015). However, offshore vessels survey large areas unevenly, which results in
incomplete coverage of potential range or habitat (Huettmann & Diamond 2000, Tranquilla et al.
2013). Additionally, observational studies from vessels or aircraft may vary due to weather (i.e.
precipitation, fog), observer differences, or disturbance from the vessel itself (Bradstreet 1979).
The use of individual tracking devices can fill these information gaps by providing long-term
locational data on a subset of the population observed from offshore vessels (Tranquilla et al.
2013). Therefore, data from at-sea observational studies can be used in conjunction with data
from individual tracking studies to obtain more detailed information on the spatial distribution

and migratory movements of seabirds (Louzao et al. 2009, Hedd et al. 2011).

2.2.2 Tracking devices

Advancements in tracking technology, including the miniaturization of tracking devices,
has allowed for the deployment of tracking devices on pursuit-diving seabirds (Robinson &
Jones 2014, Pollet et al. 2019). More specifically, global positioning system (GPS) and global
location sensor (GLS) tracking devices have been decreasing in size and weight, allowing them
to be used on smaller seabirds (Casper 2009, Wakefield et al. 2009). In addition, the increase in
battery life and durability has allowed for the deployment for longer periods of time (Barron et

al. 2010). For example, GLS tags can now be mounted to the leg or tarsus of a seabird instead of
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feathers that are moulted bi-annually, which increases the lifespan of the tag attached to the bird
and allows for data collection over multiple years (Casper 2009). These technological
advancements in tracking devices have allowed for the deployment of tags for longer periods of
time, allowing us to answer more complex questions about these animals. This information, in
combination with data on prey availability and seasonal productivity, can be used to determine
the factors influencing seabird distribution (Takahashi et al. 2015).

Tracking devices may, however, negatively affect seabird species by causing changes in
energy expenditure, chick and/or adult mass, reproductive success, and site fidelity (Barron et al.
2010, Robinson et al. 2010, Schacter & Jones 2017). Information from tracking devices is
essential in answering questions about seabird distribution and movement, but this information is
only useful if it accurately represents the untagged population (Robinson & Jones 2014).
Therefore, the effect on the individual and the validity of the data from these tracking devices

must be assessed.

2.2.2.1 Effects of tracking devices

Species in the family Alcidae may be more susceptible to negative effects than other
seabird taxa due to their diving foraging behaviours, but effects vary by species and the
parameter being measured (Burger & Shaffer 2008, Schacter & Jones 2017). For instance,
tracking devices add mass and drag (Whidden et al. 2007), which may reduce alcid diving depth
and duration, ultimately leading to a reduced feeding (Elliott et al. 2007). Tags have been
associated with reduced adult or chick mass, feeding rates, reproductive success and site fidelity
of alcid species (Paredes et al. 2005, Schacter & Jones 2017). However, other studies show little
to no negative effects on alcid behaviour and reproductive success (Hamel et al. 2004, Robinson

& Jones 2014). Some of this variation appears to be the result of regional effects such as
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temporal or geographic differences among study areas, and thus potential tag effects should be
individually assessed for a species in a given region (Burger & Shaffer 2008, Schacter & Jones
2017). These studies are important in determining if tracking studies can be continued on certain

species in the future.

2.3 Black Guillemot

Black Guillemots are coastal, passive-drifting seabirds of the family Alcidae that move in
relation to tides and prey availability (Bradstreet 1979, Nol & Gaskin 1987). These pursuit-
diving seabirds feed on fish and crustaceans in shallow, inshore or open waters (Cairns 1987,
Mehlum et al. 1993). Additionally, these birds spend the vast majority of the nonbreeding season
foraging at sea (Butler & Buckley 2002). These behavioural characteristics make Black
Guillemots particularly susceptible to threats such as vessel disturbance (Ronconi & St. Clair
2002), bycatch (Lieske et al. 2019), oil spills (Ronconi et al. 2015, Lieske et al. 2019) and tidal
energy development (Furness et al. 2012). As oil exploration and tidal energy development
continue to increase, the effects on Black Guillemots may go unobserved because of the limited
knowledge on their at-sea distribution and habitat use, thus highlighting the importance of
tracking studies on this species.

The at-sea distribution of Black Guillemots has been relatively well-studied in the
breeding season (Bradstreet 1979, Nol & Gaskin 1987, Prach & Smith 1992). Breeding Black
Guillemots are distributed near coastal areas and ice edges (Bradstreet 1979, Nol & Gaskin 1987,
Prach & Smith 1992). In the winter season, high-Arctic populations follow the advancement of
sea ice and prey availability (Divoky et al. 2016), whereas boreal and low-Arctic guillemots
remain inshore close to breeding colonies (Brown 1985, Nettleship & Evans 1985, Butler &

Buckley 2002). However, research on boreal Black Guillemot populations in the winter season is
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limited (Nol & Gaskin 1987, Prach & Smith 1992). In particular, there is no research on the
winter distribution of Black Guillemots in Atlantic Canada, where Black Guillemots appear to
prefer inshore areas during the breeding season (Nol & Gaskin 1987, Huettman et al. 2005).
However, Black Guillemot distribution and habitat use can vary by individual or by colony due
to prey movements, productivity levels or climatic conditions, making it difficult to determine
the location of a bird at a given time (Johnston et al. 2018). Therefore, research on the winter

distribution of Black Guillemots in Atlantic Canada is needed to fill this knowledge gap.

2.4 Conclusion

This literature review has underlined the importance of monitoring seabird distribution
and movement in marine conservation. Knowledge gaps in the literature were identified, and the
potential effects of this research on seabird species were examined. Though distribution and
movement have been well-studied in various seabird species, there are few tracking studies on
Black Guillemots. In particular, there is a need for further research on the distribution and
movement of Black Guillemots in the Atlantic Canada region during the nonbreeding period.
This knowledge gap will be addressed by the current study, where tracking devices will be used
to examine the winter distribution of the Black Guillemot. The potential effects of these devices

will also be considered.

3.0 Methods

3.1 Study area

This study was conducted on populations of Black Guillemots nesting on Country Island
(CI), Nova Scotia and Kent Island (KI), New Brunswick from June 2017 to July 2018 (Figure 1).
Country Island (44°58’N, 66°75’W) is a 19-hectare island located off the eastern shore of Nova

Scotia, with a population of approximately 600 Black Guillemots (Trottier-Paquet & MacDonald
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2017). Country Island is located on the Scotian Shelf, which is an area of high productivity due
to upwelling near the outer shelf and shelf break (Atkinson et al. 2003). Kent Island (45°10°N,
61°54’W) is a 75-hectare island located in the Grand Manan Archipelago of the Bay of Fundy,
New Brunswick, and supports approximately 61 breeding pairs of Black Guillemots (Cannell &
Maddox 1983, Ronconi & Wong 2003). Due to the high tides of the Bay of Fundy, the Grand
Manan Archipelago region experiences substantial tidal mixing throughout the year, resulting in
high productivity in the area (Gran & Braarud 1935). This region is recognized as an area of
important habitats for a variety of seabirds (Huettmann & Diamond 2000, Huettman et al. 2005,

Wong et al. 2018).
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Figure 1. Southeastern Atlantic Canada showing the location of Country Island (CI), Nova Scotia

and Kent Island (K1), New Brunswick where global location sensors were deployed on Black
Guillemots. The dashed line represents the 200m bathymetric contour illustrating the continental

shelf break line and basins on the shelf.

3.2 Tag deployment and recapture

Black Guillemots on both islands return to their breeding colony in April, begin courtship
and breeding displays in May, and lay eggs in June (Winn 1950, Ronconi pers. comm.). Black
Guillemots were captured in mid- to late-June, which is approximately halfway through the 29
day incubation period (Butler & Buckley 2002). In June 2017, breeding adults from Country
Island (n=10) and Kent Island (n=7) were captured on-nest by convenience (non-random) and

egg number, adult mass (g) and natural wing chord (mm) were recorded.
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At the time of capture, a size 4 stainless steel band was attached to the tarsus of the right
leg and a geolocator, or Global Location Sensor (GLS) (MK4093: 15 mm x 10 mm x 6 mm,
Biotrak UK) was attached to the tarsus of the left leg using a plastic leg ring (as per Tranquilla et
al. 2013 and Takahashi et al. 2015). Measurements, banding and GLS attachment took < 10min
per bird and birds were returned to their burrow immediately after attachment. Geolocators
should weigh less than 3% of the body weight of the bird (Phillips et al. 2003). The average mass
of adult Black Guillemots on Country Island and Kent Island upon deployment was 389.7 g £
20.5 (range: 360 - 435) and the total mass of the geolocator (1.52 g) and plastic leg ring (1 g) was
2.52 g, which is approximately 0.65% of body mass. Birds were recaptured one year following
GLS attachment during the incubation period. Upon recapture, the mass (g) and natural wing
chord (mm) of the bird were recorded as described above. An additional 10 untagged birds from
Country Island and 5 untagged birds from Kent Island were captured as described above, and

mass (g) and natural wing chord (mm) were recorded to later assess tag effects.

All animal care procedures (protocol #17RR01 and 18RR01) were approved by the

Environment and Climate Change Canada’s Wildlife Eastern Animal Care Committee.

3.3 Geolocation data analysis

The geolocators recorded ambient light levels and wet/dry state in 5- and 10-minute
intervals, respectively. For this analysis, light was used to estimate the day length and local noon
time, which provides an estimate of latitude and longitude, respectively (Teo et al. 2004). Data
from geolocators were decompressed using BAS-Trak software (Biotrak, Wareham, UK). Light-
level data were analyzed in R v 0.1.0 (R Core Team 2018) using the “TwilightFree” (Bindoff et
al. 2017) package that uses a Hidden Markov Model (Rabiner 1989) to produce daily position

estimates from a hidden sequence of geographic locations and the pattern of light intensity
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measured by the tag (Bindoff et al. 2017). Two tags (D323, D355) had weak electrical
connections and were returned to Biotrak for downloading, where partial sets of light data were
recovered and analyzed as above. Analyses were restricted to the non-breeding season. This was
determined by colony attendance, where wet/dry data were filtered by presence/absence at
colony and uninterrupted dry periods > 6 hours were interpreted as colony attendance (Tranquilla
et al. 2014). Light-level data from 10 Sep 2017 to 18 Oct 2017 and 20 Feb 2018 to 5 Apr 2018
were omitted a priori to exclude latitudes that cannot be accurately assessed due to the equinox
(Hill 1994), where the greatest variability precedes the vernal equinox and follows the autumnal
equinox (Hill & Braun 2001). Using pre-deployment calibration periods, Zenith angles and
twilight threshold values for each tag in the calibrate function were determined (Bindoff et al.

2017).

To consider probable degrees of movement, cell transition parameters with a short-tailed
distribution were used because previous studies on boreal and low-arctic populations of Black
Guillemots show that birds remain inshore close to breeding colonies during the nonbreeding
season (Brown 1985, Nettleship & Evans 1985, Butler & Buckley 2002). To restrict movements
to a marine environment, a sea mask was incorporated and shading likelihood parameters were
estimated to account for variable amounts of shading (Bindoff et al. 2017). Wet/dry data were
used to filter periods of sustained flight for each bird, as tags were submerged when the bird was
on the water, and a speed filter of 58 km/h (Ewins 1986) was applied to estimate the proportion
of days a bird could have flown beyond the bounds of one cell, assuming it was flying in a
straight line. This resulted in location estimates with a precision of 0.5° (~55.5 km). Finally,
unreliable locations, determined by visual inspection, were deleted post hoc on an individual

basis.
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GLS locations typically have a mean error of 186-202 km after the application of
TwilightFree models (Phillips et al. 2004, Shaffer et al. 2005). This is important for a species that
remains relatively close to shore (Butler & Buckley 2002), because greater accuracy will allow a
more confident analysis of their local distribution. In one case, data were omitted due to unusual
movements at the end of the track, likely related to GLS light level errors when the bird was
onshore. Bird D311 returned to colony on 28 May 2018 until 1 Jun 2018, then moved far
offshore (>300 km) for two days before returning to colony again on 4 Jun 2018. The two days

offshore (2 Jun 2018 and 3 Jun 2018) were excluded from analyses.

After processing, GLS data were mapped using RStudio 1.1.463 (R Core Team 2018).
Maps were separated into four seasons; post-breeding (7 Jul 2017 to 10 Sep 2017), winter 1 (18
Oct 2017 to 17 Dec 2017), winter 2 (18 Dec 2017 to 19 Feb 2018) and pre-breeding (5 Apr 2018
to 9 Jun 2018). This separation was determined by natural breaks in the data due to the autumnal
and vernal equinoxes, and an additional break added at the halfway point between the two

equinoxes in December.

Distance from colony, distance from shore, sea surface temperature, depth and depth
gradient (slope) were calculated for each location. Distance from colony (km) and distance from
shore (km) were calculated by measuring the distance between the bird location and the colony
or shoreline (including islands; CanCoast Geodatabase, Environment and Climate Change
Canada, unpbl. data), respectively. Sea surface temperature (SST; °C) was extracted using the
MGET tool in ArcGIS, with the SST product MUR-JPL-L4-GLOB-v4.1 to determine the
temperature of individual bird locations. Depth (m) was calculated using ETOPO bathymetry,
with a resolution of 3337 m by 3337 m (3 1/3 km) grid cells. Maximum and minimum depth

were calculated from the depth raster file using a 3x3 grid (9 cells total), where maximum and
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minimum depth within those 9 cells were averaged to the middle grid cell. Additionally, there
were instances where depth (m) was 0, corresponding to a location on land. To correct for this,
the nearest value from the day before or day after (depending on the closer value) was used.

Depth gradient (slope) was calculated from a raster produced by the following equation:

depth max — depth min
(depth max — dep ) 100

depth max

In addition to measuring the above habitat variables, | also classified locations into three
broad habitat types: continental shelf, shelf break, and pelagic. | measured distance to continental
shelf break (200 m contour, Figure 1) after omitting small basins of 200 m depth on the shelf.
Then, locations within 25 km of the shelf break were classified as “shelf-break” associated. The
remainder of points were classified as continental shelf or pelagic (off-shelf). The precision of
locations was 0.5°, equating to about 55.5 km. However, using a 55.5 km buffer around the shelf
break to determine shelf-break association is quite large. Therefore, a 25 km buffer was used,
despite my tags not matching this resolution, as it is better to under-report than over-report shelf-
break influence. Statistical analyses (General Linear Mixed Models) could not be conducted on
these data because data were non-normally distributed, often bi-modal, and showed strong
differences among individuals. Therefore, | present summary statistics without the use of
statistical tests. All averages for all variables are reported as mean + SD unless otherwise

indicated.

3.4 Effect of tagging
To determine the effect of tagging on the Black Guillemot, | examined changes in adult
mass and hatch success. | used two methods to determine the potential effect of tagging on adult

mass. First, mass of tagged adults (n = 6) was compared between 2017 and 2018 to determine if
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mass significantly changed over the period of tag deployment. Second, adult mass was compared
between tagged (Country Island: n = 4; Kent Island n = 3) and untagged (Country Island: n = 10;
Kent Island n = 5) individuals in 2018. These comparisons were made using paired and unpaired

t-tests, respectively.

Hatch success at nest sites on Country Island was compared between nests where adults
were tagged and handled (2017, n = 10; 2018, n = 4), handled but not tagged (2017, n = 11,
2018, n =9), and unhandled (2017, n = 30, 2018, n = 45). Nests of all three groups were
distributed haphazardly throughout the study colony (i.e. treatment types were not spatially
clustered), and uneven sample sizes were due to logistical constraints of finding nests that could
be readily monitored. Time restrictions and logistical limitations prevented the monitoring of
burrows on Kent Island. Nests on Country Island were monitored every two weeks and clutch
size and number of eggs hatched were recorded. Hatch success, defined as the proportion of
nests that hatched at least 1 chick, was calculated for nests where adults were tagged and
handled, handled but not tagged, and unhandled (control) and compared between treatments

using Chi-square tests.

4.0 Results

Four tags were retrieved from Country Island birds and three tags were retrieved from
Kent Island birds (total n = 7; 41% recovery rate). Two additional tagged birds from Country
Island were observed in 2018 but were not captured due to time and logistical constraints. With
these birds included, return rate rises to nine tagged birds (53% recovery rate) across both sites.
This total is conservative because some tagged likely went undetected. After location processing,
the total number of location points was 1479, with an average of 211 + 53.17 points per bird

(where D323 and D355 had 100 and 185, respectively, due to partial data recovery). On all
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tagged birds that were recaptured, the skin at the site of tag attachment appeared uninjured and

without infection.

4.1 Movements and distribution

On Country Island, birds left the colony between 7 and 28 Jul 2017 (mean 12 Jul £ 4.9
days). During the post-breeding phase (Figure 2), birds spread out on the Scotian shelf (n = 4),
next moving through the Strait of Canso to the Gulf of St. Lawrence (n = 4) and finally off the
continental shelf (n = 3) or to the Scotian shelf (n = 1). In the first winter phase, birds went in
varying directions. One moved around Northern Nova Scotia and into the Gulf of Saint
Lawrence, one moved into the Bay of Fundy, and the other birds (n = 2) remained on the Scotian
shelf or moved off the continental shelf into deeper waters before moving to the Gulf of Maine
(Figure 2). In the second winter phase, the bird that moved to the Gulf of Saint Lawrence
returned to the Scotian shelf near its colony, where the bird on the Scotian shelf remained. The
other birds (n = 2) remained in the Bay of Fundy or Gulf of Maine (Figure 2). In the pre-breeding
phase, birds moved from the Bay of Fundy back to Northern Nova Scotia along the Scotian shelf
(n =1), from beyond the continental shelf back to the Scotian shelf (n = 2), or made another trip
through the Strait of Canso to the Gulf of St. Lawrence before returning to the Scotian shelf (n =

1). Birds returned to the colony between 29 May and 4 Jun 2018 (mean 1 Jun £ 2.6 days).

On Kent Island, birds left the colony on 13, 16 and 25 Jul 2017. During the post-breeding
phase, birds moved out of the Bay of Fundy to the Gulf of Maine (n = 3), with one bird moving
south through the Gulf of Maine and off the continental shelf (Figure 2). In the first winter phase,
the bird that moved off the continental shelf returned to the Bay of Fundy and Gulf of Maine,
where the others (n = 2) remained (Figure 2). In the second winter phase, birds (n = 2) remained

in the Bay of Fundy and Gulf of Maine (Figure 2). There are no data for the third bird in this
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phase due to partial data recovery. In the pre-breeding phase, one bird moved throughout the Bay
of Fundy and Gulf of Maine before returning to colony on 9 Jun 2018. Return dates for the other

two birds are unknown due to partial data recovery.
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Figure 2. Graduated circles representing the count of Black Guillemots combined by 0.5°
latitude/longitude grid cells from Country Island (CI), Nova Scotia, and Kent Island (KI), New
Brunswick, during post-breeding (7 Jul 2017 to 10 Sep 2017), winter 1 (18 Oct 2017 to 17 Dec
2017), winter 2 (18 Dec 2017 to 19 Feb 2018) and pre-breeding (5 Apr 2018 to 9 Jun 2018). The
200m shelf break is indicated by the dashed lines.
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Ninety percent of locations were within 428 km and 260 km of colony for Country Island
and Kent Island, respectively (Figure 3). The mean distances from colony were 196 + 140 km
(max 536 km) and 112 + 86 km (max 379 km) for Country Island and Kent Island, respectively.
During the post-breeding phase, birds from both colonies showed a wide dispersion relative to
their respective colonies (Country Island: 143.0 + 97.6 km, max 450 km; Kent Island: 167.4 +
108.5 km, max 379 km). During the first and second winter phases, mean distances from colony
for Country Island birds were greater compared to the post-breeding phase (Winter 1: 226.0 +
124.3 km; Winter 2: 263.7 = 166.6 km), whereas mean distances from colony for Kent Island
birds was less compared to the post-breeding phase (Winter 1: 90.7 £ 62.1 km; Winter 2: 64.8 +
39.7 km). Additionally, two Country Island birds travelled past the continental shelf in the first
and second winter phases (max 526 km), while the other two remained within 295 km of the
colony (Figure 3). In the pre-breeding phase, Country Island birds moved closer to colony than
the previous phase (162.6 £ 123.9 km) and Kent Island birds moved further than the previous

phase (118.4 £ 59.0 km) before returning to colony for the breeding season.
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Figure 3. Histogram of the distance from colony (km) of Black Guillemots from Country Island
(CI), Nova Scotia, and Kent Island (K1), New Brunswick, during post-breeding (7 Jul 2017 to 10
Sep 2017), winter 1 (18 Oct 2017 to 17 Dec 2017), winter 2 (18 Dec 2017 to 19 Feb 2018) and
pre-breeding (5 Apr 2018 to 9 Jun 2018).

Ninety percent of locations were within 200 km and 129 km from shore for Country

Island and Kent Island, respectively (Figure 4). The mean distances from shore were 80 + 86 km
and 53 + 54 km for Country Island and Kent Island, respectively. During the post-breeding
phase, the mean distance from shore for Country Island birds was 83 + 76 km and was 92 + 70
km for Kent Island birds. In the first winter phase, distance from shore was similar to the post-
breeding phase for Country Island birds (84 + 84 km), whereas birds moved closer to shore (36 +
36 km) for Kent Island. However, three birds from Country Island travelled further from shore
(max distance 259 km) while the other one remained within 82 km of the shore (Figure 4). In the

second winter phase, Country Island and Kent Island birds returned closer to shore than the
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previous phase (Country Island: 47 + 35 km; Kent Island: 25 + 20 km). In the pre-breeding
phase, two Country Island birds travelled further from shore than the previous phase (max
distance 471 km) before returning closer to shore (108 + 120 km), and Kent Island birds

remained relatively closer to shore (51 + 35 km) before returning to the colony for the breeding

season.
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Figure 4. Histogram of the distance from shore (km) of Black Guillemots from Country Island
(CI), Nova Scotia, and Kent Island (K1), New Brunswick, during post-breeding (7 Jul 2017 to 10
Sep 2017), winter 1 (18 Oct 2017 to 17 Dec 2017), winter 2 (18 Dec 2017 to 19 Feb 2018) and
pre-breeding (5 Apr 2018 to 9 Jun 2018).
4.2 Habitat use

I assessed the seasonal habitat use of Black Guillemots by investigating variability in sea

surface temperature (SST), depth and depth gradient (slope) for bird locations (summarized in

Table 1). Across all phases, the sea surface temperature associated with bird locations ranged
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from -1.8 °C to 25.3 °C, mainly following seasonal cooling and warming. The highest mean

slope values were in June and July. Median depth was similar across all months but there were

clear patterns of birds using pelagic waters from July to September and again from April to May

(max depth 4831 m and 3561 m, respectively; Table 1), associated with birds using waters

beyond the continental shelf (Figure 2).

Table 1. Mean £ SD [min, max] values for sea surface temperature (SST, °C) and depth gradient
(slope) by month, and median [min, max] values for depth (m) by month of bird locations from
Country Island (ClI), Nova Scotia, and Kent Island (K1), New Brunswick. Due to the vernal
equinox, there are no data for March 2018.

Sample Size SST Depth Gradient Depth
Month  CI Kl Cl Kl Cl Kl Cl Kl
Jul 7 41 17.5+1.3 15.2+2.7 33.1+28.3 32.9+23.9 117 119
[14.3,20.4] [12.1,21.3] [5.5,79.2] [6.9, 82.4] [19, 3077] [0, 1619]
Aug 124 92 19.5+1.1 16.1+2.3 26.3+25.0 22.2+18.2 101 179
[18.0,25.3] [12.5,24.1] [0, 87.8] [2.7, 82.4] [29, 4483] [0, 2463]
Sep 36 28 18.7+1.7 15.8+2.2 24.21429.9 17.7+18.9 144 205
[16.4,22.0] [12.7,225] 9]0,87.83] [3.8,78.4] [1, 4021] [67, 2463]
Oct 56 39 15.4+1.9 14.0+0.9 15.9+15.8 22.9+15.4 157 109
[9.4,17.9] [12.6,16.3] [0, 79.2] [3.8, 82.4] [1, 3755] [0, 237]
Nov 119 90 12.2+1.9 10.9+2.7 20.6+22.0 32.5+18.9 101 133
[4.5, 18.0] [-0.3,13.7] [0, 87.8] [10.1,90.2] [0, 3143] [0, 231]
Dec 124 67 7.61£2.4 9.1+1.5 23.3+21.73 32.5+22.8 117 119
[1.1,12.6] [4.1,11.2] [0,94.1] [10.1,82.4] [0, 1251] [0, 231]
Jan 121 59 4,7+3.3 6.5+1.6 24.3+22.0 26.8+16.3 119 119
[-1.8,10.9] [2.7,9.1] [0, 98.2] [14.6,72.5] [0, 237] [33, 185]
Feb 76 37 2.5+2.6 5.8+0.9 28.9+22.3 26.4+16.5 78 119
[-1.8, 6.8] [2.4,7.3] [0, 72.5] [12.6,72.5] [1,283] [45, 215]
Mar NA NA NA NA NA NA NA NA
Apr 104 25 6.5+6.6 4.9+0.9 18.6+21.1 24.4+12 .4 117 185
[-1.4,19.2] [2.9,7.1] [0, 82.4] [10.1,50.7] [0, 4831] [3, 275]
May 122 31 6.3+2.7 8.0+£1.0 31.5+24.7 28.5+18.3 108 133
[2.6,17.0] [6.7,10.3] [3.9, 87.8] [12.6,82.4] [19, 3561] [0, 215]
Jun 4 9 9.3+4.2 9.5+0.4 57.7+32.1 34.8+12.7 134 95
[6.5, 15.6] [8.9, 10.1] [11.4,79.2] [18.5,45.4] [63,205] [63, 179]

Overall, bird locations were primarily (82%) associated with the continental shelf, with

8% associated with pelagic and 10% associated with the shelf break (Table 2). Though the

continental shelf was the dominant habitat type across all months, Country Island shelf



27

association peaked in July and again in December and January, and was lowest in June, whereas
Kent Island shelf association peaked in June. Country Island birds spent the most time in pelagic
waters in April and October, whereas Kent Island birds had a relatively low pelagic presence
throughout the nonbreeding period. Country Island shelf break association was lower than Kent
Island, with a peak in February. On Kent Island, shelf break association was highest in

September but mostly limited to July to October.

Table 2. Habitat type by month of Black Guillemots from Country Island (CI), Nova Scotia, and
Kent Island (K1), New Brunswick, where shelf = location < 200m depth, pelagic = location >
200m depth, and break = locations in a 25km buffer of the continental shelf break (200m). Due
to the spring equinox, there are no data for March 2018.

Month % Shelf % Pelagic % Break
Cl Kl Cl Kl Cl Kl
Jul 61.3 21.6 2.6 2.6 0.9 11.3
Aug 49.1 26.9 3.8 3.8 4.7 12.1
Sep 32.9 17.2 15.7 3.2 7.9 23.5
Oct 31.6 28.5 21.1 2.2 6.4 10.6
Nov 48.9 41.2 15 2 6.7 0
Dec 62.4 315 1.1 3.7 1.6 0
Jan 61.7 32.8 2.3 0 3.4 0
Feb 54 31 0 0 13.3 1.8
Mar NA NA NA NA NA NA
Apr 52 8.6 28 1.6 0.8 9.4
May 70 18.4 3.3 0 6.6 2
Jun 154 69.3 15.4 0 0 0

4.2 Effect of Tagging

4.2.1 Adult mass

Across both islands, adult mass of tagged individuals was not significantly different
between 2017 (tag deployment) and 2018 (tag retrieval; two-tailed t-test: n = 6, p = 0.723).
Additionally, the average adult mass did not differ significantly between tagged (387.6 = 13.9 g;
n =7) and untagged individuals (375.4 £ 30.3 g; n = 15) across both islands in 2018 (two-tailed

t-test: p = 0.211).
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4.2.2 Hatch success

On Country Island in 2017, hatch success did not differ significantly across tagged and
handled (83.3%, n = 10), handled but not tagged (54.6%, n = 11), and unhandled nests (80%, n =
30; Chi-square test: %2 = 0.640). On Country Island in 2018, hatch success did not differ
significantly across tagged and handled (50%, n = 4), handled but not tagged (11.1%, n = 9), and

unhandled nests (51.1%, n = 45; Chi-square test: x2 = 0.448).

5.0 Discussion

5.1 Winter distribution and habitat use

In this study, | obtained full or partial tracks for seven Black Guillemots from two
breeding colonies in Nova Scotia and New Brunswick, Canada, providing new insights on winter
distribution and movement patterns of this species. My results suggest that Black Guillemots
from these colonies may have several different overwintering strategies. Birds from Country
Island either remained on the Scotian shelf, or travelled to the Gulf of St. Lawrence, Bay of
Fundy or Gulf of Maine (Figure 2), whereas birds from Kent Island remained in the Bay of
Fundy or Gulf of Maine (Figure 2). However, two birds from Kent Island had partial data. Due to
the limited sample size for both colonies, the inference of overwintering strategies remains

limited.

Black Guillemots from Country Island and Kent Island were distributed throughout
different areas during the nonbreeding season and no single wintering location was identified
(Figure 2). Variation in Black Guillemot distribution and habitat in the nonbreeding season has
been previously recorded (Waggitt et al. 2016). This pattern is also consistent with observations

on Common Murres (Uria aalge) and Thick-billed Murres (Uria lomvia, Tranquilla et al. 2013),



29

where birds from the same colony are distributed in different areas during the nonbreeding
period. There are various factors that may influence these differences in winter distribution,
including ice cover, prey availability, or productivity levels (Nol & Gaskin 1987, Prach & Smith

1992, Montevecchi et al. 2012, Divoky et al. 2016, Waggitt et al. 2016).

In terms of habitat, birds from Country Island were found on average 80 km offshore but
up to 470 km offshore in deep pelagic waters, which contrasts the coastal inshore distribution of
breeding Black Guillemots in Atlantic Canada (Nol & Gaskin 1987, Huettman et al. 2005).
Cairns (1987) suggests that guillemots primarily feed in coastal benthic waters due to risk
avoidance. However, in this study, birds travelled to the continental shelf break and into pelagic
waters with depths up to 4830 m (Table 1). This wide distribution may increase the potential of
guillemots encountering various risks, such as bycatch (Benjamins et al. 2008), vessel
disturbance (Ronconi & St. Clair 2002), tidal energy development (Furness et al. 2012) and oil
spills (Ronconi et al. 2015, Lieske et al. 2019), thus suggesting that guillemots may have
multiple foraging strategies (Haney 1991). Slope association ranged throughout the nonbreeding
period, with the highest average slope values in July and June (Table 1), corresponding to the
beginning of the post-breeding phase and end of the pre-breeding phase, respectively, when birds
are nearest to colony (Figure 3). This slope association is also seen in Parakeet Auklets (Aethia
psittacula) and Crested Auklets (Aethia cristatella), where birds are strongly associated with

depth and depth gradients, distributed in all strata layers of the shelf (Haney 1991).

Bird locations from Country Island and Kent Island also overlapped during three phases
of the nonbreeding period. In particular, Country Island birds moved into the same areas as some
Kent Island birds, although the reverse was not the case with the Kent Island birds (Figure 2).

While neighbouring seabird colonies frequently show spatial segregation during breeding
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seasons (Grémillet et al. 2004, Hedd et al. 2018), overlapping winter distributions have been
observed for alcids from different colonies (Tranquilla et al. 2013, 2014, Ratcliffe et al. 2014).
This overlap may be explained by prey availability (Cairns 1987, Nol & Gaskin 1987, Divoky et
al. 2016, Waggitt et al. 2016) or birds following pre-determined migration routes learned from

parents that previously moved between colonies (Dearborn et al. 2003, Tranquilla et al. 2013).

Overall, Black Guillemot distribution over the winter season may be explained by a
variety of factors. One factor that may influence Black Guillemot distribution is ice cover. Black
Guillemot distribution in the Arctic is, primarily, influenced by ice cover (Bradstreet 1979, Prach
& Smith 1992, Divoky et al. 2016). In ice-free areas, guillemots are thought to remain
moderately near the colony throughout the nonbreeding season (Brown 1985), but tend to depart
areas of solid ice cover for more open waters (Nettleship & Evans 1985). There is relatively little
ice activity in the winter in the Bay of Fundy, Gulf of Maine and Scotian shelf, however, ice
appears in the Gulf of St. Lawrence in mid-December along the coastal waters of New
Brunswick, followed by in the Northumberland strait surrounding Prince Edward Island
(Environment and Climate Change Canada 2018). In the post-breeding phase, all four Country
Island birds spent time in the Gulf of St. Lawrence when there was no ice cover (Figure 2).
However, at the end of the first winter phase and beginning of the second winter phase, only one
guillemot remained in the gulf and as ice began to appear, the bird moved towards northeastern
Nova Scotia and remained there until mid-February (Figure 2). Thus, it is possible that the bird
was moving in relation to ice edges (Bradstreet 1979, Prach & Smith 1992, Divoky et al. 2016)
or retreating from the area due to ice cover (Nettleship & Evans 1985). As exact dates of ice
cover are unknown, it is also possible that the bird left the gulf before ice appeared, which may

indicate that its migration routes are pre-determined (Tranquilla et al. 2013).
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Black Guillemot movement has also been associated with prey availability (Cairns 1987,
Nol & Gaskin 1987, Divoky et al. 2016, Waggitt et al. 2016). In the Bay of Fundy, Black
Guillemots primarily feed on rock gunnels (Pholis gunnellus) in the autumn (Nol & Gaskin
1987), and are known to feed on sculpin (Cottidae sp.), cod (Gadidae), sandlance
(Ammodytidae) and herring (Clupeidae) in their other ranges (Butler & Buckley 2002). Atlantic
herring (Clupea harengus) are distributed throughout the Bay of Fundy and Gulf of Maine, with
a large spawning area in the Gulf of Maine (Tibbo et al. 2011). Kent Island birds remained in the
Bay of Fundy and Gulf of Maine year-round, but Country Island birds moved into this area
during the second winter phase, when the density of herring larvae peaks in the Gulf of Maine
(Tibbo et al. 2011). Additionally, cod and sandlance are distributed throughout the Bay of Fundy
and Scotian shelf, concentrated in the Bay of Fundy (Scott 2010, Shackell et al. 2011). Thus, it is

possible that Black Guillemots are moving in relation to prey availability.

Alcids may also associate with areas of higher productivity, such as areas of high surface
chlorophyll concentrations and water temperatures, as these areas correspond to higher densities
of prey species (Gaston et al. 2011, Montevecchi et al. 2012). Black Guillemots were primarily
associated with the continental shelf throughout all phases in the winter season (Table 2). In
terms of the shelf break, the highest density of Black Guillemots on the shelf break occurred in
the post-breeding phase, from July to September, and the lowest density occurred in December
(Table 2). The highest levels of productivity on the continental shelf occur near the outer
continental shelf break, due to high upwelling (Atkinson et al. 2003), and the peak productivity
on the Atlantic continental shelf occurs in August and the lowest productivity levels occur in
December and January (Campbell & O’Reilly 1988). Therefore, it is possible that Black

Guillemots travelled to this area during peaks in productivity and retreated during times of low
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productivity. This behaviour has been previously recorded in Thick-billed Murres in Nunavut
(Gaston et al. 2011) and the western North Atlantic (Montevecchi et al. 2012), where murres

moved to areas of higher productivity on the continental shelf during the nonbreeding season.

The Bay of Fundy and Gulf of Maine have high productivity year-round due to high tidal
ranges and vertical mixing (Gran & Braarud 1935), which may explain why Kent Island birds
remained in these regions year-round (Figure 2). Additionally, since the productivity on the
continental shelf is lowest in winter (Campbell & O’Reilly 1988) but productivity in the Bay of
Fundy and Gulf of Maine remains high during this time (Gran & Braarud 1935), this may
explain why two Country Island birds moved into the Bay of Fundy and Gulf of Maine during
the winter phases. Likewise, the Bay of Fundy provides important winter habitat for other
Alcids, such as Razorbills (Alca torda) that occur in high abundance (Huettman et al. 2005) and
come to this area from a number of colonies (Clarke et al. 2011), suggesting that the area
supports a variety of species during the winter. Changes in prey species and productivity levels
may drive populations or species into other foraging locations, causing additional competition
between overlapping seabird populations (Waggitt et al. 2016). It is also known that age, sex and
experience can influence distribution and movement of seabirds (Phillips et al. 2017). In this
study, we were unable to determine the age, sex or experience of tracked adults, thus some
variation in tracking data could be the result of differences in these variables. Thus, additional

tracking will be required to more fully describe Black Guillemot distribution and habitat use.

5.2 Effect of tagging

I found no difference in adult mass between tagged and untagged adults or between
years. Previous research found that tagged alcids had lower mass than untagged alcids (Paredes

et al. 2005), while others reported no significant effects (Robinson & Jones 2014) on adult mass.
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These differences may be due to differences in tag attachment location (back-mounted vs. leg-
mounted) or the weight of the tag. I also found no effect of tags on hatch success. Although the
effect of tags on alcid hatching success has not been previously examined, tags have been
associated with decreased chick growth rate in Whiskered Auklets (Atheia pygmaea, Schacter &
Jones 2017) and Cassin's auklets (Ptychoramphus aleuticus; Ackerman et al. 2004) and
decreased fledgling success in Tufted Puffins (Fratercula cirrhata; Whidden et al. 2007). In
contrast, tags appeared not to affect fledgling success in Parakeet Auklets (Paredes et al. 2005).
These differences may be due to physiological and behavioural differences in the species, such
as mass, wing-loading or migration distances (Schacter & Jones 2017). Thus, tag effects can vary
between species, reinforcing the need to assess species individually in a given region (Burger &
Shaffer 2008, Schacter & Jones 2017). My results suggest that there are no significant effects of
tagging on adult Black Guillemot mass or hatch success. However, these results should be
viewed with some caution. The sample size and parameters measured were limited and because
birds were caught by convenience (non-random), catchability related to bird experience may play
a role in my results. Additional research on potential tag effects on Black Guillemot populations

in Atlantic Canada is recommended.

5.3 Future implications

If my results are representative of Black Guillemots from these two colonies, this
research can inform management decisions on the development of marine protected areas, oil
spill response strategies, or tidal energy. Knowledge on seabird distribution can provide
important information on marine hotspots, which can be used to designate marine protected areas
(Hyrenbach et al. 2006, Le Corre et al. 2012) and identify areas of high risk (Davoren 2007). The

north Atlantic continental shelf has previously been identified as an important biological hotspot
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that should be protected (Montevecchi et al. 2012), as alcids, such as the Razorbill, occur here in
high abundance (Huettman et al. 2005, Clarke et al. 2011). The results of my study, in
conjunction with other seabird or marine mammal tracking studies, can be used to identify
specific marine hotspots along the north Atlantic continental shelf that could be developed into

marine protected areas.

Information on Black Guillemot distribution can also be used to improve oil spill
response strategies for this species. Black Guillemots are particularly vulnerable to oil spills
because of their pursuit-diving and passive-drifting foraging behaviour that increases their risk of
exposure to surface oil spills (Nettleship & Evans 1985, Cairns 1987). My results suggest that
birds are widely distributed across the region during the winter, and that this distribution varies
by colony and throughout the nonbreeding period. Thus, an oil spill in this region may have
varying impacts individuals and populations depending on the time and location of the spill
(Montevecchi et al. 2012, Tranquilla et al. 2013). However, as oil exploration continues to
increase on the Scotian Shelf and Grand Banks due to the availability of exploitable oil reserves
(Grant et al. 1986), knowledge on the distribution of Black Guillemots in these areas will be
increasingly important to identify areas in which Black Guillemots may be most vulnerable to oil

spills.

Knowledge on Black Guillemot distribution is also important in tidal energy
development. Black Guillemots from Kent Island were widely distributed in the Bay of Fundy
and Gulf of Maine during the entire nonbreeding period, with Country Island birds overlapping
in these areas during the winter phases (Figure 2). However, the Bay of Fundy is also an
important location for tidal energy development (Karsten et al. 2008). As tidal energy in the Bay

of Fundy continues to be explored (Karsten et al. 2008, Furness et al. 2012), Black Guillemots
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are at an increasing risk of disturbance or direct harm due to their diving and benthic foraging
behaviour (Furness et al. 2012, Johnston et al. 2018). Information on Black Guillemot
distribution in the Bay of Fundy will allow for sustainable decisions on the placement of tidal

turbines and how to mitigate potential turbine impacts (Johnston et al. 2018).

6.0 Conclusion

This research provides the first insights on the winter distribution of the Black Guillemot
in Atlantic Canada. Black Guillemots from Country Island, Nova Scotia and Kent Island, New
Brunswick, were distributed in the Gulf of St. Lawrence, Scotian Shelf, Bay of Fundy and Gulf
of Maine during the nonbreeding period, in both continental and pelagic waters. This research,
combined with other seabird, fish and marine mammal tracking studies, can be used in
management decisions on the development of marine protected areas, oil spill response
strategies, tidal energy and more. Although my sample of tracked birds was limited and may not
be fully representative of the species behaviour in this part of their range, these results raise
unique observations of offshore movements and provide new insights on the life-history of this
poorly studied species. Further tracking would allow for modeling of species-habitat
associations, allowing for predictions about how this species may respond to variability and
changes in habitat over time. Additional tracking studies of more populations over several
nonbreeding periods should be conducted to develop a better understanding of Black Guillemot

overwintering locations and habitat use in this region.
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