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1  |  INTRODUC TION

Radar and biologging technology (Alerstam et al., 2007; Egevang 
et al., 2010) have provided new knowledge about polar systems 
of avian migration. But in the Nearctic, routes and destinations 
remain unpredictable. For seabirds, it is often difficult to predict 
which of the world's oceans birds will migrate across or to from 
their Arctic nest sites (Davis et al., 2016; Gutowsky et al., 2020; 
Mehl et al., 2004). Migratory patterns are the legacy of millions of 
years of changing lands and seascapes, glaciation events, intra-  and 
interspecific competition, and speciation (Johnson & Herter, 1990). 
Studying the migratory connectivity of related species— the linking 

of migratory individuals or populations between different stages 
of the life cycle (Marra et al., 2019)— can provide insights into the 
interplay of ecological, evolutionary, and anthropogenic influences 
on migration patterns, habitat use, and coexistence and persistence 
(Weber & Strauss, 2016; Weber et al., 2017) in a changing Arctic 
(IPCC, 2014).

Jaegers (skuas outside of North America) are the three smallest 
Stercorarius species, a genus of predatory and kleptoparasitic migra-
tory seabirds that nests in the Arctic (Furness, 1987). Jaegers are the 
only Stercorarius that nest in North America where they play an im-
portant regulating role on other taxa within the Arctic tundra sum-
mer food web (Gilg et al., 2003; Krebs et al., 2003). Jaegers breed 
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Abstract
Polar systems of avian migration remain unpredictable. For seabirds nesting in the 
Nearctic, it is often difficult to predict which of the world's oceans birds will migrate to 
after breeding. Here, we report on three related seabird species that migrated across 
four oceans following sympatric breeding at a central Canadian high Arctic nesting 
location. Using telemetry, we tracked pomarine jaeger (Stercorarius pomarinus, n = 1) 
across the Arctic Ocean to the western Pacific Ocean; parasitic jaeger (S. parasiticus, 
n = 4) to the western Atlantic Ocean, and long- tailed jaeger (S. longicaudus, n = 2) to 
the eastern Atlantic Ocean and western Indian Ocean. We also report on extensive 
nomadic movements over ocean during the postbreeding period (19,002 km) and over 
land and ocean during the prebreeding period (5578 km) by pomarine jaeger, an irrup-
tive species whose full migrations and nomadic behavior have been a mystery. While 
the small sample sizes in our study limit the ability to make generalizable inferences, 
our results provide a key input to the knowledge of jaeger migrations. Understanding 
the routes and migratory divides of birds nesting in the Arctic region has implications 
for understanding both the glacial refugia of the past and the Anthropocene- driven 
changes in the future.
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sympatrically across much of the North American Arctic (Furness, 
1987) and range in body size: pomarine jaeger (POJA, S. pomarinus, 
~700 g [Wiley & Lee, 2020a]), parasitic jaeger (PAJA, S. parasiticus, 
Arctic Skua outside North America, ~450 g [Wiley & Lee, 2020b]), 
and long- tailed jaeger (LTJA, S. longicaudus, ~300 g [Wiley & Lee, 
2020c]). Jaeger migrations connect land to sea, and the Arctic region 
to the tropics (Bemmelen, 2019; Gilg et al., 2013; Troy, 2007). Thus, 
as congeners that nest sympatrically across most of the Nearctic and 
then take long- distance migrations, jaegers could provide a model 
opportunity for studying Nearctic avian migration.

There are still many existing questions surrounding jaeger ma-
rine habitat use. Reviewing many studies of coastal and at- sea obser-
vations, Wiley and Lee (2020b) suggest that during the postbreeding 
period, PAJA occur more frequently in shallower coastal waters than 
LTJA (Wiley & Lee, 2020c) or POJA (Wiley & Lee, 2020a), but all 
species are found in both coastal and open ocean (Furness, 1987). 
Previous results from light- level geolocator tracking of jaegers in 
North America showed that LTJA from the eastern Canadian Arctic 
over- wintered off west and southern Africa (Seyer et al., 2021) and 
PAJA from eastern Greenland migrated to the Caribbean region 
(Bemmelen, 2019). A presumed- complete southward migration of a 
POJA from Alaska, USA, was recorded by satellite and this bird spent 
the postbreeding period off the coast of southeastern Australia (Troy, 
2007). No full- annual- cycle migration data have been published for 
PAJA in North America west of Greenland (Bemmelen, 2019; Wiley 
& Lee, 2020b) or for any POJA globally (Wiley & Lee, 2020a).

The phylogenetic placement of POJA remains uncertain (Wiley 
& Lee, 2020a). Multiple lines of evidence suggest that POJA is more 
closely related to the large skuas that were once classified in a sep-
arate genus (Catharactus) than to LTJA and PAJA (Andersson, 1999; 
Chu et al., 2009; Cohen et al., 1997). However, POJA are more similar 
in size and plumage to the smaller congeners and the three species 
are sometimes thought of as a guild (Ruffino & Oksanen, 2014). Unlike 
LTJA and PAJA, POJA do not breed in Greenland or Europe (Furness, 
1987; Wiley & Lee, 2020a), creating a break in their breeding distri-
bution in Arctic areas immediately adjacent to the Atlantic Ocean. 
Pomarine jaegers overwinter on both sides of the Atlantic Ocean 
(Brown, 1979; Starrett & Dixon, 1947) but the breeding origin of these 
POJA is unknown. Thus, the break in breeding distribution of POJA 
relative to LTJA and PAJA leads to questions about whether the three 
species spread across North America in the same direction(s) from the 
Palearctic region, their evolutionary origin, and the influences of both 
biogeography and evolution on contemporary migratory patterns. 
Broadening the study of jaegers across the North American Arctic 
could help provide initial answers to these questions.

During the breeding season in North America, pomarine jae-
gers specialize on cyclic brown lemmings (Lemmus trimucronatus) 
for successful reproduction and thus POJA nesting is generally 
irruptive— occurring in high density at breeding sites in only some 
years (Andersson, 1973; Maher, 1974; Pitelka et al., 1955). This ob-
servation has implied that POJA are nomadic during the prebreed-
ing period until they find localized areas of high lemming abundance 
(Wiley & Lee, 2020a), although no direct evidence for nomadic 

movements of individuals over large areas of the Arctic is known to 
be available.

We tracked the migrations of sympatrically- breeding jaeger spe-
cies from a central Canadian high Arctic nesting location where both 
Atlantic Ocean and Pacific Ocean destinations seem equally likely. 
Our goals were to: (1) describe the migratory routes and phenology 
of movements of the tracked jaegers following sympatric breeding; 
(2) describe the ocean habitats they used; and (3) provide the first 
direct information on full- annual- cycle movements and nomadism 
of a pomarine jaeger, an irruptive species whose movements are 
still largely a mystery (Wiley & Lee, 2020a). Like LTJA tracked from 
the eastern Canadian Arctic (Seyer et al., 2021), and LTJA and PAJA 
tracked from Greenland (Bemmelen, 2019), we expected that all 
three species would spend the nonbreeding period in the Atlantic 
Ocean. We also expected that PAJA would use shallow, coastal hab-
itats and that LTJA and POJA would use deeper habitats in areas of 
consistent upwelling. Finally, we hypothesized the POJA would ex-
hibit nomadism in the Canadian Arctic Archipelago prior to nesting 
and we did not expect the bird to exhibit nest site fidelity.

2  |  METHODS

We captured adult jaegers during incubation (late June to early 
July) 2018 and 2019 at Nanuit Itillinga (Polar Bear Pass) National 
Wildlife	Area,	Bathurst	Island,	Nunavut,	Canada	(NINWA,	75°43′N,	
98°24′W).	Birds	were	captured	with	spring-	loaded	bownet	traps	set	
at nests (n = 4), a handheld CO2 powered net gun (n = 2), or noose 
mat (n = 1). We recorded morphometrics when possible (mass, wing 
chord, tarsus, bill, and total head plus bill) and fitted birds with a 
metal band and a color band to aid in identifying individuals.

We used 5 g (LTJA, n = 2) and 9.5 g (PAJA, n = 2 and POJA, n = 1) 
Argos solar- powered satellite tags (Microwave Telemetry Inc., de-
ployed 2018– 2019) to track seabird movements. Satellite tags were 
attached using a leg- loop harness (Mallory & Gilbert, 2008) made of 
4.7625- mm wide tubular Teflon Ribbon (Bally Ribbon Mills) secured 
with copper crimps. The total tag and attachment weight comprised 
0.4%– 2.1% of the body mass of known- weight individuals (Table 1). 
We assessed wing and leg mobility prior to release and watched 
birds until they flew out of sight.

Data previously collected from two PAJA breeding on nearby 
Nasaruvaalik	Island,	Nunavut,	Canada	(58	km	from	NINWA,	75°47′N,	
96°17′W),	 were	 also	 contributed	 to	 this	 study.	 These	 birds	 were	
tracked using archival light- level geolocators (GLS tags) attached 
with plastic cable ties to darvic leg- bands (Lotek Inc. LAT2900, 2.1 g). 
Tags were deployed in July, 2010 (n = 1), and June, 2011 (n = 1), and 
recovered the following year by recapturing the birds. Tags also re-
corded sea surface temperature (SST) when immersed for more than 
120 s and stored the minimum daily value.

Area access and animal handling, banding, and tag attach-
ment were approved by Environment and Climate Change Canada 
(ECCC) Western and Northern Animal Care Committee (Mallory- 
EC- PN- 11- 020, Rausch- 18JR01, Rausch- 19JR01); ECCC Scientific 
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Permits to Capture and Band Migratory Birds (Woodard- 10565N); 
ECCC Scientific Permits to Kill, Take, Capture, Disturb, or Salvage 
Migratory Birds/Nests (Mallory- NUN- SCI- 09- 01, Rausch- NUN- 
SCI- 17- 03); ECCC National Wildlife Area Permit (Rausch- NUN- 
NWA- 17- 04), and Government of Nunavut Wildlife Research 
Permits (Mallory- WL2010- 042, Rausch- WL2018- 052, Rausch- 
WL2019- 041). Animal research was carried out and reported in 
accordance with relevant guidelines (Fair et al., 2010, Percie du 
Sert et al., 2020).

2.1  |  Tag programming and processing

Satellite tags were duty- cycled to maximize solar charging (10 h on, 
48 h off). The satellite tag duty cycle resulted in nonregular location 
estimates during a 10- h window followed by a maximum gap of 48 h 
to allow for recharge of the battery via the solar panel. There were 
occasional gaps in transmissions (“missed duty cycle”). Positions re-
ceived from Argos were preprocessed with a Kalman filter and deliv-
ered with an associated location class indicating the potential error 
radius and with an estimated error ellipse. Location classes 3, 2, and 
1 have an estimated error of 250, 500, and 1500 m, respectively, 
while the accuracy of auxiliary location classes (0, A, B, and Z) is 
either variable or unbounded.

Given sampling irregularity and the telemetry error of position 
estimates, we used a model to estimate most probable paths. We ap-
plied the continuous- time random walk model of Jonsen et al. (2020) 
using the foieGras package in R and estimated movement paths at 
24- h intervals to standardize sampling across birds tracked with dif-
ferent technologies (the maximum resolution of GLS tags was one 
position per day).

Light- level data from geolocator tags were initially processed 
using the manufacturer's built- in template fit algorithm to estimate 
locations (the raw light intensities were not stored by this tag model; 
only the processed position estimates and an estimated error were 
provided; Ekstrom, 2004). The template algorithm estimates a lo-
cation once daily by fitting a model for a series of latitudes to light 
intensities recorded by the tag at a longitude estimated from the 
time of local noon using the tag's internal clock (Ekstrom, 2004). 
However, this method was shown to be biased south in winter and 
north in summer when applied to an Arctic seabird (Frederiksen 
et al., 2016). We therefore applied a sea surface temperature (SST) 
correction to further refine position estimates by comparing tag- 
collected SST measurements with remotely sensed SST data avail-
able for the same dates. We applied an unscented Kalman filter, a 
state- space model that incorporates measurement error estimation 
and the smoothing of the SST field directly in a single model to esti-
mate the most probable track (Lam et al., 2008). We formulated the 
model with a “solstice” error structure to account for highly errone-
ous positions near the equinoxes when light level is similar across 
the globe (defined by the model as September 16– October 2, March 
10– March 27) and during which time positions were not estimated. 
Models were fit using the ukfsst package in R.TA

B
LE

 1
 
Bi
rd
	m
or
ph
om
et
ric
s	
an
d	
de
ta
ils
	o
f	t
ra
ck
in
g	
de
vi
ce
s	
at
ta
ch
ed
	to
	th
re
e	
sp
ec
ie
s	
of
	ja
eg
er
s	
in
	th
e	
C
an
ad
ia
n	
A
rc
tic
	A
rc
hi
pe
la
go
,	2
01
0–
	20
11
	a
nd
	2
01
8–
	20
19

Sp
ec

ie
s

Fi
el

d 
ID

 (b
an

d 
nu

m
be

r)
In

fe
rr

ed
 

se
x

D
at

e 
de

pl
oy

ed
 

(m
/d

/y
)

Bi
rd

 m
as

s 
(g

)
Cu

lm
en

 
(m

m
)

To
ta

l 
he

ad
 

(m
m

)

W
in

g 
ch

or
d 

(m
m

)

D
ia

go
na

l 
ta

rs
us

 
(m

m
)

Ta
g 

m
od

el

Ta
g 

m
as

s 
(g

)

Ta
g 

%
 o

f 
m

as
s

Tr
ac

ki
ng

 d
ur

at
io

n 
(d

ay
s)

Lo
ng

- t
ai

le
d 

Ja
eg

er
LT

JA
- N

I- 2
01

9-
 01

 (1
39

3-
 00

73
0)

Fe
m

al
e

6/
15

/2
01

9
U

 (>
30

0)
27

.5
70

.6
31

4
42

.9
A

rg
os

5
U

St
ill

 tr
an

sm
itt

in
g 

as
 o

f 
17

 N
ov

em
be

r 2
02

1

LT
JA

- N
I- 2

01
9-

 02
 (1

39
3-

 00
72

9)
M

al
e

6/
23

/2
01

9
26

5
26

.3
69

.1
30

0
39

.2
A

rg
os

5
1.

9%
26

6

Pa
ra

si
tic

 J
ae

ge
r

PA
JA

- N
A

S-
 20

10
- 0

1 
(7

94
- 6

38
04

)
Fe

m
al

e
7/

12
/2

01
0

47
5

30
.9

77
.9

34
4

45
.1

G
LS

2.
1

0.
4%

32
9

PA
JA

- N
A

S-
 20

11
- 0

1 
(7

94
- 6

38
06

)
M

al
e

8/
7/

20
11

51
0

29
76

33
0

44
.6

G
LS

2.
1

0.
4%

30
9

PA
JA

- N
I- 2

01
8-

 01
 (8

94
- 5

14
04

)
U

6/
28

/2
01

8
44

5
29

.4
77

.8
30

9
44

.3
A

rg
os

9.
5

2.
1%

30
3

PA
JA

- N
I- 2

01
8-

 02
 (8

94
- 5

14
01

)
M

al
e

7/
5/

20
18

44
8

28
.2

76
.9

33
0

45
.8

A
rg

os
9.

5
2.

1%
23

6

Po
m

ar
in

e 
Ja

eg
er

PO
JA

- N
I- 2

01
9-

 01
 (1

01
5-

 00
10

8)
U

7/
2/

20
19

U
37

.9
90

.7
37

2
53

.7
A

rg
os

9.
5

U
36

1

N
ot

e:
 N
I:	
N
an
ui
t	I
til
lin
ga
	(P
ol
ar
	B
ea
r	P
as
s)
	N
at
io
na
l	W
ild
lif
e	
A
re
a,
	B
at
hu
rs
t	I
sl
an
d,
	N
un
av
ut
,	C
an
ad
a	
(7
5°
43
′1
7.
07
″N
,	9
8°
24
′8
.4
1″
W
).	
N
A
S:
	N
as
ar
uv
aa
lik
	Is
la
nd
,	N
un
av
ut
,	C
an
ad
a	
(5
8	
km
	fr
om
	N
I,	

75
°4
7′
60
″N
,	9
6°
17
′6
0″
W
).	
U
:	U
nk
no
w
n.
	A
rg
os
:	M
ic
ro
w
av
e	
Te
le
m
et
ry
	s
ol
ar
-	p
ow
er
ed
	s
at
el
lit
e	
ta
g.
	G
LS
:	L
ot
ek
	li
gh
t-
	le
ve
l	g
eo
lo
ca
to
r.	
Fo
r	L
TJ
A-
	N
I-	2
01
9-
	01
	o
nl
y	
th
e	
fir
st
	y
ea
r	o
f	t
ra
ck
in
g	
is
	in
cl
ud
ed
	in
	th
is
	

st
ud

y.



4 of 12  |     HARRISON et Al.

From the model- estimated movement paths, we summarized 
the distance traveled and the duration of time the jaegers spent in 
breeding, staging, and wintering areas. We calculated the maximum 
distance reached from nest site, the total distance traveled, and dis-
tances of nomadic movements using the geodist package in R applied 
to successive predicted locations using geodesic/great circle dis-
tances. For birds tracked with geolocators, positions are unavailable 
during the breeding season when there is 24- h daylight, and during 
equinox periods; reported distances should therefore be considered 
underestimates. For these birds, we used straight line segments be-
tween the nest site and the first estimated location. During the equi-
nox period, we used straight line segments between the estimated 
locations on either side of the equinox. For satellite tags that ceased 
transmitting prior to the return northward migration, we added an 
estimated distance of the return migration to the distance recorded 
up to the date the tag ceased transmitting. We estimated the ex-
pected distance of the return migration if the bird were to retrace 
its southward migration, omitting stationary periods. For LTJA, we 
also estimated a return route over the open ocean based on previous 
studies (Bemmelen et al., 2017; Gilg et al., 2013) and we report the 
minimum of the two estimates. Given the omission of movements 
during the staging period, this is most likely conservative. We iden-
tified the arrival and departure times to staging and wintering areas 
based on a combination of net- squared- displacement values (birds 
are resident to an area when the rate of change of net- squared- 
displacement plateaus; Seyer et al., 2021) and visual evaluation of 
maps.

To describe the jaegers’ marine habitats, we plotted patterns 
over time of three oceanographic variables commonly used to 
predict seabird distribution and/or foraging behavior (Tremblay 
et al., 2009): bathymetry, chlorophyll- a, and sea surface temperature 
matched to jaeger locations. We used the rerddapXtracto package 
in R to communicate with the NOAA ERDDAP data server (https://
coast watch.pfeg.noaa.gov/erddap) to pull selected oceanographic 
datasets for the specified location and date. Bathymetry (meters) 
was derived from ETOPO1, a global relief model with a horizontal 
grid spacing of 1 arc- minute (approximately 4 km) developed by the 
NOAA National Geophysical Data Center. We used chlorophyll- a 
estimates (chl a, mg/m3) derived from ocean color data provided by 
the Visible Infrared Imaging Radiometer Suite (VIIRS) on the Suomi 
NPP satellite and processed by NOAA. Data were available at a res-
olution of 4 km. Cloud cover resulted in many missing daily values 
and we therefore chose to use a weekly composite. For sea surface 
temperature (SST, °C), we used a blended product from multiple 
satellite retrievals— the Global Nighttime Foundation Sea Surface 
Temperature Analysis— produced by the Group for High Resolution 
Sea Surface Temperature (https://www.ghrsst.org/) and made 
available by the Jet Propulsion Laboratory Physical Oceanography 
Distributed Active Archive Center. Unlike other SST datasets, this 
product provides daily SST estimates for the polar regions and is 
available on a global 0.054 degree grid. Geolocators collected SST 
directly, and for these birds, we used tag- based in situ measure-
ments in lieu of remotely sensed data.

3  |  RESULTS

The three sympatrically nesting jaeger species migrated from central 
high Arctic Canada to postbreeding habitats in the Atlantic, Arctic, 
Indian, and Pacific Oceans (Figure 1). Birds departed for migration 
between July 22 and September 1 (Table 2). Birds were tracked to 
a maximum distance of 15,418 km straight- line distance from the 
nest site (Table 2), and for 236– 887 days (Table 1). The tag of one 
individual remained transmitting as of 17 November 2021 and only 
the first year of data for this individual is included in this study 
(LTJA- NI- 2019- 01).

During their migrations, jaegers staged August– December in 
cool (10– 20°C SST), deep marine habitats (2000– 4000 m) before 
overwintering in either tropical (Caribbean Sea, Canary Current, 
Guinea Current, Micronesian Archipelago), or subtropical (Gulf 
of Mexico, Guinea Current, Benguela Current, Agulhas Current) 
marine ecosystems (Figure 2). All LTJA and PAJA migrated to the 
Atlantic Ocean, staging in some known seabird hotspots (e.g., the 
North Atlantic Current and Evlanov Seamount [Davies et al., 2021]). 
However, the POJA migrated west across the Arctic Ocean, where it 
staged near Wrangel Island, Russia, before continuing to the western 
Pacific Ocean off Hokkaido, Japan (Figures 1 and 2).

Birds used overwintering habitats September– May (Table 2) in-
cluding shallow seas, coastal upwelling areas, and oligotrophic and 
open ocean habitats (Figure 2). LTJA- NI- 2019- 01 arrived in deep, 
warm water habitats (23– 35°C) off the continental shelf of West 
Africa in October, shifted to shallow (275 m mean depth) coastal wa-
ters of the Canary Current in December corresponding to a peak in 
chlorophyll (3.11 mg/m3), and returned to deep water in January. In 
contrast, LTJA- NI- 2019- 02 covered an extensive area in the south-
east Atlantic Ocean in September– December including multiple high 
seas seamount chains as well as the Guinea, Benguela, and Agulhas 
Currents before moving to warm, shallow water in the Mozambique 
Channel of the Indian Ocean from January– March when the tag 
ceased transmitting (Figure 2). The warm wintering habitats used 
by satellite- tracked PAJA (22– 29°C) generally corresponded with 
declining chlorophyll throughout the wintering period and use of 
shallower seas (Figure 2). The POJA overwintered in Micronesia and 
the western Pacific high seas, where it used deep (4500– 5500 m), 
warm (>25°C), oligotrophic habitats (<0.05 mg/m3), and completed a 
19,002 km loop migration (Figure 1). The surface chlorophyll values 
experienced by the bird here were an order of magnitude lower than 
most habitats used by LTJA and PAJA.

Four individuals were tracked through a full annual cycle (Table 1; 
Figure 2). LTJA and PAJA each used similar staging areas in post-
breeding and prebreeding migrations (Figure 2) but spent less time 
staging during the prebreeding migration (Table 2). The return route 
of LTJA- NI- 2019- 01 was over the central Atlantic Ocean rather than 
the eastern Atlantic like its postbreeding migration, and the pre-
breeding route of PAJA- NAS- 2010- 01 was more coastal than the 
postbreeding migration (Figure 2).

The two PAJA and one LTJA returned to the same nest site in 
their second recorded year (Figures 1 and 2), whereas the POJA did 

https://coastwatch.pfeg.noaa.gov/erddap
https://coastwatch.pfeg.noaa.gov/erddap
https://www.ghrsst.org/
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not return to Bathurst Island in 2020 (Figure 3). After making an 
overland migration of 253 km, the POJA traveled 5579 km between 
terrestrial sites in Russia and Canada including an oceanic migra-
tion of 3107 km between western Siberia, Russia and Banks Island, 
Northwest Territories, Canada (121°W, 752 km from 2019 nest site). 
In Russia, the bird spent 10– 12 days visiting multiple sites within 

the species’ breeding range as far west as 149°E. Russian sites were 
separated by a linear distance of 1950 km and the total track dis-
tance recorded in Russia was 2472 km. The tag ceased transmitting 
on 27 June, although the onboard activity sensor indicated that tag 
and bird were still active 23– 27 June after arriving on Banks Island, 
Canada.

F I G U R E  1 (a)	Model-	estimated	migration	paths	of	individuals	representing	three	species	of	jaegers	(Stercorarius spp.) following sympatric 
breeding recorded using electronic tracking devices. Red star indicates breeding area in Canada where tags were deployed. Gray outline 
over the ocean demarcates Exclusive Economic Zones. (b) General locations of staging and wintering areas mentioned in the text color- 
coded by the species that used those areas
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4  |  DISCUSSION

We present new findings on the ecology of three species of sym-
patrically breeding jaegers and further insights into polar migratory 
divides. From the central Canadian high Arctic, the three jaeger spe-
cies we tracked visited four oceans and we provide the first direct 
evidence of extensive terrestrial nomadic behavior of Pomarine 
Jaeger during the breeding season. While the small sample sizes 
in our study limit the ability to make statistical comparisons or 
species- level inferences, our results provide new information that is 
a common benefit of animal tracking studies in their initial phase of 
innovation and discovery (Sequeira et al., 2019).

That the POJA we tracked from the central Canadian Arctic mi-
grated across the Arctic Ocean to the western Pacific Ocean while 
LTJA and PAJA migrated to the Atlantic Ocean and Indian Ocean 
is a notable finding. Radar observations at 99°W in the Canadian 
Arctic suggested that many LTJA and PAJA migrate in a westerly di-
rection (Gudmundsson et al., 2002). The LTJA and PAJA we tracked 
from a similar longitude (96 and 98°W) migrated east to the Atlantic 
Ocean and took similar migration routes to LTJA tracked from east-
ern Canada (81°W and 78°W; Seyer et al., 2021) and LTJA and PAJA 
tracked from eastern Greenland (24°W and 19°W; Bemmelen, 
2019). The POJA in this study migrated west, but large populations 
of POJA have also been observed on surveys in the Gulf of Mexico 

(Jodice et al., 2021) and both coasts of the Atlantic Ocean (Brown, 
1979; Lee, 1995). The breeding origin of these Atlantic Ocean POJA 
remains unknown.

From seabird colonies in the central and eastern Canadian Arctic, 
tracking studies showed that eastern Pacific Ocean destinations 
were recorded for Thayer's gulls (Larus thayeri; n = 4 [Gutowsky 
et al., 2020]), exclusively Atlantic Ocean routes were recorded for 
Arctic terns (Sterna paradisaea; n = 22 [Wong et al., 2021]), both 
eastern Pacific (n = 24) and eastern Atlantic destinations (n = 2) were 
recorded for Sabine's gulls (Larus sabini) including a mated pair that 
exhibited a migratory divide (Davis et al., 2016), and from isotopic 
data, 69% of 167 king eiders (Somateria spectabilis) wintered in the 
North Pacific Ocean while the remainder wintered in the Northwest 
Atlantic Ocean (Mehl et al., 2004). Our results add new informa-
tion about jaeger migration routes from a central Canadian site 
(20 degrees west of previous jaeger tracking studies, [Seyer et al., 
2021]) to help further assess the potential for jaeger migratory di-
vides in the Nearctic. Seabird migratory divides to the Pacific and 
Atlantic Oceans from the high Canadian Arctic Archipelago remain 
unpredictable.

Our results of disparate migratory routes of sympatrically breed-
ing congeners also raise additional questions about the evolution-
ary origins (Braun & Brumfield, 1998; Chu et al., 2009; Cohen et al., 
1997) and biogeographic spread of North American jaegers. For 

TA B L E  2 Estimated	distances	traveled	and	annual	cycle	of	seven	tracked	jaegers	from	a	nest	site	in	Arctic	Canada	(first	year	of	tracking	
only)

Long- tailed Jaeger (n = 2 
unless otherwise noted)

Parasitic Jaeger (n = 4 
unless otherwise noted)

Pomarine Jaeger 
(n = 1)

Distances traveled (km)

Maximum straight- line distance from colony 8890– 15,418 5705– 7146 14,395

Estimated total distance traveled during annual cycle 30,195– 57,147a 28,648– 40,477a 41,910

Annual cycle

Departure from nesting area 22 July 30 Aug.– 1 Sept. (n = 2) 4 Aug.

Arrival to postbreeding staging area 2– 3 Aug. 6– 18 Sept. (n = 2) 10 Aug./17 Sept.b

Departure from postbreeding staging area(s) 20 Aug.– 21 Sept. 10 Oct– 3 Dec. 1- Sept./26 Dec.b

Arrival to wintering area(s) 5– 26 Sept. 19	Oct.−12	Dec 27 Dec.b

Departure from wintering area(s) 4 April (n = 1) 28 April– 7 May (n = 2) 6 May

Arrival to prebreeding staging area 22 April (n = 1) 13– 16 May (n = 2) 7 May

Departure from prebreeding staging areas 24 May (n = 1) 22– 25 May (n = 2) 29 May

Breeding season arrival 6– 16 June (n = 1)c Unknown June 7– 23d

Note: For individual metadata, see Table 1. Not all dates during the annual cycle were available for all individuals due to cessation of tag transmissions 
(LTJA and PAJA) and/or incalculable locations during periods of 24- h daylight or the equinox periods (Parasitic Jaegers tracked via light- level 
geolocators).
aSee methods for details of estimates for birds tracked via geolocators and for birds whose tags ceased transmitting during the wintering period.
bThe POJA staged for 22 days off Wrangel Island, Russia 10 August– 1 September. Sept 17 the bird arrived in the Oyashio Current/Sea of Okhotsk off 
Hokkaido, Japan where it roamed until December 26 when it commenced a migratory loop over Micronesia. We grouped the movements off of Japan 
as a staging period because they proceeded a 5- month migratory loop over Micronesia and the bird also stopped in the Oyashio Current in the spring 
before returning to the Arctic. However, the movements off Japan could also be considered a first wintering area.
cLTJA- NI- 2019- 01 arrived at Bathurst Island June 6, 2020, but then immediately departed back to Baffin Bay. The bird returned to Bathurst Island, 
June 16, 2020.
dJune 7 = Date of Arrival to Russia, within known breeding range. June 23 = Date of arrival to Banks Island, Canada, after nomadic movements across 
terrestrial sites in Russia, June 7– 17).



    |  7 of 12HARRISON et Al.

example, given the observed westerly migration route of the POJA, 
were POJA populations in central Canada partially populated by in-
dividuals originating from westerly populations as glaciers retreated 
after the last ice age? Do some LTJA and PAJA from the central 
Canadian Arctic migrate west to the Pacific Ocean as suggested by 
Gudmundsson's radar observations (Gudmundsson et al., 2002)? Do 
some POJA observed in the Atlantic Ocean originate from central or 
western Canada? Given our small sample size, genetic comparisons 
and additional tracking are needed to answer these questions.

In their geolocator study of the consistency of LTJA migration 
routes and wintering areas, Bemmelen et al. (2017) suggested that 
future studies should link location data with oceanography. Here, 
we provide these first links for a small sample of birds. We found 
that all birds used both shallow coastal habitats and deep ocean 
habitats. As in previous studies (Bemmelen, 2019; Bemmelen et al., 
2017; Gilg et al., 2013; Simeone et al., 2014; Troy, 2007), jaegers 
used upwelling habitats of the Benguela Current (LTJA), Canary 
Current (LTJA), and Oyashio Current (POJA for staging). However, 
jaegers also used nutrient- poor habitats. For example, the POJA 
wandered widely during the postbreeding period over the western 

North Pacific Sub- tropical Gyre— an oligotrophic area of low surface 
chlorophyll, high temperatures, deep water (Karl, 1999), and a place 
not typically mentioned as a primary overwintering habitat for the 
species (Furness, 1987; Wiley & Lee, 2020a). The deep water and 
low productivity habitats used by this POJA also contrasted with the 
individual Troy (2007) tracked from Alaska that spent its recorded 
postmigration period in the East Australian Current where dynamic 
eddies result in localized upwelling and high productivity (Suthers 
et al., 2011). In addition to describing the oceanographic features 
jaegers use during the postbreeding period, future studies could 
evaluate relationships with the distribution of other seabird species 
that are kleptoparasitized by jaegers and with the distribution of sea-
bird colonies with active nesting during the jaegers’ postbreeding 
period.

This study is the first to record the full annual cycle of a poma-
rine jaeger (Wiley & Lee, 2020a). A presumed- complete southward 
migration path was reported by Troy (2007) but the bird was not 
tracked on its return prebreeding migration. Seabirds are known to 
vary the extent of their movements throughout the breeding season 
(e.g., incubation vs. late chick- rearing [Gutowsky et al., 2015]) and 

F I G U R E  2 Habitats	used	by	long-	tailed	jaeger	(LTJA),	parasitic	jaeger	(PAJA)	and	pomarine	jaeger	(POJA)	electronically	tracked	following	
breeding in the Canadian high Arctic. Points on maps indicate model- estimated daily positions, color- coded by month. Daily estimates of 
habitat variables are grouped and colored by month. Bathymetry (water depth), and chlorophyll- a were derived from remotely sensed data 
(see methods for datasets used). SST was either recorded directly by the tag (GLS tags: PAJA- NAS- 2010- 01 and PAJA- NAS- 2011- 01) or 
were derived from remotely sensed data (Argos satellite tags). Time series begin in July when the birds were incubating eggs and tags were 
deployed. Solid black lines indicate a loess smooth of the daily estimates and shading around the line indicates the 95% confidence interval
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long- distance movements during this period is an expanding area of 
study for even the smallest birds (Cooper & Marra, 2020). Until this 
study, only indirect evidence for POJA nomadism existed (reviewed 
by Wiley & Lee, 2020a) and the geographic extent of nomadism was 
unknown. During the second recorded breeding season (2020), this 
individual showed its ability like snowy owls (Bubo scandiacus) to 
prospect across the Arctic presumably in search of lemmings and/
or nest sites (Therrien et al., 2014). The international nomadic move-
ments of the POJA in June (5579 km) exceeded the maximum record 
for the prebreeding nomadic movements of snowy owls (4093 km 
over 108 days) by 1486 km. Additional tracking is needed to deter-
mine if the pattern we observed is representative of the species and 
to determine the full extent of POJA nomadic behavior.

Distance between Canadian territories in consecutive years was 
similar to the mean breeding dispersal of 725 km of nine snowy owls 
(Therrien et al., 2014), although it is unknown whether the POJA 
in our study initiated a nest in its second year of tracking. In their 
review of POJA breeding phenology, Wiley and Lee (2020a) noted 
that most nesting territories in the North American Arctic were 

established by the third week of June, although some were not es-
tablished until early July (Bathurst Island peak territory establish-
ment 20– 30 June). Maher (1974) observed that transients in Alaska 
(arriving from at- sea flocks) also occasionally established short- term 
terrestrial territories. Therefore, timing suggests that the POJA in 
our study arriving at Banks Island, Canada on June 23 could have 
initiated a nest, but it is equally plausible that these locations repre-
sented a transient terrestrial territory of a non- breeding bird.

Our study modified previous approaches to track jaegers with 
satellite tags (Seyer et al., 2021; Sittler et al., 2011; Troy, 2007). These 
modifications may have led to longer tracking durations than were 
previously attained (maximum 86 days for LTJA and approximately 
275 days for POJA), although our small sample size limits general in-
ferences. Rather than a backpack- style harness that loops over the 
wings (used previously with LTJA [Seyer et al., 2021; Sittler et al., 
2011]), we used a leg- loop attachment (Mallory & Gilbert, 2008) as 
had been trialed for POJA (Troy, 2007). For acrobatic birds like jae-
gers, we felt a leg- loop harness would have the lowest risk of detri-
mental impact to the bird but may have a higher risk of being shed 

F I G U R E  3 (a)	Nomadic	movements	of	pomarine	jaeger	(POJA-	NI-	2019-	01)	tracked	via	Argos-	satellite	tag	during	a	second	recorded	
breeding season (June 1– 27, 2020). Red points are model- estimated locations at the original transmitted timestamps. Red star indicates 
tag deployment location at 2019 nest site, Bathurst Island, Nunavut, Canada. Gray outline over the ocean demarcates Exclusive Economic 
Zones. Insets indicate panels b– d. (b) near Billings, Chukotka Autonomous Okrug, Russia (c) near Russkoye Ustye, Sakha Republic, Siberia, 
Russia. (d) Banks Island, Northwest Territories, Canada (ceased transmission June 27, 2020). Satellite imagery is a composite of images taken 
by the Copernicus Sentinal- 2 satellite at each location, June 2020

(a)

(b) (c) (d)
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(sliding off the tail and legs of the bird possibly due to weight changes 
or interactions with other birds). For LTJA and POJA, we also used 
smaller tags than in previous studies: LTJA, 5 g instead of 9.5– 10 g 
(Seyer et al., 2021; Sittler et al., 2011) and POJA, 9.5 g instead of 
18 g (Troy, 2007). For LTJA and POJA, our 1% tag and harness to bird 
mass ratios were conservative in the context of conventional rules 
for seabird tracking studies (i.e., <3% of the body weight of the bird 
[Phillips et al., 2003]). To our knowledge, this was the first pilot of 
satellite tag and harness attachment with PAJA. The 9.5 g tag and 
harness combination we used for PAJA was <3% of their mass but a 
5 g tag would likely have been a better choice due to weight but also 
due to its lower profile. We have subsequently tracked PAJA from 
Alaska through full annual cycles (5 of 6 birds) with 5 g tags (1% of 
body weight, unpublished data, Harrison A- L. 2021).

Since pelagic seabirds like jaegers spend their postbreeding 
period at sea, when a tag stops transmitting the reason is often 
unknown. In this study, the 9.5 g tag included an activity sensor 
to indicate whether a transmitting tag had stopped moving, but 
this option was not available on the 5 g tags. Individual PAJA- NI- 
2018- 02 was last tracked at sea during an offshore storm with east-
erly winds. Final positions were located inland over protected forest 
in Nicaragua. The tag continued to transmit from this location and 
the activity sensor indicated it was stationary. Due to the lack of 
human development in the region and the heavy canopy cover, the 
solar panel would likely not have charged if the tag was in the forest. 
Remotely sensed elevation data indicate a constant height of 30– 
50 m for the month during which the tag was stationary on land. We 
hypothesize that the tag was dropped solar- panel facing up, over the 
trees, or the bird died and was caught by the trees with the tag still 
attached and facing up.

To evaluate tagging impacts, study designs that include marked 
but untagged individuals in the same breeding population to allow 
for comparison of return rates can provide additional understanding. 
However, for species with low nesting site fidelity like POJA or high 
natural nest depredation as at Bathurst Island (making capture and 
resighting difficult), mark– recapture studies may yield few insights.

5  |  CONCLUSIONS

The Arctic region is warming faster than most places on the planet 
(IPCC, 2014), and even closely related species may respond differ-
ently to environmental change (McMahon et al., 2019; Silva et al., 
2020; Sun et al., 2017). Transformation of Arctic breeding habitats 
and disruption to Arctic food webs are thought to be major future 
threats (Gilg et al., 2012; Ims & Fuglei, 2005). Since lemmings and 
other small rodents depend for survival on good snow conditions in 
autumn/winter (Reid et al., 2012), lemming- reliant species like LTJA 
and POJA are at special risk of climate change; demonstrated a de-
cline in LTJA in response to collapsing lemming cycles in Greenland. 
For these three jaeger species breeding in sympatry in the Canadian 
Arctic, disparate patterns of nomadism and marine migratory con-
nectivity may also have species- specific management implications 

(Dunn et al., 2019), although additional tracking is needed to confirm 
the patterns we observed from a small sample of individuals.

Trends of North American jaeger populations have been largely 
unknown (Gaston et al., 2009; Wiley & Lee, 2020a, 2020b, 2020c) 
making it difficult to assess conservation status. Of the three jaeger 
species, PAJA is of conservation concern in some parts of its range. 
Globally PAJA is considered stable and is assumed to be the most 
abundant skua species in the world (Wiley & Lee, 2020b). However, 
the United Kingdom breeding population has declined steadily since 
1986 and more than any other seabird species monitored in the U.K. 
between 2000 and 2019 (JNCC, 2021). Europe's largest PAJA col-
ony (in Norway) has declined by at least 50% since 1997 (Bemmelen 
et al., 2021). It is thought that declines are driven by both bottom- up 
and top- down effects including lack of food during the breed-
ing season and nest predation by mammalian and avian predators 
(Bemmelen et al., 2021; Perkins et al., 2018).

There is good scientific collaboration across the circumpolar 
Arctic (Davidson et al., 2020). Avian demographic surveys across 
the North American Arctic region have yielded important insights 
for shorebirds (Weiser et al., 2020) and have recently met con-
fidence thresholds to provide updated Canadian population esti-
mates for LTJA and PAJA (pers. comm. Smith, P.A. and Rausch, J. 
2021). Given that jaegers are critical components of marine and 
terrestrial food webs that provide ecological connectivity across 
the world's oceans, we encourage the establishment of a multina-
tional long- term demographic survey for the jaegers. Finally, our 
study also contributes to the growing body of literature showing 
the importance of connectivity across hemispheres and between 
the coasts and the high seas to migratory seabirds (Beal et al., 
2021; Harrison et al., 2018). Demonstrated links between marine 
biodiversity in the Arctic region and the high seas are timely to 
inform ongoing negotiations for an internationally binding legal 
instrument on the conservation and sustainable use of marine bi-
ological diversity in the areas beyond national jurisdiction (Popova 
et al., 2019; United Nations General Assembly, 2017; Vierros et al., 
2020).

ACKNOWLEDG MENTS
Financial support for work at Nasaruvaalik Island was provided by 
ECCC and Natural Resources Canada. Funding for satellite tracking 
devices was provided by the ConocoPhillips Charitable Investments 
Global Signature Program in support of the Smithsonian Migratory 
Bird Center’s Migratory Connectivity Project. Funding and sup-
port for work at Bathurst Island was provided by Canadian Wildlife 
Service (ECCC), Polar Continental Shelf Program (Natural Resources 
Canada), and Sulukvaut Area Co- Management Committee for 
the Nanuit Itillinga National Wildlife Area. Thanks to D. Cecile, J. 
Cowitz, J. Edwards, R. Johnston- Gonzalez, L. Montagano and the 
Nasaruvaalik Island field teams for field assistance. We thank four 
anonymous reviewers for helpful comments on our manuscript.

CONFLIC T OF INTERE S T
The authors declare no competing interests.



10 of 12  |     HARRISON et Al.

AUTHOR CONTRIBUTION
Autumn- Lynn Harrison: Conceptualization (equal); Data cura-
tion (lead); Formal analysis (lead); Funding acquisition (equal); 
Investigation (equal); Methodology (lead); Project administration 
(equal); Resources (equal); Software (lead); Supervision (equal); 
Visualization (lead); Writing –  original draft (lead); Writing –  review 
& editing (equal). Paul F. Woodard: Conceptualization (supporting); 
Data curation (equal); Investigation (equal); Project administration 
(equal); Resources (equal); Writing –  review & editing (equal). Mark 
L. Mallory: Conceptualization (equal); Data curation (equal); Funding 
acquisition (equal); Investigation (equal); Methodology (equal); 
Project administration (equal); Resources (equal); Supervision (equal); 
Writing –  review & editing (equal). Jennie Rausch: Conceptualization 
(equal); Data curation (supporting); Funding acquisition (equal); 
Project administration (equal); Resources (equal); Supervision 
(equal); Writing –  review & editing (equal).

OPEN RE SE ARCH BADG E S

This article has earned an Open Data Badge for making publicly avail-
able the digitally- shareable data necessary to reproduce the reported 
results. The data is available at https://github.com/autum nlynn/ Sympa 
tricJ aeger s4Oceans. https://doi.org/10.5061/dryad.nk98s f7v1

DATA AVAIL ABILIT Y S TATEMENT
The processed datasets resulting from this study (modeled to ac-
count for telemetry error and uncertainty associated with light- 
level geolocation, see Methods) are available on Dryad (https://doi.
org/10.5061/dryad.nk98s f7v1). The raw datasets contributing to 
this study are also available publicly under a creative commons li-
cense as a part of the Arctic Animal Movement Archive (Davidson 
et al., 2020) on www.moveb ank.org (Study Numbers: 973570814, 
630339095, 300812056). R code used to conduct the analyses in 
this study are available on GitHub (https://github.com/autum nlynn/ 
Sympa tricJ aeger s4Oceans).

ORCID
Autumn- Lynn Harrison  https://orcid.org/0000-0002-6213-1765 
Paul F. Woodard  https://orcid.org/0000-0003-4340-8404 
Mark L. Mallory  https://orcid.org/0000-0003-2744-3437 

R E FE R E N C E S
Alerstam, T., Bäckman, J., Gudmundsson, G. A., Hedenström, A., 

Henningsson, S. S., Karlsson, H., Rosén, M., & Strandberg, R. (2007). 
A polar system of intercontinental bird migration. Proceedings of the 
Royal Society B: Biological Sciences, 274(1625), 2523– 2530. https://
doi.org/10.1098/rspb.2007.0633

Andersson, M. (1973). Behaviour of the pomarine skua Stercorarius po-
marinus Temm. with comparative remarks on Stercorariinae. Ornis 
Scandinavica (Scandinavian Journal of Ornithology), 4(1), 1– 16.

Andersson, M. (1999). Phylogeny, behaviour, plumage evolution and ne-
oteny in skuas Stercorariidae. Journal of Avian Biology, 30(2), 205– 
215. https://doi.org/10.2307/3677130

Beal, M., Dias, M. P., Phillips, R. A., Oppel, S., Hazin, C., Pearmain, E. J., 
Adams, J., Anderson, D. J., Antolos, M., Arata, J. A., Arcos, J. M., 
Arnould, J. P. Y., Awkerman, J., Bell, E., Bell, M., Carey, M., Carle, 
R., Clay, T. A., Cleeland, J., … Catry, P. (2021). Global political re-
sponsibility for the conservation of albatrosses and large petrels. 
Science Advances, 7(10), eabd7225. https://doi.org/10.1126/sciadv.
abd7225

Braun, M. J., & Brumfield, R. T. (1998). Enigmatic phylogeny of skuas: An 
alternative hypothesis. Proceedings of the Royal Society of London. 
Series B: Biological Sciences, 265(1400), 995– 999. https://doi.
org/10.1098/rspb.1998.0389

Brown, R. G. B. (1979). Seabirds of the senegal upwelling and adjacent 
waters. Ibis, 121(3), 283– 292. https://doi.org/10.1111/j.1474- 
919X.1979.tb068 45.x

Chu, P. C., Eisenschenk, S. K., & Zhu, S.- T. (2009). Skeletal morphology 
and the phylogeny of skuas (Aves: Charadriiformes, Stercorariidae). 
Zoological Journal of the Linnean Society, 157(3), 612– 621. https://
doi.org/10.1111/j.1096- 3642.2009.00539.x

Cohen, B. L., Baker, A. J., Blechschmidt, K., Dittmann, D. L., Furness, 
R. W., Gerwin, J. A., Helbig, A. J., Korte, J. D., Marshall, H. D., 
Palma, R. L., Peter, H. U., Ramli, R., Siebold, I., Willcox, M. S., 
Wilson, R. H., & Zink, R. M. (1997). Enigmatic phylogeny of skuas 
(Aves: Stercorariidae). Proceedings of the Royal Society of London B, 
264(1379), 181– 190. https://doi.org/10.1098/rspb.1997.0026

Cooper, N. W., & Marra, P. P. (2020). Hidden long- distance movements 
by a migratory bird. Current Biology, 30(20), 4056– 4062.e3. https://
doi.org/10.1016/j.cub.2020.07.056

Davidson, S. C., Bohrer, G., Gurarie, E., LaPoint, S., Mahoney, P. J., 
Boelman, N. T., Eitel, J. U. H., Prugh, L. R., Vierling, L. A., Jennewein, 
J., Grier, E., Couriot, O., Kelly, A. P., Meddens, A. J. H., Oliver, R. Y., 
Kays, R., Wikelski, M., Aarvak, T., Ackerman, J. T., … Hebblewhite, 
M. (2020). Ecological insights from three decades of animal move-
ment tracking across a changing Arctic. Science, 370(6517), 712– 
715. https://doi.org/10.1126/scien ce.abb7080

Davies, T. E., Carneiro, A. P. B., Tarzia, M., Wakefield, E., Hennicke, J. C., 
Frederiksen, M., Hansen, E. S., Campos, B., Hazin, C., & Lascelles, 
B. (2021). Multispecies tracking reveals a major seabird hotspot in 
the North Atlantic. Conservation Letters, 14(5), e12824. https://doi.
org/10.1111/conl.12824

Davis, S. E., Maftei, M., & Mallory, M. L. (2016). Migratory Connectivity 
at high latitudes: Sabine’s Gulls (Xema sabini) from a colony in the 
Canadian high Arctic migrate to different oceans. PLoS One, 11(12), 
e0166043. https://doi.org/10.1371/journ al.pone.0166043

Dunn, D. C., Harrison, A.- L., Curtice, C., DeLand, S., Donnelly, B., Fujioka, 
E., Heywood, E., Kot, C. Y., Poulin, S., Whitten, M., Åkesson, S., 
Alberini, A., Appeltans, W., Arcos, J. M., Bailey, H., Ballance, L. 
T., Block, B., Blondin, H., Boustany, A. M., … Halpin, P. N. (2019). 
The importance of migratory connectivity for global ocean policy. 
Proceedings of the Royal Society B: Biological Sciences, 286(1911), 
20191472. https://doi.org/10.1098/rspb.2019.1472

Egevang, C., Stenhouse, I. J., Phillips, R. A., Petersen, A., Fox, J. W., & Silk, 
J. R. D. (2010). Tracking of Arctic terns Sterna paradisaea reveals 
longest animal migration. Proceedings of the National Academy of 
Sciences, 107(5), 2078– 2081.

Ekstrom, P. A. (2004). An advance in geolocation by light. Memoirs of 
National Institute of Polar Research. Special Issue, 58, 210– 226.

Fair, J. M., Paul, E., & Jones, J. (2010). Guidelines to the use of wild birds in 
research. Ornithological Council. https://birdn et.org/info- for- ornit 
holog ists/guide lines - engli sh- 3rd- editi on- 2010/

Frederiksen, M., Descamps, S., Erikstad, K. E., Gaston, A. J., Gilchrist, H. 
G., Grémillet, D., Johansen, K. L., Kolbeinsson, Y., Linnebjerg, J. F., 
Mallory, M. L., McFarlane Tranquilla, L. A., Merkel, F. R., Montevecchi, 
W. A., Mosbech, A., Reiertsen, T. K., Robertson, G. J., Steen, H., 
Strøm, H., & Thórarinsson, T. L. (2016). Migration and wintering of 
a declining seabird, the thick- billed murre Uria lomvia, on an ocean 

https://github.com/autumnlynn/SympatricJaegers4Oceans
https://github.com/autumnlynn/SympatricJaegers4Oceans
https://doi.org/10.5061/dryad.nk98sf7v1
https://doi.org/10.5061/dryad.nk98sf7v1
https://doi.org/10.5061/dryad.nk98sf7v1
http://www.movebank.org
https://github.com/autumnlynn/SympatricJaegers4Oceans
https://github.com/autumnlynn/SympatricJaegers4Oceans
https://orcid.org/0000-0002-6213-1765
https://orcid.org/0000-0002-6213-1765
https://orcid.org/0000-0003-4340-8404
https://orcid.org/0000-0003-4340-8404
https://orcid.org/0000-0003-2744-3437
https://orcid.org/0000-0003-2744-3437
https://doi.org/10.1098/rspb.2007.0633
https://doi.org/10.1098/rspb.2007.0633
https://doi.org/10.2307/3677130
https://doi.org/10.1126/sciadv.abd7225
https://doi.org/10.1126/sciadv.abd7225
https://doi.org/10.1098/rspb.1998.0389
https://doi.org/10.1098/rspb.1998.0389
https://doi.org/10.1111/j.1474-919X.1979.tb06845.x
https://doi.org/10.1111/j.1474-919X.1979.tb06845.x
https://doi.org/10.1111/j.1096-3642.2009.00539.x
https://doi.org/10.1111/j.1096-3642.2009.00539.x
https://doi.org/10.1098/rspb.1997.0026
https://doi.org/10.1016/j.cub.2020.07.056
https://doi.org/10.1016/j.cub.2020.07.056
https://doi.org/10.1126/science.abb7080
https://doi.org/10.1111/conl.12824
https://doi.org/10.1111/conl.12824
https://doi.org/10.1371/journal.pone.0166043
https://doi.org/10.1098/rspb.2019.1472
https://birdnet.org/info-for-ornithologists/guidelines-english-3rd-edition-2010/
https://birdnet.org/info-for-ornithologists/guidelines-english-3rd-edition-2010/


    |  11 of 12HARRISON et Al.

basin scale: Conservation implications. Biological Conservation, 200, 
26– 35. https://doi.org/10.1016/j.biocon.2016.05.011

Furness, R. W. (1987). The Skuas (368 pp.). T & AD Poyser.
Gaston, A. J., Bertram, D. F., Boyne, A. W., Chardine, J. W., Davoren, 

G., Diamond, A. W., Hedd, A., Montevecchi, W. A., Hipfner, J. M., 
Lemon, M. J. F., Mallory, M. L., Rail, J.- F., & Robertson, G. J. (2009). 
Changes in Canadian seabird populations and ecology since 1970 in 
relation to changes in oceanography and food webs. Environmental 
Reviews, 17(NA), 267– 286. https://doi.org/10.1139/A09- 013

Gilg, O., Hanski, I., & Sittler, B. (2003). Cyclic dynamics in a simple ver-
tebrate predator- prey community. Science, 302(5646), 866– 868. 
https://doi.org/10.1126/scien ce.1087509

Gilg, O., Kovacs, K. M., Aars, J., Fort, J., Gauthier, G., Grémillet, D., Ims, R. 
A., Meltofte, H., Moreau, J., Post, E., Schmidt, N. M., Yannic, G., & 
Bollache, L. (2012). Climate change and the ecology and evolution of 
Arctic vertebrates. Annals of the New York Academy of Sciences, 1249, 
166– 190. https://doi.org/10.1111/j.1749- 6632.2011.06412.x

Gilg, O., Moe, B., Hanssen, S. A., Schmidt, N. M., Sittler, B., Hansen, J., 
Reneerkens, J., Sabard, B., Chastel, O., Moreau, J., Phillips, R. A., 
Oudman, T., Biersma, E. M., Fenstad, A. A., Lang, J., & Bollache, 
L. (2013). Trans- equatorial migration routes, staging sites and win-
tering areas of a high- Arctic avian predator: The long- tailed Skua 
(Stercorarius longicaudus). PLoS One, 8(5), e64614. https://doi.
org/10.1371/journ al.pone.0064614

Gudmundsson, G. A., Alerstam, T., Green, M., & Hedenström, A. (2002). 
Radar observations of Arctic bird migration at the Northwest 
Passage, Canada. Arctic, 55(1), 21– 43. https://doi.org/10.14430/ 
arcti c688

Gutowsky, S. E., Hipfner, J. M., Maftei, M., Boyd, S., Auger- Méthé, M., 
Yurkowski, D. J., & Mallory, M. L. (2020). First insights into Thayer’s 
Gull Larus glaucoides thayeri migratory and overwinter patterns 
along the northeast Pacific coast. Marine Ornithology, 48, 9– 16.

Gutowsky, S. E., Leonard, M. L., Conners, M. G., Shaffer, S. A., & Jonsen, 
I. D. (2015). Individual- level variation and higher- level interpreta-
tions of space use in wide- ranging species: An Albatross case study 
of sampling effects. Frontiers in Marine Science, 2, 93. https://doi.
org/10.3389/fmars.2015.00093

Harrison, A.- L., Costa, D. P., Winship, A. J., Benson, S. R., Bograd, S. J., 
Antolos, M., Carlisle, A. B., Dewar, H., Dutton, P. H., Jorgensen, S. 
J., Kohin, S., Mate, B. R., Robinson, P. W., Schaefer, K. M., Shaffer, 
S. A., Shillinger, G. L., Simmons, S. E., Weng, K. C., Gjerde, K. M., & 
Block, B. A. (2018). The political biogeography of migratory marine 
predators. Nature Ecology & Evolution, 2(10), 1571– 1578. https://
doi.org/10.1038/s4155 9- 018- 0646- 8

Ims, R. A., & Fuglei, E. (2005). Trophic interaction cycles in tundra eco-
systems and the impact of climate change. BioScience, 55(4), 311– 
322. https://doi.org/10.1641/0006- 3568(2005)055[0311:TICITE]
2.0.CO;2

IPCC. (2014). Climate change 2014: synthesis report. Contribution of 
Working Groups I, II and III to the fifth assessment report of the 
Intergovernmental Panel on Climate Change (151 pp.).

JNCC. (2021). Seabird Population Trends and Causes of Change: 1986– 
2019 Report, Updated 29 April 2021.

Jodice, P. G. R., MIchael, P. E., Haney, J. C., Hixson, K. M., Satgé, Y. G., 
& Gleason, J. S. (2021). Unpublished data. Gulf of Mexico Marine 
Assessment Program for Protected Species (GoMMAPPS): Seabird 
Surveys in the Northern Gulf of Mexico, 2017– 2020.

Johnson, S. R., & Herter, D. R. (1990). Bird migration in the Arctic: A 
review. In E. Gwinner (Ed.), Bird migration (pp. 22– 43). Springer. 
https://doi.org/10.1007/978- 3- 642- 74542 - 3_3

Jonsen, I. D., Patterson, T. A., Costa, D. P., Doherty, P. D., Godley, B. J., 
Grecian, W. J., Guinet, C., Hoenner, X., Kienle, S. S., Robinson, P. 
W., Votier, S. C., Whiting, S., Witt, M. J., Hindell, M. A., Harcourt, R. 
G., & McMahon, C. R. (2020). A continuous- time state- space model 
for rapid quality control of Argos locations from animal- borne tags. 

Movement Ecology, 8, 31. https://doi.org/10.1186/s4046 2- 020- 
00217 - 7

Karl, D. M. (1999). A sea of change: Biogeochemical variability in the 
North Pacific Subtropical Gyre. Ecosystems, 2, 181– 214.

Krebs, C. J., Danell, K., Angerbjörn, A., Agrell, J., Berteaux, D., Bråthen, 
K. A., Danell, Ö., Erlinge, S., Fedorov, V., Fredga, K., Hjältén, J., 
Högstedt, G., Jónsdóttir, I. S., Kenney, A. J., Kjellén, N., Nordin, T., 
Roininen, H., Svensson, M., Tannerfeldt, M., & Wiklund, C. (2003). 
Terrestrial trophic dynamics in the Canadian Arctic. Canadian 
Journal of Zoology, 81(5), 827– 843. https://doi.org/10.1139/z03- 061

Lam, C. H., Nielsen, A., & Sibert, J. R. (2008). Improving light and 
temperature based geolocation by unscented Kalman filtering. 
Fisheries Research, 91(1), 15– 25. https://doi.org/10.1016/j.fishr 
es.2007.11.002

Lee, D. S. (1995). Marine birds off the coast of North Carolina. Chat, 
59(4), 113– 171.

Maher, W. J. (1974). Ecology of pomarine, parasitic, and long- tailed jae-
gers in northern Alaska. Pacific Coast Avifauna, 37, 1– 148.

Mallory, M. L., & Gilbert, C. D. (2008). Leg- loop harness design for at-
taching external transmitters to seabirds. Marine Ornithology, 36, 
183– 188.

Marra, P. P., Cohen, E. B., Harrison, A.- L., Studds, C. E., & Webster, 
M. (2019). Migratory connectivity. In J. Choe (Ed.), Encyclopedia 
of animal behavior (3, pp. 643– 654). Elsevier. https://www.
s c i e n c e d i r e c t . c o m /r e f e r e n c e w o r k / 9 7 8 0 1 2 8 1 3 2 524 /
encyclopedia- of- animal- behavior

McMahon, K. W., Michelson, C. I., Hart, T., McCarthy, M. D., Patterson, 
W. P., & Polito, M. J. (2019). Divergent trophic responses of sympat-
ric penguin species to historic anthropogenic exploitation and re-
cent climate change. Proceedings of the National Academy of Sciences, 
116(51), 25721– 25727. https://doi.org/10.1073/pnas.19130 93116

Mehl, K. R., Alisauskas, R. T., Hobson, K. A., & Kellett, D. K. (2004). 
To winter east or west? Heterogeneity in winter philopatry in a 
central- arctic population of king eiders. The Condor, 106(2), 241– 
251. https://doi.org/10.1093/condo r/106.2.241

Percie du Sert, N., Ahluwalia, A., Alam, S., Avey, M. T., Baker, M., Browne, 
W. J., Clark, A., Cuthill, I. C., Dirnagl, U., Emerson, M., Garner, P., 
Holgate, S. T., Howells, D. W., Hurst, V., Karp, N. A., Lazic, S. E., 
Lidster, K., MacCallum, C. J., Macleod, M., … Würbel, H. (2020). 
Reporting animal research: Explanation and elaboration for the 
ARRIVE guidelines 2.0. PLoS Biology, 18(7), e3000411.

Perkins, A., Ratcliffe, N., Suddaby, D., Ribbands, B., Smith, C., Ellis, P., 
Meek, E., & Bolton, M. (2018). Combined bottom- up and top- down 
pressures drive catastrophic population declines of Arctic skuas in 
Scotland. Journal of Animal Ecology, 87(6), 1573– 1586. https://doi.
org/10.1111/1365- 2656.12890

Phillips, R. A., Xavier, J. C., & Croxall, J. P. (2003). Effects of satellite trans-
mitters on albatrosses and petrels. The Auk, 120(4), 1082– 1090.

Pitelka, F. A., Tomich, P. Q., & Treichel, G. W. (1955). Breeding behavior 
of jaegers and owls near Barrow, Alaska. The Condor, 57(1), 3– 18. 
https://doi.org/10.2307/1364693

Popova, E., Vousden, D., Sauer, W. H. H., Mohammed, E. Y., Allain, V., 
Downey- Breedt, N., Fletcher, R., Gjerde, K. M., Halpin, P. N., Kelly, 
S., Obura, D., Pecl, G., Roberts, M., Raitsos, D. E., Rogers, A., 
Samoilys, M., Sumaila, U. R., Tracey, S., & Yool, A. (2019). Ecological 
connectivity between the areas beyond national jurisdiction and 
coastal waters: Safeguarding interests of coastal communities 
in developing countries. Marine Policy, 104, 90– 102. https://doi.
org/10.1016/j.marpol.2019.02.050

Reid, D. G., Bilodeau, F., Krebs, C. J., Gauthier, G., Kenney, A. J., Gilbert, 
B. S., Leung, M. C., Duchesne, D., & Hofer, E. (2012). Lemming win-
ter habitat choice: A snow- fencing experiment. Oecologia, 168(4), 
935– 946. https://doi.org/10.1007/s0044 2- 011- 2167- x

Ruffino, L., & Oksanen, T. (2014). Co- evolution of jaegers (Stercorarius 
spp.) and arctic lemmings (Dicrostonyx spp. and Lemmus spp.) and 

https://doi.org/10.1016/j.biocon.2016.05.011
https://doi.org/10.1139/A09-013
https://doi.org/10.1126/science.1087509
https://doi.org/10.1111/j.1749-6632.2011.06412.x
https://doi.org/10.1371/journal.pone.0064614
https://doi.org/10.1371/journal.pone.0064614
https://doi.org/10.14430/arctic688
https://doi.org/10.14430/arctic688
https://doi.org/10.3389/fmars.2015.00093
https://doi.org/10.3389/fmars.2015.00093
https://doi.org/10.1038/s41559-018-0646-8
https://doi.org/10.1038/s41559-018-0646-8
https://doi.org/10.1007/978-3-642-74542-3_3
https://doi.org/10.1186/s40462-020-00217-7
https://doi.org/10.1186/s40462-020-00217-7
https://doi.org/10.1139/z03-061
https://doi.org/10.1016/j.fishres.2007.11.002
https://doi.org/10.1016/j.fishres.2007.11.002
https://doi.org/10.1073/pnas.1913093116
https://doi.org/10.1093/condor/106.2.241
https://doi.org/10.1111/1365-2656.12890
https://doi.org/10.1111/1365-2656.12890
https://doi.org/10.2307/1364693
https://doi.org/10.1016/j.marpol.2019.02.050
https://doi.org/10.1016/j.marpol.2019.02.050
https://doi.org/10.1007/s00442-011-2167-x


12 of 12  |     HARRISON et Al.

the formation of the jaeger guild: A hypothesis. Evolutionary Ecology 
Research, 16, 121– 132.

Sequeira, A. M. M., Heupel, M. R., Lea, M.- A., Eguíluz, V. M., Duarte, 
C. M., Meekan, M. G., Thums, M., Calich, H. J., Carmichael, R. H., 
Costa, D. P., Ferreira, L. C., Fernandéz- Gracia, J., Harcourt, R., 
Harrison, A.- L., Jonsen, I., McMahon, C. R., Sims, D. W., Wilson, R. 
P., & Hays, G. C. (2019). The importance of sample size in marine 
megafauna tagging studies. Ecological Applications, 29(6), e01947. 
https://doi.org/10.1002/eap.1947

Seyer, Y., Gauthier, G., Bêty, J., Therrien, J. F., & Lecomte, N. (2021). 
Seasonal variations in migration strategy of a long- distance arctic- 
breeding seabird. Marine Ecology Progress Series, 677, 1– 16. https://
doi.org/10.3354/meps1 3905

Silva, A. P., Mukherjee, S., Ramakrishnan, U., Fernandes, C., & Björklund, 
M. (2020). Closely related species show species- specific envi-
ronmental responses and different spatial conservation needs: 
Prionailurus cats in the Indian subcontinent. Scientific Reports, 10(1), 
18705. https://doi.org/10.1038/s4159 8- 020- 74684 - 8

Simeone, A., Anguita, C., & Luna- Jorquera, G. (2014). At- sea abun-
dance and distribution of skuas and jaegers (Charadriiformes: 
Stercorariidae) at coastal waters off central Chile. Revista 
Chilena De Historia Natural, 87(1), Article number 6. https://doi.
org/10.1186/0717- 6317- 87- 6

Sittler, B., Aebischer, A., & Gilg, O. (2011). Post- breeding migration of 
four long- tailed skuas (Stercorarius longicaudus) from North and East 
Greenland to West Africa. Journal of Ornithology, 152(2), 375– 381.

Starrett, W. C., & Dixon, K. L. (1947). Notes on the Pomarine Jaeger 
in the Atlantic and Caribbean. The Auk, 64(2), 320. https://doi.
org/10.2307/4080576

Sun, J., Raap, T., Pinxten, R., & Eens, M. (2017). Artificial light at night 
affects sleep behaviour differently in two closely related songbird 
species. Environmental Pollution, 231(Pt 1), 882– 889. https://doi.
org/10.1016/j.envpol.2017.08.098

Suthers, I. M., Young, J. W., Baird, M. E., Roughan, M., Everett, J. D., 
Brassington, G. B., Byrne, M., Condie, S. A., Hartog, J. R., Hassler, 
C. S., Hobday, A. J., Holbrook, N. J., Malcolm, H. A., Oke, P. R., 
Thompson, P. A., & Ridgway, K. (2011). The strengthening East 
Australian Current, its eddies and biological effects —  An intro-
duction and overview. Deep Sea Research Part II: Topical Studies 
in Oceanography, 58(5), 538– 546. https://doi.org/10.1016/j.
dsr2.2010.09.029

Therrien, J. F., Gauthier, G., Pinaud, D., & Bêty, J. (2014). Irruptive move-
ments and breeding dispersal of snowy owls: A specialized predator 
exploiting a pulsed resource. Journal of Avian Biology, 45, 536– 544. 
https://doi.org/10.1111/jav.00426

Tremblay, Y., Bertrand, S., Henry, R. W., Kappes, M. A., Costa, D. P., 
& Shaffer, S. A. (2009). Analytical approaches to investigat-
ing seabird– environment interactions: A review. Marine Ecology 
Progress Series, 391, 153– 163. https://doi.org/10.3354/meps0 8146

Troy, D. (2007). From the top of the world to down under —  Migration of 
a pomarine jaeger. Tracker News, 8(1), 2.

United Nations General Assembly. (2017). Resolution 72/249: 
International legally binding instrument under the United Nations 
Convention on the Law of the Sea on the conservation and sus-
tainable use of marine biological diversity of areas beyond national 
jurisdiction.

van Bemmelen, R. S. A. (2019). Seabirds linking Arctic and Ocean. [Ph.D. 
Thesis] (274 pp.) Wageningen University. https://doi.org/10.18174/ 
499288

van Bemmelen, R., Moe, B., Hanssen, S. A., Schmidt, N. M., Hansen, 
J., Lang, J., Sittler, B., Bollache, L., Tulp, I., Klaassen, R., & Gilg, O. 
(2017). Flexibility in otherwise consistent non- breeding movements 
of a long- distance migratory seabird, the long- tailed skua. Marine 
Ecology Progress Series, 578, 197– 211. https://doi.org/10.3354/
meps1 2010

van Bemmelen, R. S. A., Schekkerman, H., Hin, V., Pot, M. T., Janssen, K., 
Ganter, B., Rösner, H.- U., & Tulp, I. (2021). Heavy decline of the larg-
est European Arctic skua Stercorarius parasiticus colony: Interacting 
effects of food shortage and predation. Bird Study, 68(1), 88– 99. 
https://doi.org/10.1080/00063 657.2021.1969334

Vierros, M. K., Harrison, A.- L., Sloat, M. R., Crespo, G. O., Moore, J. 
W., Dunn, D. C., Ota, Y., Cisneros- Montemayor, A. M., Shillinger, 
G. L., Watson, T. K., & Govan, H. (2020). Considering Indigenous 
peoples and local communities in governance of the global ocean 
commons. Marine Policy, 119, 104039. https://doi.org/10.1016/j.
marpol.2020.104039

Weber, M. G., & Strauss, S. Y. (2016). Coexistence in close relatives: 
Beyond competition and reproductive isolation in sister taxa. 
Annual Review of Ecology, Evolution, and Systematics, 47(1), 359– 381. 
https://doi.org/10.1146/annur ev- ecols ys- 11241 4- 054048

Weber, M. G., Wagner, C. E., Best, R. J., Harmon, L. J., & Matthews, B. 
(2017). Evolution in a community context: On integrating ecologi-
cal interactions and macroevolution. Trends in Ecology & Evolution, 
32(4), 291– 304. https://doi.org/10.1016/j.tree.2017.01.003

Weiser, E. L., Lanctot, R. B., Brown, S. C., Gates, H. R., Bêty, J., Boldenow, 
M. L., Brook, R. W., Brown, G. S., English, W. B., Flemming, S. A., 
Franks, S. E., Gilchrist, H. G., Giroux, M.- A., Johnson, A., Kendall, S., 
Kennedy, L. V., Koloski, L., Kwon, E., Lamarre, J.- F., … Sandercock, 
B. K. (2020). Annual adult survival drives trends in Arctic- breeding 
shorebirds but knowledge gaps in other vital rates remain. The 
Condor, 122(3), 1– 14. https://doi.org/10.1093/condo r/duaa026

Wiley, R. H., & Lee, D. S. (2020c). Long- tailed Jaeger (Stercorarius lon-
gicaudus), version 1.0. In S. M. Billerman (Ed.), Birds of the world. 
Cornell Lab of Ornithology. https://doi.org/10.2173/bow.lotjae.01

Wiley, R. H., & Lee, D. S. (2020b). Parasitic Jaeger (Stercorarius parasiti-
cus), version 1.0. In S. M. Billerman (Ed.),  Birds of the world. Cornell 
Lab of Ornithology. https://doi.org/10.2173/bow.parjae.01

Wiley, R. H., & Lee, D. S. (2020a). Pomarine Jaeger (Stercorarius pomari-
nus), version 1.0. In S. M. Billerman (Ed.), Birds of the world. Cornell 
Lab of Ornithology. https://doi.org/10.2173/bow.pomjae.01

Wong, J. B., Lisovski, S., Alisauskas, R. T., English, W. B., Giroux, M.- 
A., Harrison, A.- L., Kellett, D., Lecompte, N., Maftei, M., Nagy- 
MacArthur, A., Ronconi, R. A., Smith, P. A., Mallory, M. L., & Auger- 
Methe, M. (2021). Arctic terns from circumpolar breeding colonies 
share common migratory routes. Marine Ecology Progress Series, 
671, 191– 206. https://doi.org/10.3354/meps1 3779

How to cite this article: Harrison, A.- L., Woodard, P. F., 
Mallory, M. L., & Rausch, J. (2022). Sympatrically breeding 
congeneric seabirds (Stercorarius spp.) from Arctic Canada 
migrate to four oceans. Ecology and Evolution, 12, e8451. 
https://doi.org/10.1002/ece3.8451

https://doi.org/10.1002/eap.1947
https://doi.org/10.3354/meps13905
https://doi.org/10.3354/meps13905
https://doi.org/10.1038/s41598-020-74684-8
https://doi.org/10.1186/0717-6317-87-6
https://doi.org/10.1186/0717-6317-87-6
https://doi.org/10.2307/4080576
https://doi.org/10.2307/4080576
https://doi.org/10.1016/j.envpol.2017.08.098
https://doi.org/10.1016/j.envpol.2017.08.098
https://doi.org/10.1016/j.dsr2.2010.09.029
https://doi.org/10.1016/j.dsr2.2010.09.029
https://doi.org/10.1111/jav.00426
https://doi.org/10.3354/meps08146
https://doi.org/10.18174/499288
https://doi.org/10.18174/499288
https://doi.org/10.3354/meps12010
https://doi.org/10.3354/meps12010
https://doi.org/10.1080/00063657.2021.1969334
https://doi.org/10.1016/j.marpol.2020.104039
https://doi.org/10.1016/j.marpol.2020.104039
https://doi.org/10.1146/annurev-ecolsys-112414-054048
https://doi.org/10.1016/j.tree.2017.01.003
https://doi.org/10.1093/condor/duaa026
https://doi.org/10.2173/bow.lotjae.01
https://doi.org/10.2173/bow.parjae.01
https://doi.org/10.2173/bow.pomjae.01
https://doi.org/10.3354/meps13779
https://doi.org/10.1002/ece3.8451

