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			ABSTRACT

		

		
			Rapid urbanisation has led to the reduction and loss of natural habitats, resulting in increased direct contact between wildlife and humans which often led to behavioural adjustments in wildlife. In this context, herein, the flight initiation distance (FID) of the Eurasian tree sparrow (Passer montanus) to observers wearing different colored clothing (white, black, red, and green) approaching in four sites (rural areas: Fuping and Chifeng; urban areas: Wuhu and Baoding) was compared. We found that habitat type (rural area versus urban area) did not affect the FID of Eurasian tree sparrows. The color of the observer’s clothes significantly affected the sparrow’s behavioral response, they exhibited a longer FID in the presence of observers wearing red. There was no interaction between habitat type and clothing color on FID of Eurasian tree sparrows. This study showed that even in tree sparrows, which have long coexisted with humans in their habitat, subtle alterations in human activity can induce changes in the flight initiation distance (FID) of Eurasian tree sparrows. This also suggests that Eurasian tree sparrows can adapt their behaviour to the disturbance caused by the color of human clothing. 
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			Introduction

			

			Rapid growth in the global urban population means that rural land is increasingly being converted into cities in order to satisfy human needs (van Vliet, 2019; Simkin et al., 2022). As a result, more natural habitats are being fragmented or even destroyed, and direct human contact with wildlife is becoming more frequent, posing a challenge to the survival of many species (Haddad et al., 2015; Tätte et al., 2018). The negative impacts of urbanization have been observed in various species, including insects (Salomão et al., 2019), reptiles (Gonçalves et al., 2018), birds (Uchida et al., 2019), and mammals (Chaves et al., 2022). In this new environment of rapid urbanisation, it is important to better understand the ways in which animals coexist with humans (Frid and Dill, 2002; Shochat et al., 2006; Ouyang et al., 2018). Animals usually adjust their behaviour in response to environmental changes and disturbance from humans, and behavioural plasticity is one of the key factors that allows animals to cope with environmental changes and coexist with humans (Huey et al., 2003; Shochat et al., 2006; Sol et al., 2013; Tryjanowski et al., 2020).

			Predation is a direct contributor to animal mortality, and humans are often viewed as predators by animals (Lima and Dill, 1990; Frid and Dill, 2002). Animals can adopt different defence mechanisms when faced with a predation threat hiding through camouflage, escape, and resistance, with escape being the most common anti-predatory behaviour (Lima and Dill, 1990; Cooper and Blumstein, 2015; Ibáñez-Álamo et al., 2019). Flight initiation distance (FID) is the distance between the animal and predator when the fleeing prey is being approached by a potential predator or between the animal and source of disturbance (Ydenberg and Dill, 1986; Bateman and Fleming, 2011; Kunca and Yosef, 2016), and it is often used to assess the anti-predatory behaviour of animals. FID is the animal’s measure of the cost versus benefit of escape (Ydenberg and Dill, 1986; Díaz et al., 2013; Kunca and Yosef, 2016). Numerous factors, such as the level of urbanization, flock size, urban habitat characteristics, and local hunting activities, exert significant influence on FIDs in avian species (Ydenberg and Dill, 1986; Weston et al., 2012; Díaz et al., 2013; Møller and Liang, 2013; Samia et al., 2017; Morelli et al., 2019; Hall et al., 2020). Some studies have shown that in urban areas that are frequently disturbed by humans, animals flee from humans at shorter distances (van Dongen et al., 2015; Cavalli et al., 2016; Vincze et al., 2016). Furthermore, due to reduce the reduced risk of predation in urban environments, urban birds may also exhibit more relaxed anti-predatory behaviour with shorter FIDs than rural species (Ydenberg and Dill, 1986; Díaz et al., 2013). However, even the same type of human activity can have different effects on FIDs in birds. Therefore, it is still important to study the effects of a particular factor on bird FIDs in different regions in order to gain a comprehensive understanding of how birds rapidly adapt to the dynamic urban environment. For example, some studies have shown that the wearing of face masks by human during the COVID-19 pandemic does indeed affect the anti-predation behavioral responses of birds, as evidenced by certain birds exhibiting reduced FIDs in close proximity to mask-wearing individuals (Jiang et al., 2020; Fabrero et al., 2023; Yang et al., 2024). However, a study conducted by Mikula et al. (2021) across four European countries failed to observe any significant influence of mask usage on avian escape and alert behaviors.

			Related studies have shown that the color of human clothing can also have an effect on the FID in birds (Gutzwiller and Marcum, 1997; Riffell and Riffell, 2002; Gould et al., 2004; Zhou and Liang, 2020; Jiang et al., 2023). The species confidence hypothesis suggests that birds are attracted to colors identical or similar to their own plumage, and repelled by colors that are dissimilar (Burley, 1986). This hypothesis has now been documented in some relevant studies (Gutzwiller and Marcum, 1997; Gould et al., 2004; Zhou and Liang, 2020); however, these studies have been unable to fully explain their results, such as one study that found no significant difference in FID whether humans wore or did not wear red clothing in close proximity to various red and non-red bird species during summer (Riffell and Riffell, 2002). The concealment color hypothesis suggests that animals would have been more alert to the surrounding threats, or at least during the non-breeding season. When observers wear brightly colored clothing, they become highly conspicuous to avian species. The birds promptly take flight upon confirming the presence of a potential threat when they detect observers wearing brightly colored clothing (Cooper et al., 2015). 

			Studies have indicated that the black throat patch of Eurasian tree sparrows (Passer montanus; thereafter sparrows) serves not only as a means to distinguish between males and females (Lee et al., 2022), but also as a sex-specific signal conveying individual personality traits and reflecting the status information of this species (Mónus et al., 2017; Fülöp et al., 2021). However, it remains unclear whether sparrows are attracted to the same color of human clothing as their sex-specific signal throat patches during the non-breeding season. We also wondered whether the color of human clothing affects the anti-predatory behavioral responses of sparrows that have long settled in human settlements. As such, the present study investigated the FID of the sparrow to humans wearing different colored clothing (white, black, red, and green) in four study sites. We hypothesized whether tree sparrows would be attracted to black clothing resembling their black badge feathers in their throats, and if so, the sparrows would have the shortest FID when the observer was wearing the black clothing. 

			Materials and Methods

			Study site

			Baoding is located in the northern part of the North China Plain and central Hebei Province (38°10′–40°00′ N, 113°40′–116°20′ E) with a total area of 22,000 km2, and has a warm temperate continental monsoon climate. The Baoding population was 11,437,200 by the end of 2020 (http://www.baoding.gov.cn). In Baoding, field data were mainly collected in suburban parks with few human activities. 

			Wuhu is located in south-eastern Anhui Province at the lower reaches of the Yangtze River (30°19′–31°34′ N,117° 40′–118°44′ E) and belongs to the subtropical humid monsoon climate zone (Supplementary Figs. 1, 2). Wuhu has a resident population of 3.731 million by the end of 2022 and covers an area of 6009.02 km2 (https://www.wuhu.gov.cn). In Wuhu, field data were mainly collected from parks and residential areas. 

			Chifeng is located in south-eastern Inner Mongolia (41°17′–45°24′ N, 116°21′–120°58′ E), with a total area of 90,000 km2 and a total population of only 4,036,000, and belongs to the mid-temperate semi-arid continental monsoon climate zone (http://www.chifeng.gov.cn). In Chifeng, data were mainly collected in agricultural areas and township roads. 

			Fuping County is located in central Shaanxi Province (34°42′–35°06′ N, 108°57′–109°26′ E) with a total area of 1,241 km2, the Fuping population was 642,500 by the end of 2020, and has a warm temperate monsoon continental climate (http://www.fuping.gov.cn). Fuping originated mainly from township roads and surrounding residential areas.

			FID data collection

			FIDs were measured for sparrows in Baoding, Hebei Province (urban); Wuhu, Anhui Province (urban); Chifeng, Inner Mongolia (rural); and Fuping, Shaanxi Province (rural) from November 2021 to February 2022. Clothing worn during the survey consisted of four colors white, black, red, and green and one color was worn randomly each day for the sparrow FID analysis (Supplementary Fig. 3). The FID was recorded as described by Blumstein (2006) and Weston et al. (2012). When a bird was observed through binoculars, the first task was to determine the species. Then the observer walked towards the focus birds at constant walking pace in a straight line. The FID was then recorded as the straight-line distance from the observer to the sparrow individual when it began its flight (obtained by calculating the number of steps from the observer to the point of flight of the sparrows and multiplying by the length of each step). FIDs were recorded for all sparrows meeting the following criteria: (1) Individual sparrow foraging or engaging in comfort behaviour on the ground. When an observer encountered a highly alert individual sparrow, they would retreat at least 10 m away, and would not focus on the individual for at least 1 min. If the individual flew away during this period, the record was abandoned. If it was no longer alert, the test would continue. Otherwise, the observer repeated the process by retreating at least 10 m back, until the individual sparrow was no longer alert. (2) Measurements were discarded when there were mixed flocks of other species and sparrows. This ensured that the FID of the observed individuals was not influenced by birds of other species. (3) The observer ensured that there was no other human interference within 30 m of the individual being observed (Zhou and Liang, 2020). (4) When the target is a group of individuals of the same species, the distance at which more than 60% of the individuals flying away is the FID of the group. Appropriate re-sampling of the same individual would not affect the results of the study (Runyan and Blumstein, 2004). Nevertheless, an observer would continue walking in only one direction at least 15 min between consecutive measures when wearing a certain colored clothing, without sampling from the same position twice. This prevented repeat trials of the same individual when the observer was wearing the same-colored clothing. 

			Statistical analyses

			The IBM SPSS 26.0 for Windows (IBM Inc., Armonk, NY, USA) was used for statistical analysis. A generalised linear mixed model was used to determine the effect of clothing color on FIDs. To compare FIDs between different habitat category (urban and rural) and clothing color, the FID was used as the response variable, and the clothing color, habitat category, interaction term (color*habitat category) and flock size were used as predictors with each site within the habitat category as random effect. All tests were two-tailed, with a significant level determined as P < 0.05. The data are presented as the mean ± standard deviation (SD). 

			Results

			The results of this study showed no significant differences in the FIDs of sparrows in the different habitat category (rural: FID, 5.96±2.26m, urban: FID, 6.54±3.04m; F=0.273, df =1, 893, P =0.601). The color of the observer’s clothing had a significant effect on the sparrows FID, which was significantly longer when the observer approached wearing red compared to when they approached wearing green, white, or black (FIDs: red, 8.20 ± 2.84 m; green, 5.79 ± 2.49m; white, 5.42 ± 2.43 m; black, 5.62 ± 2.04 m; F=65.277, df =3, 893, P < 0.0001; Fig. 1). There was a significant interaction between the clothing color and habitat category (F=2.958, df =3, 893, P =0.032). Flock size also had a significant effect on the sparrows FID (F=29.068, df =1, 893, P < 0.0001).
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			Fig. 1. Clothing colors effects on flight initiation distances of sparrows.

			Discussion 

			This study showed that habitat type did not affect the FIDs of Eurasian tree sparrows. The color of human clothing also had an effect on the FIDs of sparrows in winter, with the sparrow species showing significantly longer FIDs to observers wearing red clothing.

			Many studies have shown that the FIDs of birds in urban areas are shorter than those in rural areas (Rodriguez-Prieto et al., 2009; Møller, 2012; Battle et al., 2016; Zhou and Liang, 2020). The reasons for FID differences between urban and rural birds may be related to habitat type, differences in predation risk, and different levels of human disturbance, among others (McGiffin et al., 2013; Møller, 2014; Blumstein, 2016; Batabyal et al., 2017). The present study showed that the FID of rural sparrows was not significantly longer than that of urban sparrows. This was not consistent with the findings of previous related studies (e.g., Møller, 2012; Battle et al., 2016; Samia et al., 2017; Zhou and Liang, 2020; Jiang et al., 2023). The reasons for this lack of difference may be as follows: First, although population size, availability of food, type and number of predators, and level of human disturbance may vary from one study site to another. Sparrows may respond to variations in the environment by habituating and flexibly adjusting their own anti-predatory behaviour (Jiang et al., 2020), which has led to no significant differences in the FID of sparrows across different habitats. Second, the number of sites in this study may be relatively small, with only 2 sites in both urban and rural areas, so the FID of sparrows did not show gradient changes between urban and rural areas. In some studies, more geographic areas were studied and habitat types were more diverse, so they were able to find urban-rural differences in bird FID (Vincze et al., 2016; Samia et al., 2017; Morelli et al., 2019). Battle et al. (2016) could find urban-rural differences in FIDs of two songbirds, which may be attributed to the small sample size. Third, during the survey season, there may not be significant differences in the actual intensity of human disturbance at the four experimental sites. From the perspective of human population density, Baoding city is 519 people/km2, Wuhu city is 620 people/km2, and Fuping country population is 517 people/km2, overall, the human population density of the three cities is not much different. In addition, Fuping has a large number of tourist attractions, and the large increase in the number of tourists also increases the intensity of human interference with the local wildlife.

			The results of the present study showed that the FID of sparrows was significantly longer when observers approached sparrows in red clothing compared to other colors, and the same trend was presented in rural as well as urban areas. The feather color of sparrows is mainly black, white and dark brown, they may be more comfortable than red. Because the tree sparrows’ FIDs were significantly shorter when approached in black and white, compared to when approached in red. Therefore, the findings of our study provide strong support for the species confidence hypothesis (Burley, 1986). Our findings are similar to those of other bird species studied by Gutzwiller and Marcum (1997), Gould et al. (2004), and Zhou and Liang (2020). We’ve all found that it’s easier to approach birds when the observer is wearing the same feather color as the bird. Our findings are inconsistent with those of Cooper and Perez-Mellado (2011) and Raveh et al. (2012). Cooper and Perez-Mellado (2011) found that the color of an investigator’s shirt did not affect FIDs by the Balearic Lizard (Podarcis lilfordi). Raveh et al. (2012) found that the alert distance and FIDs of chamois (Rupicapra rupicapra) were not affected by the color of raincoat. However, Cooper and Perez-Mellado (2011) as well as Raveh et al. (2012) did not specifically aim to test the species confidence hypothesis. They used the colors red, yellow, and blue, as well as red, orange, and olive, all of which are not found in the study species, lizards and chamois. In addition, these colors are highly visible in the natural environment. Therefore, there is no significant difference between lizards and sheep in FIDs for different color observers.

			Although studies have indicated that the black throat patch of tree sparrows serves as a sex-specific signal reflecting the status information of this species (Mónus et al., 2017; Fülöp et al., 2022). We did not find that the tree sparrows’ FIDs were shorter when approached in black, compared to when approached in white and in green. This suggests that tree sparrows are unlikely to be attracted to black clothing resembling the black badge feathers in their throats during non-breeding seasons. Our findings are inconsistent with those of Putman et al. (2017) and Fondren et al. (2020). 

			They all found that animals are more tolerant of humans wearing their sexually selected signaling color. But their experiments were conducted during the animals’ breeding season, when sexual selection signals are more attractive, whereas ours were conducted during the non-breeding season. This may lead to differences between our results and theirs.

			This study showed that the FID was significantly longer when the observer approached sparrows in red clothing compared to when they wore one of the other three colors, the results of the present study were also consistent with the concealment color hypothesis. The concealment color hypothesis predicts that animals will be alert to surrounding threats, at least during the non-breeding season, and that observers are more likely to be spotted by birds when wearing brightly colored clothing, resulting in birds fleeing sooner than if the observers were wearing dull colored clothing (Zhou and Liang, 2020). Our experiment was conducted in winter, when most of the leaves have fallen and the grass has withered, leaving only a few evergreen trees. Therefore, the color of the grass surface is mainly yellow, while the color of the trees in the environment is mainly dark green. In this background environment, at least in the eyes of the human being, red is the most prominent compared to the other three. As a result, the sparrow exhibited a significantly longer FIDs when approached by the observer wearing red compared to the other three colors.

			In summary, the findings of this study suggest that human clothing color can lead to changes in escape responses even in a commonly seen companion species of sparrows. Red clothing had the most significant effect on the escape behaviour of sparrows, causing them to escape at greater distances than when observers wore a different color. The results of this study suggest that during field studies, researchers should consider the effect of clothing color on the birds’ escape response. In addition, as ecotourism is becoming increasingly popular, gaining an better understanding of the reaction of different animals to the color of human clothing may assist in the development of appropriate tourism management strategies, which should be further confirmed by future work and verified in more bird species.
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ABSTRACT

Rapid urbanisation has led to the reduction and loss of natural habitats, resulting in increased direct
contact between wildlife and humans which often led to behavioural adjustments in wildlife. In this
context, herein, the flight initiation distance (FID) of the Eurasian tree sparrow (Passer montaniis) to
observers wearing different colored clothing (white, black, red, and green) approaching in four sites (rural
areas: Fuping and Chifeng; urban areas: Wuhu and Baoding) was compared. We found that habitat type
(rural area versus urban area) did not affect the FID of Eurasian tree sparrows. The color of the observer’s
clothes significantly affected the sparrow’s behavioral response, they exhibited a longer FID in the
presence of observers wearing red. There was no interaction between habitat type and clothing color on
FID of Eurasian tree sparrows. This study showed that even in tree sparrows, which have long coexisted
with humans in their habitat, subtle alterations in human activity can induce changes in the flight initiation
distance (FID) of Eurasian tree sparrows. This also suggests that Eurasian tree sparrows can adapt their
behaviour to the disturbance caused by the color of human clothing.
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INTRODUCTION

apid growth in the global urban population means

that rural land is increasingly being converted into
cities in order to satisfy human needs (van Vliet, 2019;
Simkin er al., 2022). As a result, more natural habitats
are being fragmented or even destroyed, and direct
human contact with wildlife is becoming more frequent,
posing a challenge to the survival of many species
(Haddad et al., 2015; Titte ef al., 2018). The negative
impacts of urbanization have been observed in various
species, including insects (Salomao ef al., 2019), reptiles
(Gongalves ef al., 2018), birds (Uchida et al., 2019), and
mammals (Chaves ef al., 2022). In this new environment
of rapid urbanisation, it is important to better understand
the ways in which animals coexist with humans (Frid and
Dill, 2002; Shochat et al., 2006; Ouyang et al., 2018).
Animals usually adjust their behaviour in response to
environmental changes and disturbance from humans, and
behavioural plasticity is one of the key factors that allows
animals to cope with environmental changes and coexist
with humans (Huey ef al., 2003; Shochat ef al., 2006; Sol
et al., 2013; Tryjanowski et al., 2020).

Predation is a direct contributor to animal mortality,
and humans are often viewed as predators by animals
(Lima and Dill, 1990; Frid and Dill, 2002). Animals can

pjz/20231212044025

adopt different defence mechanisms when faced with a
predation threat hiding through camouflage, escape, and
resistance, with escape being the most common anti-
predatory behaviour (Lima and Dill, 1990; Cooper and
Blumstein, 2015; Ibafiez-Alamo et al., 2019). Flight
initiation distance (FID) is the distance between the animal
and predator when the fleeing prey is being approached
by a potential predator or between the animal and source
of disturbance (Ydenberg and Dill, 1986; Bateman and
Fleming, 2011; Kunca and Yosef, 2016), and it is often
used to assess the anti-predatory behaviour of animals.
FID is the animal’s measure of the cost versus benefit of
escape (Ydenberg and Dill, 1986; Diaz et al., 2013; Kunca
and Yosef, 2016). Numerous factors, such as the level of
urbanization, flock size, urban habitat characteristics, and
local hunting activities, exert significant influence on FIDs
in avian species (Ydenberg and Dill, 1986; Weston et al.,
2012; Diaz et al., 2013; Meller and Liang, 2013; Samia
et al., 2017; Morelli et al., 2019; Hall et al., 2020). Some
studies have shown that in urban areas that are frequently
disturbed by humans, animals flee from humans at shorter
distances (van Dongen et al., 2015; Cavalli et al., 2016;
Vincze et al., 2016). Furthermore, due to reduce the
reduced risk of predation in urban environments, urban
birds may also exhibit more relaxed anti-predatory
behaviour with shorter FIDs than rural species (Ydenberg
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