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Abstract

Few studies have been conducted on the effects of the level of vehicular traffic on the flight behaviour of
herons and egrets (Ardeidae) over road bridges, especially when returning to night communal roosts.
Individuals and flocks of egrets returning to roost were surveyed twice per month for a 12-month period,
between January and December 2009 in Hong Kong. The objectives of this study were to investigate the
levels of traffic that may cause disruption to flight paths and any impacts to roosting birds. As they
passed over the road bridge, the height of flight and behaviour of flocks and individuals were recorded,
along with level of traffic. This study showed that the height of passage above the bridge and tendency
for modified flight behaviours were influenced positively by the level of traffic and time of day. While
moderate to high levels of traffic appeared to affect their flight and approach (e.g. erratic or interrupted
flight behaviour), birds would still proceed to the roost. Birds appeared behaviourally adaptable to traffic
and to avoid collisions with either vehicles or the bridge structure itself. No records of collision or colli-
sion mortality, from direct contact with the bridge or vehicular traffic, were recorded from this study.
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Introduction

Bird mortality through collisions with static an-
thropogenic objects, particularly at night (Evans
Ogden 2002, Erickson ef al. 2005, Gauthreaux Jr.
and Belser 2006, Gehring et al. 2009, Martin
2011), and vehicles (Finnis 1960, Pons 2000, Er-
ickson et al. 2005, Jacobson 2005) is well-docu-

mented. Avian mortality with man-made struc-
tures is largely a result of collisions with com-
munications towers, high tension lines, wind tur-
bines and buildings (Arup 2002, Erickson et al.
2005). Information regarding mortality as a result
of direct collisions with bridges is sparse. During
a review of over 1,500 abstracts or summaries of
published reports on bird mortality in relation to



man-made structures, there were no publications
documenting bird collisions with, or bird mortali-
ty due to, collisions with bridges or bridge stays
(Arup 2002, Parsons Brinckerhoff 2011). Bird
deaths associated with bridges are usually a result
of the power lines strung across bridges (Weston
1966, Podolsky 1998, Arup 2002, Parsons
Brinckerhoff 2011) or during periods of in-
clement weather when birds are affected by the
bridge lighting (Nilsson and Green 2011) or after
individuals are downed during strong winds
(Owens and James 1991, Jacobson 2005).

In Hong Kong, numerous flightline studies have
been conducted and these are usually associated
with movements between egret colonies and for-
aging habitats or flight corridor use by large wa-
terbirds over proposed developments (e.g. Wong
et al. 1999, 2001, Kwok and Dahmer 2002, Anon
2005, 2009, Arup 2013) and less so with avian
collisions or mortality. The only study of flight
behaviour of egrets over vehicular bridges in the
region (Arup 2002) was not associated with birds
returning to roost. Likewise, there is a paucity of
information on egret night roosts and roosting
behaviour for the region (Stanton 2011).

Arup (2002) studied flight behaviour and altitude
over three vehicle bridges in Hong Kong and one
in Macau. All birds species were recorded and
the height above the road surface was estimated
for those flying over the bridge. While available
details on methodology and results were limited,
conclusions revealed that more birds flew over
the bridges in the evening, and below the bridges
during midday and that no flying bird was ob-
served after 30 minutes past sunset (Arup 2002).
Furthermore, all birds reacted to bridge structures
by changing altitude and all reacted to vehicles
on bridges by changing flight direction or altitude
(Arup 2002).

Large numbers of egrets flying over a busy road
bridge in southern Hong Kong attracted attention
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as they returned to their roost in late 2008. Flocks
of up to 100 birds were seen flying at low altitude
over the bridge at dusk, which appeared to coin-
cide with the evening peak hours of traffic. These
flocks often appeared to narrowly miss oncoming
traffic and displayed erratic flight patterns on oc-
casions. Given the low clearance of individuals
and flocks of egrets when passing over the bridge
and the potential for collisions with the heavy
traffic, further observations were made to inves-
tigate the flight behaviour of these birds when
coming into roost.

The objectives of this study were to investigate
the levels of traffic that may cause disruption to
flight paths and any impacts to roosting birds. We
tested the hypotheses that an increase in traffic,
and size of vehicle, resulted in an increase in
flight disruption, and that an increase in flock
size also resulted in the higher likelihood of flight
disruption.

Methods

Study Area

The night roost was located in southern Hong
Kong [22° 14" 49" N, 114° 09" 50" E], People’s
Republic of China (Fig. 1). Roosting birds occu-
pied a group of mature trees, primarily Red-stem
Fig (Ficus variegata), along the southern bank of
a channelised watercourse (nullah). The roost
was in a sheltered location, away from human
activity and prevailing offshore wind (Fig. 2).
The 25 m wide nullah follows in an east-west
alignment, with the western mouth opening into
Aberdeen Harbour which acts as a typhoon shel-
ter for the fishing fleet. A road bridge stands over
at the confluence of the nullah and the harbour,
approximately 280 m to the west of the roost lo-
cation. Birds fly over this bridge and down a nar-
row flight corridor, bounded by tall buildings and
a wooded hillside, of approximately 40 m in
width (Fig. 3).
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Figure 1. Study area.

Figure 2. Pre-roost trees (note bare branches) alongside
nullah with main roost trees in background.

K58
Figure 3. Roost trees alongside nullah at low tide (note
several Little Egrets on tops of trees forming pre-roost-
ing congregation. All birds move below the canopy once
there is no more daylight).
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Figure 4. Ap Lei Chau Road bridge (viewed looking east
from Aberdeen Harbour).

The 21.8 m wide road bridge has a four-lane car-
riageway and links the island of Ap Lei Chau to
Hong Kong Island. The road surface of the bridge
is approximately 14 m above sea level where the
bridge crosses the nullah (C. Lee, pers. comm.);
this corresponds to a clearance of 12 m between
the water’s surface and the bottom of the bridge
(Fig. 4). A 1.5 m high central barrier, separating
the northbound and southbound carriageways,
contains 10 m high streetlighting at approximate-
ly 20 m intervals (Fig. 5).

Species known to utilise the roost at different
times of the year include Grey Heron (Ardea
cinerea), Great Egret (Ardea alba), Little Egret
(Egretta garzetta), Cattle Egret (Bubulcus ibis)
and Chinese Pond Heron (Ardeola bacchus);
Black-crowned Night-Heron (Nycticorax nycti-
corax) is known to occur locally, though does not
roost in this location (Stanton 2011). Little Egrets
(Fig. 6) occur throughout the year and are the
most abundant species at this location (Stanton
2011). The site is solely utilised as a night roost
and for occasional daytime loafing; no breeding
of any ardeid species has been recorded from this
site. The breeding season for these species in
Hong Kong is April to July (Anon. 2016). The
night roost is highly seasonal with greatest num-
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Figure 5. Ap Lei Chau Road Bridge showing central
barrier, raised footpath with associated handrails and
streetlighting (used to estimate height of flight).

Figure 6. Pre-roosting Little Egrets in trees.

bers in late autumn and through the winter
months (i.e. late November to February, Fig. 7).
There is strong evidence for this roost site to be
important for passage birds particularly in the
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Figure 7. Numbers of Little Egret roosting at Wong
Chuk Hang during 2009 surveys (taken from Stanton
2011).

spring (April and May) (Stanton 2011).

Data Collection

Egrets were surveyed twice per month, on aver-
age every 15 days, as they flew toward the roost,
for a 12-month period, from January to Decem-
ber 2009, a total of 24 survey dates. Surveys
commenced at least 30 minutes before sunset and
continued for 30 minutes after sunset, or until
such a time that no birds had been recorded for a
10-minute period, or that ambient light was not
sufficient to continue. Sunset times were obtained
from the Hong Kong Observatory (http://
www.hko.gov.hk/contente.htm). The same single
observer at a vantage point, situated on the
bridge, was used throughout the study. Binocu-
lars were used when necessary to confirm num-
bers and identification of egrets to species. Para-
meters recorded included the time of birds arriv-
ing at the bridge, the numbers and species going
to roost, the level of traffic using the bridge (see
below) at the point birds were crossing and any
behavioural changes to flight pattern and ap-
proach. It was considered that a flight was inter-
rupted when an indvidual or flock of birds
changed their pattern of approach to, or flight
over, the bridge as a result of traffic using the
bridge. The height of passage over the bridge was
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Figure 8. Flock of Little Egrets flying across bridge at
sunset.

also estimated using streetlights as a rough guide
for height (low = c. 3-8 m of road’s surface; mid-
dle = 8-12 m; high = >12 m) (see Fig. 8). Levels
of traffic were ranked based on the vehicle usage
of the four-lane carriageway (i.e. 0 indicates no
traffic on either carriageway; 1 = cars on single
carriageway; 2 = cars on both carriageways; 3 =
bus or truck on single carriageway; 4 = bus or
truck on both carriageways).

Data Analysis

Due to their numerical superiority, statistical
analysis was performed only on Little Egret
flocks. Logistic regressions were performed in R
version 3.1.0 to model the probability of flocks
displaying flight modifications or erratic move-
ments as they passed over the bridge as opposed
to those not showing any flight modifications as
they passed over the bridge and also flying high
over the bridge vs flying low or mid-level over
the bridge, based on a series of explanatory (pre-
dictor) variables. Specifically, predictor variables
included in the logistic regression model were
flock size, elapsed time before or after sunset and
month. The number of individuals in a flock was
grouped by <6, 6-10, 11-20 and >20.



Results

From 964 crossing events, a total of 4,616 egrets
was recorded, as both indivduals and in flocks,
flying over the bridge during the 24 surveys.
There was an average of 40 crossings per survey
and the range was 26-88 per survey. The most
frequently recorded species was Little Egret
(4,420 records of both individuals and birds in
flocks), comprising 95.75% of all records. Other
ardeid species recorded were Great Egret (187),
Grey Heron (5), Cattle Egret (3) and Chinese
Pond Heron (1).

Single birds passing over the bridge were record-
ed on 452 occasions (46.9%). The remaining 512
crossings were of groups of birds passing over
ranging between 2-136 individuals (mean 7.79 +
12.21), with largely single species flocks. There
were mixed flocks on 21 occasions (4.1% of
flocks), composed of a varying numbers of Cat-
tle, Great and Little egrets; mixed flock sizes
ranged between 3-89 birds.

The majority of birds passed over the road bridge
on their approach to the night roost, as opposed
to flying underneath the bridge. No collisions of
egrets with traffic were observed during the
study. There are no historical reports of bird col-
lisions at this site (C. Lee, pers. comm.). Across
the study, 23 observations were made of single
birds (all Little Egrets) passing underneath the
bridge; none were in flocks. Little Egrets were
recorded throughout the year and no nesting ac-
tivities were recorded.

As flocks entered the western entrance of Ab-
erdeen harbour, they flew low, within 2 m, of the
sea’s surface. Egrets tend to fly low over the sea
(BMT Asia Pacific 2009, ERM 2009) and this
was apparent during this study as flocks could be
seen flying low between moored fishing boats in
the harbour on their approach. Flocks took the
form of irregular shaped, massed groups, not as
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an inverted ‘V’ shape as typically seen on migra-
tion. Within these flocks, individual birds flew
with retracted necks and legs stretched back-
wards along the body. When approximately 300
m (west) of the bridge, the flock would begin to
gain altitude in order to fly over the structure. On
occasions, birds would display erratic flight be-
haviour as they approached or crossed over the
bridge, usually as result of increased presence of
traffic. This erratic flight behaviour and modifi-
cation would take the form of a combination of
neck extensions and flaring horizontally right or
left with outstrected wings and dangling legs.
More extreme cases would involve birds flaring
both horizontally and vertically and would wheel
away from the bridge for a short distance (up to
50 m), either individually or collectively, and
loop back around to cross the bridge a few sec-
onds later when traffic patterns had changed.
This flight behaviour fits a similar description of
“side slipping swerving flight”, used by Blaker
(1968) and Voisin (1991) to describe Cattle Egret
and Little Egrets using a particular form of flight
to loose height rapidly. Once safely over the
bridge, birds would then continue at a similar
height along the nullah towards the pre-roost
trees. Flocks would usually fly beyond the pre-
roost (up to 100 m beyond) before turning back
and dropping into the trees often with a rapid de-
scent, almost as if parachuting down. On some
occasions, usually with larger flocks in lower
light levels, several approachs and turns would be
made before finally descending into the pre-roost
trees. Birds generally arrived within the 15-
minute period before and after local sunset; peak
arrival of birds was in the range of 1744-1915 h,
depending upon the time of sunset (Stanton
2011). Throughout the year, this time period did
not coincide directly with peak evening flow of
commuter traffic, though the level of traffic was
fairly constant until 2000 h (Transport Depart-
ment 2010), by which time all birds would be in
their roost.



Flight modifications

For Little Egret flocks there were 571 instances
of normal flights vs 170 instances of erratic or
interrupted flights (Table 1). Logistic regression
indicated that flock size, elapsed time and traffic
pattern were highly associated with erratic or in-
terrupted flights over the bridge for Little Egrets
(Table 2). Compared to any other flock sizes,
small groups of less than six individuals had the
lowest liklihood of interrupting their flight over
the bridge. Larger flocks of 11 to 20 and >20 in-
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dividuals were more likely to interrupt or alter
the flight over the bridge than groups of six to 10
individuals (p < 0.01 in both cases, Table 2).
Elapsed time after sunset showed a significant
positive relationship with interrupted or altered
flights (p = 0.0001) (Table 2). All traffic levels
when compared to no traffic showed a higher
percent of erratic or interrupted flights (all p-val-
ues < 0.05 except comparing traffic pattern 1 vs
0, i.e. a single car on the carriageway). The likli-
hood of erratic or interrupted flights was 4.9

Table 1. Sample sizes for categories used in the logistic regression.

Erratic or interrupted Low or mid-level over

Normal Flights Flights bridge High over bridge
<6 individuals 471 97 195 276
6 to 10 individuals 40 29 25 15
11 to 20 individuals 20 18 16 4
>20 individuals 40 26 28 12
No Traffic 106 10 66 40
Traffic Pattern 1 308 76 125 183
Traffic Pattern 2 53 24 30 23
Traffic Pattern 3 96 51 40 56
Traffic Pattern 4 8 9 3 5

Table 2. Logistic regression modelling for significance of flock size, elapsed time and traffic pattern (Coefficient Name)

on erratic or interrupted flight behaviour for Little Egrets.

Coefficient Name Odds Ratio p_value
(Intercept) 0.098 0
6 to 10 individuals vs <6 4.436 0.0008
11 to 20 individuals vs <6 2.167 0.001
>20 individuals vs <6 1.921 0.0027
Traffic Pattern 1 vs No traffic 2.37 0.0591
Traffic Pattern 2 vs No traffic 4.903 0.0018
Traffic Pattern 3 vs No traffic 6.151 0.0001
Traffic Pattern 4 vs No traffic 9.194 0.0017
Elapse time after sunset 1.029 0.0002




times greater with traffic pattern 2 as opposed to
traffic pattern 0, no traffic present on the bridge
(p = 0.0018) (Table 2). The higher the level of
traffic, the more likely it was that egrets would
alter or interrupt their flight behaviour across the
bridge on the approach. Birds would still proceed
to the roost despite the initial interrupted flight.

Height of flight

There were 307 flocks of Little Egrets flying high
over the bridge vs 264 flocks of Little Egrets fly-
ing low or mid-level over the bridge (Table 1).
Height of flight above the bridge was not associ-
ated with flock size (p > 0.05 for all categories;
Table 3). However, elapsed time after sunset had
a significant positive relationship (p < 0.001)
with height of flight, 1.e. flights later in the
evening were associated with birds flying high
over the bridge (Table 3).

All traffic patterns when compared to no traffic
showed higher liklihood of high flights (all p-
values < 0.05). The odds of high flights was 8.8
times greater when traffic pattern was 1 (i.e. sin-
gle car on carriageway) as opposed to no traffic
on the carriageway (P < 0.0001) (Table 2).

The higher the level of traffic, the more likely it
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was that egrets would alter or interrupt their
flight behaviour across the bridge on the ap-
proach. Birds would still proceed to the roost de-
spite the initial interrupted flight.

Discussion

No collisions of egrets (or of any other birds)
with traffic were observed during the study, and
no bird kills due to collisions with flyovers or
bridges have ever been reported in Hong Kong
(Arup 2002). Elsewhere, it would appear that di-
rect impacts with bridges may not have a signifi-
cant impact on bird mortality (Nilsson and Green
2011) and this appears to be the case for this
study. This is despite 264 flocks (made up of a
total 2,478 individual Little Egrets) passing low
or mid-level over the bridge; which corresponds
to a height of between 3-12 m above the bridge
surface, the lower limits of this being within the
range of some of the larger vehciles on the road.
These heights are comparable to other studies in
Hong Kong, where the mean heights of flying
birds above the bridge surface ranged from be-
tween 9-12 m (Arup 2002).

This study showed that flocks of egrets nearly

Table 3. Logistic regression modelling for significance of flock size, elapsed time and traffic pattern (Coefficient Name)

on height of flight above bridge for Little Egrets.

Coefficient Name Odds Ratio p_value
(Intercept) 0.238 0.0061
6 to 10 individuals vs <6 0.506 0.2802
11 to 20 individuals vs <6 1.027 0.9161
>20 individuals vs <6 0.665 0.0743
Traffic Pattern 1 vs No traffic 8.784 <0.0001
Traffic Pattern 2 vs No traffic 7.856 <0.0001
Traffic Pattern 3 vs No traffic 11.166 <0.0001
Traffic Pattern 4 vs No traffic 7.183 0.0227
Elapse time after sunset 0.974 0.0006




always flew over, rather than under, the road
bridge that intersected their approach to roost.
Given the lack of clearance under the bridge, and
that the night roost is still 280 m from the bridge,
it is perhaps not surprising that approaching birds
are more likely to fly over the bridge. It is sus-
pected that the birds that arrived under the bridge
had been foraging locally i.e. where the nullah
meets the harbour and, therefore, did not have the
momentum, angle or inclination to fly up and
over the bridge.

The height of flight above the bridge and tenden-
cy to show interupted or erratic flight behaviours
were influenced by the level of traffic and time of
day. While their flight and approach would be
affected by moderate to high levels of traffic in
so far as erratic flight behaviour, all birds would
still proceed to the roost site, either as a re-
grouped flock or in smaller groups at a similar
height to which they passed over the bridge. Arup
(2002) revealed that all birds reacted to bridges
by changing altitude and reacted to vehicles on
bridges by changing flight direction or altitude.
For the current study, Little Egrets appeared be-
haviourally adaptable to traffic and to the possi-
bility of collisions with either vehicles or the
bridge structure. This may also be aided by the
combination of the raised footpath and pedestrian
handrail on the outside of the bridge which also
causes the birds to fly higher than the road and
thus reduce risk of collision with vehicles; it has
been suggested elsewhere that well-designed ver-
tical barriers are advantageous in reducing mor-
tality from road traffic (Pons 2000).
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