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Abstract

Systematic surveys of marine birds from ships were first conducted by the Canadian Wildlife
Service (CWS) in Atlantic Canada in 1965, and then expanded to the Canadian Arctic in 1969
under PIROP (Programme intégré de recherches sur les oiseaux pélagiques). PIROP surveys
ended in 1992, then resumed in 2006 under the Eastern Canada Seabirds at Sea (ECSAS)
program with an updated survey protocol. Surveys under both monitoring programs were
conducted from a variety of ship types engaged in scientific, transport, and supply activities,
totalling over 120,000 km within sub-Arctic and Arctic Canada waters and over a million marine
birds observed, primarily northern fulmar (Fulmarus glacialis), black-legged kittiwake (Rissa
tridactyla), thick-billed murre (Uria lomvia), and dovekie (Alle alle). The data collected inform
offshore ecological inquiries, environmental impact reviews, mortality estimates from
accidental oil releases, and define areas in need of protection. Although surveys were designed
to quantify seabird distribution within the waters of eastern Canada, the data also include
sightings of non-avian taxa that are made publicly available. Long-term and large-scale
monitoring programs will remain essential for assessing the status and health of Canada’s
marine birds, including surveys that take place at sea where these species spend most of their

time.

Key words: seabird, ships-of-opportunity, surveys at sea, marine mammal
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For much of their lives, seabirds live beyond their colonies, adapted for life in the marine
environment. Although monitoring seabirds at their colonies plays a crucial role in
understanding population trends and the surrounding ecosystem health (Gaston et al. 2009;
Wilhelm et al. 2015), surveys at sea identify important foraging areas in need of protection
(Smith et al. 2014; Zipkin et al. 2015), areas of high marine productivity for multiple species
(Yurkowski et al. 2019), and areas where the birds may be vulnerable to hazards from human
activities (e.g., Hedd et al. 2011; Lieske et al. 2020). Seabirds are considered sentinels of
ecosystem health (Piatt et al. 2007; Moore and Kuletz 2019) whereby changes in distribution,
abundance, and diversity at sea may be linked to major ecosystem perturbations (Romano et al.
2020; Kuletz et al. 2024). As such, seabird surveys are often included in long-term ecosystem
monitoring programs (Ballance 2007, Ainley et al. 2012; Kuletz et al. 2019; Mueter et al. 2021;
Kuletz et al. 2024). In Canada, ship-based surveys that quantify abundance and distribution of
birds have been led primarily by the Canadian Wildlife Service (CWS) and form the basis of what
we know of seabird marine habitat use in Canada (Brown 1986; Morgan et al. 1991; Bolduc et
al. 2016). The data have been supplemented in some nearshore areas by aerial surveys (Prach
and Smith 1985; Fifield et al. 2016; Wong et al. 2018b), and more recently by data collected
from miniaturized instruments attached to individual birds from a selection of colonies (e.g.,
Frederiksen et al. 2016; Lavoie et al. 2022; Ronconi et al. 2022; d'Entremont et al. 2023).
Collectively, these various data sources inform conservation and management of marine birds
in Canada and provide the baseline against which future changes can be measured.

Canada’s Arctic and sub-Arctic waters support over ten million breeding seabirds, in addition

to nonbreeding individuals and migrants that also number in the tens of millions (Mallory and
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Fontaine 2004; Gaston et al. 2012; Fort et al. 2013), that include globally significant numbers of
some species (Gaston et al. 2012; Maftei et al. 2012; Spencer et al. 2015; Wilhelm et al. 2015;
Hedd et al. 2018). In this paper, we describe two long-term (> 10 years) monitoring programs
for birds at sea in eastern and Arctic Canada, conducted from mobile monitoring stations (i.e.,
vessels) where CWS has led seabird surveys for almost 60 years. This is a relatively shallow,
continental-shelf-dominated area, parts of which are ice-covered during much of the year
(Michel et al. 2015), and encompasses most of the Canadian Arctic Archipelago, including the
waters of Hudson Bay and the Canadian territorial waters of Baffin Bay (Fig. 1). Specifically, we
examine the history of the long-term at-sea monitoring programs and survey methods,
summarize the main findings and their significance for conservation and policy, and discuss the
importance of continued monitoring in an era of disappearing ice cover and increased human

activities (Pizzolato et al. 2016).

Early history of at-sea surveys in eastern Canada

In 1969, R.G.B. Brown (CWS) with P. Germain (I’Université de Moncton) initiated PIROP
(Programme intégré de recherches sur les oiseaux pélagiques), which is considered one of the
first programs to systematically study the distributions of birds at sea, based on a standardized
counting technique and a computer database. It was recognized at the time that information on
the distribution and numbers of seabirds in eastern Canada was needed for environmental
impact assessments of an emerging oil and gas industry, and to “... provide a basis for further
research into the neglected field of pelagic ornithology...” (Brown et al. 1975). PIROP surveys

(Fig. 2A) started in Atlantic Canada in 1965 (preceding the formalization of the program in
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1969), and within five years had expanded to include the Gulf of St. Lawrence, eastern
Canadian Arctic as high as 77°N, multiple trans-Atlantic voyages (Hyrenbach et al. 2012), and in
1970, were conducted during the first circumnavigation of the Americas (Wadhams 2009). In
the Pacific Ocean, the PIROP methods were followed by CWS during pelagic bird surveys off the
coast of British Columbia that began in 1981 (Morgan et al. 1991). In eastern Canada, PIROP
surveys were conducted from ships engaged in a variety of scientific, transport, and supply
activities (also known as ships-of-opportunity), primarily based out of the Bedford Institute of
Oceanography in Nova Scotia (NS), Canada. Most of the early data were collected by CWS, but a
significant number of surveys were also done by consulting companies working for the oil
industry (Brown 1986). Data collection under PIROP continued until 1992 when R.G.B. Brown
retired from CWS, although the bulk of the data were collected during the 1970s (Fig. 2A).

By the 1990s, PIROP survey data covered much of the waters of eastern Canada (Fig. 2A) and
were relied upon for defining seabird vulnerability to oil spills and other environmental
emergencies involving marine pollutants (Lock et al. 1994), as well as risks to seabirds from
hydrocarbon exploration activities that peaked offshore of Atlantic Canada in the 1970s.
However, as offshore oil and gas production activities expanded through the 2000s, and marine
ecosystems were undergoing significant changes (Nagelkerken and Connell 2015), CWS could
no longer reliably use PIROP data to represent current seabird distributions to assess and
mitigate risks to this growing offshore industry (e.g., Burke et al. 2012). In addition, chronic oil
pollution from ships travelling through Canadian waters, particularly in Newfoundland and
Labrador, was killing hundreds of thousands of seabirds every year (Wiese and Ryan 2003). As a

result, the Government of Canada increased surveillance to monitor oil pollution, introduced
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legislation to better enforce marine pollution regulations, and in 2005, increased capacity at
CWS and revitalized the pelagic seabird monitoring program using survey methods
standardized with those used by the European Seabirds at Sea (ESAS) group (Gjerdrum et al.
2012a).

CWS conducted the first surveys under the new Eastern Canada Seabirds at Sea (ECSAS)
program (Gjerdrum et al. 2012a) in the spring of 2006 within Atlantic Canada and the Gulf of St.
Lawrence. Support from the Environmental Studies Research Funds (ESRF;
https://www.esrfunds.org/) added significant survey effort from 2006-2009 to specifically
assess seabird abundance and distribution on the northern Grand Bank (Fig. 1) and other areas
of oil industry activity in eastern Canada, including the Labrador Shelf (Fifield et al. 2009b). In
2007, CWS in collaboration with the US Fish and Wildlife Service (USFWS) — Alaska Region,
initiated seabird surveys through the Northwest Passage, between the Pacific and Atlantic
Oceans, as part of “Canada’s Three Oceans” (C30) project (Carmack et al. 2008), a contribution
to International Polar Year (IPY) that continued through 2012 (Wong et al. 2014). The ECSAS
monitoring program relied primarily on oceanographic research vessels and collaborations that
integrated multidisciplinary observational programs (i.e., Davis Strait Arctic Gateway Observing
System, University of Washington, WA; Atlantic Zone Monitoring Program, Department of
Fisheries and Oceans, Canada; and Amundsen Science, Université Laval, QC. However,
beginning in 2008, a significant number of ECSAS surveys were also conducted from cruise and
expedition-style passenger ships in coastal areas of the Arctic through collaborations with
Acadia University (NS), Adventure Canada (Scientist-in-Residence program), and Students on Ice

expeditions. The ECSAS surveys are ongoing, and although focused in western North Atlantic
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and eastern Arctic waters, some effort extends east across the North Atlantic, south into US
waters, as well as into the western Canadian Arctic and Pacific Oceans (Fig. 2B).

Aerial surveys of seabirds in coastal areas (Prach and Smith 1985; Fifield et al. 2016) and
platform-based stationary surveys in oil production areas in Atlantic Canada (Baillie et al. 2005)
have been used to supplement boat-based information, but to-date have not been part of any
systematic, long-term (> 10 years) monitoring program and are thus not included in this
summary. Similarly, we do not include aerial survey data nor opportunistic seabird surveys that
have taken place in western Arctic waters (e.g., Searing et al. 1975), nor do we include industry-
led survey data collected in support of regional scale environmental assessments. Seabird
survey data from long-term monitoring in Alaska waters (Renner et al. 2013; Kuletz et al. 2019;
Kuletz et al. 2020) are also not included as these surveys took place outside of Canadian
jurisdiction (although survey data collected within our study area, in eastern Arctic waters, in
collaboration with USFWS — Alaska Region, are included). Pelagic seabird surveys led by CWS in
Pacific waters (Morgan et al. 1991) are also outside the geographic scope of this paper. These
data, however, are publicly available from the North Pacific Pelagic Seabird Database (Drew et

al. 2005).

Development of the monitoring programs

Survey methods
Early PIROP surveys (1965-1984) were aboard ships-of-opportunity (Table 1) and used 10-

min observation periods (i.e., watches) during which all birds observed were recorded,
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regardless of their distance from the vessel. Following a review of survey methods by Tasker et
al. (1984), PIROP surveys after 1984 recorded birds observed within a 300 m strip transect to
allow the estimation of densities (i.e., number of birds per km?), although the new protocol did
not adopt the recommended snapshot approach for flying birds (Tasker et al. 1984, Gaston et
al. 1987). At the beginning of each 10-min watch, observers recorded the ship’s position, speed,
and direction, and various characteristics of the survey conditions (e.g., visibility, weather, sea
state). The bird-related data included, species, number, age, plumage, moult, sex, behaviour,
and any biotic or abiotic associations (Brown 1971).

ECSAS surveys (2006-present; Fig. 2B) have also been conducted from ships-of-
opportunity, primarily those with regular routes and/or oceanographic sampling stations. In
general, the survey protocol (Gjerdrum et al. 2012a) was modelled after Tasker et al. (1984)
with a 300 m wide transect to one side of the vessel and a 90° scan angle. All birds on the water
within the transect are recorded. Birds typically fly faster than the ship and therefore, during an
observation period, more birds will fly through the survey area than are present at any one
instant of time (Tasker et al. 1984). To avoid overestimating abundance of flying birds, ECSAS
surveys record flying birds within transect and 300 m forward of the vessel during
instantaneous counts (i.e., snapshots), the frequency of which is determined by the speed of
the vessel. Distance sampling techniques are used to account for varying seabird detectability
(Buckland et al. 2001). At the beginning of each observation period (10-min duration from
March 2006 to June 2007, and 5-min thereafter), observers record the ship’s position, speed,
and direction, in addition to a number of environmental conditions (e.g., visibility, sea state,

swell height, wind speed; Gjerdrum et al. 2012a). Each sighting is identified to species (where

© The Author(s) or their Institution(s)
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possible or else to lowest taxonomic group), and flock size and behaviour (e.g., flying,
swimming, feeding) are noted. The perpendicular distance of the sighting from the trackline is
also recorded in one of four distance bins (with limits 50, 100, 200, and 300 m). If fog or rain
limit the visibility of the survey area, those conditions are noted and the transect width is
adjusted accordingly. Surveys from late-2008 to 2011 recorded the radial distance to birds in
flight (i.e., point-transect method) in the same four distance bins but reverted back to
perpendicular distances when a comparison of methods showed the line-transect method
provided superior results (Bolduc and Fifield 2017). Notes on species’ associations (e.g., birds
associated with other marine species, marine debris, oil slicks, fishing vessels, etc.), flight
direction, age, plumage, and sex are also recorded when possible (Gjerdrum et al. 2012a). Birds
observed outside the transect are also recorded if this does not affect observations within the

transect.

Data entry, storage and accessibility

PIROP survey data were initially transcribed into notebooks or log sheets in the field, then
numerically coded and punched into standard 80-column computer cards (Brown et al. 1975)
from which they could be analysed and mapped using specialized FORTRAN routines (Lock et al.
1997). In 1997, CWS built the PIROP relational database (FoxPro v. 2.6) designed to store and
analyze the PIROP data (Huettmann and Lock 1997; Lock et al. 1997), which was then extended
to include seabird survey data collected from the Gulf of Maine by Manomet Bird Observatory

(Powers et al. 1979).
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In 2006, CWS constructed the ECSAS relational database (Microsoft Access) to store the at-
sea data collected under the new ECSAS protocol, but also to archive the older PIROP data,
resulting in one database for all at-sea survey data collected in eastern Canada (Fifield et al.
2009b). Early ECSAS surveys (2006) used datasheets for recording data, then later (2007-2009)
adopted a voice recognition facility (Dragon, Nuance Communications Inc.) to allow observers
to dictate their sightings directly into the database (Fifield et al. 2009b; Robertson et al. 2012),
with the ship’s position, speed and heading recorded via an integrated GPS. From 2007-2009,
this system recorded the ship’s position at the beginning and end of each watch, and thereafter
also recorded the ship’s position at each sighting. This data entry system allows observers to
focus on the bird sightings, and greatly reduces post-processing time and transcription errors
(Robertson et al. 2012). To ensure proficiency and consistency among observers, CWS also
developed an observer training program that is delivered periodically when there is a need for
additional observers (Gjerdrum et al. 2012b). In 2022, the ECSAS database was expanded to
include aerial survey data collected in Atlantic Canada, including the Labrador Shelf (e.g., Fifield
et al. 2016).

Seabird sightings from both the PIROP and ECSAS databases are publicly available for

download from OBIS-Seamap (https://obis.org), as are marine mammal sightings collected

incidentally during the seabird surveys. ECSAS sightings are also available through the BioTIME

database (https://biotime.st-andrews.ac.uk), recently updated to include ECSAS sightings from

2006-2020. In addition, the Atlas of Seabirds at Sea in Eastern Canada is available from the
Government of Canada open data web site (Bolduc et al. 2016), which was also recently

updated to include survey data through 2020 (https://open.canada.ca/data). The Atlas
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represents seabird densities computed by species, group (family or subfamily), and periods of

the year, and provides printable maps, web services, and downloadable data files.

Summary of at-sea survey effort within the Canadian Arctic and sub-Arctic waters

Within our defined study area, from the southern Labrador Sea at 52°N and 50°W to the
western extent of Canadian Arctic waters at 141°W (Fig. 1), a total of 100 PIROP survey trips
were conducted between 1969 and 1987 by 33 different observers (Table 2, Fig. 2A), although
R.G.B. Brown himself was responsible for 27% of the survey effort. It is unclear from the
existing documentation the level of observer experience and training, although industry and
volunteer observers were certainly involved in the data collection (Brown 1986; Diamond et al.
1986). However, more than half of the survey effort (51.9%) was completed by just four
observers. The surveys were done from 26 different vessels and covered a total of 36,357 km,
primarily (77%) from Jul through Sep (Fig. 3A). The surveys were conducted from a vast array of
vessel types, including hydrographic and oceanographic research vessels (46% of the total
survey effort), fishing boats (17%), cargo ships (10%), Canadian Coast Guard icebreaker and
supply ships (8%), Canadian Navy ships (6%), passenger vessels and ferries (5%), offshore
support vessels (4%), and cruise ships (4%) (Fig. 4A).

In comparison, under the ECSAS program, a total of 132 survey trips were conducted in the
study area, between 2006 and 2023 (Fig. 2B), by 56 different observers aboard 30 different
vessels (Table 2; Fig. 3B-D). Observers for ECSAS surveys first participated in a training course

prior to data collection or had equivalent experience that met CWS standards (Gjerdrum et al.

© The Author(s) or their Institution(s)
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2012b). Similar to PIROP, just four observers were responsible for more than half (51.6%) of the
ECSAS survey effort. The total distance surveyed within the study area was 88,215 km, which
was restricted to the months between Apr and Dec (Fig. 3A). The vessel types used for ECSAS
surveys were less diverse than those used during PIROP surveys (Fig. 4B), primarily consisting of
oceanographic research vessels (81%), followed by cruise ships (12%), fishing boats (5%), and
Canadian Coast Guard icebreaker and supply ships (2%). Research vessels have been targeted
for ECSAS surveys as they are led by large research institutions or governments that have the
means to support a wildlife observer. In addition, their research is typically focused on
collecting chemical and biological oceanographic data, and coupled with seabird surveys,
provide an opportunity to explore the underlying mechanisms of observed seabird distributions
(Joiris et al. 2013; Renner et al. 2013; Kuletz et al. 2019). Conversely, fishing boats have largely
been avoided as a survey platform during ECSAS efforts due to their proclivity to attract
seabirds (Hyrenbach 2001). The increased level of support since 2010 from cruise and
expedition-style passenger ships reflects company itineraries that are seeking opportunities to
support science (Mallory et al. 2021), and a general pattern of increasing cruise ship numbers in
Arctic waters (Dawson et al. 2018).

In general, survey coverage is good on the Labrador Shelf, Hudson Strait, and through
Lancaster Sound within both PIROP and ECSAS programs (Fig. 2), although coverage in those
areas varies through the year with the bulk of effort (60.4%) occurring from Jun-Oct (Fig. 3).
Survey coverage is lacking through much of Hudson Bay, Foxe Basin, and throughout the
western Canadian archipelago. ECSAS surveys extended farther west than PIROP surveys (ECSAS

surveys reached 140.8°W compared to PIROP at 94.9°W) and farther north (81.7°N compared
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to 79.7°N; Fig. 2), perhaps as a result of increased access to these waters over time (i.e.,
diminished ice cover). The distribution of survey effort with respect to distance from shore is
similar between the survey programs within the study area, with 23.9% (PIROP) and 30.0%

(ECSAS) of the surveys occurring within 25 km of the coastline (Fig. 5).

Vertebrate Biodiversity

Over a million individual marine birds (1,030,448) were recorded during PIROP and ECSAS
surveys within our study area, with records for 64 species across 9 families (Table 3). The vast
majority of the birds sighted (78.2%) included the common Arctic-breeding species such as the
northern fulmar (Fulmarus glacialis; 38.7% of the total individuals), black-legged kittiwake
(Rissa tridactyla; 13.7%), dovekie (Alle alle; 13.7%), and thick-billed murre (Uria lomvia; 12.1%)
(Table 1, 3). Individual sightings also included five species of conservation concern listed under
the federal Species at Risk Act (SARA) or Canada’s Committee on the Status of Endangered
Wildlife in Canada (COSEWIC), including Leach’s storm-petrel (Hydrobates leucorhous), red-
necked phalarope (Phalaropus lobatus), ivory gull (Pagophila eburnean), Ross’s gull
(Rhodostethia rosea), and ancient murrelet (Synthliboramphus antiquus) (Table 3). Species
richness was lower for PIROP compared to ECSAS surveys (47 and 59 species, respectively;
Table 3), which may in part be a result of survey coverage during the latter period extending
farther west where some species are restricted in their range to Western Arctic waters (n=7;

Table 3).
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Although we present numbers of birds sighted by species from both PIROP and ECSAS
surveys separately, the numbers are not meant to be directly compared given the differences
between survey methods and spatiotemporal coverage of the programs (Figs. 2, 3). However, it
is notable that seabird families were observed in similar proportions across the survey periods,
dominated (>95% of all birds sighted) by three families: Procellariidae, Alcidae, and Laridae
(Table 3). A few differences are also worth noting. For example, almost 4000 ivory gull were
observed during PIROP surveys compared to just 113 during ECSAS surveys, which is likely a
reflection of the significant population declines known from colony counts conducted since the
1970s (Gilchrist and Mallory 2005; Gaston et al. 2012). Similarly, far fewer phalaropes were
sighted during the more recent ECSAS surveys compared to PIROP, which again may reflect
population declines that have been documented for this group during migration counts (Nisbet
and Veit 2015; Wong et al. 2018b). More great (Ardenna gravis) and sooty shearwaters (A.
grisea) observed from southern Labrador north to 65°N, were counted during PIROP compared
to ECSAS surveys, although only the sooty shearwater is thought to be declining globally
(BirdLife International 2024). It is unclear why PIROP surveys sighted no king eider (Somateria
spectabilis) compared to ECSAS surveys that recorded over 1700 (Table 3); although PIROP
surveys did not collect data as far west as ECSAS surveys, we would have expected PIROP
surveys to have encountered eastern populations of king eider, particularly in migration and on
non-breeding grounds that are well documented from aerial surveys (Abraham and Finney
1986). In general, new analytical techniques have improved the use of at-sea survey data to
address issues with unequal survey coverage (Miller et al. 2021b; Arimitsu et al. 2023) and may

eventually be used to estimate population trends for species not well-monitored at colonies.

© The Author(s) or their Institution(s)

Page 14 of 42



Page 15 of 42

ition. It may differ from the final official version of record.

OREGON STATE UNIVERSITY on 08/06/24
page composi

ub.com by
ing and

t

&

Arctic Science Downloaded from cdnscienc

This Just-IN manuscript is the accepted manuscript prior to copy e

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

Arctic Science (Author?s Accepted Manuscript)

Major scientific findings from monitoring seabirds at sea

Basic information on the ecology and pelagic distributions of seabirds of the eastern
Canadian Arctic from early PIROP surveys were first published in the form of an Atlas in 1975
(Brown et al. 1975), with supplements focused on Baffin Bay and Hudson Strait (Brown 1978;
1979), followed by an update in 1986 (Brown 1986). Although descriptive, these maps were the
first to summarize quantitative seabird distribution data collected at sea throughout the region
and formed the basis of ecological inquiries and management initiatives for decades to come.
Some of the first published descriptions of seabird communities at sea, foraging guilds, and
foraging ranges came from early PIROP survey data, which recognized the importance of
oceanographic and bathymetric factors that concentrate prey and drive seabird distributions
(Brown 1966; 1976; 1980; 1988). Later, the data were converted to absolute densities
(Diamond et al. 1986), which were used to estimate the year-round energy requirements of
seabirds in eastern and Arctic Canada (Diamond et al. 1993), significantly advancing our
understanding of the role seabirds play in large-scale marine ecosystems. The PIROP survey
data were also used to describe moulting locations, timing and migration routes of immature
birds in the western North Atlantic and Canadian Arctic, with implications for marine
conservation (Huettmann and Diamond 2000). Analytical advancements led to the use of
spatially-explicit predictive models to examine the environmental determinants of seabird
distribution and help overcome gaps where PIROP data were limited (Huettmann and Diamond

2001; Huettmann et al. 2011).
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More recently, PIROP data now form the baseline conditions against which present (i.e.,
ECSAS) seabird distribution and abundance can be compared, and have shown shifts in both
distribution and abundance (Gjerdrum and Bolduc 2016; Gjerdrum et al. 2018). The ECSAS
survey data documented for the first time the marine distribution of seabirds across the entire
North American Arctic within the summer season (Wong et al. 2014), detailed the first record of
red-footed booby (Sula sula) for Canada (Abbott and Gjerdrum 2015), identified areas with
significant concentrations of birds in need of protection (Guse et al. 2013; Allard et al. 2014;
Wakefield et al. 2021), highlighted areas where risks to marine birds from human activities are
considered high (Hedd et al. 2011; Fifield et al. 2017b; Wong et al. 2018a; Halliday et al. 2022),
and emphasized the value of seabirds in biologically diverse marine communities (Nozéres et al.
2015). As sea ice extent declines, industrial and commercial developments are expected to
expand as a result, leading to higher levels of vessel activity and associated threats to birds at
sea, particularly in the Arctic (e.g., Dawson et al. 2018). As such, there is a need for survey data
to help predict areas of overlap between seabirds and human activities (e.g., Renner and Kuletz

2015; Wong et al. 2018a) and document any impacts on the birds.

Unexpected Findings

Seasonal density surface models (DSMs) for seabirds in the sub-arctic waters of the Labrador
Sea, based on the ship-based survey data, indicated millions of seabirds using the area
throughout the year, but with particularly high densities in the fall (Fifield et al. 2017b).

Although consistent with what is known of the migration patterns of seabirds from the

© The Author(s) or their Institution(s)

Page 16 of 42



Page 17 of 42

ition. It may differ from the final official version of record.

OREGON STATE UNIVERSITY on 08/06/24
page composi

ub.com by
ing and

t

&

Arctic Science Downloaded from cdnscienc

This Just-IN manuscript is the accepted manuscript prior to copy e

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

Arctic Science (Author?s Accepted Manuscript)

circumpolar Arctic to the North Atlantic (Gaston et al. 2012; Fort et al. 2013; Frederiksen et al.
2016), the magnitude of the population estimates derived from the models (estimated an
average of over 15 million birds on the Labrador Shelf in the fall; Fifield et al. 2017b), was
unexpected and underlines the need to protect this area from future developments. While the
DSMs were a valuable approach to inform conservation initiatives over this large area where
survey coverage was incomplete, the time and computer resources needed to execute the
models, and the number of surveys needed to minimize model uncertainty, were not trivial
(Fifield et al. 2017b) and not entirely expected.

Both PIROP and ECSAS surveys were designed to quantify seabird abundance and
distribution within the waters of eastern Canada and address management and conservation
initiatives for marine birds. However, those conducting the surveys recognized early-on the
unique opportunity to collect data on other taxa, including sightings of non-marine birds (Table
S1), marine mammals, pelagic fishes, and marine debris (Table S2) - data that have been shared
with academics and institutions with the interest and mandate to use the information. For
example, ECSAS has been an important data contributor to the Whale Sightings Database
(WSDB) in the North Atlantic, and used in the development of Species at Risk (SAR) recovery
documents and identification of critical habitat, protected area network design, risk
assessments, oil spill response, environmental assessments, and the development of species
distribution models (Fisheries and Oceans Canada 2010; Gomez-Salazar and Moors-Murphy
2014; Fisheries and Oceans Canada 2017a; Gomez et al. 2017; Kowarski et al. 2018; Lesage et
al. 2018; Moors-Murphy et al. 2018; Stanistreet et al. 2021; Feyrer et al. 2024). The data

collected on floating marine debris were used to quantify macro-plastic litter in marine waters
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of Arctic Canada and Greenland (Mallory et al. 2021) and helped inspire a descriptive account
of the devastating effects of ocean plastic on marine biodiversity (Hogan 2023). In addition,
sightings of snow buntings (Plectrophenax nivalis) during at-sea surveys are contributing to our
understanding of their migration patterns between Greenland and Labrador over the open

ocean (0. Love, University of Windsor, personal communication, 2024).

Contributions from monitoring to policy or legislation

At-sea survey data from PIROP and ECSAS programs formed the core of information used for
offshore environmental impact review processes, including environmental effects monitoring
(Lock et al. 1994; Montevecchi et al. 1999; Fisheries and Oceans Canada 2012). These data
defined offshore areas where seabirds are most as risk from oil pollution and other
anthropogenic threats, such as fisheries bycatch, light pollution, and vessel traffic to inform
mitigation (Lieske et al. 2014; Wong et al. 2018a; Lieske et al. 2019; Halliday et al. 2022).
Importantly, both PIROP and ECSAS data have been used to refine count methods, estimate
mortality, and predict the impacts of accidental oil releases on seabird populations (Wilhelm et
al. 2007; Fifield et al. 2009a; Fifield et al. 2017a), and recently were used to estimate damages

and inform monetary penalties (e.g., https://www.cnlopb.ca/news/nr07052022/). ECSAS data

with bird tracking information now form the basis of site characterization studies used to
evaluate the potential impacts of proposed offshore wind energy developments in Atlantic
Canada, and were used to help inform wind energy developments in the northeastern US

(Winship et al. 2023).
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The data collected by PIROP and ECSAS surveys were critical in the identification of
important marine habitat for migratory birds in eastern Canada (Allard et al. 2014) and helped
define areas in need of protection as part of Canada’s commitment to conserve 30% of
Canada’s oceans by 2030, including Ecologically and Biologically Significant Area (EBSA)
designations (e.g., Fisheries and Oceans Canada 2013; Ollerhead et al. 2017; Serdynska et al.
2021). In addition, the at-sea data have contributed to efforts related to Marine Protected Area
(MPA) network design and risk assessments (e.g., Fisheries and Oceans Canada 2017b; 2021),
and informed SARA-listed species’ status assessments and critical habitat designations

(Environment Canada 2014; Spencer et al. 2015).

Importance of long-term monitoring

Ocean ecosystems are highly dynamic, shaped by physical and chemical processes that vary
considerably through time (Timmermans and Marshall 2020). Climate change and pressures
from human exploitation and pollution (Wassmann 2011; Halpern et al. 2015) add further
variability. As conspicuous top consumers in marine food webs, seabirds have long been
advocated for use as ecological indicators and sentinels of ecological change (Piatt et al. 2007;
Gaston et al. 2009; Moore and Kuletz 2019) as they integrate changes in the marine
environment over different temporal and spatial scales. Understanding how seabirds respond
to these changes requires long-term monitoring programs, and a combination of data sets
(Frederiksen et al. 2007), that can define variability outside what we would consider normal.

Seabirds in eastern and Arctic Canada are often monitored at breeding colonies (see papers in
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this collection), but at-sea surveys will continue to be important for highlighting conservation
issues related to their marine distribution, especially for those species that travel to but do not
breed in Canada, such as great and sooty shearwaters. At-sea surveys will also be important for
defining habitat use by moulting birds (e.g., Huettmann and Diamond 2000) and sub-adults that
may account for more than 50% of the total population (Diamond et al. 1986; Wiese et al.
2004), and for species that are not well monitored on the breeding grounds (e.g., phalaropes
and dovekie) and during the months when birds are not at their colonies or nesting areas. Long-
term and large-scale monitoring programs are essential for monitoring the status and health of
Canada’s marine birds, and to assess the state and trajectory of the ecosystems on which they

rely (Sydeman et al. 2021).

Future monitoring prospects

Conducting seabird surveys at sea is a priority for CWS, especially in light of existing and
emerging offshore activities that impact birds (e.g., Rooney et al. 2023). As such, we anticipate
the continuation of this long-term monitoring program that now spans almost 60 years. Survey
effort will target priority areas, such as those associated with offshore energy infrastructure
developments, areas where conflicts between seabirds and fisheries are likely to be high,
proposed areas for marine protection, and areas and times of year where existing data are
lacking. Together with colony-based monitoring programs and tracking studies, the data help
track the status of marine bird populations in Canada and identify threats as well as

conservation priorities. International collaborations that bring data together from monitoring
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programs across Baffin Bay (e.g., Aarhus University, DCE — Danish Centre for Environment and
Energy) and the North Atlantic (e.g., Wakefield et al. 2021; Winship et al. 2023) will benefit
species and populations that cross international boundaries.

Although CWS has led most data collection at sea from 1965 to 2024, data collected by
Indigenous partners, industry, academics, students, and others will become an increasingly
important component of the dataset. To that end, CWS will continue to encourage the use of
the ECSAS protocol in an effort to standardize data collection methods across programs and
provide training and data verification where needed. CWS will continue work with our
Indigenous partners to enhance capacity for marine bird monitoring and research, and
exchange information relevant for emergency preparedness, planning, and response. In
addition, a less technical version of the ECSAS protocol that remains analytically compatible to
the original (Gjerdrum et al. 2012a) has been developed, which should increase its accessibility
to observers with less training and experience, and thus enable more casual participants (i.e.,
citizen scientists) to make meaningful contributions to this growing database.

Boat-based surveys in marine waters of eastern Canada have been conducted almost
exclusively from ships-of-opportunity. Data collection in the future will consider designed
surveys that follow a systematic grid of lines (Buckland et al. 2001) that can provide more
analytically-robust estimates of population-level distributions, abundance, and habitat
associations of birds offshore (Louzao et al. 2009), and fill gaps where ship coverage is poor.
The advent of digital aerial survey methods (Buckland et al. 2012) and tracking technologies,
with modern model-based analytical approaches that combine various datasets (Bolduc et al.

2018; Miller et al. 2021a), present new opportunities for assessing marine bird abundance and
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distribution, and may ultimately replace traditional boat-based visual surveys. In such a
scenario, PIROP and ECSAS survey data would serve as the baseline for the detection of future

change.
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Table 1. Attributes of the at-sea survey field stations within study area, 1969-2023.

Field Station Features

Organization that created the station
Organization that maintains the sites
Location (degrees)

Distance to nearest community
Transportation access

Number of permanent buildings
Number of people supported at one time
Station equipment

Station power
Key limitations for station
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Canadian Wildlife Service (now part of ECCC)

Vessel operators

52°- 82°N, 50°- 141°W

Surveys take place at sea but pass by communities

Domestic or charter flight to
embarkation/disembarkation

0 buildings; vessel lengths range from 10-172 m

1-2

Laptop/tablet, GPS, voice dictation software and
headset, binoculars, range finder; food and lodging
provided

Vessel power (110W or 220W; need converters)

Routes variable based on vessel itinerary; modified by
ice and weather. Survey times limited when transit
occurs at night and when vessel is stationary during
the day

Frequent rough seas may preclude observers from
conducting surveys (motion sickness, safety
concerns, low bird detectability)

Environment and Climate Change Canada (Canadian
Wildlife Service)

Fisheries and Oceans Canada (Canadian Coast Guard)

Amundsen Science

Environmental Studies Research Funds

Expedition companies (Adventure Canada, Students
On Ice, Lindblad Expeditions, One Oceans
Expeditions)

Acadia University

University of Washington

Northern fulmar (Fulmarus glacialis)

Black-legged kittiwake (Rissa tridactyla)

Thick-billed murre (Uria lomvia)

Dovekie (Alle alle)

Gulls, shearwaters, storm-petrels, eiders, phalaropes,
alcids, marine mammals

Falk Huettmann (PhD, Univ. of New Brunswick, 1998)

Nils Guse (PhD, University of Kiel, Germany, 2007)

Sarah Wong (Post-doc, Acadia University, 2013)

Hannah Drake (Honours, Dalhousie University, 2019)
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Table 2. Summary of at-sea survey effort for PIROP and ECSAS seabird monitoring programs
within study area.

Effort Variable PIROP ECSAS
Survey years (range) 17 (1969-1987) 18 (2006-2023)
Number of survey trips 100 132
Number of survey days 944 1102
Number of unique survey vessels?! 26 30
Number of seabird observers 33 56

Total survey distance (km) 36,357 88,215

Two vessels were used across both programs (CCG Hudson and CCG Des Groseilliers)
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Table 3. Summary of marine birds sighted (number of individuals and percent of total) during
PIROP (1969-1987) and ECSAS (2006-2023) surveys in study area, indicating breeding (B =
breeder; NB = non-breeder) and conservation status (listed by federal Species at Risk Act - SARA
or Canada’s Committee on the Status of Endangered Wildlife in Canada - COSEWIC) in Canada.

PIROP

ECSAS

Species Latin Grand
# (%) # (%) Total
Gaviidae 61 0.0% 462 0.1% 523
Common loon (B) Gavia immer 16 20 36
Yellow-billed loon (B) Gavia adamsii 0 29 29
Red-throated loon (B) Gavia stellata 44 68 112
Pacific loon (B) Gavia pacifica 0 299 299
Unidentified loon Gaviidae 1 46 47
Procellariidae 249161 41.8% 192929 44.4% 442090
Northern fulmar (B) Fulmarus glacialis 217380 185558 398614
Manx shearwater (B) Puffinus puffinus 14 20 34
Great shearwater (NB) Ardenna gravis 26141 6659 32513
Sooty shearwater (NB) Ardenna griseus 5435 672 6079
Cory's shearwater (NB) Calonectris borealis 3 0 3
Unidentified shearwater Procellariidae 188 20 208
Hydrobatidae 1868 0.3% 1009 0.2% 2877
Wilson's storm-petrel (NB) Oceanites oceanicus 503 262 761
Leach's storm-petrel (B) Oceanodroma leucorhoa 1242 569 1752
Unidentified storm-petrel Hydrobatidae 123 178 282
Sulidae 125 0.0% 112 0.0% 237
Northern gannet (B) Morus bassanus 125 112 234
Phalacrocoracidae 0 0.0% 44 0.0% a4
Double-crested cormorant (B) Phalacrocorax auritus 0 8
Great cormorant (B) Phalacrocorax carbo 0
Unidentified cormorant Phalacrocorax 0 35 35
Anatidae 16464 2.8% 12706 2.9% 29170
Canada goose (B) Branta canadensis 457 251 708
Brant (B) Branta bernicla 0 30 30
Greater white-fronted goose (B) Anser albifrons 0 14 14
Snow goose (B) Chen caerulescens 304 133 435
Unidentified goose Branta, Anser, Chen 28 3 31
American black duck (B) Anas rubripes 108 11 119
Common eider (B) Somateria mollissima 9636 6042 15678
King eider (B) Somateria spectabilis 0 1723 1723
Steller's eider? (NB) Polysticta stelleri 17 0 17
Unidentified eider Somateria 3004 1789 4793
Harlequin duck (B) Histrionicus histrionicus 0 15 15
Long-tailed duck (B) Clangula hyemalis 1072 2118 3190
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Species Latin PIROP ECSAS Grand
# (%) i (%) Total
Anatidae (continued.)
Surf scoter (B) Melanitta perspicillata 0 25 25
Black scoter (B) Melanitta nigra 25 33 58
White-winged scoter (B) Melanitta fusca 15 216 231
Unidentified scoter Melanitta 553 40 593
Unidentified goldeneye (B) Bucephala 0 4
Red-breasted merganser (B) Mergus serrator 302 3 305
Unidentified merganser Mergus or Lophodytes 3 6 9
Unidentified waterfowl Anatidae 940 250 1190
Scolopacidae 25318 4.3% 5636 1.3% 30954
Red-necked phalarope? (B) Phalaropus lobatus 321 782 1103
Red phalarope (B) Phalaropus fulicaria 18003 3312 21314
Unidentified phalarope Scolopacidae 6994 1542 8514
Laridae 125930 21.1% 70553 16.2% 196483
Great skua (NB) Stercorarius skua 76 33 109
South polar skua (NB) Stercorarius maccormicki 1 12 13
Unidentified skua Stercorarius 2 9 11
Pomarine jaeger (B) Stercorarius pomarinus 880 323 1193
Parasitic jaeger (B) Stercorarius parasiticus 355 154 502
Long-tailed jaeger (B) Stercorarius longicaudus 890 270 1153
Unidentified jaeger or skua Stercorariidae 731 138 869
Black-legged kittiwake (B) Rissa tridactyla 96377 45896 141651
Red-legged kittiwake? (NB) Rissa brevirostris 0 1 1
Unidentified kittiwake Rissa 0 9 9
Ivory gull® (B) Pagophila eburnea 3864 113 3977
Ross's gull* (B) Rhodostethia rosea 0 18 18
Sabine's gull (B) Xema sabini 283 229 504
Black-headed gull (B) Larus ridibundus 3 2 5
Bonaparte's gull (B) Larus philadelphia 18 1 19
Laughing gull (B) Larus atricilla 107 0 107
Franklin's gull (B) Larus pipixcan 0 1 1
Ring-billed gull (B) Larus delawarensis 0 3 2
Herring gull (B) Larus argentatus 4045 3986 7954
Iceland gull (B) Larus glaucoides 2531 2054 4552
Glaucous gull (B) Larus hyperboreus 9215 13928 23107
Thayer's gull (B) Larus thayeri 734 219 953
Lesser black-backed gull (NB) Larus fuscus 5 28 29
Great black-backed gull (B) Larus marinus 3030 667 3694
Unidentified gull Laridae 766 1978 2641
Common tern (B) Sterna hirundo 15 0 15
Arctic tern (B) Sterna paradisaea 1699 282 1970
Unidentified tern Sternidae 303 199 502
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PIROP

ECSAS

Species Latin Grand
# (%) # (%) Total
Alcidae 176723 29.7% 151347 34.8% 328070
Tufted puffin? (B) Fratercula cirrhata 1 0 1
Atlantic puffin (B) Fratercula arctica 2827 2097 4846
Horned puffin? (B) Fratercula corniculata 0 1 1
Unidentified puffin Fratercula 108 0 108
Crested auklet? (NB) Aethia cristatella 0 1 1
Ancient murrelet’? (B) Synthliboramphus antiquus 0 1 1
Black guillemot (B) Cepphus grylle 4932 2503 7338
Pigeon guillemot? (B) Cepphus columba 0 1 1
Unidentified guillemot Cepphus 8 0 8
Dovekie? (B) Alle alle 73974 67278 140937
Razorbill (B) Alca torda 585 283 867
Common murre (B) Uria aalge 4001 1156 5140
Thick-billed murre (B) Uria lomvia 59196 66439 124757
Unidentified murre Uria 23583 5878 29327
Unidentified auk Alcidae 7508 5709 12500
Grand Total 595650 434798 1030448
Total number of species 47 59 64

ISARA or COSEWIC-listed.

2Species’ range restricted to North Pacific and/or Western Arctic waters.
3A small population of just a few hundred pairs is known to breed in Canada at a single site

(Finley and Evans 1984).
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Fig. 1. Eastern Canada marine waters (and 1000-m isobath; dashed line) where the Canadian
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Wildlife Service (CWS) have conducted vessel-based seabird surveys since 1965, showing the
study area (gray shading) where surveys have been done since 1969. Place names are those
discussed in the text, including the Provinces of Quebec (QC), Newfoundland and Labrador (NL),
and Nova Scotia (NS). Photo insert of northern fulmar (Fulmarus glacialis) in flight (photo Carina
Gjerdrum). Map display is Quebec Lambert Conformal Conic projection

(https://epsg.org/crs 2138/NAD27-CGQ77-Quebec-Lambert.html?sessionkey=fs2k8rilm4).
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Fig. 2. At-sea seabird survey locations for A. PIROP (1969-1987) and B. ECSAS (2006-2023)
monitoring programs by the Canadian Wildlife Service (CWS) in eastern Canada, showing the
distribution of survey effort (total km) across the study periods (note different scale on y-axis
between programs). Orange (PIROP) and blue (ECSAS) points highlight survey locations within
our study area, and grey points represent survey locations outside the study area. Map display

is Quebec Lambert Conformal Conic projection (https://epsg.org/crs 2138/NAD27-CGQ77-

Quebec-Lambert.html?sessionkey=fs2k8rilm4).
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Fig. 3. Seasonal seabird survey effort (total km surveyed) across A. PIROP (1969-1987) and
ECSAS (2006-2023) monitoring programs within our study area in eastern Canada; B. Thick-
billed murres in water (photo Carina Gjerdrum); Seabird observers conducting surveys at sea, C.
outside from the bridge wing of vessel (photo Garry Donaldson), and D. from inside vessel on

bridge (photo Chris Ward).
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Fig. 4. The proportion of survey effort from different vessel types during A. PIROP (1969-1987)

and B. ECSAS (2006-2023) monitoring programs within our study area in eastern Canada.
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Fig. 5. Distribution of survey effort (percentage of surveys) as a function of distance from
shore for PIROP (1969-1987) and ECSAS (2006-2023) monitoring programs within our study
area in eastern Canada. Distance to shore calculated using Universal Transverse Mercator
(UTM) distances with function gDistance from package Rgeos (Bivand and Rundel 2023). Photo

insert of dovekie (Alle alle) on the water (photo Dave Fifield).
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