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ABSTRACTY

The Formosan Whistling Thrush (Myiophoneus insularisy is known to use the interstice between the
bridge and abutment as a nesting site in the breeding season. We studied the characteristics of 68
bridges in the mountainous area around Taipei County from May to October in 1997. Thirty-one
were used by the species. Bridges less than 5 years old (n=4) were not used for breeding. There were
significant differences in nest-site height, bridge length, and average slope between used and not-used
bridges (3’ test, P<0.05). The Formosan Whistling Thrush tended to nest on bridges with abutments < 6
meters, bridge length < 20 meters, and average slope of surrounding terrain > 70°. Analyzing these
three factors with multiple logistic regression resulted in a model with a correct prediction rate of 78%
(n=41); but only the average slope was a significant factor. Land use type and vegetation type resulting
from human settlement were strongly correlated with slope around the bridge, possibly explaining the
role of slope in bridge selection. Human use of the stream habitat for recreation may also affect the
choice of the bridge, however, there were no significant differences. The characteristics of the bridges

selected by this species are recommended for use in future bridge construction.
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Introduction

The Formosan Whistling Thrush (Myiophoneus
insularis), an endemic species to Taiwan, is
widely distributed in woodlands near the streams
between 150 and 2100 meters in elevation (Yien,
1994). There are very few studies on the species.
Breeding behavior (Wang and Pei, 1984), and
social interaction in captivity (Wang and Sun,
1987) have been briefly documented.

This species is known to use interstitial space
between the bridge surface and abutment for
nesting (Wang and Pei, 1984; Xie, 1991) in
addition to its natural nest sites of rocks and rocky
caves (Yien, 1994; Chang, 1997). Natural nest
sites are destroyed either by the recent stream
channelization work or upstream agriculture
practices causing mud to tlow and flooding over
nest sites resulting in nest failure. Bridges, usually
free from both threats, may now play an important
role in the breeding success of this species. In this
study we identify characteristics of bridges chosen

by this species and make recommendations for
future bridge construction and management.

Materials and Methods

Sixty-eight bridges in mountain districts within
Taipei County, including San-xta, Shi-men,
Wan-li, Shan-keng, Shi-ding, Ping-xi1, and
Ping-lin, were surveyed from May to October n
1997. We recorded the presence and absence of
Formosan Whistling Thrush nests and the
characteristics of the bridges such as age, length,
height of abutments, direction, and characteristics
of surrounding terrain (from both ends of the
bridge): surrounding slope, canopy cover around
the bridge, and surrounding vegetation type. To
measure the canopy cover, we stood under the
bridge and one meter away from the edge of the
abutment, and measured the percentage of cover
at four sections (upstream-lefl, upstrcam-right,
downstream-left, and downstream-right) with a
spherical  densiometer,  We o estimated  the
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percentage of different vegetation types within 50
meters of the bridge. Vegetation was classified
into two groups: uncultivated vegetation (trees
and tree ferns) and cultivated vegetation (bamboos,
tall grass, and agricultural fields).

To assess the potential threat of human
disturbance on bird breeding, we classified the
bridges into three levels according to their
accessibility: “easy,” a stairway beside the bridge
providing access to the base of the abutments or a
conspicuous trail leading to the base of the
abutments; “ordinary,” no stairway beside the
bridge and inconspicuous trail suggesting some
difficulties in reaching the base of the abutment;
and “difficult,” bridge surrounded by steep hill or
rock, and base of abutment reached only by using
rope or ladder.

Bridges were classified as used and not used.
Each variable was tested using x ~ test, or
Fisher’s exact test if the sample size was small.
Significant variables were tested using multiple
logistic regression (Shen, 1997) from SPSS.
Bridges were predicted as utilized if p>0.5 :

f(x)

_£
f(x) = constant + coefficient 1 x value of factor 1
+ coefficient 2 xvalue of factor 2 +

.... + coefficient n x value of factor n

Results
Of the 68 bridges, 31 were used by the

Formosan Whistling Thrush. Most bridges were

Table 1. Age distribution of bridges tested for use by
Formosan Whistling Thrush.

Age of the bridge (years) Used Not-used

0~5 0 4

5~10 8 7

10~ 15 3 5

15~20 5 6

20~25 1 \

25~30 0 0

> 30 1 2
Unknown 13 12
Total 31 37

within 20 years old. Bridges younger than five
years were not used (Table 1).

Among used bridges, the height of most nest
sites (90.3%) was < 6 m (range: 2-9 m, Figure 1).
Bridges with heights >10 m were not used (n=6).
There was a negative correlation between height
and use. The lower heights (<6 m) had a higher
utilization rate (60.9%), while the greater height
(>6 m) had a lower utilization rate (20.0%).
Dividing the height of the bridges into two groups
(<6 m and >6 m), Formosan Whistling Thrush
tended to nest on bridges with abutments < 6
meters ( x * test, P<0.01).

Most of the bridges surveyed had a length < 30
m (90.3%). The maximum length of used bridges
was 43 m (Figure 2). There was a negative
correlation between bridge length and utilization
rate. The shorter bridges (<20 m) were used more
often (63.6%) than longer bridges (>20m, 29.4%).
When bridge length was divided into two groups
(<20 m and >20 m), Formosan Whistling Thrush
tended to nest on bridges < 20 m long (x test,
P<0.01).

In terms of average slope of the terrain around
the bridges, bridges with average slope < 50°
were not used (Figure 3). There was a positive
correlation between average slope and utilization
rate. Those with greater slopes (>70°) werc used
more often (68.2%) than those with lesser slope
(50°~70°, 23.1%). When bridges were divided
into two groups based on surrounding slope

(30°~ 70° and 70° ~ 90°), Formosan Whistling
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Figure 1. The distribution of bridge abutment height and
utitization frequency by Formosan Whistiing Thrush.
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Figure 2. The distribution of bridge length and utilization
frequency by Formosan Whistling Thrush.

Thrush tended to nest on the abutments of bridges
with steeper surrounding slopes ( x ”test, P<0.01).
There were, however no significant differences in
aspect direction, or in canopy cover surround the
bridge (x2 test, P>0.05).

When the vegetation was divided into two
different types (cultivated and uncultivated), there
was a tendency for higher surrounding slope
(>70°, n=58) to be associated with uncultivated
vegetation (63.8%), while lower slopes (<70°,
n=45) had a higher proportion of cultivated
vegetation (66.7%). This was a significant
difference ( x ’test, P<0.005).

In terms of accessibility to the base of bridge
abutments, “ecasy” bridges were used less often
(33.3%) than “difficult” bridges (71.4%, Table 2).
However, there were no significant differences in
accessibility ( x * test, P>0.05).

The distribution of water flow under bridges
may affect nest site selection. The water flow of
10 bridges used by Formosan Whistling Thrush
was near one side of the bridge. Birds tended to

Table 2. Bridge accessibility and use by the Formosan
Whistling Thrush.

Difficult level Used Not-used
Easy 4 8
Ordinary 11 6
Difficult 5 2
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Figure 3. The distribution of average slope of surrounding
terrain and utilization frequency by Formosan Whistling
Thrush.

nest (80%) on the abutments near the water
side.However, there was no significant difference
(Fisher’s exact test, P>0.05).

Bridge length, nest site height, and the slope of
surrounding terrain were important factors
affecting nest site selection. Multiple logistic
regression analysis using these three factors
resulted in the following equation:

P _ ei(x)
~ Tre”
f(x) = -2.993 - 0.024 x length - 0.244 x height +
0.066 x average slope
P represents the probability of usage by the
Formosan Whistling Thrush. The model correctly
predicted usage 78% of the time (n=41). Only
average slope was a significant variable (Table 3).

Table 3. Multiple logistic regression using bridge length,
abutment height, and average slope of surrounding terrain to
predict nest site selection by the Formosan Whistling Thrush.
The predictive ability of this model was 78% (n=41).
Average slope was significant (P<0.05).

Variable B S.E. p

Intercept -2.993 2.245 0.182
Length ( X1) -0.024 0.040 0.555
Height ( X2) -0.244 0.187 0.193

Average Slope ( X3) 0.020

*  P-value < 0.05

0.066 0.028
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Discussion

Nest site selection is important to the breeding
success of bird species. A good nest site usually
provides  good  concealment. Sometimes
concealment 1s not necessary, if the nest 1s hard to
access. Furthermore, the nest site must be located
in an environment providing sufficient food for
reproduction (Chang er al., 1995). Formosan
Whistling Thrush used bridges that had been
constructed for at least 5 years. We have observed
more than 10 bridge construction sites in the
bird’s habitat in many areas. Heavy siltation,
occasional mud flow, partially or completely
denuded landscape with little or without
vegetation were a common scene in the area
surrounding the construction site. Thus, we
suspected that perhaps the change in vegetation
and stream water quality during and right after

construction made it difficult for the bird to breed.

It may take some time, e.g. several years, for the
environment to recover to a condition suitable for
the bird to breed.

In terms of nest height, different species of
birds have different requirements. In many forest
birds, higher nest sites suftered less predation and
enjoyed greater reproductive success (Rendell and
Robertson, 1989 ; Takeishi and Eguchi, 1994 ;
Sachslehner, 1995 Elliott ez af., 19965 Wu, 2001).
The Formosan Whistling Thrush, a forest bird, did
not tend to choose higher bridges for nest sites.
Nesting rate generally decreased with increasing
bridge height. We suspect Formosan Whistling
Thrush is a ground living species, because many
ot their food items were from ground living
species (Wang and Pei, 1984; We saw them
foraging on the ground near the forest edge. Since
most nest sites were between 2 and 6 meters, we
suspect that this range may meet the demand for
safety and foraging habit for the species.

Nest predation is a very important factor on
breeding success (Martin and Roper, 1988;
Gotmark et al., 1995; Sockman, 1997; Hoover and
Brittingham, 1998; Misenhelter and Rotenberry,
2000), and has a great etfect on nest site selection.
Snakes, cats, and monkeys are known predators of
birds ((nll, 1994). We  witnessed snakes
attacking nestlings of Formosan Whistling Thrush
and cats hunting adult birds. All bridge abutments
were vertical and rather smooth, making it very
hard for even exposed nests to be accessed by
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predators. Except by using nearby tree branches,
which rarely existed, the predators such as snakes,
cats, and monkeys could not access the nest.
Indian Black Eagles ([ctinaetus malayensis) have
been observed foraging in the canopy and
searching from the air for the eggs and nestlings
of forest species (Lin, 1993). The nest of
Formosan Whistling Thrush, however, was
concealed underneath the bridge preventing
observation by this raptor. We found three cases
of honeybees or wasps nesting under the bridge
near nest sites. Joyce (1993) discovered that the
nesting  success of Rufous-naped  Wrens
(Campylorhynchus rufinucha) was higher near
wasp nests. It would be interesting to study
whether the presence of these stinging insccts
influences nest site selection by Formosan
Whistling Thrush. Finally, it was difficult for
humans to access the nest without ladder or rope.
The abutment appears to be a safe place for a bird
to nest.

Microclimate of nest sites, such as wind and
temperature, may affect nest site selection. Monk
Parakeets (Myiopsitta monachus) placed their
nests away from prevailing winds (Burger and
Gochfeld, 2000). Graham (1988) investigated the
nest site selection of the House Finch
(Carpodacus mexicanus) and suggested that the
bird selects sites to minimize wind damage.
Utilization rate decreased with increasing bridge
length (Figure 2). In general, longer bridge length
implied broader rivers and relatively less
vegetation for protection from wind, this may
affect nest site selection. Furthermore, bridges are
generally longer in the lower scctions of a river.
Downstream regions are usually developed earlier
and subject to more environmental disturbance
and destruction. Thus, the environmental factors
associated with bridge length may also affect nest
site selection by Formosan Whistling Thrush.

Bridges surrounded by steeply sloping terrain
were used more often by the Formosan Whistling
Thrush. Areas with steep slopes were less favored
for development or agriculture. Undeveloped
regions may provide the bird a better foraging
environment. Areas with shallower stopes were
usually developed for agriculture. producing
chemicals that may pollute the soil and water and
affect the biota around the bridge reducing the
opportunity for bird to forage.

Most forest birds nest in dense leaves or bushes
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with dense cover to prevent predation (Hoover
and Brittingham, 1998; Knopf and Sedgwick,
1992: Steele, 1993), but some do not. Gotmark et
al (1995) investigated nest site selection in the
Song Thrush (Turdus philomelos) to find that 1t
selected nests with intermediate concealment, and
concluded that wvisibility may be helpful for
locating predators, food, and conspecifics.
Sachslehner  (1995) studied the Collared
Flycatcher (Ficedula albicollis) and found that
differences in tree crown cover did not influence
nest site selection. Since nests on abutments are
not easily accessed, the vegetation cover
concealing the nest site may not be important for
Formosan Whistling Thrush.

Nest site exposure may be important. Nests
facing east or south may maintain more stable
temperatures, saving the parents energy when
breeding (Raphael, 1985; Vinuela and Sunyer,
1992; Rendell and Robertson, 1994). Wu (2001)
studied the Lanyu Scops Owl (Otus elegans
botelnesis) and reported that the direction of the
nest cavity brought no significant thermal
advantage. Formosan Whistling Thrush nested
under bridges on the interstice of abutments. As
sunlight cannot reach the interstice, the exposure
of the bridges probably brought no thermal
advantage.

Although there was no significant difference,
there was a tendency for “easy access” bridges to
have a lower usage rate. We suspect this could be
attributed to increased human activity. In the field,
we observe more signs of human activity such as
fire ash or garbage around “easy access” bridges.
Watson and Dennis (1992) investigated nest site
selection by Golden Eagles (dauila chrysaetos)
and discovered that nests accessible to people
failed frequently. Further study is needed to
determine the real impact of human activity on
nest site selection by Formosan Whistling Thrush.
This bird tended to nest on the bridge abutments
closer to the stream flow. Many visitors picnicked
under the bridges, often selecting the dry areas
away from the water. Nesting on abutments ringed
by water will probably result in less disturbance
by humans and make it more difficult for
predators to access the nest.

The interstice between bridge and abutment
provided a rather safe place for Formosan
Whistling Thrush to nest. During our survey,
however, we found six bridges without an
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interstitial space between bridge and abutment.
Even if other characteristics associated with the
bridge appear to be suitable for nests, lack of this
interstice meant there was no place for the nest.
Therefore we recommend that when renovating of
old bridges or building new ones, abutments with
interstices be used so as to provide space for this
species to breed. Furthermore, for the bridges
higher than six meters, we recommend a platform
or a cavity be installed or created on the
abutments 2-6 meters above the ground to provide
nesting sites. Whenever possible, the original
vegetation should be restored. Finally, to reduce
human disturbance on the breeding success of
Formosan Whistling Thrush, construction of
access ftrails or steps to the stream under the
bridge is not recommended.
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