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ABSTRACT

The home range size and habitat use of the blue-crowned laughingthrush (Garrulax
courtoisi, hereafter BCLT), a critically endangered, subtropical, cooperative-breeding
bird species in southeast China, were studied during its breeding period using radio
telemetry at different sites during 3 consecutive years (2016-18, from May to June of
each year). A total of 17 birds (12 males, four females, and one of unknown sex) were
tagged, and a total 1515 locations (mean =+ se = 89.12 £ 11.42) were obtained over 54
days of tracking. The average 100% minimum convex polygon (MCP) home range size
was 10.05 £ 1.17 ha, and the estimated KDE core area (fiexed kernel density estimator,
KDE) size was 7.84 £ 1.18 ha. According to the Wilcoxon rank sum tests, both the

100% MCP and KDE core area size of males did not significantly differ from those

of females. There were no significant differences in the 100% MCP or KDE core area
sizes of the three breeding sites. The available habitats in the breeding sites included
water areas, shrubs, grass plots, woodland, residential areas, vegetable field, farmland,
and sandy beaches; among them, only woodland was significantly preferred by BCLTs.
Woodland (average use ratio was 45.86 + 1.74%) was strongly preferred by BCLTs

for nesting, foraging and roosting. Shrubs/grass plots (24.72 & 3.39%) and vegetable
plots (11.80 £ 1.83%) were used relatively more often than the other habitats, except
woodland, since shrubs were always used as perches, and vegetable plots were rich in
food resources. Vertically, the canopy layer was used most often from April to June,

but it was used most in May when the birds were hatching and brooding. This result
indicates that BCLT is predominantly active in the upper strata during the breeding

season. In addition, broadleaved trees within or adjacent to villages were important

activity areas for the breeding birds; protection and management measures should be
increased in these areas.

Subjects Animal Behavior, Biodiversity, Conservation Biology, Ecology, Forestry
Keywords Garrulax courtoisi, Radio telemetry, Home range, Habitat use

INTRODUCTION

A home range is an area that usually occurs around a home site and is traversed by an
individual animal during its normal activities, such as food gathering, mating, and caring
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for the young. It provides an available space for the animals and allows it to achieve optimal
fitness in the wild (Burt, 1943; Krebs ¢» Davies, 1997; Kernohan, Gitzen ¢ Millspaugh, 2001).
Home range size is affected by factors such as animal sex, population density, predation
risk and external environmental resources (Swith, 2007; Goliz et al., 2008; Hayes, Chesh ¢
Ebensperger, 2011; Williams, Gutierrez ¢ Whitmore, 2011). Resource availability determines
home range size. Among such resources, space is determinant; for example, birds offset
landscape constraints due to fragmentation by expanding their home range (see Godet et
al., 2015). Habitat refers to a distinctive set of physical environmental factors that a species
uses for its survival and reproduction, providing food, shelter, nesting locations and mating
sites (Reunanen, Monkkonen ¢ Nikula, 2002; Hall, Krausman ¢ Morrison, 1997). Habitat
use refers to the way in which an individual or species uses habitats to meet its daily needs
(Block & Brennan, 1993; Krausman, 1999). The study of habitat use patterns involves the
description of the actual distribution of individuals across habitat types (Hutto, 1985).

Studies on animal home range sizes, shape and utilization patterns can facilitate the
understanding of interspecies relationships, population densities, habitat statuses and
resource distribution (Mohr, 1947; Aogren, Zhou ¢ Zhong, 1989; Mcintyre ¢» Wiens, 1999;
Dias ¢ Strier, 2003). Such studies can also provide information for the evaluation of
the quality and carrying capacity of the habitat, conservation area planning, ex situ
conservation and reintroduction programmes (Marzluff et al., 1997; Woodroffe & Ginsberg,
2000; Garshelis, 2000; Stamps & Swaisgood, 2007).

The blue-crowned laughingthrush (Garrulax courtoisi, hereafter BCLT), a critically
endangered species in the family Leiotrichidae (BirdLife International, 2017), is 23-25 cm
in length and weighs approximately 50 g; it is a monomorphic bird that lives in groups
and feeds primarily on insects and other invertebrates. BCLTs migrate to breeding sites in
middle or late April and breed colonially and cooperatively without territoriality. The nests
are built in trees in/or around lowland villages; three or four eggs are laid in each clutch,
incubation lasts approximately 12—13 days, and feeding of nestling lasts approximately
12-14 days (Liao et al., 2007). Sometimes reproduction lasts through late July due to a
second brood, previous reproduction failure or first-time breeding (He et al., 2017). Both
sexes build the nest, incubate eggs and brood nestlings during the whole breeding season
(Wilkinson et al., 2004). The number of nests for the first clutch of a breeding flock would
be no more than 1/3 of the number of birds in the flock (He et al., 2017). BCLTs leave the
breeding site a few days after the young have fledged and roam throughout the nonbreeding
season (Zhang et al., 2017).

Studies on this species have mostly focused on summaries of breeding habitat
characteristics (Liao et al., 2007), probable movement range descriptions at one breeding
site (Hong, Yu & Liao, 2006), and breeding habitat selection on a patch scale (Huang et al.,
2018). However, most of these reports have been brief and incidental. The lack of knowledge
on the ecology of this species could be detrimental to its conservation. Habitat protection is
important for BCLTs, as some breeding sites are abandoned by birds, at least temporarily,
when they are subjected to human-mediated disturbance (He et al., 2017), such as highway
construction, tourism activity development, construction and housing renovations or
new construction, river channel repair, etc.; disturbance from photographers has even
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caused BCLTs to abandon nest locations at their most important breeding sites (Zhang
et al., 2017). However, as this species breed in an area also inhabited by humans, there
are strong conflicts between habitat conservation and the demands of living environment
transformation and production activities.

As far as we know, information regarding BCLTs’ home range size and utilization degree
of different types of habitats within the breeding areas are completely lacking. It is crucial
to provide such information, and thus, improve specific habitat management, such as
protecting sufficiently large areas, identifying which areas to protect more stringently than
others, relieving conflicts between BCLT and human activities, etc. Our study is the first
providing these needed pieces of information about the very rare study species whose
ecology and ethology are hardly known.

MATERIALS & METHODS

Study area

Wouyuan is located in northeastern Jiangxi Province, China. The coordinates are 29°01'—
29°35'N, 117°22'-118°11'E, and the whole area encompasses 2947.51 km?. Wuyuan is
located in a subtropical region where the climate is warm and humid, with an average
annual temperature of 17.7 °C and average annual precipitation of 1330.3 mm. This area
mainly consists of hills; the altitude varies from 50 to 1,600 m. It is rich in plant resources
mainly composed of subtropical evergreen broadleaved trees, with a coverage rate as high
as 82.6% (He et al., 2017). The Le’an River is the main river in Wuyuan, and its tributaries
extend all over the country. Villages are situated along almost all the banks of the river in
low-altitude areas, and the breeding sites of BCLTs occur in the Fengshui forests (mainly
composed of broadleaved trees, such as Hackberry, Celtis sinensis; Chinese ash, Pterocarya
stenoptera; and Chinese sweet gum Liquidambar formosana) in or beside the villages.
Planted Fengshui forests are the main breeding areas of the BCLT in the villages. These
patches are small in area and isolated from each other. 13 breeding sites were found in total
from now on in Wuyuan (WW Zhang et al., 2019, unpublished data); 3 of these breeding
sites that host large and stable breeding groups were chosen for home range study.

Radio telemetry and home range calculations

The field experiments were approved by the Jiangxi Wildlife Conservation Administration
(Jiangxi Forestry Office Copy No. 53 [2015]). Radio transmitters were fitted to the birds
with the leg-loop harness method (Streby et al., 2015). The weight of the transmitters was
approximately 1.2 g (A2455, ATStrack Corporation, USA), which was less than 3% of the
body weight of the birds (55.99 g on average), and the battery life was approximately 30
days. We captured BCLTs at the breeding sites using mist nets in early May in 2016-2018
(breeding site I: 2016; breeding site IT: 2017; breeding site III: 2018, see Figs. 1 and 2).
The birds were marked with coloured aluminium metal leg rings and released. Signal
reception started the next day with a hand-held radio receiver and folding antenna
(LOTEK Corporation, USA). The positions of the birds were obtained according to the
triangulation method or via direct observation (see Kolts ¢» McRae, 2017). We tracked
the birds from 7:00 to 11:00 h and from 15:00 to 18:00 h every day from early May to
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Figure 1 The relative positions and habitat features of the three breeding sites.
Full-size Gal DOI: 10.7717/peer;j.8785/fig-1

July (except on days with heavy rain or dense fog), and two telemetry positionings were
performed every 30 min. The locations of each individual were documented at least 10
min apart to ensure independence. The intervals between collection during this period
were determined based on the tracking schedules of concurrently tagged individuals and
the distances between them (see the method in Kolts ¢» McRae, 2017). We did not track the
birds from 11:00—15:00 because of other fieldwork priorities and weather; during this time,
the temperature was high, reaching above 40 °C, and the BCLTs were much less active than
at other time. Even though we marked the tagged individuals, it was almost impossible to
re-observe them in the field during the monitoring periods, as the nests were high in the
trees, which had dense crowns, and the birds always moved in flocks. As a result, we could
not confirm whether the labelled individuals reproduced or what was their reproductive
status. As females were tagged, we inferred there were breeding individuals among them.

As the reception range of the equipment is less than 500 m, we attempted to navigate
the nearest routes to approach the marked birds without disturbing them. We did this to
reduce interference from the terrain or other factors with the signal and reduce variation
in the active area due to human operation or equipment errors. Inaccurate positions (such
as the middle of the river channel and high-altitude areas in hills) were excluded from the
analysis according to our observations.

The home range area was represented by a 100% minimum convex polygon (MCP)

(Hayne, 1949; Nilsen, Pedersen ¢ Linnell, 2008). To facilitate future comparison between
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Figure 2 The radio telemetry study area and home range of the blue-crowned laughingthrush in 2016—

2018.
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different studies, the 50-100% MCP, the 50-95% fixed KDE and core area of KDE were
also obtained. The overlap degree between two individuals on home range or core area was
measured with the overlap area size divide of the corresponded individual home range or

COore area.

Habitat use and preference
The habitat use analysis were conduct both horizontally (i.e., landcover) and vertically (i.e.,
vertical stratification). We downloaded the Landsat-8 multi-band remote sensing image
map of Wuyuan in the summer of 2017 from the USGS Global Visualization Viewer and
combined it with a remote sensing image to obtain a true-colour image map of Wuyuan
using ArcGIS 10.2. Habitat types were classified as water area, grass plot, shrubs, woodland,
residential area, farmland, sand area and vegetable field. To investigate the preferred
habitat types of BCLTs, we first extracted the composition of available habitats from the
true-colour map for each individual by using 100% MCP home range contour using
ArcGIS 10.2, and then the available area of each habitat was quantified. The frequency
of the telemetry locations of each individuals in the different habitats were considered to
represent the actual utilization of the different habitats.

We used a combination of line transect and point sampling method to investigate the
vertical habitat selection of BCLTs. Fixed line transects (total length of 2-3 km) were
established at the six breeding sites in 2018 and covered all habitat types. Observations for
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each fixed line transect were conducted twice a day from 7:00 to 11:00 h and from 15:00
to 18:00 h from early May to July using spotting scopes (Prostaff 7S, 10 x 42, Nikon Image
Instrument Sales (China) Co., Ltd.), and the number of BCLTs and their vertical positions
in the environment (horizontal and vertical scales) were recorded. The vertical position,
including the ground (height 0—20 cm), shrub layer (20-100 cm), bottom of the trunk (100
cm-half trunk height), top of the trunk, and crown layer, were also recorded. For the point
sampling method, we observed and recoreded the number for 15 min a period of time, and
the instantaneous scanning method was used every 5 min to record the vertical position of
the observed individual.

Statistical methods

The 50-100% MCP and the fixed 50-95% KDE were obtained with the “adehabitatHR"
package and Rhr package in R 3.6.1, href was used as smoothing parameter (Calenge,
20065 Signer & Balkenhol, 2015). The core area of KDE home range was determined by the
method of (Seaman & Powell, 1990) by using the “rhr’” package (Seaman ¢» Powell, 1990;
Signer ¢ Balkenhol, 2015). The overlap degrees of the home range and core areas between
different individuals were measured with the overlap index.

After testing for normality of the distribution, the differences in home range size
(100% MCP and 95% KDE), estimated core area size, between the two sexes, as well as
the available habitat area and actual utilization area were analysed by t-tests to evaluate
the habitat selection in BCLTs (Hough ¢ Dieter, 2009); Wilcoxon rank sums tests were
used if the data were not normally distributed. ANOVA analysis was used to evaluate the
differences among the three breeding sites.

For the vertical habitat utilization bias of the BCLTs, we compared the monthly mean
frequency of each layer (use frequency/total use frequency).

All the data analyses were conducted in SPSS 17.0.

RESULTS

Home range characteristics of BCLT in the breeding season

Seventeen individuals were captured and banded from 2016-2018. The number, sex and
tracking dates at each site of tracked individuals are shown in Table 1. A total of 1515
locations were obtained after 54 days of radio telemetry tracking (Table 1). The individual
average 100% MCP for home range was 10.05 £ 1.17 ha, and the 95% KDE and KDE for
the core area were 16.74 & 2.05 and 7.84 & 1.18 ha, respectively (Table 2). The other results
regarding home range size are listed in supporting information files (File 53). The males’
average 100% MCP and 95% KDE for home range were 9.09 £ 1.232 ha and 19.72 £ 5.12
separately; these values was not significantly different from that of females (100% MCP
= 11.62 £ 3.15 ha, t =0.53, df =14, p =0.375; 95% KDE = 15.46 + 2.35, t =0.755,
p = 0.489). There was also no significant difference in the estimated KDEs for the core
areas between males (6.88 & 1.19 ha) and females (7.97 & 2.20 ha, r =0.917, df = 14,
p=0.681) (Table 2). Moreover, there were no significant differences in the 100% MCPs
and 95% KDE for the home ranges and core areas among three breeding sites (Table 2,
Fig. 2).
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Table 1 Radio telemetry, home range, and core area size data for the blue-crowned laughingthrush in 2016-2018.

ID Sex Breeding Capture Date of last Tracking No. of Home range size 95% KDE Estimated
site date transmission period locations (100% MCP) (ha) Core area KDE Core
(days) size area size

20161 d 1 2016/5/11 2016/6/5 15 73 3.08 4.50 2.04
20162 Q I 2016/5/12 2016/6/5 14 56 3.17 5.28 1.91
20163 g I 2016/5/14 2016/6/5 12 86 9.51 17.45 7.56
20164 ¢ 1 2016/5/14 2016/6/5 12 43 15.42 20.06 18.87
20165 Q 1 2016/5/27 2016/6/5 10 90 11.06 22.06 7.53
20166 Q I 2016/5/27 2016/6/5 10 80 14.22 29.45 11.33
20167 d 1 2016/5/29 2016/6/5 8 72 11.23 23.39 11.65
20168 d I 2016/5/29 2016/6/5 8 71 11.48 20.06 9.65
20171 d 11 2017/5/9 2017/6/10 22 176 13.70 14.41 6.80
20172 d I 2017/5/9 2017/6/10 22 72 8.08 11.16 6.33
20173 d 11 2017/5/10 2017/6/10 21 156 16.74 18.00 8.29
20174 d I 2017/5/10 2017/6/10 21 181 8.20 9.34 5.42
20175 Q 11 2017/5/19 2017/6/20 17 157 18.02 22.07 11.09
20181 d 111 2018/5/2 2018/6/10 17 43 4.11 6.59 3.22
20182 d 111 2018/5/2 2018/6/10 17 37 6.59 30.41 2.87
20183 d 111 2018/5/2 2018/6/10 17 73 12.58 23.94 15.86
20184 d 111 2018/5/2 2018/6/10 17 49 3.72 6.34 2.81

Table 2 Average home range and core area size of the blue-crowned laughingthrush.

n 100% MCP pvalue 95% KDE core pvalue Estimated KDE p value

size (ha) area size (ha) Core area size

(mean = se) (mean = se) (ha)(mean =% se)
1(2016) 8 9.90 £+ 1.62 17.78 + 3.07 8.82 £1.95
II (2017) 5 12.95 + 2.08 0.157 14.99 + 2.30 0.858 7.59 £ 0.99 0.698
III (2018) 4 6.75 £ 2.05 16.82 + 6.12 6.19 £3.23
Males (2016-2018) 12 9.09 + 1.23 19.72 £ 5.12 6.88 +1.19

0.375 0.489 0.681

Females (2016-2018) 4 11.62 + 3.15 15.46 + 2.35 7.97 £2.20
All (2016-2018) 17 10.05 + 1.17 16.74 4+ 2.05 7.84 +1.18

Forty-four overlaps for home range and core area were found among the 17 individuals;
the average 100% home range overlap index was 62.86 + 2.75%. Average overlap indexs
for 95% KDE core area size and Estimated KDE core area size are also above 50% (File
S3). Several pairs’ home range overlap were more than 80%, such as N0.201605 (female),
No0.201607 (male) and No.201608 (male).

Characteristics of habitat utilization
Habitat use determined from telemetry data

Overall, the BCLTs preferred woodland over the other types of habitats during the breeding
season. The use ratio of woodland was 45.86 & 1.74%; shrubs were the second most
often used (24.72 &+ 3.39%), followed by farmland (14.54 &+ 1.24%), vegetable fields
(11.80 =+ 1.83%), residential areas (1.48 & 0.67%), sand beach (0.92 =+ 0.34%) and water
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areas (0.68 £ 0.22%). However, among all the available habitat types, the BCLTs showed
a significant preference for woodland only (Fig. 3F).

The different sexes somewhat differed in terms of habitat use. Males preferred woodland
mainly, and water areas and farmland were used very little (Fig. 3D); the females did not
show any preference in terms of habitat utilization (Fig. 3E). There were some differences
in habitat use across the three breeding sites, although woodland was always preferred. The
birds at breeding site I were found more frequently in the shrubs and grass plots than in
the other habitat types considering the availability.

Vertical habitat use based on visual observations

Altogether, 6864 data points for habitat utilization were collected across 6 breeding sites
from 17 April to 3 July. The arbor upper layer of the trees was used most frequently for
nearly the whole breeding season, except in June, when the top of the trunk was most often
used. The ground was used least overall; however, it was used more frequently in the early
breeding season (April) than in the later breeding season, which was also the case for the
shrub layer. The bottom of the trunk layer was increasingly used as the breeding season
progressed (Fig. 4).
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DISCUSSION

Home range

Home range is empirically related to body weight (Harestad ¢» Bunnel, 1979; Baker ¢
Mewaldt, 1979; Jenkins, 1981), habitat composition and food availability (Santangeli et al.,
20125 Kouba et al., 2017). The home range size of one group of Sumatran Laughingthrush
(G. bicolor) with 5 individuals was 107 ha in North Sumatra, Indonesia; however, that value
represented the home range size of this species in the nonbreeding season (Busina ¢ Kouba,
2017). The occupied territories of grey-crowned babblers (Pomatostomus temporalis) were
approximately 2—53 ha (Blakers, Davies ¢ Reilly, 1984) and increased with increasing group
size (Counsilman, 1977). The yellow-billed babbler (Argya affinis) had a home range of 40
ha (Boby, 2001). The group home range size of the chestnut-crowned babbler (P. ruficeps)
in the pre-nesting period was 121.7 ha on average, during nesting it decreased to 56.6 ha
(Sorato, Griffith & Russell, 2016).

All individuals of the three breeding sites each year showed overlap with each other (Fig.
2, File S3), indicating the BCLTs still lived in groups in breeding season, not breeding pair
or family group. As the babblers always moved in a group, their home ranges were always
measured as groups and differed according to group sizes, seasons, food source impacts
and habitat structures. However, even though the home range of the BCLT seems smaller
than those of other kin species, the BCLT roams in the nonbreeding season; therefore, we
suspect that their activity range is much larger than the value we calculated during the
breeding season.

The home ranges of female white-crowned sparrows (Zonotrichia leucophrys) are smaller
than those of males in summer but larger in winter. The females build nests, incubate eggs
and brood the nestlings alone during the breeding period; this has been considered to reduce
the females’ activity frequency and scope (Baker ¢ Mewaldt, 1979). However, there were
no significant differences in the home ranges of the different sexes of G. courtoisi, as they
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build nests, incubate eggs and brood nestlings together during the whole breeding season;
as members of a cooperative breeding species (Wilkinson et al., 2004), they flock and move
together during the breeding season. The parents alternately forage and feed the chicks
and sometimes the helpers; as a result, individuals of different statuses and sexes have high
overlap in terms of their home range. Furthermore, their weak long-distance migration
ability and abundant food availability (WW Zhang, 2019, unpublished data) indicate that
only a small area is necessary to meet their needs for survival and reproduction. Therefore,
we can infer that suitable habitat area is not a limiting factor in terms of population increase
in the BCLT.

Among the three breeding sites, the average individual home range at site II was
significantly larger than that at site III. The size of the home range is strongly linked to
habitat quality and food resource richness (Smith, 2007). The main habitat and feeding
areas of laughingthrushes are woodland and shrubs (Zhao, 2001; Huang et al., 2018).
Energy costs and predation risks increase as the feeding distance increases (Brown, 1988;
Tsurim et al., 2010). Therefore, breeding in habitats rich in food resources and avoiding
long-distance movement may be survival strategies of the BCLT. The available woodland
and shrub area at breeding site III (54.76%) was significantly larger than that at site II
(30.99%). Therefore, we inferred that the food resources at breeding site III were better
than those at site I, leading to the shorter movement distance and smaller home range.

Habitat utilization
Horizontal scale

How breeding birds are distributed in relation to landscape-scale habitat features has
important implications for conservation because those features may constrain habitat
suitability (Anteau et al., 2014). Woodland, with a good nesting environment, abundant
food resources and concealing conditions, is an important habitat type for many birds
(Nicholls & Warner, 1972; Anders, Faaborg & Al, 1998; Streby, Loegering & Andersen, 2012)
and an important stopover area during migration (Mehlman et al., 2005; Rush, Soehren ¢
Miller, 2014). The BCLTs greatly rely on the Fengshui forests within or near the villages
(Liao et al., 2007). The dominant species in the Fengshui forests are broadleaved trees,
which also represent the main nesting area for the BCLT and a food resource during the
breeding season. They build their nests in high trees with a large diameter at breast height
or small trees with dense branches (i.e., Sweet Osmanthus Osmanthus fragrans); they also
sometimes nest in bamboo, densely planted seedling forests, or fruit trees in residential
areas but never in shrubs or brush (Hong, Yu & Liao, 2006; He et al., 2017; Huang et al.,
2018).

The feeding habitat of the BCLT is diverse; they feed in the crown layer and trunks of
trees, shrubs under the trees or at the forest edge, grassland, tea gardens, vegetable fields,
shrubs along riverbanks, and scattered trees at the breeding sites. They feed in almost
all kinds of habitats except open areas and farmland (Hong, Yu ¢ Liao, 2006; this study).
Shrubs are also used as “steppingstones” when the birds are flying from one patch to
another near the feeding areas. We observed that the BCLTs quickly flew into the shrubs
when raptors appeared. The use of farmland mainly occurred during the initial stage of the
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breeding season. The birds searched the soil for soil organisms in the fields, which were
always rape fields. We also observed the BCLTs searching for nest-building materials in the
farmland. The sand and water areas were used mainly for washing and cleaning.

The males, but not the females, showed a significant preference for woodland and little
utilization of water areas or farmland that were large in size in or near the breeding sites,
indicating that woodland was the most preferred habitat, providing more food and better
concealment than the other habitat types. The observed difference between the sexes might
have been caused by the biased sample, as males made up a higher proportion of our
marked individuals than females.

Vertical scale

The BCLTs utilized the crown layer of the trees most often during the breeding season,
while the ground was used most often in the early period of the breeding season. In
mid-April, the BCLTs arrived at the breeding sites, and we observed that they searched for
food in the grass or in the soil; consequently, their beaks were always covered in clay. The
shrubs were used as steppingstones when the birds flew from one place to another or from
the ground to the trees. Therefore, the utilization ratio of the shrubs and the tea bushes
was highest in April. When the birds began to build their nests, more activity was observed
among the different tree layers, especially the crown layer, where the nests were located,
and the upper layer of the trees was used less after the nestlings fledged. Most timaliids,
such as the masked laughingthrush (G. perspicillatus) (Li et al., 2017), giant laughingthrush
(G. maximus) (Wang et al., 2010), Elliot’s laughingthrush (G. elliotii) (Opaev, Liu ¢ Kang,
2017), and white-crested laughingthrush (G. leucolophus) (Collar ¢ Robson, 2007) nest in
brush, shrubs, dwarf trees or bamboo; the nest height above the ground is approximately or
less than 4-5 m, which is lower than that for G. courtoisi, whose nest height is approximately
14 m (Zhang et al., 2017). In contrast to other timaliids, G. courtoisi is highly dependent
on tall broadleaf trees, especially their dense canopies, which forms a special microhabitat
with good shelter and foraging conditions.

The BCLTSs’ activity areas were fairly limited in the breeding season, but the habitat
composition was very complex, and human-mediated elements, such as vegetable gardens,
farmland, bamboo stands, and tea gardens are important to breeding groups. Compared
with the preservation of large areas of continuous forest, the preservation of small areas
of woodland with multiple types of vegetation is essential for the conservation of the
BCLT. However, as the country development, human disturbance and environment
transformation have negatively affected its habitat (He et al., 2017; Zhang et al., 2017). As
a result, we need to control the disturbance to or destruction of these areas to protect this
species effectively.

CONCLUSIONS

The home range of the BCLT was limited to small areas during the breeding period.
The overlap degree was high between different individuals in the same sites, as they still
moved in a group during the reproductive period. We strongly recommend protection
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and management of the trees within or beside the villages utilized by G. courtoisi, as well as
bamboo stands, shrubs and vegetable plots.

ACKNOWLEDGEMENTS

We are grateful to Zhenhua Wei, Chang Qu, Ying Liu, Zhuohua Zhang, Jiaoyang Zheng,

Siyu Zhang, Bin Liu, Lu Wang, Yalin Ren, Yafen Dong, Dechuang Zeng, Jin Shen and Lei
Qian for their help in field work, as well as Hao Zang for the suggestions regarding the data
analysis.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by the National Natural Science Foundation of China (No.
31660608 and 31360521) and the Science and Technology Projects of Jiangxi Province
(No. 2012BAC11B02, 20132BAB214013 and 20161BAB204181). The funders had no role
in study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

National Natural Science Foundation of China: 31660608, 31360521.

Science and Technology Projects of Jiangxi Province: 2012BAC11B02, 20132BAB214013,
20161BAB204181.

Competing Interests
The authors declare there are no competing interests.

Author Contributions

e Tao Liu performed the experiments, analyzed the data, prepared figures and/or tables,
and approved the final draft.

e Yongtao Xu analyzed the data, prepared figures and/or tables, and approved the final
draft.

e Bai Mo and Jinze Shi performed the experiments, prepared figures and/or tables, and
approved the final draft.

e Yachang Chenganalyzed the data, authored or reviewed drafts of the paper, and approved
the final draft.

e Weiwei Zhang conceived and designed the experiments, analyzed the data, prepared
figures and/or tables, authored or reviewed drafts of the paper, and approved the final
draft.

e Fumin Lei conceived and designed the experiments, authored or reviewed drafts of the
paper, and approved the final draft.

Liu et al. (2020), PeerJ, DOI 10.7717/peerj.8785 12117


https://peerj.com
http://dx.doi.org/10.7717/peerj.8785

Peer

Field Study Permissions
The following information was supplied relating to field study approvals (i.e., approving
body and any reference numbers):

Field experiments were approved by the Jiangxi Wildlife Conservation Administration
(Jiangxi Forestry Office Copy No. 53 [2015]).

Data Availability
The following information was supplied regarding data availability:
The raw measurements are available in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.8785#supplemental-information.

REFERENCES

Anders AD, FaaborgJ, Al E. 1998. Postfledging dispersal, habitat use, and home-range
size of juvenile Wood Thrushes. Auk 115(2):349-358 DOI 10.2307/4089193.

Anteau MJ, Shaffer TL, Wiltermuth MT, Sherfy MH. 2014. Landscape selection
by piping plovers has implications for measureing habitat and population size.
Landscape Ecology 29(6):1033—-1044 DOI 10.1007/510980-014-0041-z.

Aogren G, Zhou Q, Zhong W. 1989. Ecology and social behavior of Mongolian gerbils,
Meriones unguiculatus, at Xilinhot, Inner Mongolia, China. Animal Behaviour
37(1):11-27 DOI 10.1016/0003-3472(89)90002-X.

Baker MC, Mewaldt LR. 1979. The use of space by white-crowned sparrows: Juvenile
and adult ranging patterns and home range versus body size comparisons in
an avian granivore community. Behavioral Ecology ¢ Sociobiology 6(1):45-52
DOI 10.1007/BF00293244.

BirdLife International. 2017. Garrulax courtoisi (amended version of 2017 assessment)
[DB/OL]. The IUCN Red List of Threatened Species 2017: €. T22732350A118589433.
Downloaded on 14 September 2018. Available at http:// www.iucnredlist.org/ details/
22732350/0.

Blakers M, Davies SJJF, Reilly PN. 1984. The atlas of Australian birds. Melbourne:
Melbourne University Press.

Block WM, Brennan LA. 1993. The habitat concept in ornithology: theory and applica-
tions. Current Ornithology 11:35-91.

Boby J. 2001. Ecological isolation of Babblers (Turdoides spp.). PhD Thesis, Mahatma
Gandhi University.

Brown JS. 1988. Patch use as an indicator of habitat preference, predation risk, and com-
petition. Behavioral Ecology & Sociobiology 22(1):37-47 DOI 10.1007/BF00395696.

Burt WH. 1943. Territoriality and home range concepts as applied to mammals. Journal
of Mammalogy 24:346-352 DOI 10.2307/1374834.

Busina T, Kouba M. 2017. Preliminary observations of the home range size and be-
haviour of the Sumatran Laughingthrush Garrulax bicolor. Kukila 20:30-38.

Liu et al. (2020), PeerJ, DOI 10.7717/peerj.8785 13117


https://peerj.com
http://dx.doi.org/10.7717/peerj.8785#supplemental-information
http://dx.doi.org/10.7717/peerj.8785#supplemental-information
http://dx.doi.org/10.7717/peerj.8785#supplemental-information
http://dx.doi.org/10.2307/4089193
http://dx.doi.org/10.1007/s10980-014-0041-z
http://dx.doi.org/10.1016/0003-3472(89)90002-X
http://dx.doi.org/10.1007/BF00293244
http://www.iucnredlist.org/details/22732350/0
http://www.iucnredlist.org/details/22732350/0
http://dx.doi.org/10.1007/BF00395696
http://dx.doi.org/10.2307/1374834
http://dx.doi.org/10.7717/peerj.8785

Peer

Calenge C. 2006. The package adehabitat for the R software: a tool for the anal-
ysis of space and habitat use by animals. Ecological Modelling 197:516-519
DOI 10.1016/j.ecolmodel.2006.03.017.

Collar NJ, Robson C. 2007. Family Timaliidae (Babblers). In: Del Hoyo J, Elliot A,
Christie DA, eds. Handbook of the birds of the world. Picathartes to tits and chickadees,
vol. 12. Barcelona: Lynx Edicions, 70-292.

Counsilman JJ. 1977. A comparison of two populations of the Grey-crowned Babbler
(part 1). Bird Behaviour 1(2):43-80 DOI 10.3727/015613877791573938.

Dias LG, Strier KB. 2003. Effects of group size on ranging patterns in Brachyteles
arachnoids hypoxanthus. International Journal of Primatology 24:209-221
DOI10.1023/A:1023054513354.

Garshelis DL. 2000. Delusions in habitat ecaluation: measuring use, selection, and impor-
tance in research techniques in animal ecology: controversies and consequences. New
York: Columbia University Press, 111-164.

Godet L, Marquet M, Eybert MC, Grégoire E, Monnet S, Fournier J. 2015. Bluethroats
Luscinia svecica namnetum offset landscape constraints by expanding their home
range. Journal of Ornithology 156:591-600 DOT 10.1007/s10336-015-1172-y.

Goltz DM, Hess SC, Brinck KW, Banko PC, Danner RM. 2008. Home range and move-
ments of feral cats on mauna kea, Hawai’i. Pacific Conservation Blology 14:177—184
DOI 10.1071/PC080177.

Hall LS, Krausman PR, Morrison ML. 1997. The habitat concept and a plea for standard
terminology. Wildlife Society Bulletin 25:173—182.

Harestad AS, Bunnel FL. 1979. Home range and body weight—a reevaluation. Ecology
60(2):389—-402 DOI 10.2307/1937667.

Hayes LD, Chesh AS, Ebensperger LA. 2011. Ecological predictors of range areas and use
of burrow systems in the diurnal rodent. Octodon Degus 113:155-165.

Hayne DW. 1949. Calculation of size of home range. Journal of Mammalogy 30:1-18
DOI10.2307/13751809.

He FQ, Lin JS, Wen C, Lin Z, Shi QH, Huang HQ, Cheng SL, Xiao H. 2017. Prelim of
Biology of the Blue-crowned Laughingthrush Garrulax courtoisi in Wuyuan of NE
Jiangxi, SE China. Chinese Journal of Zoology 52(1):167-175.

Hong YH, Yu SB, Liao WM. 2006. A Study on the Habitat of Garrulax galbanus courtoisi
in Wuyuan, Jiangxi Province. Acta Agriculturae Universitatis Jiangxiensis (6):907-911.

Hough MJ, Dieter CD. 2009. Home range and habitat use of northern flying squirrels
in the black hills, South Dakota. American Midland Naturalist 162(1):112—-124
DOI 10.1674/0003-0031-162.1.112.

Huang HQ, Liu T, Shi JZ, Liu P, Zhang WW. 2018. Habitat selection of the Blue-
Crowned Laughingthrush during the breeding season. Acta Ecologica Sinica
38(02):493-501.

Hutto RL. 1985. Habitat selection by nonbreeding. migratory land birds[A]. In: Cody
ML, ed. Habitat selection in birds. Orlando: Academic Press, 455-476.

Jenkins SH. 1981. Common patterns in home range-body size relationships of birds and
mammals. American Naturalist 118(1):126—128 DOI 10.1086/283807.

Liu et al. (2020), PeerJ, DOI 10.7717/peerj.8785 14117


https://peerj.com
http://dx.doi.org/10.1016/j.ecolmodel.2006.03.017
http://dx.doi.org/10.3727/015613877791573938
http://dx.doi.org/10.1023/A:1023054513354
http://dx.doi.org/10.1007/s10336-015-1172-y
http://dx.doi.org/10.1071/PC080177
http://dx.doi.org/10.2307/1937667
http://dx.doi.org/10.2307/1375189
http://dx.doi.org/10.1674/0003-0031-162.1.112
http://dx.doi.org/10.1086/283807
http://dx.doi.org/10.7717/peerj.8785

Peer

Kernohan BJ, Gitzen RA, Millspaugh JJ. 2001. Analysis of animal space use and move-
ments. Radio tracking and animal populations. New York: Academic Press.

Kolts JR, McRae SB. 2017. Seasonal home range dynamics and sex differences in habitat
use in a threatened, coastal marshu bird. Ecology and Evolution 7(4):1101-1111
DOI 10.1002/ece3.2761.

Kouba M, Barto$ L, Tomasek V, Popelkova A, Sastn)" K, Zarybnicka M. 2017. Home
range size of Tengmalm’s owl during breeding in Central Europe is determined by
prey abundance. PLOS ONE 12(5):e0177314 DOI 10.1371/journal.pone.0177314.

Krausman PR. 1999. Some basic principles of habitat use. In: Launchbaugh KL, Sanders
KD, Mosley JL, eds. Grazing behavior of livestock and wildlife, Idaho Forest, Wildlife
and Range Experimental Station Bulletin. No. 70. Moscow: University of Idaho,
85-90.

Krebs JR, Davies NB. 1997. Behavioural ecology: an evolutionary approach. 4th edition.
Blackwell: Oxford Press.

Li SB, Cao Z, Li GP, Li W. 2017. Breeding ecology of the masked Laughingthrush Gar-
rulax perspicillatus, a cooperative breeder in Central China. Ardea 105(2):137-144
DOI 10.5253/arde.v105i2.a8.

Liao WM, Hong YH, Yu SB, Ouyang XZ, He GX. 2007. A study on the propagation
habitat of Garrulax galbanus courtoisi and the relationship of the birds with village
forests in Wuyuan, Jiangxi Province. Acta Agricultruae Universitatis Jiangxiensis
5:837-841+850.

Marzluff JM, Knick ST, Vekasy MS, Schueck LS. 1997. Spatial use and habitat selection
of golden eagles in southwestern Idaho. Auk 114:673-687 DOI 10.2307/4089287.

Mcintyre NE, Wiens JA. 1999. Interactions between landscape structure and animal
behavior: the roles of heterogeneously distributed resources and food deprivation on
movement patterns. Landscape Ecology 14(5):437-447 DOI 10.1023/A:1008074407036.

Mehlman DW, Mabey SE, Ewert DN, Duncan C, Abel B, Cimprich D, Sutter RD,
Woodrey MS. 2005. Conserving stopover sites for forest-dwelling migratory
landbirds. Auk 122(4):1281-1290 DOI 10.1093/auk/122.4.1281.

Mohr CO. 1947. Table of equivalent populations of North American small mammals.
American Midland Naturalist 37:223-249 DOI 10.2307/2421652.

Nicholls TH, Warner DW. 1972. Barred Owl habitat use as determined by radioteleme-
try. Journal of Wildlife Management 36(2):213-224 DOI 10.2307/3799054.

Nilsen EB, Pedersen S, Linnell JDC. 2008. Can minimum convex polygon home
ranges be used to draw biologically meaningful conclusions? Ecological Research
23(3):635-639 DOI 10.1007/s11284-007-0421-9.

Opaev AS, Liu MS, Kang ZJ. 2017. Behavioral ecology of Elliot’s laughingthrush
(Trochalopteron (Garrulax) elliotii; Timaliidae): . Breeding biology and social
behavior. Biology Bulletin 44(9):1090-1099 DOI 10.1134/S1062359017090072.

Reunanen P, Monkkonen M, Nikula A. 2002. Habitat requirements of the Siberian
flying squirrel in northern Finland: comparing field survey and remote sensing data.
Annales Zoologici Fennici 39:7-20.

Liu et al. (2020), PeerJ, DOI 10.7717/peerj.8785 15117


https://peerj.com
http://dx.doi.org/10.1002/ece3.2761
http://dx.doi.org/10.1371/journal.pone.0177314
http://dx.doi.org/10.5253/arde.v105i2.a8
http://dx.doi.org/10.2307/4089287
http://dx.doi.org/10.1023/A:1008074407036
http://dx.doi.org/10.1093/auk/122.4.1281
http://dx.doi.org/10.2307/2421652
http://dx.doi.org/10.2307/3799054
http://dx.doi.org/10.1007/s11284-007-0421-9
http://dx.doi.org/10.1134/S1062359017090072
http://dx.doi.org/10.7717/peerj.8785

Peer

Rush SA, Soehren EC, Miller M. 2014. Stopover duration and habitat use by Tennessee
Warblers (Oreothlypis peregrina) at a high-elevation bald. Southeastern Naturalist
13(1):92-100 DOI 10.1656/058.013.0107.

Santangeli A, Hakkarainen H, Laaksonen T, Korpimiki E. 2012. Home range size is de-
termined by habitat composition but feeding rate by food availability in male Teng-
malm’s Owls. Animal Behaviour 83:1115-1123 DOI 10.1016/j.anbehav.2012.02.002.

Seaman DE, Powell RA. 1990. Identifying patterns and intensity of home range use.
International Conference on Bear Research and Management 8:243-249.

Signer J, Balkenhol N. 2015. Reproducible home ranges (rhr): a new, user-friendly R
package for analyses of wildlife telemetry data. The Wildlife Society 39(2):358-363
DOI 10.1002/wsb.539.

Smith WP. 2007. Ecology of Glaucomys sabrinus: habitat, demography, and community
relations. Journal of Mammalogy 88:862—881 DOI 10.1644/06-MAMM-S-371R1.1.

Sorato E, Griffith SC, Russell AF. 2016. The price of associating with breeders in the
cooperatively breeding chestnut-crowned babbler: foraging constraints, survival and
sociality. Journal of Animal Ecology 85:1340—1351 DOI 10.1111/1365-2656.12539.

Stamps JA, Swaisgood RR. 2007. Someplace like home: experience, habitat selec-
tion and conservation biology. Applied Animal Behaviour 102(3):392-409
DOI 10.1016/j.applanim.2006.05.038.

Streby HM, Loegering JP, Andersen DE. 2012. Spot-mapping underestimates song-
territory size and use of mature forest by breeding golden-winged warblers in
Minnesota, USA. Wildlife Society Bulletin 36(1):40—46 DOT 10.1002/wsb.118.

Streby HM, McAllister TL, Kramer GR, Peterson SM, Lehman JA, Andersen
DE. 2015. Minimizing marker mass and handling time when attaching radio
transmitters and geolocators to small songbirds. The Condor 117:249-255
DOI 10.1650/CONDOR-14-182.1.

Tsurim I, Kotler BP, Gilad A, Elazary S, Abramsky Z. 2010. Foraging behavior of
an urban bird species: molt gaps, distance to shelter, and predation risk. Ecology
91(1):233-241 DOIT 10.1890/08-1818.1.

WangJ, Jia CX, Tang SH, Fang Y, Sun YH. 2010. Breeding of the Giant Laughingthrush
(Garrulax maximus) at Lianhuashan, Southern Gansu, China. The Wilson Journal of
Ornithology 122(2):388-391 DOI 10.1676/09-057.1.

Wilkinson R, He FQ, Gardner L, Wirth R. 2004. A highly threatened bird Chinese
Yellow-throated Laughing thrushes in China and in zoos. International Zoo News
51:456—469.

Williams PJ, Gutierrez R], Whitmore SA. 2011. Home range and habitat selection
of spotted owls in the Central Sierra Nevada. Wildlife Management 75:333—343
DOI 10.1002/jwmg.62.

Woodroffe R, Ginsberg JR. 2000. Ranging behaviour and vulnerability to extinction in
carnivores. Cambridge: Cambridge University Press.

Zhang WW, Shi JZ, Huang HQ, Liu T. 2017. The impact of disturbance from photogra-
phers on the Blue-crowned Laughingthrush (Garrulax courtoisi). Avian Conservation
& Ecology 12(1):Article 15.

Liu et al. (2020), PeerJ, DOI 10.7717/peerj.8785 16/17


https://peerj.com
http://dx.doi.org/10.1656/058.013.0107
http://dx.doi.org/10.1016/j.anbehav.2012.02.002
http://dx.doi.org/10.1002/wsb.539
http://dx.doi.org/10.1644/06-MAMM-S-371R1.1
http://dx.doi.org/10.1111/1365-2656.12539
http://dx.doi.org/10.1016/j.applanim.2006.05.038
http://dx.doi.org/10.1002/wsb.118
http://dx.doi.org/10.1650/CONDOR-14-182.1
http://dx.doi.org/10.1890/08-1818.1
http://dx.doi.org/10.1676/09-057.1
http://dx.doi.org/10.1002/jwmg.62
http://dx.doi.org/10.7717/peerj.8785

Peer

Zhao ZJ. 2001. Avifauna of China (Next scroll: Passeriformes). Jilin: Jilin Science and
Technology Press, 404.

Liu et al. (2020), PeerJ, DOI 10.7717/peerj.8785 1717


https://peerj.com
http://dx.doi.org/10.7717/peerj.8785

