THE RAFFLES BULLETIN OF ZOOLOGY 2009 57(2): 561-568

Date of Publication: 31 Aug.2009
© National University of Singapore

SPACE USE AND HABITAT SELECTION OF HOUSE CROWS IN A
TROPICAL URBAN ENVIRONMENT: A RADIO-TRACKING STUDY

Haw Chuan Lim
Department of Biological Sciences, National University of Singapore, 14, Science Dr. 4, Republic of Singapore 117543

Current address: Department of Biological Sciences and Museum of Natural Science, Louisiana State University, Baton Rouge, 70803, USA.

Email: hliml @lsu.edu (Corresponding author)

Navjot S. Sodhi
Department of Biological Sciences, National University of Singapore, 14, Science Dr. 4, Republic of Singapore 117543
Email: dbsns@nus.edu.sg

ABSTRACT. - The house crow (Corvus splendens) is an invasive bird in many parts of Asia. A radio-
tracking study was conducted on 13 randomly selected birds caught throughout the port city of Singapore.
We found that house crows returned faithfully to specific daytime areas and roost sites. Home range (95%
fixed kernel utilization distribution [UD]) size ranged from 1.3 to 158.1 ha while core area (50% UD) size
ranged from 0.2 to 22.3 ha. Crows that have formed pair bonds remained in their core areas for longer each
day, and possessed smaller home ranges and core areas compared to other birds. In the middle part of the
day, house crows remained in their core areas where the bulk of feeding occurred. In addition, they used
supplementary feeding sites, which coincided with afternoon gathering points. House crows in Singapore
travelled only short distances (maximum = 3.5 km) to their roost sites, unlike house crows studied elsewhere.
Habitat selection analyses carried out at two spatial scales showed that house crows preferred commercial
and public housing land uses, corroborating results from a count-based study. This was probably due to
the higher amount of anthropogenic food found in these places. By understanding the crows’ movement
patterns and habitat preferences, management practices can be more focused and successful.
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INTRODUCTION

The house crow (Corvus splendens), though originally
from a geographic region stretching from southern Iran to
Thailand, has successfully spread to many towns and cities
surrounding the Indian Ocean (Meininger et al., 1980; Long,
1981). It is a highly gregarious species that has survived
alongside humans by scavenging and generally relying on
a versatile diet (Madge & Burn, 1994). Its invasions have
attracted attention of wildlife managers because of the
bird’s well documented negative impact on native wildlife,
agricultural crops, and—by harboring of pathogens that
cause enteric disorders—even human health (Jennings,
1992; Ryall, 1992; Archer, 2001).

House crows probably invaded Singapore during the
1940s as stowaways on ships (Gibson-Hill, 1952). Having
established a population of 200-400 in a port area by
1968 (Ward, 1968), they experienced explosive growth
in 1980s and 1990s, with population size reaching about
132,000 in 2000 and local densities as high as about 9
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birds/ha (Lim et al., 2003). This high density, combined
with its raucous nature and a tendency to form large, noisy
and polluting colonial roosts near residential areas, led to
the desire to control the population in Singapore (Hails,
1985). To develop effective management strategies for the
species, several studies have been carried out in Singapore
to shed light on the following aspects of their ecology:
roosting behavior and roost site selection (Peh, 2002; Peh
& Sodhi, 2002), nest site selection (Soh et al., 2002), and
their habitat-abundance relationship (Lim et al., 2003).
Knowledge gleaned from these studies formed the basis of
an eradication program that aimed to cut crow population
in Singapore by about 90% (Brook et al., 2003).

The purpose of this paper is to report on a further study of
house crows in Singapore, specifically their use of space
and habitats. Whether the crows are faithful to particular
daytime areas and nocturnal roost sites is unknown, as
is whether the crows use one area during the course of a
day, or are there multiple sites of concentrated activity.
In particular, the aims of this study are to: (1) document
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home range and diurnal movement patterns; (2) study food
selection, and evaluate if use of sites coincide with feeding
activities; and (3) test if the use of habitat types occurs
in proportion to availability. Finally, we recommended
management strategies for effective and efficient control of
house crows based on our findings.

MATERIAL AND METHODS

Study Area. — Singapore (1°20'N 103°50'E), is a densely
populated tropical island-state with more than four million
people in an area of about 700 km? (Singapore Department
of Statistics, 2007). Most of the original vegetation (mainly
lowland tropical rainforest) has been lost to development,
and only about 1,700 ha remains (Corlett, 1992). Farmland
covers a small proportion of the total land area (746 ha;
Agri-Food and Veterinary Authority of Singapore 2007). As
much as 50% of the land is considered built-up, but is often
interspersed with an assortment of managed green spaces,
urban parks and wayside vegetation (Corlett, 1992).

Trapping and radio-tracking. — To capture house crows, we
divided the main island of Singapore into 2 km? grid cells
and visited them at random. At each site, we attempted to
capture crows for up to four days. We caught most crows
by sedation with buttered bread cubes (1 cm?) laced with
0.02g of 10% alpha-chloralose (Stouffer & Caccamise,
1991a). Each crow was held in captivity overnight and then
fitted with a 4.9g radio-transmitter (Advanced Telemetry
Systems, Isanti, Minnesota) the next day. The transmitter
was attached to one of the two central rectrices with its
antenna extending beyond the feather. The weight of a
transmitter was less than 2% of the average mass (+ SE) of
the crows trapped (251.5 + 6.4g). Each radio-tracked crow
was also fitted with colored plastic leg bands. We assigned
crows to the following age categories based on the methods
of Davison (1979): juvenile (< 6 months), immature (6—18
months) and adult (> 18 months). Sexing of birds was not
carried out because sexes were not distinguishable based
on plumage.

Each crow was radio-tracked for 4-5 days per week until the
transmitter failed or when home range size did not increase
substantially with increasing number of radio-locations.
We attempted to obtain three radio-locations separated by
at least 30 min each day a bird was followed. The radio-
locations of a crow collected within the same day were
autocorrelated (Swihart & Slade, 1985). However, we felt
that this was not important because in the subsequent habitat
selection analyses, we used the animals’ home ranges and
not individual radio-locations as the sampling units (Otis &
White, 1999). Further, use of completely independent radio-
locations is also not necessary when estimating home ranges
using the kernel method adopted here (Swihart & Slade,
1997). To ensure unbiased sampling of the daylight period
(approximately 06:30—19:30 hr, inclusive of twilight),
we separated time into one-hour blocks and attempted to
obtain similar number of radio-locations within each time
block. House crows were not active in the evening as they
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congregated in communal roosts. Up to three crows were
tracked simultaneously.

We located birds on foot using a receiver (LA12-Q, AVM
Instruments, Colfax, California) with a hand-held four-
element Yagi antenna. When a signal could not be detected,
we attempted to find the bird by driving in a vehicle with
a roof-mounted omni-directional antenna. Three levels of
accuracy could be ascribed to the radio-locations obtained
with the Yagi antenna: direct sighting and identification of
bird (type I, most accurate); triangulation within a short
(approximately < 30 m) distance (type II, sometimes a
group of crows was sighted but the radio-tracked bird was
not identified); triangulation from more than 30 m away
(type III). For triangulation from more than 30 m, two
bearings were taken no more than 10 min apart to minimize
the chance of bird movement. Because the antenna was
field tested before actual tracking, error polygon sizes
could be calculated. The error polygon size of type II
radio-locations are not given because they are generally
very small. We retained most type III locations because
it is more problematic to introduce systematic errors by
routinely censoring some locations (e.g. those from the more
inaccessible parts of the home ranges) than to introduce
imprecision by including radio-locations with larger error
polygons (Nams, 1989). We plotted all radio-locations and
bearing locations on 1:7500 maps before transferring them
to the computer.

When the behavior of a radio-tracked crow could be
observed (type I locations) or inferred (type II locations), we
noted whether the bird was foraging (consuming, handling,
or acquiring food), and the type of food being consumed.
Other activities of the crows were not recorded because the
resources involved might not have been limiting (e.g. perch
sites) or were tied to certain habitat types.

Home range, habitat selection and foraging. — We
used the fixed kernel method to estimate home ranges
(Worton, 1989). Calculations were carried out using
Animal Movement (Hooge & Eichenlaub, 2000), a
program extension of ArcView software (ESRI, Redlands,
California). The least-square cross validation method was
used to find the optimal smoothing parameter (Silverman,
1986). Home range and core area of a bird were defined
as the 95% and 50% utilization distributions (UDs),
respectively. Error polygons were plotted in the GIS
environment using the program LOAS (Ecological Software
Solutions, Sacromento, California).

For analysis of habitat selection, we compared available and
used habitats at two spatial scales: study area (i.e. Singapore
main island) versus home range (landscape level), and home
range versus core area (home range level). These levels of
selection corresponded to Johnson’s (1980) second-order
selection (i.e. of home ranges) and third-order selection (of
habitat components within home ranges), respectively. At
the landscape level, availability of habitats was estimated
by placing 30 randomly-placed circular plots in Singapore
(radius = 250 m, see Lim et al., 2003 for more details).
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Table 1. Description of land use categories. Each type includes land uses that are auxiliary to the main use (e.g. parking lots as part of PUBLIC).

Land use type Code Descriptions

Public housing PUBLIC Public high-rise apartments, includes apartments with commercial outlets on ground floor;
high-rise dormitories

Private apartment PRIV Private high-rise apartments; condominiums

House HOUSE Low-rise (< 3 surface storey) residential buildings

Commercial COM Buildings used for commercial purposes; retail centers; shopping areas

Industrial INDUS Light, general or heavy industries; warehouses; ports

Urban green UGREEN Managed green open spaces (treed or turfed); urban parks; wayside vegetation

Institution, INSTIT Schools; built-up sports facilities; civic and community buildings; army camps; office

community facility buildings

and office

Natural/semi-natural NAT Unmanaged vegetation; nature parks; unused ground left to regenerate

environment

Agricultural AGRI Vegetable and animal farms

Used habitats were those found within the home ranges
(area bounded by 95% UDs). At the home range level of
selection, used habitats were those within the core areas
(50% UDs), whereas available habitats were those within
the home ranges. We studied habitat selection using UDs
because this approach treated individual animals as the
sampling units and defined use probabilistically based on
overall movement patterns (Millspaugh et al., 2006).

Nine habitat types were defined based on anthropogenic
land uses (Table 1). Other definitions of habitat types (e.g.
natural habitats based on vegetation type) were not employed
because house crows in Singapore occur mainly in areas
influenced heavily by humans. At the landscape level, we
compared the proportion of land use types in the circular
plots and home ranges using Mann-Whitney U-tests, one
category at a time, to determine if house crows preferred
certain land use types when it comes to selecting their home
ranges. Compositional analysis (Aebischer et al., 1993) was
used to analyze habitat selection at the home range level
because it overcomes the problem of non-independence of
habitat proportions via log-ratio transformation (Aitchison,
1986). We calculated all possible pairwise differences in
log-ratios between used and available habitats (i.e. In[x,;/x,;]
- In [x,/x,], where x, is an individual’s proportional habitat
use, x, is an individual’s proportional habitat availability, i
=1,2...,pand i =j given p habitat types; Aebischer et al.,
1993), and then averaged the matrices across all individuals.
Significant departure of means from zero were tested using
t-tests (mean/standard error), and a positive value signified
that row land use type was preferred over the corresponding
column land use type (see Results). To rank habitat types in
order of preference, the number of positive values across a
row was summed. Habitat types with more positive values
were more preferred. All following values are presented as
mean + SE.
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RESULTS

Home range, movements and food selection. — We tracked
13 crows (N = 8 adults, 3 immatures, and 2 juveniles) for
an average of 21.2 + 0.9 days, and obtained an average of
35.6 + 3.0 radio-locations per bird (Table 2). The proportion
of radio-locations per bird derived through direct sightings
(type I radio-locations) ranged from 19.2-75.0% (mean =
45.2 +5.2%). The average size of 95% error polygons from

(a) Outside core
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Fig. 1. Average number of radio-locations per bird (a) outside or (b) inside
core areas within each 2-hr time block. Number of House Crows = 13.
Labels on x-axis indicate midpoint of each time block. Error bars denote
standard errors.

No. of radio-locations/bird
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Table 2. Size of home ranges and core areas (defined by the fixed kernel method) and other information on 13 House Crows radio-tracked

between 13 May 2000 and 8 Feb.2002.

Approx. distance from

Bird Age! daylj(:;;:ked raditl)\f:)(;c(:;ions Honael;‘)ange Cozﬁ;l)rea M(j(ll)l;)(ha) roost(s) t?kf::;'e area(s)
51 1 17 21 82.3 15.7 37.9 0.90
62 A (P) 16 23 1.3 0.2 1.2 1.67
130 A 24 46 44.6 9.0 92.5 1.78
157 A 44 60 194 2.3 34.3 3.50
166 1 18 20 323 3.6 28.7 1.53
182 A (P) 23 33 9.4 3.1 15.0 1.17
183 A (P) 23 43 2.4 0.5 14.7 0.87
271 J 23 40 9.8 2.0 6.4 2.32
293 A 26 37 62.2 7.8 1753 2.86
389 A 22 34 130.5 22.3 4254 3.42
424 I 25 35 84.8 11.8 178.6 1.01
565 A 25 36 158.1 14.5 212.4 1.27
630 J 18 35 9.5 0.9 8.9 0.51

"' A = adult, I = immature, J = juvenile and P = pair-bonded
2 MCP = minimum convex polygon

type III radio-locations was 5.0 + 1.2 ha (N = 40). Three
adults formed pair bonds (displayed affiliative behavior;
Brown & Veltman, 1987), but did not nest (lay eggs,
incubate or brood).

Home range sizes ranged from 1.3 ha to 158.1 ha. Paired
adults had smaller home ranges (mean = 4.4 + 2.5 ha)
and core areas (mean = 1.3 = 0.9 ha) than the other crows
(mean home range size = 63.4 + 14.6 ha; mean core area
size = 9.0 £ 2.0 ha). Between paired adults and other crows,
differences in size of core areas and home ranges were both
statistically significant (Mann-Whitney U-test, core area:
P = 0.049, home range: P = 0.007). The mean distance
between approximate centers of core areas and roost sites
was 1.8 + 0.3 km (N = 13). Crows tended to remain in their
respective core areas in the middle part of the day, but were
found outside the core areas during early morning and late
afternoon (Fig. 1). Daily afternoon departures from core
areas to roost sites occurred later for paired crows than for
unpaired crows. The latest a paired crow was detected at
the core area was, on average, 18:36 hr (range: 18:10-19:02
hr, N = 3), whereas the latest time for unpaired birds was
16:30 hr (range: 14:04-18:45 hr, N = 10). Six of 13 crows
had at least one substantially-utilized home range portion (=
8% of the bird’s total number of radio-locations) that was
discontinuous from the core area (based on fixed kernel
definition of home range configuration). Throughout our
study, only two birds switched roost. One bird moved to
an existing roost 1.25 km away because its original roost
was subjected to shooting. Another bird switched to an
alternative roost 400 m away even though the first was not
subjected to any apparent disturbance.

Overall, 44 radio-locations (10.4% of type I and II radio-
locations) were associated with foraging. Most feeding
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occurred in the core areas, with another peak during late
afternoons (Fig. 2). Although 73% of feeding occurred
within core areas, % tests indicated that this proportion was
not significant (P = 0.36, d.f. = 1) because more type I and
II locations also fell in core areas (67%). However, we felt
that this lack of statistical significance was an artifact of
how the crows were radio-tracked. They generally moved
faster during the early morning and late afternoon (moving
away or towards their roosts), and were consequently harder
to sight. Therefore, even if the crows did not forage often
outside of their core areas, observations relating to this were
difficult to collect.

Food of ‘natural’ origin (not directly derived from humans)
accounted for 20.5% of the total observed. These food items
included beach and canal bank debris, insects, and fruits on
trees. The crows used a variety of feeding techniques such
as gleaning off beaches, ground or other substrates, probing
tree bark, and flycatching. The largest proportion of food
was litter or food offered deliberately to crows or other

0.5 1

0 T T T T T T
Q7:00 09:00 11:00 13:00 1500 17:00 19:00

Mid point of 2-tw time block {hr)

Fig. 2. Average number of radio-locations per bird associated with feeding
within each 2-hr time block. Number of House Crows = 13. Labels on
x-axis indicate mid point of each time block. Error bars denote standard
errors.

No. of radie-locations/bird
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Table 3. Comparison of the proportion of land use types in 30
random plots located in Singapore and those within home ranges
(95% fixed kernel utilization distribution) of 13 crows. AGRI
(agricultural land uses) was excluded from the analysis because
none of the home ranges contained this land use type.

Land use Random plots (%) Home ranges (%)
type Mean (SE) Mean (SE)
PUBLIC 10.1 (3.7) 27.8 (6.9)%*
PRIV 45 (2.2) 1.3 (0.7)
HOUSE 7.3 (2.2) 16.9 (7.3)
COM 1.0 (0.3) 2.8 (1.0)*
INDUS 8.7 (4.0) 142 (5.7)
UGREEN 16.6 (2.9) 19.6 (5.3)
INSTIT 5.5 (2.0) 11.6 (3.3)**
NAT 21.2(5.2) 6.0 (2.3)
AGRI 6.6 (3.9) -

** Mann-Whitney U test, significantly different at P = 0.05; *
significantly different at P = 0.10

animals (e.g. Rock Pigeons Columbus livia) (55.0%). Due
to good municipal practices, a relatively small proportion
(8.5%) came directly from waste disposal sites or spillage.
The remaining food items were of uncertain origin. The
small number of feeding observations precluded detailed
analyses on individual birds (e.g. relative proportions of
each type of food) but the data and locations of core areas
suggested that individual birds vary in their reliance on
natural food.

Habitat selection. — Proportions of the two land use
types differed significantly within the study area and the
home ranges (Mann-Whitney U-test, P = 0.05) (Table 3).
Home ranges contained a significantly greater proportion
of PUBLIC and INSTIT. Home ranges also had larger
proportions of COM compared to the study area, but this
was significant only at P = 0.10. Crows appeared to avoid
areas with natural vegetation and private apartments,
although the relationships were not statistically significant
(Table 3). AGRI was excluded from the analysis because
none of the home ranges contained this land use type.

Multivariate analysis showed overall departure from
random use when land use compositions of core areas and
home ranges were compared (Wilks” A = 0.3, P <0.05 when
compared to %>). The ranking of preference (descending
order) based on the number of positive mean log-ratio
differences in each row is: PUBLIC > COM > INDUS
> PRIVATE > UGREEN > NAT > INSTIT > HOUSE
(Table 4). Some lack of congruence within this dataset was
noticeable. For instance, although COM was significantly
preferred over INDUS (P = 0.04), the t-test did not show
that PUBLIC was significantly preferred to INDUS, even
though PUBLIC was ranked higher than COM. Therefore,
the final ranking of habitat preference should be viewed as
a general ranking that shows the average preference of a
sample of crows.
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PUBLIC was the largest component (41.2-97.4%) in the
core areas for six of the crows. Three other crows had
UGREEN as the major component (53.0-90.4%). The
largest core area components of the other four crows were
INDUS (95.3%), INSTIT (63.8%) and HOUSE (81.8% and
100.0%). For two land use types, COM and PUBLIC, use by
house crows increased linearly with availability at the home
range level (Fig. 3). Although there are positively significant
relationships between use and availability for some of the
other land use types, those regressions were affected by high
leverage values (i.e. one or a few points having unduly large
influence on the regression; Montgomery, 1997).

DISCUSSION

Home ranges and movements. — House crows are a
community-territorial species, which form loose nesting
colonies and benefit from close association with each other
through the collective defence of nests and mobbing of
predators (Lamba, 1963; Rowley, 1973; Soh et al., 2002).
Despite the difference in social organization, home range
sizes of house crows in Singapore are comparable to those
of similarly-sized Corvus species that defend territories.

(a) COM
50
*
w0 | Used=-241+352 Avalable, R = 89.1%, P =0.00
£ 301
=]
5
o | 20 4
10 4
0
0
Available (%)
{b) PUBLIC
100 -
m -
g 1
-
®
o | 40 -
Used = - 1.66 + 1.37 Available,
20 +  R=785%, P =000
o . . .
0 20 40 60 80
Available (%)

Fig. 3. The proportions of (a) commercial and (b) public housing land
uses in core areas (y-axis) against proportions in home ranges (x-axis)
for 13 House Crows.
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Table 4. Matrix of means and standard errors of differences in log-ratios calculated from use/availability (core area/home range) data of
13 House crows. A positive matrix element signifies that the row land use type is preferred over the column land use type. Means are
tested for significant differences from zero using t-test (in bold, significant at P = 0.05). The rank on the right is the sum of the number

of positive values in the row.

PUBLIC PRIV HOUSE COM INDUS UGREEN INSTIT NAT Rank
PUBLIC 209+ 1.15 346+139 097+131 197157 262+127 3.03+1.08 2.78+1.13 7
PRIV 209 + 1.15 137112 -1.99+147 -0.12+x1.76 0.69+138 095+122 0.69+1.38 4
HOUSE 346 +1.39  -137+1.12 337+1.61 -149+181 -084+132 -043+148 -0.68+1.00 0
COM 097+131 199+147 337+1.6l1 1.87£0.79 253 +180 294+143 2.68+148 6
INDUS 197157 012+176 149 +181 -1.87 £0.79 0.65+2.03 106+179 081 +1.67 5
UGREEN  -2.62+127 -0.69+138 0.84+132 -253+180 -0.65+2.03 041149 0.16 £0.95 3
INSTIT -3.03+1.08 -095+122 043+148 -294+143 -1.06+179 -041=+149 0.25 £ 1.57 1
NAT 2278 +113 -0.69+138 0.68+1.00 -268+148 -081+1.67 -016+095 025=+157 2

Minimum convex polygon home range sizes of some
of the other Corvus species that have been studied are:
American crow, with a 26—49 ha group territory (Stouffer
and Caccamise 1991b); carrion crow (C. corone), 22-29
ha (Nakamura 1998); Torresian crow (C. orru), 131 ha
(average), and Australian Raven (C. coronoides), 109
ha (average) (Rowley, 1973). However, because house
crows only defend nests or nest trees, and not territories,
they can achieve much higher local densities if sufficient
resources are available. Crowding of high quality sites has
also been observed in American crows, albeit to a lesser
extent, where their territories of overlap in food-rich areas
(Marzluff & Neatherlin, 2006). Paired adult house crows
possessed significantly smaller activity areas in contrast to
birds that did not form pair bonds. This suggests that they
either established themselves in higher quality sites, or that
they were more dominant when competing for temporarily
abundant food within their home ranges.

The crows we radio-tracked travelled short distances to roost
(maximum = 3.5 km). Other studies on house crows reported
distances of 8.5 km in Kuala Lumpur, Malaysia (Chia,
1976) and 25 km in Mauritius (Feare & Mungroo, 1990).
Difference in study design may partially account for these
travel differences. These earlier studies had only a single roost
in their study areas, allowing the detection of maximum travel
distances. However, we believe two other factors may also
contribute to the shorter distances travelled by house crows in
Singapore. First, the high density of crows in Singapore (Lim et
al., 2003) permits a relatively small area to provide an adequate
number of birds for communal roost formation. The smallest
roost in Singapore detected by Peh (2002) contained about 50
birds. Second, there is no shortage of suitable roost trees in
Singapore because of an intensive urban greening program (>
1 million trees planted in parks and roadsides; Anonymous,
2003). Thus, if roosts are just passive aggregations of birds
(Caccamise et al., 1997), and suitable roost trees are not
limiting, we should expect roosts to be located such that they
minimize travelling cost to daytime centers.

Although core areas may be responsible for the bulk of
the food intake, our study shows an interesting secondary
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peak in feeding, at a time when crows have moved out of
their core areas. We found that such supplementary feeding
often occurred at convergence sites which the crows visited
before proceeding to the vicinity of roosts for pre-roosting.
Chia (1976) also documented the presence of such late
afternoon convergence sites (termed post-feeding assembly
points), but he did not explicitly determine if supplementary
feeding was carried out. The use of supplementary feeding
sites at varying distances from territories by American crows
has also been documented (Stouffer & Caccamise, 1991b;
Caccamise et al., 1997). Because of the lack of seasonality in
food abundance in Singapore, such supplementary feeding
sites may be less important to house crows than they would
be for temperate corvid species.

We found that the birds in Singapore returned to their core
areas faithfully, even though they roost communally. This
behavior has been reported for other communally roosting
species as well, e.g. common grackle (Quiscalus quiscula)
(Caccamise et al., 1983); European starling (Sturnus
vulgaris) (Morrison & Caccamise, 1985); common myna
(Acridotheres tristis) and Javan myna (A. javanicus) (Kang,
1989). Tangentially, we note that our findings of fidelity to
such daytime centers, and the observation that the majority
of feeding was carried out within core areas, are inconsistent
with the information center hypothesis of communal
roosting behavior (Ward & Zahavi, 1973), which generally
predicts a roost-centered distribution of foraging sites. This
pattern is expected because the hypothesis posits that birds
exchange information at their roost sites, resulting in naive
birds following knowledgeable roost-mates to profitable
feeding sites. Despite this apparent lack of support for the
hypothesis, we acknowledge that house crows in Singapore
may not represent a strong case against the information
center hypothesis. This is because food resources in
Singapore may not be temporally and spatially ephemeral
enough, such that crows need to follow knowledgeable
roost-mates in order to feed successfully (Sonerud et al.,
2001). Studies in places where food occurrence is more
sporadic (e.g. coast) at the day-to-day time scale are needed
to test if house crows indeed use roosts for information
exchange (Tye, 1993).
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Habitat selection. — Our radio-tracking study agrees with a
count-based study (Lim et al., 2003) in indicating that house
crows in Singapore prefer public housing and commercial
areas. Both this and the count-based study show that crows
were attracted to these land uses because of the high
amount of anthropogenic food. The two studies, however,
disagree on house crows’ preference for institutional land
uses (they were found to be negative predictors of crow
abundance in the count-based study). We believe the
cause of the discrepancy lies in how home ranges were
derived. Mathematically constructed home ranges, which
are partially based on spatial extrapolation from actual
radio-locations, may sometimes include less preferred sites
(i.e. institutes) because they intermix with or are embedded
within more preferred ones (e.g. schools adjacent to public
housing). However, at the home range level of analysis,
institutional use sites were strongly avoided, thus showing
that, overall, they are indeed not favored.

We believe that frequently used habitats are of better quality
by virtue of their more abundant food resources. There is
evidence that the existence of extra food caused increased
fecundity and survival in other species of crows (Richner,
1992; Marzluff & Neatherlin, 2006). Even if survival or
reproductive success of individual crows did not improve
because of increased crowdedness in preferred habitats,
density, which is an important indicator of habitat quality
(Van Horne, 1983), was clearly elevated in food-rich habitat
types. Direct evidence for this was found by Lim et al.’s
(2003) count-based study. Moreover, we provided indirect
evidence here by showing that use of commercial and public
housing areas increased linearly with their availability. If
crows only need to extract a fixed amount of resources
(i.e. food) from commercial or public housing areas, the
use of these areas should plateau after the birds’ needs are
met (Garshelis, 2000). This will not be the case if more
available habitat also attracts more birds, forcing individuals
to increase use of commercial or public land uses in order
to maintain the same intake level.

Management implications. — This study shows that
management efforts (e.g. shooting, food limitation) are
most profitable when they are carried out in habitats that
make up the crows’ core areas. Areas occupied by potential
breeders or paired crows may be of particularly high quality
since these birds can be sustained by rather small habitat
area. These sites can usually be identified by presence of
active or used nests. By reducing the attractiveness of these
habitats through food limitation and access denial (e.g.
through frequent shooting, placement of scaring devices),
crows would be forced to use lower-quality or less familiar
habitats. In contrast, management actions that focus on roost
sites are less likely to be effective because birds can change
roosts without much apparent cost; studies from elsewhere
have shown that crows can cover much longer distances in
their daily flights between roosts and daytime sites.

567

ACKNOWLEDGMENTS

The Agri-food and Veterinary Authority of Singapore
partially funded this study. We thank Simon Lim for
extensive help during field work and Tommy Tan for
logistics support. We are grateful to Frederick Sheldon,
Norman Lim and Benjamin Lee for comments on drafts
of this paper.

LITERATURE CITED

Agri-Food and Veterinary Authority of Singapore [online]. 2007.
Statistics. < http://www.ava.gov.sg/Publications/Statistics/>
(12 December 2007)

Anonymous 2003. National Parks Board Annual Report
2002/2003. National Parks Board, Singapore.

Aebischer, A. E., P. A. Robertson & R. E. Kenward, 1993.
Compositional analysis of habitat use from animal radio-
tracking data. Ecology 74: 1313-1325.

Aitchison, J., 1986. The statistical analysis of compositional data.
Chapman and Hall, London. 416 pp.

Archer, A. L. 2001. Control of the Indian House Crow Corvus
splendens in eastern Africa. Ostrich Supplement, 15: 147-
152.

Brook, B. W., N. S. Sodhi, M. C. K. Soh & H. C. Lim, 2003.
Abundance and projected control of invasive house crows in
Singapore. Journal of Wildlife Management, 67: 808-817.

Brown, E. D. & C. J. Veltman, 1987. Ethogram of the Australian
Magpie (Gymnorhina tibicen) in comparison to other
Cracticidae and Corvus species. Ethology, 76: 309-333.

Caccamise, D. F., L. A. Lyon & J. Fischl, 1983. Seasonal patterns
in roosting flocks of starlings and Common Grackle. Condor,
85: 474-481.

Caccamise, D. F., L. M. Reed, J. Romanowski & P. C. Stouffer,
1997. Roosting behavior and group territoriality in American
Crows. Auk, 114: 628-637.

Chia, P. K. 1976. Some aspects of the natural history of the House
Crow Corvus splendens Vieillot in Kuala Lumpur. Honours
Thesis, University of Malaya, Kuala Lumpur. 27 pp.

Corlett, R., 1992. The ecological transformation of Singapore
1819-1990. Journal of Biogeography, 19: 411-420.

Davison, G. W. H., 1979. Kuala Lumpur and her crows. Malayan
Naturalist, Jan 1979: 23-25.

Feare, C. J. & Y. Mungroo, 1990. The status and management
of the House Crow Corvus splendens (Vieillot) in Mauritius.
Biological Conservation, 51: 63-70.

Garshelis, D. L., 2000. Delusions in habitat evaluation: measuring
use, selection and importance. In: Boitani, L. & T. K. Fuller
(eds.), Research techniques in animal ecology: controversies
and consequences. Columbia University Press, New York.
Pp. 111-164.

Gibson-Hill, C.A., 1952. Notes on the alien birds recorded
from Singapore island. Bulletin of the Raffles Museum, 24:
240-256.

Hails, C.J., 1985. Studies of problem bird species in Singapore:
II Corvidae (Crows). Report for the Commissioner for Parks
and Recreation. Ministry of National Development, Singapore.
20 pp.



Radio-tracking study of house crows

Hooge, N. & B. Eichenlaub, 2000. Animal movement extension to
ArcView. Ver. 2.0. Alaska Science Center - Biological Science
Office, U.S. Geological Survey, Anchorage.

Jennings, M. C., 1992. The House Crow Corvus splendens in
Aden (Yemen) and an attempt at its control. Sandgrouse, 14:
27-33.

Johnson, D. H., 1980. The comparison of usage and availability
measurements for evaluating resource preference. Ecology,
61: 65-71.

Kang, N., 1989. Comparative behavioural ecology of the Mynas,
Acridotheres tristis (Linnaeus) and A. javanicus (Cabanis),
in Singapore. Ph.D. dissertation, National University of
Singapore, Singapore.

Lamba, B. S., 1963. The nidification of some common Indian
birds - Part 1. Journal of Bombay Natural History Society,
60: 121-133.

Lim, H. C,, N. S. Sodhi, B. W. Brook & M. C. K. Soh. 2003.
Undesirable aliens: factors determining the distribution of
three invasive bird species in Singapore. Journal of Tropical
Ecology, 19:685-695.

Long, J. L., 1981. Introduced birds of the world. Universe Books,
New York. 528 pp.

Madge, S. & H. Burn, 1994. Crows and jays: a guide to crows,
Jjays and magpies of the world. Christopher Helm, London.
191 pp.

Marzluff, J. M. & E. Neatherlin, 2006. Corvid response to human
settlements and campgrounds: causes, consequences, and
challenges for conservation. Biological Conservation, 130:
301-314.

Meininger, P. L., W. C. Mullie & B. Bruun, 1980. The spread of
the house crow, Corvus splendens, with special reference to
the occurrence in Egypt. Le Gerfaut, 70:245-250.

Millspaugh, J. J., R. M. Nielson, L. McDonald, J. M. Marzluff,
R. A. Gitzen, C. D. Rittenhouse, M. W. Hubbard & S. L.
Sheriff, 2006. Analysis of resource selection using utilization
distributions. Journal of Wildlife Management, 70: 384-395.

Montgomery, D. C., 1997. Design and analysis of experiments, 4th
edition. John Wiley and Sons, New York. 704 pp.

Morrison, D. W. & D. F. Caccamise, 1985. Ephemeral roosts and
stable patches? A radio-telemetry study of communal roosting
starlings. Auk, 102: 793-804.

Nakamura, S., 1998. The territorial behaviour of the Carrion
Crows Corvus corone corone in Japan. Japanese Journal of
Ornithology, 46: 213-223.

Nams, V. O., 1989. Effects of sample size and bias when testing
for habitat selection. Canadian Journal of Zoology, 67:
1631-1636.

Otis, D. L. & G. C. White, 1999. Autocorrelation of location
estimates and the analysis of radiotracking data. Journal of
Wildlife Management, 63: 1039-1044.

568

Peh, K.S.-H., 2002. Roosting behaviour of House crow (Corvus
splendens) in relation to environment variables. Raffles
Bulletin of Zoology, 50: 257-262.

Peh, K. S.-H. & N. S. Sodhi, 2002. Characteristics of nocturnal
roosts of House Crows in Singapore. Journal of Wildlife
Management, 66: 1128-1133.

Richner, H., 1992. The effect of extra food on fitness in breeding
carrion crows. Ecology, 73: 330-335.

Rowley, 1., 1973. The comparative ecology of Australian corvids.
II. Social organization and behaviour. CSIRO Wildlife
Research, 18: 25-66.

Ryall, C., 1992. Predation and harassment of native bird species
by the Indian house crow Corvus splendens, in Mombasa,
Kenya. Scorpus, 16: 1-8.

Silverman, B. W., 1986. Density estimation for statistics and data
analysis. Chapman and Hall, London. 175 pp.

Singapore Department of Statistics, 2007. Year book of statistics.
Ministry of Trade and Industry, Singapore. 299 pp.

Soh, M. C. K., N. S. Sodhi, R. K. H. Seoh & B. W. Brook, 2002.
Nest site selection of the House Crow (Corvus splendens), an
urban invasive bird species in Singapore and implication for its
management. Landscape and Urban Planning, 59: 217-226.

Sonerud, G.A., Smedshaug, C.A. & Brathen, O., 2001 Ignorant
hooded crows follow knowledgeable roost-mates to food:
support for the information centre hypothesis. Proceedings of
the Royal Society of London B., 268: 82-831.

Stouffer, P. C. & D. F. Caccamise, 1991a. Capturing American
Crows using alpha-chloralose. Journal of Field Ornithology,
62: 450-453.

Stouffer, P.C. & D.F. Cacamise, 1991b. Roosting and diurnal
movement of radio-tagged American Crows. Wilson Bulletin,
103: 387-400.

Swihart, R. K. & N. A. Slade, 1985. Testing for independence of
observation in animal movements. Ecology, 66: 1176—1184.

Swihart, R. K. & N. A. Slade, 1997. On testing for independence
of animal movements. Journal of Agricultural, Biological and
Environmental Statistics, 2: 1-6.

Tye, A., 1993. “Diurnal activity centers” and “information
centers”: a need for more critical study. Wilson Bulletin, 105:
368-372.

Van Horne, B., 1983. Density as a misleading indicator of habitat
quality. Journal of Wildlife Management, 47: 893-901.

Ward, P., 1968. Origin of the avifauna of urban and suburban
Singapore. Ibis, 110:239-255.

Ward, P. & A. Zahavi, 1973. The importance of certain
assemblages of birds as “information centres” for food finding.
Ibis, 115: 517-534.

Worton, B. J., 1989. Kernel methods for estimating the utilization
distribution in home-range studies. Ecology, 70: 164—168.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [612.000 792.000]
>> setpagedevice


