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ABSTRACT 

 

 

Behavioral Ecology and Efficient Vaccine 

Application for Wildlife Management  

 

 

Hyun-Kyu Cho 

 

 

Wildlife Medicine & Ecology 

Department of Veterinary Medicine 

The Graduate School 

Seoul National University 

 

 

One Health has become an important concept in recent years, with 

the goal of achieving integrated health outcomes and sustainable 

conservation considering humans, animals, and ecosystems. A 

comprehensive framework based on animal ecology disease, and species 

conservation is necessary for understanding the mutual balance between 

humans and animals. In this study, field vaccinations against rabies and 

low pathogenic avian influenza (LPAI) in the Republic of Korea, as well 

as anti-predator behavior by plovers in breeding grounds were evaluated 

from veterinary and ecological perspectives. 
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Firstly, animal behavior is the result of genes and environmental 

factors. It is most important factor in the wildlife conservation and 

management of populations, because it represents a key characteristic of 

animals. Animals exhibit a variety of anti-predator behaviors to enhance 

survival and breeding success. Plovers (Charadrius spp.) exhibit unique 

anti-predator behavior when breeding by attracting intruders, using a 

broken-wing distraction display. However, feigning injury is not 

considered adaptive through natural selection because it encourages 

predators to attack in response to a weakness display. Furthermore, the 

effectiveness of this strategy should decline as predators learn and adjust 

their response over time. Thus, the first study investigated stages of anti-

predator behavior and defensive strategy by Little ringed plover 

(Charadrius dubius) and Long-billed plover (Charadrius placidus) that 

bred along streams and rivers in the Republic of Korea.  

Seven stages of anti-predator behavior that were common to plovers: 

displacement, normal step, head bobbing, crouch run, threat display, 

distraction display, and flying away. The threat display and distraction 

display were exhibited at a similar stage in both species, with the level of 

defensive instinct increasing as the stages escalated. In particular, the 

threat display was dominant when Japanese quail (Coturnix japonica), 

i.e., a beatable intruder, approached, whereas the distraction display was 

used to a lesser extent. In contrast, minimal threat display and no 

distraction display were used when the Common kestrel (Falco 
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tinnunculus), i.e., an unbeatable intruder, approached. The later period of 

incubation, it was increasingly used with the threat display and 

distraction display as the investment cost in breeding increased over time. 

Therefore, the stepwise anti-predator behavioral strategy and broken-

wing distraction display by plovers are selective defensive behavior used 

as an extreme warning signal to defeat intruders and overcome weakness 

of the open nest, rather than attract predators.  

Secondly, the field distribution of the oral rabies vaccine (ORV) is 

effective in controlling the spread of rabies. In the Republic of Korea, 

although ORVs have been distributed since 2001, research on efficient 

distribution methods for the vaccine is insufficient for devising an 

informed strategy. Thus, the second study aimed to investigate efficient 

distribution locations based on the environment, contact rate, and 

consumption by target wildlife species in the Republic of Korea. The 

target species (Korean raccoon dogs, domestic dogs, and feral cats) 

accounted for 945 contacts (52.2 %), in total 1,808 contacts. Raccoon 

dogs (Nyctereutes procyonoides), a main reservoir of rabies in the 

Republic of Korea, had the highest contact rate (34.1 %) among all 

species. The contact rate by target species was highest at riparian sites 

and bushy mountainous vegetation, where raccoon dogs are abundant. 

Vaccines at 94.4 % of the distribution points were completely consumed 

within two weeks. The mean consumption rate was 95.2 ± 1.93 % during 
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the overall study period. These findings suggest that the oral rabies 

vaccine attracts wildlife including domestic dogs and feral cats. 

Therefore, low sections of mountainous areas with bushy vegetation 

and/or neighboring riparian areas are rich in target wildlife species 

(especially raccoon dogs) and are efficient locations for vaccine 

distribution to control rabies in the Republic of Korea.  

Lastly, vaccination represents a practical tool for the control of 

wildlife-borne infectious diseases. The Korean government has 

permitted the use of a single, inactivated vaccine strain to control H9N2 

LPAI outbreaks, since 2007. However, overview of sales volume during 

whole vaccination periods, immunogenicity of commercial vaccines and 

variation of infection in field have not been identified yet. Thus, the last 

study was conducted to monitor sales activity and immunogenicity of 

commercial H9N2 avian influenza vaccines produced in the Republic of 

Korea from 2007 to 2017.  

Recorded sales of H9N2 vaccine were around 671 million doses, 

with 10 million doses sold in 2007, rising to a peak of 93 million doses 

in 2016. Multivalent combined vaccines made up around 90 % of all 

vaccine sales, and around 30 % of all vaccines were distributed by 

regional governments for free. The regional vaccination rate was the 

highest in Gyeonggi and Chungnam, respectively with proportional to 

the population of layer and breeder chickens. There have been no cases 
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of field infection since 2009. The mean antibody titer was 5.82 log2 

across the study period. Implementation of the H9N2 vaccination has 

been successful and reduced the outbreaks of disease in Korea. However, 

the current vaccine strain used in Korea have shown a difference in 

genetic homogeneity with recently isolated viruses, suggesting that 

continuous genetic monitoring of H9N2 viruses circulating in the field 

and updating the vaccine seed strain periodically are necessary. 

These results suggest that the unique defensive behaviors of plovers 

indicate instinct for survival, rather than attract predators. Behavioral 

strategies of wildlife should inform strategies to minimize human 

disturbance for species conservation. Additionally, although field 

vaccination has effectively reduced outbreaks of wildlife-borne diseases, 

the continuous development of vaccines and efficient vaccination 

methods are needed. Combined, these analyses emphasize the 

importance of integrative studies in the areas of animal ecology and 

disease, including behavioral studies, thereby contributing to disease 

management and wildlife conservation from the One Health perspective.  

 

Keywords: defensive behavior, rabies, avian influenza, vaccine, plover, 

raccoon dog, wildlife 

 

Student Number: 2013-31128 
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GENERAL INTRODUCTION 

 

The concept of One Health 

One Health is a collaborative, multisectoral, and transdisciplinary 

approach with the goal of achieving optimal health outcomes 

recognizing the connections among humans, animals, plants, and the  

environment (Centers for Disease Control and Prevention, 2020). Efforts 

by a single sector cannot prevent or eliminate issues related to human, 

animal health and ecosystems. For instance, rabies in humans is 

effectively prevented only by targeting the animal source of the virus 

(for example, by vaccinating dogs). Information on influenza viruses 

circulating in animals is crucial for the selection of viruses for human 

vaccines to prevent pandemics. Thus, a well-coordinated approach 

considering humans and other animals is required to effectively achieve 

outcomes (World Health Organization, 2017).  

This concept has become increasingly important, with a growing 

emphasis on the need for environmental and wildlife research throughout 

the late 20th and early 21st centuries (Woods and Bresalier, 2014). In 

this regard, comprehensive studies in the areas of animal ecology and 

disease as well as species conservation are essential to maintain a 

healthy balance between animals and humans in the ecosystem. 
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Animal behavior and defensive strategies 

Behavior is the result of both genes and environmental factors 

(Campbell et al., 2006). Studies of animal behavior, a key characteristic 

of animal biology, have been effectively applied to wildlife conservation 

and the management of populations. Understanding the behavior of 

individuals and strategies adopted to maximize fitness has important 

implications when animal behavior is linked to conservation problems in 

habitats altered by humans (Festa-Bianchet and Apollonio, 2003). 

Animals exhibit a variety of defensive strategies for survival. 

Animal behavior is shaped by natural selection (Darwin, 1859) and 

varies among species and contexts. Many animals exhibit unique 

responses to predators (Liesenjohann and Eccard, 2008), and predation 

represents a key driver of the evolution of form and behavioral traits 

(Lima and Dill, 1990). Predator-prey interactions thereby shape the 

characteristics and behaviors of animal populations, with survival and 

persistence arising from different forms of defense.  

Among birds, plovers exhibit a particularly complex defensive 

strategy in which they utilize an unusual broken-wing display as a 

distraction, with the aim of protecting offspring from predators (Figure 1 

and 2). However, it is not clear whether the broken-wing is intentionally 

feigned (Friedmann, 1934; Jourdain, 1936) because this behavioral 

strategy is risky. If the broken-wing act is intentional exhibition of an 

injury, this would increase the chance predation by drawing attention to a 
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weakness (Jordan, 2005). Accordingly, feigning injury contradicts the 

basic survival instinct of wild animals, and comprehensive ecological 

and conservation studies are necessary to understand this strategy.  

 

Zoonotic diseases and public health 

A zoonosis is an infectious disease caused by various sources, such 

as a virus, bacterium, parasite, and fungi for which wildlife are an 

important source of transmission to humans (Kruse et al., 2004). Wildlife 

reservoirs represent a major public health concern; for example, they 

contribute to the spread of rabies, avian influenza, brucellosis, 

leptospirosis, swine influenza, smallpox, and West Nile fever. In addition 

to the ecological implications of zoonotic pathogens in wildlife, they 

pose threats to the health of humans, domestic animals, and some 

endangered species. Moreover, more than two-thirds of emerging or re-

emerging infectious diseases are thought to originate in wildlife 

(Mathews, 2009). The roles of wildlife diseases in both wildlife 

conservation and public health have been a focus of recent research. The 

increasing overlap among wildlife, livestock, and humans increases the 

risk for the spread of disease (Lanfranchi et al., 2003). 
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Rabies and avian influenza  

Rabies is an acute, viral encephalomyelitis unique to mammals, and 

it remains an important public health and wildlife management concern 

worldwide (Meslin et al., 1994). It is caused by viruses belonging to the 

genus Lyssavirus in the family Rhabdoviridae (Wunner et al., 1988). 

Rabies is one of the oldest known infectious zoonotic diseases in the 

world, and it is mostly maintained by dogs and terrestrial mammalian 

carnivores (Cleaveland et al., 2003; Slate and Rupprecht, 2012), 

particularly raccoons, skunks, foxes, and coyotes in North America, and 

foxes and bats in Europe (Robardet et al., 2012; Rosatte et al., 2009; 

Schatz et al., 2013; Slate et al., 2009). The movement of infected 

wildlife and domestic animals is an important factor in the distribution of 

rabies (Kruse et al., 2004). The mammalian hosts differ among regions 

and the viruses are distributed on all continents except Antarctica (Figure 

3). The dog is the major reservoir and vector accounting for the majority 

of the roughly 35,000 human deaths each year (Fekadu, 1993; Rupprecht 

et al., 2002).  

Avian influenza (AI) viruses are negative-sense, segmented, 

ribonucleic acid viruses in the family Orthomyxoviridae. This family 

includes several segmented viruses, including Type A, B, and C 

influenza viruses. Type A influenza viruses, which include all AI viruses, 

can infect a wide variety of animals, including wild ducks, chickens, 
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turkeys, pigs, horses, mink, seals and humans (Swayne and Suarez, 

2000). Avian influenza viruses infecting poultry can be divided into two 

distinct groups on the basis of their ability to cause disease. Highly 

pathogenic avian influenza (HPAI) is an extremely contagious, multi-

organ systemic disease of poultry. HPAI may result in flock mortality as 

high as 100 %. These viruses have been restricted to subtypes H5 and H7, 

although not all viruses of these subtypes cause HPAI. Low pathogenic 

avian influenza (LPAI) viruses cause a much milder disease consisting 

primarily of mild respiratory disease, depression and egg production 

problems in laying birds (Swayne and Suarez, 2000; Capua and 

Alexander, 2004). 

The most widely quoted date for the first record of avian influenza 

is 1878, when researchers first differentiated a disease in poultry from 

other diseases with high mortality rates. The role of wild birds has been 

extensively debated; however, it is likely that both wild birds and 

domestic poultry are responsible for the spread of avian influenza 

(Alexander and Brown, 2009). Its natural host range includes wild ducks, 

gulls, and shorebirds (Suarez and Schultz-Cherry, 2000). Waterfowl and 

shorebirds appear to be natural reservoirs of LPAI and carry all known 

avian influenza subtypes (Siembieda et al., 2011). In addition, long-

distance migratory birds play a major role in the global spread of avian 

influenza viruses (The Global Consortium for H5N8 and Related 

Influenza Viruses, 2016) (Figure 4). 



6 

 

Disease management and wildlife conservation  

Vaccination represents a practical tool for the control of wildlife-

borne infectious diseases that represent a threat to public health and 

livestock production (Cross et al., 2007). The oral rabies vaccine (ORV) 

is a good example of the benefits of this approach; since the first field 

trial in the 1970s, ORV has effectively controlled and eliminated rabies 

in wildlife worldwide (Müller and Freuling, 2020). By contrast, avian 

influenza vaccines are not often used. Vaccination against HPAI is still a 

controversial topic. For LPAI, an oil-based inactivated H9N2 vaccine has 

been used in poultry for the prevention of H9N2 infection in several 

countries, including the Republic of Korea (Lee and Song, 2013; Wu et 

al., 2008). 

Continued research and efficient vaccine development are needed to 

better understand the epidemiology of various zoonoses and to improve 

disease management (Kruse et al., 2004). In the Republic of Korea, 

vaccinations against rabies and LPAI have been conducted since 2001 

and 2007, respectively; however, evaluations of vaccination in the field 

are insufficient. Therefore, the aims of the present study were to perform 

field evaluations of vaccination for rabies and LPAI in the Republic of 

Korea, and to investigate behavioral strategies for survival in the natural 

environment by plovers. These findings are expected to improve basic 

understanding of field vaccination strategies for wildlife-borne diseases 
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as well as animal behaviors, thereby contributing to disease management 

and wildlife conservation from the One Health perspective. 
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Figure 1. Reactions of incubating Lesser golden-plover (Pluvialis 

dominica dominica) to a human approaching nests (Byrkjedal, 1989). 

Plovers exhibit a particularly complex defensive strategy in which they 

utilize an unusual broken-wing display as a distraction, with the aim of 

protecting offspring from predators. 
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Figure 2. Mobile lure-display with wings beating ground by Kentish 

plover (Charadrius alexandrines) (Simmons, 1951). Plovers exhibit a 

particularly complex defensive strategy in which they utilize an unusual 

broken-wing display as a distraction, with the aim of protecting offspring 

from predators.  
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Figure 3. Global distribution of mammalian rabies reservoirs and vectors (Rupprecht et al., 2002). The mammalian hosts 

differ among regions and the viruses are distributed on all continents except Antarctica. 
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Figure 4. Overview of possible migration routes of long-distance 

migratory wild water birds with clade 2.3.4.4. HPAIV H5Nx in 2014 

and early 2015 (The Global Consortium for H5N8 and Related 

Influenza Viruses, 2016). Long-distance migratory birds play a major 

role in the global spread of avian influenza viruses. 
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CHAPTER I 

 

 

Stages of anti-predator behavior by plover during 

breeding and the purpose of the distraction display 

 

 

Abstract 

 

Animals exhibit a variety of anti-predator behaviors to enhance 

survival and breeding success. Plovers (Charadrius spp.) exhibit unique 

anti-predator behavior when breeding by attracting intruders using a 

broken-wing display. However, feigning injury is not considered 

adaptive through natural selection because it encourages predators to 

attack in response to a weakness display. Furthermore, from an 

evolutionary perspective, the effectiveness of this strategy should decline 

as predators learn and adjust their response over time. Therefore, the 

current study investigated whether the broken-wing display is used as a 

warning behavior for intruders, rather than to feign injury. Little ringed 

plover (Charadrius dubius) and Long-billed plover (Charadrius placidus) 

that bred along 7 streams and rivers in the Republic of Korea during 
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2014-2017 were investigated. Each stage of anti-predator behavior was 

characterized, and the behavior changes with intruder type and the stage 

of egg incubation were identified.  

Seven stages of anti-predator behavior were identified that were 

common to both species: displacement, normal step, head bobbing, 

crouch run, threat display, distraction display, and flying away. The 

threat display and distraction display were exhibited at a similar stage in 

both species, with the level of defensive instinct increasing as the stages 

escalated. In particular, the threat display as dominant when Japanese 

quail, i.e., a beatable intruder, approached, whereas the distraction 

display was used to a lesser extent. In contrast, minimal threat display 

and no distraction display were used when Common kestrel, i.e., an 

unbeatable intruder, approached. Therefore, the distraction display 

represents a selective warning behavior for intruders and is used for a 

similar purpose as the threat display. During the early period of 

incubation, the distraction display was not used, but towards the later 

period of incubation, it was increasingly used with the threat display as 

the investment cost in breeding increased over time.  

In conclusion, the broken-wing display is an extreme type of 

defensive behavior used as an extreme warning signal to defeat intruders, 

rather than attract them. 

 



14 

 

Keywords: anti-predator behavior, defensive strategy, distraction display, 

broken-wing act, feigning injury, plover, animal behavior 
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Introduction 

 

Anti-predator behavior 

Wild animals exhibit a variety of anti-predator strategies to survive 

in the natural environment. Caro (2005) stated that anti-predator 

behavior is a “stage-specific response” to adaptation through predator-

prey interactions, with defensive ability being fundamental to survival. 

In particular, protecting offspring from predators is the most important 

factor in guaranteeing the persistence of species (Gochfeld, 1984). 

Thus, "anti-predator defense" requires the evolution of adequate 

behavioral and body form characteristics to avoid predators (Caro, 2005). 

Therefore, prey animals reduce the probability of being depredated 

through investing in behavioral modifications and morphological 

defenses (Sih, 1987; Mikolajewski and Johansson, 2004; Wishingrad et 

al., 2015). The best defense strategy is associated with the effectiveness 

of the defense against predation risk (Steiner and Pfeiffer, 2007). 

 

Disturbance in habitat 

A wide variety of predators exists in the natural world; however, 

humans are also perceived as predators to animals, with human 

intrusions representing a major threat to many species (Buick and Paton, 

1989; Fox and Madsen, 1997; Frid and Dill, 2002; Weston et al., 2012). 

In particular, human intrusions reduce the reproductive success of many 

javascript:;
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species (Davidson and Rothwell, 1993; Giese, 1996; Carney and Sydem, 

1999; Beale and Monaghan, 2004). Regardless of human intentions, wild 

animals develop defensive behaviors when approached by humans. 

Under such circumstances, animals adopt an "alert distance" 

(Blumstein et al., 2005) to observe the intruding human when the human 

remains at a safe distance beyond the reach of the "buffer distance" (Dill, 

1990; Fernández-Juricic et al., 2002). However, animals have a "flight 

distance" (Altmann, 1958) and ‘‘flight initiation distance” (Hediger, 

1934; Stankowich and Blumstein, 2005) at which they run away if 

humans approach too close. This behavior reflects the situation of being 

approached by predators as a result of predator-prey interactions 

(Ydenberg and Dill, 1986; Møller, 2008). 

 

Distraction display by plovers 

Usually, animals continue searching for threats or maintain the 

activity they are engaged in when intruders enter the alert distance 

(Ydenberg and Dill, 1986; Caro, 2005). When intruders are too close, 

animals respond with various actions, or directly attack intruders in 

serious situations (Kis et al., 2000). This response might involve a 

threatening display, such as alarm calls or shaking of the body 

(Byrkjedal, 1987; Yalden and Yalden, 1989; Davis, 1994; Griesser, 2013). 

Animals also respond with distraction displays that divert the attention 

of intruders. Armstrong (1954) suggested that distraction displays are 
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used to prevent intruders from depredating nests or offspring, which is 

different from normal displacement activities.  

Plovers (Charadrius spp.) exhibit cryptic behaviors, such as the 

"broken-wing act" (Deane, 1944), whereby individuals at the breeding 

ground flap their wings and make alarm calls or seem to have broken 

wings when intruders approach the nest or chicks. By mimicking a 

disability or injury, the parent indicates that it is an easier prey for the 

predator (Armstrong, 1949; Barash, 1975; Yosef, 1994). This act is 

regularly used as a useful defensive behavior by many ground-nesting 

birds (Deane, 1944). 

Armstrong (1952) observed that Little ringed plover (Charadrius 

dubius) and Kentish plover (Charadrius alexandrines) exhibit three 

main responses to intruders: crouch running, squatting, and injury 

simulation. In contrast, Walters (1990) recorded four responses by 

Lapwing (Vanellus vanellus): alarm calls, distraction display, aggressive 

display, and fleeing. Byrkjedal (1987) recorded sneaking away and 

distraction displays by Eurasian dotterel (Charadrius morinellus). Cairns 

(1982) recorded squatting, false brooding, high-tailed running, crouch 

running, and feigning of injury Piping plover (Charadrius melodus). 

Byrkjedal (1989) also suggested that the Golden plover (Pluvialis fulva) 

sometimes performs a "broken wing" distraction display when an 

intruder approaches the nest. Thus, the distraction display is a behavior 
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that is observed when an intruder approaches a wader (Yasue and 

Dearden, 2006), and is a unique behavior to plover. 

 

Reconsideration of feigning injury 

Previous studies suggested that during the broken-wing act, the 

animal is unable to control movement temporarily when there is a 

conflict between the parental instinct and the preservation instinct, i.e. a 

conflict between fear and reproductive preservation (Friedmann, 1934; 

Simmons, 1955; Armstrong, 1956). Hart (1988) suggested that wild 

animals conceal vulnerability and weakness under natural conditions, 

due to the high risk of attack from predators. Thus, they instinctively 

hide weakness and symptoms of weakness (Jordan, 2005; Haustein et al., 

2008; Marks, 2009). Lind and Cresswell (2005) observed that predator 

avoidance increases the probability of survival, which also increases the 

probability that offspring survive.  

If the broken-wing act amounts to intentional exhibition of an injury, 

this would increase the chance of the bird being depredated, because it 

highlights a weakness (Jordan, 2005). Consequently, under this scenario, 

the survival of offspring is not guaranteed, and such behavior would not 

be compatible with natural selection, the survival of the fittest theory. It 

also indicates significant creativity and a high level of intelligence, 

rather than instinctive behavior via genetic programs.  

javascript:;
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In addition, if feigning injury behavior is effective at attracting 

predators, it would have resulted in continuous attacks from various 

predators, leading to extinction from natural selection over time (Darwin, 

1859). Alternatively, if the animals survived, it would eventually lead to 

a survival strategy involving the disappearance of the feigning injury 

behavior. Andersson (1980) reported that if reliability is reduced by 

adapting to a given response, the efficiency of the existing responses 

decreases until the new reaction occurs. If the predator could not 

continue to catch the plover in response to feigning injury, the predator 

would no longer be lured away from the plover. As a result, the plover 

should generate a new defensive behavior. Thus, the retention of the 

broken-wing act suggests that it might represent a defensive behavior 

intended to serve as a basic form of intruder warning, rather than 

feigning injury.  

Therefore, the current study aimed to determine whether the 

behavioral and evolutionary purpose of the broken-wing act is to warn 

intruders, rather than to feign injury. The stages of anti-predator behavior, 

along with identifying differences in behavior in response to different 

types of intruders and over different periods of egg incubation were 

characterized to achieve this objective. These findings are expected to 

help advance the study of defensive behavior in the study of wild 

animals from an evolutionary perspective. 

 



20 

 

Materials and methods 

 

Study period and site description 

The study was conducted during the incubation period of two 

species of plover, which occurred before the rainy period between April 

and June (Graul, 1975) from 2014 to 2017. All experiments were 

performed between 09:00 and 19:00.  

Breeding individuals of Little ringed plover were monitored at 4 

locations: Tancheon Stream (Gangnam-gu, Seoul, 37.4902°N, 

127.1073°E), Anyangcheon Stream (Anyang, Gyeonggi-do, 37.4105°N, 

126.8913°E), Yudeungcheon Stream (Geumsan, Chungcheongnam-do, 

36.2138°N, 127.3802°E), and Geumgang River (Geumnam-myoen, 

Sejong, 36.5171°N, 127.3509°E). Breeding individuals of Long-billed 

Plover (Charadrius placidus) were monitored at 3 locations: Geumgang 

River (Bugang-myeon, Sejong, 36.4907°N, 127.3649°E), Gapcheon 

Stream (Seo-gu, Daejeon, 36.2298°N, 127.3032°E), and Daejeoncheon 

Stream (Dong-gu, Daejeon, 36.2493°N, 127.4791°E) (Table 1 and 

Figure 5).  

All breeding sites were riparian areas that were composed of 

shingle, sand, and gravel, with flat ground and poor vegetation cover 

(Parrinder, 1984; Page et al., 1985; Fojt et al., 2000; Whittingham et al., 

2002). A global positioning system (GPS) receiver (GPSmap 60CS, 

Garmin Inc., Kansas City, Missouri, USA) and mapping software 
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(Google Earth Pro, Google Inc., Mountain View, California) were used 

to record the geographical coordinates of the field sites. 

 

Characterizing the stages of anti-predator behavior 

The different stages of anti-predator behavior by the Little ringed 

plover and Long-billed plover at the breeding ground were directly 

observed and recorded. Visual observations were made using 2 types of 

binoculars (SLC 10 x 50 WB, Swarovski optic, Absam, Tyrol, Austria; 

Sea-wolf 7x50, Swift sport optic, Wheat ridge, Colorado, USA).  

Firstly, direct approaching to the brooding nest using normal steps 

and chasing the plover were performed. Plovers were observed from the 

point at which the first displacement movement occurred up to the end of 

their defensive behavior. Subsequently, the stages of the defensive 

behavior were established to analyze each characteristic. Two digital 

single lens reflex (DSLR) cameras (D300s, AF-I NIKKOR 300mm, 

Nikon Corp., Tokyo, Japan; EOS 6D, EF 600mm F4 L IS USM, Canon 

Corp., Tokyo, Japan) were used to photograph behavior. Image capture 

software (ALCapture, ESTsoft Corp., Seoul, Korea) was used to edit and 

analyze the images. 
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Measurement of flight distance and buffer distance 

The approach distance at which plover initiate flight was measured. 

This behavior is the first type of escape movement. The buffer distance 

was calculated by having a single person directly approach the breeding 

ground. Measurements were taken based on the ‘starting distance’ which 

was the distance from where the approach was started, because it is 

difficult to identify the point of the alert distance at which wild animals 

begin to watch an intruder (Blumstein, 2010). The starting distance was 

set at 100 m, with measurements being performed 30 times for each 

species at all survey sites. All approaches were performed using normal 

steps (approximately 1.11 m/s) (Glover et al., 2011; Guay et al., 2013).  

The distance from the nest was measured at the point of 

displacement from the nest or the onset of the first movement by parent 

birds, with the alarm call. Paint (Markus Pro, Monami Co. LTD, Yongin, 

Korea) was used to mark the stones located on the ground at the end of 

the experimenter’s toe. Then, a laser range finder (LASER 800S, Nikon 

Vision CO., LTD., Tokyo, Japan) was used to make the first approximate 

measurement. A fiberglass measuring tape (NEO KMC-330, 

KOMELON Corp. Busan, Korea) was then used to validate this 

measurement. 
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Incidence of anti-predator behavior by intruder type 

The frequency of each stage of defensive behavior was analyzed by 

making artificially approaches by different intruders entering the flight 

distance, beyond the buffer distance, based on the locations of the plover 

nests (Figure 6). The intruders were captive species, separated into 2 

categories based on their threat level.  

Intruders that may be defeated by plover were Japanese quail 

(Coturnix japonica) aged between 20 and 30 days. These intruders are 

widely observed in Korea (Lee et al., 2020), and in plover they induce 

“fear and avoidance behavior” during the chick-rearing period (Mills et 

al., 1997). Intruders that plover cannot defeat include the Common 

kestrel (Falco tinnunculus), which is a commonly found predatory bird 

in Korea (Lee et al., 2020). This species exhibits high-intensity hunting 

behavior in the riparian areas (Won, 1996; Won et al., 2016).  

To prevent the plover from adjusting to repetitive stimuli, the 

approach of the intruders was performed alternately at the sites used by 

the 2 plover species. The intruders approached twice a day at 1–2-day 

intervals. In total, 30 intruder events were conducted for each species. A 

fluorocarbon line (VANISH, Berkley, Pure Fishing, Iowa, USA) was 

linked to the intruder’s ankle to prevent it from breaking away and 

inducing movement. Once released, the kestrel directly approached the 

flight distance of the plover. A spinning reel (Aernos XT 1000S, 
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Shimano Inc., Sakai, Osaka, Japan) was used to make the quail approach 

the nest. 

 

Incidence of anti-predator behavior during the incubation period 

During the incubation period, the frequency of each stage of 

defensive behavior was analyzed over a 5 week period, i.e., for 4 weeks 

of incubation and one week after hatching. Plover eggs incubate for 28–

29 days before hatching; thus, the incubation period was separated into 3 

stages: (1) early incubation stage (week 1–2), middle incubation stage 

(week 3), and late incubation stage (week 4) (Graul, 1975; Cairns, 1982; 

Davis, 1994).  

From the beginning of incubation, the nests were directly 

approached 30 times a week (i.e. at 20 to 30 min intervals, 5 times a day 

for 6 days per week). Through the direct observation and the use of 

binoculars, the response behaviors and stage of defense were recorded in 

a one-time approach from the point of the first parent bird’s 

displacement to the point where the defense was terminated. One or 

more of the actions at a given stage was included in the behavior for the 

corresponding stage of action. 
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Statistical analysis 

IBM SPSS version 22.0 (IBM Corp., Armonk, New York, USA) 

was used to analyze the significance of (1) differences in the stages of 

defensive behavior in relation to the 2 types of intruders, and (2) 

differences in the timing of use of the threat display and distraction 

display in relation to the incubation period. To measure correlations, 

cross tabulation analyses (chi-squared test and Fisher’s exact test) were 

used. In all analyses a probability value less than 0.05 was considered 

statistically significant (P < 0.05). 
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Results 

 

Characteristics of the stages of anti-predator behavior 

Little ringed plover and Long-billed plover exhibited 7 stages of 

defensive anti-predator behavior (Table 2 and Figure 7~12). Stage 1 was 

characterized as when the intruder approached the nest, and the plover 

began to move slowly away from the nest (displacement). No audible 

alarm call was made at this stage.  

Stage 2 was identified as normal stepping and light flight for a short 

duration just to maintain distance from the intruder. These actions were 

characterized by the plover maintaining a constant gap from intruders, 

leading to the intruder and plover constantly circling the surrounding 

area; thus, these 2 actions were included in the same stage. If the intruder 

stopped approaching, the plover stopped moving farther away from the 

nest. If the intruder stayed close to the nest, the plover remained close to 

the nest, keeping a set distance from the intruder. During this stage, 

activities of "moving-stop-intruder observation" were continuously 

repeated. In parallel, the spouse that stayed close to the nest also became 

involved in defense behavior at this stage. The spouse was alert, and 

responded to potential intruders by flying near the nest and making 

alarm calls to potential intruders. If it was difficult for the plover to 

maintain the gap with the intruder due to obstructions (such as water and 
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rocks), light flight was performed. This stage was the most frequent 

defensive behavior in both species, at all stages of breeding and 

incubation. The normal alarm call was made at this stage.  

Stage 3 was represented by “head bobbing”. This behavior was 

repeated to maintain the distance between the plover and the intruder 

with static posture after stage 2. At this stage, an active alarm call was 

recorded. Stage 4 was represented by "crouch run" behavior (Simmons, 

1951), in which the birds ran quickly with their head down and then 

squatted on the ground. Both of these actions occurred after stage 2, and 

were included in the same stage (3), as they appeared consecutively at 

the same stage, even though it was irregular. The crouch run was 

prominent when intruders continuously approached or increased the 

speed of approach. The plovers’ movement was fast, and only quick 

running was performed without intruder monitoring or alarm calls. The 

crouch run was mainly recorded in areas of open ground, but was less 

frequent when the demarcation between land and water was unclear. The 

squat was used when facing away from intruders and when a clear 

distance was maintained with intruders. No alarm call was used at this 

stage.  

Stage 5 was represented by the threat display, and was separated 

into ground-based and flight-based warning behaviors. When on the 

ground, the plover spread its wings wide open, lowered its body, and 

extended its tail. When in flight, the plover flew quickly around and 
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across the intruder. Low-altitude flight over water was recorded, with a 

strong alarm call. This behavior was conducted by one individual or both 

male and female individuals flying alternately. At this stage, a strong 

alarm call was identified.  

Stage 6 was represented by the distraction display of the broken- 

wing. This behavior was separated into 2 parts: (1) lowering the body to 

the ground and flapping one or both wings, and (2) shaking the wings by 

tilting the body in an upright posture (Figure 13 and 14). This behavior 

was conducted when turned away from the intruder, and only when the 

intruder did not leave the breeding habitat after stage 4. Stage 6 behavior 

appeared simultaneously with stage 5 ground-based threat displays. This 

behavior was also conducted when a rival plover at the breeding ground 

approached, similarly to when human intruders approached. At this stage, 

the alarm call was used irregularly.  

Stage 7 was represented by the plover leaving the breeding ground. 

In contrast to light flight, this act involved a complete departure (or 

escape) from the intruder. If the intruder continued to approach even 

after deployment of a lower level of defense, flying far away from the 

intruder was recorded. In addition, when the kestrel (natural predator) 

appeared in the sky, all the individuals in the breeding ground escaped 

rapidly, leaving the breeding ground with strong alarm calls. At this 

stage, a quick and sharp alarm call was observed. 
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Flight distance and buffer distance 

The average flight distance of the Little ringed plover was 33.2 ± 

0.4 m, and the buffer distance was 66.8 ± 0.4 m (n = 30 surveys). The 

average flight distance of the Long-billed plover was 32.6 ± 0.4 m, and 

the buffer distance was 67.4 ± 0.4 m (n = 30 surveys) (Figure 15). 

 

Incidence of anti-predator behavior by intruder type 

The frequency of defensive behavior by the 2 species of plover 

differed with respect to the type of intruder (Table 3). When quail 

approached, displacement and normal steps were consistently recorded 

for both plover species. In addition, head bobbing was the most highly 

recorded behavior over all stages combined, as it was recorded in 90.0 % 

and 93.3 % of events (n = 30), respectively. The crouch run was recorded 

in 30.0 % and 43.3 % of events, respectively. The threat display (i.e., 

spreading the wings wide open, lowering the body, and extending the tail) 

was conducted in 60.0 % and 50.0 % of events, respectively. The 

distraction display was conducted in 23.3 % and 30.0 % of events, 

respectively. Both displays were simultaneously observed when quail 

approached (Figure 16~17). In most cases, plover circled around the 

intruder rather than flying away. In only 6.7 % and 13.3 % of events with 

quail, respectively, the plover flew away.  

In contrast, when the kestrel approached the plover, individuals 

flew away in all events for both species (F = 52.500, P < 0.001; F = 
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45.882, P < 0.001). In addition, in contrast to the quail approaches, the 

plover instantly crouched, and flew away on detecting the intruder 

(Figure 18~19); consequently, lower levels of defensive behavior were 

rarely recorded. For instance, displacement was only recorded in 33.3 % 

and 23.3 % of events, respectively, which is much lower than the rate 

recorded when quail approached (F = 30.000, P < 0.001; F = 37.297, P 

< 0.001). Normal step and light flight were only recorded in 30.0 % and 

23.3 % of events, respectively, which again was lower than the rate 

recorded when the quail approached (F = 32.308, P < 0.001; F = 37.297, 

P < 0.001). Head bobbing was only recorded in 16.7 % and 13.3 % of 

events, respectively, which was again lower than the rate recorded when 

quail approached (F = 32.411, P < 0.001; F = 38.571, P < 0.001). There 

was no significant difference in the use of the crouch run and squat for 

Little ringed plover in response to the kestrel and quail (F = 0.800, P > 

0.05); however, the crouch run and squat were used less by the Long-

billed plover in response to the kestrel than in response to the quail (F = 

5.079, P < 0.05).  

The threat display was recorded in 10.0 % and 20.0 % of events in 

response to the kestrel, respectively, and this rate was lower than that 

recorded in response to the quail (F = 16.484, P < 0.001; F = 5.934, P < 

0.05). When the plover responding to the kestrel, this behavior only 

involved the warning flight movements with strong alarm call 

component, with no threat display on the ground. Neither plover species 
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exhibited the distraction display to approaching kestrel; thus, this stage 

was significantly different between kestrel and quail (F = 7.925, P < 

0.05; F = 10.588, P < 0.05). 

 

Incidence of anti-predator behavior during the incubation period 

Throughout the incubation period, low-levels defensive behaviors 

were prevalent, whereas more extreme defensive behaviors were rare, 

except for flying away (Figure 20). Stages 1 and 2 (i.e., the onset of 

defense behavior) and stage 7 (i.e., the end of defense behavior) were 

observed in all approaches by intruders throughout the entire incubation 

period. Stage 3 (head bobbing) occurred in 92.7 % of events on average, 

and its frequency was consistently high across all parts of the incubation 

period. Stage 4 (crouch run/squat) occurred in 93.3 % of events, and was 

prevalent during the early period of incubation (week 2), after which it 

decreased as time elapsed.  

In contrast, stage 5 (threat display) was rarely recorded during the 

early period of incubation, peaking (53.3 %) after hatching (week 5) and 

increasing as time elapsed. Stage 6 (distraction display) was not recorded 

during the early stage of incubation. This stage was first recorded during 

the middle stage of incubation (week 3), peaking (26.7 %) in the later 

period of incubation (week 4). The distraction display and the threat 

display comprised different behaviors, but both occurred more 

frequently in the later part of the breeding period compared to the earlier 
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part of the breeding period (threat display: F = 20.235, P < 0.001; 

distraction display: F = 12.735, P < 0.001). 
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Discussion  

 

The current study aimed to demonstrate the broken-wing act used 

by plover forms part of a succession of warning behaviors against 

intruders, rather than feigning injury. Seven stages of escalating 

defensive behavior were delineated. Supporting previous studies, the 

crouch run, squat, and broken-wing act were detected in both study 

species. Thus, this unique defensive strategy appears to overcome the 

weakness of the open nest, because ground-nesting birds such as plovers 

have open nests that are easily accessible to predators (Gomez-Serrano 

and Lopez-Lopez, 2017).  

Among the 7 identified stages, displacement (stage 1) and normal 

stepping (stage 2) were the initial responses to all intruders, without 

exception. Previous studies showed that some shorebirds immediately 

move away from the nest when people approach too close (Tomkins, 

1942; Page et al., 1983; Yasue and Dearden, 2006). This form of silent 

retreat from the nest seems to have the effect of avoiding predators 

without attracting intruders. Thus, stages 1 and 2 involve the initiation of 

defensive action until intrusion, potentially reflecting the characteristics 

of the open nest. This stage is considered the period when individuals 

watch the intruder, while maintaining a certain distance through normal 

stepping and light flight. When one breeding individual left the nest at 

stage 1–2, the spouse was engaged in a defensive action.  
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Throughout incubation, territorial defense is largely the male's 

responsibility (Byrkjedal, 1985). Thus, when the female is breeding, 

especially during the incubation time, the male watches for potential 

intruders and engages in defense when intrusions occur. Fraga and Amat 

(1996) suggested that both males and females invest in defensive 

behaviors, such as alarm call and mobbing, with both individuals 

defending the nest simultaneously as a part of low-level defensive 

behaviors.  

Stage 3 was represented by head bobbing. According Davis (1994), 

New Zealand shore plover quickly bob their heads with a warning 

posture and alarm call until the intruder retreats. This behavior differs 

from when birds shake their heads for visibility when walking (Cronin et 

al., 2005), rather entailing a distinct upward head bobbing. Thus, head 

bobbing seems to represent a type purpose of “dominance display” 

during breeding to induce intruders to retreat.  

Stage 4 was represented by the crouch run or “rodent-run” 

(Williamson, 1950; Duffey and Creasey, 1950; Rowley, 1962) and squat. 

Armstrong (1952) suggested that this behavior is the first reaction to 

intrusion; however, the current study showed that this behavior followed 

normal stepping. The stage in which animals implement this behavior 

probably depends on the type of intruder and the surrounding 

circumstances. Sordahl (1986) showed that the crouch run was 

performed silently when escaping from a predator. In the current study, 
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the plover only ran swiftly without sound. Thus, the crouch run is used 

to increase the distance from the intruder quickly, in contrast to normal 

stepping. Previous studies termed squatting as “false brooding” (Cairns, 

1982) or an “incubation-like display” (Sordahl, 1986) to attract the 

attention of intruders. However, the "crouching attitude" (Armstrong, 

1952) of stage 4, which is characteristic of many birds when threatened, 

is actually different from the typical posture used during breeding. There 

was also a stepwise similarity with the crouch run. For this reason, 

squatting is considered to be the act of observing the intruder by sitting 

in a “countershading” position (Edmunds and Dewhirst, 1994; Ruxton et 

al., 2004). Therefore, it is a concealed pose used for self-defense 

purposes, rather than a breeding-like display.  

The intensity of the defense behavior increased during stages 3 and 

4; however, the survival instinct was still stronger than the defense 

instinct, resulting in the defensive behavior remaining passive. The 

threat display first appeared during stage 5, during which birds spread 

their wings wide open, lowered their body, and extended their tail, along 

with exhibiting warning flight. The alarm call was the most prevalent at 

this stage. This call was an audible warning, alerting intruders that 

intrusion is not beneficial (Campbell et al., 2006; Griesser, 2013). Thus, 

the protective instinct prevailed at this stage, with a strong warning 

signal being sent to intruders.  



36 

 

The broken-wing act was used as a distraction display at stage 6. 

Simmons (1951) suggested that when intruders approach closely, the 

normal run develops into a “mobile lure-display.” Ristau (1991) 

suggested that this act is the most intense defense behavior. In the 

current study, this behavior occurred when the intruder remained at the 

breeding ground after stage 4. Thus, the defensive instinct intensifies 

during the more intense stages and exhibits an extreme form. In addition, 

this act was only used when individuals were sufficiently far enough 

away from intruders. Feigning injury involves presenting a leg or wing 

as damaged; however, the bird also lowers its body to the ground to gain 

stability, in parallel to flapping one or both wings strongly and shaking 

the wings by tilting the body in an upright posture. Performing the 

distraction display while turned away from the intruder provides a decoy 

to distract and deter the intruder; it also puts the bird in a posture to run 

away immediately and escape if the intruder continues to advance 

despite the distraction display.  

In addition, Mousley (1937) suggested that the wing action is an act 

of agitation caused by excitement at a very unstable stage, whereas 

Lorenz (1937) termed it as the "desired reflex action". Tinbergen (1952) 

suggested that this behavior is a combination of both aggression and 

defense behavior at the same time. If this behavior aimed to reveal an 

existing injury, the threat display should not appear; however, present 

study confirmed that the threat display appeared with the distraction 
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display, simultaneously and alternately. Thus, this indicates the 

distraction display cannot be strictly or clearly distinguished from the 

threat display, as both stages are similar in terms of intensive warning 

behavior occurring to reinforce the threat.  

The plover also maintained a regular distance from the intruders. If 

the broken-wing display is a ruse (i.e., feigning injury), providing the 

intruder with the opportunity to approach would maximize the 

effectiveness of the ruse; however, as the intruder approaches, the bird 

immediately runs away. Consequently, the distraction display is a direct 

and instinctive act of survival, rather than intelligent and calculated 

behavior. Thus, the broken-wing act is the most extreme distraction 

display (“wing-flap warning behavior”), occurring at the last stages of 

defensive behavior, with individuals maintaining a minimum safe 

distance from intruders to ensure survival. When birds fly away, they 

avoid or escape the situation; thus, the survival instinct, i.e., avoidance 

behavior, prevails at this stage.  

The 7 stages of defensive behavior identified in this study were 

delineated using 2 species of plover that are found in Korea, which 

might not be representative of all plover. However, each stage contained 

distinct stepwise characteristics associated with the strength of defense. 

The lower stages involved passive defense, whereas the higher stages 

involved threat and distraction displays. The type of defensive behavior 

that prevailed depended on the type of intruder. For instance, when the 
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quail approached the plover, high rates of all stages of defensive 

behavior were recorded, except for flying away, with the opposite being 

obtained when the kestrel approached. Thus, the responses of plover are 

selective, with the pattern and intensity of the response depending on the 

type of intruder. When the plover was approached by the quail or 

humans (experimenter), displacement and normal steps from the nest 

were used. In contrast, when the kestrel approached, most birds 

immediately flew away from the nest.  

Prey animals must choose to escape if they cannot defend 

themselves, because they would be killed if they remained (Picman, 

1988; Jordan, 2005). Thus, avoidance adaptations directly arise when 

animals cannot defend themselves from threatening predators. By 

balancing the relative costs of fleeing and staying (Ydenberg and Dill, 

1986), the bird chooses to use sequential escalating defense behaviors 

against a beatable intruder, or immediate escape when facing an 

unbeatable intruder. Stephan (1999) showed that Piping plover defeat 

intruders by selectively showing that they are prepared to fly to the 

intruders. In this study, when quail approached in close proximity, more 

than 50 % of plover from both species spread their wings or tail and 

made an alarm call. Thus, selective defense behavior was directed 

towards a potentially beatable intruder that was not threatening.  

In contrast, when kestrel approached, less than 20 % of both plover 

species used the threat display in the air, with none using the threat 

http://www.sciencedirect.com/science/article/pii/S0065345408601928
http://www.sciencedirect.com/science/article/pii/S0065345408601928
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display on the ground. Kis et al. (2000) showed that male Lapwing 

exhibit aggressive behavior through flight to protect the nest from 

predatory birds (i.e., falcons; 10.3 %). This result supported present 

findings where threat displays were only recorded in the form of warning 

flights. Thus, the kestrel is a threatening predator for the plover, with 

ground defenses being inadequate when this predator is present. 

However, when the defensive instinct is activated in an emergency, the 

threat display is evidenced through high-speed warning flight. The 

broken-wing display was not used to deter approaching kestrel; thus, it is 

risky defensive behavior, with implications similar to those of the threat 

display on the ground.  

If feigning injury behavior was the most advantageous defensive 

behavior, it would be used regardless of whether the situation was 

appropriate; however, it was not used against a threatening predator in 

this study. Thus, the broken-wing act is an optional warning behavior, 

rather than an instinctive behavior that attracts intruders away from the 

nest. Alternatively, if the broken-wing act was used as a feigning injury 

strategy, the predator should have developed a negative association 

through “trial-and-error-learning” (Campbell et al., 2006). As a result, 

the predator would be expected to implement another predatory strategy 

without reacting, eventually. Thus, the efficiency of feigning injury 

might decrease over time. Sargeant and Eberhardt (1975) showed that 

experienced foxes attack death-feigning ducks without hesitation. 
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Similarly, feigning injury behavior would lead to the predators’ 

adaptation through predator-prey interactions. Thus, the broken-wing act 

is not conducive to survival, unless it serves as a warning signal to 

intruders.  

In addition, the threat behavior is subject to “frequency-dependent 

selection” (Andersson, 1980) with regard to the opponents that were 

defeated. Thus, the broken-wing act represents the highest level of 

defense behavior, which is selected through the experience of beating 

intruders through bold and aggressive wing-flapping actions, rather than 

feigning injury. It is also the strongest selectively occurring warning 

behavior for intruders.  

Throughout the incubation period, the more extreme defensive 

behaviors occurred at low rates, whereas lower-level behaviors were 

detected at a high rate. Thus, the low-level behaviors (such as head 

bobbing) occur regardless of the period of egg incubation, whereas the 

more extreme behaviors stages (such as the distraction display) represent 

situation-dependent defensive behaviors. The threat display peaked 

during the period of after hatching (week 5), representing the second 

most frequent distraction display. The alarm call signals the threat of 

intruders and informs chicks of the intrusion to reduce the risk of 

depredation (Greig-Smith, 1980; Byrkjedal, 1987; Yalden and Yalden, 

1989). Davis (1994) reported that parent birds often conduct distraction 

displays when they have young chicks. During this period, the chick has 

http://www.sciencedirect.com/science/article/pii/S0003347280800698
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the ability to hide; thus, defensive behavior via warning flights and 

alarm calls may intensify when an intruder approaches a place where 

chick is hidden, whereas distraction displays are rarely used in 

emergency situation.  

In this study, the distraction display was not observed during the 

early period of incubation, but it was firstly observed in the 3rd week of 

incubation. It was most noticeable during the later period (week 4). 

Cairns (1982) reported that the distraction display is primarily evident 

around time of hatching. Thus, the distraction display is the most intense 

stage of the plovers’ defense strategy, with the intensity of defense 

increasing over time, peaking at hatching. Zangmeister et al. (2009) 

suggested that birds decide whether to give up their nests or keep 

breeding, depending on the costs and benefits. The initial investment 

time and effort are relatively low during the early stage of incubation, 

and it is beneficial to give up the nest if serious intrusion occurs. In 

contrast, the investment was high by the later stages of incubation, and 

risky behavior, such as distraction displays, was beneficial at this point.  

The threat display and distraction display were more frequent 

during the later period of incubation compared to the early period of 

incubation. Thus, the behavioral psychology of these displays was 

similar, meaning that it is beneficial to invest in a high-risk level of 

defense action to defeat predators. In contrast, low-risk behaviors (such 
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as the crouch run and squat) frequently occurred during the early period 

of breeding, with their frequency somewhat declining over time.  

In conclusion, the broken-wing act represents one of the highest 

levels of warning behavior, which appears at the same time as the threat 

display. The current study evaluated the unusual distraction display of 

plover, which has been predominantly perceived as feigning injury, from 

the perspective of predator-prey interactions. This behavior should be 

investigated for other waders and ground-nesting birds in further studies. 

These findings are expected to help advance the study of behavioral 

strategies in wild animals from an evolutionary perspective. 
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Table 1. Species of plover and classification of the study sites in the Republic of Korea 

Site Environment Location, name Species Coordinates 

1 Sand Tancheon Stream, Gangnam-gu, Seoul Little ringed plover 37.4902°N, 127.1073°E 

2 Sand Anyangcheon Stream, Anyang, Gyeonggi-do Little ringed plover 37.4105°N, 126.8913°E 

3 Sand Geumgang River, Geumnam-myoen, Sejong Little ringed plover 36.5171°N, 127.3509°E 

4 Shingle Geumgang River, Bugang-myeon, Sejong Long-billed plover 36.4907°N, 127.3649°E 

5 Shingle Gapcheon Stream, Seo-gu, Daejeon Long-billed plover 36.2298°N, 127.3032°E 

6 Shingle Daejeoncheon Stream, Dong-gu, Daejeon Long-billed plover 36.2493°N, 127.4791°E 

7 Shingle Yudeungcheon Stream, Geumsan, Chungcheongnam-do, Little ringed plover 36.2138°N, 127.3802°E 
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Table 2. Seven stages of anti-predator behavior by the Little ringed plover (Charadrius dubius) and Long-billed plover 

(Charadrius placidus) in the Republic of Korea 

Stage Time Designation Distinguishable behavior / posture Alarm call 

1 Initial approach Displacement Slow movement from the nest No 

2 Throughout the entire period 
Normal step / 

Light flight 

Walking with normal step, circle surrounding intruder/flying 

lightly to maintain distance 
Normal 

3 After stage 2 Head bobbing Head bobbing up and down Normal 

4 After stage 2 Crouch run / Squat 
Run quickly with head and posture down/squat on the 

ground 
No 

5 After stage 4 Threat display 
Spread wings wide open, lowering the body, and extending 

the tail/warning flight 

Normal/ 

Emergency 

6 After stage 4 Distraction display 
Flap one or both wings while placing body on the ground or 

tilting body in upright posture 

No/ 

Normal 

7 
At the end, when in the presence 

of a threatening predator 
Flying away Quickly escaping by flying Emergency 
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Table 3. Incidence of the stages of anti-predator behavior by the Little ringed plover (Charadrius dubius) and Long-billed plover 

(Charadrius placidus) in response to Japanese quail (Coturnix japonica) and the Common kestrel (Falco tinnunculus) in the 

Republic of Korea 

Stage Designation 
Intrusion by Japanese Quail Intrusion by Common Kestrel 

Little ringed plover (%) Long-billed plover (%) Little ringed plover (%) Long-billed plover (%) 

1 Displacement 30/30 (100)
*
 30/30 (100)

*
 10/30 (33.3)

*
 7/30 (23.3)

*
 

2 Normal step/Light flight 30/30 (100)
*
 30/30 (100)

*
 9/30 (30.0)

*
 7/30 (23.3)

*
 

3 Head bobbing 27/30 (90.0)
*
 28/30 (93.3)

*
 5/30 (16.7)

*
 4/30 (13.3)

*
 

4 Crouch run/Squat 9/30 (30.0)
***

 13/30 (43.3)
**

 6/30 (20.0)
***

 5/30 (16.7)
**

 

5 Threat display 18/30 (60.0)
*
 15/30 (50.0)

**
 3/30 (10.0)

*
 6/30 (20.0)

**
 

6 Distraction display 7/30 (23.3)
**

 9/30 (30.0)
**

 0/30 (0)
**

 0/30 (0)
**

 

7 Flying away 2/30 (6.7)
*
 4/30 (13.3)

*
 30/30 (100)

*
 30/30 (100)

*
 

 

*)
 P < 0.001, 

**)
 P < 0.05, 

***)
 P > 0.05.
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Figure 5. Seven study site locations in the Republic of Korea. Site 1 

(Tancheon Stream), site 2 (Anyangcheon Stream), site 3-4 (Geumgang 

River), site 5 (Gapcheon Stream), site 6 (Daejeoncheon Stream) and site 

7 (Yudeungcheon Stream) are riparian areas. 

 

 

 

 



47 

 

 

Figure 6. Measurement of anti-predator behavior by plovers with respect to different types of intruders. The frequency of 

each stage of defensive behavior was analyzed by making artificially approaches by different intruders entering the flight distance, 

beyond the buffer distance, based on the locations of the plover nests.  
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Figure 7. Anti-predator behavior (normal stepping) by Little ringed 

plover (Charadrius dubius). Stage 2: it was identified as normal 

stepping and light flight for a short duration just to maintain distance 

from the intruder. 
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Figure 8. Anti-predator behavior (head bobbing) by Long-billed 

plover (Charadrius placidus). Stage 3: this behavior differs from when 

birds shake their heads for visibility when walking, rather entailing a 

distinct upward head bobbing. 
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Figure 9. Anti-predator behavior (squatting) by Little ringed plover 

(Charadrius dubius). Stage 4: the squat was used when facing away 

from intruders and when a clear distance was maintained with intruders. 

 

 

 

 

 



51 

 

 

Figure 10. Anti-predator behavior (threat display) by Long-billed 

plover (Charadrius placidus). Stage 5: the plover spread its wings wide 

open, lowered its body, and extended its tail. 
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Figure 11. Anti-predator behavior (distraction display) by Little 

ringed plover (Charadrius dubius). Stage 6: it was represented by the 

distraction display of the broken- wing.  
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Figure 12. Anti-predator behavior (flying away) by Long-billed 

plover (Charadrius placidus). Stage 7: it was represented by the plover 

leaving the breeding ground. 
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Figure 13. Distraction display (lowering of the body to the ground) 

by Long-billed plover (Charadrius placidus). This behavior was 

separated into 2 parts: (1) lowering the body to the ground and flapping 

one or both wings. 
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Figure 14. Distraction display (upright posture) by Little ringed 

plover (Charadrius dubius). This behavior was separated into 2 parts: (2) 

shaking the wings by tilting the body in an upright posture. 
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Figure 15. Flight distance and buffer distance of Little ringed plover (Charadrius dubius) and Long-billed plover 

(Charadrius placidus) upon intrusion by humans with 100 m start distance. The average flight distance of the Little ringed 

plover and Long-billed plover were 33.2 ± 0.4 m and 32.6 ± 0.4 m, respectively. The average buffer distance of the Little ringed 

plover and Long-billed plover were 66.8 ± 0.4 m and 67.4 ± 0.4 m, respectively.
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Figure 16. Threat display by Long-billed plover (Charadrius placidus) 

when Japanese quail (Coturnix japonica) approaches. Threat display 

was simultaneously observed with distraction display when quail (i.e., 

beatable intruder) approached.  

 

 

 

 

 

 



58 

 

 

Figure 17. Distraction display by Long-billed plover (Charadrius 

placidus) when Japanese quail (Coturnix japonica) approaches. 

Distraction display was simultaneously observed with threat display 

when quail (i.e., beatable intruder) approached. 
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Figure 18. Crouching by Long-billed plover (Charadrius placidus) 

when Common kestrel (Falco tinnunculus) approaches. Plover 

instantly crouched on detecting the kestrel (i.e., unbeatable intruder). 

 

 

 

 

 



60 

 

 

Figure 19. Flying away by Long-billed plover (Charadrius placidus) 

when Common kestrel (Falco tinnunculus) approaches. Plover 

instantly flew away on detecting the kestrel (i.e., unbeatable intruder). 
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Figure 20. Changing incidence of anti-predator behavior of Long-billed plover (Charadrius placidus) during incubation 

period. Threat and distraction display were occurred more frequently in the later part of the breeding period. 
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CHAPTER II 

 

 

Efficient distribution of oral vaccines examined by 

infrared triggered camera for advancing the 

control of raccoon dog rabies in the Republic of 

Korea 

 

 

Abstract 

 

The field distribution of the oral rabies vaccine is effective in 

controlling the spread of rabies. The present study aimed to investigate 

efficient distribution locations based on the environment, contact rate, 

and consumption by target wildlife species in the Republic of Korea. 

The target species (Korean raccoon dogs, domestic dogs, and feral cats) 

accounted for 945 contacts (52.2 %), in total 1,808 contacts. There were 

863 (47.8 %) contacts by non-target species. Raccoon dogs (Nyctereutes 

procyonoides), a main reservoir of rabies in the Republic of Korea, had 

the highest contact rate (34.1 %) among all species. The contact rate by 

target species was highest at riparian sites and bushy mountainous 
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vegetation, where raccoon dogs are abundant. There was remarkable 

contact by raccoon dogs in mountainous areas below 150 m with bushy 

vegetation. These locations are efficient areas for vaccine distribution, 

especially targeting the raccoon dog. Vaccines were continuously 

contacted with intervals ranging from one hour to one day, and vaccines 

at 94.4 % of the distribution points were completely consumed within 

two weeks. The mean consumption rate was 95.2 ± 1.93 % during the 

overall study period. These findings suggest that the oral rabies vaccine 

attracts wildlife including domestic dogs and feral cats. These results 

suggest that low sections of mountainous areas with bushy vegetation 

and/or neighboring riparian areas are rich in target wildlife species 

(especially raccoon dogs) and are efficient locations for vaccine 

distribution to control rabies in the Republic of Korea. 

 

Keywords: oral rabies vaccine, vaccine distribution, vaccine contact, 

rabies, raccoon dog, triggered camera, target species 

 

 

 

 

 

 

 



64 

 

Introduction 

 

Rabies is an acute progressive encephalitis caused by viruses of the 

genus Lyssavirus in the family Rhabdoviridae (Wunner et al., 1988). 

Other lyssavirus such as Lagos bat virus, Duvenhage virus, European bat 

lyssavirus, and Australian bat lyssavirus have been mostly isolated from 

bats (Fooks et al., 2003; World organization for Animal Health, 2020). 

Rabies is one of the oldest known infectious zoonotic diseases in the 

world and is mostly maintained by dogs and terrestrial mammalian 

carnivores (Cleaveland et al., 2003; Slate and Rupprecht, 2012), 

particularly raccoons, skunks, foxes, and coyotes in North America, and 

foxes and bats in Europe (Robardet et al., 2012; Rosatte et al., 2009; 

Schatz et al., 2013; Slate et al., 2009).  

Moreover, domestic dogs (Canus lupus familiaris) are the principal 

reservoir of rabies virus worldwide, and raccoon dogs (Nyctereutes 

procyonoides) are vectors of the rabies virus in parts of Asia and Europe 

(Banyard and Fooks, 2020; Kim et al., 2005; Singer et al., 2008, 2009; 

Zienius et al., 2011). Raccoon dog is a locally common medium-sized 

mammal, mostly inhabiting forests and thick vegetation with a 

preference for riparian areas (Osten-Sacken et al., 2011; Temminck, 

1999; Yoon et al., 2004). In addition, the population of raccoon dogs has 

increased due to a lack of natural predators. This has led to an extension 
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of its habitat, increasing their virus carrying potential in the Republic of 

Korea (Hyun et al., 2005; Oh et al., 2012).  

To prevent the spread of rabies in wildlife, oral rabies vaccine is 

widely used worldwide, including in the United States, Canada, and 

Europe (Maki et al., 2017). Since it was first used in Switzerland in 1978, 

field trials have demonstrated its effectiveness for the control of rabies 

(Boyer et al., 2011; Capello et al., 2010; Müller et al., 2009, 2012; 

Rosatte et al., 2011; Sterner et al., 2009).  

The first Korean rabies case was reported in a domestic dog in 1907, 

after which rabies rapidly became an enzootic disease spread by dogs 

until 1984 (Hwang, 1995; Kim et al., 2006; Yang et al., 2018). In 

addition, dogs have been the principal host of rabies in the Republic of 

Korea, as evidenced by the detection of 518 rabid dogs between 1962 

and 1979 (Joo et al., 2011). Rabies cases steadily decreased between 

1976 and 1984, followed by no reports between 1985 and 1992, due to 

the government vaccination campaign for dogs (Hyun et al., 2005; Yang 

et al., 2019). The Korean raccoon dog (Nyctereutes procyonoides 

koreensis) has become the main reservoir of rabies in the Republic of 

Korea since 1993 (Choi et al., 2015; Kim et al., 2006; Oh et al., 2012; 

Yang et al., 2018), and 325 cases were reported between 1994 and 2003 

(Kim et al., 2006; Oh et al., 2012). Since 1993 rabies reports were 

limited to two provinces (northern Gyeonggi and Gangwon) near the 

border of Republic of Korea’s demilitarized zone (Kim et al., 2006; 
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Yang et al., 2017). Rabies has been confirmed in five animal species in 

the Republic of Korea since 1993, and among these, the percentages of 

rabid dogs, raccoon dogs, and feral cats, were 40.5 %, 17.4 %, and 0.9 %, 

respectively (Yang et al., 2017). Recently, rabies has been reported in 

western Seoul in 2006 and 2012, and in Hwaseong City in 2013, in the 

southern part of Gyeonggi province (Oem et al., 2014; Oh et al., 2012). 

This indicates that rabies is not limited to northern areas but also 

prevalent in the southern Hangang River region of the Republic of Korea 

(Oem et al., 2014; Yang et al 2017).  

To control rabies in the Republic of Korea, livestock and dog 

vaccination is required by law under the Act on the Prevention of 

Contagious Animal Diseases (The National Law Information Center, 

2020). In addition, serum analyses and the bait vaccine is distributed for 

wildlife use (Cheong et al., 2014). In 2001, ORV was introduced to the 

Republic of Korea by the Ministry of Agriculture and Forestry (National 

Veterinary Research and Quarantine Service, 2001). Since then, vaccine 

distribution has gradually increased, rising to 990,000 doses in 2018, and 

distribution has been concentrated in the northern areas of the Republic 

of Korea, including Gyeonggi and Gwanwon provinces, as well as Seoul 

(Yang et al., 2018). Consequently, there have been no reported cases of 

rabies in the Republic of Korea since 2014. The seasonal mass 

distribution of ORV has had industrial and economic benefits by 

substantially decreasing rabies transmission via raccoon dogs in the 
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Republic of Korea (Cheong et al., 2014; National Veterinary Research 

and Quarantine Service, 2001; Yang et al., 2017).  

Although ORV is effective in preventing rabies originating from 

wildlife, research on efficient distribution methods for the rabies vaccine 

is insufficient for devising an informed strategy. Moreover, the 

seropositivity of captive raccoon dogs decreased in the Republic of 

Korea from 40 % in 2012 to 13.7 % in 2017-2018. It is a necessity to 

undertake an improved distribution method to deliver the vaccine 

targeting raccoon dogs (Oh et al., 2012; Yang et al., 2019). Vaccine 

performance in the field may be affected by a variety of factors, 

including the vaccine bait density and distribution pattern, habitat, 

vegetation, population density of the target species, and vaccine 

consumption by the target species (Fehlner-Gardiner et al., 2012; Olson 

and Werner, 1999; Roess et al., 2012). For successful vaccination, 

seasonal distribution and population density are important parameters in 

the Republic of Korea (National Veterinary Research and Quarantine 

Service, 2001; Yang et al., 2017). Taken together, the success of rabies 

vaccination depends on the development of an efficient distribution 

strategy with regard to diverse environmental and population factors and 

the contact and consumption rate of ORVs by wildlife.  

Therefore, in the present study, efficient vaccination locations were 

investigated with regard to environmental factors and the rates of contact 

and consumption of ORVs by raccoon dogs, domestic dogs, and feral 
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cats as target wildlife species in the Republic of Korea. These findings 

provide a basis for the development of distribution strategies for the 

continuous and efficient control of rabies. 
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Materials and methods 

 

Study period and site description 

The study period and sites were chosen based on raccoon dog 

behavior, with data collected during early spring (March to April 2012) 

and late autumn (November to December 2012) to avoid periods of 

hibernation from December to February (Kauhala et al., 2007; 

Temminck, 1999). Six sites were selected for vaccine distribution, four 

sites in a mountainous district, and two sites near streams (Table 4). The 

mountainous areas were in Bukhansan National Park (between 37° 

39.262ʹ N, 126° 56.962ʹ E and 37° 39.316ʹ N, 127° 00.489ʹ E), near the 

northern border of Seoul city. The streams were Yangjaecheon and 

Tancheon (between 37° 28.054ʹ N, 127° 01.766ʹ E and 37° 29.660ʹ N, 

127° 06.113ʹ E), which flow into the Hangang River in central Seoul 

(Figure 21).  

 

Oral rabies vaccine distribution 

A licensed recombinant ORV, Raboral V-RG
®
 (MERIAL 

Corporation, Lyon, France), was used; it has protective efficacy against 

rabies virus in the fox, raccoon, coyote, skunk, raccoon dog, and jackal 

(Cliquet et al., 2008; Follmann et al., 2011; Maki et al., 2017). ORVs 

were distributed during two seasons (spring and autumn). Each of the six 

sites received 1,000 doses of ORV per season, resulting in a total of 
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12,000 distributed vaccines across the two seasons. There were 33 

distribution points designated at each site, resulting in a total of 198 

points at six sites (Table 5~10 and Figure 22~27). At each site, 30–40 

vaccine doses were distributed at each point.  

Distribution was performed by hand following the guidelines of the 

U.S. Animal and Plant Health Inspection Service (APHIS) (2006) and 

the “Rabies Eradication Plan” of the National Veterinary Research and 

Quarantine Service (NVRQS), Republic of Korea (National Veterinary 

Research and Quarantine Service, 2001). ORVs were distributed along 

the trails of Bukhansan National Park and streams near the borders of 

Seoul city, to prevent the transmission of the rabies virus from 

neighboring areas. GPS receivers (GPSmap60CS, Oregon550, and 

Legend Etrex; Garmin Corp., Kansas City, MO, USA) were used to 

verify the altitude; above sea level (ASL) and to record the coordinates 

of the distribution points. Satellite imagery was obtained with Google 

Earth (Google LLC, Mountain View, CA, USA). 

 

Monitoring and analysis of vaccine contact and consumption 

In this study, contact was defined as clear contact with the bait, 

included sniffing, intake (or not) behavior by wildlife. Consumption was 

defined as the removal of the bait from the distribution point. The 

raccoon dog, domestic dog, and feral cat were the target species based on 

previously reported rabies cases in these species in the Republic of 
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Korea (Joo et al., 2011; National Veterinary Research and Quarantine 

Service, 2001; Yang et al., 2017, 2018). Among the three target species, 

the focus for the analysis was the raccoon dog because it is main 

reservoir of rabies in the Republic of Korea (Oh et al., 2012). Infrared 

triggered cameras (Covert Extreme TLV and DLC II; DLC Trading 

Company, Lewisburg, KY, USA) were set up at each site to monitor 

contact by wildlife. Contact numbers were recorded for each site and 

analyzed with various factors, such as season, environment, and 

vegetation. Contact by the raccoon dog was analyzed by cross tabulation 

analysis (Pearson’s chi-squared test) using SPSS ver. 22.0 (IBM Corp., 

Armonk, NY, USA). In all analyses a probability value less than 0.05 

was considered statistically significant (P < 0.05).  

Every distribution point was checked manually once a week for 3 

weeks after vaccine distribution to determine whether the vaccine had 

been consumed. The consumption rates were determined by collecting 

any remaining doses at each site 4 weeks after distribution of the vaccine, 

following the guidelines of NVRQS (2001). 
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Results 

 

Analysis of vaccine contact by wildlife 

A total of 11 species made contact with the baits, including the 

three target species: Raccoon dog, domestic dog, and feral cat (Felis 

catus). In addition, eight non-target species made contact with the bait: 

Carrion crow (Corvus corone), Eurasian magpie (Pica pica), Wild boar 

(Sus scrofa), Eurasian red squirrel (Sciurus vulgaris), Siberian chipmunk 

(Tamias sibiricus), Korean water deer (Hydropotes inermis argyropus), 

Brown rat (Rattus norvegicus), and waterfowl (Mallard; Anas 

platyrhynchos, Spot-billed duck; Anas poecilorhyncha) (Figure 28~39).  

In total, 1,808 vaccine contacts were recorded during the two 

distribution periods (Table 11). The total rate of contact by the target 

species was 52.2 % (945/1,808). The eight non-target species had a total 

contact rate of 47.8 % (863/1,808). Raccoon dogs were the primary 

targeted species, they had an average contact rate of 34.1 % across all 

sites, the highest among all species. Carrion crows and wild boars 

accounted for 31.7 % of the total contacts and were the major non-target 

species.  

The proportion of raccoon dog contacts was higher in the autumn 

than in the spring when compared with all other species (χ² = 552.78; P 

< 0.001). The proportion of raccoon dog contacts was higher in riparian 

sites than in mountainous sites when compared with all other species (χ² 
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= 358.80; P < 0.001). The proportion of raccoon dog contacts were also 

higher in bushy vegetation than in grassy vegetation when compared 

with all other species (χ² = 760.26; P < 0.001), respectively. All 

individual contact numbers with respect to site and season are presented 

in Table 12~18. 

 

Analysis of vaccine consumption  

The vaccine consumption rate was 95.2 ± 1.93 %, and the vaccines 

at 94.4 % of the distribution points were completely consumed within 

two weeks during the overall study period (Table 19~20). The vaccines 

were continuously contacted by animals with intervals ranging from one 

hour to one day (Figure 40). There was no difference between sites with 

respect to contact, and repetitive contact was observed in three species 

(Raccoon dog, Carrion crow, and Eurasian red squirrel). At points where 

the vaccine was completely consumed, torn sachets remained; these were 

consumed by carnivores (Figure 41).  
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Discussion 

 

ORVs have been distributed worldwide to interrupt the transmission 

of rabies from target animals, and eliminate the virus from vectors (Mähl 

et al., 2014; Yang et al., 2013). In this regard, optimal locations for 

distributing vaccines were investigated with regard to environmental 

factors and the rates of ORV contact and consumption by the raccoon 

dog, domestic dog, and feral cat as target wildlife species in the Republic 

of Korea.  

In this study, the population density of raccoon dogs in 

mountainous and riparian areas of Seoul was considered 1.0 per
 
1 km

2
, 

which is the known density in neighboring Gyeonggi province in the 

Republic of Korea (Yang et al., 2017). A total of 11 species came into 

contact with the bait (Seoul). This is a similar result to the 10-14 species 

reported previously in a study of ecological research project on wild 

animals in the rabies bait vaccine applied area in the Gyeonggi and 

Gangwon provinces of the Republic of Korea in 2010 (Seoul National 

University, 2010). In addition, both investigations revealed no noticeable 

difference between species according to region. This result indicates that 

there are no significant differences in the number of animal species 

making contact with ORVs in the vaccinated areas in the Republic of 

Korea.  
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Seasonal variation in the vaccine contact rate by raccoon dogs may 

be related to the hibernation period. A previous study has reported that 

hibernation is preceded by a period of intensive eating (Temminck, 

1999). Table 11 shows that species contact also varied environmentally 

with site type. The overall contacts by target species were three times 

higher in mountainous areas than in riparian areas and were six times 

higher in bushy vegetation than in grassy vegetation. Table 12 shows 

that raccoon dogs made a remarkable number of contacts with vaccine 

site 4, which was the only mountainous site where raccoon dogs were 

identified. Boyer et al. (2011) also reported that the rate of contact by 

raccoons with vaccine bait is highest under forest cover. By contrast, 

carrion crows and wild boars accounted for 81.2 % of the total contact 

rate at sites 2 and 3, which were above 350 m ASL in mountainous areas. 

These results indicate that high grounds in mountainous areas without 

bushy vegetation might favor the uptake of vaccines by non-target 

species, especially by omnivorous birds. Hence, ORV contact by the 

target species may be highest in bushy mountainous areas, particularly in 

the autumn.  

Among other species, raccoon dogs made more contacts in riparian 

sites than in mountainous sites. These results were consistent with the 

habitat characteristics of the raccoon dog, which are found mainly in 

forests and in thick vegetation, and prefer areas bordering lakes and 

streams (Osten-Sacken et al., 2011; Temminck, 1999; Yoon et al., 2004). 
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Considering the overall numbers and frequency of contacts made by 

raccoon dogs according to sites, mountainous areas below 150 m ASL 

with bushy vegetation, and/or neighboring riparian areas could be the 

optimal candidate sites for efficient ORV distribution in the Republic of 

Korea for targeting raccoon dogs.  

These results also correlated with the efficient ORV distribution 

requires target animal species that encountered the bait, and photography 

using infrared triggered camera is used for investigation of ORV contact 

by animals (Capello et al., 2010; Olson and Werner, 1999; Roess et al., 

2012; Wolf et al., 2003). Contact does not signify intake of the vaccine, 

it comprises all animal actions when they encountered vaccines, 

including sniffing, intake (or not). Consumption was specified as the 

removal of the vaccine because of animal contact. Thus, infrared 

triggered cameras were used to investigate contact by wildlife and these 

contacts were taken as a proxy for consumption in this study. There were 

discrepancies between the ORV distribution and serological survey areas 

in the Republic of Korea in 2017-2018. This may have resulted in the 

lower seropositivity of captive raccoon dogs (13.7 %) when compared to 

the data of 2012 (40 %) (Yang et al., 2019). Taken together, further 

studies are needed for better serological confirmation that take into 

consideration the habitat, and consumption analyses of the target animal 

species.  
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Vaccines at 94.4 % of the distribution points were completely 

consumed within two weeks, with continuous contact (Table 19). These 

findings were consistent with previous results of field trials in Israel, in 

which up to 90 % of the bait was consumed during the first night (Maki 

et al., 2017). Furthermore, the time it took for the complete consumption 

of the vaccines was almost two weeks in the spring, whereas vaccines 

were consumed within days following the autumn distribution 

(Maciulskis et al., 2008). The rate of consumption across all sites and 

seasons was at least 91 % (Table 20), which was similar or greater than 

previous estimates (Farry et al., 1998; Marks and Bloomfield, 1999). 

Accordingly, ORV appears to be attractive to wildlife, resulting in mass 

consumption by both target and non-target species.  

These findings suggest that efficient vaccination locations with 

regard to the environment, contact rate, and consumption by target 

species can be used to devise strategies for effective ORV distribution 

for the continuous and efficient control of rabies. 
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Table 4. Classification and environmental characteristics of study sites in Seoul 
  

Number Location, name Environment Altitude (m) Vegetation 

1 Bukhansan National Park (Eunpyeong-gu) Mountainous area 70-100 Grassy 

2 Bukhansan National Park (Jongno-gu) Mountainous area 450-500 Bushy 

3 Bukhansan National Park (Seongbuk-gu) Mountainous area 350-400 Grassy 

4 Bukhansan National Park (Gangbuk-gu) Mountainous area 100-150 Bushy 

5 Yangjaecheon Stream (Seocho-gu) Riparian area 0-10 Grassy 

6 Tancheon Stream (Gangnam-gu) Riparian area 0-10 Bushy 
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Table 5. Details of vaccine distribution points in site 1 (Bukhansan 

National Park, Eunpyeong-gu)  

Number Coordinate Number Coordinate 

1 N37 39.262 E126 56.962 18 N37 38.577 E126 56.571 

2 N37 39.192 E126 56.871 19 N37 38.588 E126 56.687 

3 N37 39.114 E126 56.800 20 N37 38.543 E126 56.781 

4 N37 39.130 E126 56.691 21 N37 38.596 E126 56.881 

5 N37 39.039 E126 56.718 22 N37 38.586 E126 56.968 

6 N37 39.173 E126 56.636 23 N37 38.567 E126 57.064 

7 N37 39.165 E126 56.528 24 N37 38.561 E126 57.158 

8 N37 39.148 E126 56.435 25 N37 38.519 E126 57.226 

9 N37 39.152 E126 56.358 26 N37 38.499 E126 57.300 

10 N37 39.098 E126 56.293 27 N37 38.516 E126 56.402 

11 N37 39.022 E126 56.252 28 N37 38.471 E126 56.516 

12 N37 38.933 E126 56.269 29 N37 38.375 E126 56.483 

13 N37 38.874 E126 56.337 30 N37 38.289 E126 56.422 

14 N37 38.789 E126 56.358 31 N37 38.195 E126 56.415 

15 N37 38.748 E126 56.408 32 N37 38.101 E126 56.426 

16 N37 38.699 E126 56.461 33 N37 38.005 E126 56.435 

17 N37 38.594 E126 56.481   
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Table 6. Details of vaccine distribution points in site 2 (Bukhansan 

National Park, Jongno-gu) 

Number Coordinate Number Coordinate 

34 N37 37.030 E126 57.722 51 N37 37.458 E126 57.128 

35 N37 37.087 E126 57.705 52 N37 37.442 E126 57.180 

36 N37 37.186 E126 57.758 53 N37 37.404 E126 57.128 

37 N37 37.273 E126 57.76 54 N37 37.359 E126 57.113 

38 N37 37.335 E126 57.736 55 N37 37.370 E126 57.144 

39 N37 37.380 E126 57.687 56 N37 37.360 E126 57.185 

40 N37 37.412 E126 57.650 57 N37 37.336 E126 57.260 

41 N37 37.450 E126 57.600 58 N37 37.311 E126 57.309 

42 N37 37.473 E126 57.549 59 N37 37.278 E126 57.345 

43 N37 37.494 E126 57.504 60 N37 37.238 E126 57.330 

44 N37 37.518 E126 57.494 61 N37 37.239 E126 57.382 

45 N37 37.490 E126 57.439 62 N37 37.199 E126 57.374 

46 N37 37.490 E126 57.383 63 N37 37.201 E126 57.414 

47 N37 37.513 E126 57.341 64 N37 37.182 E126 57.460 

48 N37 37.490 E126 57.286 65 N37 37.170 E126 57.501 

49 N37 37.481 E126 57.211 66 N37 37.124 E126 57.449 

50 N37 37.483 E126 57.160   
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Table 7. Details of vaccine distribution points in site 3 (Bukhansan 

National Park, Seongbuk-gu) 

Number Coordinate Number Coordinate 

67 N37 36.960 E126 59.781 84 N37 37.227 E126 59.911 

68 N37 36.925 E126 59.715 85 N37 37.206 E126 59.961 

69 N37 36.910 E126 59.655 86 N37 37.187 E127 00.036 

70 N37 36.913 E126 59.588 87 N37 37.161 E127 00.129 

71 N37 36.897 E126 59.536 88 N37 37.243 E127 00.131 

72 N37 36.860 E126 59.477 89 N37 37.243 E127 00.195 

73 N37 36.877 E126 59.389 90 N37 37.227 E127 00.247 

74 N37 36.889 E126 59.330 91 N37 37.278 E127 00.281 

75 N37 36.922 E126 59.306 92 N37 37.341 E127 00.289 

76 N37 36.941 E126 59.242 93 N37 37.356 E127 00.242 

77 N37 36.943 E126 59.204 94 N37 37.397 E127 00.322 

78 N37 36.991 E126 59.172 95 N37 37.408 E127 00.427 

79 N37 36.997 E126 59.123 96 N37 37.388 E127 00.476 

80 N37 37.049 E126 59.151 97 N37 37.443 E127 00.529 

81 N37 37.087 E126 59.158 98 N37 37.491 E127 00.539 

82 N37 37.142 E126 59.267 99 N37 37.543 E127 00.498 

83 N37 37.184 E126 59.842   
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Table 8. Details of vaccine distribution points in site 4 (Bukhansan 

National Park, Gangbuk-gu) 

Number Coordinate Number Coordinate 

100 N37 40.628 E127 00.208 117 N37 40.158 E127 00.478 

101 N37 40.596 E127 00.182 118 N37 40.126 E127 00.455 

102 N37 40.550 E127 00.162 119 N37 40.123 E127 00.513 

103 N37 40.531 E127 00.216 120 N37 40.067 E127 00.515 

104 N37 40.537 E127 00.264 121 N37 40.036 E127 00.579 

105 N37 40.496 E127 00.278 122 N37 40.014 E127 00.541 

106 N37 40.479 E127 00.243 123 N37 39.743 E127 00.348 

107 N37 40.448 E127 00.274 124 N37 39.708 E127 00.353 

108 N37 40.420 E127 00.318 125 N37 39.662 E127 00.433 

109 N37 40.395 E127 00.328 126 N37 39.607 E127 00.455 

110 N37 40.354 E127 00.348 127 N37 39.544 E127 00.465 

111 N37 40.321 E127 00.393 128 N37 39.505 E127 00.444 

112 N37 40.282 E127 00.378 129 N37 39.469 E127 00.455 

113 N37 40.259 E127 00.415 130 N37 39.431 E127 00.477 

114 N37 40.205 E127 00.379 131 N37 39.402 E127 00.509 

115 N37 40.229 E127 00.483 132 N37 39.316 E127 00.489 

116 N37 40.212 E127 00.498   
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Table 9. Details of vaccine distribution points in site 5 (Yangjaecheon 

Stream, Seocho-gu) 

Number Coordinate Number Coordinate 

133 N37 28.054 E127 01.766 150 N37 28.790 E127 02.683 

134 N37 28.097 E127 01.800 151 N37 28.812 E127 02.707 

135 N37 28.164 E127 01.851 152 N37 28.871 E127 02.785 

136 N37 28.315 E127 01.969 153 N37 28.893 E127 02.823 

137 N37 28.364 E127 02.017 154 N37 28.916 E127 02.864 

138 N37 28.380 E127 02.085 155 N37 28.937 E127 02.902 

139 N37 28.396 E127 02.139 156 N37 28.970 E127 02.964 

140 N37 28.409 E127 02.194 157 N37 29.010 E127 03.032 

141 N37 28.461 E127 02.346 158 N37 29.075 E127 03.161 

142 N37 28.490 E127 02.384 159 N37 29.099 E127 03.189 

143 N37 28.533 E127 02.435 160 N37 29.137 E127 03.257 

144 N37 28.560 E127 02.445 161 N37 29.167 E127 03.311 

145 N37 28.603 E127 02.482 162 N37 29.194 E127 03.362 

146 N37 28.649 E127 02.523 163 N37 29.269 E127 03.450 

147 N37 28.679 E127 02.540 164 N37 29.299 E127 03.528 

148 N37 28.719 E127 02.591 165 N37 29.326 E127 03.616 

149 N37 28.736 E127 02.618   
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Table 10. Details of vaccine distribution points in site 6 (Tancheon 

Stream, Gangnam-gu) 

Number Coordinate Number Coordinate 

166 N37 30.530 E127 04.116 183 N37 29.991 E127 05.111 

167 N37 30.479 E127 04.129 184 N37 29.981 E127 05.169 

168 N37 30.431 E127 04.143 185 N37 29.972 E127 05.240 

169 N37 30.382 E127 04.133 186 N37 29.948 E127 05.291 

170 N37 30.339 E127 04.143 187 N37 29.932 E127 05.349 

171 N37 30.299 E127 04.143 188 N37 29.913 E127 05.427 

172 N37 30.258 E127 04.170 189 N37 29.889 E127 05.485 

173 N37 30.226 E127 04.201 190 N37 29.865 E127 05.546 

174 N37 30.188 E127 04.235 191 N37 29.843 E127 05.617 

175 N37 30.161 E127 04.282 192 N37 29.824 E127 05.685 

176 N37 30.056 E127 04.350 193 N37 29.800 E127 05.746 

177 N37 29.997 E127 04.357 194 N37 29.776 E127 05.811 

178 N37 29.921 E127 04.384 195 N37 29.746 E127 05.882 

179 N37 30.145 E127 04.579 196 N37 29.735 E127 05.940 

180 N37 30.115 E127 04.705 197 N37 29.736 E127 06.013 

181 N37 30.069 E127 04.902 198 N37 29.660 E127 06.113 

182 N37 30.013 E127 05.057   
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Table 11. Number of vaccine contacts by season, environment and vegetation type 

Species 

Season Environment Vegetation 

Total (%) 
Spring (%) Autumn (%) 

Mountainous 

areas (%) 

Riparian  

areas (%) 
Grassy (%) Bushy (%) 

Raccoon dog 61(8.7) 556(50.2) 466(30.8) 151(50.8) 31(4.7) 586(51.4) 617(34.1) 

Feral cat 116(16.5) 87(7.9) 138(9.1) 65(21.9) 62(9.3) 141(12.4) 203(11.2) 

Domestic dog 91(13) 34(3.1) 118(7.8) 7(2.4) 31(4.7) 94(8.2) 125(6.9) 

Carrion crow 194(27.7) 131(11.8) 325(21.5) 0(0) 243(36.4) 82(7.2) 325(18) 

Wild boar 45(6.4) 202(18.2) 247(16.4) 0(0) 197(29.5) 50(4.4) 247(13.7) 

Eurasian magpie 80(11.4) 33(3) 95(6.3) 18(6.1) 32(4.8) 81(7.1) 113(6.3) 

Waterfowl 45(6.4) 15(1.4) 30(2) 30(10.1) 12(1.8) 48(4.2) 60(3.3) 

Eurasian red squirrel 42(6) 7(0.6) 49(3.2) 0(0) 20(3) 29(2.5) 49(2.7) 

Korean water deer 3(0.4) 24(2.2) 21(1.4) 6(2) 0(0) 27(2.4) 27(1.5) 

Siberian chipmunk 13(1.9) 9(0.8) 22(1.5) 0(0) 22(3.3) 0(0) 22(1.2) 

Brown rat 11(1.6) 9(0.8) 0(0) 20(6.7) 17(2.5) 3(0.2) 20(1.1) 

Total 701(100) 1,107(100) 1,511(100) 297(100) 667(100) 1,141(100) 1,808(100) 
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Table 12. Number of vaccine contacts by various species at all sites 

Species 
Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 

Total (%) 
S

a
 A

b
 T

c
 S

a
 A

b
 T

c
 S

a
 A

b
 T

c
 S

a
 A

b
 T

c
 S

a
 A

b
 T

c
 S

a
 A

b
 T

c
 

Raccoon dog 0 0 0 0 0 0 0 0 0 9 457 466 22 9 31 30 90 120 617(34.1) 

Feral cat 30 15 45 45 9 54 0 0 0 12 27 39 17 0 17 12 36 48 203(11.2) 

Domestic dog 15 6 21 0 0 0 3 0 3 66 28 94 7 0 7 0 0 0 125(6.9) 

Carrion crow 0 3 3 47 12 59 124 116 240 23 0 23 0 0 0 0 0 0 325(18) 

Wild boar 0 3 3 18 8 26 3 191 194 24 0 24 0 0 0 0 0 0 247(13.7) 

Eurasian magpie 4 0 4 0 0 0 16 0 16 45 30 75 12 0 12 3 3 6 113(6.3) 

Waterfowl 3 0 3 12 6 18 0 0 0 3 6 9 9 0 9 18 3 21 60(3.3) 

Eurasian red squirrel 13 7 20 29 0 29 0 0 0 0 0 0 0 0 0 0 0 0 49(2.7) 

Korean water deer 0 0 0 0 0 0 0 0 0 0 21 21 0 0 0 3 3 6 27(1.5) 

Siberian chipmunk 13 9 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22(1.2) 

Brown rat 0 0 0 0 0 0 0 0 0 0 0 0 11 6 17 0 3 3 20(1.1) 

Total 78 43 121 151 35 186 146 307 453 182 569 751 78 15 93 66 138 204 1,808(100) 
a)
 spring, 

b)
 autumn, 

c)
 total. 
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Table 13. Details of vaccine contact number by target and non-target 

species in site 1 (Bukhansan National Park, Eunpyeong-gu) 

Species name 

(scientific name) 

Spring  

(%) 

Autumn 

(%) 

Total  

(%) 

Korean raccoon dog  

(Nyctereutes procyonoides koreensis) 
0 0 0 

Feral cat 

(Felis catus) 
30 15 45 

Domestic dog 

(Canis lupus familiaris) 
15 6 21 

Subtotal (%) 45 (57.7) 21 (48.8) 66 (54.6) 

Carrion crow 

(Corvus corone) 
0 3 3 

Wild boar 

(Sus scrofa) 
0 3 3 

Eurasian magpie 

(Pica pica) 
4 0 4 

Waterfowl 

(Anas spp.) 
3 0 3 

Eurasian red squirrel 

(Sciuru vulgaris) 
13 7 20 

Korean water deer 

(Hydropotes inermis argyopus) 
0 0 0 

Siberian chipmunk 

(Tamias sibiricus) 
13 9 22 

Brown rat 

(Rattus norvegicus) 
0 0 0 

Subtotal (%) 33 (42.3) 22 (51.2) 55 (45.4) 

Total (%) 78 (100) 43 (100) 121 (100) 
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Table 14. Details of vaccine contact number by target and non-target 

species in site 2 (Bukhansan National Park, Jongno-gu) 

Species name 

(scientific name) 

Spring  

(%) 

Autumn 

(%) 

Total  

(%) 

Korean raccoon dog  

(Nyctereutes procyonoides koreensis) 
0 0 0 

Feral cat 

(Felis catus) 
45 9 54 

Domestic dog 

(Canis lupus familiaris) 
0 0 0 

Subtotal (%) 45 (29.8) 9 (25.7) 54 (29.0) 

Carrion crow 

(Corvus corone) 
47 12 59 

Wild boar 

(Sus scrofa) 
18 8 26 

Eurasian magpie 

(Pica pica) 
0 0 0 

Waterfowl 

(Anas spp.) 
12 6 18 

Eurasian red squirrel 

(Sciuru vulgaris) 
29 0 29 

Korean water deer 

(Hydropotes inermis argyopus) 
0 0 0 

Siberian chipmunk 

(Tamias sibiricus) 
0 0 0 

Brown rat 

(Rattus norvegicus) 
0 0 0 

Subtotal (%) 106 (70.2) 26 (74.3) 132 (71.0) 

Total (%) 151 (100) 35 (100) 186 (100) 
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Table 15. Details of vaccine contact number by target and non-target 

species in site 3 (Bukhansan National Park, Seongbuk-gu) 

Species name 

(scientific name) 

Spring  

(%) 

Autumn 

(%) 

Total  

(%) 

Korean raccoon dog  

(Nyctereutes procyonoides koreensis) 
0 0 0 

Feral cat 

(Felis catus) 
0 0 0 

Domestic dog 

(Canis lupus familiaris) 
3 0 3 

Subtotal (%) 3 (2.1) 0 (0) 3 (0.7) 

Carrion crow 

(Corvus corone) 
124 116 240 

Wild boar 

(Sus scrofa) 
3 191 194 

Eurasian magpie 

(Pica pica) 
16 0 16 

Waterfowl 

(Anas spp.) 
0 0 0 

Eurasian red squirrel 

(Sciuru vulgaris) 
0 0 0 

Korean water deer 

(Hydropotes inermis argyopus) 
0 0 0 

Siberian chipmunk 

(Tamias sibiricus) 
0 0 0 

Brown rat 

(Rattus norvegicus) 
0 0 0 

Subtotal (%) 143 (97.9) 307 (100) 450 (99.3) 

Total (%) 146 (100) 307 (100) 453 (100) 
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Table 16. Details of vaccine contact number by target and non-target 

species in site 4 (Bukhansan National Park, Gangbuk-gu) 

Species name 

(scientific name) 

Spring  

(%) 

Autumn 

(%) 

Total  

(%) 

Korean raccoon dog  

(Nyctereutes procyonoides koreensis) 
9 457 466 

Feral cat 

(Felis catus) 
12 27 39 

Domestic dog 

(Canis lupus familiaris) 
66 28 94 

Subtotal (%) 87 (47.8) 512 (90.0) 599 (79.8) 

Carrion crow 

(Corvus corone) 
23 0 23 

Wild boar 

(Sus scrofa) 
24 0 24 

Eurasian magpie 

(Pica pica) 
45 30 75 

Waterfowl 

(Anas spp.) 
3 6 9 

Eurasian red squirrel 

(Sciuru vulgaris) 
0 0 0 

Korean water deer 

(Hydropotes inermis argyopus) 
0 21 21 

Siberian chipmunk 

(Tamias sibiricus) 
0 0 0 

Brown rat 

(Rattus norvegicus) 
0 0 0 

Subtotal (%) 95 (51.2) 57 (10.0) 152 (20.2) 

Total (%) 182 (100) 569 (100) 751 (100) 

 

 

 

 

 

 



91 

 

Table 17. Details of vaccine contact number by target and non-target 

species in site 5 (Yangjaecheon Stream, Seocho-gu) 

Species name 

(scientific name) 

Spring  

(%) 

Autumn 

(%) 

Total  

(%) 

Korean raccoon dog  

(Nyctereutes procyonoides koreensis) 
22 9 31 

Feral cat 

(Felis catus) 
17 0 17 

Domestic dog 

(Canis lupus familiaris) 
7 0 7 

Subtotal (%) 46 (59.0) 9 (60.0) 55 (59.1) 

Carrion crow 

(Corvus corone) 
0 0 0 

Wild boar 

(Sus scrofa) 
0 0 0 

Eurasian magpie 

(Pica pica) 
12 0 12 

Waterfowl 

(Anas spp.) 
9 0 9 

Eurasian red squirrel 

(Sciuru vulgaris) 
0 0 0 

Korean water deer 

(Hydropotes inermis argyopus) 
0 0 0 

Siberian chipmunk 

(Tamias sibiricus) 
0 0 0 

Brown rat 

(Rattus norvegicus) 
11 6 17 

Subtotal (%) 32 (41.0) 6 (40.0) 38 (40.9) 

Total (%) 78 (100) 15 (100) 93 (100) 
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Table 18. Details of vaccine contact number by target and non-target 

species in site 6 (Tancheon Stream, Gangnam-gu) 

Species name 

(scientific name) 

Spring  

(%) 

Autumn 

(%) 

Total  

(%) 

Korean raccoon dog  

(Nyctereutes procyonoides koreensis) 
30 90 120 

Feral cat 

(Felis catus) 
12 36 48 

Domestic dog 

(Canis lupus familiaris) 
0 0 0 

Subtotal (%) 42 (63.6) 126 (91.3) 168 (82.4) 

Carrion crow 

(Corvus corone) 
0 0 0 

Wild boar 

(Sus scrofa) 
0 0 0 

Eurasian magpie 

(Pica pica) 
3 3 6 

Waterfowl 

(Anas spp.) 
18 3 21 

Eurasian red squirrel 

(Sciuru vulgaris) 
0 0 0 

Korean water deer 

(Hydropotes inermis argyopus) 
3 3 6 

Siberian chipmunk 

(Tamias sibiricus) 
0 0 0 

Brown rat 

(Rattus norvegicus) 
0 3 3 

Subtotal (%) 24 (36.4) 12 (8.7) 36 (17.6) 

Total (%) 66 (100) 138 (100) 204 (100) 
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Table 19. Number of distribution points at which vaccines were consumed according to season 

Season of distribution 
Number of points at which vaccines were completely consumed Number of 

remaining 

points
b
 

Total 

distribution 

points One week
a
 Two weeks

a
 Three weeks

a
 

Spring 172 14 0 12 198 

Autumn 181 7 1 9 198 

Total 353 (89.1 %) 21 (5.3 %) 1 (0.3 %) 21 (5.3 %) 396 (100 %) 
a)

 after distribution, 
b)

 vaccines were not completely consumed by wildlife. 
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Table 20. Rate of vaccine consumption by sites and seasons 

Number Location, name Environment Spring (%) Autumn (%) Total (%) 

1 Bukhansan National Park (Eunpyeong-gu)  Mountainous area 98.60 95.30 96.95 ± 2.33 

2 Bukhansan National Park (Jongno-gu)  Mountainous area 91.30 94.00 92.65 ± 1.90 

3 Bukhansan National Park (Seongbuk-gu)  Mountainous area 96.20 95.10 95.65 ± 0.77 

4 Bukhansan National Park (Gangbuk-gu) Mountainous area 92.70 96.10 94.40 ± 2.40 

5 Yangjaecheon Stream (Seocho-gu) Riparian area 95.10 96.60 95.85 ± 1.06 

6 Tancheon Stream (Gangnam-gu) Riparian area 94.60 96.80 95.70 ± 1.55 

Total 94.75 ± 2.57 95.65 ± 1.05 95.20 ± 1.93 
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Figure 21. Vaccination site locations at Bukhansan National Park, Yangjaecheon and Tancheon Streams, Seoul, Republic 

of Korea. Site 1 (Eunpyeong-gu), site 2 (Jongno-gu), site 3 (Seongbuk-gu), and site 4 (Gangbuk-gu) are mountainous areas, site 5 

(Yangjaecheon Stream, Seocho-gu) and site 6 (Tancheon Stream, Gangnam-gu) are riparian areas.
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Figure 22. Location of vaccine distribution points in site 1 

(Bukhansan National Park, Eunpyeong-gu). White flags show the 

distribution points. 
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Figure 23. Location of vaccine distribution points in site 2 

(Bukhansan National Park, Jongno-gu). White flags show the 

distribution points. 
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Figure 24. Location of vaccine distribution points in site 3 

(Bukhansan National Park, Seongbuk-gu). White flags show the 

distribution points. 
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Figure 25. Location of vaccine distribution points in site 4 

(Bukhansan National Park, Gangbuk-gu). White flags show the 

distribution points. 
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Figure 26. Location of vaccine distribution points in site 5 

(Yangjaecheon Stream, Seocho-gu). White flags show the distribution 

points. 
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Figure 27. Location of vaccine distribution points in site 6 

(Tancheon Stream, Gangnam-gu). White flags show the distribution 

points. 

. 
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Figure 28. Target species: Korean raccoon dogs (Nyctereutes 

procyonoides koreensis) in Tancheon Stream (Seocho-gu). A total of 

11 species made contact with the baits, including the three target species. 
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Figure 29. Target species: Domestic dog (Canis lupus familiaris) in 

Bukhansan National Park (Gangbuk-gu). A total of 11 species made 

contact with the baits, including the three target species. 
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Figure 30. Target species: Feral cat (Felis catus) in Bukhansan 

National Park (Jongno-gu). A total of 11 species made contact with the 

baits, including the three target species. 
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Figure 31. Non-target species: Carrion crow (Corvus corone) in 

Bukhansan National Park (Jongno-gu). A total of 11 species made 

contact with the baits, including the eight non-target species. 
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Figure 32. Non-target species: Eurasian magpie (Pica pica) in 

Bukhansan National Park (Seongbuk-gu). A total of 11 species made 

contact with the baits, including the eight non-target species. 
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Figure 33. Non-target species: Wild boars (Sus scrofa) in Bukhansan 

National Park (Seongbuk-gu). A total of 11 species made contact with 

the baits, including the eight non-target species. 
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Figure 34. Non-target species: Eurasian red squirrel (Sciuru vulgaris) 

in Bukhansan National Park (Eunpyeong-gu). A total of 11 species 

made contact with the baits, including the eight non-target species. 
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Figure 35. Non-target species: Siberian chipmunk (Tamias sibiricus) 

in Bukhansan National Park (Eunpyeong-gu). A total of 11 species 

made contact with the baits, including the eight non-target species. 
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Figure 36. Non-target species: Korean water deer (Hydropotes 

inermis argyropus) in Bukhansan National Park (Gangbuk-gu). A 

total of 11 species made contact with the baits, including the eight non-

target species. 
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Figure 37. Non-target species: Brown rat (Rattus norvegicus), (white 

arrow) in Yangjaecheon Stream (Seocho-gu). A total of 11 species 

made contact with the baits, including the eight non-target species. 
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Figure 38. Non-target species: waterfowl (Mallard; Anas 

platyrhynchos) in Tancheon Stream (Gangnam-gu). A total of 11 

species made contact with the baits, including the eight non-target 

species. 
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Figure 39. Non-target species: waterfowl (Spot-billed duck; Anas 

poecilorhyncha) in Tancheon Stream (Gangnam-gu). A total of 11 

species made contact with the baits, including the eight non-target 

species. 
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Figure 40. Continuous contacts with vaccines by animals. The 

vaccines were continuously contacted by Korean raccoon dogs 

(Nyctereutes procyonoides koreensis) with intervals ranging from one 

hour (a1-3) to one day (b1-3). 
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Figure 41. Remains of vaccines at distribution points. The oral rabies 

vaccine was completely consumed, leaving a torn sachet (white circle 

and arrow). 
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CHAPTER III 

 

 

Sales and immunogenicity of commercial vaccines 

to H9N2 low pathogenic avian influenza virus in 

the Republic of Korea from 2007 to 2017 

 

 

Abstract 

 

The present study was conducted to monitor sales activity and 

immunogenicity of commercial H9N2 vaccines produced in Korea from 

2007 to 2017. Recorded sales of H9N2 vaccine were around 671 million 

doses, with 10 million doses sold in 2007, rising to a peak of 93 million 

doses in 2016, with a slight fall in 2017. Multivalent combined vaccines 

made up around 90 % of all vaccine sales, and around 30 % of all 

vaccines were distributed by regional governments for free. The regional 

vaccination rate was the highest in Gyeonggi and Chungnam, 

respectively with proportional to the population of layer and breeder 

chickens. There have been no cases of field infection since 2009. The 

mean antibody titer was 5.82 log2 across the study period. These results 
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suggest that continuous genetic monitoring of H9N2 viruses circulating 

in the field and updating the vaccine seed strain periodically are 

necessary in order to control H9N2 outbreaks. 

 

Keywords: vaccine, avian influenza, low pathogenic, H9N2, chicken, 

immunogenicity, poultry 
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Introduction 

 

H9N2 low pathogenic avian influenza is one of subtypes of avian 

influenza viruses and has occurred worldwide at poultry farms and wild 

birds. The first H9N2 outbreak case in poultry was in the 1960s (Guan et 

al., 1999), since then H9N2 LPAI viruses circulated widely and soon 

became a pandemic in Eurasia in 1990s (Alexander, 2007).  

The H9N2 low pathogenic avian influenza viruses have been 

circulating across countries of North Africa, the Middle East, and Asia in 

multiple avian species, resulting in substantial economic losses as a 

result of reduced egg production and increased mortality associated with 

coinfection with other pathogens (Ducatez et al., 2008; Lee et al., 2016). 

For instance, H9N2 LPAI viruses have been isolated in various countries 

such as Germany, Italy, Ireland, Saudi Arabia, Iran, Egypt, Israel, 

Pakistan, China, Hong Kong (Alexander, 2000; Banks et al., 2000; 

Capua and Alexander, 2004). Zhang et al. (2009) and Zhu et al. (2018) 

showed H9N2 LPAI was especially prevalent in China since 1994, and 

rapidly spread to domestic poultry farms.  

Laboratory examination of specific pathogen free (SPF) chicken 

showed low pathogenicity of H9N2 LPAI virus, but in some countries 

reported frequent outbreaks of H9N2 infection with high mortality 

(Umar et al., 2017). Although the mortality of H9N2 LPAI in not as high 

as highly pathogenic avian influenza, it caused depressions and other 
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respiratory disease in chicken flock, reduced egg production in poultry 

farms (Capua, 2007; Lee et al., 2016). It finally induces huge economic 

losses in poultry, over a long period of time. In addition, the H9N2 virus 

has caused human infection in some Asian countries, potentially 

endemic concern to humans as well (Lin et al., 2000). So, it is treated as 

one of the major subtypes in poultry (Gu et al., 2017). 

In several of these countries, vaccines have been deployed for 

disease control. However, H9N2 infections have become endemic in the 

poultry industries in a number of countries (Alexander, 2007). Although 

immunization with inactivated LPAI vaccine cannot completely protect 

against viral infection and shedding into the environment, it is one of the 

most promising control measures to date for H9N2 LPAI. Therefore, 

vaccination against H9N2 LPAI has been used in many of the countries 

and regions where the virus is endemic, such as China, the Middle East, 

and Korea (Choi et al., 2008; Gharaibeh et al., 2015).  

In Korea, the first field outbreaks of H9N2 LPAI occurred in 1996, 

caused by A/Chicken/Korea/960006/96 (H9N2). Since 2000, it has been 

endemic, came up with great economic concerns in poultry industry 

especially in layer farms (Kwon et al., 2006). To control H9N2 LPAI 

outbreaks, the Korean veterinary authorities used measures of stamping-

out and compensation between 1996 and 1999, but this policy did not 

achieve complete eradication of the disease. Since 2007, the Korean 

government has permitted the use of a single, inactivated H9N2 vaccine 
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strain (A/chicken/Korea/01310/2001(H9N2)) to minimized economic 

losses (Choi et al., 2008). Soon, vaccination has been performed since 

first half of 2007 in Korea. This strain had a high yield through multiple 

passages in embryonated eggs (Song et al., 2008).  

On the basis of the results of animal challenge experiments, a 

requirement for the minimum efficacy of inactivated H9N2 LPAI 

vaccines was determined in Korea to be a > 80 % inhibition of the virus 

recovery rate in cecal tonsils of vaccinated chickens, relative to the virus 

recovery rate in unvaccinated chickens, at 5 days post-infection (Choi et 

al., 2008). However, avian influenza virus evolves continuously, and a 

novel strain could emerge at any time and necessitate the selection of a 

new vaccine candidate. In addition, the current vaccine does not block 

all viral infection and shedding. The Korean government therefore 

conditionally issued a vaccine-production license with the requirements 

that producers record and submit sales activity, and that they deploy and 

test sentinel birds on vaccinated farms.  

Although the H9N2 vaccination has been carried out for an 11 years 

in Korea, vaccination has contributed to control H9N2 viruses (Lee et al., 

2016). However, overview of sales volume during whole vaccination 

periods, immunogenicity of commercial vaccines and variation of 

infection in field have not been identified yet. Therefore, the current 

study aimed to monitor sales activity and immunogenicity of H9N2 
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vaccines sold by five domestic producers for use in vaccination of 

chickens in farms in Korea from 2007 to 2017. 
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Materials and methods 

 

Sales of H9N2 vaccines 

According to the stipulations of the vaccine-production license, 

H9N2-vaccine producers have to record all sales activity and submit 

their records to the Korean Animal and Plant Quarantine Agency (APQA) 

on request. From 2007 to 2017, H9N2 vaccines made by five vaccine 

producers were analyzed annually for production and sales volumes, 

vaccine types (monovalent or multivalent combined vaccine), sales 

channels (farmers or regional governments), poultry types (layer or 

breeder chickens), and vaccination regions (provinces). All production 

and sales volumes are reported by dose. 

 

Immunogenicity of H9N2 vaccines in vaccinated birds 

According to the stipulations of the vaccine production license, 20–

30 unvaccinated sentinel birds must be deployed on every vaccinated 

poultry farm and usually co-housed with the vaccinated flock for 3 or 4 

weeks. Serum samples from 10 % of the vaccinated farms must then be 

tested along with the sera from the sentinel birds, to enable monitoring 

of LPAI infection, with results being submitted to the APQA. All 

producers’ facilities are certified (i.e., they comply with Korea 

Veterinary Good Manufacturing Practice; KVGMP) by the Ministry of 
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Agriculture, Food and Rural Affairs. From 2007 to 2017, 

hemagglutination inhibition (HI) antibody titers in 1,360 serum samples 

were measured in accordance with the OIE’s terrestrial manual (World 

Organisation for Animal Health, 2019). 

 

Serological test   

Every year after vaccination, serum tests for all vaccinated farms 

were performed in producers’ facilities, twice a year. Tested individuals 

were randomly selected in each vaccinated flock. Seroprevalence survey 

was carried out by HI assay to verify efficacy of H9N2 commercially 

used vaccines. In this test, 25 ㎕ of phosphate buffered saline (PBS) was 

placed in 96 plate each well at first, 2-fold serial dilution series of serum 

was mixed with 25 ㎕ of virus and placed at room temperature for 10 

minutes. After incubation, 25 ㎕ of red blood cells (RBC) were added in 

each well, incubated at room temperature for 30 minutes and 

agglutinations results were read. Chicken erythrocytes and 4 

hemagglutinating unit (HAU) of virus were used. The highest dilution of 

antibodies were checked for HI titer (log2) in each individuals and flocks. 

After that, mean antibody titers and standard deviations were calculated 

annually. All tested groups were maintained the controls. Antibodies 

from infection in field were identified, as well.  
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Results 

 

The registered sales of H9N2 vaccines totaled about 671 million 

doses, increasing from 10 million in 2007 to 80 million in 2017, with a 

peak of 93 million doses sold in 2016 (Figure 42).  

During this survey, one producer (A) was responsible for 44.1 % of 

vaccine sales (295.6 million doses), with producer B recording 116.4 

million sales, producer C recording 99.8 million, producer D recording 

99.2 million, and producer E recording 59.9 million (Table 21 and Figure 

43). Multivalent combined vaccines (including bivalent, trivalent, and 

tetravalent vaccines combining inactivated LPAI with Newcastle disease 

virus, infectious bronchitis virus, and/or egg drop syndrome virus) 

accounted for 90 % of vaccine sales (605 million doses), with 

monovalent vaccine making up only 10 % of sales in Korea in the study 

period (Figure 44). Data also show that H9N2 vaccines were purchased 

either directly by farmers or indirectly by regional governments. Around 

30 % (201 million doses) of the H9N2 vaccine sales were distributed by 

regional governments for free in the study period, beginning in 2009 

(Figure 45).  

In layer chickens, the highest vaccinated farm was Gyeonggi (1,610 

farms), followed by Gyeongbuk (1,178 farms) and Chungnam (868 

farms). In breeder chickens, the highest vaccinated farm was Chungnam 

(487 farms), followed by Jeonbuk (364 farms) and Gyeonggi (193 farms) 
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(Figure 46). The combined rates of vaccination of both layer and breeder 

chicken farms in Gwangju, Jeonbuk, and Jeonnam provinces were 

particularly high (> 60 %) in 2017 (Figure 47).  

The mean antibody titer (log2) for 10 % of each vaccinated farms, 

averaged across the survey period, was 5.82 (Table 22 and Figure 48). In 

2007 and 2008, H9N2 infections occurred in 18 % and 9 %, respectively, 

of vaccinated farms, whereas no further H9N2 infections have been 

reported since 2009 (Figure 49).  
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Discussion 

 

The current study aimed to monitor sales activity and 

immunogenicity of H9N2 vaccines sold by five domestic producers for 

use in vaccination of chickens in farms in Korea from 2007 to 2017. 

Sales activity for H9N2 vaccines and immunogenicity in 10 % of 

vaccinated farms in Korea were analyzed in each year from 2007 to 2017.  

Sales volume by year showed a proportional pattern to quarantine 

measures from government. The fall in sales in 2017 from the 2016 peak 

may have been caused by a decrease in H9N2 LPAI outbreaks following 

enhancement of control measures, and strict biosecurity such as 

prohibition of livestock transactions in live bird markets (LBM) during 

the worst highly pathogenic avian influenza outbreaks in Korea in 

2016/2017.  

The LPAI outbreak cases in Korea decreased with the vaccination 

programs as the vaccine sales volume increased while the number of 

outbreaks decreased, inversely. According to the data of Korea Animal 

Health Integrated System (KAHIS), The LPAI outbreak cases of Korea 

were peaked in 2008 (117 cases) after that outbreak cases were gradually 

decreased 71 cases (2009), 61 cases (2010), 54cases (2011), 24 cases 

(2012), showed that LPAI vaccination including H9N2 contributed 

reducing the outbreak of LPAI. 
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During this survey, multivalent combined vaccines accounted for 

90 % of vaccine sales (605 million doses). This result suggests that 

multivalent combined vaccines are preferred in poultry farms in Korea, 

presumably because they provide reductions in application time and 

overall costs compared with monovalent vaccine. The number of 

vaccinated farms in each province was proportional to the population of 

layer and breeder chickens. On the basis of 2017 statistics from the 

Korea Statistical Information Service, 48.4 % of the layer chicken farms 

and 48.5 % of the breeder chicken farms in Korea received H9N2 LPAI 

vaccination (Korea Animal Health Integrated System, 2019).  

The mean antibody titer (log2) for 10 % of each vaccinated farms, 

averaged across the survey period, was 5.82, which was close to the 

criterion for H9N2 LPAI vaccine efficacy (> 6.0 (log2) in SPF chickens). 

This result corresponds with that of a previous report that commercial 

chickens vaccinated in the field had less immunization than in laboratory 

birds due to maternal antibody, immunosuppressive viruses, used of a 

reduced vaccine dose, and the time of bleeding post-vaccination (Bouma 

et al., 2008).  

On the other hands, there were a broad range of antibodies by farms 

indicating that difference in inadequate inoculation method when 

vaccination, differences by poultry individual characteristics. It is also 

considered that the results vaccination target is not a SPF chickens but 

commercial poultry, and lower antibody levels than the standard in some 
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individuals due to differences in time points of measurement after 

vaccination. 

Serum titers in sentinel birds were often reported as 1 or 2 (log2), 

which is considered negative in accordance with the OIE’s terrestrial 

manual for positive diagnosis of HI test (> 4.0 (log2) against 4 HAU of 

antigen) (World Organisation for Animal Health, 2019). This result 

indicates that there was no natural infection of sentinel birds during the 3 

or 4 weeks of co-housing. In fact, there have been no reports of H9N2 

outbreaks in broiler or breeder farms in Korea more recently. Based on 

statistics provided by the KAHIS for the last three years, only a few 

cases of H9N2 viruses were isolated from unvaccinated LBM (three 

cases in 2017 and one case in 2018) in Korea (Korea Animal Health 

Integrated System, 2019). Taken together, these results suggest that 

H9N2 vaccination on poultry farms is effective. However, despite the 

long-term vaccination programs, H9N2 viruses persist, mainly in Korean 

native chickens of unvaccinated flocks, and in the LBM. In China, 

inactivated H9N2 has been used in > 20 different commercial vaccines, 

with frequent updating of the vaccine seed, since 1998 (Zhang et al., 

2008). However, H9N2 LPAI viruses persist in chicken populations, 

even in vaccinated flocks, in China (Zhang et al., 2008).  

As vaccination is one of the primary measures used for the 

prevention of infectious diseases, to maintain optimal protection by 

vaccination, the efficacy of human influenza vaccines is evaluated 
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annually and the vaccine preparation is updated to include the prevalent 

strains (Ada et al., 1986; Couch et al., 1983). In China, H9N2 isolates 

identified between 2009 and 2013 had undergone significant antigenic 

drift from the vaccine strains isolated in the 1990s (Ge et al., 2016). 

Likewise, Korean H9N2 avian influenza viruses isolated in 2009 are 

genetically and antigenically different from the vaccine strain; in 

addition, immunized chickens did not demonstrate inhibition of virus 

replication and transmission (Park et al., 2011). Moreover, Korean H9N2 

viruses in unvaccinated LBM have evolved through antigenic drift and 

genetic reassortment with other LPAI viruses (Lee et al., 2016; Lee and 

Song, 2013; Kim et al., 2010; Choi et al., 2005); this may have resulted 

in antigenic differences between the vaccine strain and the recent field 

isolate. In fact, the current vaccine used in Korea is prepared from an 

isolate that was circulating in 2001. The hemagglutinin (HA) gene of this 

isolate showed 91–92 % similarity with recently isolated viruses 

(unpublished results).  

According to Lee et al. (2007), H9N2 influenza viruses constantly 

evolving that genetic reassortment had been occurred, Zhu et al. (2017) 

noted that H9N2 viruses had evolution and variation from 2011-2014 in 

China, indicated that the H9N2 viruses continually changed and it needs 

to be prepared. Furthermore, the Korean like H9N2 lineage has showed 

antigenic drift of the HA and reassortment had been occurred with other 

LPAI viruses which circulating in the LBM (Park et al., 2011). 
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Given this reason, although implementation of the H9N2 

vaccination has been successful and reduced the diversity of H9N2 virus, 

it is considered necessary to prepare for gene mutation of H9N2, such as 

vaccine stain replacement with recently isolated viruses. Finally, In order 

to control future LPAI outbreak including H9N2, improvement of 

vaccination efficiency and regular monitoring of genetic mutation 

between vaccine and field strain, should be performed continuously. The 

outcome of this study can be used to evaluation of follow-up 

management for diverse field vaccination. 
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Table 21. Production and sales volumes of H9N2 low pathogenic avian influenza vaccines by each of five H9N2 vaccine 

producers in the Republic of Korea from 2007 to 2017 

Production / Sales 

Volumes (x1,000 dose) 

Vaccine producers 
Total 

A
*
 B

*
 C

*
 D

*
 E

*
 

Production 304,669 123,183 118,976 138,058 101,446 786,332 

Sales 295,559 116,394 99,791 99,179 59,927 670,850 

Total 660,228 239,577 218,767 237,237 161,373 1,457,182 

*)
 Five certified domestic producers in the Republic of Korea. 
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Table 22. Annual hemagglutination inhibition titers according to the H9N2 vaccine producers in the Republic of Korea 

Year 
Number of 

samples 

Hemagglutination inhibition titers (log2, mean ± SD)
a
 

Vaccine producers 
Total 

A
*
 B

*
 C

*
 D

*
 E

*
 

2007 48 5.52 ± 1.38 3.90 ± 0.62 6.84 ± 0.89 6.76 ± 2.22 3.95 ± 1.17 5.66 ± 1.78 

2008 131 6.09 ± 0.84 5.12 ± 0.52 6.61 ± 0.98 5.42 ± 0.74 5.36 ± 0.93 5.88 ± 0.95 

2009 160 6.07 ± 0.91 5.59 ± 1.11 6.37 ± 1.56 6.48 ± 1.46 6.83 ± 1.46 6.12 ± 1.11 

2010 81 6.47 ± 0.53 4.40 ± 1.61 4.74 ± 2.15 5.95 ± 0.62 8.31 ± 1.43 5.69 ± 1.81 

2011 133 6.50 ± 0.42 4.66 ± 1.06 5.83 ± 0.85 5.06 ± 0.78 7.59 ± 0.74 6.11 ± 1.10 

2012 133 6.39 ± 0.34 4.47 ± 1.37 5.77 ± 0.79 5.10 ± 0.72 7.66 ± 0.79 5.93 ± 1.20 

2013 117 6.31 ± 0.49 4.89 ± 1.55 5.91 ± 0.59 5.33 ± 0.43 6.28 ± 0.75 5.98 ± 0.95 

2014 134 6.16 ± 0.29 5.29 ± 1.77 6.05 ± 0.49 3.80 ± 0.00 5.12 ± 0.60 5.75 ± 1.18 

2015 128 5.71 ± 0.25 6.69 ± 0.65 5.97 ± 0.44 5.31 ± 0.88 5.10 ± 0.62 5.71 ± 0.63 

2016 129 5.60 ± 0.25 5.73 ± 0.34 6.29 ± 0.19 6.06 ± 0.83 4.59 ± 0.43 5.68 ± 0.57 

2017 166 5.55 ± 0.33 5.40 ± 1.80 6.35 ± 0.16 5.86 ± 0.55 4.77 ± 0.99 5.55 ± 0.86 

Total 1360 6.03 ± 0.66 5.10 ± 1.52 6.05 ± 1.06 5.74 ± 1.14 5.88 ± 1.52 5.82 ± 0.19 
a) 

Mean titers and standard deviations of tested farms, 
*)

 Five certified domestic producers in the Republic of Korea. 
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Figure 42. Production and sales of H9N2 low pathogenic avian influenza vaccines in the Republic of Korea during each 

year from 2007 to 2017. The registered sales of H9N2 vaccines totaled 671 million doses, increasing from 10 million in 2007 to 

80 million in 2017, with a peak of 93 million doses sold in 2016. 
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Figure 43. Production and sales of H9N2 low pathogenic avian influenza vaccines by each of five H9N2 vaccine producers 

in the Republic of Korea from 2007 to 2017. A–E are five certified domestic producers in the Republic of Korea. One producer 

(A) was responsible for 44.1 % of vaccine sales (295.6 million doses).  
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Figure 44. Sales of monovalent and multivalent combined H9N2 low pathogenic avian influenza vaccines including 

inactivated H9N2 in the Republic of Korea during each year from 2007 to 2017. Multivalent combined vaccines (including 

bivalent, trivalent, and tetravalent vaccines combining inactivated LPAI with Newcastle disease virus, infectious bronchitis virus, 

and/or egg drop syndrome virus) accounted for 90 % of vaccine sales (605 million doses). 
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Figure 45. Distribution of H9N2 low pathogenic avian influenza vaccines by farmers and regional governments in the 

Republic of Korea from 2007 to 2017. Numbers of doses of H9N2 low pathogenic avian influenza vaccines that were sold 

directly to farmers or sold to regional governments for free distribution. 
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Figure 46. Distribution of vaccinated farms by poultry types and regions in the Republic of Korea, from 2007 to 2017. The 

number of vaccinated farms in each province was proportional to the population of layer and breeder chickens. The highest 

vaccinated provinces were Gyeonggi and Chungnam province, respectively.
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Figure 47. Regional vaccination rate in the Republic of Korea in 

2017. Gwangju, Jeonbuk, and Jeonnam provinces were particularly high 

(> 60 %) in 2017. Vaccination rate was calculated as follows: the number 

of vaccinated farms/the total number of layer and breeder chicken farms. 
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Figure 48. Distribution of antibodies for 10 % of the whole vaccinated farms in the Republic of Korea, from 2007 to 2017. 

The mean antibody titer was 5.82 (log2), which is close to the Korean criteria for LPAI vaccine efficacy.
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Figure 49. The variance of H9N2 field infection in the Republic of Korea, from 2007 to 2017. In 2007 and 2008, H9N2 

infections occurred in 18 % and 9 %, respectively, of vaccinated farms, whereas no further H9N2 infections have been reported 

since 2009. 
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GENERAL CONCLUSIONS 

 

To achieve optimal health outcomes for both animals and humans, 

comprehensive approaches, including research on disease dynamics and 

animal ecology as well as species conservation, are essential. In this 

study, to provide a basis for improved wildlife conservation and disease 

management, two approaches were used: (1) follow-up evaluations of 

field vaccinations for wildlife-borne diseases (i.e., rabies and LPAI) and 

(2) investigations of wildlife behavioral strategies (with a focus on 

distraction displays by plovers) in breeding habitats. 

Firstly (in chapter I), plovers exhibited 7 stages of escalating anti-

predator behavioral strategy, represented by displacement, normal step, 

head bobbing, crouch run, threat display, distraction display and flying 

away. This unique defensive strategy appears to overcome the weakness 

of the open nest in ground-nesting birds. The frequency of defensive 

behavior by the plovers differed with respect to the type of intruder. 

When the Japanese quail (i.e., beatable intruder) approached the plovers, 

high rates of all stages of defensive behavior were recorded. In contrast, 

when the Common kestrel (i.e., unbeatable intruder) approached, plovers 

used the threat display only through warning flight, with none using the 

threat display and distraction display on the ground. Hence, the 
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responses of plover are selective, with the pattern and intensity of the 

response depending on the type of intruder.  

In addition, high level of (i.e., threat display and distraction display) 

behaviors were more frequent during the later period of incubation 

compared to the early period of incubation, with the intensity of defense 

increasing over time. There was also a stepwise similarity between the 

threat display and distraction display. Therefore, the broken-wing act (i.e. 

distraction display) represents one of the highest levels of plovers’ 

selective warning behavior, rather than feigning injury. 

Secondly (in chapter II), a total of 11 species made contact with the 

ORVs in the Republic of Korea, including the three target species: 

Raccoon dog, domestic dog, and feral cat. In addition, eight non-target 

species made contact with the vaccine. The overall contacts by target 

species were higher in mountainous areas than in riparian areas and were 

higher in bushy vegetation than in grassy vegetation. Among other 

species, raccoon dogs made more contacts in riparian sites than in 

mountainous sites.  

The mean vaccine consumption rate was 95.2 %, and vaccines were 

continuously contacted by animals. It suggests that the oral rabies 

vaccine attracts wildlife including raccoon dog, domestic dog and feral 

cat. Therefore, bushy vegetation in mountainous areas and/or 

neighboring riparian areas are rich in target wildlife species (i.e., raccoon 



143 

 

dog, domestic dog, and feral cat). These are effective locations for the 

distribution of vaccines to control rabies in wildlife, especially targeting 

the raccoon dogs in the Republic of Korea. Continuous ORV distribution 

is needed for rabies control from an ecological perspective based on the 

habitats of the target wildlife species.  

Lastly (in chapter III), the registered sales of vaccines (H9N2 

subtype) totaled about 671 million doses in the Republic of Korea, 

which drastically increased in 2017 compared to 2007. The multivalent 

combined vaccines are preferred in poultry farms in the Republic of 

Korea. The number of vaccinated farms in each province was 

proportional to the population of layer and breeder chickens. The mean 

antibody titer of vaccinated farms, averaged across the survey period, 

was 5.82 (log2), which was close to the criterion for H9N2 LPAI vaccine 

efficacy. It shows implementation of the H9N2 vaccination has been 

relatively successful in the Republic of Korea.  

H9N2 vaccination program on poultry farms in the Republic of 

Korea has been effective at reducing outbreaks of disease, suggesting 

that there would be considerable benefits to enforcement of vaccination 

on of Korean native chickens in both poultry farm and LBM. Continuous 

genetic monitoring of H9N2 viruses circulating in the field, as well as 

monitoring post-vaccination, may be necessary. In addition, periodic 
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updating of the vaccine seed strain should be considered to maintain 

control of H9N2 LPAI outbreaks.  

Overall, complex behavioral strategies by plovers are a basic 

instinct necessary for survival and not just an example of a feigning 

behavior. Minimizing human disturbance considering the complex 

behavioral strategies of wildlife will contribute to species conservation. 

Although field vaccination effectively reduces outbreaks of wildlife-

borne disease, vaccine development (including periodic updates of the 

seed virus) and efficient vaccination methods are needed to better control 

these diseases.  

Continuous surveillance of wildlife and livestock and integrative 

research including animal ecology and disease will be beneficial for 

public health from the One Heath perspective. This study incorporating 

animal ecology, behavior, and disease research is expected to contribute 

to wildlife conservation and disease management. 
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국문초록 

 

야생동물 관리를 위한  

행동 생태와 효율적 백신적용 

 

 

서울대학교 대학원 

수의학과 수의내과학(야생동물의학 및 생태학) 전공 

조 현 규  

 

 

지도교수 채 준 석 

 

 

최근 인간, 동물 및 생태계의 통합적 건강과 지속 가능한 

보전을 위한 원헬스의 개념이 중요하게 다루어지고 있다. 이와 

같은 관점에서 인간과 동물간 상호 균형을 위한 질병, 생태 및 

종 보전을 포함한 종합적인 연구가 요구되는 실정이다. 이에 

따라 본 연구에서는 야생동물의 보전과 매개질병 관리를 위해 

수의·생태학적 관점에서 물떼새류의 포식자 방어행동 전략과 

국내에서 적용중인 광견병 경구백신, 저병원성 조류인플루엔자 

백신의 사용 분석 및 평가를 수행하였다.  
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첫째, 동물의 행동은 유전자와 환경적 인자의 결과물이며 

종의 핵심적인 특징을 나타냄으로써 개체군 보전 및 관리에 

가장 유용한 단서를 제공한다. 야생동물은 생존과 번식을 위한 

다양한 포식자 방어행동을 하며, 특히 물떼새류는 번식지에서 

날개가 부러진 듯한 교란행동을 하여 둥지와 유조로부터 

침입자를 유인하는 특수한 방어행동을 하는 것으로 알려져 

있다. 그러나 이는 진화적 관점에서 개체의 취약함을 드러내고 

시간이 지남에 따라 포식자 적응 (학습)및 공격을 촉진시켜 

궁극적으로 자연선택 및 생존에 불리할 것으로 여겨진다. 이에 

따라 한국의 꼬마물떼새 및 흰목물떼새에서의 방어행동 단계 

및 침입자 접근 실험을 통해 행동 전략과 의미를 분석하였다.  

물떼새류의 방어 행동은 둥지이탈, 걷기, 까닥거리기, 

움츠리고 뛰기/쪼그리기, 위협행동, 교란행동, 날기 (비행)의 총 

7 가지 단계로 확인되었다. 그 중 위협행동과 교란행동은 두 

종의 물떼새에서 모두 단계적 구분 없이 동시적으로 나타났다. 

물리칠 수 있는 침입자인 메추라기 접근의 경우 위협행동이 

우세하게 나타났고, 교란행동은 낮은 빈도로 확인되었다. 반면 

물리칠 수 없는 침입자 (천적)인 황조롱이 접근의 경우 

위협행동은 비행을 통해서만 매우 드물게 나타났으며, 

교란행동은 나타나지 않았다. 또한 위협행동과 교란행동은 번식 
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(포란) 후반으로 갈수록 높은 빈도로 관찰되었는데, 이는 

시간이 지남에 따라 번식에 대한 투자가 증가될수록 알 또는 

유조를 보호하기 위한 방어본능이 생존본능보다 우세해지는 

것으로 판단된다. 따라서 물떼새류의 번식지에서의 단계적 

행동전략 및 특이적 교란행동은 부상을 과시하여 침입자를 

유인하는 것보다는 개방형 둥지의 단점을 극복하기 위한, 

위협행동과 같은 직접적인 목적을 지닌 침입자에 대한 

선택적인 방어행동 전략으로 사료된다.  

둘째, 경구백신의 야외 적용은 전세계적으로 야생동물 유래 

광견병을 차단하는데 효과적인 것으로 알려져 있다. 국내에서는 

2001 년부터 경구백신이 살포되어 왔으나, 효율적 살포 방법에 

대한 연구는 부족한 실정이다. 이에 따라 경구백신의 야외 적용 

효율성을 개선하기 위해 백신 목표 (대상) 종의 백신 접촉률을 

고려한 다양한 야생동물 서식 환경에 따른 효율적인 백신 살포 

지역을 분석하였다.  

총 1,808 회의 야생동물에 의한 백신 접촉 중 너구리, 개, 

고양이 세 종이 백신 목표종으로서 945 회 (52.2 %)의 접촉을 

나타냈고, 한국에서 광견병의 주요 매개체가 되는 너구리가 

가장 높은 접촉률 (34.1 %)을 나타냈다. 또한 백신 목표 종들은 

하천 지역과 식생이 풍부한 저지대의 산지에서 백신 접촉률이 
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높게 나타나는 것으로 확인되었다. 전체 평균 백신 소모율은 

95.2 ± 1.93 % 로 확인되었고 94.4 % 의 백신 살포지점은 2 주 

이내에 전부 소모되어 야생동물에 대한 경구백신의 기호성이 

높은 것으로 판단된다. 따라서 식생이 풍부한 저지대의 산지 

또는 하천지역에 경구백신을 살포하는 것이 한국에서의 광견병 

경구백신 목표 종, 특히 너구리를 대상을 한 백신 적용에 

효율적인 것으로 사료된다.  

셋째, 백신의 야외 적용은 야생동물 매개질병을 통제하는데 

가장 실제적 수단으로 평가되고 있다. 국내에서는 저병원성 

조류인플루엔자 (H9N2 형)의 발생을 차단하기 위해 2007 년부터 

백신을 사용해왔으나 관련한 사후관리 및 평가 연구는 부족한 

실정이다. 이에 따라 국내에 적용되고 있는 저병원성 

조류인플루엔자 백신 (H9N2 형)의 2007 ~ 2017 년 기간 동안의 

사용 현황과 면역원성 (역가)을 분석하였다.  

해당 기간 동안 백신의 총 판매량은 약 671 백만수 분으로 

나타났으며, 2007 년 10 백만수 분에서 2016 년 93 백만수 분으로 

사용량이 크게 증가하였다. 단가백신 보다는 다가백신이 

사용량의 90 %를 차지하였고, 약 30 %의 백신은 정부에 의해 

무상 공급된 것으로 분석되었다. 지역별 사육수수와 비례하여 

경기도, 충청남도에서 각각 산란계, 종계 농가에서의 백신 
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사용률이 가장 높았다. 2009 년 이래로 H9N2 형의 야외감염은 

없었으며, 해당 기간 동안 백신 사용 농가의 총 평균 항체가는 

5.82 log2 로 나타났다. 따라서 한국의 저병원성 조류인플루엔자 

백신은 질병 발생을 감소시켜 비교적 성공적으로 적용되고 

있는 것으로 판단된다. 다만 현재 사용되고 있는 백신주는 최근 

야외 분리주와의 유전적 상동성에서 차이를 나타냄에 따라, 

향후 질병 관리를 위한 효율적 백신 적용을 위해서는 지속적인 

유전자 변이 감시 및 최신 유행주로의 백신주 교체가 

검토되어야 할 것으로 사료된다. 

결론적으로, 물떼새류의 특이적 방어행동은 침입자 

유인보다는 개체군 보전을 위한 기본적인 생존 본능을 

의미하며, 종 보전을 위해서는 다양한 야생동물 행동 전략 

이해를 통한 인간의 침해 및 교란이 최소화되어야 할 것이다. 

또한 백신의 야외 적용은 야생동물 매개질병 발생을 

효과적으로 감소시켜 왔지만, 백신의 개량 및 적용 방법의 개선 

등 지속적인 효율성 제고가 필요하다. 본 연구의 결과를 

바탕으로 향후 행동을 포함한 다양한 관점에서의 동물 

생태·질병 연구가 수행되어야 할 것이며, 이를 통해 야생동물 

종 보전 및 질병 관리에 기여할 수 있을 것으로 생각된다.  
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