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The life cycle of the birthwort swallowtail butterfly, Atrophaneura alcinous depended
on both climatic and biotic factors such as quality of food plant, temperature,
photoperiod, starvation and crowding. Not only the induction of diapause, but also the
period of diapause depended on photoperiods. The period of diapause depended on

various other factors that affected diapause incidence, such as isolation, food quality,
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temperature and food deprivation. The variability was observed not only among popula-

tions but also among individuals within a population, causing the life cycle to split

within the population. Three populations of A. aleinous from Kobe (Hyogo Prefecture,

Japan) were characterized by the habitat, food plant, behavior, coloration, diapause

response, growth rate, body size and temperature tolerance. i.e., woody species vs. weedy

species, The data suggests that an open-land population has a simple life cycle, produc-

ing more annual generations, whereas a wood-land population is polymorphic,

diapausing at different phases of its life cycle. The split life cycle was attributed to

adaptation to avoid occasional exhaustion of food plants due to overcrowding caused by

the escape from the predation by sequestered toxic substances derived from the host

plant. Stable wood-land habitat may favor temporal escape strategy from population

catastrophe by diapause, whereas unstable open-land habitat may favor migrant r-

strategists to spatially escape such a catastrophe.

Key words: Life cycle, Diapause, Atrophaneura, Swallowtail, Aristolochia

Introduction

The birthwort, Aristolochia contains four distinct
species; two, 4. kaempferi and A. onoei, are woody
forms growing in more or less shady environment,
and the others, A. debilis and A. contorta, are weeds
covering open-land. The two groups are distinct not
only in the habitat but also morphology and demo-
graphic characteristics.

Atrophaneura alcinous, a swallowtail butterfly,
feeds on both types of birthwort species. Since the
host plant contains noxious substances that help the
butterfly to build up a high population density by
avoiding bird predation, they sometimes completely
defoliate the host, which leads to the starvation for
the insect. Since the noxious substance is also a feed-
ing stimulant for the insect and sequestered in the
insect body, the larvae frequent the cannibalism
when starved (Nishida and Fukami, 1989a; 1989
b). The two types of habitats were distinct in bird
predation, heavy in the woods compared to the

open-land, and in the amount of solar heat radiation

1H8

and desiccation during summer. Thus, butterfly
populations occurring in the two types of environ-
ment may build different demographic characters in
their life cycle. The top of the Rokko Mountains is
covered by A. onoei var arimaensis which is gradu-
ally replaced by 4. debilis toward the mountain foot.
The swallowtail, A. alcinous is common in the
mountains and the outskirt.

This study compared the developmental and life
cycle traits in three populations of 4. alcinous from

distinct habitats in and around the Rokkos.
Materials and Methods

Insects and the habitats

The Aina stock (AN): Eggs laid by more than
ten pairs of spring morph adults collected in May
1987 in Aina, Yamadacho, Kobe (34° 42’ N 135" 18
E), were supplied for {he subscquent experiments.
This stock feeds on A. o var arimaensis growing on
the north and west slopes of the Rokko and Tanjo
Mountiins along the Arima-Takatsuki Land Gap
(fault),

’lid
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Life Cycle Differentiation in Atrophaneura alcinous.

This population may be characterized as the “hill-
side population”. The host plants form small cohorts
scattered around the area where small populations
of the swallowtail succeed generations. The butter-
fly populations probably form a continuous large
population since the birthwort cohorts are not dis-
tinctly separated from each other. Field observation
made in 1987 confirmed a large number of flights in
May-June, a small number of flights in July-August
and almost no flights in September, implying that
this population had basically a bivoltine life cycle in
this habitat.

Adjacent to this habitat (Teradami, Hazeya-cho,
Nishi-ku, Kobe), 4. debilis grows, on which another
population of the swallowtail infests. The two types
of the butterfly populations were distinct in their
flight patterns; the AN butterflies flew along the
shady hedge of the woods bordering the vegetable
field, whereas those infesting 4. debilis flew slowly
as if drifting above the sunny field. The latter popu-
lation seemed to have a bivoltine or trivolitine life
cycle.

The Gakushu-no-mori stock (GM) : The stock
was established from spring morph adults collected
in May, 1987 in the Gakushu-no-mori Study Forest
in the Kobe Municipal Arboretum. The habitat is
located less than 10 km away from the AN collec-
tion site. Both habitats are separated by Suzurandai
residence area. This population also feeds upon 4. o.
var arimaensis which forms a biggest patch together
with the east slope population 10 km away from it.
The butterfly population harbored in this patch was
probably not more than 100 adults. The life cycle
pattern was basically bivoltine; the first peak of
adult flights occurring in mid-late May and the
second peak occurring late July-early August. The
autumnal flight (September) did occur but was
rare. The life cycle pattern of this stock may, how-

ever, be complex in the field, since occasionally

smaller spring morph adults fly together with larger
summer morph in July-August season. The adults
flew along shady paths but occasionally appeared in
the modestly bright valley. This population may be
characterized as the “wood-land” population.

The Yodogawa stock (YD) : The stock was estab-
lished from the adults collected in the Yodogawa
riverside by Dr. R. Nishida of Kyoto University,
Pestcide Research Institute. This population infests
a weedy species, A. debilis and the life cycle pattern
was estimated as trivoltine or tetravoltine. This may
be characterized as the “open- land” population. The
adults fly about sunny riverside.

Rearing

Larvae were fed with fresh leaves of A. o. var
arimaensis throughout the experiment. The experi-
ment was made twice in 1987, May-June and June-
August. Since they occasionally had prolonged
pupal stage even under long-day conditions, two
crowding conditions were experimentally set up.
The “mass culture (MC)” condition kept four lar-
vae in a plastic container of 11 cm across and 6 cm
tall (“shallow cup”) during the first three instars
which were thereafter transferred to another type of
container of 11 ¢cm across and 9.5 cm tall (“deep
cup”) and kept individually or with one “room-
mate.” The “single culture (SC)” condition kept one
individual in the same container condition through-
out its development as the “mass culture.” The
“starvation (SV)” condition deprived the larvae,
kept in the MS, of the food plant every other day
until 10 days after hatching. The incidence of larval
molting in MC was counted by the renewal of old
skin individually marked by a felt pen on the
dorsum.

Pupae were kept in the same condition as they
were reared as larvae, though the AN pupae of the
second generation raised at LD 13:11, 25 °C were

divided into two groups which were exposed to LD
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16: 8, a long-day and to LD 13:11, a short-day to
examine the effect of photoperiods on pupal period.
One group of long-day grown GN pupae, which
entered diapause, were chilled on a schedule as
follows: 10 °C for a month, 5 °C for a month and 10
°C for a month. The other group was kept where
they had grown. Starved pupae grown under a long-
day also passed this chilling schedule. After re-
turned to 25 °C, they were kept under LD 16:8.

Results

Larval period

Table 1 showed the larval periods of the three
populations when raised at LD 16: 8, 25 °C, compil-
ing both male and female data, since the sex ratio
(females / males plus females) was not heavily
biased, i. ., 0.535 for AN, 0.444 for GM and 0.535
for YD. The larval period was usually longer in
females; 16.85+1.39 (N=20) vs 15.70 £1.66 days
(N=23) in AN and 18.50 +1.02 (N=60) vs 17.09
+1.51 days (N=69) in YD for the first generation

Table 1 Larval periods of three populations of A. al
var arimaensis. Both males and females were com

and 28,58 UL HO (N 12w 21.14 1-1.350 days (N

7) in AN e 20,30 12,190 (N 24) vs 28.40 =
4.37 days (N 15) in GM in {he second generation.

The first generation grew busically in a diapause-
free manner, whereas the second generation entered
diapause in high percentages even under a long-day
condition, which is reflected also on the large differ-
ence in larval period between the generations. The
larval period was affected by the developmental
program which later instituted diapause. The SC
larvae took more time to pupate (Table 1), which
«yasted” some 169.8 degree-days. The strain differ-
ence was not pronounced (Aspin-Welch test, p>>
0.05), though a slight elongation was observed in
the GM stock, which occurred in the second genera-
tion also: 23.95+3.78 (N= 19) in AN vs 27.23 %
3.29 days (N=39) in GM.

The larval period was extended considerably by
starvation, namely 27.23 =3.29 (N=39) in MC
whereas 32.58 22.56 days (N=50) in SV. The dif-
ference was highly significant (Aspin-Welch test, p

cinous raised at LD 16:8, 25 °C, fed with A.onoei
bined. Means in days and (SDs)

Stock Generation -
density"’ 1 Il
IM 3.37 1.54
(1.o4)  (0.6D
AN
oM = B
I M 3.00 1.86
) (0.36)
GM
1S - -
IM 2.19 2.42
0.40  (0.59
YD
I M = -

Instar N

2.45 3.21 5.54 16.23 43

(0.51) (0. 60) (0.77) (1.63)

- - - 23.95 19
(3.78)

2.18 4.00 7.04 18.04 27
(0.39) (0.61) (1.06) (1.37)

— - - 22.37 12
(4.98)

3.15 3.60 6.51 17.74 129
(0. 64) (0. 64) (0.90) (1.48)

27.23 39
(3.29)

1) M: mass culture, S: single culture, It first, 11: second generation.

160



Life Cycle Differentiation in Atrophaneura alcinous.

<0.01)

Figure 1 illustrates the difference between the
larvae destined to diapause and those to non-
diapause. Larval development was severely retarded
at 30 °C ; the retardation was estimated as 8.73 days
(181.7 degree-days) from the “highest velocity”
extrapolated from the 20 °C and 25 °C data, pro-
vided that the development was ’normal’ at both
temperatures. The threshold temperature for “nor-
mal” development was estimated as 10.54 °C and
the required heat units for larval development as
310.2 degree-days from the “normal” development
at 20 and 25 °C.

Although diapause-destined larvae grew more
slowly, photoperiodic effect on the larval period per
se was not detected, since nondiapause individuals
took 21.46+1.13, and 21.50+1.73 days to pupate
at LD 16:8 and 14: 10, respectively and diapause
individuals took 27.38 £3.42, 26.25 +2.30 and
26.50+1.68 days at LD 16:8, 14:10 and 13:11,
respectively.

In summary, 1) males generally had shorter
larval period than females, 2) the AN stock had
shorter larval period than the GM stock, 3) larvae
destined to diapause at pupae had longer larval

period than larvae destined to non-diapause, 4) first
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Fig. 1 Larval period (d) (closeed circles) and developmental quotient (1
/d) (triangles) of the second generation AN larvae of 4. alcinous destined
to nondipause, when they were reared at LD 16:8 and larvae destined to
diapause (open circles). Vertical lines indicate the standard deviation. (The
shaded is heat units wasted for high temperature-induced developmental
delay). The wasted heat units were nearly 50%. Small closed circle was a
projected larval period at 30 °C, if no delay was caused, which was extrapo-
lated from the 20 and 25 °C data points.
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generation larvae had shorter larval life than second
generation larvae together with smaller variance, 5)
temperature higher than 30 °C slowed down the lar-
val development, 6) the threshold temperature for
larval development was estimated as 10.54 °C and
heat units required for larval development as 310.2
degree-days unless the development was affected by
diapause program, 7) photoperiod did not affect the
rate of larval development when diapause was not
programmed, and 9) starvation and isolation pro-
longed the larval period.
Pupal period and diapause

Pupal period depended on 1) the ambient tem-
perature (Fig. 2), 2) the sex (Fig. 3), 3) the stock
slightly (Table 2), and most strongly 4) the

diapause program but not on the generation (Table

3) nor rearing density (Table 2). The pupal period
may be determined by combination of these factors
but when all data from LD 16:8, 25°C were com-
piled, the mean periods of male pupae in the three
stocks ranged between 11.6 and 12.4 days whereas
those of females between 12.0 and 13.3 days, shorter
in males than in females (Table 2). Figuse. 2 also il-
lustrates this difference in a temperature range be-
tween 20 and 30 °C.

The threshold temperature (to) for pupal devel-
opment was estimated in the AN stock as 7.47°C,
from the regression line for the rate of development
at the three temperatures, and heat units required
for pupal development as 234.8 degree-days (to =
7.47 °C). However, 30 °C seemed to be too high for

pupal development. Therefore this oint was

Larval period, days

Developmental rate, 1/days

Temperature, °C

Fig. 2 Pupal period (d) and developmental quotient (1/d) (triabgles) of
the 2nd generation AN pupae of 4. alcinous at LD 16:8. The regression
was made either based on 20 and 25 °C points (dotted line) assuming that
the 30 °C point suppressed normal development or based on 20, 25 and 30
°C points assuming that the 30 °C data point is normal. The shaded is a
possible high temperature retardation of development. Closed circles are
mean values for males, whereas open circles for females. The small closed
is the extrapolated value from linear regression based on 20 °C and 25

°C data.
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excluded and 159.3 degree-days (t9=12.3 °C) were
estimated base only on the 20 and 25 °C data (Fig.

2). At least several days seem to be wasted at tem-

Number of adults emergence

12 14 16
Days after pupation

Fig. 3 Difference in pupal period between the two
sexes of A. alcinous when they were kept at 25°C,
LD 16:8. The second generation of YD stock was
used. Males (closed circles), whereas females
(open circles).

peratures higher than 30 °C (shaded area in Fig. 2)
This waste could be an incipient summer diapause.

Pupal period was shortest in the AN stock, being
12.02 £0.67 days (N=43), whereas those of the
GM and YD stocks were 12.50+0.51 (N=24), and
12.57+0.90 (N=124) days, respectively. The sin-
gle culture resulted in a slight elongation in pupal
peirod (Table 2).

The diapause incidence illustrated the distinctness
of the three stocks most clearly. For example the
GM stock produced diapause pupae even when
reared under a long-day condition; 25 9% of the SC
larvae (N=12) and 14.7 9§ of the MC larvae (N=
34) in the first generation, whereas no diapause was
induced in the other stocks in this condition. In the
second generation, however, the AN stock also pro-
duced significant numbers of diapause pupae at LD
16:8, 25 °C, whereas 100 9% (N=39) GM pupae
entered diapause. The diapause pupae were deter-
mined as surviving pupae for more than 80 days
without emerging. Figure 4 illustrates the effect of
ambient temperature (A) and photoperiod (B).
High temperature and long day conditions tended to
suppress diapause. The switch, however, was not
sharp and substantial number of pupae entered
diapause even at LD 16: 8, and substantial number
of pupae emerged promptly without diapause at LD
14 : 10. The regression line of Fig. 4 (left) estimated
that 50 9% diapause should be obtained at 24.1 °C,
100 % diapause at 14.8 °C, and 0 9% at 33.2 °C. The

Table 2 Pupal periods in three populations of A. alcinous for diapause-free
development of the 1st generation reared at LD 16:8

Stock culture"’ Males N Females [&))
AN M 11.87 £0. 69 23 12.20+0.62 20
M 12.40£0.52 10 12.57t0.51 14

GM S
12.83 £ 0.58 3 13.33 £0.58 3
YD M 12.24 £0.82 69 12.97 £0.84 57

1) M: mass culture, S: single culture.
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100
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0 | I |
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Temperature, 0C
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0 | 1 | !
13 14 15 16

Photoperiod, hrs

Fig. 4 Photoperiodic regulation of diapause in the second generation AN stock of
A. alcinous at 25°C (right) and temperature effect on the determination by LD 16
.8 (left). Lines drawn to x-axis show critical photoperiod and temperature.

critical photoperiod at 25 °C was estimated as 15 hr
28 min (Fig. 4, right). The reverse response, how-
ever, appeared at 20 °C, diapause incidence 73.7 %
at LD 16:8 (N=19), whereas 38.9 % at LD 14:10
(N=18).

The intensity of diapause varied between the two
generations. All diapause pupae (N=8) of the GN
stock obtained in the first generation surpassed 180
days, when kept at LD 16:8, 25 °C, whereas those
of the second generation (N=21) started emerging
before 90 days after pupation and only two individu-
als stayed in diapause beyond 200 days in the same
condition. No diapause pupae were obtained at LD
16:8, 25 °C with the AN stock in the first genera-
tion, whereas diapause pupae appeared in the second
generation (N=5) from which adults emerged
between 99 and 144 days. Diapause pupae grown
under LD 14: 10 stayed longer in diapause, namely
80 % in diapause for more than 200 days.

To investigate if photoperiods during diapause
affected the diapause period, the two groups of
diapause pupae grown under LD 13:11 were kept
cither under LD 16:8 or 13: 11 at 25 °C. The long-

day induced emergence between day 102 and day
181, whereas the short-day induced the first emer-
gence on day 131 and 50 % stayed in diapause for
more than 200 days. Photoperiods affected diapause
period during pupal stage also at 20 °C. All diapause
AN pupae completed pupal development within 200
days when diapause was induced and the pupac were
subsequently maintained at LD 16 : 8, whereas 40 %
stayed in diapause for more than 200 days when
diapause was induced and the pupae were subse-
quently maintained at LD 14 : 10. The effect of tem-
perature during diapause was minimal, since the
modal days of emergence fell between 120 and 140
days at the three temperatures examined.

The chilling as scheduled in Materials and
Methods greatly accelerated diapause development,
since 21 GM diapause pupae emerged on day 85
when maintained at 25 °C, whereas the first emer-
gence occurred 14 da'ys after transfer to 25 °C fol-
lowing the 30 day chilling schedule and 83 % (N=
12) completed emergence within 70 days following
the chilling.

The starvation intensified diapause, since 33.3 %
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diapause GM pupae (N=30) which were deprived
of food every other day for the first 10 days during
feeding, stayed in diapause for more than 70 days
after they passed the same chilling schedule whereas
only 8.3 % “normally fed” pupae stayed in diapause
for more than 70 days.

Figure 5 illustrates the survival of the three
stocks. The GM stock showed the highest mortality
especially at pupal stage. The mortality was then
investigated at three temperature conditions with
the AN stock (Fig. 5). Although larval develop-
ment was retarded at 30 °C as shown in Fig. 1,
larvae survived this temperature but with high mor-
tality during pupal development.

Size and weight of pupae showed an opposite
trend between the generations. The smallest pupae
of all three stocks were obtained in the GM stock in
the first generation, 26.53 = 1.19 mm long and
13.79 £0.95 mm wide vs 27.09 +0.84 mm long and
13.81 +0.70 mm wide in the AN stock, and 27.41
£0.96 mm long and 14.41 £0.70 mm wide in the

YD stock. 872115 mg pupae (N=19) were ob-
tained in the AN stock in the second generation,
whereas 991 =93 mg pupae (N=39) in the GM
stock. Unexpectedly, starved larvae (N=50) be-
came heavier pupae, namely, 1027 =121 mg. The
temperature effect on the pupal weight was small,
since pupae resulted in 886 =138 (N=20), 872 =
115 (N=19) and 870+ 124 (N=19) mg at 30, 25
and 20 °C, respectively, and so was photoperiodic
effect, since 872 =115 (N=19), 858 =130 (N=14)
and 901 =98 (N=22) mg pupae were obtained at
250 C, LD 16:8, 14: 10 and 13: 11, respectively.

SC larvae became slightly smaller pupae; 25.73
*2.15 mm long and 13.09 =£1.14 mm wide (N=
12) vs. 26.53 +1.19 mm long and 13.79 +0.95 wide
in the MC (N=34).

Discussion

The life cycle of A. alcinous was regulated mainly
by photoperiodic induction of pupal diapause which

was further fine-tuned by various factors such as

100 -~ @ 100 - e
o—o——
xo——o\;\._._. \
o—o—ozg\o
= \0\““‘0 =
o]
— 80 801 ©
©
=
5
S = fe
=]
@ o \
ES
60 - -
60 %
[}
| [ I v v P A I P A

Developmental stage

Fig. 5 The survivorship curve of three stocks of 4. alcinous in the first generation (left).
Closed circles, AN; semiclosed, YD and open, GM and the effect of ambient tempera-
ture on the survival of the second generation AN stock (right). Closed circles, 20 °C;
semiclosed; 25 °C and open, 30°C. I, II, III, IV, and V indicate larval instars, P, pupa,

and A, adult stage.
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temperature, food quality, crowding and starvation.
Such complex fine-tuning of life cycle characterized
the three populations used here as an open-land
(YD), a hillside (AN) and a woodland (GM)
population. Although the open-land and woodland
habitats were not widely separated, gene flow
seemed to be restricted to some extent, since wing
patterns of adults, pupal coloration and color of
pupating thread are slightly differentiated (Kozuki
et al., 1992) as well as behaviour, diapause and other
developmental characteristics. For example, the
critical photoperiod for diapause induction was esti-
mated in this study as 15 hr 28 min in GM, whereas
it was 13 hr 30 min at 25 °C in Osaka, Kyoto and
Fukui open-land populations (Ishii, 1985).

Based on such data, Table 3 characterizes the
three populations. Birthwort growing on riverbed is
frequently cut or burned or uprooted. The habitat is,
therefore, ephemeral. The butterfly occupying such
a niche tends to increase the generation number by
reduced diapause tendency and enhanced migratory
ability. On the other hand, the woodland habitat is
stable and the woody species can recover easily from
various kinds of disturbances. The plant reproduc-

tion depends more on a vegetative manner rather

Table 3 Difference in pupal period (nondiapause)
in the AN stock of A.alcinous between generations
and sexes

Generation

Sex —
I ) 11 )

Males 11.87£0.69 23
12.20£0.62 20

11.67 =0.58 3

Females 12.751+0.96 4

than spreading seeds, which somehow limits the
ability of wide colonization.

Although aristrochic acid (Nishida and Fukami,
1989a; 1989b) helps the insect to escape from
predation, it may impose a biochemical burden on
the insect itself, since the larval development was
pronouncedly retarded in the second generation.
The situation in the second generation may not be
optimal in the woodland. The plant quality may
decline and the crowding may prevail. Larvae may
consume the birthwort completely. Long-day
induced diapause in the first generation of the GM
stock may, thus, be adaptive. If the stock built up a
large population in later generations, it may be of
great risk since together with cooler environment
and limited patch size of the host, predation, food

senescence, and cannibalism may capitulate the

Table 4 Characterization of three habitat populations of A. alcinous

Stock

Chararacter’ YD AN GM
Habitat riverside hillside woods
Host plant A. debilis A. onoei A. o. a. var arimaensis
Larval develop. intermed Fast slow
Pupal period
(nondiapause) long short long
9% diapause I 0 0 ~ 15
under long days II <35 ~ 40 100
Estimated voltininism 3~4 2 1~2
Pupal size 1 large normal small

II = small large

1) I: first generation, II: second generation.
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Fig. 6 Diagram showing projected life cycle patterns of three stocks
of A. alcinous in the field based on laboratory rearing and field obser-
vation. Darkly shaded box represents diapause pupae, whereas lightly
shaded, spring form adults. Light represents summer form adults.
Roman letters are the generations for the year.

chance of survival.

Figure 6 illustrates the projected life cycles of the
three populations based on the field observation and
laboratory rearing. The GM population may split
the life cycle and produce four kinds of diapause
pupae before winter. The life cycle is not regulated
solely by photoperiods, since the photoperiodic
regulation was reverse in the second generation. SV
and SC cultures also affected diapause incidence and

the intensity. Such a mode of diapause regulation

may provide not only a bet-hedging but also an
opportunistic fine-tuning mechanism.

The termination of diapause is also complex. The
diapause period was affected by photoperiod, tem-
perature, food quality and starvation. It is puzzling,
unless considering a population hazard, why a popu-
lation from more stable habitat diversified their life
cycle. Alternative reason may be that their habitat is
more or less isolated and communication between

the habitat patches is limited. In such situations,
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diapause is a favored escape mechanism over migra-
tion. Montine populations in various insects are in
many cases sedentary where the habitat patches are
isolated, or even tend to lose hind or both wings or
otherwise lead to microptery.

The habitat differentiation is probably real in the
case of A. alcinous. Frequently differentiated habi-
tats are inhabited by closely related but different
species with different life cycle characteristics
(Ohsaki, 1979a; 1979b; 1980) but the YD and GM
populations probably belong to the same species
since the former normally grow on the natural host
of the latter. Nonetheless, both environmental and
biological parameters for the life cycles of the two
populations may be grossly different. The genetic
dissection for these populations are therefore of

immense interest.
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T3RAF w27 « avFF2MH0T12h 7 R X I Chimarrogale
platycephala (Temminck) O M4 B F#A %

TR « B EED « EEAIHY

1) WERRZFRFBCEE RFE R
2) RINKZRTFE

(325 :20044E 4 A 3 1 ; 52F 1 20044E 5 H24H)

Use of Plastic Containers as a New Strategy to Survey the Distribution of Japanese
Water Shrew Chimarrogale platycephala (Temminck). Akio Ichikawa!’, Hiroshi
Nakamura?’ and Toshio Yoshida?’ (PThe United Graduate School of Agricultural
Science, Gifu University, Minami-minowa, Nagano 399-4598, Japan, 2)Facillty of
Agriculture, Shinshu University, Minami-minowa, Nagano 399-4598, Japan). Jpn. J.
Environ. Entomol. Zool. 15 : 169—177 (2004).

This study aimed to establish a new nonlethal strategy to confirm the distribution
range of Japanese water shrew. The survey was conducted in southern Nagano
Prefecture during from September 2001 to November 2002 except for the December to
March period. Distribution was judged by the feeding marks that remained in the con-
tainers in the survey period. Characteristics of feeding marks of water shrews are that
the fish bait is halved without its backbone, or is pulled out of the container with visible
feeding marks. The survey was affected by periods of interruption caused by rainfall, but
was not affected by watercourse width. The survey period found to be sufficient to

determine an absence of water shrew was 17 days.

Key words : Japanese water shrew, Plastic container, Distribution, Feeding mark, Survey

period

12345 3 B2 < 20014E 9 A 52002611 F 03 T, BEFIEO KRS I His 5
FUORENFIBRICBNT, 75 RAF w7 « AVvFF+FE2HANEATRZXIOAERRAE
HEMSLT A2 EEHMNIC, RBICL2HBMEOWE, 75X F v 7 « avFF+#H
BB OWTHEEZT B o7, AVXAXIOEBRIVFFRENC, iTH 54
FOUWED» o HBEEREITIC, ¥R EBRTIRETELbO®, £0LHIUA
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EAONTRETI L FFOHMADONSAT EMCEIEZHIND &0 - RN
BoNT. FTIRAF 97« AT FEBERHTOBRL EICLEHENICk - TRE
B ENCT 2EALA SN, REBEIRHEPERAZLSEL I &30 - 1.
JEAE B S HE SN S F CICRIERLER T YT FRERAMEEE LR, 17

H FBEJ’C% -7z,

LIS

# 7 % X I Chimarrogale platycephala (Tem-
minck) €75 HMT ) R X I B (Insectivora;
Mammalia) (/@ L, KAEBEIG L CHABO—F
T 5. AEIEICHREICAERL, AEPK
HERAEMATIRKBEETCHL b, IR
REEOREEEMEN TS IEMTES. ZN
¥ TIC, AEOR VTR (45 « L, 1997) 2,
HEHRBICB T AEERE ONE, 1999), £BBRE
DIEE) (P75, 2003) T 3HENHL OO,
ZOME < OWERKAE D THD (FIXE
BEIE, 1959 5 811, 1968), RELES 2% LB
TH 5. REIZKLIETF UIEELEER L1,
BORA TE IR S 1B E 12 E D BREREIC &K - T
BAREITRERY T 2EARESON, W2 OHE
FFIED B RDB THEO EHRENEOFEE LT
F‘bhTs (PATEFEAGERENRERE AR
(R, 2004, HEIGIRMIRRE  HRRRE AL FL
TR, 2000, #HEHBGEEL E). 207D,
ABAREL T DI, EFELoRHE P4
BRI O ZEMSIBNLETH 5.

IhE TABOAERBRREREST S HEELT
i, ANUFTFRVy—< v N5y T, WA HE,
FrvavvAEEROYF (LV)), &#EY
FEAOEESRSESh TS (5REHR,
1990 ; FTEB, 1992 : /N, 1999 5 FTER, 2003). L
MmL, Vy—< v I o7, BT TR EDET
HWOHEDO NS v THARWEEATS, BX2 2K
MBxoHEELREYZ LGS, AERIILTY
BB UNE, 1999). 20w, THET
OBEETEAA Y ML EIIB T 2HAHOAEBK

MAETIELAELOES, AREBHZRINLOD
PEHRTH S, ABOFIUEZZ NI, BRET
o HECABOLBRNEFHMT S L
OB FEOHBIZBTHL ENZ L.

JetE (1996) i, AJINICERELIZ T 7 A F v
yeavsrrThERBL, AEEFETILTERE
HEAITIE 1. BEOR, 73 AXAF w7 «aV
FFMICAaERTAHIZC L D2, AEMHICE
TREABETEAEIICWBEBAEMA, AEHE
AT - 72,

Apigecid, MBS TICERRLEMT 5 F
HEORSFERNEL, T3RAF v s « 3T A
CEARBICLIHBEEOHE, SIRAF v T
OV FRERARIC OWLWTHELATE 2.

AEE L CHEERE

1. AEM

AR TIRHREBIES AT D 10m Kl D /A
JEFEERINE L, KE)HEE X ORI R
O EFFBEEICAIE T B AN OREJIFE 1)1,
KBGO0 CB W TCHEET L -7 T
~NHAME RO ETH -7 B, A—HET
BHi4E L CEMOAEBREETL > G A,
Al OFBEILIIO LD &AL, ARREEFHE
s EICBE L.

2. BEFE

1) BRICEDHBEDHEE

FS5ZF 97+ AT F (31.0X23.6X16.0
cm ; BeBox MC-9L 7 A U 24— ¥ < (#k) ; KA
Tavsd) FAy valRic-TkH, A%
KMERTZEHICE-TE, A yFFITEE
5EBO %, fIEIZ3.5cm X 7.0em D (LLF,
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HADINETS) MBEHLTE L, BEiOBEICE
h, AxXIBPAYOEBE -T2 T+ %H
HICHADT20%2ERA L. a7 FAEICE
GiES, 20 it (KE100mmIBFED 7 ¥
Carangidae) ORMEZ7ZRTLL D, E5iT
ZRENAICL L DD TEW . BlkHICik
BFICHAKICETLHICEREL, OB P
r2 (Fig.1). 27+, RBOWEREEIZ 14,
WA D Odskif iz X5 1oRE L. RFEL
NOEYNZ L 2HORBEDEY Sy, TV 7
FizidEE L

AHEOERB IUVHEOLZH DI, 1-3BE &
iavFFoREY AT AL ORR
RHALIES, HETZBWE L b —H 45
(B = Rz, 7 £ 74+ K-MINI o
ZAMR)) X DHERL, FHBREORMERT
PEL 7.
FAETIZADS 3 HERE, 200049 H2 5
20024E 11 H IS i TERM L 7=,

2) FSAF v - AVFFHRBHM

7RI OEE S, AHMORIEEHERL

ol v —A AT THIEEHERATE L
B EFERL Chic LIELEBRI SR, 75
RF s e aVTFEEHHN QT 7 rRE
B WT, RIENEERINLL, HE00E
HREBIZLIRBOATH-TeMBEEFTHE L. A
L2600 EBbNAARERA LS DD,
ZORHBRAEMBTERWESR, EEBA &
L, ABMEIcs 507 FRERABIIER, 2
VFFEREL, BUHTEABORRFERT S
FTOENBED S, BRAEICIDa YT+ D
REEFH LA EZE LSS S L JE
RS RT S 3T REHAL, RIE2E
M, SoInfesRo avFrREBELMEL, =
VT FERE UIENHES S PR U H R 2
Uil icBEE Ui,

v rREHARGT O TR AR YD T RE
HE OTREIREIE, HOFRECAENI v 7+ %
RRT 5 E TORMICEEERIZTAIHEENSH 5.
ZIT, RFEBMAICONT, HEHEE, TR
L, 1~30M, 4~10BIcK42 LT, &
hoav7FrRERBEEALEKLC KIS, AV y—

Fig. 1 Stones were used inside the container as a weight and the bait was tied
up with a kite string.
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RO CENM LR E O T, AEOHEE
ik £ OIEA BN Z nZhORKIEEE 2 B
& L 7- Mann-Whitney ® UKE (p<0.05) Zf774-
F S SIIAREOEBMEDOHICONT, R
LauFrRENEA 2E&E LT, Spearman®
IR AR R OME (p<0.05) ZEATIS - 72

AEOAEHEDAIZIONT, Fer: Bt 5 & H
FaN B E TIRIERSER DY TS RENEE
HEET B12, HEEHARRERMEER (55
I T 00 AR A M A A BB 100),
P E o v T REMRR S LT gt = A
W mEE L7

& =X

1. REIC KD HREDOHETE

ME AT - EARCIHED I B, H T ARAS
O M B A3 1A, A B30 A T H -
7z.

9L FFIC B LB AR LR H ISR
DR AT LR, AEO/RE, IV TS
NERIZ BT & 2 LD EER D S A RS TITF
SEEB T ZIRETES O, TOEIBE
EHROWRETI Y FFORAV AR SR L
MizBl S HEND & - IR A S LT (Fig.
2).

avFFItBAL, RRFRTHOTLEERYT
12 N7 % X 3 (Rattus norvegicus (Berkenhout)),
INEx R IH (LT AR X I Apodemus spe-
ciosus (Temminck)), A & F (Mustela itatsi Tem-
minck), 77 # 5 A (Cinclus pallasii Temminck),
# 94 = (Geothelphusa dehaani (White)) M
sxhiz (Table D). THFXRINE, FEBX )
BIAY A ZH—ED PSR XL HofRERHED
dem s 7 5T HIA, SHEIC T VT RIS E AR
HANBETAED O ERNT S 2 EAHR
» (Fig.3). 7, K72 X 10 &) BKRED X
Z MR A S FORBIEENE (RS T, &
15 A DO TORETR RO -
F O ZIC X ARER, AEICLIAREM

Fig. 2 The feeding mark of Japanese water shrew
which tore a bait off. This figure was not the sur-
vey method which used plastic containers but
placed baits beside the watercourse. By marking
for tracking, the tail of the individual became
white.

BT EMERLIcbD b S - 700, BTHIHE
mOREREXhc b dEfERLR (Fig.
@.ﬁvﬁizf@@aoommt;ﬁmﬂﬁ%
CEEEME DN £, METAHHEENE
O EEOEMAEY S L TR, £0ROH
Efﬁﬁ@%&ﬁ?é@%?ﬁbfﬁ%%%%ﬁ
1otk AHIC K BEI S ERICHB LI
DR—FITH SN - T2,
2. FS5AF vy AT FRERR
EEMED S B, HET A 0 HOMAETHE,
TH2.1+1.9 (S.D) HTHTAXIORRE

— 172 —

F'able

T

Wi

fifif kel t

fd
A8 1
o
ipETAL

RN



HTRRIOEBHEE

Table 1 Wildlife that appeared to the container and characteristics of the feeding mark of each wildlife

Wildlife Characteristics of the feeding mark of each wildlife

Japanese water shrew

The bait was remained inside the container as half without its backbone, or pulled out
from the container with distinctly visible feeding mark.

The bait was gnawed a little or remained as half with its backbone inside the container.

Hodenis Their scats were frequently remained in it.
Crabs The bait was gouged their eyes out completely.
Dippers The bait was picked and remained a scar in it.

Weasel and Norway rat

No parts of the bait and a knot that tied up the bait were remained.

e L, 2 <id3 BUATHEZAS /e (Table 2).

ZhISHL, TRIEER1~3 BothE TRES
5821 HERBHEMO0H DR &b, 3 v
TrREHFEBESBZEASR S W, 2
DIN—TDa T FEREHRICEEERZLS
5 N8 - 7o (Mann-Whitney @ UZE, U =18).
HRFHE DS 4~ 10H D 2 b5 T 14H, 18H &3F
LABWaryF+HEMME s - 7. A RS
T, TRFAHEY 1 ~3 BOME TIEFH18.7 +

35 HABETEL, RESOMIZH I - TS
Uz, HWTHE 4~ 10H 05 TIiEF#21.3 =
8.9 BHAAITIE Y, HE4BMICH Iz » THEE
L.
HI7FXIEBMEICEIT B HKIE 3.2
1.5m (/N1.0m-#xK7.0m) THY, FEAEH
STHEBEIC3.811.7m (1.0m-6.9m) TH -
7z (Table 3). A= B b L IEAEBHL S @R T,
BigIcHERETAONLE 2 (p=0.13). &£

Fig. 3 The feeding mark of rodents which remained the backbone of baits and
scats. The arrow indicates scats of rodents.
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Fig. 4 The feeding mark of crabs which gnawed and gouged bait’s eyes out.

Table 2 Comparison of survey periods (day) divi-
ded with three categories by interrupted periods
(day) between present and absent survey sites of
Japanese water shrew

Mean = S.D. (n)

Interrupted (Min.-Max)
periods — ——
Presence Absence
0 2.1+1.9 (19 )
a-mn =
13 5.8+2.1 (10) 18.7£3.5 (10)
3-9 (17-28)
=16 16.0+2.8 (2) 21.3%+8.9 (9
(14-18) (15-48)

BT ONT, HRIRE T 7 REHE O
CHEABIEAY ShiEh -1 (p=0.3D) (Fig.
5).

JEAEEMA EHESNDLET R IEIRIAES 3

Table 3 Watercourse width (m) as meantS.D. in
present and absent survey sites

Watercourse width (m)

(Min.- Max)
Pres a1 3.2+ 1.5
resence
o 1.0—7.0
3.8+ 1.7
Absence 30
1.0—6.9

v rREREE, Mg AR THEE Lo
B R EH 5 R O E T A5100%6 KT B0
31THETH -7 (R*-0.933) (Fig.6).

zE B

1. BECLBHBREDEE
AORZIORER, HEFEBE LKA
LD, avFFORICEIEHEND & o Tk
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Fig. 5 Relationship between survey periods and watercourse width. Circles indicate
the survey sites that water shrews were present and crosses indicate their absence.
The diamond shapes indicate the survey sites which long term interrupted that water
shrews were present.

120

100 -

R%=0. 933

Japanese water shrew(%)

Cumulative percentage of occurrence of

0 |7____ S - —_— L — ! = e——

0 5 10 15 20
Survey periods(Day)

Fig. 6 Estimation of sufficient survey periods. Error bars indicate the interval
estimation (959%).

AR U7 (Table 1, Fig.2). 47 « Jbdd (1997) 7eold, 2O XD BAERNFHICL D EEL
3, REMFOITEIC L DAL EAFHE LGS, pha. * XIFHHEAROLD, HOTEEH
FORTAENS I ERETICH L ATEI AR AY B ERHERNDTHELS. A1 FFRRT
LTEY, ZEORBENERLO L) THFF#ERL F X I RELEENZENZE D 230~530mm,
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285~500mm & A fE D L2 £ 197~238mm (] &,
1994) IR TRETH B 7o, EHES T, A&
DY EBLIEBEEZ SN (Table 1),

IVFFILHRTEEEENTNOREOHIE
MBZAW SMIZT B0, TV FFicEgs
HIR U ERBICRBEALE T NETHIH, KR
XTEBHICHELE. £/, 2hEhoEPH
BAEALHEEII O T HS TR
fo. UL, AIBICK DEELIREE, TERSH
TTHBEOR " EhRohiih 7o &, BE
Ik B HBEOHENTIRETH L ExRmB LT
Wa BIEICLOHEREOHE LTS &I,
2L oS THRERREETE S LTHEY
Thb.

2, FS5AF vy - AT FRELHH

a7 FERENMTORRZ &I X BRI,
fHOFKMEIHELRIZTaAEENS B EE L S
nrc, ABHSIZ 0T, FRIAEDS0 H O HLS
I, I~3 HoM S TR FENREEET
Bih-tbon, 207 FRENEEENLT
BIRMAAG S, 4~ 10H OHI S DA, 2 Hi &
i3 THbb0D, 14H, BHEZELLEWL I Y
FHEREHE LS o7 (Table2), 2D &0 S,
TETEBAZ (B - 2BEIE, KRBT ILROK
EMNE TS5 alfEMNd 5. $HHBHII >0 T
bATRRXINI VT FRAILHAEARAT S F
TORMIIEELRITRENRS S EEL o0
fo. RS &4 B S o B TSR 1C 22 13 7R
HoNT (Table 3), /LB SEBNTHRE
Mg & E AN IC R ED o N - 7 (Fig.
5. o0l EMSHBIEN1O~T.0mEE
DERBETHNE, 307 FBEURHIB—ETE
WEEZLND.

LB S HE SN D E TICRIKIRS S 0
VRS AR Lok, R B AR
DOHEFMMI00%1T#ET 52 OF1ITHHTH - 2
(Fig. 6). Z Z CHAEBME I BT S 3y 7+
EREOFEEEA5 &, FRTHEDI1-3 8, 4-1
OHOME D WFhitB T, 1870, 21.3 4

E,VTHEAMA LM, 20 FF2RELTHE
(Table 2). DI &b, EEBEHEL i
KB Ea3r7FEEAME A Th-cEEL
5h5.

BRI OWT, KT, HEEZ4 AL 5
NAOHETHEB LK., 3—a v/ &tk Ead 5
IKEMEIE LI X MA Y 2 X3 (Neomys fodiens
Pennant) Ti, ZFICHEI NI LI &
WE L X Ty 5 (Churchfield, 1984 ; Lardet,
1988). ChETOEZHLSOHABTHRANS 3
Hicld, “HARBE2HEAL T oBEATER
WZ ER, EEMBHOMITEHELLELI &
ME. 2O, FRHAEEITEOOI 4 H»
SIHETHBEL TS EEZ ONS.

FZELIcTrTHiEENIC, RIS AL
FlihEESEonTHED, BickiFons
wmEENSI I END ot FDIH, AR TIERA
mWoxE1~3HESITITR /M, HELRD H
BETRE D AT S EMHE L, 4
TR, M LI AL ED A —D5 DR,
T, REOHOEHMRAL, 3EHEHOREY
DLETH 5. KFHET LR IEB ORI
HRATA2TFHETHLI00, 5L EBEORE L
FINTOEBRAEFEORRMLETH 5.

WO

ARFAEITE S ICHy, L ER (BN
FREBEAMRESERE2FMASE), —WXEK
(MHHVEA Y LoKIEHER SR A 2 » &7 —), TR
HE MEE7EAA by —) ICRER
MR ECRHEBL BB,

51 A 3k

FIEg sk (1992) KA M. 2R 31
(2) :139-143,

MiEE Ak (1994) HADOWEILE. O BREEDT
It vy —f, WERFIR S, TREA
PR 7k (2003) A 74 R IO, £ERES
K UVEEy. MHFARIF 43 (1) :51-65.
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Churchfield, S. (1984) An investigation of the
population ecology of syntopic shrews inhab-
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e (= (1959) b z&EI AT RXI. R
% 51:19.

AIRERE « HEERK - pIEE= - FEFIEZ - duiE
B (1990) #7117 %X I OFERELERIZ DL
T. BRHAFEER 190 EERSHEBE S E
p. 60.

ARFER « JHEE (1997) # T XX IOFDIT
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BB RATEREIMRE HAARER (2004) REFR
RV F7F—5 7y 7 GiE. B R AAKR
YT, BRI

PR RS A TR A mER (2000) Ly K7 —
F 7y 70t FRERREATENRE S
B3R TR T
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An Attempt on Assessment of Urban Environment Using Butterfly Assemblages.
Munehiro Yoshida (Faculty of Engineering, Kansai University, Yamate 3-3-35, Suita,
Osaka 564-8680 Japan). Jpn. J. Environ. Zool. Entomol. 15 : 179—187 (2004).
Butterfly assemblages were monitored by the transect count method at several resi-
dential suburb areas, river land and coppice environment near Osaka city and associa-
tion of butterfly assemblage with environment was examined. Species observed in the all
areas examined were Zizeeria maha, Pieris rapae, Papilio xuthus, Graphium sarpedon,
Argyreus hyperbius, Eurema hecabe and Parnara guttata. Among these 7 species, Papilio
xuthus, Graphium sarpedon and Argyreus hyperbius were thought to be species adapting
urban environment specifically due to their higher distribution at urban area. Based on
the distribution of these 3 species, a novel method was proposed for classifying urban
and suburb environment. This method can give a detailed classification of rural to urban

environment, and may be available for the assessment of urban environment.

Key words : Butterfly assemblage, Transect count, Urban, Environmental assessment,

Coppice

KIFEASOEE O ESE, M, BT, Favo b5 0+v 7 V#EEE
T0, Fa v ERELREOMEARE L. BEORBREFEILICB O THAHERRE
CHEEN-FATHICEB LU TCERINAEZDIE, Y=V, £EvvnF gy,
TARZTHEN, FITHN, Yok avEY, FFa T, AFELVERYOD
TR -1, TRODTEOFT, TARYTHN, FIT7HN, VI okav®
O IER, BB A0HEELENI E0S, FHEEICERAICHED U
CHMT L7, RIS, CHS3EOF s OAHE G &I, Hlis L OHHILLOE
BESETAHEABRELL. COHER, BNOLSEHICW A 3RBEL N 4
FTE570, Fa vHEBEICLAMTREFMICBNTOEREELS.

1) AR, FISEERAZICE Y PRI EZHFHK Q003FE114158 : KERMFIIRF) OBETH .
2) The Society Award Study.
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K2 KBEMEHICEITEF awDrS o7 VRABDOE &9

XK@y o wbY BBV #mg? =l Lbbeoffd
H: B 5.84 20.78 16.39 18.83 20.06
TR 8.0 16.5 25.8 30.0 41.0
ZHRERY
H' 2,23 2.61 3.27 2.84 4.44
1- 4 0.744 0.784 0.842 0.740 0.924
EI#g%¢ 10.0 27.0 47.0 56.0 83.7

1) 19964F & 19974 D B D5 B4 -1y
2) 1997~2001E DREDIER A4y
1) 2000~2002fEDHE DR A F.

4) fERE RAERE NV — M EERE ).

—O— XHIH —— HH
....O.... EEJ&\ .......-. &ED ‘
—— I e LB Eoit
ps as rs us
ER

B1 BAFEOZREORBITFAEL (ER) X5 —
v DR,

bbb, EREIEEMNERAFAOCTHEELTHS
», EAEOREA MO HBINT 2 HEEELT
I, R, R ERA L ST U EEREELD

$oT0BLIIRAS.
HHEIIEDFE &€ DI

b &L, HIFIE, ERARTEH, &+
PO, S, KfBEEIE, ERrs
MEHTEZHEUOER Y — v &R L. AP
(1988) OFEANIHES &, TDER/N Y — &8
BMOARBEELAERT S, ChoD 5 >0OHRE
MOFTRTOFFEICBOTHESNIER, ¥
N ¥ 3 Zizeeria maha (Kollar), E» o F a7
Pieris rapae (Linnaeus), 3 3 7 % />Papilio xuthus
(Linnaeus), 7 & A ¥ 7 4 7~Graphium sarpedon
(Linnaeus), ¥ ¥ a 7 Eurema hecabe (Linnaeus),
Y27 Bk 3w E v Argyreus hyperbius (Linnaeus),
A F %€ V&Y Parnara guttata (Bremer et Grey)
DTETH 7. 22T, 2h o THEETHEIK
BOBMELT, TORHMEZBE T LI LICT 5.

R3S, I THROBKROTEHA LHRO
B - REAEF L. RBROTEIHERXN» S, 7
FRAITHENUND 6 FIL, WTHhbEAEDOA —
TSRO FavENnZ B, i, THOHHR
DOEBSAM « AEIZE, VT EHIZZ 0IE
REE F I RAMY S ETEh T 3. #iliz,
[ G S RAMY TH b, HELOHEICE
CBEF-—TUI R EBIZBOTHNIE, THE
DF 5 91, VTR GEHICHEIET 5 720 O Fe bl
Ao LTR Y, MMTECELFEA TS 2
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4 FEL IR 3~5 K HE A xR ERAEY (B, RAWY
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4L, FEEMICBII AL TEREY v/
AF s FOBOEBEE, BLXUEAREE L
Db DOTHAH. HAEREELELE S LICTH
12, THROHTESEL 42N TH 5.
bbb, OEERMEEIzIBLTHBEL TR
&, MNEPBRINTRECE (FIT75 0, U<
syakamEy), OQRHNOEEML D SHLIC
FENEEICBNTEERSEVE (V< by Y
I, TARYUTHN), OFLOEE KD bR
DEEHPFIEICBNTEFRBRVE (£
vaF o), @FkEHED SBINICBVLTHEE
RYUEGOHE (FF a9, 1FELVIVERY), TH
5.
@IS h2 3 FavOLEBEEE EHED
2y =ik, BILOBERTHE Vv )/ A F av
FomEELTHs. 2%0, ¥F 30, &l
KEETEA2ETREHAH, ERNICIE L2 S
THEAOEEWEZ LS. i, FFa v ERAD
Ry — v pAFEY ULV, BHEOKRCHE
ThHDIEMS, BEOREIRRMIIZ VL
WA RNESS. —H, EvyaFavid, &
DIGENEE#IC BT, ARFEEEELY, &
BERETRE M- ErioF avid, Bl
Ao B (EITF+ RNV KK LILETS
Z7:%, WA EECEREL, 777 FHORK
B s D OEBEIC A &, RIESE TGS

nrEEZONL YOI s, BMTHECE
ohmT, @FL@IcaEsh 3, OF.
HOI AN 4B (FITHN, YR BES
YEY, TARUTHN, Y= by Y1) IKHE
LT, RIS L TOEBNENENA S,
ZNTHOBLUVQICAHEN S 4D HIT,
I RMICHES L BRITETH1E5 D .
RBEEETHKTEE, Yo b Y 13, B,
g, EERO N FhICBL T ARV EENE
Exha chit, Y<r YV I0OREDHIN
3 Oxalis corniculata Linnaeus 78, B\|l|, EHh B 4T,
HHONTHILBNT S, DT LHAKTEXT
XA EIBRALTHWEDTHAD. LIth-T,
Yo by U RELICEY A RELETIES S,
IO ARROICHEIE LB TR L ST
5.

ot 3ohT, TAZAY TG, 7 X/
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HBIEDD, TRIIBEMMKOF a7 &EEZ S
na. Lhl, 72X/ FEEMOMEEL B,
KETIC BT, HFEAN, FR, AT E
IARELTRET S ENB. i, BRERD
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BrAARRE 2 B

R4 BFREMBIIHHESRHEEE Y v /) A F a VHOBOEBERE ERHENSGH

K@Y w®mDY ER&Y  HEEDY B O Lapbeoit?)
TAAYTHN 0.741 3.189 0.804 0.564 0.487 0.276
(12.7) (15.3) ( 5.0) (3.4 (2.6) (1.4
F I TN 0.926 3.354 2.045 1.757 0.779 0.323
(15.9) (16.1) (12.7) (10.7) (4.1 (1.6)
TryvoFay 1.549 4,177 6.801 5.093 8.636 0.381
(26.5) (20.1) (42.1) 31.1) (45.8) (1.9
*F a7 0.034 0.473 0.455 0.986 1.331 2.343
(0.6) (2.3 (2.8 (6.0) (7.1 aLmn
YwsokavEY 0.152 1.029 0.490 0.914 0.097 0.181
(2.6) (5.0 (3.0 (5.6) (0.5 (0.9
e hvo3 2.205 7.243 1.888 3.250 3.766 2.286
371.7) (34.9) aLn (11.4) (20.0) (11.4)
A FEVDEERY 0.202 0.535 0.647 0.264 0.162 3.676
(3.5 (2.6) (4.0 (1.6) (0.9 (18.3)
71 HEAE 5.80 20.00 13.13 12.83 15.26 9.47
(99.4) (96.3) (81.3) (78.3) (81.0) 47.1)
Ty ) AFavRORE 0 0.041 1.119 1.200 0.128 3.829
(0.0) (0.2) (6.9 (7.3 (0.7 (19.1)
07 17 57 47 4%H 7R

R EEMBERFEETCTROFBMANSER. AFOHMEREZAEMTORBSETH S LERT

1) 19964F & 199TAE D RAE D R4 Ty
2) 1997~20014E DHE DI R 5 T
3) 2000~20024EDBEE DR E T

BOT, KEOEHHHEEEAMBIT LIt L2 A,
EMZEEBLTh - EHEENLEIIF I TSN
Tho7 GEH, 1997). ZOMTRERE, BIL»
FINE L D EHESHIZBNTF I 74\
BIIBIEIWEIHEEL L DYEZ L, F 175N
i, 7AROTHNEERI, BTICHRNLE
CHMFTES, FITHANT I VBITRTET .
FITTAMBEHICERICZ LN BRI,
FITHNADBRALPTOIRED 3 4 VR OMAR
B, Bk bR BOCEBHEETHEEST S
EEBEWRTZDIEASS. LL, B0 v
KON COEEMNFERITE L, #Ho 3 4 v
13, BARPHIMA IR S RERBTHET S &
BFREIND. 4%, #ficsT 5 I 7 v Flow
RKEFITHENDREEIIDOTORMNEETNS.
HEUES oMt AR coRERE G5HS,

2004) LB LD, Voo a v E L IIHES
DI RICRFRN LIRSS TE 5.
BRHAOHHIRIcBIFZ Y7ok a v E Ui
moBREEAHRIFSL TS (FH, 2002). &
26K, JOMEY, HAEL s 7 & VO F THE
—DHMTH B & &, o EEZ &iIciLA
EhB/30 U —Viola x wittrockiana % & & LT
FIATEAZ EMWNOBERTHAS, /Sy U —
D& RO X I VAL, BHE 0 &
KBWTEBLAHEBEhTWEEEISNB I ED
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ko &ps, MOROEHTREICFREN I
WIS L, TARCTH N, FIT740, v
2/ obkavEYENLZS. O3, HH~
BloWwFhizd@EIaLThWa < by Y &)
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Ed s L&, FREMIREIEELRS T { SHMN
TEXZFHTHAH. 51, BEFESICMET S =
Bl E MBI AR IR & T s h B
B, H0, BERE S AEIEREINTE, HlE
EEPHESHIBE SRR E L 5. T b DB,

Bk o KRBT TN S KH, =5, R
ZEIE, 3HEOSFERD ERANMEORERDICELD
AR Lot & AT 2 EMTES. 0 F
DZDkS MR, F a2 oBRENET AT
THBIEICMAT, EMcbE/NhLTE D, 8
HOHRTE & ATHREMME UM S FEE N 5.
Bz, ERL D LA TR AT, W, BRI,
IEOWTNPEIR S EFIC L > TEHL WM
L7zl 3o 5FERS EF Lo A8
5. o2, HEWHE, BEBMEARD36.8
BMT ARV THNTHEH, THIEHENLV— b
kicr 2 FORAMBEZOHEEAREETLD
ThDd (AW, 1997). T D X5 iy, 3ED
EEREDSHHSNBREOPTTLAREDL D
G E AL 2 oMnHEYTHAH. T I THR
ELITARDTH N, 37K/, Yl ok s
TEVOREERIELEEICE EDCHIER,
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. B, ORMEAHE, s AR (ERAICEIDE 3 Eh4ERE - S LEN), @
B, MK, FIE, EEH LA ERT S, FEHSOF-SIIEREOT -5 (FM - EFRE
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T 9 OS> 7T oo & 0 FE N B S &

&m

PR H Z HFR X

ERITH W THH B &I & 0 5 g o A2 E
M CHETE BaJREMMNH 0, 4B & 61T
OHEHD 7 — % 28T NS, FRtE Mk
T5E5HI.

EENTCIRE

1. BEEREORRME

1) EHOREEL
BizblB~tc kg, FavERELEEICL
RERHBRETMIC BT, BHREELNEHRTH
. L2ABMNT VY MRAETEEORE L
WA B, RS ITEE T - L FRTHIT Iz B
T, SEMO HREERKES 1 TH - cHEOB S %R
LD THB. WThofa b HBRER D20%
MR ERREAE 1 0BT D SN TS, E1
FEICB O TRFEERO BEEHOEN S % &
ABBAVEDONBDIE, COXH L HEHE
DB RNEREET 2 TH A, BOR
hE UL, MRHSETIEREOS &I I3 EH T
B b L, MITREOEA, E e
N EE ERHNEZILODF 2 VOR
KMPTFCTX 54, 2OHER/NE L. wZIZH
WSEHE D & b TIRWENHET 2 2 &2 50,
HBRETHHANBREN O LS WEREREEOHE
Ik - THM ST ohaafEEIREN. 220 &

BEIREFAMOEETHEETIH 20, K20 X
HIBMBEEOMBEL T 2L EIChThRE D2
ERUAIERGBHREVOIZA2ERL. B O
FEMICBITIABERTS, HEREB TITFEY
LTH3IZD | OBOREE UPRETLZ L%
HHTHBYO (FH, 2002), BHIZ>VLWTORBE %
M L& 5 700 OEHEOFE DL EITH & b
Thad. ULrl, A—HiRzEEERET S &
BASURETHS. HRoE 25, HEEO &
Frvts MAREORREb&FA L LTHERET
T, LETHHEBEHEOHER PO ENT —
FILL o THET ZOMEENTH A .

2) EROBFE(

K3 no sEMOFAEICE LT, ER/S
S VERBEELICHBELZLDOTH S, H
BAIT» 7o SEMICERE FORETEMLIERH, -
7ohs, ERas ICAEE T E DENS B 120, TR E
EHETE ZEE (19994F &20004F) & BT B
EHE T & BAEE (19974E & 19984E) HiH: L7z,

£ 613, EFEHICB T 5B HERAEE LA
10BOAEBEEARLIZSDTHS. Vv /) AF 3
TEIDE A P v ) A Mycalesis gotama Moore & H k
¥ < ¥ 5 & #15° Neope goschkevitschii (Menétries)
OEHNEDLHTAREL., EROEFEIIBNT,
IS 2BEEL Yy /A FasHOF D%

x5 HEME, KRHBEEEOFRELLHEEFRE1 OO

AR AT FELE EE 20 & BEAH BREEH 1 OO
KATH 1996 8 152 2 (25.0%)
1997 8 195 2 (25.0%)
O 1996 14 431 3 (21.4%)
1997 19 579 5 (26.3%)
ERA 1996 23 274 6 (26.1%)
1997 27 650 3 (11.1%)
FEPE O 1997 23 492 4 (17.4%)
1998 24 482 6 (25.0%)
1999 31 463 6 (19.4%)
2000 29 528 6 (20.7%)
2001 22 330 2 (9.1%)
EINCIPIIE o 1997 30 580 9 (30.0%)
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B3 HAOFEEcE 5 BEREFELEL (ER)
NG — v OFEREH.

i, IHEMMAARE L, o REBEOABSTH
ERG. §HbBERICKLSHT~RILDRE
SHER, Ve / AF s vROF s v DEEFEIC
RELCKELTEY, ChoDFavOAEEFE
REFITNE, FROBLLZLICLS. HAND

D &S HETHESHIRE, AT EBROERTH
A, COLIBEEIEOEENE LR T 0
LEZ OIS, LT, MO LI ATbA
Nfck o, B—HEoREKRICRBRAOSL S
ZEEAMLURITRERR ST,

2. BERETORAEOLEM

RS F s vEHEOMEER L 512,
HOEZADERTETH % EHAETORASSE
Ths Ll BHBEICEIEZFavDbT v
7 MREOEFIREbDTOL L. bhbhid
BHE O 3 Dok GRIREA M, NEtaRE,
FAE) TFavn b o7 VRAREZIT -
(FM « %&RE, 2002; HH S, 2004). € OFER, 4 —
Tyvs v FOAEEBUREEERICELZA
EoMICE, FavHRECHOMLENLEH S
SEEEOeMI L. i, Ve AF avEHO
BErRLHETEIHYRDTF 5 UM, HH KR
KBINBEoREL T2l ER L. Tho
D&, Fa vHABEARECLCRENMEI
HEE T HARER L EBE®R LT A, L L
BHHEHSC B 2RBEELELEAELTSE
H, WHESEOSMIZL L3 RESHERE
TEBICIIE->TOEL. LT, 8% %
CORHBOCEBMPLEELNZS.

BRI, AREET I ICh 0B 0K 0k
HAHFOHERK, T OIHEEMEEEICH I -

R6 AEMOBAAICE Y 5 HBAKRE LALI0M O BAR OEMES)

o & AR AR 254 TS O (RMAR Y S LEEH
97 '98 '99 00 '01 %)
Ty EFay 154 171 108 161 119 142.6+27.5 19.2
Yo hbuUs 146 97 63 96 53 91.0+36.4 40.0
FITHEN 64 64 50 29 39 49.2+15.4 31.3
F 5 20 kY, 3] 37 18 27.6+ 8.2 29.7
yesoka ey 13 41 37 17 20 25.612.6 49.2
EAV Y /A 3 4 28 50 6 18.2+20.5 112.6
TARYT N 20 14 26 12 7 158+ 7.4 46.8
Y rETSS LN 2 3 29 22 7 12.6+12.2 96.8
EUFFay 15 17 3 10 3 9.6+ 6.5 67.7
4FELIEEY 14 7 3 4 9 7.4+ 4.4 59.5
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51 B 3R
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BT AT s VHEHEOSHN. BEE 13:
203-217.

AmpizE (1997) KRFIEHT O BRBEHOER
3 3Mg o F 5 VRS REE 8:129-138.
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WOBEMIL - TR AETEE LI F 2 ¥
. KIRTTRFFRE 54 104-108.

YHERE - AFEHE - BhE— (1996) KRE
Box ooV —RtHIgicBid 55 5 VM
LS U7 VRAROKE. BHE 7:182
-190.

{3 #1993 FavFO b L7 FAE.
THAESHOTT SR | pp. 91-101, BA
e

{13 3£ (2002) ARICKITAY <70k av
VOB BRERAK 37 (12) :128-31

AFt e RERR - BRI (1995 [=ZFIL
BT 4 NNZADEE| DOF s VHEBRED L.
BEE 7:234-246.

a3 Lo\ E - RERS - KRB
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FHEOZHRNE. REE 4:183-195.

INEFERE < SFE A (1992) THSH & B8 - TR
EXW ] PREREEAR, F29 80,
pp. 193-200.

AT (1998) A Ti# i ILE B EmEERED
F o VHEEOZ K. RIE 9:39-46.

BAREST (1999) FHEI—XDODHEOHENGR

RMPRIOF « VEHEORHINE. R
B 10:30-41.
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99-108.

By T (1998) [F 5 Y OR~T | HARESY
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B 219965 & 19974E 0 F = 7 HEHE S B
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1) Reprinting Two Papers on Mechanisms of Speciation and Directions of Character Evolution, especially on the Role of

Pheromone Mutations.

2) Hideakira Tsuji (KSK Institute for Environmental Biology, F-409, 2-1 Nishino-Rikyucho, Yamashinaku, Kyoto 607-

8345).
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On Some Ecological Problems in Japanese
Butterflies
3. Mechanisms of Speciation and Directions of
Character Evolution

By Hideakira Tsuji
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Foraging Populations and Control Strategies of
Subterranean Termites in the Urban Environment,
with Special Reference to Baiting
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This paper reviews the literature on foraging populations, and control of subterranean
termites with special reference to baiting. Studies on foraging populations of subterra-
nean termites generally involved population characterization and estimation of foraging
territories. Population characterization was normally conducted using mark-recapture
techniques (single or triple) by trapping subterranean termites in underground monitor-
ing stations, followed by marking the insects using histological dyes. Methods of study-
ing foraging territories of subterranean termites involved the use of radio isotopes, direct
excavation, histological dyes, flourescent paints and conducting agonistic behavioral
experiments. Subterranean termite control strategies included chemical, biological and
physical control methods. The soil treatment and baiting methods were common chemi-
cal methods, while the use of specific sand or granite particles, and stainless steel mesh
are recent advances in physical exclusion method. Baiting is a relatively popular method
which takes the advantage of social nature and foraging behaviour of subterranean
termites where food sharing among the workers and nestmates through trophallaxis
could enable the transfer of slow-acting toxicant to the whole colony. Many potential
active ingredients as bait toxicants had been evaluated including metabolic inhibitors,
fungi (bioagents) and insect growth regulators (IGRs), but only the latter has been

shown to give more promising results and could effect colony elimination.

Key words: Foraging populations, Control strategies, Baiting, Subterranean termites
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1998). Soil treatment is referred as the application
of a layer of chemical barrier preventing the ter-
mites from entering into the building. The with-
drawal of chlorinated hydrocarbon soil termiticides
(eg. chlordane) had led to numerous extensive
research on other potential soil termiticides for
subterranean termite control (Su and Scheffrahn,
1990; Smith and Rust, 1991; Grace et al., 1993; Su
et al, 1993b; Rust and Smith, 1993; Smith and
Rust, 1993a; Thomas er al, 1993; Thomas and
Robinson, 1994; Su et al, 1995a; Robinson and
Barlow, 1996; Forschler and Townsend, 1996b; Su
et al, 1999; Gahlhoff and Koehler, 2001).

Subsequent candidates of soil termiticides after
chlorinated hydrocarbon compounds were organo-
phosphates and pyrethroids. Organophophates such
as chlorpyrifos generally kill termites quickly upon
contact, resulting in a large number of corpses in a
localized area. In comparison, pyrethroids are repel-
lents which deter termites from penetrating through
treated substrates. Although the mechanism of
prevention by organophophates and pyrethroids
may differ, both groups provide an effective protec-
tion of structures from subterranean termites when
properly applied in soil.

A relatively new generation of soil-applied
termiticide, imidacloprid posed lethal effects to
subterranean termite R. flavipes in laboratory
(Ramakrishnan et al, 2000). Imidacloprid is an
insecticide exhibiting low mammalian toxicity. It
acts on the insect nervous system by binding to the
acetylcholine binding sites, called nicotinergic
receptors, on teceiving nerve cells. This mode of
action prevents transmission of information at these
binding sites, resulting a lasting impairment of the
nervous system and eventually, death of the insect.
However, a recent study reported by Thorne and
Breisch (2001) revealed that certain concentrations

of imidacloprid may affect termite foraging

behaviour, preventing treated termites from enter-
ing the treated area. Another relatively new soil
termiticide is fipronil, which was known to allow
longer toxicant transmission via allogrooming and
termite-termite interaction (Cross et al., 2002).

Su and Scheffrahn (1990) pointed out that the
use of chemical for soil treatment around and
beneath the buildings tend to kill only a small
portion of the termites that get contacted with the
termiticides. If the buildings are not properly
treated, the remaining large portion of termites will
continue to forage and attack the buildings. Besides
that, the efficacy of the termiticides are very much
affected by environmental factors such as the soil
types and their various biotic components
(Forschler and Townsend, 1996b; Smith and Rust,
1993a; 1993b; Tamashiro et al, 1987) such as
population density of subterranean termite colonies
(Jones, 1990b) and the defensive mechanism of
subterranean termites (Su, 1982; Grace, 1991).
Other factors include types of termiticides used (Su
et al, 1993b) and the depth of treatments (Su et al,
1995b).

In addition to chemical treatment, several physi-
cal preventive methods were also adopted for subter-
ranean termite control. Ebeling and Pence (1957)
first reported the use of selected uniform size sand
particles as barrier that could act as physical exclu-
sion device against subterranean termites. During a
routine termiticide evaluation, Tamashiro et al
(1987) rediscovered the finding of Ebeling and
Pence (1957). The use of these uniform sized parti-
cles is based on the fact that the particles were too
large for termites to displace with their mandibles,
yet were small enough to prevent termites from
penetrating through the gaps between them (Smith
and Rust, 1990; Su et al. 1991b; Su and Scheffrahn,
1992). A good example of this physical barrier is

the ‘Granitgard®’ which is currently registered in
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important turning point when necrophobic
behaviour was found in subterranean termite C.
formosanus in the termiticide treated areas (Su,
1982; Su et al., 1982). The fatty acids from the de-
composing subterranean termites were suspected to
give cues to other nestmates from getting near the
treated areas. In addition, if a soil treatment was not
properly done, the remaining large portion of the
colony population will continue to seek untreated
gaps to enter the buildings. On the contrary, termite
bait acts by eliminating or suppressing colony that
infest the structures. This reduces the risk of termite
re-infestation, unless it is caused by a new colony.
Because of its ability to eliminate termite colonies,
baiting technology can be a stand-alone measure for
long-term protection of structures (Thorne and
Forschler, 2000; Grace and Su, 2001).

Su (1982) stressed on the importance of using a
slow-acting and non-repellent active ingredient in
termite baiting. Basically, there are three groups
that meet the requirements of being the appropriate
bait toxicant: (i) the metabolic inhibitors, (ii)
biological control agents, and (iii) insect growth
regulators (IGRs). Su et al. (1982) revealed that
the evaluation of bait toxicants could not be based
on termite mortality alone; the behavioural
responses of the termites to the insecticides also had
to be considered. This is because termites can seal
off, or avoid treated areas and effectively protect
themselves.

i) Metabolic inhibitors

Su e al. (1982) tested the possibility of using
hydramethylnon for the control of subterranean
termites C. formosanus in the laboratory. Hydra-
methylnon was found to be slow acting and non-
repellent to the termites. However, field trial with
hydramethylnon failed to eliminate colonies of C.
formosanus (Su, 1982). Recently, the use of 0.3 %
hydramethylnon in termite bait (Subterfuge®) was

reported to provide delayed mortality that allows
transfer of lethal doses within the termite popula-
tion, followed by a relatively rapid elimination of
the termites (Klein, 2002).

Jones (1991) was the first to evaluate borate in
baits for population control of field colonies of H.
aureus. Subsequently, case studies by Forschler
(1996) using abamectin and zinc borate-treated
sawdust revealed the potential use of these toxicants
against subterranean termites Reticulitermes sp. in
the field. Results reported by Forschler, despite
being inconsistent, showed changes of foraging
behaviour of termites which indicated that borate-
based toxicants had some impacts on the termite
colonies.

Su and Scheffrahn (1991) and Su et al. (1995b)
tested the sulfluramid (N-ethylperfluoro-octane-1-
sulfonamide) (FirstLine® and Terminate® ) and
found that wooden boards impregnated with
sulfluramid at higher concentration were initially
accepted by termites, but were later avoided in the
presence of untreated food sources. They also found
that the termites’ learning behaviour played an
important role in bait evaluation studies. Subter-
ranean termites that were initially exposed to
sulfluramid at a higher concentration was later
deterred from the food treated with lower concen-
tration of sulfluramid. Grace et al. (2000) reported
that sulfluramid at the concentration of less than
100 ppm may be desirable and effective against C.
formosanus, but the time needed for termites to
accumulate the lethal dose is crucial.

Other potential toxicants of this group include
diiodomethyl para-toly sulfone (Su and Scheffrahn,
1988b) and boric acid (Mori, 1987).

ii) Fungi (bioagent)

The possible usage of pathogenic fungi in baits to

control Formosan subterranean termite C. formo-

sanus was pioneered by Lai (1977) and had been
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discussed by Delate et al. (1995) and Jones et al.
(1996). However, the conidia of the fungus were
found to have in dormant stage in field colonies
which likely due to temperature, humidity, inhibi-
tion by soil microorganisms and fungistatic secre-
tions produced by termites.

A more successful case of using pathogenic
lungus in the termite baiting system was reported by
Milner (2001) where the formulated M. anisopliae
bait matrix caused N. exitiosus to loss their
reproductives and brood and this caused gradual
decline of the colony.

iii) Insect growth regulators (IGRs)

Insect growth regulators have attracted great
attention as promising bait toxicants. These active
ingredients were known to have interfered with the
normal developmental processes of insect growth.
I'hey induced abnormal physiological development
slages which led to defective larvae, pupae or adults
cither through molt inhibition or hormonal
superimpositions of the normal endocrinal control
of the development (Palleske, 1997).

Researchers have also taken advantage of several
aspects of termite biology to control subterranean
termites using various types of potential IGRs.
There are generally two classes of IGRs, namely
juvenoids (juvenile hormone analogues [JHA] and
juvenile hormone mimics [JHM]) and chitin syn-
thesis inhibitors (CSI) (Su and Scheffrahn, 2000).

Subterranean termite colonies are known to rely
solely on the worker caste for food (Haverty, 1977)
and the excessive production of dependent castes
such as soldiers and pre-soldiers causes colony
imbalance (Hrdy and Krecek, 1972; Okot-kotber,
1980). Also, the subterranean termites, especially
those from the lower group are known to have
pseudergates or false workers in their colony, which
can readily moult to another caste (Miller, 1969).

Consequently, specific IGRs were studied for the

above mentioned aspects.

Hrdy and Krecek (1972) and Hrdy ef af. (1978)
reported that by exposing subterrancun lerimites
such as R. lucifugus santonensis Feyt. to three JTHAS,
trans,cis-methyl 10-epoxy-3,7,11-trimethyl-2,6 tyide
cadienoate, methyl 10-chloro-3,7,11-trimcthyl-! do
decenoate and 10-epoxy-3,7,11-trimethyl-2,6-duode
cadienoate, these JHAs caused superfluous number
of pre-soldiers and /or pseudergate-soldicr intes
castes from the differentiation of larviee il
pseudergates. Such disturbance to the normal o
portion of colony castes can lead to incronsed nim
tality. The effects of JHA (ethyl [2-(p-plenoay
phenoxy) ethyl carbamate) on developmentul stipen

of workers and nymphs of Japanese K. speratuy were

also reported by Doki et al. (1984) and Twimodn
al. (1986).
Effects of methoprene were studicd hy Fluverty

and Howard (1979), Howard (1983), Su «of ul
(1985) and Haverty et al. (1989) against subterin
nean termite species C. formosanus and Keticu
litermes spp. This JHA was found (o induce Jape
numbers of pre-soldiers and soldicrs. This vinn
pound was also found to cause significant mortulity
to the termites by eliminating their symbiotic pnoto
zoan or causing ecdysis failure. However, the
efficacy of methoprene was influcnced by ity
concentration used and probably, the termile spuiicy
as well. Another IGR that induced the formution ot
pre-soldiers and had lethal properties s
pyriproxyfen or 2-[ 1-methyl-2(4-phen-oxyphienoxy )
ethoxy] pyri-dine (Su and Scheffrahn, 19%9)
Fenoxycarb impregnated in bait blocks was Tomd
to cause significant superfluous intereaste pradi
tion without affecting the feeding behaviour ol ¢
formosanus and R. virginicus (Jones, 19K4), T his
compound also caused the larvae, workers, uympli
and alates of R. virginicus of this termite species (o

develop morphological abnormalitics. However,
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differences in food substrate altered the develop-
ment of C. formosanus intercaste.

Besides JHA, CSIs are also known to cause an
impact on insect developmental processes. The fam-
ily of benzoyl urea insecticides acts on the chitin
synthesis, which is restricted to arthropods
(Pallaske, 1997); in another words, as moulting
inhibitors or more specifically, disrupt the synthesis
and deposit of chitin. This was achieved by inhibit-
ing the function of the moulting enzyme called
UDP-N-AG-Polymerase (chitin polymerase or chi-
tin synthetase) or chitin-matrix for deposition.
Examples of CSIs include diflubenzuron, lufenuron
and hexaflumuron (Su and Scheffrahn, 1993; 1996).
Hexaflumuron at the concentration of 0.5 %6 (w/
w) is currently a registered active ingredient in a
bait product for subterranean termite control in
many parts of the world.

Field performance of hexaflumuron bait against
subterranean termites, particularly Coptotermes and
Reticulitermes, had been studied and reported by
many researchers world-wide (Su, 1994; Grace et
al, 1996b; Su et al, 1997; Tsunoda et al, 1998;
Demark and Thomas, 2000; Yates and Grace, 2000
; Getty et al,, 2000; Sajap et al., 2000; Potter et al.,
2001; Kistner and Sbragia, 2001; Lee, 2002a; 2002b
; Su and Hsu, 2003). Almost all researchers re-
ported elimination of termite colonies by
hexaflumuron baits which can be achieved at a
minimum of 25 days in the tropics. For a more com-
plete list of the effects of hexaflumuron against
subterranean termites, readers are urged to refer to
Su (2003b).

Recently, a new chitin synthesis inhibitor,
noviflumuron, [N {((3,5-dichloro-2-fluoro-4 (1,1,2,
3,3, 3-hexafluoropropoxy) phenyl)amino) carbonyl} -
2,6-difluorobenzamide] has been tested for its
potential as a bait toxicant (Smith et al, 2002). This
CSI was found to show faster activity than that of

hexaflumuron and with a broader spectrum of
control particularly against cockroaches, fleas, ants,
drywood and subterranean termites and houseflies
(Ameen et al., 2002; DeMark, 2002; Suiter, 2002).

The increasing availability of bait systems for the
control of active termite infestations is already
significantly affecting termite management prac-
tices in many parts of the world (Lenz and Evans,
2002). Therefore, more changes to existing termite
bait technology are anticipated in future.

Two considerations should be given priority when
designing a bait matrix i. e. the quality and the
quantity of matrix (Lenz and Evans, 2002).
Smythe and Carter (1970) and Morales-Ramos and
Rojas (2001) also pointed out the important of
relationship between wood species and termite wood
preference. Subterrancan termites show different
feeding responses when exposed to various types of
wood and wood extractives within the wood
(Carter, 1979; Carter and Beal, 1982; Carter et al,
1983; Su and Tamashiro, 1986; Waller, 1989;
Sornnuwat et al., 1995: Ngee et al., 2004). Smythe et
al. (1971) showed that R. flavipes attacked two
times more on the wood decayed by fungus. When
presented with choice, subterranean termites readily
attack certain wood more than others (Edwards and
Mill, 1986). The applicability of stream-treated
larch wood (Larix leptolepis) as bait matrix against
two Japanese subterranean termites has also been
explored (Doi et al, 1998; 1999) and is now com-
mercialized in a bait system in Japan.

The general objective of the termite bait matrix,
in addition to consideration of huge production and
cost reduction, is to formulate a bait matrix that is
effective apainst all termite species (Lenz and
Evans, 2002). However, this is always difficult to
achieve due to biological variations with different
termite species. For example, Lee (2002a; 2002b)

reported the poor response of several secondary
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termite pest species (eg. Macrotermes gilvus Hagen,
G. sulphureus, Microt. pakistanicus) to paper-based
termite bait matrix in Malaysia. Therefore, there
have been some efforts to enhance the palatability
and attractiveness of bait matrix by adding in the
phagostimulants or nutritional supplements (Hen-
derson et al.,, 1994; Reinhard et al., 2002).

Waller and La Fage (1987) reported that in the
presence of rich food supply, termite food consump-
tion was found to increase in comparison with
normal situations. However, the food quantity may
not necessary reflect the bait system (Lenz and
Evans, 2002). An alternative way of doing this is to
use more bait stations, instead of using one that con-
tains large volume or capacity of matrix.
Furthermore, the degree of influences resulted from
either the quality or quantity of the bait matrix on
bait acceptance need to be determined, as well as the
suitability and ease in handling the system in real

situations.
Future research directions

There has been extremely limited biological infor-
mation on the foraging populations and territories
of many termite pest species, particularly perido-
mestic species from lower (Schedorhinotermes) and
higher termite groups from the tropics such as
Macrotermes, Microtermes, Microcerotermes, Odonto-
termes and Globitermes. Numerous opportunity lies
ahead for termite researchers to explore these
aspects of termite biology. Foraging population and
territory of introduced species such as C. formosanus
was often thought to be larger than those in their
native land; however, no information is available
to-date. Newer control strategies against subterra-
nean termites have been relatively promising than
before; however, there is a serious need to address
the issue of lack of palatability of bait matrices

against many higher termite species. It was also

thought that chitin synthesis inhibitor could not
possibly eliminate higher termite colonies due to the
large number of true (adult) workers; however, this
was yet to be proven and thus promises a great

opportunity for research.
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