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Abstract 

Of  the world’s Brent Goose Branta bernicla populations, the migration routes and 
winter distribution of  the East Asian population of  Brent Geese B. b. nigricans are the 
least well known. We therefore marked Brent Geese at their primary pre-migratory 
staging area in Notsuke Bay, Hokkaido, Japan to describe their migration between 
breeding and wintering areas in East Asia. Additionally, count data were compiled 
from the literature to identify important wintering and staging sites for the species, 
following Ramsar Convention criteria, and to assess trends in numbers of  Brent 
Geese recorded in Japan and South Korea. The tracking data provided the first direct 
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evidence of  migratory connectivity between staging sites in northern Japan and the 
Korean Peninsula. A total of  26 internationally important sites were identified in the 
Russian Far East (7), northern Japan (16), northeast China (2) and the Korean 
Peninsula (1). Autumn surveys made at staging sites in Japan indicate that the East 
Asian population is increasing, although more extensive surveys for Brent Geese in 
China and on the Korean Peninsula are needed to confirm overall population trends 
and to identify critical habitats and wintering sites. We encourage the continuation of  
tracking studies, to describe more precisely the main migration routes, staging areas 
and, importantly, the breeding grounds for this vulnerable Brent Geese population.  

 
Key words: autumn, Branta bernicla nigricans, East Asia, migration, spring, staging, 
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2000), including on the Kamchatka Peninsula  
(Category 3, a rare species: Gerasimov 2006) 
and the Sakhalin Oblast (Category 3, a rare 
species: Tiunov & Antipin 2016). 

Relatively little is known about the 
breeding grounds, migration routes and 
important staging and wintering sites for  
the East Asian population of  Brent Geese 
(Lane & Miyabayashi 1997; Ohtaishi et al. 
2018), though the population is believed to 
nest along the central arctic coast of  Russia, 
in or near the Lena River delta (Uspenski 
1960; Syroechkovskiy 2006). Recent marking  
of  Brent Geese wintering in Japan which led 
to the recovery of  one of  these birds near 
the mouth of  the Lena River delta in 2015, 
and also a resighting in Hokkaido, Japan 
(Shimada et al. 2017), of  an adult caught and 
marked on the delta during the breeding 
season (T. Ikeuchi pers. comm.) provides 
initial support for this hypothesis. From 
sightings of  marked individuals in the early 
1990s, Derksen et al. (1996) established links 
between breeding areas in Alaska and 
wintering areas in Japan, but this connection 
is likely to be limited given that only one 
marked individual has since been recorded 

The Brent Goose Branta bernicla nigricans, 
known in America as the Black Brant, breeds 
widely across the arctic from eastern Russia 
to western Canada, and in the subarctic of  
western Alaska, USA (Kear 2005; Lewis et al. 
2013). While the majority of  this subspecies 
winters along the Pacific coast of  North 
America, from southern Alaska to northern 
Mexico (c. 162,000; Sedinger et al. 2019), a 
smaller proportion of  the overall population 
winters in East Asia from northern Japan to 
northeast China and the Korean Peninsula  
(c. 5,000–8,700 birds; Wetlands International 
2012). The East Asian population is of  
conservation concern because of  its  
low population size and threats from 
anthropogenic pressures (e.g. poaching and 
habitat loss or degradation; Syroechkovskiy 
2006; MacKinnon et al. 2012). Accordingly, 
the Brent Goose was considered to be a 
priority species for protection in East Asia 
under Arctic Migratory Birds Initiative 
(CAFF 2019). It is also Red-listed in Japan 
(Vulnerable: Ministry of  the Environment 
2014), South Korea (Vulnerable: National 
Institute of  Biological Resources 2014) and 
Russia (Category 3, a rare species: Bolkhin 
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in Japan since the 2000s (a juvenile in 2013; 
Yamashina Institute for Ornithology 2014), 
despite continued extensive banding of  Brent  
Geese in Alaska and observations in Japan.  

In autumn, the East Asian population of  
Brent Geese is believed to migrate eastward 
along the arctic coast of  Russia and then 
head south along the Bering Sea and 
Kamchatka Peninsula coasts to northern 
Japan (Syroechkovskiy 2006). There, they 
stage for 1–2 months at Notsuke Bay in 
eastern Hokkaido, Japan (Ministry of  the 
Environment Japan 2015a; Fujii 2017). As 
winter approaches, birds move either south 
to winter in northern Honshu, Japan (Sawa 
et al. 2020) or possibly west to the Korean 
Peninsula and Yellow Sea of  China (Lane & 
Miyabayashi 1997; Fujii 2017), but staging 
and wintering sites are poorly known in  
this part of  their winter range (Lane & 
Miyabayashi 1997; Fujii 2017; Ohtaishi et al. 
2018).  

Two spring migration routes between the 
wintering areas and the breeding grounds 
have been proposed. Shimada et al. (2016, 
2017) suggested that Brent Geese wintering 
in Japan migrate northward from Japan via 
the northern coast of  the Sea of  Okhotsk, 
after which they follow an interior route 
along the Lena and Yana Rivers to their 
breeding sites in the Russian arctic. Brent 
Geese wintering in Korea and China, on the 
other hand, are believed to migrate north 
overland through China and Russia before 
also following the interior route along the 
Lena River and Yana River valleys to their 
nesting areas in northern Russia (Uspenski 
1960; Syroechkovskiy 2006). However, the 
primary migration routes and exact breeding 
grounds have yet to be identified. 

This lack of  knowledge has important 
management implications, given that habitat 
loss and/or intensive harvest levels could 
have a significant impact on this relatively 
small population. In this study, we therefore 
marked Brent Geese with transmitters during  
autumn-staging area in Notsuke Bay in 
order to determine their migratory routes to 
and from wintering areas in East Asia. We 
also reviewed published information on 
Brent Goose use of  staging and wintering 
sites, and analysed survey data to assess 
trends in numbers in Japan and South 
Korea, with a view to providing better 
information on the status in of  the species 
in East Asia. 

Methods 

Transmitter deployment and tracking 

We captured four Brent Geese on 21–22 and 
24 November 2017, and 20 between 28 
October–6 November 2018 at Notsuke  
Bay in eastern Hokkaido, Japan (43.58°N, 
145.23°E). Geese were caught using leg loop 
traps set inter-tidally at a sandbar where 
geese usually come to grit, rest and preen in 
the morning (Sawa et al. 2019). Each 
captured goose was fitted with a yellow-
coloured plastic band with a numeric code 
on the left leg, a metal ring on the right  
leg and a transmitter which was attached 
using a modified Dwyer (1972) harness. In 
2017, three adults (two females, one male) 
were marked with 44 g GPS-GSM-based 
transmitters (WT-300, KoEco Inc.). The 
transmitter recorded one GPS location per 
every 2 h and transmitted data via the GSM 
mobile networks twice a day. In 2018, nine 
adults were fitted with either a 34 g GPS-
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GSM-based transmitter (WT-300, KoEco 
Inc.; one female, one male), a 17 g satellite 
transmitter (PinPoint GPS Argos P-350, 
Lotek Wireless, Inc.; three females, one male),  
or a 18 g Platform Transmitting Terminal 
satellite tracking device (PTT-100, Microwave  
Telemetry Inc.; three females). The WT-300 
transmitters recorded one GPS location 
every 4 h and transmitted data once a day. 
Pinpoint GPS Argos transmitters recorded 
one GPS location every five days and 
transmitted data about every 15 days. The 
PTT-100 transmitters were programmed to 
transmit location data to the satellite for  
10 h in every 48 h period, and these data 
were retrieved using the Argos Data 
Collection and Location System (CLS Inc., 
Largo, Maryland, USA). Data recorded 
included latitude, longitude, location accuracy,  
temperature, battery voltage and activity 
code.  

Migration routes were mapped using 
fixed GPS location (positional accuracy of  
< 5 m) for the WT-300 and Pinpoint GPS 
Argos transmitters, and the most accurate 
location classes (LC 1, 2 & 3; positional 
accuracies of  < 250 m, 500 m and 500–
1,500 m, respectively) for each transmission 
period for the PTT-100 transmitters. To 
minimise transmitter effects on movements, 
we mapped the tracks of  tagged birds  
with > 2 weeks of  signal transmissions. We 
took the start of  autumn migration as being 
the date and time at which the birds 
departed the combined Notsuke Bay, Lake 
Furen, Hokkaido and Kunashiri Island  
area (Fig. 1), because of  the close proximity 
of  these sites to each other and because 
tagged birds regularly moved between these 
sites. 

Staging and wintering sites in East 
Asia 

Numbers of  Brent Geese at staging and 
wintering sites in Russia, Japan, the Korean 
Peninsula and China were collected from 
published literature sources, monitoring 
data and observation records. For Japan,  
we obtained count data from a 32-site 
nationwide Brent Goose survey organised 
by the Eastern Hokkaido Brent Goose 
Research Network during autumn, winter 
and spring in 2014/15–2016/17 inclusive 
(Fujii 2017). For South Korea, most of  the 
count data were extracted from the annual 
nationwide “Winter Waterbird Census” of  
Korea reports (National Institute of  
Biological Resources 2004–2019), which 
gives the results of  surveys made each year 
of  the lakes, reservoirs, seashores and bays 
known to be important for waterbirds in the 
country. For North Korea, some data were 
available from the east coast (Tomek 1999; 
Moores 2017, 2018), but none from the  
west coast, despite some potentially suitable 
wetlands along the Yellow Sea (BirdLife 
International 2004). For the Russian Far 
East, count data were gathered from 
published literature for sites on the 
Kamchatka Peninsula, the north coast of  
the Sea of  Okhotsk, Sakhalin Oblast and 
Primorsky Krai (Gerasimov & Gerasimov 
2000; Nechaev 2003; Andreev 2013; 
Zhuravlev & Kulikova 2014.). No count 
data were available from Khabarovsk Krai. 
For China, we obtained count data from the 
China Coastal Waterbird Census (China Coastal 
Waterbird Census Group 2015), which 
covers 32 sites of  the vast area from the 
Yellow Sea to Hainan, augmented by 
sightings posted on the Bird Report portal 
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website for China (http://www.bird 
report.cn). Finally, we also describe the 
habitats and main foods used by Brent Geese  
at staging and wintering sites from a review 
of  the literature (Suzuki 1989; BirdLife 
International 2004; Notsuke Peninsula Nature  
Center 2009; Shimada et al. 2013, 2016, 
2018; Kataoka 2015; Hirata et al. 2015).  

We defined the autumn staging period as 
September–November, winter as December– 
February and spring staging period as 
March–May, and grouped the count data by 

each season. Wetlands that supported ≥ 1% 
of  the whole of  the East Asia Brent Goose 
population, or ≥ 65 birds, were classed as 
internationally important sites, on the basis 
of  a total population estimate of  5,000–
8,700 Brent Geese in the flyway, following 
Ramsar Convention criteria (Wetlands 
International 2012). The conservation status 
of  sites identified as being important for 
Brent Goose was gleaned from Bird Life 
International (2004) and from Stishov 
(2014). 

Figure 1. Autumn movements of  four Brent Geese marked with transmitters from Notsuke Bay to 
wintering sites on Hokkaido, Japan. Dotted lines = tracks in 2017; straight line = tracks in 2018. 
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Population trends 

Annual population trends for winter in 
Japan and South Korea were analysed using 
count data recorded during the annual mid-
winter nationwide survey of  waterfowl in 
Japan (http://www.biodic.go.jp/gankamo/ 
gankamo_top.html), and the “Winter 
Waterbird Census” of  South Korea (National  
Institute of  Biological Resources 2004–
2019), respectively. The survey in Japan  
was conducted annually in mid-January at  
c. 9,000 sites since the 1970s. The survey  
in South Korea was undertaken annually 
from December to February at 200 major 
migratory waterbird sites since 1998. We used 
these data to evaluate long-term changes in 
the numbers of  Brent Geese recorded in 
winter using the rtrim package (Bogaart et al. 
2018). This package is a reimplementation  
of  TRIM (“Trends and Indices for 
Monitoring Data”) software, developed to 
analyse monitoring data from incomplete 
counts using a log-linear Poisson regression 
(Pannekoek & van Strien 2005). We used the 
“time effect” basic model which corrects  
for over-dispersion and autocorrelation, and 
estimates trends based on the imputed slope. 
The population trends were assigned to one 
of  six categories depending on the overall 
slope: 1) steep decline, 2) strong increasing 
trend with a significant change of  > 5% per 
year, 3) moderate decline, 4) moderate 
increase with a significant change of  < 5% 
per year, 5) stable trend, for non-significant 
changes of  < 5%, and 6) uncertain trend,  
for non-significant changes of  > 5% per  
year (Pannekoek & van Strien 2005). The 
estimated slopes of  the population trend 
reflect the average percentage change per 
year. 

Seasonal population trends in Japan were 
determined from the “Monitoring Sites 
1000” survey which has covered c. 80 sites 
each year in autumn (September–November),  
winter (December–February) and spring 
(March–May) since the 2004/05 season 
(Ministry of  the Environment 2015b). In 
this survey, the maximum number of  
waterbirds was extracted from the three 
main survey attempts (autumn, winter and 
spring) made at each site for each season. 
The timing of  surveys were not coordinated 
synchronously across sites within a season 
and there was a greater likelihood of  flock 
movement and double-counting the same 
birds across sites. Nevertheless, while using 
the maximum count may overestimate 
population size, it provides an index of  the 
population for determining annual trends in 
seasonal abundance. In this analysis, autumn 
and spring data were analysed using TRIM, 
as mentioned above, and the imputed yearly 
indices were calculated. Indices of  the first 
year of  the survey (2004/05) were treated as 
the base year and given the value 1; all other 
indices were then calculated in relation to 
this year. 

Results 

Tracking during autumn migration 

In 2017, we obtained movement data from 
two tagged adult Brent Geese (Table 1). 
Brent Goose Y17 remained in the Notsuke 
Bay, Lake Furen and Kunashiri Island 
combined area from 22 November until 27 
December, when the signal transmission 
was lost. Brent Goose Y44 moved to 
Kunashiri Island on 25 November and 
stayed there until 30 November. Then it 
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migrated to Biwase Bay via Lake Furen and 
remained there until the signal was lost on 8 
January 2018 (Fig. 1). While the signal from 
Y44 had stopped, it was sighted in Biwase 
Bay on 10 and 20 February 2018 (Sawa et al. 
2020), where the bird was presumed to have 
wintered. 

In 2018, we tracked movements of  eight 
tagged adults (Table 1). Brent Goose Y15 
migrated to Akkeshi Bay, Hokkaido, on 4 
November where it stayed until signal 
transmission was lost on 15 November  
(Fig. 1). Brent Goose Y21 departed on 28 
December and moved along the south coast 
of  eastern Hokkaido until its signals were 
lost on 30 December (Fig. 1). Two Brent 
Geese Y03 and Y27 started migration on  
5 December and reached Kesen-numa and 

Shizugawa bays, Honshu, on 15 December 
respectively (Fig. 2). Y27 stayed in or near 
Shizugawa Bay until 20 March 2019, while 
the signals of  Y03 stopped on 20 December.  
Brent Goose Y04 moved to Lake Furen, 
Hokkaido, on 22 November where signals 
were lost on 24 November. Brent Goose 
Y07 migrated on 28 December and reached 
Shimokita Peninsula, Honshu, on 31 
December (Fig. 2). It stayed there until 10 
April 2019. Brent Goose Y18 left Notsuke 
Bay between 6–8 November and reached 
Tanchon on the east coast of  North Korea 
after crossing the Japan Sea on 10 November.  
The last signal from Y18 was received from 
Tanchon on 13 November (Fig. 2). The 
mean departure date of  tagged Brent  
Geese from the combined Notsuke Bay, 

Table 1. Date of  capture, and the start of  autumn and spring migration for Brent Geese 
fitted with tracking devices. 
 
 
ID       Sex    Age    Deployment        Autumn          Spring       Deployment     No. days 
                                    start date         migration      migration        end date         tracked 
                                                              start date       start date 
 
Y171         F        A       22 Nov 2017              –                      –             27 Dec 2017           35 

Y441        M        A       22 Nov 2017    25 Nov 2017            –               8 Jan 2018             47 

Y152        M        A       31 Oct 2018      4 Nov 2018             –             15 Nov 2018           15 

Y212         F        A        3 Nov 2018      28 Dec 2018             –             30 Dec 2018           57 

Y032         F        A       28 Oct 2018     10 Dec 2018             –             20 Dec 2018           53 

Y132         F        A       31 Oct 2018     10 Nov 2018            –             10 Dec 2018           40 

Y272        M        A        6 Nov 2018      10 Dec 2018   20 Mar 2019     1 May 2019           176 

Y043         F        A       30 Oct 2018               –                      –             24 Dec 2018           25 

Y073         F        A       30 Oct 2018     28 Dec 2018   10 Apr 2019     7 Sep 2019           312 

Y183         F        A       31 Oct 2018      8 Nov 2018             –             15 Nov 2018           15 
 
1WT-300, 2Pinpoint GPS Argos p-350, 3PTT-100 
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Kunashiri Island, and Lake Furen area was  
1 December ± 23.5 days (mean ± s.d.) in 
2018. 

Tracking during spring migration 

Brent Geese Y07 and Y27 were tracked 
during spring migration in 2019 (Fig. 3). Y27 
migrated from Shizugawa Bay where it 
wintered, on 20 March, and arrived in 
Notsuke Bay on 25 March. It then moved to 
Veslovskiy Peninsula and Izmeny Bay on 

Kunashiri Island on 30 March until its signal 
was lost on 1 May. Y07 migrated north on 
10 April from Shimokita Peninsula, Honshu,  
on 10 April, stopped briefly on the Nemuro 
Peninsula, Hokkaido, and reached Kunashiri 
Island on 15 April. It stayed on Kunashiri 
Island from 15 April to 10 June and visited 
Notsuke Bay twice on 19 and 24 May. Y07 
attempted a northward migration from 
Kunashiri Island along the east coast of  
Sakhalin Island on 12 June, but returned  

Figure 2. Autumn migration of  four Brent Geese marked with transmitters from Notsuke Bay to 
wintering sites in northern Honshu, Japan in 2018/19 (dotted lines) and North Korea in 2018 (straight 
line). 
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to Kunashiri Island on 15 June. On  
27 June, Y07 initiated another northward 
movement, successfully crossing the Sea of  
Okhotsk to mainland Russia near Arman, 
Russia, on 1 July, and later moved to nearby 
Motyklesky Bay on 19 July. Then, it moved 
northeast along the Magadan coast of  Sea  
of  Okhotsk on 21 July, and stopped in 
Penzhina Bay on 23 July where Y07 
remained until 7 September when its signal 
was lost. 

Autumn staging sites 

We identified 11 important (i.e. supported  
≥ 65 birds) autumn staging sites for Brent 
Geese: five sites in Russia, five sites in Japan, 
and one site in North Korea (Fig. 4, 
Appendix 1). Four of  the important sites  
in Russia occurred on the Kamchatka 
Peninsula, where large numbers of  autumn 
migrants were observed at coastal sites 
(Gerasimov & Gerasimov 2000). Flocks 
were observed primarily along the east coast 

Figure 3. Spring migration of  Brent Geese marked with transmitters from their wintering site in 
Shizugawa Bay (dotted line) or on the Shimokita Peninsula, Honshu, Japan (straight line) to staging areas 
in northeastern Hokkaido and the Magadan region of  Russia. 
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of  the peninsula with up to 4,800 birds 
found in Malamvayam Lagoon during early 
October. Gerasimov & Gerasimov (2000) 
estimated that 6,000–7,000 Brent Geese 
migrated south along the Kamchatka 
Peninsula to East Asia. The other important 
autumn site in Russia was in north Sakhalin 
Island, where one flock of  200 Brent Geese 
was recorded (Tiunov & Antipin 2016). 
There were also small numbers of  autumn 

migrating Brent Geese observed adjacent  
to Sakhalin Island along the coast of  
Primorsky Krai, Russia (Zhuravlev & 
Kulikova 2014). Four of  the important 
autumn sites in Japan occurred in eastern 
Hokkaido at Notsuke Bay, Lake Furen, 
Akkeshi Bay and Kunashiri Island. These 
combined sites were estimated to support  
c. 8,600 Brent Geese in autumn (Fujii  
2017; Sawa et al. 2020). The one important 

Figure 4. Autumn staging sites of  Brent Geese in East Asia. Larger circles represent sites that meet the 
1% Ramsar Convention criteria for the overall East Asian population (see Methods; numbers correspond 
to Appendix 1). Smaller circles represent the sites where a smaller number of  Brent Goose were 
observed. Confirmed (solid line) and unconfirmed (dotted line) autumn migration routes are also 
shown. The light green and blue shaded areas indicate the breeding range and the wintering range, 
respectively (BirdLife International 2020). 
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autumn site for Brent Geese on the Korean 
Peninsula was at Wonsan, North Korea, 
where a flock of  150 birds were observed in 
autumn 2018 (Moores 2018).  

Wintering sites 

We identified 15 important wintering sites: 
13 sites in Japan, and two sites in China  
(Fig. 5, Appendix 1). In Japan, the main 
winter sites were located in southern 
Hokkaido and northern Honshu, where the 
winter population of  Brent Geese was 
estimated at c. 2,500 birds (Fujii 2017). The 

important sites in China occurred along the 
coast of  the Yellow Sea and in Bohai  
Bay (Lane & Miyabayashi 1997). Highest 
counts of  Brent Geese were recorded on 
Changshan Island, Yellow Sea coast in 1993 
(1,200 birds; Waterbird Specialist Group of  
the Chinese Ornithological Association 
1994), and in Rongcheng Whooper Swan 
Nature Reserve, Yellow Sea coast in 1998 
(203 birds; Yan 1999). Although one site in 
South Korea, Gwangyang Bay/Galsa Bay, 
met the 1% criterion (supported ≥ 65  
birds) once in 2001, the combined total 

Figure 5. Wintering sites of  Brent Geese in East Asia. Larger circles represent sites that meet the 1% 
Ramsar Convention criteria for the overall East Asian population (see Methods; numbers correspond to 
Appendix 1). Smaller circles represent the sites where a smaller number of  Brent Geese were observed. 
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numbers of  Brent Geese counted in these 
bays have been much smaller in recent  
years (Appendix 1; National Institute of  
Biological Resources 2004–2019). There 
have been few waterbird surveys along  
the east coast of  North Korea, which is 
reported to have very low numbers of  Brent 
Geese, and no surveys have been undertaken  
along the west of  North Korea in winter. 
Therefore, we identified no important 
wintering sites for the species on the Korean 
Peninsula.  

Spring staging sites 

Eleven important spring staging sites were 
identified: eight in Japan, and three sites in 
Russia (Fig. 6, Appendix 1). In Japan, seven 
sites were located in Hokkaido, with one at 
the northern end of  Honshu. The total 
number of  Brent Geese spring-staging in 
Japan was estimated at c. 3,100 birds, with 
most found in these eight important sites 
(Fujii 2017). Only small numbers of  Brent 
Geese were observed in spring along the 
east coast of  North Korea and the adjacent 

Figure 6. Spring staging sites of  Brent Geese in East Asia. Larger circles represent sites that meet the 
1% Ramsar Convention criteria for the overall East Asian population (see Methods; numbers correspond 
to Appendix 1). Smaller circles represent the sites where a smaller number of  Brent Geese were observed. 
Confirmed (solid line) and unconfirmed (dotted line) autumn migration routes are also shown. 
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Primorsky Krai coast in Russia (Zhuravlev 
& Kulikova 2014; Moores 2017). In Russia, 
one spring staging site was located in the 
northern part of  Sakhalin Island, but Brent 
Geese are thought to be rare spring migrants 
on this island (Tiunov & Antipin 2016). The 
two other spring staging sites identified in 
Russia were located on the Kamchatka 
Peninsula. Flocks of  up to 200 birds have 
been along both coasts of  the peninsula in 
spring (Gerasimov & Gerasimov 2000). No 
important spring sites were identified for 
Brent Geese on the Korean Peninsula.  

Population trends 

We detected a “moderate increase” trend 
(mean 2.0% per year) in the numbers of  
Brent Geese wintering in Japan between 
1998/99 and 2018/19 (Fig. 7, multiplicative 
slope ± s.e. = 1.020 ± 0.006, P < 0.01). 
Although the trend for those wintering  
in South Korea over the same period was 
“uncertain” (multiplicative slope ± s.e. =  
0.889 ± 0.121, P = 0.40, n.s.), the number of  
Brent Geese decreased in the early 2000s  
and has remained very low over the last 
decade (< 15 birds, Fig. 7). There was no 
relationship in the annual change in 
population size between Japan and Korea 
(linear regression: R2 = 0.002, t20 = 0.19,  
P = 0.84, n.s.). 

Analyses of  seasonal trends in numbers 
in Japan indicated a strong increase in the 
autumn counts, with an average annual 
increase of  c. 10.1% (Fig. 8, multiplicative 
slope ± s.e. = 1.107 ± 0.013, P < 0.01), and 
a moderate increase in spring with an 
average annual increase of  c. 4.7% (Fig. 8, 
multiplicative slope ± s.e. = 1.047 ± 0.017,  
P < 0.01). 

Discussion 

Migratory routes of  the East Asian 
population 

This study provided direct evidence for an 
autumn migration route between Notsuke 
Bay, Japan, and the Korean Peninsula  
(Fig. 3), supporting the hypotheses of  Lane 
& Miyabayashi (1997) and later Fujii (2017) 
that Brent Geese staging in eastern Hokkaido  
migrate to the Korean Peninsula and China. 
They speculated on a major migratory route 
across the Sea of  Japan because Brent  
Geese survey numbers decrease significantly 
between autumn and winter in Japan and 
there are no other known locations for 
Brent Geese in East Asia. The satellite-
tagged Brent Goose Y17 appeared to fly a 
direct, overwater migration to Tanchon in 
North Korea. We suspect that this tagged 
bird was part of  a larger migration of  Brent 
Geese to the North Korean coast because 
its arrival occurred within a few days of  an 
observation of  150 Brent Geese at Wonsan, 
North Korea (Moores 2018), about 200 km 
to the south.  

The spring migration route of  Brent 
Geese north from China and the Korean 
Peninsula to the breeding grounds in Russia 
is unknown but may include a reversal  
of  the autumn migration route across the 
Sea of  Japan to staging sites in eastern 
Hokkaido and Kunashiri Island (Fig. 6). 
This seems plausible given regular 
observations of  spring migrants near 
Hakodate on Hokkaido and Mutsu Bay on 
Honshu, where geese would make their first 
landfall after the overseas crossing. There  
is also speculation about another more 
direct northward migration corridor for 
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Figure 7. Trends (red line) and 95% confidence intervals (shading) in the wintering population of  Brent 
Goose in Japan (top) and Korea (bottom), 1998/99–2018/19. Points represent annual estimates with 
95% confidence intervals (vertical lines). 
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Figure 8. Trends (red lines) and 95% confidence intervals (shading) in the population of  Brent Goose 
in Japan during autumn and spring, 2004/05–2017/18. Vertical lines represent the standard error of  the 
trend indices. Horizontal dotted line represents the index value (1) for the base year (winter 2004/05), 
which is the reference point for comparing each of  the annual indices. 
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these wintering Brent Geese, overland 
through China and Russia via the Lena  
and Yana Rivers to nesting grounds in  
the central Russian arctic (Uspenski 1960; 
Syroechkovskiy 2006), but observations to 
confirm this migration route remain scarce. 
Additional tracking studies are needed to 
confirm spring migration routes for Brent 
Geese wintering in China and on the Korean 
Peninsula.  

Brent Geese wintering in northern Japan 
appear to fly non-stop to spring-staging sites 
in eastern Hokkaido as indicated by the 
routes of  two of  the tagged birds (Fig. 3). 
From there, birds likely follow a direct route 
across the Sea of  Okhotsk to coastal staging 
sites near Magadan, as shown previously  
by the migration tracks of  satellite-tagged 
Brent Geese in 2014 (Shimada et al. 2016, 
2017). The migration track of  the satellite-
tagged Brent Goose Y07 also supports an 
overseas route across the Sea of  Okhotsk 
(Fig. 3) and further suggests that this route 
may be the main flight corridor for Brent 
Geese between Japan and mainland Russia. 
Once on mainland Russia, these Brent 
Geese are also believed to migrate along the 
Lena and Yana Rivers to nesting grounds in 
or near the Lena River delta (Syroechkovski 
2006; Shimada et al. 2017). While this 
interior route in East Asia still needs to be 
confirmed, other Brent Goose populations, 
such as those that breed in high arctic 
Canada, are known to make an overland 
migration to their nesting areas (Boyd et al. 
2013), so it is conceivable that breeding 
birds of  the East Asian Brent Goose 
population may also fly overland to their 
breeding range. Our satellite-tagged Brent 
Goose Y07, however, appeared to be a non-

breeder because it initiated spring migration 
after the start of  nesting season on the  
Lena River delta (Sawa et al. in press) and  
migrated east to the Kamchatka Peninsula 
rather than northwest towards the breeding 
grounds. As noted above, a small number  
of  flocks have been observed in spring 
along both the west and east coast  
of  Kamchatka Peninsula (Gerasimov & 
Gerasimov 2000). These two observations 
may suggest the existence of  another spring 
migration route in the Far East used by  
non-breeding birds migrating to known 
moulting areas in Chukota, Russia (Fig. 6; 
Uspenski 1960).  

Important sites and population in East 
Asia 

Twenty-six sites used by Brent Geese were 
identified as meeting the 1% Ramsar 
Convention criterion (Appendix 1, Figs. 4–
6): seven in the Russian Far East; 16 in 
northern Japan; one on the Korean Peninsula;  
and two sites in northeast China. Two of  
these sites, Malamvayam Lagoon in Russia 
and Notsuke Bay in Japan, supported 
significant numbers of  Brent Geese during 
autumn migration and may be ideal sites  
for monitoring trends in the overall East 
Asian population, as illustrated by the results 
of  repeated autumn surveys at Notsuke Bay 
(Fujii 2017). The relatively few important 
sites identified in China and the Korean 
Peninsula is perplexing, given that a  
majority (up to 70%) of  the overall East 
Asian population is believed to winter in  
this region (Lane & Miyabayashi 1997; 
Syroechkovskiy 2006; Fujii 2017). However, 
there have been no coordinated surveys and 
only few observations of  Brent Geese in 
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China and North Korea, especially in the 
last two decades, so it is difficult to assess 
how many birds winter in these countries. 
So where are the remaining Brent Geese 
wintering: in China or North Korea? This 
question can only be answered by a 
coordinated East Asia-wide (at all potential 
sites in Japan, China, the Korean Peninsula 
and on the Kamchatka Peninsula in Russia) 
survey of  the Brent Goose population, using  
improved Brent Goose survey techniques 
(Fujii 2017). 

Analyses of  population trends suggest 
that the numbers of  Brent Goose have risen 
in Japan during all non-breeding seasons, in 
autumn, winter and spring. The greatest 
increasing trend (10.1%) was detected in 
autumn (Fig. 8) and may indicate that the 
East Asian population has grown, given that 
most (if  not all) of  these birds stage in 
eastern Hokkaido in autumn (Fujii 2017). 
Many of  these autumn migrants may also  
be short-stopping their migration to 
overwinter in Japan, which may help to 
explain the increasing numbers of  Brent 
Geese wintering there (Fig. 7), especially in 
Hokkaido and northern Honshu (Fujii 
2017). This short-stopping behaviour is 
common in geese and is currently being 
exhibited by the western Pacific population 
of  B. b. nigricans in response to climate 
warming (Ward et al. 2009). Although we did 
not detect a correlation in annual winter 
numbers of  Brent Geese between Japan and 
South Korea, goose numbers were lower in 
South Korea during the years of  greatest 
increase in the wintering population in Japan 
(Fig. 7). The low number of  wintering Brent 
Geese in South Korea may be attributable to 
increased anthropogenic pressures from the 

reclamation and industrialisation of  coastal 
wetlands in known Brent Goose wintering 
areas, such as Gwangyang Bay and the 
Nakdong Estuary (Moores 2012). Finally, the  
increasing numbers of  Brent Geese in Japan 
may be driven, in part, by improved survey 
techniques and a more organised nationwide 
survey of  these geese since 2014 (Fujii 2017). 

Habitat loss and degradation of  wintering 
areas are likely to be the main drivers of  
change in the East Asian population of  
Brent Goose. From the review of  the 
literature, Japanese Brent Geese feed mainly 
on eelgrass Zostera sp. during autumn 
migration, and on green algae during winter 
and spring as Zostera sp. becomes less 
available. This preference for Zostera sp. is 
similar to other subpopulations of  Brent 
Geese, like the Light-bellied Brent Goose  
B. b. hrota whose diet of Zostera sp. also 
decreases until mid-winter, when it is 
supplemented by green algae and terrestrial 
grasses (Ganter 2000; Inger et al. 2006). 
Brent Geese are strictly coastal foragers in 
Japan except during extreme coastal events, 
such as the Great East Japan Earthquake of  
2011, when access to seagrasses and algae is 
restricted and the birds may move inland to 
feed (Shimada et al. 2018). Because the 
abundance and spatial extent of  Zostera sp. 
and green algae influences use of  staging 
and wintering sites by Brent Geese (Wilson 
& Atkinson 1995; Ward et al. 2005), it is 
important to identify and protect these key 
habitats. 

Conclusion 

Overall, the study suggests a loop migration 
route between wintering and breeding areas 
for the East Asian population of  Brent 
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Geese. Spring migrants leaving wintering 
areas move north to mainland Russia and 
follow the Lena and Yana River valleys to 
their suspected nesting grounds in or near 
the Lena River delta (Uspenski 1960; 
Syroechkovskiy 2006; Shimada et al. 2017) 
and return along the Russian Far East arctic 
coast via the Kamchatka Peninsula to 
eastern Hokkaido and wintering areas in 
northern Japan, northeast China and  
the Korean Peninsula. Prior to arrival in 
eastern Hokkaido, the autumn migrants may 
also stage along the west coast of  Alaska, to 
feed on the extensive Common Eelgrass 
Zostera marina beds, particularly at Izembek 
Lagoon (Derksen et al. 1996). This proposed 
loop migration needs confirmation and 
further testing, with additional migration 
tracking studies to fill knowledge gaps. 

Systematic monitoring of  Brent Geese  
in Japan during autumn, winter and spring 
suggests that the East Asian population 
appears to be increasing; however, additional  
surveys of  Brent Geese are urgently needed 
in China and the Korean Peninsula to 
confirm overall population trends and to 
identify critical habitats and wintering sites. 
Although 16 of  26 important sites are 
protected or partially protected under each 
country’s regulation (Appendix 1), many of  
the sites are still threatened by coastal land 
reclamation and development (including  
the installation of  offshore wind farms). 
There is also hunting pressure even in the 
protected areas such as Malamvayam Lagoon  
(Gerasimov & Gerasimov 2000). We urgently  
need better information about this population,  
in order to provide the conservation 
measures needed to protect coastal wetlands 
for Brent Geese and other waterbirds.  
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References: *1 Gerasimov & Gerasimov 2000, *2 Stishov 2014, *3 BirdLife International 2004, *4 Andreev 2013,  
*5 Tiunov & Antipin 2016, *6 Zhuravlev & Kulikova 2014, *7 Nechaev 2003, *8 Fujii 2017, *9 Sawa et al. 2020,  
*10 Notsuke Peninsula Nature Center 2009, *11 Kataoka 2015, *12 Hirata et al. 2015, *13 Shimada et al 2013,  
*14 Shimada et al. 2018, *15 Suzuki 1989, *16 Moores 2017, *17 Moores 2018, *18 Tomek 1999, *19 Winter 
Waterbird Census of  Korea, *20 China Coastal Waterbird Census Group 2015, *21 Peh 2008, *22 Bird Report 
website in China (http://www.birdreport.cn), *23 Waterbird Specialist Group of  the Chinese Ornithological 
Association 1994, *24 Zhang 2012, *25 Yan 1999, *26 Zhong & Chen 1989. 

Appendix 1 (continued).  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


