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Abstract

Individuals which have invaded urbanized environments are reported to engage in riskier behav-

iors, possibly influenced by the scarcity of predators in urbanized areas. Here, we studied the risk-

taking behavior of birds which had invaded a new natural environment, rather than an artificial

urban environment, using recently established populations of the bull-headed shrike Lanius bu-

cephalus, which naturally colonized three subtropical islands in Japan. We compared flight initi-

ation distance (FID), the distance at which an individual approached by a human initiates flight, be-

tween the islands and the temperate mainland. FID was longer for the insular shrikes compared

with the mainland shrikes after controlling for other factors, indicating that the individuals which

had invaded a new natural environment had a lower propensity for risk-taking. A possible explan-

ation for these results is that low risk-taking behavior might be adaptive on the islands due to

predation by the black rat Rattus rattus, an unfamiliar predator not found in shrike habitats on the

temperate mainland. Further studies are needed to examine the nest predation rate, predator

species, and nest site selection of these insular shrike populations.
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Risk-taking behavior is related to predator avoidance (Quinn and

Cresswell 2005; Réale et al. 2007; Herborn et al. 2010). Risk-taking

individuals are prone to suffer predation (Møller et al. 2008; Møller

2014), and risk-taking behavior changes in response to factors asso-

ciated with predation risk, such as the existence of predators

(Møller et al. 2017; Lapiedra et al. 2018) and the availability of hid-

ing places (Martı́n and López 2000; Walther and Gosler 2001).

Individuals which have invaded urbanized environments are

reported to engage in riskier behaviors. In the common myna

Acridotheres tristis, for example, individuals in highly urbanized

environments return to feeding spots sooner than individuals in sub-

urbs after encountering novel objects (Sol et al. 2011). In 44 species

of European birds, individuals that had invaded urban environments

less readily flee from a human than do conspecific individuals in

rural habitats (Møller 2008). A meta-analysis of 180 bird species

has also shown greater tolerance to human approach in urbanized

birds than in rural or suburban populations (Samia et al. 2015).

These studies suggest that pioneers in urban environments tend to

take greater risks. Given that risk-taking behavior is related to vul-

nerability to predation, the risk-taking behavior of the birds in

urbanized areas might have been influenced by the scarcity of preda-

tors in those areas (Shochat et al. 2006; Møller 2008). Thus, risk-

taking behavior is probably related to the establishment of new pop-

ulations in new environments. However, there has been little study

of the risk-taking behaviors of animals which invade new natural

environments rather than artificial urban environments.
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The bull-headed shrike Lanius bucephalus has recently spread to

some Japanese islands, making this species a suitable target for

studying the risk-taking behavior of individuals which have invaded

new natural environments and established new populations. The

bull-headed shrike is, with rare exceptions, not distributed in the

Ryukyu Archipelago (Nansei Islands) in southern Japan but has nat-

urally colonized three small islands between the 1970s and 2000s

(see Materials and Methods section for details). Using these recently

established populations, we investigated risk-taking behavior. Flight

initiation distance (FID), the distance at which an individual

approached by a human initiates flight, is commonly used as a com-

parative metric of risk-taking behavior (Blumstein 2003, 2006). FID

is known to increase with increasing predation risk (Cooper and

Frederick 2007; Cooper 2009) and is correlated with susceptibility

to predation even when measured for an approaching researcher ra-

ther than an actual predator (Dı́az et al. 2013; see also Møller et al.

2010). Thus, FID is a good indicator of risk-taking behavior.

Here, we analyze the risk-taking behavior of bird populations

that recently naturally colonized islands in comparison with main-

land populations. We hypothesize that bull-headed shrikes on the

islands take greater risks than those on the mainland, and we predict

that FID is shorter for these insular shrikes than for the mainland

shrikes.

Materials and Methods

Study Sites and Species
The bull-headed shrike is a medium-sized (34–52 g), open-nesting

passerine, which breeds in subarctic and temperate zones in East

Asia (Yosef 2008). Its habitat consists of open grounds (e.g., farm-

land, suburban parks) accompanied by scattered shrubs and forest

edges (Yosef 2008). Bull-headed shrikes prey on arthropods and

small vertebrates wandering on the ground, and use bushes and trees

for nesting sites (Nakamura and Nakamura 1995). Most shrike pop-

ulations are resident, but shrikes in northern Japan, in northern

China, and on plateaus migrate to wintering grounds in temperate

and subtropical zones (Nakamura and Nakamura 1995; Yosef

2008).

In the Ryukyu Archipelago (Nansei Islands), an approximately

1,000-km chain of islands in southern Japan, bull-headed shrikes

are generally winter visitors and are not breeding (The

Ornithological Society of Japan 2012), although there are excep-

tions. They have naturally settled and have been breeding on

Minami- and Kita-daitojima in the Daito Islands since the 1970s

(Takagi 2009). On Kikaijima in the Amami Islands and

Nakanoshima in the Tokara Islands, breeding attempts of the

shrikes were first confirmed in 2012 (Ijichi et al. 2013) and 1989

(Morioka 1990), respectively. We studied these recently established

breeding populations on Minami-daitojima, Kikaijima, and

Nakanoshima.

Kikaijima (28�190N, 130�000E; 56.8 km2) is located in the

Central Ryukyus, 297 km south of Kyushu, which is one of the four

main islands of Japan. Minami-daitojima (25�500N, 131�140E,

30.6 km2) is located 290 km southeast of Kikaijima. A large propor-

tion of these islands is occupied by agricultural fields, which are

mainly used to grow sugarcane (Saccharum spp.). Nakanoshima

(29�500N, 129�520E; 34.5 km2) is located 160 km north of

Kikaijima. Evergreen forest covers a large part of the island, and

there is some farmland and pastureland, which are the habitat of the

shrikes.

Potential predators of shrikes on these islands are rats Rattus

spp. and the Japanese weasel Mustela itatsi (Tobai 1994; Sakagami

et al. 2011; Matsui and Takagi 2012), both of which were artificial-

ly introduced. The feral cat Felis catus and the large-billed crow

Corvus macrorhynchos are also among the potential predators, but

the crows are extinct on Minami-daitojima (Takagi 2009). No

snakes inhabit these islands.

To compare risk-taking behaviors on these islands with those on

the mainland, we also studied bull-headed shrikes on three of the

main islands of Japan, namely Kyushu, Honshu, and Hokkaido. The

mainland study sites were Kanoya and surrounding areas (31�180–

31�300N, 130�540–131�000E) in Kagoshima Prefecture, southern

Kyushu; Tsukuba and Tsuchiura (36�030–36�100N, 140�060–

140�090E) in Ibaraki Prefecture, central Honshu; and Teshikaga and

surrounding areas (43�280–43�560N, 144�150–144�390E) in the

Kushiro and Nemuro areas, eastern Hokkaido. These areas have

open farmland, grasslands, and forests with scattered houses. Snakes

(e.g., the Japanese rat snake Elaphe climacophora), Japanese wea-

sels, and feral cats are known predators of shrikes on Honshu

(Yamagishi 1981). In addition, Takagi and Abe (1996) assumed that

the red fox Vulper vulpes, weasels Mustela spp., and rats are poten-

tial nest predators in Hokkaido.

Flight Initiation Distance
We used FID to compare the risk-taking behavior of bull-headed

shrikes between the islands and the mainland. FID is defined as the

distance at which an individual approached by a human initiates

flight and was measured using the following standard technique

(Blumstein 2006; Møller 2008; Garamszegi et al. 2009). When we

found a bull-headed shrike resting or searching for food from a

perch (e.g., the tops of tree, pole sprinklers, and utility wires), one

observer walked toward the individual slowly (ca. 0.5 m/s). The

horizontal distance at which the bird took flight was measured using

a laser range finder (TruPulse 200, Laser Technology, Centennial,

CO, USA) with accuracy of 0.1 m. We also recorded the distance

from which we started walking toward the bird (starting distance).

Sex of the individual was also recorded because previous studies

have suggested that it may influence FID (Guay et al. 2013). Height

above ground was recorded in 0.5-m intervals (measured by eye).

FID was calculated as the square root of the sum of the squared

horizontal distance and the squared height (Blumstein 2006; Møller

2008).

Data were collected from 56 individuals on the islands (25 on

Kikaijima, 25 on Minami-daitojima, and 6 on Nakanoshima) and

66 individuals on the mainland (25 in Kyusyu, 31 in Honshu, and

10 in Hokkaido). Field studies were performed during 3 or 4 days at

each site between 25 March and 27 June 2019 under sunny or

cloudy conditions, but not rainy or windy conditions. The breeding

season of the shrikes starts in February and continues until July

(Nakamura and Nakamura 1995; Takagi 2006). The periods of field

work at each study site corresponded to the mid- to late breeding

season. Therefore, wintering visitors were not sampled in this study.

Some shrikes were observed carrying food items to nestlings and

fledglings, but we did not use these birds for the measurements to

avoid the effects of their defense behavior on FID. We used measure-

ments for adults only. To avoid duplicate sampling of the same indi-

viduals, we recorded one individual at a given site. The minimum

distance between sampling sites was 200 m, which is enough to en-

counter new individuals because the territory size (length) of this

species is approximately 200 m on the main islands of Japan

(Yamagishi 1981; Takagi 2003). Exceptions were that we used two
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individuals <200 m apart when one was male and one was female

and when two birds were observed at the same time.

Two male observers (Nakanoshima: H.H.; other study sites:

S.H.) of similar stature and age collected the data after thorough

consultation. In a previous study, two observers collected measure-

ment data in a similar way (Fernández-Juricic et al. 2002), since FID

can be assessed with high consistency by different observers (Møller

et al. 2008).

Statistical analyses
First, we simply investigated the Pearson’s correlation between FID

and starting distance in the insular and mainland shrikes, as previ-

ous studies have reported that starting distance has an effect on FID

(Blumstein 2003, 2006; Rodriguez-Prieto et al. 2009). Next, to as-

sess the influence of location (island/mainland) on FID, we con-

structed generalized linear mixed models (GLMMs) because factors

other than the location were expected to affect FID. We applied an

identity link function and Gaussian error distribution and used study

site (Kikaijima, Minami-daitojima, Nakanoshima, Kyushu, Honshu,

and Hokkaido) as a random factor. The following explanatory vari-

ables were included in the models: location, human population dens-

ity, sex, starting distance, and height above the ground. Since

starting distance affected FID (see Results section), and the inter-

action between starting distance and other factors can have an effect

on FID (Blumstein 2003; Dumont et al. 2012), we included an inter-

action term between starting distance and location in the models.

Human population density (per square kilometer) was calculated

from the population and area of the municipality in which each

study site was located (Government of Japan 2015). We used a

model selection approach based on Akaike’s information criteria

corrected for small sample size (AICc) to evaluate all possible mod-

els. The model with the lowest AICc value is the best model, and

models with DAICc <2 are considered equally good as the model

with the lowest AICc (Burnham and Anderson 2002). After model

selection according to this procedure, we used likelihood ratio tests

to assess the significance of the explanatory variables included in the

models. We conducted the GLMM analysis using R software (ver-

sion 3.6.1; R Core Team 2019). In all statistical tests, a P<0.05 was

considered statistically significant.

Results

In the field studies, we observed 56 individuals on the islands and 66

individuals on the mainland. The proportion of males was not sig-

nificantly different between the locations (island: 13/56; mainland:

8/66; Fisher’s exact test, P¼0.15). Height above the ground was

also not significantly different between the locations (island: mean

[range] ¼ 5.9 m [2–12 m]; mainland: 5.4 m [1–15 m]; Welch’s t-test,

t117.4 ¼ 0.78, P¼0.44). Starting distance was longer on the islands

(mean [range] ¼ 93.0 m [36.7–167.0 m]) than on the mainland

(67.8 m [26.7–183.0 m]) (t111.5 ¼ 4.85, P<0.001). FID was also

longer on the islands (mean [range] ¼ 50.6 m [17.9–129.0 m]) than

on the mainland (26.1 m [9.1–50.4 m]) (t76.7 ¼ 8.69, P<0.001;

Figure 1). In both the insular and mainland populations, FID was

positively correlated with starting distance (insular: Pearson correl-

ation r54 ¼ 0.42, P<0.01; mainland: r64 ¼ 0.42, P<0.001;

Figure 2).

In model selection, location (island/mainland) was included as

an explanatory variable in all of the top 10 GLMMs (Table 1).

Location, sex, and starting distance were predictors of FID in the

best model. The Akaike weight of this model was high (wi ¼ 0.404).

The second-best model included the interaction between location

and starting distance in addition to the explanatory variables in the

best model. The difference in AICc between the two models was less

than 2 (DAICc ¼ 1.87), which indicates a high relative likelihood of

these models. In the second-best models, location, sex, and starting

distance had significant effects on FID. The effect of the interaction

between location and starting distance was not significant (Table 2).

Discussion

Contrary to our prediction, bull-headed shrikes had longer FID in

the island populations compared with the mainland populations.

Although there are reported cases where the interaction between

starting distance and other factors affects FID (Blumstein 2003;

Dumont et al. 2012), our results showed that the interaction be-

tween starting distance and location (island/mainland) did not have

significant effect on FID. Therefore, we conclude that FID of the

shrikes was longer on the island than on the mainland after control-

ling for other factors.

Figure 1. Flight initiation distances of bull-headed shrikes on islands and

mainland. Box plots show the 25–75th percentiles (boxes), medians (thick

lines within boxes), and 61.5 interquartile ranges (whiskers). Each open circle

indicates an outlier.

Figure 2. Relationship between flight initiation distance and starting distance

of bull-headed shrikes. Closed and open circles indicate data obtained from

insular and mainland shrikes, respectively.
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The result of model selection showed that human population

density was not an effective predictor of FID. Some previous studies

have shown that birds in areas with a high human population dens-

ity become less sensitive to human approach because they learn that

humans are not a great threat (Eason et al. 2006; Clucas and

Marzluff 2012). However, we found that human population density

did not affect FID, suggesting that the shorter FID of the mainland

shrikes was not influenced by habituation to humans.

It is unclear what factors account for the difference in FID be-

tween the islands and the mainland. A possible explanation is that

low risk-taking behavior is adaptive on the islands due to a local

predator, the artificially introduced black rat Rattus rattus. On the

subtropical Nansei Islands, black rats inhabit and often nest in

bushes, which are the nesting site of the shrikes (Matsui et al. 2010;

Sakagami et al. 2011). In contrast, in temperate mainland Japan, the

rats live only near human settlements, not in shrubs (Hamao et al.

2009). On the Nansei Islands, some of the predation of shrike nests

was suspected to be by rats (Matsui and Takagi 2012). As risk-

taking behavior is related to predator avoidance (Quinn and

Cresswell 2005; Réale et al. 2007; Herborn et al. 2010), nest preda-

tion by rats might explain the lower propensity of the insular shrikes

for risk-taking.

A previous study by Møller et al. (2015) has shown that bird spe-

cies which successfully established new populations on islands tend

to have a higher breeding density in urban habitats than in rural

habitats in their ancestral range. Because urbanized birds generally

show high risk-taking behavior (Møller 2008; Samia et al. 2015),

their results suggest that individuals taking higher risk might be

more successful in settling on islands. In contrast, our study found

lower risk-taking behavior on islands than on the mainland. A pos-

sible explanation for this difference is that Møller et al. (2015)

focused on species that humans had intentionally introduced, which

would likely make the ability to tolerate proximity to humans an im-

portant factor in successful settlement. In the naturally colonized

populations of shrikes on the Nansei Islands, on the other hand,

such an ability may not be related to settlement on the islands, and

high risk-taking seems to confer no advantage in the invasion.

Cooper et al. (2014) reported that escape distance (FID) is shorter in

insular lizards than in mainland lizards, which is not consistent with

our finding. They suggested that the shorter FID of insular lizards

was attributable to the scarcity or absence of predators on the

islands. On islands where predators are scarce or absent, less risk-

sensitive behavior and shorter FID can be expected. However, if pre-

dation is more intense on islands than on the mainland, insular ani-

mals would come to take lower risk and have longer FID compared

with those on the mainland. Our finding might demonstrate this

possibility.

This study leads to the understanding that an uneven geographic-

al pattern of risk-taking behavior is generated in the distribution

range of the bull-headed shrike. Although individual animals exhibit

behavioral plasticity in response to their environment (Piersma and

Drent 2003; Thomson et al. 2012), behavioral traits are at least

partly heritable (Fidler et al. 2007; Dochtermann et al. 2015). In

particular, FID can be affected by factors such as starting distance

(Blumstein 2003, 2006; Rodriguez-Prieto et al. 2009; present study)

and availability of refuge from predators (Engelhardt and Weladji

2011; Guay et al. 2013), suggesting that the escape behavior of indi-

viduals changes in response to the situation. On the other hand, a

substantial proportion of variation in FID can be explained by herit-

ability (Møller 2014; Carrete et al. 2016; Sprau and Dingemanse

2017). Therefore, the low propensity for risk-taking of the insular

shrikes is expected to be heritable to some extent. If the risk-taking

behavior of the shrikes has a genetic basis, then the geographical

pattern of the behavior would be sustained by the uneven distribu-

tion of genetic diversity (Canestrelli et al. 2016).

A local unfamiliar predator was a possible factor contributing to

the low risk-taking behavior of the insular shrikes. In this case, the

behavioral traits of the invading populations would be shaped by se-

lection in the new environment. Behavioral traits, such as boldness/

shyness, exploration, and aggressiveness, affect the success of intro-

duction into a new environment across various stages of the process

(Chapple et al. 2012). In the initial stage, individuals with boldness

and exploratory propensity, which are related to risk-taking propen-

sity, are more likely to become founders of the new population

(Canestrelli et al. 2016) because they tend to disperse over long dis-

tances (Cote et al. 2013). In the shrikes on the Nansei Islands, low

risk-taking individuals were assumed to respond adaptively to an

unfamiliar predator. If so, this would be an example of selection act-

ing through survival and reproduction in the later establishment

stage in introduction process, leading to the uneven geographic pat-

tern of behavioral traits.

To confirm this hypothesis, further studies are needed to exam-

ine the nest predation rates, predator species and nest site selection

of insular shrike populations. Based on the hypothesis, black rats are

expected to be an important factor of shrikes’ nesting failure, and

risk-sensitive shrikes would prefer to safer nest sites. It would be

also useful to identify the source population of the insular shrikes

using molecular analysis to confirm the effects of dispersal.

Table 1. Predictors of flight initiation distance of the bull-headed

shrike according to generalized linear mixed models

Location Density Sex SD Height Location: SD AICc DAICc wi

þ þ 0.223 982.46 0.00 0.404

þ þ 0.301 þ 984.33 1.87 0.158

þ 0.221 984.60 2.14 0.139

þ þ 0.222 0.054 984.78 2.33 0.126

þ 0.229 þ 986.45 3.99 0.055

þ þ 0.301 0.024 þ 986.72 4.27 0.048

þ 0.221 0.049 986.90 4.44 0.044

þ 0.299 0.018 þ 988.82 6.36 0.017

þ 0.004 þ 0.227 992.25 9.80 0.003

þ 0.002 þ 0.306 þ 994.05 11.59 0.001

Explanatory variables were location, human population density, sex, starting

distance (SD), and height from the ground. Interaction between location and

SD was included. Difference in AICc between the best model and the top 10

models (DAICc) and Akaike weight (wi) are shown. Location ¼ island or

mainland.

Table 2. Estimates, standard errors, and results of likelihood-ratio

tests of factors in the well-fitted generalized linear mixed model for

explaining variation in flight initiation distance in the bull-headed

shrike

Factor Estimate SE v2
1 P-value

Intercept 25.081 6.723

Location (mainland) �7.465 8.577 14.04 < 0.001

Sex (male) �1.370 3.262 4.35 0.037

SD 0.301 0.060 18.14 < 0.001

Location: SD �0.166 0.089 0.38 0.54

Location: estimate relative to “island”; sex: estimate relative to “female”. SD:

starting distance.
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