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Article 
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Simple Summary: In a comprehensive ecological study, extensive camera-trap sampling yielded 5,322 bird 

photographs in Hallasan Mountain Wetland, South Korea. The research showed the daily activity patterns of 

these birds, such as Cyanoptila cyanomelana and Horornis canturians, were more active in the morning, while 

others, like Muscicapa dauurica and Phoenicurus auroreus, showed increased activity in the afternoon. 

Interestingly, many species were observed throughout the day, demonstrating adaptability in their activity 

pattern. The study also highlighted birds' habitat preferences, revealing species like Chloris sinica favoring 

grasslands, while others like Terpsiphone atrocaudata predominated in shrub areas. Additionally, the research 

observed overlap in activity patterns, suggesting they might share behavioral preferences for resources. For 

instance, Motacilla alba and Motacilla cinerea both often fed on insects in wetlands during the afternoon. Overall, 

while the study showed behavior and habitat preferences of some of Passeriformes, additional research is 

required for a more holistic understanding.  

Abstract: This study presents a comprehensive ecological evaluation of avian species based on 5,322 

photographs obtained through camera-trap sampling. We identified 1,427 independent bird sightings, 

encompassing 26 families and 49 species. The study focused on temporal activity patterns, nesting behaviors, 

habitat preferences, and the overlap coefficient of activity patterns among 22 species of Passeriformes. Two 

species exhibited predominant morning activity, while five species were active in the afternoon, and 15 

exhibited cathemeral activity (activity throughout the day). A cross-analysis revealed varying degrees of 

overlap in the activity patterns of pairs of species with similar behavioral ecology. Our findings indicate that 

despite exhibiting similar ecological behavior, these species display unique activity patterns, likely influenced 

by factors such as resource availability, competition avoidance, and thermoregulation strategies. The results 

highlight the richness and complexity of avian temporal niches and emphasize the need for further research 

into their correlation with environmental factors. This study contributes to a deeper understanding of niche 

separation within Passeriformes and expands our knowledge of avian behavioral ecology. 

Keywords: behavior ecology; interspecific competition; interference; community structures; 

camera-trapping  
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1. Introduction 

Wetlands serve as vital habitats for birds, providing essential resources such as nesting sites, 

food, and shelter [1,2]. Not only wetlands harbour a rich diversity of bird species, but they also 

contribute to the overall ecological balance of the region [3]. The activity patterns of birds are 

influenced by various factors, including interspecies competition and circadian rhythms [4,5]. 

Understanding these factors, particularly the importance of competitive interactions, can provide 

valuable insights into bird ecology, population dynamics, and potential conservation strategies [6,7]. 

Competitive interactions among bird species play a crucial role in determining the structure and 

function of avian communities [8]. These interactions affect resource use, habitat selection, and 

ultimately the survival and reproduction of individual species [9]. Interspecies competition can lead 

to niche partitioning, where species adapt their behaviours and activity times to reduce competition 

and coexist within the same habitat [10,11]. Therefore, examining competitive interactions in the 

context of circadian rhythms can help us better understand the complex relationships among bird 

species and their environment [12]. 

Camera trapping has long been an effective tool for determining species distribution and 

estimating population density, as well as facilitating various research dimensions, such as studying 

animals' circadian rhythms and constructing biodiversity databases [13]. While camera trapping 

techniques historically focused on the spatial elements of species ecology and population dispersion, 

recent shifts in research focus have occurred. This shift is largely due to the capacity of timestamped 

photographs to reveal temporal changes in species' behavioral patterns [14]. A key area of research 

in camera trapping and temporal data is the observation of wildlife behavioral patterns. To ensure 

the precision of results derived from these methods, it becomes essential to leverage a diverse dataset 

that encompasses both the visual material captured [15–19]. 

We hypothesized that bird activity patterns would be shaped by interspecies competition. 

Furthermore, we anticipated that habitat characteristics and environmental factors would also play 

a role in mediating the relationship between interspecies competition and bird activity patterns. 

Our primary objectives were to: (1) Identify the bird species present in the wetland. (2) 

Determine their activity patterns in relation to their circadian rhythms. (3) Assess the role of 

interspecies competition in shaping these activity patterns. (4) Evaluate the influence of 

environmental factors and habitat characteristics on bird distribution and activity. 

2. Materials and Methods 

2.1. Study site 

Hallasan National Park, located on Jeju Island, Republic of Korea, is an exceptional and 

ecologically significant area. It has received several designations, including UNESCO Biosphere 

Reserve, World Natural Heritage site, and Global Geopark, highlighting its importance for 

conservation and biodiversity [20]. The study was carried out in a high-altitude wetland situated at 

an elevation of 950 meters within Hallasan National Park (33°22'13.97"N, 126°26'54.76"E). This 

wetland is ephemeral in nature, remaining dry and filling up with water only during rainfall periods. 

It was selected for investigation due to its underexplored status and potential to offer insights into 

bird species interactions and their adaptation to dynamic environmental conditions. The study site is 

home to more than 120 bird species, including the critically endangered Pitta nympha and 

Terpsiphome atrocaudata. The vegetation surrounding the wetland is predominantly composed of 

broad-leaved forests, such as Carpinus laxiflora, Styrax japonicus, and Quercus serrata, with mixed 

forests that include coniferous species. Throughout the study period, the highest recorded 

temperature was 28.6°C, the lowest was -20.2°C, and the average precipitation was 563.02mm [21]. 

The study site has experienced minimal anthropogenic disturbance, ensuring that bird species 

interactions can be studied in a relatively pristine environment. 

  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 October 2023                   doi:10.20944/preprints202310.1010.v1

https://doi.org/10.20944/preprints202310.1010.v1


 3 

 

2.2. Filed sampling  

A total of 24 camera traps (ROBOT D30, Bushwhacker Shenzhen, China) were deployed 

throughout the study site from March 2018 to March 2023. The camera traps were strategically placed 

based on habitat type, ensuring a balanced representation of shrubs, trees, grasslands, and wetland 

areas. Each camera trap was positioned at least 100 meters apart from each other (Figure 1). This 

setup facilitated comprehensive monitoring of bird species interactions and activity patterns across 

different habitats [22]. The cameras captured three consecutive photographs and 10-second videos 

whenever motion was detected. 

 

Figure 1. Study Site Location on Mt. Halla, Jeju Island, showing infrared-triggered camera 

installations, and a schematic diagram illustrating the different types of habitats with 24 camera 

trapping locations. 

The Passeriformes were analyzed by categorizing them into nesting guilds and foraging guilds, 

based on their nesting and feeding locations, respectively. The nesting guilds were divided into 

groups that breed in the canopy (C), ground-shrub vegetation (GS), and secondary cavity nesters (S) 

that utilize existing cavities in trees or other structures [23]. Furthermore, the foraging guilds were 

classified according to the main foraging locations of forest birds, such as foliage searchers (FS) that 

explore the canopy for food, ground-shrub foragers (GF) that search for food in the ground and shrub 

vegetation, and aerial insect pursuers (AI) that catch insects in the air [24,25]. It is important to note 

that the nesting and foraging guilds provided are general information but are applicable only to the 

habits of the species observed in the study area. 

2.3. Activity pattern  

The cameras were programmed to follow Korean Standard Time. Consecutive captures of the 

same species within a one-hour interval were considered redundant and excluded from the analysis. 

To examine bird activity patterns in relation to circadian rhythms, we categorized observation times 

into three distinct time zones: morning (6:00-10:00), midday (10:00-14:00), and afternoon (14:00-18:00). 
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Each species was classified into one of these categories if at least 50% of the records corresponded to 

that time. If the percentage was less than 50%, we considered it as cathemeral (active throughout the 

day). No separate time zone was designated for nighttime observations, as accurately identifying 

individual bird species captured during the night was challenging. For the analysis of time zones, 

species with fewer than 10 samples were not considered in order to reflect time zone variability and 

accurately identify specific time zone patterns within the data. Regarding the overlap index, analysis 

was only conducted for species with a sample size of 50 or more to enhance the reliability of 

overlapping activity patterns between two species. We recorded bird activity patterns every hour, 

identifying and recording each bird species in the dataset. The number of observations for each 

Passeriformes species throughout the study period was counted. To calculate the degree of temporal 

overlap in bird activity among different species, we divided the study period into one-hour intervals. 

The number of observations for each bird species within each interval was tabulated. The temporal 

overlap index (TOI) between each pair of bird species was then calculated as the sum of the minimum 

counts in each one-hour interval divided by the sum of the maximum counts [26]. This resulted in a 

TOI score (△) ranging from 0 to 1, with higher scores indicating greater temporal overlap in bird 

activity [27]. Statistical analyses were performed using R version 4.0.2 [28]. The 'table' function was 

employed to count the number of observations for each bird species, and the 'cut' function was used 

to divide the study period into one-hour intervals. The temporal overlap index was calculated using 

the 'pmin' and 'pmax' functions in R.3.  

3. Results 

Our ecological investigation, complemented by extensive camera-trap sampling, yielded 5,322 

photographs, out of which 1,427 were identified as independent bird sightings from 26 families and 

49 species (Table S1). Among these, a total of 13 families and 22 species of order Passeriformes were 

included in the analysis of temporal activity (Figure 2). 

 

Figure 2. Distribution of bird records obtained from 24 camera traps covering the study area. 

Regarding temporal activity patterns, Cyanoptila cyanomelana and Horornis canturians 

exhibited morning activity, while Muscicapa dauurica, Phoenicurus auroreus, Turdus hortulorum, 

Aegithalos caudatus, and Emberiza cioides showed heightened activity during the afternoon (Table 

1). Interestingly, although a substantial number of species were observed during midday, they did 
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not constitute more than 50% of the sightings, preventing their classification as midday species. The 

remaining 15 species were categorized as cathemeral, displaying activity throughout the day. 

Table 1. Characteristics of the 22 Recorded Bird Species, Time Categorization, and Migration Pattern 

on Halla Mountain Wetland, Jeju Island, South Korea. 

Family Scientific name 
Guild Time 

categorizationc 

Migration 

patternd NGa FGb 

Zosteropidae Zosterops japonicus GS FS C Res 

Fringillidae Chloris sinica GS GF C Res 

Tudidae 
Turdus pallidus C GF C Res 

Turdus hortulorum C GF A SV 

Phylloscopidae Phylloscopus coronatus GS AI C SV 

Cettidae Horornis diphone GS AI M Res 

Pycnonotidae Hypsipetes amaurotis C FS C Res 

Paridae 
Parus varius S FS C Res 

Parus major S FS C Res 

Musicapidae 

Phoenicurus auroreus C GF A Res 

Muscicapa dauurica C AI A PM 

Tarsiger cyanurus GS FS C PM 

Ficedula zanthopygia GS AI C SV 

Cyanoptila cyanomelana GS FS M SV 

Motacillidae 
Motacilla cinerea GS GF C Res 

Motacilla alba GS GF C Res 

Monarchidae Terpsiphone atrocaudata GS AI C SV 

Emberizidae 
Emberiza elegans GS GF C Res 

Emberiza cioides GS GF A Res 

Corvidae 
Garrulus glandarius C GF C Res 

Corvus macrorhynchos C GF C Res 

Aegithalidae Aegithalos caudatus GS FS A Res 

Among the studied species, twelve were classified as Ground-shrub nesters (GS), building their 

nests in shrubs or on the ground. Within this group, four species were Foliage searchers (FS), which 

forage within foliage, five were Ground-shrub foragers (GF), foraging on the ground or in shrubs, 

and three were Aerial insect pursuers (AI), catching insects in flight. Seven species were categorized 

as Canopy nesters (C), constructing their nests in the tree canopy. Among these, five species were 

confirmed as GF, while FS and AI each comprised a single species. Two species were classified as 

Secondary cavity nesters (S), making their nests in pre-existing cavities or spaces. All of these were 

FS. 

The study also examined habitat preferences across various bird species, revealing distinct 

predilections for different habitat types (Figure 3). In grassland habitats, Chloris sinica emerged as a 

prominent species with a strong affinity for this environment. Other species such as Parus varius and 

Emberiza elegans were also observed to favour grassland habitats. Corvus macrorhynchos and Motacilla 

alba, though less dominant, had a notable presence in these areas. In shrub habitats, Terpsiphone 

atrocaudata dominated, being predominantly observed in this type of habitat. Hypsipetes amaurotis was 

also commonly found in shrubs, while Corvus macrorhynchos had a minimal presence and Motacilla 

alba had no records in shrub habitats. Tree habitats appealed significantly to species such as Turdus 

pallidus, Parus major, and Ficedula zanthopygia, which displayed a marked preference for these 

environments. Garrulus glandarius demonstrated a modest inclination toward tree habitats, while 

Motacilla alba, Motacilla cinerea, and Terpsiphone atrocaudata showed no significant presence in these 

habitats. Regarding wetland habitats, both Motacilla alba and Motacilla cinerea exhibited a strong 

preference. Other species, including Corvus macrorhynchos, Emberiza elegans, Hypsipetes amaurotis, and 

Parus varius, also displayed a favourable preference for wetland habitats. 
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Figure 3. Comparison of habitat preference at camera trapping sites for each species, indicated by 

colour intensity (deeper colour represents stronger habitat preference). 

A cross-analysis of 12 species with similar behavioral ecology revealed varying degrees of 

overlap in their activity patterns. Terpsiphone atrocaudata and Ficedula zanthopygia had an overlap 

coefficient of 0.45, Parus major and Parus varius had 0.51, Chloris sinica and Emberiza elegans had 0.51, 

Hypsipetes amaurotis and Turdus pallidus had 0.57, Corvus macrorhynchos and Garrulus glandarius had 

0.58, and Motacilla cinerea and Motacilla alba had 0.61 (Figure 4). 
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Figure 4. Daily activity patterns and temporal overlap among Passeriformes captured through camera 

trapping across the entire study sites (△ indicates overlap coefficients). 

A cross-analysis of 12 species with similar behavioral ecology revealed varying degrees of 

overlap in their activity patterns. Terpsiphone atrocaudata and Ficedula zanthopygia had an overlap 

coefficient of 0.45, Parus major and Parus varius had 0.51, Chloris sinica and Emberiza elegans had 0.51, 

Hypsipetes amaurotis and Turdus pallidus had 0.57, Corvus macrorhynchos and Garrulus glandarius had 

0.58, and Motacilla cinerea and Motacilla alba had 0.61 (Figure 4). 

4. Discussion 

Passeriformes, commonly known as perching birds, typically exhibit heightened activity during 

the early morning hours, a behavior referred to as the "dawn chorus" [29]. This phenomenon is 

primarily influenced by three key factors: mate attraction and territory defence, light levels, and 

energy efficiency[30]. Among the species studied, Parus major and Horornis canturians demonstrated 

pronounced morning activity patterns, aligning with the widely observed avian behavior of the dawn 

chorus. These species appear to take advantage of the early morning hours for foraging and other 

activities, likely due to the optimal conditions provided by the quiet morning environment, suitable 

light levels, and the need to replenish overnight-depleted energy reserves [31,32]. Conversely, five 

species, Muscicapa dauurica, Phoenicurus auroreus, Turdus hortulorum, Aegithalos caudatus, and Emberiza 

cioides, displayed heightened activity levels during the afternoon. This suggests variations in species-

specific behavior, possibly driven by factors such as prey availability, predator activity, and 

temperature fluctuations [33]. The remaining 15 species, including Parus major and Garrulus 

glandarius, were classified as cathemeral, with their activities spread relatively evenly throughout the 

day. These species did not exhibit a distinct preference for a particular time zone, suggesting their 

adaptability to utilize resources and engage in activities regardless of the time [34,35]. 

The overlap coefficients (△) calculated for each pair of species ranged from 0.45 to 0.61. Among 

the species with similar ecology and behavior, except for Fiedula zanthophygia and Terpsiphone 

atrocaudata, more than 50% overlap in activity was observed. We initially anticipated similar activity 

patterns among Passeriformes due to their shared behavioral ecology[36,37]. However, these results 

indicate that, despite their similar behavioral ecology, these species exhibit peak activities at different 

times of the day, resulting in varying degrees of overlap in their activity patterns [38]. Many passerine 

species display high behavioral flexibility, adjusting their activity patterns according to 

environmental conditions [39]. We propose two possible interpretations for these activity differences: 

1. Adaptation to Resource Availability: The disparities in activity periods might be an ecological 

strategy to optimize resource use [40]. Closely related species pairs, such as Chloris sinica and Emberiza 

elegans, might exploit the same resources at different times in wetland and grassland habitats to avoid 

direct competition and promote coexistence [41]. Similarly, Hypsipetes amaurotis and Turdus pallidus, 

as well as Corvus macrorhynchos and Garrulus glandarius, demonstrate a diverse range of habitat 

preferences. While these species may share certain habitats, the overlap index (0.57, 0.58) suggests a 

moderate level of overlap, indicating that they are not exclusively bound to the same spaces or 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 October 2023                   doi:10.20944/preprints202310.1010.v1

https://doi.org/10.20944/preprints202310.1010.v1


 8 

 

resources. Hence, despite overlap in habitat preference, their broad habitat use may reduce direct 

competition [42]. 

2. Thermoregulation: The divergent activity peaks may be attributed to thermoregulatory 

behavior. Birds modulate their behavior to manage body temperature, as suggested by Ryeland et al. 

(2021). Species with morning activity peaks, such as Parus major, may strategize to avoid the heat of 

the day by seeking shade in trees [43]. Conversely, species like Parus varius, which exhibit heightened 

afternoon activity, may have lower heat tolerance or employ distinct strategies to cope with elevated 

temperatures [44]. 

Furthermore, our results demonstrate similarity between certain species, with Motacilla alba and 

Motacilla cinerea showing relatively high temporal overlap compared to other bird pairs. This 

similarity can be attributed to ecological adaptations, where these species share behavioral 

preferences for resting and foraging times [45]. For instance, both Motacilla alba and Motacilla cinerea 

primarily feed on insects and are often observed being active together in the afternoon at wetlands, 

coinciding with the peak activity of their insect prey. This ecological similarity suggests a high level 

of activity overlap among these species, indicating that they might be less sensitive to resource 

sharing compared to other species [46,47]. 

Overall, this study highlights significant overlaps in activity patterns between certain pairs of 

species within Passeriformes. Additionally, individual activity trends emphasize the diversity of 

temporal niches occupied by these birds. However, due to limited sample sizes and the influence of 

various environmental factors such as temperature, precipitation, wind, humidity, and human 

presence on birds' circadian rhythms, generalizing these findings can be challenging. Therefore, 

further data collection on these diverse environmental factors and additional research results are 

necessary to ensure a comprehensive understanding. This study contributes to the understanding of 

niche separation within Passeriformes and provides valuable insights into the behavioral ecology of 

bird species. 

5. Conclusions 

The study provided valuable insights about the behavioral patterns and habitat preferences of 

Passeriformes. The data collection of 5,322 camera-trap images enabled us to identify distinctive daily 

activity pattern, with some Passeriformes being active during mornings and others in afternoons. 

Notably, many species demonstrated adaptability, being active throughout the day. 

Our research unveiled distinct habitat preferences among them, emphasizing the diverse ways 

in which birds interact with their environment. For example, certain species were predominantly 

found in grasslands, while others favored shrubs or tree canopies. Additionally, our findings 

underscored significant overlaps in daily activity patterns among some Passeriformes, indicating 

potential shared behavioral traits or ecological adaptations. 

Two primary interpretations emerge from the data: Passeriformes might adjust their activity 

patterns to avoid resource competition, and their behaviors might be influenced by thermoregulation 

needs. A few species displayed high overlap, suggesting ecological similarities and potential 

adaptability in resource sharing. 

Due to varying environmental factors influencing bird behavior, a more exhaustive data 

collection and analysis is necessary for a holistic understanding. Our results showed a comprehend 

niche separation among Passeriformes. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. 
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