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Abstract

The aim was to propose techniques for analysis of spatiotemporal patterns of vehicle collisions
with an endangered species. We examined Iriomote cat-vehicle collisions from 1978-2008 (n=46)
along only a 50-km trunk road in the Iriomote island of Japan. The collisions obeyed a nonhomoge-
neous Poisson process with mean A(f) that increased with time ¢ Hence, the collisions turned out to
be increasing steadily. To test for spatial distribution, the road was divided into 500 segments. We
assumed a null hypothesis that each collision occurred with the same probability on each of the seg-
ments. We generated 1000 samples, each of which consisted of 46 randomly selected segments, and
counted clusters of various sizes. We defined a cluster as collisions = 4 (size 4) within 1km. The
results were 1.544/sample for size 4, 0.349/sample for size 5, 0.054/sample for size 6, and 0.008/sam-
ple for size 7. The real distribution had 1 cluster of size 4, 2 clusters of size 5 and 2 clusters of size
7 (P<0.001). In the almost all of these clusters, it have already paid for many effort to prevent cat-
vehicle collision such as underpasses, elevated segments of the road and zebra zone, our findings
suggest that it is reasonable statistically. Because the situation around the cat-vehicle collisions,
such as road structure, traffic volume and habitat condition of the cat along the road, has been
changed, we think also that it is necessary to examine further analysis using additional data to sug-
gest the measurement against collision effectively.
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Iriomote cat-vehicle collisions are a serious problem for
the conservation of wildlife in Japan. The Iriomote cats
(Prionatlurus bengalensis ssp iriomotensis ; I[riomote-
yamaneko in Japanese) live exclusively on the Iriomote is-
land at the southern end of the Japanese Ryukyu Archi-
pelago, which are 200 km east of Taiwan. Initially,
morphologically unique characteristics of the Iriomote
cats suggested the discovery of a new species3>. The cat
was declared a Special Natural Monument in 1977 by the
Japan Government. Recently, the studies of DNA indicat-
ed that it is a subspecies of the leopard cat Felis benga-
lensis, which is widely distributed from Southeast Asia to
East Asia®. Various studies on ecology and behavior by
fecal analysis, camera-trapping, and radio-tracking were

conducted® 1311820 Cyurrently, it is estimated that

there are barely 100 individuals left in the Iriomote cat

20)

population The decline in population was considered

to due to habitat loss from development and mortality

*#¥ Recently, it has been recog-

from traffic accidents
nized that the population size, which had been stable un-
til the late 1980s, tends to decrease on the basis of the
first to fourth report of the Ministry of the Environment
of Japan'’. Prionailurus bengalensis ssp iriomotensis is
now listed as Critically Endangered (CR) in the Red List
by IUCNY because of its restricted habitat and less popu-
lation size than 250. Similarly, it is listed as one of do-
mestic rare animal-plant species and is conserved, accord-
ing to a project of conservation and breeding by he
Ministry of the Environment of Japan.

The spatiotemporal patterns of vehicle collisions with,
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for example, deer have been previously reportedl‘:’) but
since the population size of an endangered species, such
as the Iriomote cat, is very small, the annual frequency of
wildlife-vehicle collisions is extremely low and the occur-
rences are sporadic. Hence, it is very difficult to conclude
whether the number of collisions with endangered spe-
cies are steadily increasing or decreasing, and new meth-
ods to analyze these data are needed. Our objective was
to propose possible methods for analyzing the spatiotem-
poral distributions of collisions even though the number
of collisions is extremely small. We applied these meth-
ods to analyze the data of vehicle collisions with Iriomote
cats. First, we examined whether the temporal distribu-
tion of collisions could be described statistically, and
whether the frequency of collision was steadily increas-
ing. Second, we examined whether the spatial distribu-
tion had any characteristic pattern. If so, such findings
would provide information vital for an effective strategy
to decrease the number of collisions.

Materials

The Iriomote Ranger Office for Nature Conservation of
the Ministry of Environment of Japan has collected infor-
mation on Iriomote cat-vehicle collisions since 1978. Table
1 lists the dates when each of the Iriomote cats was
found dead or injured. As of July 21 (2008), 46 cats (30
males and 16 females) were involved in vehicle collisions.
Of them, 33 were adult cats (males > 3kg body weight ;

females post-maternity), 5 were juveniles (males < 3kg ;
females pre-maternity and older that 1 year), and 8 were
kittens (males and females both < 1 year old). Only one
cat (No. 26) survived the collision, and the other 45 were
found dead. The locations of the collisions are marked on
a map of the island (Fig. 1).

Study Area

The island is 289.24 km? in area (24°20'N, 123°49’E),
130km in circumference, and covered in broadleaf, ever-
green, subtropical rainforest with dense mangroves along
the estuaries. The interior of the island is mountainous
with 3 mountains higher than 400m above sea level (Fig.
1). The inland mountainous areas higher than 200 m
above sea level are 10429km” in area. The lower areas
than 200 m above sea level, excluding residential areas
and farmland, were 173.61km® in area, and residential ar-
eas and farmland were 11.34km? in area. University of
the Ryukyus® reported that the population density of
the Iriomote cat of the inland mountainous areas was
0.12/km?” and that of the lower areas was 0.56/km® Par-
ticularly, from the foot of mountain to the coastal side of
the lower areas is considered to be suitable habitat for
the cat, because of the variable forests containing wet-
lands and prey animals. Dietary habits of the Iriomote
cats are rather variable, including mammals, birds, rep-
tiles, frogs, and insects”. This is the reason why the pop-
ulation of the cat is dense in the lower areas. Only one

Fig. 1.

East End

Road map of Iriomote Island. Each number represents the order of witness dates of the collisions,

according to the numbering in Table 1. Some shaded areas, which are higher than 200m above sea
level, are not preferable habitats. Three of the mountains are higher than 400 m above sea level, and
the highest is 469.5m. The diameter of all the circles is 1km.
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trunk road was constructed from the northwestern part
to the southern one along the coastline in 1977, and the
total length of it is about 50km (Fig. 1). The first collision
occurred in 1978. The Iriomote Ranger Office for Nature
Conservation (Iriomote Wildlife Conservation Center) of
the Ministry of the Environment of Japan has been col-
lecting information on Iriomote cat-vehicle collisions since
then. All the collisions occurred on this road. We ana-
lyzed these data on the collisions.

Methods

Analysis of Temporal Distribution

We examined whether any characteristic patterns
could be detected in the temporal distribution of the colli-
sions. Figure 2 shows the annual frequencies of collisions.
We plotted the date when each of the cats was found as
a sequence of collisions on the time axis from 1 Jan 1978
(Fig. 3). We then assumed that the collisions occurred in-
dependently of each other, because the drivers are inde-
pendent of each other. For example, even if two victims
of the collision immediately after one collision were a
mother and her child, it was considered that these colli-
sions were independent of each other, because these vic-
tims suffered not from a single collision but from two col-
lisions, which were caused by two different drivers.
Probability p was defined as the probability of a collision
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Fig. 2. Annual frequency of Iriomote cat-vehicle collisions.

1Jan 1978 gjrg collision

within an arbitrary time unit. If the entire time of obser-
vation (31 years) was divided into » small time units such
that the number of occurrences of the event is at most
one, the data represents a binomial process B(n, p), in
which one collision occurred with probability p or no col-
lision occurred with probability I —p. Then, if # becomes
large and p small with A=#np being held constant, it is
well approximated by the Poisson process P(A). We ex-
amined whether or not an observed phenomenon could
be considered as a Poisson process, assuming that the
collisions obeyed a Poisson process P(4) with mean A=
(46 collisions/31lyears) = 148 collisions/year. The proce-
dure was as follows : We first evaluated the parameter A
by counting the number of collisions for a sufficiently long
preassigned observation time, assuming that the ob-
served random process followed the Poisson probability
law. Next, we obtained the waiting time W, for a speci-
fied n-th occurrence of the collision, which is referred to
as the time up to the specified #z-th occurrence from ¢=0,
which is 1 Jan 1978. Here, the waiting time W, followed
the gamma probability law with parameter 7z and A from
12 Hence, the random variable 247, had a

x’distribution with 27 degrees of freedom. We then de-

the theorem

termined the values x; and x, of the y’distribution such
that the interval (between x, and x,) provided a confi-
dence interval for the parameter 2AW, with confidence
coefficient 1—a. That is,

Prix, <ZAW,<yj=1—a. @

Hence, the confidence interval for the parameter A be-
came :

Prix,/2W,<A<y/2W =1—a. 2

Thus, if the observed value of the parameter A fell within
this interval, we concluded the collisions could be consid-
ered as a Poisson process. The significance level was
taken as P<0.05 so that @ was 0.05.

In the above methods, the parameter A was considered

o] o] o] O |
3000
1 o] [o] o} @O (o] o} (o] oo O (o] |
3000 6000
| o] o 0 o] o] o] [o] a O o 00 o] |
6000 9000
l 00 O o] [e] o] o] 00 O |
9000 12000
Days

Fig. 3. Sequence of witness dates of the collisions.

46th collision:1 May 2008

The origin of the time axis was defined as 1 Jan 1978.
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Fig. 4. One case of simulated distribution of collisions from 1000 simulations.

The trunk road of 50km in

length is divided into 500 segments. For example, a part from the 1* segment to 50® segment is en-
larged to be visible. Two clusters, each of which consists of 4 collisions within 10 segments, that is,

1km, are marked in black.

to be constant for the duration of the 31 year observation
time. Equation (2) suggested that the observed value of
the parameter A was variable within the 95%-confidence
interval. Hence, we examined whether or not the colli-
sions were an nonhomogeneous Poisson process with a
parameter Athat was a function of time ¢ A(#). If A(9) in-
creased with time ¢ (year), this would indicate that the
number of collisions was steadily increasing. A(¢f) was de-
fined as the cumulative number of collisions until time ¢
divided by time ¢t. The points of A(W, ; W, a waiting
time for No. n (n=2, 3, ---, 46) in Table 1, were fit to a
logarithmic curve. Then, W, (corresponding to No. 1 in
Table 1 [14 Nov 1978]) was excluded, because the date
was very near 1 Jan 1978. The significance of the fit was
evaluated by x*-test.

Analysis of Spatial Distribution

We examined whether the spatial distribution of the
collisions had any characteristic pattern or not. There
was only one main 50-km stretch of road with traffic,
which ran along the coast of about three quarters of the
island. Figure 1 shows that there appears to be some
clusters among the 46 collisions, which are marked with
circles. Hence, we examined whether these clusters ap-
peared by chance or not. We defined a cluster as colli-
sions =4 within 1km, and represented a cluster consist-
ing of n collisions as a cluster of size n. To clarify this
issue, we did simulations in the following. The road was
divided into 500 segments, each of which was 0.1km in
length (Fig. 4). These segments were numbered from 1
to 500. We assumed a null hypothesis that each collision
occurred with the same probability on each of the seg-
ments so that 46 numbers were selected randomly from
1 to 500 by random number generators of computer soft-
ware MATLAB®. Figure 4, for example, shows that one
collision (marked in circle) occurs on each of 46 randomly
selected segments, and that 2 clusters, which are both

We generated 1000
samples, each of which consisted of 46 randomly selected

size 4 (marked in black), appear.

segments, and counted clusters of various sizes totally for
those 1000 samples. We compared cluster distributions
of 1000 samples with the cluster distribution of the real

ones.
Results

Results on Temporal Distribution

Table 1 shows that the collisions of male cats are more
than those of female ones. On a hypothesis that there
was no difference in the frequency of the collisions be-
tween the male and female cats, the 95%-confidence in-
terval of male collisions was [16.4, 29.7] so that the hy-
pothesis was rejected and the collisions of male cats were
significantly more than those of female ones [Male 30 ;
Female 16]. Similarly, the number of the collisions of
adult cats was significantly more than that of the colli-
sions of young and very young ones [Adult 33 ; Young &
Very Young 13]. From Fig. 2, it is unclear whether the
annual frequency was increasing, although the frequency
of the year of 2001 is the most of the data. Figure 3
shows that the witness dates are a random series in time.

For example, the waiting time W,, was 15.15 years.
The random variable 2AW,, had a x“distribution with 40
degrees of freedom. Then, equation (1) was as follows :
P(24.4<2X15.15X A1<59.3)=0.95.
Hence, the confidence interval for the parameter A be-
came :
0.81<2<1.96.
Thus, the observed value of the parameter A = 148. fell
The waiting time W,; was 30.35
years. The random variable 2AW,; had a x’distribution

within this interval.

with 90 degrees of freedom. Then, equation (1) was as
follows:
P65.6<2X%30.35XA<118.1)=0.95.
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Table 1.

Data of Iriomote cat-vehicle collisions (1978-
Each number is labeled on the road
map (Fig. 1). In the column of Age, A is adult,

2008).

J is juvenile, and K is kitten.

Witness
No. Sex Age Date
1T M A 1978.11.14
2 M K 1981.11.16
3 M K 1982.2.26
4 M A 1983.9.30
E M K 1984.2.29
6 M A 1984.9.3
TM A 1985.11.4
8 F J 1986.6.10
9 M A 1986.11.25
10 F A 1987.6.15
11T M A 1987.11.28
12 M A 1987126
13 M A 19881.14
14 M A 1989.1.30
15 F A 1989.8.14
16 M A 1990.12.5
17 M A 1991.11.29
18 M J 1991.12.27
19 M A 1992.3.5
20 M A 1993.2.19
21 F A 1993.4.25
22 M A 1995.1.6
23 F A 1995917
24 M K 1995.11.24
25 M A 1996.4.6
26 M K 1996.8.6
27 F A 1997.7.9
28 M K 1999.7.8
29 M J 2000.12.29
a0 F J 2001.1.16
3t M A 2001.3.27
32 M A 2001.7.17
33 M J 2001.10.3
34 F A 2001.11.5
35 F A 2002.6.17
36 F A 2003.5.13
3T M A 2003.68.22
38 F A 2003.8.26
39 M A 20041117
a0 F A 2005.4.21
41 F K 2006.6.19
2 F K 2006.11.11
43 F A 20071012
44 M A 2008.1.26
45 M A 2008.3.11
45 F A 2008.5.1

—_
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T

M) collisions/year

o
<

% 10 20 30
(1977)  (1987)  (1897)  (2007)
t (years)

Fig. 5. Logarithmic curve fit to A(#) (marked by circles).
Time ¢ is the waiting time from 1 Jan 1978 to the
witness of the respective collision. A(?) is the
cumulative numbers of the collisions until time ¢
divided by &

Hence, the confidence interval for the parameter A be-
came

1.08<A<1.95.

As noted above for W, the observed value of the param-
eter A = 148. fell within this interval ; this was also the
result for all other W,.

A plot of A(f) versus ¢ is shown in Fig. 5. The points of
AW, ; W, a waiting time for No. # (n=2, 3, ---, 46) in Ta-
ble 1, were fit to a logarithmic curve as follows :
A)=0.164+0.396 X log(¢t) ; log is natural logarithm (P=
0.0001).

This equation indicated that A(f) was an increasing
function with time ¢ This finding means that the yearly
frequency of the cat-vehicle collisions is steadily increas-
ing every year.

Results on Spatial Distribution

The results of 1000 samples were 1544 clusters of size
4 (1.544/sample), 349 clusters of size 5 (0.349/sample), 54
clusters of size 6 (0.054/sample), and 8 clusters of size 7
(0.008/sample). Particularly, any of these 8 clusters of
size 7 did not appeared with another cluster in the same
sample. These findings indicated that the probability of
occurrence of cluster of size 7 was 0.008, and that the
probability of simultaneous occurrence of 2 clusters of
size 7 was less than 0.001. Figure 1 shows that 2 clusters
of size 7, 2 clusters of size 5, and 1 cluster of size 4 ap-
peared in the distribution of the real collisions. It indicat-
ed that the probability of occurrence of the real cluster
distribution was much less than 0.001. Finally, the null
hypothesis that each collision occurred with the same
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probability on each of the segments was rejected (P<
0.001).

Discussion

The number of the collisions of male cats was twice as
many as that of the female ones. The reason was pre-
sumed to be that males occupy broader ranges in periph-
eral habitats than females (males : 2.1 to 4.7km? females :
095 to 1.55 ka)ZZ). The number of the collisions of adult
cats was twice and a half as many as that of the young
and very young ones. The reason was considered to be
that home ranges of adult cats are broader than those of
young and very young ones.

Results from the statistical analysis indicated that the
collisions obeyed a Poisson process P(A) with parameter A
~ 148 collisions/year ; the observed value of the parame-
ter A fell within the 95%-confidence interval. Since the
parameter A was within the 95%-confidence interval, it in-
dicated that the collisions followed a Poisson process
from a statistical point of view, although it is possible
that A was variable within that interval. The finding that
the cat-vehicle collisions followed a Poisson process is
consistent with that the traffic accidents are considered

', In a Poisson pro-

in general to follow a Poisson process'
cess the parameter A equals the expectation of that pro-
cess. Hence, we examined whether Aincreased with time
t to predict if the collisions were steadily increasing. Al-
though the frequency distribution of collisions did not
show a clear increasing trend (Fig. 2), the fit curve for A(z)
was an increasing curve indicating that the number of
the collisions was steadily increasing. In summary, we
found that : 1) the temporal distribution of the collisions
obeyed a Poisson process ; and 2) the Poisson process
was nonhomogeneous with the parameter A(¢), which in-
creased with time ¢ This indicates that : 1) an arbitrary
two collisions are presumed to occur independently of
each other, which can be justified by the observations
that arbitrary drivers who cause a collision are indepen-
dent of each other, and the cat is solitary ; and 2), the col-
lisions are steadily increasing. The sharply increase of
the collisions from 1978 to 1987 (Fig. 5), which is fitted by
the logarithmic curve, may be due to an insufficient strat-
egy for the prevention of the collisions and/or an insuffi-
cient caution of the cat against vehicles, because the
trunk road was just constructed in 1977. Figure 5 also
shows that the real data are approximately below the fit-
ting curve after 1997. It may be due to an effectiveness
of the projection of the road improvement as ‘Eco-road’
starting in 1995 or/and the reduction of the cat by the
road. The female resident Iriomote cat at the roadside is

estimated to have reduced after 1997 because of collision
and destroying of the habitat?”. No female places tend to
make resident and transient males less, so that cat-vehi-
cle collisions may reduced after 1997.

The findings from the spatial distribution show that
the real collisions did not occur uniformly with the same
probability on the segments of the road. In other words,
it indicates that the probability of occurrence of those
collisions depended on the segments of the road. Hence,
the areas marked by the circles in Fig. 1 were considered
to be those where the collisions were likely to occur.
These 5 circles were labeled A, B, C, D, and E in order
from the west to the east (Fig. 1). In the last 30 years
the structure of roads, the environment around the roads,
the traffic volume, and the habitat of the cat had been

" 1In spite of such a drastic change,

changed drastically
the cat has been frequently encountered on the road
within the 5 circles when these conditions have rarely
changed from 2001 (Okamura’s private communication).
Hence, it is considered that the cat was still at high risk
within those circles. Each of the areas of A, B, C, D and
E had various risk factors, such as the wetlands suitable
for the cat around it ; the easy access for the cat on the
road without hindrance ; the easy road structure for the
car to speed up and/or the poor visibility due to many
curves, where it might be difficult for both the driver and
the cat to find each other.
collisions occurred frequently within area E was consid-

One of the reasons why the

ered to be that the ridges and wetlands were alternately
along the road, which was unique in the island. Iriomote
cat liked particularly such a mosaic-like environment?.
The second reason was presumed to be that the cat
could cross the road easily without hindrance to enter
the suitable wetlands of the both sides of the road. The
third was that the cat got accustomed to taking prey ani-
mals killed by the car on the road". Additionally, there
Wwere soO many curves.

Management Implications

The trunk road was constructed in 1977, and the first
collision occurred in 1978. Thereafter, there were more
tourists visiting the island and more immigrants year by

yearlél 20)

so that collisions occurred almost every year.
Hence, the Iriomote Wildlife Conservation Center contin-
ued public relations to prevent traffic accidents involving
the cat. However, the number of collisions did not de-
crease. The administration of Okinawa prefecture pro-
jected the road improvement as ‘Eco-road’ in 1995, which
would mitigate negative effects on wildlife, in cooperation

with the Iriomote Wildlife Conservation Center. Howev-
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er, such a project including the installation of underpasses
and the improvement of gutters beside could not de-
crease collisions. Finally, the examination committee con-
sisting of the Administrative Division of Okinawa Prefec-
ture, the Iriomote Wildlife Conservation Center, and the
specialists, was formed to deal with the problem in 2003.
The results from the spatial distribution indicated that
the collisions were likely to occur in the areas marked by
the circles of Fig. 1. Except area A, which was not in-
cluded in ‘Ecoroad’, many efforts were thereafter made
to prevent cat-vehicle collision such as many underpasses
and “zebra zones”, in which vibration calls attention to
drivers while driving on the zone, in areas B, C, and D.
It was planned that more underpasses and one elevated
segment of the road would be installed in area E. Some
defaults of the underpasses, which often became out of
sight by grasses or submerged, were pointed out by the
examination of ‘Eco-road’. And then, some counter mea-
sures were worked out in areas B and D. Since area C
was not adequate for the installation of underpasses be-
cause of the landform of it, “zebra zone” were paved, and
signs saying ‘Attention to Cats’ were installed. However,
it was considered that only the installation of more un-
derpasses would not prevent collisions, because it was
witnessed that cats took preys killed by cars on the road.
The Administrative Division of Okinawa decided the con-
struction of seven elevated segments of the road, which
were considered to be more effective for the cat to keep

away from the road than the underpassesl‘”.

It was
planed that one of the elevated segments would be in-
stalled in area E. From the cost versus effectiveness
point of view, it is important to call attention to the prob-
lem of cat-vehicle collisions by various methods. Sixteen
of “zebra zone” and 43 of signs saying Attention to Cats
and 12 of movable signboards were installed until 2008.
Ninety-four underpasses and gutters were installed along
the 30-km segment of the road. The defects of them
" so that

the gutters keep wildlife away. The Iriomote Wildlife

were improved at the next 20-km segment plan

Conservation Center has been conducting a campaign for
preventing collisions to visitors as well as residents twice
a year. The findings of the clusters has raised an impor-
tant issue that any compound risk factors in the clusters
would be made clear and the measures against the re-
spective factors would be taken. Because the situation
around the cat-vehicle collisions, such as road structure,
traffic volume and habitat condition of the cat along the
road, has been changed, it is also necessary to examine
further analysis using additional data. In addition, it is
important to let the drivers know more about the criti-

cally endangered Iriomote cat by various enlightening
campaign. Iriomote Wildlife Conservation Center and all
the companies of rent-a-car in the island launched the
project entitled “Declaration of Safety Driving for Wild-
life” since 2010 to appeal to drivers for spontaneous cor-
poration.
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