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Research background:
Bio-logging for behavioral study
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Research background:
Bio-logging in Korea
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INTRODUCTION
Background: HPAI Outbreaks in Korea
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* Winter migratory birds are recognized as the primary reservoirs of Al.

* The highly pathogenic avian influenza (HPAI) epidemic season closely coincides with the
overwintering period of migratory birds in Korea.
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* Avian influenza:

An acute viral respiratory disease affecting wild birds and poultry, with zoonotic potential for human



INTRODUCTION
Background: HPAI Outbreaks in Korea

Data source (Wild bird HPAI): National Institute of

Wildlife Disease Control and Prevention (NIWDC)
280ct2016 21 0ct2020 26 Oct 2021 100ct 2022
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First annual reports of HPAI (highly pathogenic avian influenza) in wild birds

Outbreaks have occurred every winter since 2020 in wild bird
and poultry.



INTRODUCTION
Background: HPAI Outbreaks in Korea

Lee et al. (2015)

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.

—> 2014 Spring bird migration (Group A) .
——> 2014 Fall bird migration (Subgroup A1) S -
——> 2014 Fall bird migration (Subgroup A2) B
2014 Fall bird migration (Subgroup A3) €4
~——> Maintenance and circulation of virus ‘“ﬂ

« 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

— Spring migration G10-like viruses:
Afbreeder duck/Korea/H493/2022 (H5N1),

A/mandarin duck/Korea/WA496/2022 (H5N1)

P via resident birds as intermediate host$

A/common teal/Korea/WA537/2022 (H5N1)



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

tions
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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

Research Objectives

Research Objec-

1. Estimate the mechanisms of Aiv ctansmission from wild birds to do-

mestic
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METHODS

Continuous Phylogeographic Reconstruction

Identify viral clusters indicative of wild bird-to-poultry transmission and reconstruct continuous
phylogeography.
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Continuous phylogeographic recon-
struction

 Criteria for wild bird-to-poultry transmission clusters.

Wild bird sequences must diverge earlier than poultry se-
guences, 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.
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METHODS
Study Sites and Data Collection

* 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
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METHODS
Evaluation of Wild Bird Approaches to Poultry Farms: Filtering GPS data

3
44.4m/s > $ T
% 153 days
A B .
0 45 s «
Removal of abnormal speed data Removal of data from suspected

(Thompson et al., 1961; Miller et al., 2005; McDuie et al.,

2019) device detachment (Sergio et al., 2018)
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METHODS
Evaluation of Wild Bird Approaches to Poultry Farms

* 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)

HPAI-affected poultry farms
&)

14




METHODS
Evaluation of Wild Bird Approaches to Poultry Farms

-
R X

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

HPAI-affected poultry farms

Same geno-
type

@ Wild bird ap-

proaches
(GPS data)

15



METHODS
Wild birds habitat use

Land cover type

y ANl B S AN j Agricultural land
1_ i e ; . 4 5 - Forest

Grassland
I Usedarea
.| Wetland
B River

Riverbank

Lake
I Tidal flat

Eliminated all movements that could potentially be Land cover type sampled at each GPS fixes and pro-

flighted : :
(Miller et al., 2005: McDuie et al., 2019) portion of fixes per land cover type calculated per
individual.

16



METHODS

Mandarin duck with GPS and accelerometer

2025-08-20 0ABS Day (1).MOV

i

2025-08-21 0ABS Day (4).MP4 2025-08-21 0ABS Day (5).MP4 2025-08-21 OABS5 Day (6). MP.

Video-recordings
+
JID Transmitting time Collecting time ODBA
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-20T08:11:49.9237 2025-08-20T08:07:00Z 1270
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C -20T08:11:45.9237 2025-08-20T08:10:00Z 1240
-20T08:11:459.9237 2025-08-20T08:11:00Z 1

Overall Dynamin Body accelera-
tion (ODBA)



METHODS

Mandarin duck with GPS and accelerometer
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Recording acceleration (every 1 min) + video-recording




RESULTS
Spatiotemporal Dispersal of HPAI

A/duck/Korea/H338/2020|2020-11-26|A_/_H5NB8|EPI_ISL_985179|HA
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A/chicken/Korea/H541/2020]2020-12-29|A_/_H5N8|EPI_ISL_1009681[HA

posterior
1

A/duck/Korea/H548/2020|2020-12-30|A_/_H5NB8|EPI_ISL_100S684|HA

* Poultry-derived viruses forming a clade
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0.22
'— A/grey_heron/Korea/20wc135-1/2020]2020-12-26|A_/_H5N8|EPI_ISL_15010146|HA (6/7 CI U Ste rS)
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* tMRCA of the poultry clade falls

A/duck/Korea/H515/2020|2020-12-23|A_/_H5NB|EPI_ISL_985203|HA

within the winter transmission sea-

A/duck/Korea/H514/2020]2020-12-23|A_/_H5N8|EPI_ISL_985202|HA

A/duck/Korea/H511/2020]2020-12-22|A_/_H5N8|EPI_ISL_985201|HA

son in Korea (October-February)

_E Afduck/Korea/H439/2020|2020-12-11|A_/_HSNB|EPI_ISL_985190|HA
A

- /duck/Korea/H419/2020|2020-12-09|A_/_HSN8|EPI_ISL_985186]HA : O
* Cluster tMRCA predominantly falls within
L A/mandarin_duck/Korea/WA913/2020|2020-12-01|A_/_H5N8|EPI_ISL_1009705|HA
A/wild_duck/Korea/20w191-29/2020]2020-12-08|A_/ HSN8|HA|EPL_ISL 19010175 the breed|ng season Of W||d blrdS (JUly—
Afspot-billed_duck/Korea/WA1000/2020|2020-12-15|A_/ _H5NS|EPI_ISL_1009708[HA S
eptember)
A/duck/Korea/H411/2020]2020-12-08|A_/_H5SN8|HA|EPI_ISL_985184
A/duck/Korea/H431/2020|2020-12-10|A_/_HSNS|HA|EPI_ISL_985187 ° Wlld dUCkS — prlma rlly Manda rin dUCk
Afchicken/Korea/H525/2020|2020-12-25|A_/_H5N8|EPI_ISL_985206|HA . ]
and Spot-billed duck — as the earliest-
Afbean_goose/Korea/20WC003/2021|2021-01-03|A_/_HSN8|EPI_ISL_19010217|HA j
Afduck/Korea/H025/2021|2021-01-09|A_/_H5N8|EPI_ISL_1009694|HA detected Wlld b|rd hOStS (5/7 ClusterS)
Afeurasian_eagle_owl/Korea/20wc170-1/2020|2020-12-29]A_/ H5N8|EPL ISL_13010215|HA .
* Raptors were consistently detected later
- A/white-fronted_goose/Korea/20we79-1/2020]2020-12-16|A_/_HSNS|EPI_ISL_19010178|HA
— A/eurasian_spoonbill/Korea/20wc99-1/2020|2020-12-20|A_/_H5NS|EPI_ISL_19010181|HA tha N Wate rfOWIS
| ] ] | |
Oct Nov Dec Jan i

2020 2020 2020 2021



RESULTS

Evaluation of Wild Bird Approaches to Poultry Farms Same genotype
cases
2024/2025 season &
g . . oz = Wild bird approach
. 2020/21 2
< 2021/22 5
lﬁ 2022/23 3
o Chicken /24G1 /27 Dec 2024 ‘
+ Domestic duck / 24G1)/ 24 Jan 2025 2023/24 O
Ch|cken/24G1/4Feb2025 4 o 2024/25 3

2024/25 season \ | Spotbilled duckor Manard /24G1/ Feces /.3 Dec 2024

HPAI outbreak sites (H5N1)

* Repeated in winter season:

o= Poultry HPAI
—*W“‘fb‘“’“"“‘ * Wild birds approached HPAI-outbreak poultry
SR farms.
i R B ol - Identical HPAI genotypes occurred in wild
o (I : S L S L e birds near the farms.
Of 64 GPS-tagged wild birds, 24 approached poultry farms * Predominantly driven by waterfowl
Same genotype cases & Wild bird approach cases: 3 species (including Spot-billed ducks, Mallards,
Species neared poultry farm: Mandarin duck, Northern pintail, Whooper swans, Gadwalls, Northern pintails, and
Mallard ' ' '

Mandarin ducks.) 20



Frequency

RESULTS
Evaluation of Wild Bird Approaches to Poultry Farms

* When examining poultry farm approaches

by species, Mallard, Mandarin duck, and

. Not near . Near poultry farm

Spot-billed duck were observed to ap-

150

=136 oroach poultry farms most frequently.

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

)

User:Baresi_franco

Mallard Mandarin duck

(left: female, right: (left: male, right: fe-

mAala) IR R

Species




RESULTS
Wild Birds Habitat Use

* 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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duck
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gull

Pintail

Spot-billed
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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
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)

Mallard  7=004%)

Mandarin Duck

n=11428)

n=15340)

n =14828)

n=10572)

n=15692)

n=170762)

n = 80882)

Oc8a

0c86
=260619)
0c84

Oc81
=17956)
0c80

Oafd
Oabd

Oaa7
=23916)
Oaa2
=13300)
Oaba

0a68
=27823)

0a50
=28554)

Oc8f
=29814)
0c8b
=30919)
Océa

Oabc
=34319)
Oabhb

Qab7

=30246)
25% 50% 75%
Proportion of time spent in land cover (%)

Land Cover Type
B River M Lake
Grass Riverbank

Wetland M Tidal flat
M Forest

Seawater Agricultural land

Barren I Used area

10 min interval GPS data from
Mallard and Mandarin Duck
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RESULTS

Mandarin duck acceleration and video-recordings

Frequency

Threshold
0.0349 ¢

Observed data (7 individuals)
Inactive

Active

GMM Total Fit

\

Immobility

-4

Limping

-3

~2

Log ODBA (g)

Swimming

Maintenance

9

Behavior (2 individuals)

Immobility

Limping

Swimming
Maintenance

Foraging and exploring
Flying

Foraging and exploring

O -

Classification of behaviors
with ODBA data

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

3. Flying



RESULTS

Mandarin duck acceleration

Overall Dynamic Body Acceleration

ODBA for Mandarin Duck
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- Most active at near sunrise and sunset time (with flying)
- Foraging and/or swimming at daytime

- Resting at nighttime




RESULTS

Mandarin duck acceleration

0.34

=
]
h

Activity level (ODBA)

e
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Hour of Day

- More moving distances at daytime

- Still, the movements are highly concentrated in their home ranges (within 0.04 km?)



RESULTS

Mandarin duck acceleration with H5 antibody

Estimated Home Range (km?)

500 A

400 1

300 1

200 1

100 1

Effect of H5 Antibody & Season on Home Range

*%

*k*

I

==

*k%

H5 Antibody

D negative
. positive

_

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

- Individuals with H5 antibody had less active than others

Wint;er[ng

Season

Summering

Predicted ODBA (Estimated Marginal Means)

15001

1000 1

500+

| t
(n=3) (n=3)
negétive positive

Antibody Status



I 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- sion

ment, and biosecurity operations)
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

Raptor predation on wild
birds

28



I 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 while Mandarin ducks are regarded as the

index host in which the virus is first detected

Wild duck flocks using reser-
* All three species are partial migrants; if the virus spreads from voirs

migratory to resident individuals, it could circulate domestically

year-round

* The three species also show overlapping habitat use

29
creating conditions that facilitate efficient viral transmis-



I DISCUSSION

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- ROder}gf;tsry Into

termediate vectors (e.q., vehicles, workers, rodents, or flies)

Infected Blowfly carrying Infected
wild bird bird flu virus poultry

rather than direct interaction. - P o f‘..
2 .
: : : el Gt e e
4. All species predominantly used water bodies. e B
Source: Kyushu University
- Water bodies used by wild birds should therefore be desig- Transrg'lsfv'&ﬂe‘;ml vid

nated as high-risk zones and incorporated into biosecurity 30



I 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
hab|tats 2. Optimize surveillance
of key species timing and space

|/, [Resi (i) -~
W Y -~
S i Jg 4#! Peak activity: sunrise / sunset

4. Apply to wild bird-poultry

3. Improve sampling design interface management

_———-——

e o ;
Winter aggregation may Prioritize overlap areas
" increase contact rates

near poultry farms




Thank you!

TToLiAIE Y

SEOMFEEY 2|

Prof. Dong-Hun Lee
Ye-ram Seo

Dr. Hyunjun Cho

Yoo bin Lee



	Slide 1
	Research background: Bio-logging for behavioral study
	Research background: Bio-logging in Antarctica
	Research background: Bio-logging in Korea
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32

