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Abstract

Background: Communal roosting is a common avian social behaviour, which potentially provides foraging benefits,
predation avoidance or thermoregulation in birds. To identify the crucial environmental factors associated with roost
site selection, most studies have focused on the comparison of physical characteristics between roosts and non-
roosts. However, the differences among roosts have usually been neglected and the causes of roost switching have
seldom been investigated.

Methods: To explore the variations among roost sites and assess the most influential environmental factors related
to seasonal roost switching, we conducted a 105-day observation on an introduced population of critically endan-
gered Yellow-crested Cockatoo (Cacatua sulphurea) in an urban environment in Hong Kong from 2014 to 2016. We
identified seven roost sites that were occupied in different seasons and then measured their microhabitat character-
istics in terms of land use types, human disturbance and microclimate temperature. To quantify these differences, we
used Pearson’s chi-squared test, partial least squares determinant analysis (PLS-DA) and one-way repeated measures
ANOVA, respectively.

Results: Our results distinguished roost sites occupied in three seasons, i.e. spring, summer and winter roosts, using
several microhabitat characteristics. The land use types were significantly associated with roosts, where spring roosts
were usually located in tree-dominated areas, which are the major feeding grounds. The discriminant analysis on
human disturbance variables indicated that summer roosts were positively associated with night illumination. The
microhabitat temperatures of winter roosts were significantly higher than those of most other roosts on cold nights.

Conclusions: The results highlighted significant variations among roosts, and seasonal roost switching was likely
driven by specific microhabitat characteristics of each roost site, such as microclimate. It also helps us understand the
behavioural adaptation of birds to urban environments.
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Background

Communal roosting, commonly seen in birds, is the

aggregation of more than two conspecifics spending the

diurnal or nocturnal resting periods together (Bijleveld
*Correspondence: leemanchu@cuhk.edu.hk et al. 2010; Laughlin et al. 2014). However, the driving
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are still not fully understood. Several hypotheses that
explain the benefits of communal roosting have been
proposed, including reduced thermoregulation demand,
lower predation risk, and greater foraging efficiency (Eis-
erer 1984; Beauchamp 1999).

An increase in foraging efficiency is often considered
as the main benefit of communal roosting in birds. Roost
sites can act as information centres, whereby unsuccess-
ful foragers can learn about the locations of food sources
by following successful foragers (Ward and Zahavi 1973;
Chou 2015). Locations where birds form roosts are
often thought to be influenced by the proximity of food
resources. Alternatively, the patch-sitting hypothesis pro-
poses that roosts tend to be close to supplemental feed-
ing areas, reducing the commuting cost from distant
foraging sites to roost sites (Caccamise and Morrison
1986, 1988).

The thermoregulation hypothesis proposes that the
presence of nearby companion birds can reduce high
energy costs during inactivity phases (McKechnie and
Lovegrove 2002; McKechnie et al. 2006), and/or the
physical structure of the roost can protect the roosting
birds from detrimental weather conditions (Broom et al.
1976). A considerable body of studies found that the
microhabitat temperature of roost sites was higher than
that of non-roost sites (Clergeau and Quenot 2007; Erick-
son 2015), which emphasised that roost site selection in
cold weather may be constrained by thermoregulatory
considerations (Buttemer 1985).

Many studies have demonstrated that the roosting
behaviours of urban birds have strong associations with
human activities, such as night light and land use (Khad-
raoui and Toews 2015; Daoud-Opit and Jones 2016;
Saiyad et al. 2017). This could be attributed to predator
avoidance, and specifically that roost sites found in urban
areas with large open space and good illumination can
aid the roosting birds in detecting their predators (Gore-
nzel and Salmon 1995; Peh and Sodhi 2002; Jaggard et al.
2015).

There has been a myriad of research aimed to find out
the environmental factors influencing communal roost-
ing by comparing the characteristics between roosts and
non-roosts (Clergeau and Simonnet 1996; Peh and Sodhi
2002; Yap et al. 2002; Erickson 2015; Jaggard et al. 2015).
However, some of these studies offered contradictory
findings. For instance, both positive and negative impacts
of illumination on roosting have been recorded (Erick-
son 2015; Jaggard et al. 2015). These inconsistent findings
indicate that variations among roosts may be significant,
but have been insufficiently studied. Only a few studies
have emphasised the seasonal variation of roosts (Bar-
rows 1981; Buehler et al. 1991; Gorenzel and Salmon
1995). Despite the enhanced understanding of roost
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site selection, knowledge regarding seasonal switching
remains limited.

Yellow-crested Cockatoo (Cacatua sulphurea) is a
critically endangered species endemic to Indonesia and
Timor-Leste (BirdLife International 2018). As a result
of the international pet trade, Yellow-crested Cocka-
too was introduced to Hong Kong, China. A released
and/or escaped population (c. 100-150 individuals) has
inhabited the remnant green patches in highly urban-
ised areas (Leven and Corlett 2004; Mok et al. 2012).
We observed that as many as 102 cockatoos formed
communally roosting flocks throughout the year (Wang
2020). The birds would first come to a pre-roost gather-
ing which is defined as an aggregation of individuals that
occurs before departure to the nocturnal roosts (Moore
and Switzer 1998). But while the pre-roost gathering
was always in the same place, the locations of communal
roosts changed seasonally. To some extent, this pattern
supported the hypothesis that the function of pre-roost
gathering is to provide individual birds with the knowl-
edge about the changeable roost locations (Zahavi 1971;
Sonerud et al. 2002). However, the causes of this seasonal
variation of roost sites are not understood.

We hypothesised that the seasonal switching of roost
sites was influenced by multiple environmental factors
in an urban environment, and that roost sites would have
different microhabitat characteristics. To test this, we
assessed the microhabitat characteristics of roosts from
three aspects: land use composition surrounding roost
sites, microclimate temperature and human disturbance.
We attempted to find out the crucial factors distinguish-
ing different seasonal roosts and explore the possible
causes of these associations. We hope that correlations
between these environmental factors and roosts would
contribute to the understanding of roost switching.

Methods

Study site and roost sites

The study was conducted in Hong Kong, which is located
on the south coast of China (22° 09-22° 33’ N, 113°
50'-114° 26’ E). It is a compact and highly populated city,
with the majority of 7.48 million population residing on
only 24.4% of 1110 km? total land (Planning Department
2020). Hong Kong has a humid subtropical monsoon cli-
mate, tending towards temperate for nearly half the year.
Due to monsoons and typhoons, 80% of the precipita-
tion is concentrated between May and September (Hong
Kong Observatory 2020). The mean daily minimum tem-
perature varies monthly, ranging from 14.6 to 26.9 °C.
In contrast, the native habitats of Yellow-crested Cocka-
too in Indonesia are almost entirely tropical. The mean
daily minimum temperature remains fairly constant
throughout the year, averaging 23.2 °C. The minimum
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temperature variations between Hong Kong and Indo-
nesia are relatively greater between December and
March than other months, with Hong Kong being 5.6 °C
to 8.6 °C colder during this season (Additional file 1:
Table S1). This indicates a possible night-time cold stress
of Yellow-crested Cockatoo in the winter of Hong Kong.
The studied roosting flock, which can be regularly
observed and easily tracked, assembles on the northern
coast of Hong Kong Island. This district is a prime finan-
cial and commercial centre of the city, characterised by
dense and tall buildings. It also contains two large urban
parks, i.e. Hong Kong Park (8.2 ha) and Hong Kong Zoo-
logical and Botanical Gardens (5.6 ha), which are the
major feeding grounds for Yellow-crested Cockatoo, pro-
viding abundant and various plant food sources (Fig. 1).
The roosting population was counted once a week in
clear evenings for two years (Year 2014/15 and 2015/16)
from March 2014 to March 2016. As the evening pro-
gressed, birds in pairs or small flocks successively flew
into the pre-roost gathering sites in Hong Kong Park from
all directions. The observation lasted from late afternoon
to early evening, beginning when the individuals flew to
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the pre-roost aggregation sites until no conspicuous fly-
ing and calling came from the flock at the final roost site
(Davis 1955). We located the birds visually using binocu-
lars (Nikon Monarch 5, 10 x 42), standing at a 30-m high
observation tower in Hong Kong Park (Fig. 1). The obser-
vation tower afforded an unobstructed view to track the
birds as they entered the pre-roost gathering sites and
then settled into the roost sites, with a few exceptional
locations where the birds could not be seen but their
presence could later be identified by faecal droppings
(Gorenzel and Salmon 1995). The number of cockatoos
attending the pre-roost aggregation was counted every
5 min until the cockatoos flew into their roost site(s). The
roosting flock size was counted at the roost site; other-
wise, it was estimated from the final number obtained at
the pre-roost site when not all individuals could be dis-
tinguished at the roost site. The pre-roosting aggregation
would sometimes split up to occupy two to three roost
sites, that the one greater in number was regarded as the
major roost while the others were minor roosts.

In total, seven roost sites were identified to be used by
Yellow-crested Cockatoo during the 105 observational
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Fig. 1 Map showing the seven roost sites (yellow circles with roost names) among those high-rises and the two adjacent urban parks (Map source:
Google Earth image © 2019)
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days. Five sites were located on trees (BT, CT, GT, PT
and RT), one on a building roof (CR), and the other on
a cluster of lamp posts (LP). Given the occupied months
and night minimum air temperature of occupied days of
each roost (Additional file 2: Fig. S1), we classified the
roost sites into three distinct groups, i.e. spring roosts
(GT and PT), summer roosts (BT, CR and LP), and win-
ter roosts (CT and RT). As roost CR was not accessible,
we excluded it from all microhabitat-related analyses.

Data collection

To investigate whether land use around roosts affects
roost site selection, we measured the proportion of land
use types within a 50-m radius plot around each roost
delineated by Google Earth Pro (Google Inc.). We modi-
fied the classification of land uses defined by Yap et al.
(2002), whereby “tree-dominated area” refers to lands
covered by tree canopies, “built-up area” represents
developed areas with buildings, and “open space” con-
sists of areas covered by roads, low-growing vegetation
or other vacant lands.

To explore the level of human disturbance of each roost
site, we quantified human disturbance using multiple
anthropogenic components (Gorenzel and Salmon 1995;
Peh and Sodhi 2002; Yap et al. 2002; Jaggard et al. 2015).
Specifically, we collected data on (1) pedestrians: night-
time occurrence of pedestrians passing by the roosts
in 10-min durations; (2) traffic: night-time car volume
on the nearest roads to the roosts in 10-min durations;
(3) night-time noise level at the roost sites; (4) night-
time light intensity at the roost sites; (5) mean roost-
ing height above ground; and (6) distance to the nearest
main road, building, streetlight and tree. We measured
the mean number of pedestrians and number of vehicles
of each roost by conducting a 10-min survey soon after
the roosting flock settled down, once a month from July
2015 to February 2016. Similarly, we measured the noise
levels and light intensity once a month, using an extend-
able sound meter and light meter, respectively. We held
the instruments at the roosting height at four directions
around each roost, soon after the roosting flock settled
down. We recorded the light intensity three times per
sampling evening and the average decibel for a total of
5-min per sampling evening. We measured the mean
roosting height using a rangefinder (Nikon Forestry Pro).
We estimated the distance to the nearest main road,
building, streetlight, and tree on the Hong Kong GEO-
INFO MAP (www.map.gov.hk/gm/) since the measure-
ments could not be accurately made on the ground. The
mean values of the anthropogenic disturbance variables
are given in Additional file 1: Table S1.

As described above, the night-time temperature in
the winter of Hong Kong is much lower than that in the
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native habitats of Yellow-crested Cockatoo. We meas-
ured the microclimate of each roost site when the win-
ter roosts were occupied, and recorded the microhabitat
temperature at each roost site by positioning a thermom-
eter on an extendable pole at the roosting height. The
temperature was recorded for 5 min soon after the roost-
ing flock settled down on each roost on 12 randomly
selected days from late November 2015 to January 2016,

from which the mean values (T,,) were calculated.

Data analysis

We compared the roosting flock size of each roost site
using Kruskal-Wallis test followed by Wilcoxon rank
sum tests. We conducted Pearson’s chi-squared test to
determine whether roost sites and land use types were
independent of each other. We used Pearson residuals to
measure the discrepancy between observed and expected
values (Friendly 1994; Friendly and Meyer 2015). The for-
mula is:

Pearson residual = (actual — expected)/+/expected

Cut-off points of Pearson residuals at+2 and+4
implied that the residuals were significant at a=0.05
and a=0.0001 levels respectively (Meyer et al. 2006). We
performed a hierarchical clustering analysis using Ward’s
method to investigate how the roosts were grouped by
human disturbance variables. Thereafter, we performed
a partial least squares determinant analysis (PLS-DA) to
maximise the variation between seasonal roost groups
and identify the type of human disturbance important
in roost site selection. PLS regression is designed explic-
itly for analytical situations where predictor variables are
highly correlated and/or the sample size is smaller than
the number of observations (Carrascal et al. 2009). The
special case of PLS-DA is a supervised method where
the response is a categorical variable (Pérez-Enciso and
Tenenhaus 2003), like the seasonal roost pattern in the
present study. This method extracts components (or
latent variables) from predictor variables and indicates
its importance in explaining the response variable. The
results of the PLS-DA model include R2X and R2Y scores
which indicate the explained variance and Q2Y score
which indicates the predictive variance of model fit (Wu
and Guo 2018). The performance of PLS-DA model was
assessed via overall misclassification error rate and sig-
nificance of R2Y and Q2Y by leave-one-out cross-vali-
dation and permutation testing (100 cycles) respectively
(Thévenot et al. 2015; Rohart et al. 2017). The predictor
variables were standardised before PLS-DA regression.
We performed a one-way repeated measures ANOVA
followed by paired ¢-tests to determine whether there
was a significant difference of microclimate temperature
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between winter roosts and other roosts. We conducted
the Mauchly’s test of sphericity to test if the variances
of each paired roost site were equal and assumption of
sphericity was met. Prior to the analysis, T, values
were standardised to eliminate the variation among sam-
pling times.

We used R version 3.5.1 (R Core Team 2018) to con-
duct the statistical analyses. Prior to statistical analyses,
we checked the data normality by Shapiro—Wilk nor-
mality tests and homogeneity of variance by F-tests. We
used the car package (Fox and Weisberg 2019) for one-
way repeated measures ANOVA, vcd package (Meyer
et al. 2017) for Pearson chi-squared test and mosaic plot
(Friendly 2013), ggtern package (Hamilton and Ferry
2018) for ternary diagram, cluster and factoextra pack-
ages (Kassambara et al. 2017; Maechler et al. 2019) for
clustering analysis, and ropls and mixOmics packages
(Thévenot et al. 2015; Rohart et al. 2017) for PLS-DA
analysis.

Results

Usage of roost sites

BT was the most frequently used roost (44.8% of total
observation days), followed by CT (23.8%), PT (16.2%)
and RT (15.2%); LP, CR, and GT were the least frequently
used (Fig. 2a). Winter roosts CT and RT were usually
occupied between November and March. Specifically,
CT was mainly occupied in the first year, while RT was
mostly used in the second year. Likewise, spring roost
PT was primarily used in 2014/5 whereas GT was used
more in 2015/6. PT was often used between March and
June, but GT was only occupied between April and May.
The occupancy of summer roost BT lasted for 8 months,
from April to November. In contrast, summer roosts CR
and LP were usually occupied between June and Septem-
ber, and on most occasions, they were used as the minor
roosts for BT. At the time of seasonal roost switching, the
roosts of the last season and next season were sometimes
used interchangeably. This implied that the environmen-
tal factors affecting roost switching had been changing
but were not stable, and cockatoos were sensitive to these
changes by choosing the optimal roost site on a daily
basis.

In terms of roosting flock size, the differences among
BT, CT, GT, PT and RT were not significant, with a mean
flock size ranging from 63 to 74. However, the mean
roosting flock size of CR and LP was 21 and 22, respec-
tively, which were significantly smaller than those of
other roosts (Kruskal-Wallis test, )(2:37.008, df=e6,
p<0.001). This is because these sites were artificial perch-
ing structures with limited space. Violin plots showed the
data distribution of flock size of each roost, where the
wider sections of the violin plots represented a higher
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Fig. 2 Bar plots of roosting days (@) and violin plots of roosting flock
size (b) of each roost site. Different letters in (b) denote significant
differences of roosting flock size between roost sites (Kruskal-Wallis
test followed by pairwise Wilcoxon rank sum-tests; p adjusted by
Benjamini-Hochberg method)

probability of that flock size and vice versa (Fig. 2b).
With the exception of BT, the distribution of the data was
similar within seasons, but different across seasons. For
example, the flock size was around the median for spring
roosts GT and PT, while the distribution of flock size of
summer roosts CR and LP had two noticeable peaks. It
indicated that variations in flock size were larger for
roosts used in different seasons than those used in the
same season.

Microhabitat characteristics of roost sites

Land use types were significantly associated with roost
sites (Pearson’s chi-squared test, y*=130.82, df=10,
p<0.001). As indicated by the Pearson residuals, tree-
dominated areas were strongly positively associated with
spring roosts GT and PT (Fig. 3a), with a proportion of
50% and 63% respectively (Fig. 3b). In contrast, tree-
dominated areas were significantly negatively related to
summer roost BT (18%) and LP (14%), and winter roost
CT (15%). The proportion of tree-dominated areas sepa-
rated the roosts used during spring from the other roosts
(Fig. 3b). This indicated that spring roosts were closer to
green patches than other roosts. Overall, the amount of
built-up area varied considerably; for example, the per-
centage of built-up area was extremely low surrounding
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Fig. 3 A mosaic plot (a) with residual-based shading of land use types versus roost sites, and a ternary diagram (b) of the proportion of land use
types within a 50-m circular plot of roost sites. In the mosaic plot, blue colour indicates the observed value is higher than the expected value, while
red colour denotes the observed value is lower than the expected value

spring roost PT (3%) but was much larger for summer
roost BT (44%).

The seasonal roost categories were well distinguished
by the cluster analysis using anthropogenic disturbance
parameters (Fig. 4a). This suggests that human distur-
bance was associated with seasonal switching among
roosts. Moreover, two components (Comp 1 and Comp
2) extracted from the PLS-DA regression were sufficient
to achieve the best classification performance of roosts
by cross-validation (Overall error rate=0.000) and per-
mutation testing (p=0.04). They captured 73.6% of the
human disturbance variables and explained 98.4% of the
variance of seasonal roost types (Table 1). Performance
of the prediction was good with a cumulative predict
variance (Q2Y) of 89.1%. Comp 1 discriminated spring
roosts (PT and GT) from other roosts (Fig. 4b), where
the distance to the nearest building, streetlight and road
were positively correlated with spring roosts while traf-
fic, noise level, pedestrians and light intensity had nega-
tive loadings on spring roosts (Fig. 4c, d). Consistent with
the analyses on land use types, spring roosts were much
closer to other trees. These indicated that spring roosts
were distant from all human activities. Comp 2 further
discriminated winter and summer roosts (Fig. 4b). Both
roost groups were close to building, light and road. How-
ever, winter roosts were positively associated with roost-
ing height, pedestrians, and noise level, where they were
usually near bus stops, zebra crossings, and a tourist
service centre. Summer roosts were positively related to
light intensity (Fig. 4c, e).

Roosts were categorised into two distinct groups by
T icro» Viz. the high and low T, group, that exhibited a
highly significant difference (one-way repeated measures
ANOVA, sphericity assumed, F (5, 55)=37.6, p<0.001;

Fig. 5). The temperature difference between groups
attained as much as 1.1 °C, where the high T, ., group
included CT, RT and LP, and the low T, group com-
prised of BT, GT and PT. Winter roosts were all catego-
rised into the high T, ., group, which were significantly
warmer than the spring roosts and the major summer
roost. It might be because winter roosts are close to the
main road with heavy traffic and pedestrians (Additional
file 1: Table S2), from which the external source of heat
was produced.

Discussion

Seasonal switching of roost sites was associated with
multiple environmental factors, wherein some micro-
habitat characteristics showed consistency among roost
sites used in the same season but significant differences
among sites used in different seasons.

Spring roosts were distinguished from other roosts by
the high proportion of canopy cover at and adjacent to
the roost sites. Besides, spring roosts were farther away
from the main roads, streetlights, and buildings. This
indicates that spring roosts were closer to green patches
than other roosts. In addition, these related green patches
are urban parks which serve as the daily feeding grounds
and diurnal activity centre for Yellow-crested Cocka-
too (Wang et al. 2018). A handful of research had shed
light on the importance of food resources in roost site
selection and shown that roost sites are usually located
in the most visited foraging areas (Jenni 1991; Yap et al.
2002; Saiyad et al. 2017). Caccamise and Morrison (1988)
found an increase in the number of European Starling
using major roosts coincided with seasonal changes in
foraging-substrate selection and diet composition. How-
ever, the information centre hypothesis may not apply to



Wang and Chu Avian Res (2021) 12:35

Page 7 of 10

a b
Cluster dendrogram Score plot
50 - 14
‘ N Roost type
.JQZ’ g’ 0 PT G @ Spring
O 25- o Summer
T
© Winter
-1
00- o =
0) o -2 4 :
-1 0 1 2 3
Comp 1
c p
Correlation circle plot
10 d e
Pedstrians RoostHeight Contribution on Comp 1 Contribution on Comp 2
0.5 4
Ngise
f;_ BistTre %[‘S;‘Bu[ﬁt RoostHeight Traffic
€ 00 4 Light DistLight |
o Pedstrians DistTree
o DistRoad I DistBuild |
DistTree DistRoad ]
—05 4 DistLight I Noise
DistBuild | | Pedstrians
Noise Light
Traffic RoostHeight
-1.0 4 T T T i T T T 1
T T J T T -04 -0.2 0.0 0.2 0.4 -04 -02 00 02 04
-1.0 -0.5 0.0 0.5 1.0
Comp 1
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Table 1 Percentage of explained variance in the predictor variables (R2X) and the response variable (R2Y) per component and their
cumulative values (R2X cum and R2Y cum) derived from PLS-DA regression

Component R2X R2X cum R2Y R2Y cum Q2Y cum Error rate
Comp 1 0491 0491 0491 0491 0.165 0.833
Comp 2 0.245 0.736 0494 0.984 0.891 0.000

Q2Y cum is the cumulative predictive variance of fit by cross-validation. Error rate using maximum distance in Comp 2 includes the performance of the PLS-DA model

in Comp 1

this study as the locations of food sources (e.g. plants) did
not change dramatically in the short-term.

Summer roosts were often located in less vegetated
areas but surrounded by a larger proportion of built-up
and open area. Besides, night light had a positive corre-
lation on roosting in summer for Yellow-crested Cocka-
too. Rainbow Lorikeet (Trichoglossus haematodus) and
Carnaby’s Black Cockatoo (Calyptorhynchus latirostris)
had similar preference for roost sites in parking lots and
sports grounds that received more artificial light at night
(Berry 2008; Jaggard et al. 2015; Daoud-Opit and Jones

2016; Le Roux 2017). The roosts of House Crow (Cor-
vus splendens) in mid-July to mid-October in metropoli-
tan Singapore had better illumination, shorter distance
to buildings, and less surrounding vegetation (Peh and
Sodhi 2002), a result which was very similar to the urban
setting of the summer roosts of Yellow-crested Cockatoo
in this study. It is generally acknowledged that light is
associated with predator avoidance because parrot spe-
cies have relatively poor vision in low-light conditions
(Birkhead 2012). New-borns of Yellow-crested Cocka-
too were often observed in the roost sites. Indeed, roost



Wang and Chu Avian Res (2021) 12:35

Page 8 of 10

24 One way repeated measures ANOVA, p < 2.2e-16

a a a b b b
—~~ L]
© 14 . o
~— 0d —.—;—
e .
2 y . . Roost type
~ o  ® s ° .
§e; L ° - Spring
& o . B& Summer
'(% . B Winter
3 N
S .
7)) LY
[ ]
GT PT BT LP CcT RT
Site

Fig. 5 Boxplots of standardised T, of each roost site. Different letters denote significant differences of T, ,,, between roost sites (one-way
repeated measures ANOVA followed by paired pairwise t-tests; p adjusted by Benjamini-Hochberg method)

switching in summer was probably related to the protec-
tion of juveniles because they were likely to be vulnerable
to some commonly seen urban predators (e.g. wild cats,
masked palm civets).

Winter roosts were characterised by higher micro-
habitat temperatures, which suggests a preference for
relatively warmer roost sites in cold weather. Similar
studies found that the minimum temperature was usu-
ally 0.5 °C to 1.4 °C greater at roosts compared to non-
roosts for American Crow (Corvus brachyrhynchos)
and European Starling (Sturnus vulgaris) in an urban
environment (Gorenzel and Salmon 1995; Clergeau and
Quenot 2007; Erikson 2015). The mean temperature of
Hong Kong is 6 °C to 9 °C lower than that in Indonesia
between November to April, which is an indication of
their behavioural flexibility that Yellow-crested Cocka-
too coped with low-temperature stress in a non-native
urban environment. Switches between roosts over a
short period also highlight that Yellow-crested Cockatoo
is sensitive to abrupt temperature changes. During late
November to early December 2015, the cockatoos started
to roost on the winter roost RT when the ambient tem-
perature dropped to 15.9 °C, but they returned quickly to
the summer roost BT as soon as the ambient temperature
increased to 22.0 °C. After a few days, they switched back
to the winter roost again when cold weather prevailed.

The warm roosts were usually associated with intensive
human activities because the concrete substrate beneath
and urban heat island effect is an external source of
heat for the roosts (Clergeau and Quenot 2007; Le Roux
2017). Due to urban heat island effect, the temperature in
commercial areas is usually greater than residential areas
and urban parks (Lee et al. 2009), which is consistent
with land uses composition for roost sites in this study.
For example, Asian Rose-necked Parakeet (Alexandrinus
manillensis) roosted in the warmest places in cities where
traffic was highest (Braun et al. 2018). American Crow
preferred roosting in commercial areas and along streets,
where the interior canopy temperatures of the roost trees
were higher (Gorenzel and Salmon 1995). Likewise, the
winter roosts of Yellow-crested Cockatoo were character-
ised by high levels of noise and pedestrian flow under the
roost trees, as well as a short distance to the main road
with heavy traffic.

Our results confirmed that differences in microhabi-
tat characteristics among seasonal roosts could be sig-
nificant. Consequently, it was not surprising that some
studies, focusing on variations between roosts and non-
roosts, have obtained inconsistent results with ours. For
example, Erickson (2015) found that the night-time light
intensity was lower at roosts than that at non-roosts
probably because they only investigated the winter
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roosts. Clergeau and Quenot (2007) found ambient tem-
perature but not illumination significantly higher in the
roost site, perhaps as they only studied the roosts from
November to February. In contrast, our results indicated
that illumination was possibly just not the major selective
factor for birds during this period. Despite these incon-
sistencies with previous work, which may be the result of
habitat differences at the species level, our study provides
an alternative explanation for variation among roost sites
between which birds can seasonally switch.

This study was limited by the small sample size. Cocka-
toos (c. 20-30 individuals) outside the study area were
not surveyed due to their small flock size and unstable
roosting behaviour observed. Another limitation was that
the results based on correlation analyses were not robust
to support any hypothesis related to the benefits and
driving forces behind communal roosting. Sampling size
could be increased by identifying other relatively stable
roosting flocks in Hong Kong or studying urban popu-
lations in other countries such as Singapore (Neo 2012).
Besides, future studies can be designed to explain the
specific requirements for roost sites in different seasons.

Conclusions

Roost site switching is the result of the selection of dif-
ferent environmental factors in different seasons. Spring
roosts were close to green patches, and distant from the
main roads, streetlights and buildings. Summer roosts
usually received more artificial light in less vegetated
areas. Winter roosts had higher microhabitat tempera-
tures, usually being isolated tall trees located in the most
crowded and noisiest urban areas. The study provides
evidence that the variations among roost sites were asso-
ciated with differences in microhabitat characteristics
and suggests that special attention should be paid to the
seasonal variation among roost sites in future studies.
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