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Research background:
Bio-logging in Korea 

Migratory movements of northern pintailsMovements of vega gulls



• Winter migratory birds are recognized as the primary reservoirs of AI.
• The highly pathogenic avian influenza (HPAI) epidemic season closely coincides with the 

overwintering period of migratory birds in Korea.

Kim et al. (2022)
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INTRODUCTION
Background: HPAI Outbreaks in Korea
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• Avian influenza: 
An acute viral respiratory disease affecting wild birds and poultry, with zoonotic potential for human

Avian influenza transmission

https://www.creative-diagnostics.com/h5n1-antibodies-and-antigens.htm
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Outbreaks have occurred every winter since 2020 in wild bird 
and poultry.

Data source (Wild bird HPAI): National Institute of 
Wildlife Disease Control and Prevention (NIWDC)

First annual reports of HPAI (highly pathogenic avian influenza) in wild birds

INTRODUCTION
Background: HPAI Outbreaks in Korea

* 2006 Wild 
birds
(no location)
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Kang et al. (2023)

Pathway of virus introduction

• Migratory birds breeding in high-latitude re-

gions (Arctic, Eurasia, Alaska) overwinter in Ko-

rea, representing the most widely accepted 
route of HPAI virus introduction.

Lee et al. (2015)

INTRODUCTION
Background: HPAI Outbreaks in Korea

• However, the detailed transmission process re-

mains poorly understood:

• Which wild bird species are primarily re-

sponsible for introducing the virus to poul-

try 
• Whether transmission occurs directly from 

migratory wild birds to poultry, or indirectly 
via resident birds as intermediate hosts 
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Martelli et al. (2023)

McDuie et al. (2022)

Wild bird intrusion at an Italian poultry 
farm

GPS tracking of wild birds within livestock facilities in 
the US
• Previous international studies have demonstrated a direct transmission interface, documenting 

wild birds intruding into poultry farms.
• However, it remains unclear whether these patterns observed abroad apply to the situation in Ko-

rea.

INTRODUCTION
Background: Global Case Studies of Wild bird – Poultry Interac-
tions

https://www.seoul.co.kr/news/society/2024/07/29/20240729500032

Free range geese in Ger-
many

https://en.wikipedia.org/wiki/
Free_range

Poultry farm In 
Korea
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1. Estimate the mechanisms of AIV transmission from wild birds to do-

mestic 

2. Apply accelerometers to examine the behaviors in mandarin ducks

INTRODUCTION
Research Objectives

Research Objec-
tives
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Identify viral clusters indicative of wild bird-to-poultry transmission and reconstruct continuous 
phylogeography.

METHODS
Continuous Phylogeographic Reconstruction

Wild bird
Wild bird
Wild bird

Poultry (Chicken)
Poultry (Duck)

Poultry (Duck)

• Criteria for wild bird-to-poultry transmission clusters.
• Wild bird sequences must diverge earlier than poultry se-

quences, leading to at least two poultry sequences.
• Continuous phylogeographic analysis is conducted for clus-

ters with  5 viral sequences.≥
• Clusters with negative branch lengths in the common ances-

tral node were removed.

Continuous phylogeographic recon-
struction
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• Study Period: 2020.07. – 2025.06.
• Capture sites: Korea, Mongolia, and Japan
• Study Species: 25 species, 617 individuals

Bar-tailed godwit, Baikal teal, Bean goose, Black-headed gull, Cackling 
goose, Common shelduck, Eurasian coot, Eurasian spoonbill, Eurasian 

teal, Eurasian wigeon, Gadwall, Great cormorant, Hooded crane, Mal-

lard, Mandarin duck, Mongolian gull, Northern shoveler, Northern pin-

tail, Osprey, Ruddy shelduck, Spot-billed duck, Swan goose, White-
fronted goose, White-naped crane, Whooper swan

• Device: Solar-powered GPS-GSM transmitter

METHODS
Study Sites and Data Collection

Capture locations of GPS-tagged wild 
birds 

Field capture of wild birds (2024/25 
season)
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Removal of abnormal speed data
(Thompson et al., 1961; Miller et al., 2005; McDuie et al., 

2019)

Removal of data from suspected
device detachment (Sergio et al., 2018)

21

153 days

METHODS
Evaluation of Wild Bird Approaches to Poultry Farms: Filtering GPS data
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• Defining the ‘Potential Zone’ for poultry 
farms susceptible to wild birds.
• Spatial extent encompassing the active 

movement range of wild birds.

• Based on the daily movement ranges of wa-

terfowl (Anseriformes) ( Johnson et al., 2014; McDuie 

et al., 2022)

HPAI-affected poultry farms

METHODS
Evaluation of Wild Bird Approaches to Poultry Farms



HPAI-affected poultry farms

 ① HPAI in wild birds
(Carcasses, feces etc.)

 ② Wild bird ap-
proaches

(GPS data)
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METHODS
Evaluation of Wild Bird Approaches to Poultry Farms

Same geno-
type
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METHODS
Wild birds habitat use

Eliminated all movements that could potentially be 
flighted

(Miller et al., 2005; McDuie et al., 2019)

Land cover type sampled at each GPS fixes and pro-
portion of fixes per land cover type calculated per 

individual.
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METHODS
Mandarin duck with GPS and accelerometer

Video-recordings

Overall Dynamin Body accelera-
tion (ODBA)



Snake 0AB5
Prey

Open Closed

Foraging

Alert

Swimming

Terrestrial 
LocomotionMainte-

nance
FlightResting Sleep?

METHODS
Mandarin duck with GPS and accelerometer

Recording acceleration (every 1 min) + video-recording
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RESULTS
Spatiotemporal Dispersal of HPAI

Commons:Quality images/Subject/Animals/Birds/Neognathae
Commons:Featured picture candidates/File:Bubo September 2014-4a.jpg

Common patterns across clusters

• Poultry-derived viruses forming a clade 
(6/7 clusters)
• tMRCA of the poultry clade falls 

within the winter transmission sea-

son in Korea (October–February)
• Cluster tMRCA predominantly falls within 

the breeding season of wild birds (July–
September)

• Wild ducks — primarily Mandarin duck 
and Spot-billed duck — as the earliest-
detected wild bird hosts (5/7 clusters)

• Raptors were consistently detected later 
than waterfowls.
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RESULTS
Evaluation of Wild Bird Approaches to Poultry Farms

2024/2025 season Season

Same genotype 
cases 

&
Wild bird approach 

cases
2020/21 2

2021/22 5

2022/23 3

2023/24 0

2024/25 3

Of 64 GPS-tagged wild birds, 24 approached poultry farms
Same genotype cases & Wild bird approach cases: 3

Species neared poultry farm: Mandarin duck, Northern pintail, 
Mallard

• Repeated in winter season:
• Wild birds approached HPAI-outbreak poultry 

farms.
• Identical HPAI genotypes occurred in wild 

birds near the farms.

• Predominantly driven by waterfowl 
species (including Spot-billed ducks, Mallards, 
Whooper swans, Gadwalls, Northern pintails, and 
Mandarin ducks.)
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RESULTS
Evaluation of Wild Bird Approaches to Poultry Farms

Mallard
(left: female, right: 

male)

Spot-billed 
duck

Mandarin duck
(left: male, right: fe-

male)

https://commons.wikimedia.org/wiki/User:Prasan_Shrestha

Northern Pin-
tail

• When examining poultry farm approaches 
by species, Mallard, Mandarin duck, and 

Spot-billed duck were observed to ap-

proach poultry farms most frequently.
http://commons.wikimedia.org/wiki/User:Richard_Bartz

https://commons.wikimedia.org/wiki/User:Prasan_Shresta

https://commons.wikimedia.org/wiki/
User:Baresi_franco
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RESULTS
Wild Birds Habitat Use

Individuals that approached poul-
try farms

• 19 individuals (7 species) approached poultry 
farms where wild bird AIV of identical genotype 
was detected nearby

Common pattern

• Water body use significantly higher than other ter-
restrial habitats in all individuals (GLM, p < 0.05).

Species-specific patterns
• Gadwall(n=3): Water bodies (87.4 ± 12.9%), ) > 

Agricultural (8.1 ± 12.3%) ) > Other terrestrial (4.5 ± 
3.7%) — all individuals (p < 0.05).

• Mallard(n=6): Water bodies (66.0 ± 10.6%) highest 
in 5/6 individuals (p < 0.05). 

• Spot-billed duck(n=3): Water bodies (72.1 ± 8.8%) > 
Agricultural (18.0 ± 7.1%) > Other terrestrial (9.4 ± 
4.3%) > Forest (0.5 ± 0.1%) — all pairs significant (p 
< 0.05).

• Mandarin duck (n=4): Water bodies significantly 
higher than other terrestrial habitats in all individ-
uals (p < 0.05).
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RESULTS
Wild Birds Habitat Use

Mallard (n=12)
• Water bodies showed the highest use proportion 

in all 12 individuals (59.9 ± 9.3%), followed by agri-
cultural areas (22.2 ± 7.1%) and other terrestrial 
habitats (16.2 ± 8.9%) in 10/12 individuals.

• Water bodies use significantly higher than agricul-
tural areas, other terrestrial habitats, and forest in 
all individuals (GLM, all p < 0.001).

• Forest (1.7 ± 3.0%; n = 11) and saline habitats (0.1 
± 0.3%; n = 2) were rarely used

10 min interval GPS data from
Mallard and Mandarin Duck 

Mandarin duck (n=6)
• Water bodies showed the highest use proportion 

in all 6 individuals (44.2 ± 4.6%).

• Water bodies use significantly higher than agricul-
tural areas, other terrestrial habitats, and forest in 
all individuals (GLM, all p < 0.001)



RESULTS
Mandarin duck acceleration and video-recordings

Classification of behaviors 
with ODBA data

1. Immobility, 
2. Foraging and other 
movements on land/water
3. Flying



RESULTS
Mandarin duck acceleration

-- Most active at near sunrise and sunset time (with flying) 
 - Foraging and/or swimming at daytime
 - Resting at nighttime



RESULTS
Mandarin duck acceleration

-- More moving distances at daytime 
- Still, the movements are highly concentrated in their home ranges (within 0.04 km2)



RESULTS
Mandarin duck acceleration with H5 antibody

-- Individuals with H5 antibody had less home ranges both in summer and winter
- Individuals with H5 antibody had less active than others

(n=3) (n=3) 
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DISCUSSION

1.  In 6 out of 7 clusters, at least 4 poultry farms were grouped into a 
single cluster.

• This pattern indicates farm-to-farm transmission

• Transmission mediated by indirect contact through sequen-

tial visits of vehicles (feed/egg transport, manure manage-

ment, and biosecurity operations) (Yoo et al., 2021)

2. Raptors were consistently detected later than waterfowls.

• This delayed infection in raptors reflects a secondary trans-

mission route via the consumption of infected birds (Ringen-

berg et al., 2024)

Farm-to-farm transmis-
sion

U.S. Department of Health and Human Services

Raptor predation on wild 
birds

https://www.youtube.com/watch?v=jRDeI7P3Tps
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DISCUSSION

3. Every winter season, wild birds approached poultry farms.

• In particular, Mallards, Mandarin ducks, and Spot-billed ducks 
were the primary species observed approaching poultry farms, 
and are considered bridging hosts for initial viral introduction

• Mallards showed the highest HPAI detection rates during 2019–
2022 (Na et al., 2022), while Mandarin ducks are regarded as the 
index host in which the virus is first detected (Lee et al., 2011; Jeong 

et al., 2020)

• All three species are partial migrants; if the virus spreads from 
migratory to resident individuals, it could circulate domestically 
year-round

• The three species also show overlapping habitat use (Yun et al., 

2022), creating conditions that facilitate efficient viral transmis-

sion among them

Wild duck flocks using reser-
voirs

https://www.ecotiger.co.kr/news/articleView.html?idxno=5443
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DISCUSSION

Rodent entry into 
farms

(Velkers et al., 2017)

Transmission of AI via 
blowflies

(Fujita et al., 2017)

3. Every winter season, wild birds approached poultry farms.

• Tracking data show wild birds closely approaching farms with-

out direct physical contact

• Direct farm entry by wild birds were not observed (minimum 
distance: 43.95 m)

• Therefore, the virus is highly likely transmitted via indirect in-

termediate vectors (e.g., vehicles, workers, rodents, or flies) 
rather than direct interaction. (Fujita et al., 2024; So et al., 2019; Velk-

ers et al., 2017)

4. All species predominantly used water bodies.

• Water bodies used by wild birds should therefore be desig-

nated as high-risk zones and incorporated into biosecurity 
and disease prevention strategies



DISCUSSION

5. Different habitat use of mandarin ducks

• Apply their behavior ecology to prevent disease prevention

• Optimization of surveillance timing  sunrise and sunset time

• Prioritization of surveillance areas  in high-activity zones 

• Improvement of sampling design  considering their aquatic 
habitats



Thank you!

Prof. Dong-Hun Lee
Ye-ram SeoDr. Hyunjun Cho

Yoo bin Lee
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