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Animals must strike a balance between anti-predation behavior and other essential behaviors, such as foraging.
Within the same species, strategies may vary on individuals’ risk-taking preferences, and in this process the
environment is a determinant, in addition to predator regime. The Crested Ibis (Nipponia nippon) exhibits such
tendency. This is an endangered species, once inhabiting exclusively in China’s Qinling Mountain. This used to be
the sole remaining wild population. However, over recent decades, this population has expanded. A portion has
relocated to breed in the lower plain area, which is characterized by elevated level of human activities and
landscape complexity. We used flight initiation distance (FID) as an indicator of the ibises’ risk-taking preference,
particularly their response to human proximity. Additionally, we examined the environmental factors influ-
encing their foraging site selection, including altitude, terrain openness, human activity intensity and human
construction. Our findings revealed a significantly shorter FID among individuals relocating to plain habitats,
indicating a higher tolerance of human proximity. The results showed that FID decreased with distance to the
nearest human settlement. Another finding is that FID was independent of instant human activity intensity and
environmental factors (altitude and terrain openness). These different may arise from various combinations of
human activity, predation risk, and food abundance within the two habitats. These results provide insights into
the in situ conservation of the threatened species within the context of global urbanization.

1. Introduction

Prey species constantly need to weigh the benefits of a specific
habitat against predation risk there. The necessity is even higher when
they move to a novel environment. Studies have revealed that birds
adopt different strategies when adapting to different habitats (Yeh et al.,
2007; Valcarcel and Fernandez-Juricic, 2009; Luther and Baptista,
2010). On top of this, environmental changes caused by human activ-
ities mean that birds constantly need to adapt to new conditions (Sho-
chat et al., 2006; Sih et al., 2011). One of such changes is the
ever-expanding urban areas. While some species struggle to cope with
human encounters and face extinction, others are adapting well to the
updated proximity and even successfully invading urban habitats
(Tomialojc, 1982; Stork, 2010; Carrete and Tella, 2011; Gil and Brumm,
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2014). Mgller (2013), based on published data, examined 13 categories
of life history and ecological factors, including habitat generalism, body
size, and diet, which might impact animals’ adaptation to the new urban
environments, and found that the response to predators was the most
predominant among the 13 considered categories.

Wild animals are subject to human activities in general, to varying
degrees (Frid and Dill, 2002; Mgller et al., 2007). While hunting is lethal,
others, like eco-tourism and agriculture activities, may not kill, but may
still lead to decline in wild animal population (e.g. Donald et al., 2001).
Possible explanations include: a) physiological pressure from perceived
danger (e.g., human approach; Cresswell, 2008); b) reduced foraging
efficiency when being interrupted; and c) increased energy expenditure
during sudden flight from humans (Tatner and Bryant, 1986). Such ef-
fects can negatively affect both the physical condition and the
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reproduction of wild species (Tatner and Bryant, 1986; Zanette et al.,
2011; Tarjuelo et al., 2015). Therefore, human activities might be threat
to wild animals which invade man-made areas (Frid and Dill, 2002;
Tablado and Jenni, 2015).

The Crested Ibis (Nipponia nippon) is a medium-size wading bird that
has been classified as an “Endangered” species by [UCN (2023). In the
mid-20" century, their population sharply declined, to the point where
they were not observed at all in Russia, China and the Korean Peninsula,
which, in addition to Japan, were their only distribution regions from
1960s to 1970s (Ding, 2004). When the last five individuals in Japan
were placed in captivity, this species was evaluated as extinct in wild.
However, a small relict population was rediscovered in the mountain
area of Yangxian, Shaanxi Province in Central China in May 1981. Since
its rediscovery, population soared hundreds of times from 7 to over 4500
individuals in 2020, thanks to significant conservation efforts at both
national and provincial levels (Liu, 1981; Xu et al., 2023). The increase,
interestingly, was accompanied by distribution variation. Mountain
areas with relatively low human density were once the primary breeding
habitat for the bird. Yet since 1997, some individuals have migrated to
lower plain areas and started breeding there (Ding, 2004). This migrant
numbers have been continuously growing, reaching approximately
two-thirds of the wild population (66.67%, nest = 224; Xu et al., un-
published data) breeding in plain areas by 2021. Plain areas conse-
quently have become crucial foraging and breeding grounds for the
Crested Ibis. Nevertheless, here humans have more presence compared
with in mountain habitats (Li et al., 2002; Hu et al., 2016). Moreover, as
local economy expands, the impact of human activities on avian species
also grows (Li et al., 2002; Ding, 2010; Ye et al., 2022). Birds’ responses
to human presence could significantly shape their adaption to the choice
of habitats (Huang et al., 2022). Understanding their behavioral changes
becomes crucial in addressing the challenges faced by the ibis and
similar species in human-altered landscapes.

Fight initiation distance (FID) is the distance at which an animal
initiates flight when approached by a potential predator. FID has been
previously used as a metric of anti-predation behavior in ibises (Blum-
stein, 2003; Bateman and Fleming, 2014). Generally, the FID of avian
species in habitats with higher human population densities, such as
cities, was shorter than that of their conspecifics in low human-density
areas (Bautista et al., 2004; Webb and Blumstein, 2005; Weston et al.,
2012). The variation in tolerance was often considered to be because of
behavioral habituation (Gil and Brumm, 2014). Local adaptation to
urban habitats could also explain this difference, indicating that certain
genotypes have increased in frequency or become favored among in-
dividuals in urban environments (Evans et al., 2010; van Dongen et al.,
2015). This phenomenon is expected to lead to genetic differentiation
among populations (Carrete et al., 2016). Differential selection among
behavioral syndromes could explain the variation in recruitment to
urban habitats, resulting in the sorting of phenotypic under different
levels of interference pressures between urban and rural environments
(Schell, 2018). So far, the reasons for this difference remain controver-
sial and challenging to examine due to the necessity for long-term
monitoring of population dynamics, often involving the marking of
individuals.

The maximum distance between the original (mountain) and new
(plain) habitats was 19 km. On top of that, the general winter-feeding
habitats of the breeding ibis can be 25 km away from each other
(15-45 km; Ding, 2004, 2010). Such wide ranges of ~20 km demon-
strated ibis’s high mobility. Thanks to such distance, there could be
meaningful behavioral contrasts between populations in different hab-
itats, which is good for investigation. Moreover, behaviors of individuals
that venture into plain habitats will yield insight into suitable reintro-
duction sites and understanding the future dynamics of the wild popu-
lation. Based on this information, we can make more informed decisions
and implement targeted conservation strategies to safeguard the en-
dangered species and its habitats.

Our main study objectives were to compare anti-predation behavior
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of Crested Ibis in their original habitats (mountain) with that in newly
colonized habitats (plain), as well as to identify factors behind selecting
specific foraging sites, which included altitude, terrain openness, and
human activity. To realize these goals, the study covered an extensive
area of 1662 km? encompassing the primary distribution range.
Although ibis has remarkable ability to move between different habitats,
only part of the population expands to the plain area while others
remain in mountainous habitats. Therefore, we inferred that the toler-
ance to human activity might influence the ibis’ ability to breed in the
plain area. Consequently, we hypothesized that the ibises expanding to
the plain area have a higher tolerance to human. Accordingly, we pre-
dicted that these ibises would display a shorter FID and forage in closer
proximity to humans. By exploring these behavioral aspects, we aimed
to better understand the adaptability of Crested Ibis in human-
influenced environments and to make more effective conservation
strategies.

2. Materials and methods
2.1. Study area

This study was carried out in Yangxian County, located in southern
Shaanxi, Central China (33°05' N-33°45' N, 107°25' E-~107°82' E). The
Shaanxi Hanzhong Crested Ibis National Nature Reserve, also the pri-
mary distribution area of wild Crested Ibis population, locates in this
region. Stretching into eastern part of Hanzhong Basin, Yangxian has a
warm and temperate climate zone with humid monsoons. Around this
region there are both mountainous and plain terrain. In particular, the
middle and lower part of the Yangxian mountains is the original dis-
tribution areas of Crested Ibis, including forests, small farmlands
(mainly paddy fields) and villages. Since 1997, the Crested Ibis has
expanded its habitat to include the lower plains of Yangxian. Compared
with mountain environment, plain is characterized by fewer tall vege-
tations, more human-made constructions, and extensive tracts of unin-
terrupted farmland (also mainly paddy fields) (Song et al., 2018). Now
ibises breed and forage in both habitats (Huang et al., 2022).

2.2. Data collection

The study was conducted in both the original mountain and plain
areas during both the breeding (May to June) and non-breeding
(September to October) season of 2015. All nestlings of the Crested
Ibis have been banded with a unique combination of color bands
(1987-2000) or numbered color bands (2000-2022). Thus, individuals
can be identified using monocular or binoculars observation. To mini-
mize bias, all approaches were conducted by the same researcher (Y.Z).
The same line transects, also employed in the Crested Ibis population
census, were used to avoid testing the same individuals repeatedly. If the
birds were foraging in a flock, the nearest individual in the direction of
approach was selected and recorded for its FID. Starting distance, the
distance between an observer and an individual at the moment of
approach, was also recorded.

Variables related to human activity intensity and the characteristics
of the site were recorded. These included long-term human activity in-
tensity (distance to the nearest road and distance to the nearest settle-
ment), and instant intensity (number of people within a 50-m radius). To
exclude the influence of landscape characteristics on ibis’ flight
behavior, we only collected data on terrain openness during non-
breeding season. Terrain openness consists of two factors: valley
width, which is the distance between the bottom of two hills horizon-
tally, and terrain openness, which is elevation angle of two mountain
ridges from the site (if applicable). Given the close proximity between
foraging sites and nocturnal roosts, as documented by Ding (2004) (2.82
+ 1.49 km in the non-breeding season and 0.56 + 0.68 km in the
breeding season), it is inferred that the features observed at foraging
sites are also characteristic of the home range population.
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2.3. Statistical analyses

All analyses were performed in R version 4.1.2 (R Core Team, 2021).
The repeatability of individual FID was evaluated using the library ‘rptR’
(Nakagawa and Schielzeth, 2010). The difference in ibis flock sizes and
the long-term and instant human activity intensities between two hab-
itats (mountain area and plain area) were processed using logistic
regression. The differences of altitude and the distance to the nearest
road between original and plain habitats were analyzed by t-test, as
these two factors both had significant correlation with the distance to
the closest settlement (distance to the nearest road: r = 0.253, n = 176, p
< 0.001; altitude: r = —0.167, n = 176, p = 0.026) and flock size (dis-
tance to the nearest road: r = 0.392, n = 160, p < 0.001; altitude: r =
—0.157, n = 160, p = 0.048).

A generalized linear mixed model (GLMM) implicated in the library
‘lme4’ (Bates et al., 2013) was used to explore the influence on FID (the
explanatory variables: habitat, flock size, altitude, long-term and instant
human activity intensity, and their interaction terms with habitat; and
the random factor: season i.e., breeding and non-breeding season). The
terrain openness was showed as mean + SE, as this data was only
available in mountain areas. The effect of terrain openness (terrain
openness and valley width) on FID was studied using a linear model with
season as random effects.

Considering the ecological significance of SD and to avoid the sta-
tistics biases, the buffer distance (SD minus FID) was also used respec-
tively as a covariate in models, to test whether buffer distance influences
FID.

3. Results

In total, 192 adult Crested Ibises were studied, and their FIDs were
recorded. The average FID was 25.55 + 8.79 m (mean + SE), ranging
from 9.10 m to 54.60 m. Among recorded individuals, 16 adults were
approached twice during the same season in the same type of habitat.
The repeatability of FID was 0.55 (SE = 0.18, p < 0.001), indicating
consistency in this behavior. There was no significant difference on FID
between marked individuals and non-marked individuals (t = —0.28, p
= 0.78).

Comparison of the foraging sites between the plain and the original
habitats rendered several differences (Table 1). Those in the original
habitat had higher altitude, were less open in terms of terrain openness,
and experienced low intensity of human activities.

In terms of FID, the FID of ibises foraging in plain area was signifi-
cantly shorter compared to those in the original area (Fig. 1; Tables 2
and 3). Furthermore, the FID was negatively related with the distance to

Table 1
Comparison of foraging site selection between individuals in the plain habitat
and the mountain (original) habitat.

Mountain Plain
(original) habitat habitat

2/t P

Flock size * 2.24 £0.27 2.68 +£0.31 -1.64 0.101

Distance to the nearest 168.30 + 21.08 95.49 + 2.66 0.008**
settlement * 9.36

Instant human activity 1.06 + 0.11 2.05+0.25 —-3.27  0.001**
intensity *

Altitude " (m) 617.43 £ 17.56 557.73 + —2.02  0.045*

23.77
Distance to the nearest 87.60 + 9.49 69.80 + -1.37 0.174

road " 8.93
Terrain openness © (°) 117.32 + 6.60 - - -
Valley width © (m) 357.97 4+ 64.90 - - -

*means p < 0.05, **means p < 0.01.

@ Difference between original and expending habitat was tested by fitting a
Logistic Regression.

b Difference between original and expending habitat was tested by t-test.

¢ These factors were only measured in original habitat (mountainous area).
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Fig. 1. The flight initiation distance (m) of Crested Ibis in original (N = 98,
grey) and plain (N = 78, black) habitats.

Table 2
Models of the relationship between mean FID of Crested Ibis and environment
variables with starting distance.

Estimate + SE Valis P
A
(Intercept) 15.39 + 4.00
Starting distance 0.24 = 0.04 44.45 <0.001%***
Habitats —-0.27 +£ 1.57 7.49 0.006**
Flock size —0.14 £+ 0.20 0.45 0.504

Distance to the nearest road 0.001 + 0.004 0.006 0.937

Distance to the nearest settlement 0.011 + 0.004 7.91 0.005**
Altitude —0.005 + 2.92 0.087
0.003

Instant human activity intensity 3.48 £1.46 3.49 0.062

Habitats x Instant human activity —2.40 £+ 0.82 8.64 0.003**
intensity

(B)

(Intercept) 17.84 + 8.49 3.68 0.001%**

Starting distance 0.17 + 0.07 2.44 0.021*

Terrain openness 0.01 £+ 0.08 0.14 0.892

Valley width 0.001 + 0.017 0.09 0.932

Terrain openness x Valley width —0.00 + 0.00 —-0.11  0.917

The model for both habitat (A) had the statistics r> = 0.428. The statistics were
represented by Chi-square. The model for FID and terrain openness (B) only used
the data from the mountain (original) habitat and it had the statistics r? = 0.230.
The statistics were presented as t-values. The starting distance was as a covari-
ance and season was a random variable in both models.

the nearest settlement (Fig. 2; Tables 2 and 3), while terrain openness
(valley width and terrain openness) and group size were not found to
significantly impact FID (Tables 2 and 3). These results were consistent
for both starting distance and buffer distance as a covariance (Tables 2
and 3). Comparing the models with different covariates, the starting
distance has a significant effect on FID (Table 2), while the buffer dis-
tance (which is calculated as the starting distance minus the FID) did not
(Table 3). Moreover, the interaction between instant human activity
intensity and habitat was found to be significant when starting distance
(SD) was used as a covariate (Table 2; Fig. 3), whereas this significance
was not observed in models employing buffer distance (BD) as the co-
variate (Table 3).

4. Discussion

The Crested Ibis that relocated to the plain area exhibits a relatively
shorter FID compared to that of those in the original habitat. The
foraging sites selected by the plain groups are closer to human settle-
ments (Song et al., 2018). They displayed a greater tolerance towards
humans than those in the original habitat and tended to choose foraging
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Table 3
Models of the relationship between mean FID of Crested Ibis and environment
variables with buffer distance.

2

Estimate + SE X/t P
A
(Intercept) 32.44 + 4.17
Buffer distance —0.02 £+ 0.05 0.25 0.616
Habitats -3.25+1.77 14.95 <0.001***
Flock size 0.05 + 0.24 0.05 0.829
Distance to the nearest road 0.006 + 0.008 0.49 0.485
Distance to the nearest settlement 0.015 + 0.004 11.92 <0.001***
Altitude —0.005 + 2.55 0.110
0.003
Instant Human activity intensity 2.04 £1.67 2.16 0.142

Habitats x Instant human activity —1.54 + 0.94 2.69 0.101

intensity
®
(Intercept) 30.37 + 8.25 3.68 0.001**
Buffer distance 0.01 + 0.09 0.14 0.889
Terrain openness —0.04 + 0.09 —0.48 0.638
Valley width 0.02 + 0.02 0.79 0.439
Terrain openness x Valley width 0.00 + 0.00 -0.30 0.764

The model for both habitat (A) had the statistics r> = 0.284. The statistics were
represented by Chi-square. The model for FID and terrain openness (B) only used
the data from the mountain (original) habitat and it had the statistics r? = 0.080.
The statistics were presented as t-values. The buffer distance was a covariate and
season was a random variable in both models.

60

©w N %3

(= (= =

L L L
P
[ ]

Flight initiation distance (m)
[3>]
=]

T T T T T

0 200 400 600 800 1000
Distance to the closest human habitation (m)

Fig. 2. The flight initiation distance (m) of Crested Ibis in relation to distance
from the nearest settlement.

60

®  Plain habitat
O Mountain (original) habitat

[coXee]

Flight initiation distance (m)

Instant human activity intensity

Fig. 3. The flight initiation distance (m) of Crested Ibis in relation to instant
human activity intensity (number of humans). The lines are the linear regres-
sion lines (Plain area: solid line; Mountain area: dash line).
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sites where humans are more frequent presence. Based on these facts, it
seems that variation in tolerance of human approach may influence the
distribution patterns, particularly when animals invade urban habitats
(Martin and Réale, 2008; Carrete and Tella, 2010; van Dongen et al.,
2015; Worrell et al., 2016). As there is no obvious territorial behavior
(Ding, 2010), Crested Ibis can choose and move between original and
plain habitats. The foraging site of ibis can be very far apart. On con-
dition of this, we propose that the difference in FIDs between ibises of
the two habitats is more likely the result of phenotypic sorting under
different pressures, rather than habituation.

The plain group had relatively shorter FIDs. This difference may be
due to variations in predation risk between the two habitats because FID
is not only an indicator of an individual’s tolerance to human activity,
but also its risk-taking preference against potential predators (Blum-
stein, 2006). Predators of Crested Ibis include raptors, snakes and
mustelids (Ding, 2004). Snakes and mustelids mainly prey on eggs and
nestlings, while raptors target juveniles and adults. Resident birds
predators such as Chinese Goshawk (Accipiter soloensis), Northern
Goshawk (Accipiter gentilis), Common Buzzard (Buteo buteo) and Com-
mon Kestrel (Falco tinnunculus) are common raptors in this region (Ding
et al., 2001). The original habitat, being a mountainous area, presents
potentially higher predation risk because there are more predators. By
contrast, the human-disturbed habitat is almost a refuge for many prey
species, since most raptors are not able to access urbanized area
(Ibanez-Alamo and Soler, 2010; Mgller, 2012). There is negative cor-
relation between predation risk and FID across both species and in-
dividuals (Mgller, 2008, 2014). Our study generally is consistent with
the pattern that individuals in the original habitat are likely adopting the
“safety” strategy while ibises in the plain habitat exhibit the opposite
pattern. This difference of FID may also come from food availability.
Large area of paddy fields in the plain habitat (t = —10.015, p < 0.0001;
Song et al., 2018) provide abundant food resources for Crested Ibis. Ibis
may be more reluctant to leave resourceful foraging grounds than
relatively barren foraging grounds. This will also make the FID of ibis in
the plains shorter. We propose that it is influenced by individuals’
diverse escape patterns, which in turn are made based on weighing
human activity intensity, predation risk and food resources.

The repeatability of traits, including behaviors, is important to
explain the phenotypic correlation. On average, animal behavior
repeatability has been reported to be 0.37 (Bell et al., 2009). However,
few studies mentioned the repeatability of the FID (e.g., Seltmann et al.,
2012), as its challenging to target marked individual or verify individual
identity. Some studies have relied on territoriality of reproductive in-
dividuals to avoid pseudo replication (e.g., Jiang and Mgller, 2017).
Fortunately, in the case of ibis, since 2000, the Crested Ibis National
Nature Reserve has implemented a system of numbered colored rings to
mark all the ibis chicks breeding in the wild. This enabled us to confirm
individual identity. The repeatability of FID in our study (r = 0.554) was
much higher than the average reported in other behavior study (Bell
etal., 2009), indicating that FID is a reliable measurement and a suitable
monitoring index for Crested Ibis.

We found a positive relationship between FID and the distance to the
nearest settlement. Long-term human activity intensity (settlement) is a
stronger predictor of FID than the instant (number of humans). Neither
do environmental factors, such as terrain openness and altitude, have a
significant effect on FID. These results suggest that escape behavior, as
reflected by FID, may not be as flexible as we previously assumed
(Carere and van Oers, 2004; Wolf et al., 2007). As this study covered
only FID and environmental factors within foraging sites, there is a need
to assess the ibises’ entire home range for a comprehensive under-
standing of other factors influencing their behavior.

One study relevant to ours is Blumstein’s (2010) demonstration that
FID can be influenced by starting distance (SD) in various taxa. He went
on suggesting using SD as an important ecological index due to the
increasing energy cost of monitoring (Blumstein, 2010; Engelhardt and
Weladji, 2011; Cooper and Blumstein, 2014). However, other
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researchers have argued that the SD and FID may cause collinearity is-
sues (Mgller, 2012) and that SD lacks biologically significance, being
merely an artifact (Cooper, 2008; Dyer Dumont et al., 2012). To avoid
ambiguity, we used both SD and buffer distance (BD) to represent the
influence of approaching. Our results revealed that SD was significantly
related with FID, while BD was not. The number of humans around
foraging sites varied influence on FID across habitats only when
considering SD. Moreover, the relationship between other factors and
FID remained unchanged. Although it is challenging to verify whether
SD directly affected FID this way, we propose that this novel method
may provide a new perspective on reevaluating the significant rela-
tionship between SD and FID. The introduction of innovative statistical
and/or measuring method could provide further insight into the intri-
cate relationship of these two factors.

In conclusion, our results demonstrate that FID serves as a relatively
stable indicator of risk-taking behavior and tolerance to human activity
in the Crested Ibis. We found that individuals in the plain habitat have
shorter FIDs, indicating a higher level of tolerance to human presence.
Additionally, we found a negative correlation between FID and long-
term human activity intensity, suggesting that increased human activ-
ity influences the ibis’ flight response. The portion relocated to urban
areas is more likely a result of phenotypic sorting under different pres-
sures, with potential contributions from learning mechanisms, rather
than habituation. These findings carry significant implications for in-situ
conservation efforts of threatened species. They also improve our un-
derstanding of animal dispersal mechanisms within the context of global
urbanization. If FID is regarded as a behavioral trait, conservationists
can develop targeted strategies to safeguard and promote the well-being
of the Crested Ibis population amid the dynamic changes in its habitat
selection. This includes habitat-specific conservation measures tailored
to the distinct needs.
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