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Abstract

Several species of loons (or divers; Gaviidae) breed in Arctic Canada, and concern has been raised about their changes in
abundance in light of threats such as bycatch and at-sea industrial development. These loons are not well monitored, but
we gathered localized count data for three Arctic-nesting loons (Pacific loon Gavia pacifica, red-throated loon G. stel-
lata, and yellow-billed loon G. adamsii) from multiple sources and estimated mean annual population change to estimate
species-specific trends over varying time periods. Most breeding ground information between 1996 and 2022 suggested
stable numbers for each species, although data were scarce for yellow-billed loon. Trends during the non-breeding season
from 1966 to 2021 were estimated for red-throated and Pacific loons from the Christmas Bird Count, a citizen science gen-
eral bird count, and suggested overall stable or increasing numbers, despite some substantial regional differences. Again,
yellow-billed loon numbers were not captured well during the non-breeding season. Aerial winter waterfowl surveys on the
east coast of North America (2008-2011, 2014) showed positive trends for red-throated loons for most locations north of
38° latitude and stable trends elsewhere. The paucity of both breeding and non-breeding count data for yellow-billed loons
is unfortunate, as this species is found in high numbers in fishing gear in the Arctic. Overall, the limited available data do
not suggest that loon populations breeding in the Canadian Arctic have experienced extensive declines, but monitoring of
yellow-billed loons should be a priority.
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mostly attributable to deleterious effects of human activi-
ties on oceans, notably through interactions with industrial
fisheries (Dias et al. 2019). These impacts can take several
forms, including pollution (especially with plastic fishing
gear; Phillips et al. 2010; Linnebjerg et al. 2021), reduction
of food supplies (seabird prey) due to competition with fish-
eries (Sydeman et al. 2017), and direct capture and mortality
in fishing gear (bycatch; Weimerskirch et al. 2000; Lewison
et al. 2004). At sufficiently high levels, such direct and indi-
rect sources of mortality from fisheries can have negative
population-level effects on seabirds (Regular et al. 2013).
Bycatch is a well-known threat to some seabird species,
especially albatrosses and petrels (Bull 2007; Anderson et al.
2011). However, with increased fishing in the Arctic (Fau-
chald et al. 2021), where large numbers of seabird breed
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(~40 million in the Canadian Arctic and West Greenland;
Gaston et al. 2012; Mallory et al. 2019), the potential for
increased bycatch has become a concern in this region. From
the limited available information, most seabird mortality due
to bycatch in the Canadian Arctic appears to be in northern
fulmars (Fulmarus glacialis) and diving auks, and gener-
ally occurs with gillnet and longline gear in the summer and
autumn (Hedd et al. 2016). Nonetheless, a recent study (Mal-
lory et al. 2022) showed that loons (Gavia spp.) were caught
at an exceptionally high rate in gillnets of a commercial Arc-
tic char (Salvelinus alpinus) fishery in Arctic Canada. Of
particular concern was the bycatch of yellow-billed loons
(G. adamsii), which are considered near threatened by the
IUCN (Earnst 2004; Uher-Koch et al. 2020). However, wild-
life biologists have little information on population trends for
Arctic-nesting loon species (Smith et al. 2020), and whether
Arctic bycatch levels warrant conservation concern for loons
in general.

Three loon species breed in the Canadian Arctic: Pacific
loon (G. pacifica), red-throated loon (G. stellata), and
yellow-billed loon. The Arctic loon (G. arctica) breeds in
small numbers in western Alaska, and was not considered
in this study. The common loon (G. immer) breeds primarily
at temperate latitudes although some do reach the treeless
Arctic. However, we excluded common loon from our study
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because most breed outside of Arctic habitats. Furthermore,
through ongoing investigations for decades, conservationist
and wildlife managers generally have a good understanding
of the population trends and population threats for common
loon, compared to other loon species (Evers 2004; Bianchini
et al. 2020; Piper et al. 2020).

While the breeding ranges of the Arctic-nesting species
are largely sympatric, they do not necessarily overlap at finer
scales. Red-throated and Pacific loons tend to nest in boreal
and taiga habitats, around small, shallow ponds, whereas yel-
low-billed loons breed around or on islands of larger lakes,
in treeless tundra (Rizzolo et al. 2020; Russell 2020; Uher-
Koch et al. 2020). Breeding ranges of all three species are at
high northern latitudes, and generally outside of the limits of
large-scale annual surveys, such as the North American Breed-
ing Bird Survey (Sauer et al. 2019) and the Waterfowl Breed-
ing Population and Habitat Survey (WBPHS; U.S. Fish and
Wildlife Service 2022). Hence, to date, it has been difficult
to gauge how loon populations in the North American Arc-
tic are faring. Regarding their migration, circumpolar-nesting
red-throated loons are medium-distance migrants with the
northern Alaska population migrating to Asian waters, south-
ern Alaska breeding population migrating along the Pacific
coast of North America, and the eastern population migrat-
ing through Hudson Bay and the Great Lakes to winter along

s 4(;)

Fig. 1 Location of the different breeding surveys for loon. Circles: Waterfowl Breeding Population and Habitat Survey with strata number; Tri-
angles: Individual surveys. Black star indicates the Arctic Coastal Plain Survey
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the Atlantic Coast. Pacific loons, nesting largely in North
America, are short-to medium-distance migrants and travel
to coastal marine habitats along the Pacific coast, mostly to
Mexico. Yellow-billed loons breeding in Canada migrate along
the Pacific coast of North America, while those breeding in
northern Alaska mostly migrate to Asian waters.

Globally, the population of Pacific loon is thought to be
increasing (likely > 500,000 individuals; Russell 2020),
with that of red-throated loon declining or stable (Groves
et al. 1996; Larned et al. 2012; Mallek and Groves 2012).
The global estimate is 200,000-600,000 individuals, with
probably > 40,000 individuals (~6 to 20% of the popula-
tion) in North America (Rizzolo et al. 2020). Abundance
of yellow-billed loons is also assumed declining, currently
believed to be < 32,000 individuals (Uher-Koch et al. 2020).
With is wide but patchy distribution, yellow-billed loons are
difficult to survey, and population size is likely seriously
undercounted (Schmidt et al. 2014). During migration, they
move to coastal marine habitats where they form part of
subsistence harvest (i.e., for food and ceremonial clothing)
for Indigenous communities from Alaska to Nunavut (Priest
and Usher 2004; Driscoll-Engelstad 2005; Naves and Zeller
2017). While subsistence harvest likely has local impacts on
yellow-billed loon population, mortality of adults specifi-
cally has the most considerable influences on loon popula-
tions (Mitro et al. 2008). Indigenous communities tend to
target juvenile loons based on time of year and plumage
(Naves and Zeller 2017). Given (i) limited information on
population trends, (ii) the assessment that at least one spe-
cies of loon may be in decline due to human activity, and
(iii) recent evidence that a second human activity (incidental
fisheries bycatch) might deleteriously affect loons, we sum-
marized available information on numbers of Arctic-nesting
loon species to infer population trends.

With a focus on Pacific, red-throated, and yellow-billed
loons, we collated available data on loon breeding popu-
lations in the North American Arctic, using the WBPHS
within our study area (conducted annually by the U.S. Fish
& Wildlife Service and the Canadian Wildlife Service, see
https://ecos.fws.gov/ServCat/Reference/Profile/47314 for
more information), and other localized breeding period sur-
veys. We also investigated changes in the number of non-
breeding loons counted during the Christmas Bird Count
(CBC; a citizen science monitoring program), and aerial
winter surveys conducted along the Atlantic Coast of the
United States (Atlantic Coast Wintering Sea Duck Sur-
vey; AWSDS, see https://ecos.fws.gov/ServCat/Reference/
Profile/142409) to provide a more broad-scale overview of
regional patterns in population trends across North America.

Methods

Our objective was to estimate trends over time for varying
spatial units of surveyed populations, counted either during
breeding or non-breeding seasons, using various monitoring
methods. We describe each of these in detail below in sec-
tions for each data source, including time period and number
of years monitored, count methods, species monitored, and
number of sites or strata. Loons were identified at the spe-
cies level.

Study area
Breeding season

To estimate Arctic breeding loon population trends, we used
four available datasets: (1) WBPHS (Alaska, Yukon, and
the Northwest Territories); (2) Ungava Peninsula surveys
(Quebec); (3) Eastern Foxe Basin and Rasmussen Lowlands
surveys (Nunavut); and (4) Central Arctic (Karrak Lake,
Nunavut) surveys. WBPHS locations within the Arctic
region included an Alaska crew (11 strata in Alaska and 1
in the Yukon) and a Canadian crew (6 strata in the Northwest
Territories; Fig. 1). Data from WBPHS were collected annu-
ally between 2000 and 2019 by the U.S Fish and Wildlife
Service and the Canadian Wildlife Service using a stand-
ardized, long-running international aerial survey (U.S. Fish
and Wildlife Service 2022). The survey is geared toward
waterfowl (ducks and Canada geese), but crews also record
a few other species of large waterbirds, including loons.
The survey transects are distributed among strata delineated
according to habitat differences and political boundaries.
Within each stratum, loons were counted along transects
(400 m wide) from fixed-wing aircraft at about 50 m above
ground level. Counts were summarized by 29-km-long seg-
ments. Data from Ungava Peninsula surveys were obtained
for red-throated loons from aerial surveys over the Ungava
Peninsula between 1996 and 2022 (Harvey et al. 2022).
The data were split between the west (Hudson Bay coast,
n=12 years) and east part of this peninsula (Ungava Bay
coast, n=15 years; Fig. 1). Survey aircraft were flown at a
ground speed of 140 km/h at 30-45 m above ground level.
Eastern Foxe Basin and Rasmussen Lowlands surveys are
part of the Program for Regional and International Shore-
bird Monitoring (PRISM). Data were obtained for Pacific
and red-throated loons from Eastern Foxe Basin between
1997 and 2019 (n=2 years), and for Rasmussen Lowlands
between 1994 and 2019 (n=3 years). Surveys in the Eastern
Foxe Basin occurred on Prince Charles Island and nearby
islands. The Rasmussen Lowlands is a coastal wetland
complex located at the base of the Boothia Peninsula. It is
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a designated Ramsar wetland of international importance.
Monitoring was performed on foot by counting all adults on
400x 400 m plots subdivided into adjacent transects 50 m
wide with observers 25 m apart across several plots (Bart
et al. 2012). The region around the Karrak Lake field sta-
tion has been used for > 3 decades for goose research (Ross
et al. 2017; Weegman et al. 2022; Alisauskas et al. 2024).
During much of that time, islands on Karrak Lake were
monitored by researchers walking on foot, and recording
Pacific and red-throated loon nests found from 1999 to 2019
(n=21 years) as part of a wider waterfowl breeding survey
(Kellett and Alisauskas 2011).

In addition, we present already published data for three
loon populations between 1992 and 2016 obtained by aerial
surveys by the US Fish and Wildlife Service Migratory Bird
Management program and the Arctic Coastal Plain survey
on the North Slope in Alaska (Amundson et al. 2019).

Non-breeding

To estimate loon population trends during non-breeding,
we used: (1) the Atlantic coast Wintering Sea Duck Sur-
vey (AWSDS) and (2) Christmas Bird Count (CBC) data.
AWSDS was conducted yearly between January and March
along the Atlantic coast of the United States between 2008
and 2011 and again in 2014 (Silverman et al. 2013). Fixed-
wing aircraft were flown at 110 knots at an altitude of 70 m
while sea ducks and seabirds were counted within 200 m on
either side of the aircraft. Transects were 8 nm (14.82 km)
wide and spaced every 5 nm (9.26 km).

The CBC is an annual land-based winter bird survey
carried out by volunteers since the onset of the twentieth
century. Participants record the count of each bird species
observed within a single day between December 14 and
January 5. These counts occur within predefined circles
of ~ 12 km radius (Dunn et al. 2005). Observer groups make
efforts to cover all types of habitats within the circle, includ-
ing nearshore regions if touching coastlines. Annual count
data from the CBC were obtained for all circles reporting
at least one of three loon species (red-throated, Pacific, and
yellow-billed) since 1965. Most CBC data were acquired
from the National Audubon Society by request (National
Audubon Society 2020), with the exception of six circles in
New Brunswick (NB). Data from these counts have not been
reported to the National Audubon Society in most years, but
can be extracted from online archives of the NB Naturalist
(https://www.naturenb.ca/archives-nb-naturalist/). The year
of a CBC circle count is defined as the year of that win-
ter’s December, despite some counts taking place in the first
week of January (i.e., the count from 2020 is representative
of the winter of 2020/2021). In years where CBC circles
were surveyed but no individuals of a species were reported,
zeros were assumed. We opted to analyze CBC data at the
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localized circle level rather than a broader regional/provin-
cial level, which would result in the loss of transparency in
the spatial coverage underlying the trends. This would be
exacerbated in areas of relatively high and low abundance
pooled together for a single region-level trend.

Statistical analysis

All data were analyzed using the software R (v.3.6.1; R
Core Team, 2020). We derived species-specific trends as A
at either the site, strata, or circle level based on A =e, where
the coefficient is calculated from a linear regression, or a
generalized linear regression with a negative binomial dis-
tribution (Gutowsky et al. 2022), depending on data avail-
ability and structure. Values of A above 1 indicate population
increase (e.g., 1.02 indicates a 2% annual increase in the
population) and values below 1 indicate population decline
(e.g., 0.98 indicates a 2% annual decline in the population).
We report change in abundance with 95% confidence inter-
vals (CI) where values with 95% CI bounding 1 indicate
lack of detectable trend or population stability. We did not
include unidentified loons in our analyses. For each year of
WBPHS, species-specific density (birds/km?) was calculated
for each segment and averaged per stratum. Change in den-
sity over time for other breeding data (Ungava Peninsula,
Eastern Foxe Basin, and Karrak Lake) was modeled with
linear regression and species-specific trends were derived
as change/year in total individual count. In the Ungava Bay
and Hudson Bay regions, data sparseness precluded estima-
tion of A for each transect. Instead, species-specific trends
(4) were estimated with linear regression of total individual
count per year and per region. For winter aerial surveys,
we calculated density (birds/km?) for each species for each
transect, based on the length and width of each survey tran-
sect. We averaged species-specific density for each degree
latitude, including transects surveyed with no loons detected.
We then estimated A from linear regression in mean annual
density over time, as above. To model localized trends for
the CBC data, we employed standard techniques to analyze
count data using generalized linear models (GLMs; Zurr
et al. 2009) at the level of CBC circles. We estimated A for
each species for the period 1966-2021 using data from
circles meeting the following criteria: (i) at least one sur-
vey reported within 10 years of the start (1966) and end
(2021) of the study period (zeros included); (ii) a minimum
count of 5 loons of a given species reported at least once;
(iii) no time series gaps greater than 10 years; and (iv); a
maximum of 50% zeros on reported counts. These criteria
ensured that our models were limited to sample circles with
acceptable temporal coverage and suitable loon habitat with
sufficient numbers of birds to detect trends. We first con-
sidered GLMs with Poisson distributions and year (trend)
effects to examine levels of overdispersion (R packages
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Fig.2 Trend directions for
Pacific loon (G. pacifica; top
panel), red-throated loon (G.
stellata; middle panel), and
yellow-billed loon (G. adamsii;
bottom panel) at different breed-
ing locations. Trend direction
is based on lambda where
positive indicates 4 with lower
95% confidence interval > 1,
negative indicates A upper 95%
confidence interval < 1, and
stable indicates cases where
the 95% confidence interval
includes A=1
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Fig.3 Annual change in density during the winter aerial surveys of
red-throated loon (G. stellata) within one latitude block along the
East Coast on North America. Xsymbol indicates cases where the
95% confidence interval includes A= 1

‘MASS’ and ‘performance’; Venables and Ripley 2002;
Liidecke et al. 2021), which was pervasive. We then fitted
GLMs with negative binomial distributions to address the
extra variance; these models fit the data well (overdisper-
sion<1.2), so we did not consider zero-inflation models
further. Species-specific trends for each CBC circle were
derived as mean population change per year (1). CBC data
are often adjusted for observer effort since variable numbers
of volunteers participating in a count can affect total number
of birds detected. However, large and conspicuous coastal
waterbirds are easily found and identified by birders, render-
ing them far more likely than songbirds or cryptic species
to be reported in similar numbers regardless of total effort
within a count circle (Dunn et al. 2005; Bowman et al. 2015;
Gutowsky et al. 2022). Thus, we did not adjust for observer
effort in our reported CBC trend models for loons.
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Fig.4 Values of mean population change per year for Pacific loon (G.
pacifica) at the different circles from Christmas Bird Count

Results
Trends during breeding

Pacific loons were present in all 18 WBPHS strata, and mod-
eling trends indicated that most strata had A values over-
lapping 1.0 in Alaska (83%; Fig. 2) and in Canada (100%;
Fig. 2, Online resource 1). The remaining strata in Alaska
(17%) showed negative trends. In the Eastern Foxe Basin
regions and the Northern Hudson Barrens, trends were posi-
tive, but stable at Karrak Lake.

Red-throated loons were present in all 18 WBPHS strata.
Most strata had 4 values overlapping 1.0 in Alaska (92%;
Fig. 2) and in Canada (67%; Fig. 2, Online resource 1).
Remaining strata showed a negative trend in Alaska (8%)
and a positive trend in Canada (33%). We inferred popula-
tion stability in the Hudson Bay and Ungava Bay regions but
population increase at Karrak Lake, the Northern Hudson
Barrens, and the Eastern Foxe Basin regions.

Yellow-billed loons were present in only four WBPHS
strata, showing population stability or growth in Alaska,
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Fig.5 Pacific loon (G. pacifica) annual population growth rate esti-
mates at Christmas Bird Count circles on West Coast of North Amer-
ica, organized according to latitude. X symbol indicates cases where
the 95% confidence interval includes A= 1

Table 1 Number of circles of Christmas Bird Count where the differ-
ent loon species (Pacific loon-PALO; red-throated loon-RTLO; yel-
low-billed loon-YBLO) were detected between 1965 and 2021, with
percent of those circles presenting negative, stable, or positive long-
term trends of A values on the West coast and East coast of North
America

Species PALO RTLO YBLO
Locations W. coast W. coast E. coast W. coast
# circle 49 49 91 2

% Negative 9 (18%) 14 29%) 6 (7%) 1 (50%)
% Stable 20 (41%) 23 (47%) 22 (24%)

% Positive 20 (41%) 12 24%) 63 (69%) 1 (50%)

and stability in Canada (Fig. 2). Published data from the
Arctic Coastal Plain Survey (1992-2016) indicated stable
trend for Pacific loon, negative trend for red-throated loons,
and positive trend for yellow-billed loon (Amundson et al.
2019; Fig. 2).

Trends during non-breeding

During AWSDS along the Atlantic coast of the United
States, red-throated loons were present in 16 sections and
trends were stable in most (62%), but positive for other
Sects. (38%, Fig. 3). All positive sections were north of
38°N latitude. There were 49 CBC circles, all on the Pacific
coast, with sufficient data to model Pacific loon density
(Fig. 4). Most circles suggested population increase (41%) or
stability (41%), while 18% showed declines (Fig. 5, Table 1).
Most declines occurred in the Strait of Juan de Fuca and
Strait of Georgia (Fig. 4). There were 140 CBC circles with
sufficient data to model red-throated loon populations: 49 on
the Pacific coast (longitude > 100°W) and 91 on the Atlantic
coast (Fig. 6). Density of red-throated loons was stable in
most cases on the Pacific coast, but increasing along the
Atlantic coast (Figs. 6, 7, Table 1). As for Pacific loons,
clusters of local decline were detected in coastal B.C. and
Washington (Fig. 5). Only two circles had sufficient data to
model trends for yellow-billed loon, one of which showed a
decline in Alaska but an increase in Oregon.

Discussion

Using available data for loons from several sources, we
assessed trends in current Arctic-nesting loon populations,
motivated by the increased potential from threats they may
be exposed to in the Arctic marine environment, particu-
larly fisheries bycatch (Mallory et al. 2022). We used dif-
ferent methods, seasonal timing, and time period covered
to estimate loon population trends. Consequently, trends
from different methods (aerial or ground breeding sur-
veys, Christmas Bird Count, winter aerial surveys) should
not be compared directly. For example, breeding surveys
only account for adults or their nests while winter surveys
(aerial and CBC) record counts of adults and young. Conse-
quently, estimates of 1 presented should only be compared
when using the same methods and dataset. Still, an effort to
estimate and consider trends from all available data sources
together is a worthwhile undertaking, given the general lack
of published information for Arctic-nesting loons. Most
regional populations of each species appeared to be stable
on breeding areas across the surveyed range (Fig. 2). CBC
data suggested negative trends for red-throated and Pacific
loons at surveyed sites in the Salish Sea/Juan de Fuca Strait
area on the Pacific coast, and along the southeastern U.S.
Atlantic coast for red-throated loons on the Atlantic coast,
but mostly stable or increasing populations elsewhere. Win-
ter aerial surveys along the Atlantic coast showed mainly
stable trends, but wide confidence intervals suggested data
sparseness from low numbers of sample years (Lougheed
et al. 1999). It is worth noting that aerial surveys were
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Fig.6 Values of mean population change per year for red-throated loon (G. stellata) at the different circles from Christmas Bird Count

performed while red-throated loons were still migrating,
and difference in the timing of the surveys could influence
our results. However, surveys were generally conducted in
the first half of February. Estimates around population trend
were sometimes accompanied by large confidence intervals
which limit inference about population change. For exam-
ple, aerial surveys for yellow-billed loons in Alaska between
1986 and 2003 had such large confidence intervals that the
population trend could range between — 48 and + 38% dur-
ing that period (Earnst et al. 2005). Despite these limita-
tions, the vast majority of local or broad-scale surveys that
we examined suggested that loon numbers are generally
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stable or increasing (Fig. 2). This is consistent with other
surveys in Alaska (Parrett et al. 2023). It is well known that
estimates for abundance or rate of population change can
vary between counts from breeding grounds versus those
from wintering grounds. For example, blue-winged teal
(Spatula discors) continental abundance in North America
has remained relatively stable or even increased over the
past several decades (Rohwer et al. 2020), but has declined
dramatically in the last few decades on the breeding grounds
of eastern North America (Palumbo et al. 2020). For com-
mon loons, numbers of birds encountered on the Breeding
Bird Survey between 1965 and 2005 increased, but at the
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Fig.7 Red-throated loon (G. stellata) annual population growth rate
estimate at Christmas Bird Count circles on West (min latitude: 32,
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same time numbers declined during the Christmas Bird
Count (Butcher et al. 2005). We found some evidence of
this in our data; Karrak Lake clearly showed a positive trend
in red-throated loon numbers, whereas most aerial survey
strata showed stable, long-term trends in abundance of red-
throated loons. The disparity in counts observed between
breeding and wintering grounds can of course be attrib-
uted to the migratory behavior of some red-throated loons,
which migrate to Asian waters and are not counted during
the winter surveys. This could explain specific discrepan-
cies between stable trends in WBPHS Alaska but declines in
CBC counts for this species. Redistributions among different
breeding areas but within the same overall breeding range
may also give rise to discrepancies in different counts. For
example, the increase in nests of red-throated loon at Karrak
Lake may have resulted from positive long-term (but local)
effects on breeding success stemming from local increases
to ultra-high nesting densities of sympatric Ross’s (Anser
rossii) and lesser snow geese (Anser caerulescens) (Alisau-
skas et al. 2024), as has been suggested for a similar local

of North America, organized according to latitude.x Symbol indi-
cates cases where the 95% confidence interval includes A=1

response in cackling goose (Branta hutchinsii) nests (Kellett
and Alisauskas 2011). The decline in loons counted during
CBCs in the Juan de Fuca Strait/Salish Sea region has been
well documented (Crewe et al. 2012; Vilchis et al. 2014;
Ethier et al. 2020). Loons are among the most numerous
species found dead in derelict fishing gear (13.2%) in the
Salish Sea after cormorants (Phalacrocorax spp. 39.5%)
and ducks (Melanitta spp., Mergus spp., Aythya marila
13.6%; Good et al. 2009). Bycatch of wintering loons in
gillnets also occurs on the Atlantic coast (Warden 2010),
as does bycatch of loons from longlines in Alaska (Stehn
et al. 2001). Declines in loons from the Juan de Fuca Strait/
Salish Sea region might also stem from reduced abundance
of forage fish in the area (Vilchis et al. 2014). Shifts in win-
tering distribution to more offshore waters not sampled by
CBC circles may result in reduced counts closer to shore,
although some broader aerial surveys in the same areas sug-
gest an increase in loon density (Nysewander et al. 2005).
Finally, changes in migration schedules by loons may further
confound counts resulting in apparent declines in this area
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while CBC circles farther south showed increasing trends
(Figs. 6, 7). A total of 3.1% of the CBCs reported counts of
unknown loon species since 1996, comprising 4.6% of the
total individual loons ever counted that were reported as
“loon” but not identified to species. This is a small fraction
of total loon observations precluding the need to account for
unidentified birds with a ratio unknown to known species
observed (Wilson et al. 2013). The decline in number of
unidentified loons may have resulted from improved species
identification from improved optics (binoculars and spotting
scope). Pacific and red-throated loons were well represented
in the different survey types, with most trends either stable
or positive (Fig. 2), but our review uncovered a paucity of
suitable count data for yellow-billed loons. Yellow-billed
loons are mostly/only found at low densities and are lim-
ited by specific habitat requirements, yet have a breeding
range over large unpopulated areas, rendering population
trend estimation difficult (Earnst 2004) and expensive (Mal-
lory et al. 2018). Increased focus on migrating or wintering
yellow-billed loons in Alaska may be the most cost-effective
approach. Importantly, this low-density species has been
recorded as entangled in gillnets (Bentzen and Robards
2014; Mallory et al. 2022), but the extent of this threat to the
overall population remains unknown to date. Thus, we rec-
ommend greater attention to yellow-billed loon abundance.
Like most other seabirds, loons nesting in the Arctic face a
suite of threats throughout the year, but unlike other seabirds
(Gaston et al. 2012), few if any Arctic-nesting loon spe-
cies are well monitored, especially on the breeding grounds.
Nonetheless, the limited available data do not suggest sub-
stantial declines in numbers of Pacific or red-throated loons,
although a robust inference remains elusive for population
trends of yellow-billed loons. This uncertainty about popu-
lation trend coupled with recent concerns over bycatch and
harvest for this species may justify conservation action in
conjunction with improved understanding of status of this
species in particular (Uher-Koch et al. 2020). Conservation
actions should prioritize their freshwater breeding habitat,
as well as mitigating human disturbances due to oil and gas
development, shipping, and fishing traffic. Conservation
actions should benefit from collaborative efforts involving
government agencies, Indigenous communities, and envi-
ronmental organizations.
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