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Abstract 

Long-distance migratory waterbirds contribute many ecosystem functions and services, 
not least as important huntable quarry species, as well as posing challenges to human 
societies, through agricultural crop damage, threats to flight safety and pathogen 
transmission. As a result, throughout much of  the Northern Hemisphere, they have 
received considerable research attention to identify discrete population flyways upon 
which to build monitoring programmes, a basis for their effective internationally 
coordinated conservation management, especially in North America and Europe. 
However, until recently, we lacked comparable information about migratory Anatidae 
populations in Far East Asia, despite long-term monitoring programmes and some 
knowledge of  migration routes based on Japanese satellite tracking. In this article, we 
set the scene for the presentation of  the species accounts for 10 large-bodied Anatidae 
species, which follow in this Special Issue of  Wildfowl, and which attempt to fill some 
of  the gaps in knowledge about these important species in Far East Asia. Papers in the 
Special Issue combine new telemetry data, winter counts and expert knowledge on the 
10 species, to update maps of  the extent of  breeding and wintering areas, and to define 
the flyways that connect them. Critical stopover sites and the remotely-sensed habitats 
that these waterbird populations exploit along the way are also described, to provide a 
basis for their more effective future conservation.  
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As autumn temperatures fall to below zero, 
and the wetlands of  the north begin to 
freeze following the summer pulse of  
production in the Northern Hemisphere,  

the arctic, taiga and steppe biomes become 
silent as these areas are enveloped in ice and 
snow. With the approach of  winter, these 
northern wetlands empty of  the estimated 



2  Flyways and population trends for Anatidae in East Asia

© Wildfowl & Wetlands Trust                                                            Wildfowl (2020) Special Issue 6: 1–12

146 million Anatidae of  56 species (over  
1 million swans, 39 million geese and some 
95 million freshwater duck species; Rees  
et al. 2019; Fox & Leafloor 2018; Wetlands 
International 2020). These huge numbers of  
waterbirds exploit the surge of  summer 
biological productivity to reproduce there, but  
fly elsewhere to survive the winter (Dalby  
et al. 2014). This massive movement of  avian 
biomass is of  considerable consequence to 
humans and natural ecosystems around  
the globe. Waterbirds contribute to the 
functioning of  ecosystems as a source of  
mobilised nutrients, vectors of  plant parts 
(including seeds) and invertebrates, as well 
as being herbivores, browsers and predators, 
with the potential to control pests (Green  
& Elmberg 2013), to the point where they  
are recognised as valuable indicators of  
environmental change (Amat & Green 
2010). They have developed particular 
societal value to human communities, 
because they have long provided provisioning 
(e.g. through hunting for meat, for eggs and 
down) and cultural ecosystem services to 
westernised (Brown & Hammack 1972) and 
indigenous societies alike (e.g. Krcmar et al. 
2010). Even the sense of  awe that attracts 
folk to view and experience their numbers 
can carry considerable economic and cultural 
significance (Cooper & Loomis 1991).  

Waterbirds: a shared resource 
requiring coordinated protection 

This value, particularly because of  their 
importance as huntable quarry species, was 
reflected in the early and wide proliferation 
of  protective legislation and agreements  
to protect waterbird species as a common 
resource for the good of  all. Safeguarding 

this common interest was enshrined in The 
Migratory Bird Treaty Act of  1918 between 
the United States of  America and the UK 
(on behalf  of  Canada), one of  the first 
major pieces of  international wildlife 
protection legislation (Dorsey 1998). 
Subsequent international legislation (e.g. the 
Ramsar Convention of  1971, the European 
Union Directive 79/409/EEC on the 
conservation of  wild birds in 1979, and the 
1996 African-Eurasian Waterbirds Agreement  
established under the Convention on the 
Conservation of  Migratory Species of  Wild 
Animals adopted in 1979) bear witness to 
the economic and cultural importance of  
these shared resources and the shared inter-
governmental recognition of  the need to 
protect them at all stages of  their migratory 
annual life cycles. In the last 60 years, 
modern agriculture has provided Anatidae 
with food resources of  superior quality and 
quantity to that provided by natural habitats 
(Fox & Abraham 2017), contributing to 
population increases and, in some cases, 
conflicts with sectoral interests through 
crop damage (Fox et al. 2017a), ecosystem 
function (Buij et al. 2017) and flight safety 
(Bradbeer et al. 2017). Finally, the movements 
of  waterbirds across the planet have the 
potential to transmit pathogenic diseases, 
which present a threat to our domestic 
animals or to us, as well as acting as sentinels 
for such outbreaks (Elmberg et al. 2017). 
This is especially the case concerning the 
spread of  highly pathogenic avian influenza, 
generated within domestic poultry, that has 
the potential to create substantial economic 
loss to poultry interests as well as posing  
a threat to public health (e.g. Tian et al.  
2015). 
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Fundamental to our ability to manage  
and protect these populations for future 
generations, as well to dealing with some of  
the challenges that their movements pose  
to sectoral interests in society, is a basic 
understanding of  population abundance 
and their rate of  change. Most waterbirds 
are highly site faithful (within and between 
years) to pockets of  habitat that provide them  
with the energy, nutrients and safety from 
predation needed to sustain them through 
the annual cycle as they transit between their 
breeding and non-breeding habitats. Because  
such suitable habitats are often geographically  
isolated by intervening “deserts” of  dry 
habitat unsuitable for the birds, the areas 
used by these waterbirds may be highly 
restricted and the numbers of  individuals 
using them can be large. Anatidae are  
site-loyal to wintering sites (Roberston & 
Cooke 1999), to staging and breeding  
areas (Anderson et al. 1992), and to the 
migration corridors that connect them, all  
of  which may be reinforced by the cultural 
reinforcement of  long-term parent-offspring  
bonds in some species (Weegman et al. 2016).  
Such structuring of  populations inevitably 
begins to create barriers to gene flow between  
all elements of  an otherwise contiguous 
distribution, historically shaped and 
reinforced by geological processes, in response  
to the evolution of  oceans, river catchments, 
mountain chains and glacial refugia. The 
cumulative use of  linked breeding, moulting,  
staging and wintering areas confirm the 
separate nature of  flyways used by different 
individuals of  the same population, which 
can form the basis for population flyway 
structuring, ultimately resulting in genetic 
isolation of  the elements involved.  

It should be noted that throughout this 
Special Issue, we use the term flyway to 
describe the linkages throughout the annual 
cycle exploited by a single individual, or a  
group of  individuals, that appear to be 
discrete from others, based on the results from  
telemetry studies of  many different individuals  
of  the same species. This differs from the 
Ramsar Convention definition which 
consists of  “…many overlapping migration 
systems of  individual waterbird populations 
and species, each of  which has different 
habitat preferences and migration strategies”  
(Boere & Stroud 2006; Ramsar Secretariat 
2018). Although we acknowledge that 
overlaps with the definition of  a 
“biogeographical population” defined by 
Scott & Rose (1996) and subsequently 
adopted by the Ramsar Convention (Ramsar 
Secretariat 2018), we retain the term “flyway”  
here because we feel our knowledge has  
not advanced beyond our plotting of  the 
relatively short-term trajectories of  a relatively  
limited number of  individual birds to the 
point where we can speak confidently about 
biogeographical flyways. We fully accept 
that these data form the basis for making 
such distinctions, but consider this requires 
more information and the actions of  statutory  
bodies in consultation with conservation 
agencies to make informed decisions about 
such distinctions based on the available 
information. So it is the case that 
information accumulated over many decades  
in western Europe has led to the definition 
of  such discrete biogeographical flyways.  

One such case is the Pink-footed Goose 
Anser brachyrhynchus, which breeds in 
Greenland, Iceland and Svalbard and 
winters in the UK, Belgium, the Netherlands  



4  Flyways and population trends for Anatidae in East Asia

© Wildfowl & Wetlands Trust                                                            Wildfowl (2020) Special Issue 6: 1–12

and Denmark. Long-term marking has 
shown that the Iceland/Greenland breeding 
birds winter exclusively in the UK, while 
those on continental Europe originate only 
from Svalbard (Madsen et al. 2014), despite 
any lack of  morphological or major genetic 
differentiation. Such an understanding of  
flyway structure clearly is essential if  
management interventions are required for 
particular populations, as there is no point in 
restricting the harvest in the UK if  hunting 
mortality was considered to be causing 
declines amongst the Svalbard-breeding 
Pink-footed Geese. Since these two flyways 
are constituted of  the same species, there is 
likewise every need to undertake monitoring 
of  their abundance and demographic rates in  
isolation to understand fully their population  
development and factors affecting observed 
changes in annual abundance.  

Traditional methods for describing 
populations and flyways 

In North America and Europe, over 70 
years of  dedicated research and results from 
marking with metal leg rings and other 
unique markers has accumulated considerable  
knowledge about the flyway structure of  
waterbirds on those continents. This has 
enabled the logical division of  species  
into “flyway populations”, linked by the 
common use of  individuals moving annually 
between the non-breeding and breeding 
elements of  their lifecycles (see for instance 
the pioneering work of  Boyd 1961). Such 
definitions establish a biological and/or 
political basis upon which to build 
monitoring systems to track the status  
and trends in abundance of  most native 
waterbird populations across these two 

continents. Alas, this has not been the case 
throughout much of  Asia (for example, see 
the data summaries for the geese in Fox & 
Leafloor 2018). In Far East Asia, mid-winter 
waterbirds counts have been a regular 
feature in South Korea and Japan for the last 
50 years, providing an invaluable perspective 
on long-term changes in abundance in those 
countries (e.g. Kasahara & Koyama 2010; 
Kim et al. 2016; Jia et al. 2016). Since the 
mid-2000s, monitoring of  the more than  
1 million waterbirds that winter in freshwater  
wetlands along the Yangtze River floodplain 
has rapidly developed and improved (see 
below), with resultant data indicating that 
numbers at these most vital Anatidae 
wintering areas are in decline (Jia et al. 2018). 
On the Russian arctic breeding grounds,  
it was very evident that there have been 
serious declines in a number of  goose 
populations (e.g. Syroechkovskiy 2006). 
However, in the previous absence of  
historical metal ringing-recovery data and 
only rudimentary telemetry tracking data 
from pioneering studies, it has not been 
possible to construct a framework for 
defining flyway populations of  waterbirds to 
underpin the development of  rational 
coordinated waterbird monitoring networks 
across Far East Asia. So, while early survey 
results suggested that increasing wintering 
numbers of  Greater White-fronted Geese 
Anser albifrons in Japan and Korea coincided 
with declines in China, it was not possible  
to know if  this was because of  different 
trajectories amongst separate wintering 
populations, or if  declines in China merely 
reflected birds shifting their wintering 
distribution to Japan and Korea (Jia et al. 
2016).  
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Applications of  new technologies 

There has been an increase in the use of  
biochemical markers to help to define 
discrete flyway populations of  waterbirds, 
for instance in the use of  stable isotopes 
(Fox et al. 2017b) and genetic markers 
(Wilson et al. 2018). These techniques are 
increasingly being applied in Far East Asia, 
for example to show the high degree of  
relatedness between Japanese- and Korean-
wintering Greater White-fronted Geese 
based on microsatellite DNA (Moriguchi 
2010) and, together with telemetry techniques,  
migratory connectivity of  Swan Geese Anser 
cygnoides from different breeding areas (Zhu 
et al. 2020; Q. Zhu, unpubl. data). However, 
in the absence of  many years of  metal 
ringing recovery data, the region lacks clear 
information on how the movements of  
individual birds linking breeding, moulting, 
staging and wintering areas combine to 
provide an impression of  what constitutes 
flyway structure and how best to monitor, 
manage and conserve these identifiable 
units (“conservation management units” 
sensu Ramsar Secretariat 2018). To the 
rescue, in the last ten years, has come 
affordable lightweight telemetry devices that 
record highly accurate GPS latitude and 
longitude positions with a time and date 
stamp that can be fitted to waterbird species. 
Suddenly, the multiple deployment of  such 
devices has revolutionised our ability to 
examine in detail the movements and habitat 
use of  a variety of  different species (e.g. Yu 
et al. 2017; Aharon-Rotman et al. 2017; Meng 
et al. 2019) and to compare migration 
strategies within and between species  
(e.g. Wang et al. 2018, 2019; Deng et al.  
2019). Telemetry devices have also enabled 

us to contrast individuals of  the same 
species that are sympatric in winter, but 
breed in different areas and hence  
face different environmental challenges 
along their separate flyways, which affect 
migration phenology and potentially annual 
survival and reproductive output (Li et al. 
2020). Most important of  all, with the 
benefit of  collaboration with colleagues in 
Russia, Japan, Korea and Mongolia, as well 
as elsewhere, there is now the possibility  
of  deploying these devices in different  
areas throughout the breeding and  
wintering ranges of  the key waterbird 
species, to begin to describe their flyway 
structure and connectivity across Far  
East Asia. After the deployment of  2,397  
devices on individuals of  75 species since 
2013, we are beginning to gain a basic but 
vital and solid understanding of  these 
populations, how they segregate between 
breeding and non-breeding areas and how 
we might begin to recognise their flyway 
population structure. Such information is 
fundamental for monitoring these flyway 
populations effectively and for assessing 
their respective conservation management, 
not least in the face of  climate change.  

Scope of  the Special Issue 

Given this increase in available data, this 
Special Issue aims bring together information  
for the first time on ten key Far Eastern 
Asian migratory Anatidae species, namely 
Whooper Swan Cygnus cygnus, Bewick’s  
Swan C. columbianus bewickii, Mute Swan  
C. olor, Brent Goose Branta bernicla, Greater  
White-fronted Goose, Lesser White-fronted 
Goose Anser erythropus, Greylag Goose  
A. anser, Swan Goose, Bean Goose A. fabalis 
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and Falcated Duck Mareca falcata. Three 
international meetings were convened to 
facilitate this process, gathering experts, 
sharing data and developing an understanding  
of  these species. The first meeting took 
place under the auspices of  the IUCN-
SSC/Wetlands International Goose Specialist  
Group’s 16th International Conference, 
which was held in Beijing during 22–25 
November 2014, where the idea was 
discussed and the process initiated (by 125 
experts from 13 countries). This was 
followed by two international symposia to 
develop effective coordinated monitoring of  
East Asian waterbirds, held in Hulunbuir, 
China during 6–10 April 2017 (59 experts 
from 9 countries) and in Beijing during  
14–18 October 2019 (66 experts from 10 
countries). There was a major effort at this 
last meeting to gather all the key waterbird 
experts from all the range states, where 
status reports from all countries were 
presented. At these symposia, workshops 
were convened for each of  the species, to 
establish the framework and content of  the 
species reviews presented here. There were 
many significant advantages in gathering  
the very best experts physically together in 
order to brainstorm the state of  current 
knowledge and the priorities for future 
investigations. It enabled the assembled 
teams to draw directly onto maps the 
currently known breeding, staging and 
wintering distributions, based on expert 
knowledge and the results of  the  
telemetry studies, and relate these to those 
previously published (e.g. those of  BirdLife 
International and Handbook of  the Birds  
of  the World 2019). More than that, it 
established a lasting relationship and an 

ownership of  the process of  bringing 
forward the assembled data and information 
into some form of  published resumé of  our 
current knowledge.  

A second major objective has been to use 
the telemetry data to isolate discrete flyways, 
where the aggregated movement tracks of  
individuals identify groups of  birds 
commonly using separate breeding and 
wintering areas, as a basis for considering 
their definition for monitoring and 
conservation interventions, as well as the 
degree of  connectivity between them. This 
is the case, for instance, for the Greater 
White-fronted Goose (Deng et al. 2020), 
where telemetry data confirmed the 
existence of  two more or less discrete 
groups of  birds moving between allopatric 
breeding and wintering areas. The first 
consisted of  birds breeding on the tundra 
from the Khatanga River to the east of  
Svyatoy Nos Cape, which winter in China; 
the second of  birds breeding from just east 
of  Svyatoy Nos Cape eastwards to the 
Anadyr River, which winter in Japan and 
South Korea (Deng et al. 2020). Single 
examples of  tracked birds exchanging 
between these flyways suggested some 
permeability, but the separation of  these 
two groups of  birds was clearly illustrated, 
providing a solid basis for treating them as 
separate entities. This is important as Deng 
et al. (2020) showed that the Chinese-
wintering birds (now almost totally confined 
to the Yangtze River floodplain) numbered 
only 30,000–55,000 individuals during the 
last 15 years, compared to 140,000 in the 
1990s. In contrast, geese wintering in Japan 
and Korea had increased to 224,000 and 
146,000, respectively compared to 28,000 
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and 61,000, respectively in the late 1990s 
(Deng et al. 2020). This constitutes the first 
evidence that the declines in China are 
unlikely to be simply the result of  birds 
redistributing from there to Japan and 
Korea, but rather implies that differential 
conservation challenges to the two separate 
flyways are the reason for the contrasting 
population trajectories in the two wintering 
areas. This knowledge has also provided the 
basis for tentatively naming these new 
groupings as potential “biogeographical 
populations”, as we attempt to do for each 
of  the species treated in this Special Issue of  
Wildfowl.  

A third major objective of  these species 
presentations has been to produce an update 
of  the status, distribution and abundance of  
each of  the species in China as far as 
possible and in the Yangtze River floodplain 
in particular, based on winter surveys carried 
out over the last 15 years. The progressive 
improvement in waterbird count coverage in 
China over this period must be taken into 
account when comparing these counts with 
historical surveys, on combining the results 
with surveys from other wintering range 
states for the species, and (where data are 
available) on considering trends in numbers 
in relation to those recorded in the breeding 
and staging areas. Before 2004, due to the 
limited number of  experienced waterbird 
observers and restrictions on travel, counts 
of  waterbirds in the Yangtze River 
floodplain were largely limited to a restricted 
number of  sites where the birds were 
concentrated, typically the large wetland 
nature reserves surveyed by local reserve 
staff. In January–February 2004, the World 
Wildlife Fund invited Mark Barter from 

Australia, as the chief  consultant, to 
organise the first simultaneous coordinated 
survey of  waterbirds overwintering on the 
Yangtze River, coordinating the main 
reserve staff, university researchers and 
volunteers to carry out counts on the 
ground (Barter et al. 2004). Encouraged by 
the success of  the first survey and by the 
wealth of  waterbirds they encountered, 
Mark Barter, assisted by Lei Cao, decided to 
invest in training observers in the autumn  
of  2004, to create a team of  motivated and 
capable surveyors who could continue the 
monitoring programme. These training 
courses included teaching observers about 
aspects of  waterbird ecology, as well as 
species identification, counting and analysis 
methods necessary to enhance the quality of  
the surveys. In January–February 2005, the 
second successful synchronous survey of  
overwintering waterbirds on the Yangtze 
River floodplain was carried out  (Barter et 
al. 2006). Increasingly concerned at the 
problems facing overwintering waterbirds 
throughout the floodplain, it was decided to 
concentrate attention on individual lakes to 
provide a better understanding of  how 
environmental pressures were affecting 
specific species at the site level. As a result, 
in February 2008, they developed a systematic  
survey method for monitoring overwintering  
waterbirds in Shengjin Lake, Anhui Province,  
within and between years, based on 
counting the entire lake by surveying 
discrete, defined areas (“sites”) from regular 
fixed viewing locations (Cheng et al. 2009). 
In the surveys carried out during winters 
2008/09–2015/16, this site survey method 
was applied to all the lakes covered in  
the Anhui Lake complex. Following this,  
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during winters 2015/16–2019/20, new 
information was forthcoming about sites 
used by waterbirds tracked with telemetry 
devices that were not known before, adding 
some additional survey sites even within 
previously well-covered lakes. Currently, the 
number of  lakes surveyed annually stands at 
87, comprising 1,079 survey sites covering a 
total area of  16,000 km2. 

The newly-defined flyways enable an 
estimation of  the numbers of  birds using 
the discrete networks of  sites along their 
separate routes and, in the context of  these, 
to identify key sites (amongst those for 
which count data exist), which have regularly 
supported more than 1% of  the population 
at a given point in the annual cycle. We do 
this both for comparison with the historical 
perspective and also to guide potential site 
safeguard and management requirements 
for the immediate future. Note that because 
we present new information on potential 
flyway definitions, which has yet to achieve 
formal and widespread recognition, we have 
chosen to identify what we call “key sites” for  
each species in terms of  national and their 
new-found “population” status (Cao et al.  
2020). For all species we have attempted to 
determine the degree to which key wintering 
sites enjoy site protection of  one form or 
another in each of  the range states. For 
selected species we have also begun this 
process for important staging areas along 
the flyway (as recently undertaken for Bar-
headed Geese Anser indicus by Zhang et al. 
2020). 

As well as linking sites used by individual 
birds, the telemetry data has also provided 
considerable fine-scale spatial and temporal 
data on their use of  habitats at all stages  

of  the annual cycle. For some species, we 
have started to investigate this by overlaying 
individual bird positions on land-use  
cover (from remote-sensing data) mapped 
within GIS layers, to try and investigate 
habitat use and roost site selection.  
Where possible, we have incorporated the 
results of  these analyses into the species 
accounts.  

Finally, as far as possible, we have 
attempted to draw all these threads together 
to outline the conservation implications of  
these results and suggest ways forward to 
achieve the aim of  safeguarding these 
species. 

We feel extraordinarily privileged to have 
worked with so many outstanding and 
knowledgeable experts, who have freely 
shared their knowledge for the common 
benefit in compiling these species accounts, 
and thank all those who have selflessly 
contributed to the process, whether or not 
they are co-authors of  these Special Issue 
publications. This work has been the result 
of  a massive combined effort and we 
heartily thank all those taking part for their 
contributions, hoping that they are satisfied 
with this Special Issue as a fitting tribute to 
their work. 

Acknowledgements 

We gratefully acknowledge the contribution 
of  the fieldwork teams in East Asia, the 
catching teams working at all points in the 
annual cycles, all of  the many wintering 
count survey teams for their contributions 
and the participants of  the “2nd International 
Symposium on Developing Effective Coordinated 
Monitoring of  East Asian Waterbirds in the 21st 
Century” for their selfless contributions. 



Flyways and population trends for Anatidae in East Asia  9

© Wildfowl & Wetlands Trust                                                            Wildfowl (2020) Special Issue 6: 1–12

Please see the full acknowledgements to 
everyone in the catching and counting teams 
and other people who have made such a 
colossal contribution to the work that 
follows here in the synthesis to this Special 
Issue (Cao et al. 2020). The study was 
supported by Chinese Academy of  Sciences, 
the National Natural Science Foundation  
of  China and the Ministry of  Science and 
Technology of  the People’s Republic of  
China. The funders had no role in study 
design, data collection and analysis, decision 
to publish, or preparation of  the manuscript.  
The Animal Ethics Committee, Research  
for Eco-Environmental Sciences, Chinese 
Academy of  Sciences fully approved this 
study. We are extremely grateful to David 
Stroud and Eileen Rees for suggestions for 
improvements to an earlier version of  this 
introductory paper. 

References 

Aharon-Rotman, Y., McEvoy J., Zheng, Z., Yu, 
H., Wang, X., Si, Y., Xu, Z., Zeng, Y., Jeong, W., 
Cao, L. & Fox, A.D. 2017. Water level affects 
availability of  optimal feeding habitats for 
threatened migratory waterbirds. Ecology and 
Evolution 7: 10440–10450. 

Amat, J.A. & Green, A.J. 2010. Waterbirds as 
Bioindicators of  Environmental Conditions. In 
C. Hurford, M. Schneider & I. Cowx (eds.), 
Conservation Monitoring in Freshwater Habitats, pp. 
45–52. Springer, Dordrecht, the Netherlands. 

Anderson, M.G., Rhymer, J.M. & Rohwer, E.C. 
1992. Philopatry, dispersal and the genetic 
structure of  waterfowl populations In B.D.J. 
Batt, A.D. Afton, C.D. Ankney, D.H. Johnson, 
J.A. Kadlec & G.L. Krapu (eds.), Breeding Ecology 
and Management of  Waterfowl, pp. 365–395. 
University of  Minnesota Press, Minneapolis, 
USA. 

Barter, M., Chen, L., Cao, L. & Lei, G. 2004. 
Waterbird Survey of  the Middle and Lower Yangtze 
River Floodplain in Late January and Early February 
2004. Forestry Publishing House, Beijing, China. 

Barter, M., Lei, G., Cao, L. & Yang, Q. 2006. 
Waterbird Survey of  the Middle and Lower Yangtze 
River Floodplain (February 2005). China Forestry 
Publishing House, Beijing, China. 

BirdLife International and Handbook of  the 
Birds of  the World. 2019. Bird Species Distribution 
Maps of  the World. Version 2019.1. BirdLife 
International, Cambridge, UK. Available at 
http://datazone.birdlife.org/species/requestdis  
(last accessed 11 November 2020).  

Boere, G.C. & Stroud, D.A. 2006. The flyway 
concept: what it is and what it isn’t. In G.C. 
Boere, C.A. Galbraith & D.A. Stroud (eds.), 
Waterbirds Around the World, pp. 40–47. The 
Stationery Office, Edinburgh, UK. 

Boyd, H. 1961. The number of  Barnacle Geese 
in Europe in 1959–60. Wildfowl 12: 116–124. 

Bradbeer, D., Rosenquist, C., Christensen, T.K.  
& Fox, A.D. 2017. Crowded skies: conflicts 
between expanding goose populations and 
aviation safety. Ambio 46 (Supplement 2): 290–
300. 

Brown, G.M. Jr. & Hammack, J. 1972. A 
preliminary investigation of  the economics of  
migratory waterfowl. In J.V. Krutilla (ed.), 
Natural Environments: Studies in Theoretical and 
Applied Analysis, pp. 171–204. Johns Hopkins, 
Baltimore, MD, USA. 

Buij, R., Melman, T.C.D., Loonen, M.J.J.E. &  
Fox, A.D. 2017. Balancing ecosystem function, 
services and disservices resulting from expanding  
goose populations. Ambio 46 (Supplement 2): 
300–318. 

Cao, L., Meng, F., Zhang, J., Deng, X., Sawa, Y. & 
Fox, A.D. 2020. Moving forward: how best to 
use the results of  waterbird monitoring and 
telemetry studies to safeguard the future of  Far 
East Asian Anatidae species. Wildfowl (Special 
Issue No. 6): 293–319. 



10  Flyways and population trends for Anatidae in East Asia

© Wildfowl & Wetlands Trust                                                            Wildfowl (2020) Special Issue 6: 1–12

Cheng, Y., Xu, W., Cao, L. & Barter, M. 2009. 
Wintering Waterbirds at the Anhui Shengjin Hu 
National Nature Reserve, China. University of  
Science and Technology of  China Press, Hefei, 
China. 

Cooper, J. & Loomis, J. 1991. Economic value of  
wildlife resources in the San Joaquin Valley: 
hunting and viewing values. In A. Dinar & D. 
Zilberman (eds.), The Economics and Management 
of  Water and Drainage in Agriculture, pp. 447–462. 
Springer, Boston, Massachusetts, USA. 

Dalby, L., McGill, B.J., Fox, A.D. & Svenning,  
J.-C. 2014. Seasonality drives global-scale 
diversity patterns in waterfowl (Anseriformes) 
via temporal niche exploitation. Global Ecology 
and Biogeography 23: 550–562. 

Deng, X., Zhao, Q., Fang, L., Xu, Z., Wang, X., He,  
H., Cao, L. & Fox, A.D. 2019. Spring migration 
duration exceeds that of  autumn migration in 
Far East Asian Greater White-fronted Geese 
(Anser albifrons). Avian Research 10: 19. 

Deng, X., Zhao, Q., Solovyeva, D., Lee, H., 
Bysykatova, I., Xu, Z., Ushiyama, K., Shimada, 
T., Koyama, K., Park, J., Kim, H., Liu, G., Xu, 
W., Hu, B., Gao, D., Zhang, Y., He, B., 
Natsagdorj, T., Davaasuren, B., Moriguchi, S., 
Barykina, D., Antonov, A., Stepanov, A., Zhang, 
J., Cao, L. & Fox, A.D. 2020. Contrasting trends 
in two east Asian populations of  the Greater 
White-fronted Goose Anser albifrons. Wildfowl 
(Special Issue No. 6): 181–205. 

Dorsey, K. 1998. The Dawn of  Conservation 
Diplomacy: U.S.–Canadian Wildlife Protection 
Treaties in the Progressive Era. University of  
Washington Press, Seattle, USA.  

Elmberg, J., Berg, C., Lerner, H., Waldenström,  
J. & Hessel, R. 2017. Potential disease 
transmission from wild geese and swans to 
livestock, poultry and humans: a review of  the 
scientific literature from a One Health perspective.  
Infection Ecology & Epidemiology 7: 1300450. 

Fox, A.D. & Abraham, K.F. 2017. Why geese 
benefit from the transition from natural to 

agricultural habitats. Ambio 46 (Supplement 2): 
188–197. 

Fox, A.D. & Leafloor, J.O. 2018. A Global Audit  
of  the Status and Trends of  Arctic and Northern 
Hemisphere Goose Populations. Conservation of  
Arctic Flora and Fauna International Secretariat,  
Akureyri, Iceland. 

Fox, A.D., Elmberg, J., Tombre, I. & Hessel, R. 
2017a. Agriculture and herbivorous waterfowl: 
a review of  the scientific basis for improved 
management. Biological Reviews 92: 854–877. 

Fox, A.D., Hobson, K.A., de Jong, A., Kardynal, 
K.J., Koehler, G. & Heinicke, T. 2017b. 
Moulting-wintering site connectivity for Taiga 
Bean Geese Anser fabalis fabalis revealed by 
feather stable isotope analysis. Ibis 159: 66–75. 

Green, A.J. & Elmberg, J. 2013. Ecosystem 
services provided by waterbirds. Biological 
Reviews 89: 105–122. 

Jia, Q., Koyama, K., Choi, C.Y., Kim, H.J.,  
Cao, L., Gao, D., Liu, G. & Fox, A.D.  
2016. Population estimates and geographical 
distributions of  swans and geese in East Asia 
based on counts during the non-breeding season.  
Bird Conservation International 26: 397–417.  

Jia, Q., Wang, X., Zhang, Y., Cao, L. & Fox, A.D. 
2018. Drivers of  waterbird communities and 
their declines on Yangtze River Floodplain 
lakes. Biological Conservation 218: 240–246. 

Kasahara, S. & Koyama, K. 2010. Population 
trends of  common wintering waterfowl in 
Japan: participatory monitoring data from 1996 
to 2009. Ornithological Science 9: 23–36. 

Kim, M.K., Sang, I.L. & Lee, S.D. 2016. Habitat 
use and its implications for the conservation of  
the overwintering populations of  Bean Goose 
Anser fabalis and Greater White-fronted Goose 
A. albifrons in South Korea. Ornithological Science 
15: 141–149. 

Krcmar, E., van Kooten, G.C. & Chan-McLeod, 
A. 2010. Waterfowl Harvest Benefits in Northern 
Aboriginal Communities and Potential Climate Change 
Impacts. Resource Economics & Policy Analysis 



Flyways and population trends for Anatidae in East Asia  11

© Wildfowl & Wetlands Trust                                                            Wildfowl (2020) Special Issue 6: 1–12

Research Group, Department of  Economics, 
University of  Victoria, British Columbia, Canada.  
Accessible at: https://ideas.repec.org/p/rep/ 
wpaper/2010-05.html (last accessed 10 March 
2020). 

Li, H., Fang, L., Wang, X., Yi, K, Cao, L. &  
Fox, A.D. 2020. Does snowmelt constrain 
spring migration progression in sympatric 
wintering Arctic-nesting geese? Results from  
a Far East Asia telemetry study. Ibis 162: 548–
555. 

Madsen, J., Tjørnløv, R.S., Frederiksen, M., 
Mitchell, C. & Sigfússon, A.T. 2014. Connectivity  
between flyway populations of  waterbirds: 
assessment of  rates of  exchange, their causes 
and consequences. Journal of  Applied Ecology 51: 
183–193. 

Meng, F., Li, H., Wang, X., Fang, L., Li, X, Cao, 
L. & Fox, A.D. 2019. Size matters: wintering 
ducks stay longer and use fewer habitats on 
largest Chinese lakes. Avian Research 10: 27. 

Moriguchi, S. 2010. The distribution and dynamics  
of  the wintering population of  Greater White-fronted 
Geese – for future management. Chapter 2. Ph.D. 
thesis, University of  Tokyo, Japan. 

Ramsar Secretariat 2018. Strategic Framework and 
Guidelines for the Future Development of  the List  
of  Wetlands of  International Importance of  the 
Convention on Wetlands (Ramsar, Iran, 1971) 2018 
update. Ramsar Convention Secretariat, Gland, 
Switzerland. Accessible at: https://www.ramsar. 
org/sites/default/files/documents/library/x1.8 
_annex2_framework_for_new_rsis_e_revcop 
13.pdf. 

Rees, E.C., Cao, L., Clausen, P., Coleman, J.T, 
Cornely, J., Einarsson, E., Ely, C.R., Kingsford, 
R.T., Ma, M., Mitchell, C.D., Nagy, S., Shimada, 
T., Snyder, J., Solovyeva, D.V., Tijsen, W.,  
Vilina, Y.A., Włodarczyk, R. & Brides, K. 2019. 
Conservation status of  the world’s swan 
populations, Cygnus sp. and Coscoroba sp.: a 
review of  current trends and knowledge. 
Wildfowl (Special Issue No. 5): 35–72. 

Robertson, G.J. & Cooke, F. 1999. Winter 
philopatry in migratory waterfowl. Auk 116: 
20–34.  

Scott, D.A., & Rose, P.M. 1996. Atlas of  Anatidae 
Populations in Africa and Western Eurasia. Wetlands 
International, Wageningen, The Netherlands. 

Syroechkovskiy, E.E. 2006. Long-term declines 
in Arctic goose populations in eastern Asia. In 
G.C. Boere, C.A. Galbraith & D.A. Stroud 
(eds.). Waterbirds around the World, pp. 642–662. 
The Stationery Office, Edinburgh, UK. 

Tian, H., Zhou, S., Dong, L., van Boeckel, T.P., 
Cui, Y., Newman, S.H., Takekawa, J.Y., Prosser, 
D.J., Xiao, X., Wu, Y., Cazelles, B., Huang,  
S., Yang, R., Grenfell, B.T. & Xu, B. 2015.  
Avian influenza H5N1 viral and bird migration 
networks in Asia. Proceedings of  the National 
Academy of  Sciences of  the United States of  America 
112: 172–177. 

Wang, X., Cao, L., Bysykatova, I., Xu, Z., 
Rozenfeld, S., Jeong, W., Vangeluwe, D., Zhao, 
Y., Xie, T. & Fox, A.D. 2018. The Far East taiga 
forest: unrecognized inhospitable terrain for 
migrating Arctic-nesting waterbirds? PeerJ 6: 
e4353. 

Wang, X., Cao, L., Fox, A.D., Fuller, R., Griffin, 
L., Mitchell, C., Zhao, Y., Moon, O.-Y., Cabot, 
D. Xu, Z., Batbayar, N., Kölzsch, A., van der 
Jeugd, H.P., Madsen, J., Chen, L. & Nathan, R. 
2019. Stochastic simulations reveal few green 
wave surfing populations among spring migrating  
herbivorous waterfowl. Nature Communications 
10: 2187. 

Weegman, M.D., Bearhop, S., Hilton, G., Walsh, 
A.J., Weegman, K.M., Hodgson, D.J. & Fox, 
A.D. 2016. Should I stay or should I go? Fitness 
costs and benefits of  prolonged parent-offspring  
and sibling associations in an Arctic-nesting 
goose population Oecologia 181: 809–817. 

Wetlands International 2020. Waterbird Population 
Estimates. Wetlands International, Ede, the 
Netherlands. Accessible at: wpe.wetlands.org 
(last accessed 10 March 2020). 



12  Flyways and population trends for Anatidae in East Asia

© Wildfowl & Wetlands Trust                                                            Wildfowl (2020) Special Issue 6: 1–12

Wilson, R.E., Ely, C.R. & Talbot, S.L. 2018. 
Flyway structure in a circumpolar greater white-
fronted goose. Ecology and Evolution 8: 8490− 
8507.  

Yu, H., Wang X., Cao, L., Zhang L., Jia Q., Lee, 
H., Xu, Z., Liu, G., Xu, W. Hu, B. & Fox, A.D. 
2017. Are declining populations of  wild geese 
in China “prisoners” of  their natural habitats? 
Current Biology 27: R376–R377. 

Zhang, J., Xie, Y., Li, L., Batbayar, N., Deng, X., 
Damba, I., Meng, F., Cao, L. & Fox, A.D. 2020. 
Assessing site-safeguard effectiveness and 

Photograph: Counting Lesser White-fronted Geese at Daxiaoxi Lake, in the East Donting Lake 
National Nature Reserve in 2008, by Eileen Rees.

habitat preferences of  Bar-headed Geese Anser 
indicus at their stopover sites within the Qinghai-
Tibet Plateau using GPS/GSM telemetry. Avian 
Research doi: 10.1186/s40657-020-00230-9. 

Zhu, Q., Hobson, K.A., Zhao, Q., Zhou, Y., 
Damba, I., Batbayar, N., Natsagdorj, T., 
Batmunkh, D., Antonov, A., Guan, J., Wang,  
X., Cao, L. & Fox, A.D. 2020. Migratory 
connectivity of  Swan Geese based on species 
distribution models, feather stable isotope 
assignment and satellite tracking. Diversity and 
Distributions 26: 944–957. 



<<
  /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


