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RALAM OMEEICET 3R (B2H) MIAMEZOBSHE HE B, MK
Y, FHH=D, tiAZ—D (DUnRERRSEERREIRT, DERIEAY
HERETHHEMTER, 26 AARMRERS)

BERISEFIF LT, B (R 7 %94+ Fes0.) 2AM (7H <) TRk s
f. COBMEAMAAS Yo7 ) ORERBRICH L. ZOHE RLBAMOBERHS
3.3%TH- DKL, bo & bEVMIFIRIL (14.53X10 7emu) $HT 5 BEK
T15.1%. EVAFIRAL (2.47X10 "emu) % H ¥ 5MRAMARH 12.7 9% T b
BHAGETAMEEERLE, Lbl, BEALCHEERS W (0.33X10 'emu) B
XTI, 1% TH D, PEHERS b 1o AMICH URHEIRIEEFT - o655,
BEX R UBEAEAR OREAM P& E< 50, BERIRICE.1%TH -1,
LhL, MEBRXDOIO>EXE2ATHSLE, BEXKTHHAERN 0%, HRBH100% &
BABENEB—H, BEAEMBRERIHNVWES G -1, COBEKE LT, AMET
BRSO —IRIT LA A oh, COROKBIILY, &5IH VB
B BT 2RHLAM AT T 5 C LA S hie, FEig & i A OAEMEE%
HO, WALARMEBINT 22 &icdhvyoT YBHE L EEES NI, EE, A
£yo7 ) OMB0%IREZL, BE,SESRINEN, BULAMEEIL TRAL T EH
RENL, UL LI%RAVE ETH D, BALAM S8 LB L - Tt bR hre

Magnetic material (FesO:) was generated inside wood (Pinus densiflora)
blocks by an enzyme-dependent or a chemical reaction. Studies examining
termite (Coptotermes formosans SHIRAKI) attack on this magnetic wood were
done. Untreated wood showed 31.3% weight loss, while the enzyme-treated

magnetic wood that had the strongest saturation magnetization (Ms, 14, 53 X
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107 emu) had 15.1% weight loss, and that magnetic wood with no enzyme
treatment which had weak Ms (2.47X10 *emu) was 12.7%. In contrast, the
wood treated with only iron (II) sulfate, which had a very low Ms (0.33X%
107? emu) showed no termite resistance and lost 25.1% of the weight of the
blocks. The termite resistance of the magnetic wood was increased by
leaching. Both magnetic wood treated with and without enzyme had 6.1%
weight loss, but the deviation was significantly different between these two
treatments. In the case of enzyme treatment, both perfect (100% mortality
and 0% weight loss) and almost no effect against termite attack were
observed. This implied that the enzyme reaction would not have uniform
effects among the woods and it is expected that overcoming this problem
might improve the resistance of the enzyme-treated magnetic wood. The
correlation between mortality of termites and weight loss of wood blocks
suggested that the termites died after ingesting the magnetic wood. Actually,
about 80 9% of the dead termites obtained after the bioassay in the enzyme
treatment were black in color and the element of iron was detected in the
intestine. This indicated that the termites died after ingesting the wood. But
the 20 % of the dead termites that did not change color implied the possibil-

ity that they avoided the magnetic wood and died of starvation.

Key words : Termite, Magnetic wood, Saturation magnetization, Urease

Introduction

Termites cause much biological deterioration
of many kinds of structures made of wood.
Therefore chemically synthesized termiticides
are usually applied to wooden materials to
protect them from the attack of termites.
Recently, natural antifeedants extracted from
Phellodendron

(KawaGgucH! et al., 1989) or Citrus natsudaidai

plants such as amurense
Havata (SeriT et al., 1991) have been studied,
considering the environmental hazards associ-
ated with chemically synthesized termiticides.
However, these extracts seems to be difficult for
commercial use at the present because their
effectiveness and durability are not sufficient.
The relationships between magnetic fields and
living organisms have also been studied.

Certain kinds of termites have the ability to

sense a magnetic field (BECKER et al., 1977). If
termites sense and avoid a magnetic field, this
behavior may be used as a new preservation
system for wooden materials.

Recenty, a method of generating magnetic
materials (magnetite, Fe;Os) in solution and
inside some polymer materials by an enzyme-
dependent reaction has been developed (Hamaya
et al., 1989a, 1989b, 1993). Magnetic wood is
possible to make by this method (Hamava et
al., 1996). In this paper we report the effects of
the magnetic wood on termite (Coptotermes

formosans SHIRAKL attack.
Materials and methods

Sample preparation
Blocks of Japanese red pine (Pinus densiflora
(SiEB et Zucc)) (1X1X2cm) were dried in a

vacuum at 50°C until the weight became
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constant. Ten pieces of the dried wood were
placed in a bottle (1£) and 500 ml of urease
(Sigma Type IX) solution (800 IU/ml), meas-
ured at 40°C, was used to impregnate the wood
by a vacuum method. After checking to ensure
that every piece had sunk in the solution, the
woods were removed from the solution, excess
liquid on the surface was wiped off, and the
blocks were freeze dried.

() Enzyme treatment.

Areaction mixture containing 10 mM iron (1)
sulfate, 5 mM wurea, and 200 mM potassium
nitrate was used to impregnate the dried wood
by the same method as used for the enzyme
solution. This experiment was named the “en-
zyme treatment” .

(2) No enzyme treatment.

Dried wood without enzyme was treated in
the same manner for use as the control. This
experiment was named the “no enzyme treat-
ment”.

(3) Iron sulfate treatment.

Wood blocks were infused with only 10 mM
iron (II) sulfate solution for the purpose of
comparison. This experiment was named the
“iron sulfate treatment”.

Each sample was transferred with its reaction
mixture or iron (I) sulfate solution into a
heat-proof bottle. the atmosphere in each bottle
was replaced with nitrogen gas and the bottles
were kept at 50°C. After 3 days of incubation,
they were autoclaved (121 °C, 60 min). The wood
was then removed, rinsed with water, and
oven-dried at 50 °C until the weight became
constant.

Analysis of magnetic performance

The magnetic hysteresis of the woods was
analyzed using a magnetometer BHV-50 (Riken
Electric Co.). Saturation magnetization (Ms),
which means the magnetization at saturated
strength of the magnetic field, was calculated

from the hysteresis curve and was used for the

comparison of magnetic strength between each
treatment.
Leaching treatment

The procedure used for the leaching treatment
was that of the Japan Wood Preserving
Association Standard No. 11. Wood blocks were
soaked in water for 30 seconds and stored in a
desiccator contaning water at the bottom at
26 °C for 4 hours. Then the blocks were stored in
a drying oven at 40°C for 20 hours. Both treat-
ments were repeated 10 times.
Bioassay

The procedure used the feeding test for ter-
mites was also that of the Japan Wood
Preserving Association Standard No. 11. Wood
blocks were dried at 60 °C for 48 hours and
cooled in a desiccator for 30 minutes at room
temperature, then the weight was measured.
Five wood blocks (the orders of weight gain
during preparation in each treatment are 1st.
3rd, 5th, 7th and 9th ) were chosen and each
block was settled in a feeding cage with 150
workers and 15 soldiers of C. formosonus. The
feeding was continued for 21 days at 28°C in a
dark place. Then the blocks were dried under
the same conditions as described above and the
weight was measured. The weight loss of the
blocks and the mortality of the termites were
noted.
SEM observation and X-ray analysis

The termites used for the bioassay were
stored at -20°C until the observation. The ter-
mites were dissected in water and the intestine
was removed. Then vacuum evaporation with
carbon was done on the contents of the intestine
and they were observed using a scanning elec-
tron microscope S-570 (Hitachi Co. Ltd.) at 30
kv. Additionally an X-ray analysis using an
EDAX-9900 (Philips Co. Ltd.) was done to

analyze the elements in the contents.
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Results and discussion

Formation of magnetic wood

The wood of the enzyme treatment and the
no enzyme treatment were brown to black in
color after incubation but the wood of the iron
sulfate treatment remained yellow. The increase
ratio of the weight was 5.4% in the enzyme
treatment, 3.9% in the no-enzyme treatment,
and 1.3% in the iron sulfate treatment (Table
1). On the other hand the Ms was 14.53x10°?
2.47 x 107*

(emu) in the no-enzyme treatment, and 0.33 X

(emu) in the enzyme treatment,
107* (emu) in the iron sulfate treatment (Table
1). The order of strength of Ms was found to
correspond to the weight gain of the wood. The
amount of formed magnetic materials in the
total materials which caused the weight gain
was higher with the enzyme treatment than
with the no-enzyme treatment, suggesting that
the rapid hydrolysis of urea by autoclave treat-
ment seems to lead to the production of mag-
netite, but its amount was small.

Effects of magnetic wood on termiles

termite resistance. The results are summarized
in Table 2. Untreated wood blocks showed 31.3
% weight loss, while enzyme-treated wood
blocks had 15.1% weight loss and no-enzyme
treated wood blocks lost 12.7% of their weight.
in the

On the contrary, iron sulfate treated

wood 25.1% weight loss was seen, with no
termite resistance. The enzyme-treated and the
no-enzyme treated woods tended to be protected
from the termite attack.

According to the results of the leaching treat-
ment, the termite resistance of the wood was
substantially increased in the enzyme-treatment
and in the no-enzyme treatment (Table 3). The
mortality of enzyme-treatment was increased to
69.5% and that of no-enzyme treatment was
done to 60.5%. Both the enzyme and no-enzyme
treated wood showed 6.1% weight loss but
little change was observed in the case of the
iron sulfate treatment. One possible reason for
the increased mortality and reduced weight loss
by leaching treatment after the enzyme treat-
ment and no-enzyme treatment should be the

crystallization of magnetite during the leaching

Each formation of wood was bicassayed for treatment. The crystallization 1is generally
Table 1 Formation of magnetic wood
Formation Initial weight Final weight Weight gain Ms**
(g) (8] %) (X10" *emu)
Enzyme 1.0657 1.1236 5.4 14.53
No enzyme 1.0830 1.1249 3.9 2.47
Iron sulfate 1.0749 1. 0890 1.3 0.33

* Mean of 5 replicates (?)

** Saturation magnetization

Table 2 Effects on C. formosanus worker termites by wood block treatment

Mortality” Weight loss of wood block*®
Formation
Min. —Max. Mean Min. —Max. Mean
Enzyme 16.7 —23.3 19.7 13.9—16.5 15.1
No enzyme 22.0—31.3 26.3 10.7 — 14.6 12.7
Iron sulfate 4.7-10.7 7.9 21.5—26.3 25.1
No treatment 20— 3.3 2.5 29.9—33.5 31.3

"Values from 5 replicates
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Table 3 Effects on C. formosanus worker termites by wood block treatment after leaching test

Mortality* (%)

Weight loss of wood block® (%)

Formation
Min. —Max, Mean Min. —Max. Mean
Enzyme 26.7 — 100 69.5 0—14.5 6.1
No enzyme 44,0 — 76.0 60.5 4.1~ 8.4 6.1
Iron sulfate 16.0 —38.7 22.4 17.3 — 25.8 21.1

*Values from 5 replicates

increased at high temperatures and previous
studies (Hamava et al., 1989b, 1993) also sup-
porting. But this is the subject for a future
study.

The relationship between the mortality of
termites and the weight loss of wood blocks
after leaching treatment is shown in Fig. L.
enzyme treatment and

Comparing the no

enzyme treatment, it seems that the mean
value of weight loss was the same and that of
mortality was very similar in spite of the
difference in Ms (Table 3).

attention should be paid to the deviation of

However special

enzyme treatment and no-enzyme treatment.

The results of an F-test on both weight loss and

o CO
B0.O
& s00
>
=
K]
5
s 40.0
200
10.0 20.0 30.0 40.0
Weight loss of wood blocks (%)
Fig. 1 The relationship between mortality of termites and

weight loss of wood blocks after leaching treatment

O, @, A and [ indicate enzyme-treated, no-enzyme
treated, iron (II) sulfate treated, and untreated woods.

mortality suggested that the difference of devia-
tion between the two treatments was significant
(at the 5 % level, both sides). Three of 5 blocks
in the enzyme treatment showed higher mortal-
ity than the best of the no-enzyme treatment
and the two of them showed 100% mortality.
On the contrary, two of 5 blocks were lower
comparing to the worst of the no-enzyme treat-
ment. These data implied that the enzyme
reaction did not happen uniformly among the 5
wood blocks. We believe that uniform reaction
would increase the resistant performance
against termites.
Observation and analysis of termite

The reason for the death of the termites

remains unclear, but it seems important to
discuss and understand the mechanism of this
activity.

About 80 % of the dead termites obtained after
the bioassay in the enzyme treatment were
black in color and the remainders were white.
Both black and white termites are shown in
Fig. 2. The blackened color was thought to be
due to the ingestion of magnetic wood. Actually
a positive correlation (r® =0.8819) between
mortality of termites and weight loss of wood
blocks was observed (Fig. 1). Then the termites
were dissected and the intestine was removed to
investigate the presence of magnetic wood. In
the case of the blackened termites, the intesine
was thick and it seemed to contain a lot of
materials. On the contrary, in the case of the
white termites the intestine was thin and empty.

The contents of the intestine from blackened
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Fig. 2 The black and white termites fed the enzyme
treated wood blocks,

termites were analyzed using a scanning elec-
tron microscope (Fig. 3). According to the data
obtained by an X-ray microanalyzer, a high
concentration of elemental iron was present in
the intestinal contents (Fig. 4). Accord-ingly, it
was indicated that the blackened termites died
after ingesting the magnetic wood. On the other
hand, the reason why 20% of the termites
remained white must be considered as its
ecdysis but they might have avoided magnetic
wood and starved to death. In addition, the
wood blocks of enzyme and no enzyme treat-
ment before leaching treatment showed less
weight loss than that of iron sulfate treatment
after leaching test in spite of a similar mortal-
ity. This also implied the possibility that ter-
mites would avoid the magnetic wood.

To explain the termite resistance of magnetic
wood, we have suggested two mechanisms. The
main reason is the formation of harmful sub-

stances during the process of magnetite

Fig. 3 The contents of the intestine from blackened
termites.
The blackened termite was dissected and the contents of
the intestine were anslyzed by a scanning electron micros-
cope. % showed the analytical point by the X-ray mi-

croanalyzer,
PKa
SKa
FeKa
0 5.0 10.0 15.0

keV

Fig. 4 Analysis of the contents of blackened termite by
X-ray microanalyzer, High concentration of iron was
present in the intestine of blackened termite.

formation and leaching treatment. Additionally,
the starvation of termites due to their avoidance
of the magnetic wood should be considered. The
relationship between living organisms and

magnetic fields is not clear at present. In the
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future, the mechanisms of termite resistance
should be examined in choice tests using prepa-
rations of magnetic woods which have different
Ms. Anyway, there are many points that must
be considered and further study is necessary.
As the magnetite 1s solid, so 1t is expected the
magnetic wood would be resistant to rain. In
addition the effect against termite attack was
increased during leaching treatment. These
unique characters could have synergy with
chemical termiticides. In addition, magnetic
wood 1s expected to provide a shielding effect
against magnetic fields, as if it was wood
containing a liquid magnet, as reported by
Oka et al (1995). Field tests are necessary to
cstimate the ability for industrial use but we
hope that the magnetic wood will have the
status of a new kind of functional wood, like
ceramic wood, acetylated wood, and wood-

plastic combinations, in the near future.
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—iRF s VEBREOE~NEPMOZBOERUTR/ Y — v LEEE (LFUERER
S

WNEE T LETERE DR 2 MBREL U MN10ha DL T1985-894E D 5 4B/, + 5~
I MEELOERLAETF a VEREDF - EHWT, B~%E (4~6 ) Oto
WH Y - Z2f@TLic. A~6R0F a v, BEFEE (4~5/F) LHINLEN
BELEIC]I~2ELPIEFENEr > BHEBEE L SEILRD L > T, 14ER
ROTEOEELHIE29.1% CREME) E&Eh-7h, vV 7Y v/ BEZOBBLEE T
S0, HEO2EKNEE (B - QEEK - BN 3, SFEREET EEHEBORE
BB, o fofcdd, FEICEHL, FRSFRIORE $HTIITED - 108, BEORK
KL~ TORY (SEOFEOHBEEES L UBENIELD 13, BIToER, F£8ic
RELBEBHIMLS, MHHRCTROE CRRZRLTV. COF 2 v BEOHPEES
L ERTFHMES L U2 OREEMFE~OHERMIC >V THREL .

To examine the between-year community predictability (constancy), I
analyzed a published transect-count data set of a local butterfly community
at the northern foot of Mt. Fuji in central Japan. The data set was obtained
with the transect counting in an area of about 10 ha including arable fields,
grassland, sparse woods including bushes, and secondary woodland. I used
the transect-count data obtained from April to June for five years, 1985-1989.
The analysis showed that the butterfly community was composed mainly of
constant species that appeared in 4 or 5 of the years, and sporadic species
that did only in 1 or 2 years. The mean value of species turnover rates for
one-year intervals in the community was estimated to be 29.1%, though
there may be a possibility that the transect-count data included sampling
errors. The butterfly community was temporally unpredictable in the
number of species, species composition, and total population abundances,
mainly due to whether sporadic species appear or not, despite which the

community also had a fairly stable aspect due to constant species. On the
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other hand, the butterfly community showed a highly significant concor-
dance in the rank order of species abundance over the 5 years. Also, all 9
correlations between log April-June abundances of species in possible pairs
of years except for a pair of 1985 and 1987 showed lower P values (<0.05).
Thus, the abundance of each species was less variable among different years,
and showed a high degree of temporal constancy. As a whole, the butterfly
community had a predictable core of constant species with an unpredictable
surface of sporadic species, and therefore, had a lower degree of temporal
predictability. These results support the belief that even in unstable (high
turnover) communities, there will be a mix of fugitive and stable species.
How the analysis of community predictability may contribute to its

conservation biology is discussed briefly.

Key Words : Temporal community predictability, Local butterfly commu-

nity, Annual species appearance pattern, Early growing season, Constant

and sporadic species

Introduction

“To do science is to search for repeated pat-
terns, not simply to accumulate facts. " (Mac-
ARTHUR, 1972), A major objective of community
ecology is to discern whether recurring predict-
able patterns of community structure exist
(SErFERT, 1984) and to explain the patterns by
ccological inference (TakEpa, 1987). In this
respect, 1t 1s 1important to know whether
there are repeated predictable temporal patterns
in community structure (STRONG et al., 1984 ;
l.awton and Gasrton, 1989).

Up to now, most studies have been primarily
concerned with temporal variation in popula-
lion densities, while less data concerning tem-
poral community variability exist (STRONG et
al., 1984 ; Lawron and Gasron, 1989 ; BENGTSsON,
1994). Lawton and Gaston (1989) emphasized the
need for sound empirical data on the relative
abundances of sets of component species meas-
ured over several generations. Few attempts
have been made to examine the year to year

dynamics of butterfly communities, except

for Yamamoro (1996).

In this study, I analyze a published data set
(WaTaNABE, 1990) collected using transect counts
on a local butterfly community surveyed succes-
sively for five years, 1985-1989. I explore four
aspects of temporal community predictability:
species composition, species richness, popula-
tion abundance, and species rank order. I
begin analyzing the temporal predictability in
the species appearance patterns of a local
butterfly community during the early growing
seasons. Next, [ explore the factors affecting the
temporal predictability of the butterfly commu-
nity. Finally, 1 briefly take into account the
applicability of the studies of community pre-

dictability to modern conservation biology.
Materials and Methods

Data set analyzed

[ analyzed a data set of butterfly transect
counts obtained by WATANABE (1990) in 1985-1989
in an about 10-ha area (about 920m in alti-
tude) at the northern foot of Mt. Fuji,
Yamanashi Prefecture.

The fixed route (about 1.5km) for the transect-
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count was established in the area covering seven

habitat types : grasslands, sparse woods,
secondary forests, agricultural and open fields,
housing sites, streams, and roads (Fig. 1). No
major changes were observed in the environ-
mental and landscape conditions or in land-use
patterns in the area over the b5-year study
period.

WatanaBe (1990) did the transect count from
April to June in 1985, to September in 1986, to
June in 1987, to October in 1988, and to October
in 1989. Therefore, in this paper, I analyzed the
census data obtained from April to June in
each of the 5 years. The period from April to
June as an early growing season covers ap-
proximately one or at most two generations of
each component species of the butterfly commu-
nity. During April and June, the census was

done for twelve days in 1985, nine days in 1986,

five days in 1987, five days in 1988, and six days
in 1989 (WATANABE, 1990).

The transect counts were conducted along a
fixed census route (see Fig. 1), within the
period from about 9:00 to 12:00 (rarely from
about 13 :00 to 16 : 00) in fine weather. All
butterflies sighted within 20 m of either side of
the census route were identified and the number
of individuals was recorded. The individuals
that could not be identified by sight were cap-
tured by insect net, and released after identifi-
cation. Pieris melete MENETRIES and P. napi
LinNAEUS were treated as a single species.
Methods of analysis

I first calculated the monthly abundance (. e.,
the monthly total number of individuals ob-
served /the research frequencies only when the
species were found in a month) for each species

during the early growing season (from April

Grassland
E Sparse wood including bushes
E Secondary woodland

. House

[[] Aericultural and open fields
/(/ Stream

7\,/\ Road
=Pp= Transect route

J Start point of the route

ﬁ’ End point of the route

Fig. 1 Descriptive map of the vegetation and environmental component in the study site (WATANABE, 1990).
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until June). Then, I summed up the all monthly
abundances to get a total of April, May, and
June’s monthly abundances in each year (here-
after called April-June abundance). The April-
June abundance and its rank order of each
component species are shown in the Appendix.
Exceptionally, T used data in the observation of
May 1 for calculating the monthly abundance in
the April in 1988, because of the lack of regular
observations.

Species turnover rate (i. e., relative turnover
rate, ScroENer (1986)) over a unit time (one-
year) interval, t.-t., in the species appearance
patterns of the butterfly community monitored
was calculated as
(Sd + Sa)

(St1 + St
Where Sd is the number of species that disap-

100 x

peared, Sa is the number of species that newly
appeared, St: is the number of species at ti,
and St is the number of species at t; (DIAMOND,
1969 : WiLLiaMsON, 1981 ; SCHOENER and SPILLER,
1987). Relative turnover is a better measure
for comparisons between kinds of systems
(ScHoenER, 1986). In this study, [ treated the
species recorded in year ¢» but not in t. as
those that disappeared (genuine or apparent
extinctions). The species recorded in year t: but
not in t. were treated as those that newly
appeared (genuine or apparent invasions).
Concordance for species abundances was
calculated on the rank orders of April-June
population abundances, shown in the Appendix.
The degree of concordance was assessed by
using KENDALL's coefficient of concordance (non-
parametric multisample rank correlation statis-

tic, SIEGEL, 1956 ; MarTIN and Bareson, 1993) :

where s = X (R,*Z—ﬁ’ )?, R, is the total of
rank orders of each component species during
the study period, k is the number of years
studied, and N is the number of all component
species ranked. In this study, the species not
recorded in a given year were included in the
calculation of W as tied maximum ranks within
the year. In addition, the correlation coefficient
was calculated between log transformed April-
June abundances of each species of butterfly in
two different years.

The voltinism and adult flight period used in
the analysis were estimated from the literatures
(Unno and Aovama, 1981 : Fukupa et al., 1982,
1983, 1984a, b), and also from the actual data
of seasonal changes in the observed number of
individuals of each species in this data set
(WaTANABE, 1990).

Results

The evaluation of the differences in the number
of census days among the § years of study

The number of days in which the census was
done in each year (see the section of "Data set
analyzed”) was not significantly correlated
with the number of butterfly species observed in
each year (rg=—0.205, P>0.05, N=5), and also
with the total number of individuals observed
(total population abundance) in each year (rg =—
0.564, P>0.05, N=5). From these results, it is
considered that the differences in the number of
census days among the years had almost no
effect on the parameters of the butterfly com-
munity such as the number of species.
Taxonomic composition and apparent turnover
rate of the butterfly community

All butterfly species observed in the transect
counts and the numbers of years in which the
species were observed are shown in the
Appendix. Figure 2 shows the frequency distri-

bution of component species against the number
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Fig. 2 Frequencies with which butterfly species were
observed in different numbers of years between 1985 and
1989. The numeral above each bar indicates the number
of butterfly species in different numbers of years in
which the species was observed.

of years in which each species was observed
during the study period. The frequency distribu-
tion is bimodal, with a peak in 4 or § years
and with the other peak only in 1 or 2 years.
For convenience’ sake, the former constantly
appearing group is hereafter referred to as”
constant species”, and the latter occasionally

appearing group as ” sporadic species”.

Table 1 shows the estimated voltinism and
adult flight period of the respective sporadic
species in this habitat. According to the adult
flight period, the univoltine sporadic species are
divided into two types : (1) adults emerge only
in early summer C(including 3 spp.) ; (2)
overwintering adults produce the first flight in
spring, and new adults emerge in early summer
(including 2 spp.). The bivoltine sporadic spe-
cies are divided into two types : (I} the first
adult flight occurs in late spring-early summer,
the second in mid summer (including 6 spp.);
(2) overwintering adults produce the first flight
in spring, new adults emerge in early and mid
summer, and the last flight occurs in late

summer-fall (including 1 sp.). The multivoltine

sporadic species are divided into two types : (1)
the first adult flight occurs in spring-early
summer, the second in mid summer, and the
third in fall (including 4 spp.) ; (2) overwintering
adults produce the first flight in spring, new
adults emerge in early summer, and the subse-
quent flights occur in summer-fall (including 3
spp.). From these results, there is little possi-
bility that the species classified as "sporadic”
in this study were yearly and occasionally
observed during early growing seasons, because
they had either univoltinism and adult emer-
gence time in summer-fall seasons, or multivol-
tinism and main adult flight period in summer-
fall seasons, except for a few species such as
Neptis philyra MENETRIES, Brenthis daphne
DENis et ScHIFFERMULER, and Parnara guttata
BrREMER et GREY.

The apparent species turnover rates were 24. 4,
30.4, 26.5, and 35.1% yr' (respective one-year
intervals from 1985 to 1989) (mean=29.1, S. D.
= 4.71). These values might be partly affected
by the sampling error of the transect counting.
But they are not very different from those
reported by ScHoENER and SpiLLer (1987) (32.5%
for island orb spiders) and by Diamonnd (1969)
(356.9% for island birds), which are known for
high turnover rates, although these values are
calculated based almost entirely on island
genuine extinctions and invasions.

These results imply that the species composi-
tion is highly variable, mainly due to whether
sporadic species appear or not, and therefore,
the community had a temporal unpredictable
species composition.

Dynamics in species richness and total popula-
tion abundance

Figure 3 shows the year-to-year dynamics in
the species richness. The number of species
observed during the early growing season (from
April to June) varied across the years. The

constant species predominated in the butterfly
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Table 1. The estimated voltinism and adult flight period of the sporadic butterfly species in the studied habitat. The
estimation was done using the literature and the actual number of individuals of each species in this data set (see text)

Species Voltinism* Adult flight period

Choaspes benjaminii 2 late May-June, late July-Aug.

Thoressa varia 2 late May-June, late July-Aug.

Parnara guttata 3 mid May-June, July-Aug., Sept.-Oct.

Papilio xuthus 3 May-early June, July-Aug., Sept.-Oct.

Papilio macilentus 2 mid May-mid June, late July-Sept.

Papilio maackit 2 mid May-mid June, late July-Sept.

Eurema hecabe 3 overwintering adults in spring, new brood in
early summer, continuous brood in summer-fall.

Gonepteryx aspasia 1 overwintering adults in spring, new brood in
early July.

Rapala arata 2 mid May-June, late July-Aug.

Celastrina argiolus 3 late April-May, July-Aug., Sept.-Oct.

Plebejus argus 1 mid June-mid July

Brenthis daphne 1 mid June-July

Limenitis camilla 3 June, late July-Aug., mid Sept.-Oct.

Neptis philyra 1 late June-July

Araschnia burejana 2 mid May-June, mid July-Aug.

Polygonia c-aureum 2—3 overwintering adults in spring, new brood in
early summer, continuous brood in summer-fall.

Kaniska canace 2 overwintering adults in spring, new brood in
July-Aug., the second brood in late summer-fall.

Nymphalis xanthomelas 1 overwintering adults in spring, new brood in late
June.

Cynthia cardut 3= overwintering adults in spring, new brood in

early summer, continuous brood in summer-fall.

* P number of generations per year. 1 ' univoltines, 2 °

w
o

Number of species

1985 1986 1987 1988 1989
Year

Fig. 3 Year to year changes in the number of butterfly
species recorded in 4 or 5 years (), those in 1 or 2
years (%), those in 3 years (), and all butterfly species
recorded (numeral above each bar) during the study
period from 1985 to 1989.

bivoltings, 3 and 3 = ' tri-and multivoltines.

community in every year during the 5-year
study period (mean proportion of the numbers
of constant species in the 5-years = 70.49%,
range 60.99%-85.7%),

numbers of species. However, the second most

keeping nearly stable

abundant species in the proportion were those
which appeared only in 1 or 2 years (sporadic
species) and showed variable species numbers
across the years, and the species appearing at 3
years showed the lowest abundance in the
butterfly community. As a result, the year-to-
year variation in the total number of species
and taxonomic composition was strongly de-
pendent on that in the number and composition
of sporadic species.

Total population abundance fluctuated across
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the years (Fig. 4). Minima and maxima of the
total population abundances were observed in

1989 and in 1988, respectively.
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Fig. 4 Plots of the total butterfly population abundance
in year t +1 with that of year t. The total population
abundances are obtained by summing the April-June
abundances of all component species observed in each
year.

These results suggest that the butterfly com-
munity had a temporal unpredictable aspect in
both species richness and total population
abundance, although the community also had a
fairly stable aspect due to the presence of
constant species.

Concordance in the rank order of species abun-
dance

This butterfly community showed a signifi-
cant concordance in the rank order of April-
June population abundance over the 5 years
1985-89 (W =10.651, x*=120.44, d. {. =37, P
<(0.001). However, it is known that rare species
have a disproportionate effect on the value of W
(Joern and Prugess, 1986). There was a ten-
dency for the species that were recorded in less
than 3 years to be less abundant (KiraHArRA and
Fugi, unpublished). Thus, I further calculated
W except for such species recorded in less than

3 years, and its value was still significant (W=

0.555, x*=49.95, d. f. =18, P<0.001). These
results suggest that the butterfly community
showed a high degree of temporal constancy in
rank order of species abundance.
Correlations between yearly abundances of
component species

Figure 5 shows the correlation coefficients
calculated between log transformed April-June
abundances of each component species in two
different years. All possible pairs of years
between 1985 and 1989 were compared, and
therefore, the maximum number of years be-
tween observations was four (1985 with 1989).
Figure 6 shows four examples selected from
those ten correlations in all possible pairs of
years shown in Fig. 5. All of the correlations

except for a pair of 1985 and 1987 had lower P

1.0
U.Bl:

E
2 0.8
=
3{"; 0.7 gwu-s& ¥ 1987/89
e 0.6F Toohiee 108688
o 1985/88  01985/89
g 0.5+ 198689
'-n"'-é' 0.4+ A19B6/87
g 0.3 X 198587
S 02
0.1
I 1 | | I
1 2 3 4

Years between observations

Fig. 5 Correlation coefficients between log transformed
April-June abundances of each butterfly species in two
different years. Points show the wvalues of the
correlations between all possible pairs of years between
1985 and 1989 (* ; P<{0.001, O 0.001< P<0.01, A\
0.01< P<{0.05, X : P>>0.05). Each correlation coeffi-
cient was calculated for species present in both or either
of the two years.

values (<0.05). This suggests that abundant
species have remained abundant, and rare
species have remained rare throughout the five

years of study.
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Fig. 6 Four examples of the relationship between the log transformed
April-June abundance (+1) of each butterfly species in different pairs of
years (a ; year 1985 and 1986 : r=0.667, t =4.565, P<0.001, b: 1987 and
1989 : r=0.660, t =4.304, p<{0.001, ¢ 1985 and 1988 : r=10.528, ¢t =3.405,
0.001 <P<0.01, d; 1985 and 1989 : r=0.535, t=23.166, 0.001=P<0.01),
for species present in both or either of the two years, which were selected
from among ten relations in all possible pairs of years shown in Fig. 5.
Numerals beside the dots indicate repeated observations.

Discussion

Temporal predictability of the butterfly commu-
nity
in the

This study suggests that, butterfly

community, the whole community attributes

such as species number, total population
nbundance, and species composition were tem-
porally unpredictable over the b5-year study
period, but the component population’s attrib-
utos such as the rank order of abundance of
each species were more temporally predictable
over the pericd. It is generally accepted that
predictability  varies

lemporal community

greatly among different sorts of organisms

and habitat templates (e. g., MACARTHUR and
WiLson, 1967 ; Pianka, 1970, 1988 ; MACARTHUR,
1972 ; SoutHwooDp, 1977, 1988). For example, a
high degree of temporal constancy, especially in
species-relative abundances, has been shown for
" insects (STrRONG et al.,
1986 ; TAKEDA, 1987

1988) ; fishes (MovLE and VONDRACEK,

several animal groups
1984 ; JoErN and PRUEsS,
Evans,
1985) ; and birds (Dunning, 1986 i WILLIAMSON,
1987). On the other hand,

temporal community predictability has been

a low degree of

demonstrated for a number of animal groups -
leaf-hoppers (WarLorr and Taompson, 1980) ;
fishes (Ross et al., 1985 ; GRosSMAN et al., 1985);
and birds (Wigns, 1984). In a habitat dimension,

—185—



M. KITAHARA

Ross et al. (1985) found that community predict-
ability changed with location for stream fish
assemblages. Thus, real community predictabil-
ity 1s expected to be strongly governed by its
lying point along the continuums of organisms
and habitat templates.

Lawron and Gasron (1989) showed that the
taxonomic composition, rank order of species
abundance, and relative dates of first appear-
ance of the component species were all con-
served across years with 15 years of data on a
herbivorous insect community in bracken, and
implied that the community had a reasonably
temporally predictable structure. Compared
with this, it is demonstrated that our butterfly
community with some unpredictable whole
community attributes had a lower degree of
temporal predictability in the structure.

In this butterfly community, temporal unpre-
dictability in the whole community attributes
was considered to be mainly caused by the
presence of sporadic butterfly species, which
suddenly appeared and/or disappeared across
the years. On the one hand, in butterflies, the
activity range of their adult stage is usually
rather extensive, compared with that of the
early stage. Therefore, in the sporadic butterfly
species, there is a possibility that some dispers-
ing or mobile adults from their natal spot were
recorded within the census area in a certain
year of study. In this case, the zero values of
the April-June abundances of the sporadic
species mean their genuine absences in the
census area at that time. In this point, the
sporadic species are likely to be associated with
"satellite populations”, which may colonize
when conditions become more favorable, but go
extinct in unfavourable years (Primack, 1993),
or "sink populations”, which tend to be accom-
panied by population transience under poorer
productive habitats (PurLiam, 1988 ; LawTon,

1993). The herbivorous insect community in

bracken (Lawton and Gaston, 1989) was associ-
ated with a highly persistent and very predict-
able host plant (i. e., bracken), and composed
mostly of persistent species. Thus, the presence
of many sporadic species in the butterfly com-
munity suggests that this habitat (spatial) and
seasonal (temporal) conditions were associated
with lower levels of persistency and predictabil-
ity. This may be evidenced by this habitat
including unstable and unpredictable environ-
mental components such as residential areas
and cultivated land with frequent human distur-
bances, and this season (spring to early sum-
mer) during the observation period linked
more with occasional unpredictable weather
conditions (e. g., severe thermal fluctuations).
However, we do not have enough information
about underlying population dynamics of com-
ponent species, and the detailed knowledge of
habitat and seasonal stability and predictability
needed to resolve this issue.

On the other hand, the transect count method
provide the most suitable technique for
diversity studies (PoLLARD, 1977, 1984 ; POLLARD
and Yates, 1993 Garr, 1985 ; Yamamoro, 1988 ;
New, 1991 ; Dennis, 1992 ; WARREN, 1992 ; IsHi,
1993). Indeed, many studies on butterfly com-
munities have been done using the transect
recording (PoLLARD et al., 1986 ; PoLLARD and
Yates, 1993 © Yata, 1993 ; Krranara and Fuun,
1994 ; Tasmita, 1996). But the reliability and
robustness of the transect method have been
tested and evaluated repeatedly because of its
variability due to such as the difference of
recorders and time of day (Yamamoro, 1988 ;
NatuHARA et al., 1996). Since the transect
method is usually simple and rough, we cannot
necessarily deny the possibility that this turn-
over value 1is overestimated because of the
sampling errors of transect-count data. Thus, it
is considered that the zero values of the April-

June abundances of the sporadic species meant
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not only their genuine absences, but apparent
ones (i. e., they were present at low densities
without being sampled). In practice, the con-
stant species are typically persistent over time,
while the sporadic species may either remain
persistent with low densities or suddenly appear
and/or disappear.

In this study, the butterfly community had a
system with high levels of species turnover due
Lo whether sporadic species appear or not,
despite the community having a largely perma-
nent aspect shown by the predominance of
constant species at any one time. That is, the
hutterfly community had a predictable core of
constant species with an unpredictable surface
ol sporadic species. This structure of the com-
munity seems to be very characteristic and has
received little attention so far, and is closely
consistent with that of orb spider communities
on small islands in the Bahamas (SCHOENER
and SpiiLER, 1987). These results support the
helief (Cocksury, 1991) that even in unstable
(high turnover) communities, there will be a
mix of fugitive and stable species. In future
field studies of community predictability, it
would be important to explore whether there
nre repeatable patterns of the changes in the
degrree of temporal predictability along a gradi-
ent of habitat stability and predictability.
Butterfly community predictability and conser-
nation biology

This study also suggests that the studies of
community predictability provide some useful
iformation underlying the conservation of
toenl  communities and biodiversity. For in-
alnnee, this study showed that the butterfly
community had a low degree of temporal
predictability especially in the whole commu-
nity attributes, mainly due to whether sporadic
species appear or not. The sporadic species that
were important in the community predictability

were characterized by sudden appearance and

/or disappearance across years with relatively
low densities. Generally, there is a trend that
small and/or variable populations are more
prone to extinctions (WiLLiamson, 1981 ; SCHOENER
and SpiLLER, 1987 ; PimM, 1991). In this respect,
the sporadic species seem to be subject to
repeated genuine or apparent local extinctions,
and therefore, may often be the focus of conser-
vation efforts. As stated above, the characteris-
tics of the sporadic species are similar to those
of satellite populations. Therefore, if we wish
to maintain a community in its current state, it
is inadequate to consider one patch of habitat
(CockBurn, 1991), because the conservation
strategy of the sporadic species needs to focus
on regional processes as well as one patch of
habitat.

On the other hand, the prediction of the future
picture of local communities and biodiversity is
also important to assist in the planning for
their conservation strategies. Obviously, this
kind of reseach concerned with community
predictability would be significant for problems
of conservation. In this study, the butterfly
community was composed mainly of constant
and sporadic species over the b-year study
period. Thus, if the landscape and land-use
patterns in the study area are unchanged, it is
predicted that the future picture of the butterfly
community structure would be represented by
both predictable constant species, and unpre-
dictable sporadic species. In general, different
conservation strategies are adopted for each
species with different ecological characteristics
(e.g., dominant and common species vs. fugitive
and rare species) (HicucHi, 1996). Considering
the entire conservation of the butterfly commu-
nity in its current state, a particular conserva-
tion action plan should be created at least for
each of the constant and sporadic species.
Furthermore, it is necessary to understand

more detailed ecological characteristics of
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constant and sporadic species to make the
specific conservation action plan of the respec-
tive species. The analysis of the characteristics
of the constant and sporadic species based on
their life-history information will be attempted
in our forthcoming paper (Kirauara and Fuul,
in prep.).

Thus, as this discussion suggests, the analysis
of community predictability may have some
contributing aspects to the conservation of local
communities and biodiversity. It would be
valuable to know the degree of community
predictability from a range of different habitats
and animals specifically examined, to plan the

conservation of local biodiversity.
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Appendix. The list of butterfly species analyzed in the present study, and their April-June abundances and rank orders

(1 =most abundant species) in the years 1985 to 1989. The original data were collected through intensive transect counts
during the period, and published by M, WATANABE (1990)

Species April-June abundance and rank order”’ Mean Number of
Species April-June years
1985 1986 1987 1988 1989 abundance? observed
Hesperiidae
Erynnis montanus 33 8 10 14 20 13 60 8 0 3.08 4
Daimio tethys 3.0 9 1.0 14 1.0 19 2.0 12 3.0 7 2,00 5
Choaspes benjaminii 1.0 18 0 0 0 0 1.00 1
Leptalina unicolor 2.5 12 1.0 14 13.5 4 0 5.0 5.50 4
Ochlodes venatus 0 0 7.0 7 1.0 18 2.0 1 3.33 3
Thoressa varia 0 0 0 1.0 18 0 1.00 1
Parnara guttata 1.0 18 0 0 0 0 1.00 1
Papilionidae
Parnassius glacialis 47.0 1 45.5 1 220 3 40.0 1 12,5 3 33.40 5
Papilio xuthus 0 1.0 14 0 0 0 1.00 1
Papilio macilentus 1.0 18 0 1.0 19 0 0 1.00 2
Papilio bianor 1.3 16 1.0 14 2.5 1 1.0 18 0 1.45 4
Papilioc maackii 0 1.0 14 0 0 0 1.00 1
Pieridae
Eurema hecabe 1.0 18 0 0 0 0 1.00 1
Gonepteryx rhamni 20 13 43 4 60 8 130 4 25 9 5.56 5
Gonepteryx aspasia 1.0 18 0 0 0 0 1.00 1
Colias erate 4.0 5 8.5 3 270 2 33.0 2 343 1 21.36 5
Anthocharis scolymus 3.8 6 2.0 10 2.0 13 7.5 6 1.5 13 3.36 5
Pieris rapae 1.3 16 2.5 9 2.0 13 2.0 12 0 1.95 4
Pieris (melete or napi) sp. 4.4 4 117 2 21.5 1 24.0 3 18.3 2 17.18 5
l.ycaenidae
Rapala arata 30 9 0 0 0 0 3.00 1
Callophrys ferrea 1.0 18 4.0 5 1.0 19 1.0 18 0 1.75 4
Lycaena phlaeas 4.8 3 1.5 13 2.6 11 3.0 11 2.5 a 2.86 5
Celastrina argiolus 2.0 13 0 0 2.0 12 0 2.00 2
Everes argiades 3.4 7 3.3 7 2.0 13 5.5 9 1.0 14 3.04 5
Plebejus argus 0 0 11.0 6 9.0 5 0 10.00 2
Lycaeides subsolanus 0 0 4.5 9 4.0 10 4.0 6 4.17 3
Nymphalidae
Brenthis daphne 0 0 12.0 5 2.0 12 0 7.00 2
Nephargynnis anadyomene 2.0 13 2.0 10 1.0 19 0 2,00 11 1.75 4
Limenitis camilla 0 0 0 2.0 12 0 2.00 1
Neptis sappho 28 11 3.3 i 3.5 10 2.0 12 3.0 7 2.92 5
Neptis philyra 0 0 20 13 0 0 2.00 1
Araschnia burejana 0 0 1.0 19 0 0 1.00 1
Polygonia c-aureum 0 .0 14 0 1.0 18 0 1.00 2
Kaniska canace 0 0 1.0 19 0 0 1.00 1
Nymphalis xanthomelas 0 0 1.0 19 0 0 1,00 1
Inachis io 1.0 18 4.0 5 0 1.0 18 0 2.00 3
Cynthia cardui 1.0 18 0 L0 19 0 0 1.00 2
Satyridae
Ypthima argus 5.0 2 2.0 10 2.0 13 7.0 7 9.5 4 5.10 5
T'otal population abundance 103.6 101.6 159.0 170.0 101.1
Number of species 25 20 26 23 14

1) The species not recorded in a given year were included in the calculation of W (KENDALL's coefficient of concordance)

as tied maximum ranks within the year.

2) counting only years in which the species occurred.
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Insecticidal Activity of Water-based Liquid Formulations Containing a
Pyrethroid Insecticide for Mosquito Killer Devices against Mosquitoes.
Yoshihiro MimnamITE, Hiroshi Asal, Tsutomu Kanzaxi and Yoshio KATsupA
(Research Laboratory, Dainihon Jochugiku Co. Ltd., Toyonaka, Osaka 561,
Japan) Jpn. J. Environ. Entomol. Zool. (1997).

Water-based liquid formulations for mosquito killer devices, comprising a
pyrethroid insecticide (di, d-T80-allethrin or d-T80-furamethrin), a surface
active agent, and deionized water were prepared for testing their vaporizing
performance and insecticidal activities. Requirements for surface active
agents applicable to water-based liquid formulations were as follows: )
solubilizes the insecticidal component, @ has vaporizing property, @
vaporizes maintaining fixed composition ratios among 3 components. After
testing, diethyleneglycol monobutyl ether (hereafter DB) was selected as a
favorable agent. In contrast that a kerosene-based oily liquid is categorized
into “Flammable liquid” under the Fire Services Act, a water-based liquid
containing DB is free from danger of flammability. Analysis of the amounts
of vaporized liquid solution and insecticidal component when used in a
commercial mosquito killer device, showed stable vaporization over a long
period of time. Furthermore, the knock-down activity of a water-based
liquid against mosquito adults, Culex pipiens pallens CouiLLETT, was found

to be superior to that of an oily liquid.

Key Words ® Water-based liquid, Surface active agent, Diethyleneglycol

monobutyl ether, Pyrethroid insecticide
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Przoq FEBEHRS (dl, d-T80-7 VR Y v, d-T80-73 2 + Y ), REiEHH
B IO 578 BARBRBEAI K ) * v FEAFTRBIL, ZORMIEL S0k
mh i ERE L, Ky F o FicBEATE 2 REFEEAIOSREE LT, © Rhals
Al bTcE 5T &, O MBEEEEET L L, @ BhRkS, REETH S J UKD
SEAN—EORBEF - THEHT A I EHNEREN, ThoZilESEbDELTY
TFLv Y a—NvE/TFLI—FA (DB) #BR LA yorvE~-2LT50H
M) F o PSR LOBRYNICEY T A DI L, TODBASUKEY £ v FIEEIK
ORI, F TR OME AR RBICEHEL THEA L KOFERTS o Tick
HEAOERB O EEMIIC O D EE LD TH o7/, I6iT, KEVFy FOTHA
T4, Culex pipiens pallens COQUILLETT BRELICXIE 2K Tx fHIZ MY + v KD %

HcHERT/NE L, KDY F o FREDESNTH 2 2 EHBBD LN

# =

SORRERBRAZ A & LT, SRS, EXPG
MRERNT, WEFhbEOLREME LTHLELTOS,
CONBRE N, ZTOEMIBRHEBNOF + ) T—& L THE
PAZd S a1y, BIRIISIGRTT b/mLR R
AfEfEd 5 (B, 1976). —7%, BRLHUZE= » b
NEwER (V0 Fo47) Mdbb, EErfblivo
cevya VEOFHARBTERL TS, BEXEX
BN, BRAEESEECERDBREEREL, Sk
54 B U TR 2 IS & 52 DT, 1965FELER
YWOIilR&E N, L, T OMEESEIUH O F ik
L LTHRV hSBRIBNGREAREEZE L, BROZE
W BUEIRE OB T—EDREFEBEERRTH &
WCERWVREAMS -1, TOH, BRKEEZ1IE L
KN4 3 < » PRBFERICIE -1, Z0%, BHEPER
MBI ERENLE WP TC (RS — I R 5) F#h
KDIMFEE N TRELSZRED v b o —uhafeEs 50,
L, BRAEMCBVTS, 7LRY v ERBRICESE
DS IS CR, poRBANDOE VW T S A M) v
(S AarsuDpA et al., 1969) 75 L b ) v (KATSUDA,
1971 MaTsuo et al., 1980) DOBEFIc LY, HBHEXE
UM 1985 S HUTTIRIC BB T 2 LS il - 1
A NESEOER DM & LT, PERB RS
Ay EWCEDS L ) & o FBEHbRTWS,
SIKPEDSER W, KRUCKTT A fEREEARhB T - 7
SO KEORIBEERRETATFRE LT, FARER
MR ONETE, KEBFFICHWAZ =/ b ) vk
FLAR ~ov A by kA (B, 1987) AEA{Ls

NTVEY, THhHIEHERCHEBBERVTHRT 2
SR THARBSNEC BERTEDN, $b5, 72
J b IKEERLFIR 2 b ) KR AICEES SN D
RETEERIE A BEOHA RS h 3 IR
EATOLOHNE L, IhERERBBEUEM L
AR A b VTR IR, RO AN
CFnaiowThH s (BH - BEF 19D, FEHES B, K
ARESWHEUCE L - RETEAIERIRL, ChicEy
2o FRFBRES (dl, d-T80-7 v R Y v, d-T80-
754 b)) V) EXERUKAENA THATE SUSCHUH R
YF& o FEMRTHHTHERT S L L dic, ToXERM
fiEE 74 = H, Culex pipiens pallens COQUILLETT
T 2R B ERROTI ICHET 3.

M EHE
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Craod FREBRESE LT Al d-T80-TLVRY
vBXUd-T8O-75 4 k) v, £RREEHRE LT
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W/V, DB50.0% W/V. & :0.992/20°C) 458
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RO i 7ct8, FrE OB AZRME (Y v 7R

—193 —



ME R Bh»

g1 Y+ o FOMEK

w Bk (% W/V) ZzofoRs (% W/ V) W =
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© 5 %Methyl Silicone Polymer (SE-30)
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100~260°C (3°C/ 4y THIR)
260°C (304 RIsERD
BREIERE © 300°C

W 130°C) icgE U/, BB 10 72 0 128/
L, Izl HAE LTHERIIZ60B DR L .
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DRHBIAADF P VERERFEL, TOETRDL. —
A, d-T80-7 35 4 b ) 185D B OEhEKER,
VYA (A #HBING. 7734, T0~2304 v & a)
6 ERUNER 1 82 FE LA 5 RETEY 1 L OF|
BTESE 1R (FrEE© 3IERIE~ 4 BRE) B35
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®3 HEERODFOA R o<t 757 4 BIERMG
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LI WIhoHERS b BERETIT- 2.
3. Uy FOEADHER

(0 Xy +o K

HELICRTSEHEOV+ v FEAWL, 30HBY £
FiEHISEBIC, —H60HA) Fv Fiz oW TR
0B H L .

(2) HtARH

19654 RIRIF 2P O T kD SEELL, M
HRAEFTRAFAEFRORBERT H 4 =4 Culex
pipiens pallens CoquILLETT 2 W, ik, RERIC
&PHEH% 3 ~ 5 BE Ol E AL L 1.

(3) HE&FH: GAKEER

PEE20cm, E&E43emD 73 X F v 7 RIAE % 2 BicE
fa, TOLIK124 v ¥ 2 DS TET 2440 - 1220
em, =S 20cm@ME (HARBREANBEH) 2#iL,

d-T80-73 A b)) v

DB

B B EERBIfEFr  Shimadzu GC-14 A (FID)

77 A 5 % Cyanoethyl Methyl 10 % Free Fatty Acid
Silicone Polymer (XE-60) Polyester (FFAP)
¢3m, BX1m $3m, £&1.56m

N5 ARE 170°C 180 °C

BHBERE 250°C 250 °C
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—fEic, BELHEABRRFOLACER SN TR
DOREVREEHANG, FEEEETKE) F o FICES
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d-T80-7 7 4 +V v Z2ZAULH &3 560H K Y
* oy FIZOWTHEREL - BERBROEREE XS ITRT.
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DB (B0 % W/V)
60 HA TRtk d-T80-754+r) > (1.3% W/V) 2.5 2.4~2.6 100
DB (70 % W/V)
iihic d-T80-75xr0yv (1.3% W/V) 3.3 3.2~3.5 100
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Evaluation of Environment by Butterfly Communities in Residential Suburbs
near Osaka City. Munehiro YosHipa (Department of Public Health, Kansal
Medical University, Moriguchi, Osaka 570, Japan). Jpn. J. Environ.
Entomol. Zool. 8 :198—207 (1997)

Butterfly communities were monitored by a transect-count method at 3
areas near Osaka City from May to October, 1996. Five families, 8 species
and 152 individuals in Owada, a highly urbanized area located between
Neyagawa and Moriguchi Cities ; 6 families, 14 species and 431 individuals
in Makino, a typical residential suburb located in Hirakata City ; and 6
families, 23 species and 274 individuals in Nagaodai, a new residential
suburb located at a hill area in Hirakata City. Species commonly observed
in all the areas were Pseudozizeeric maha, Pieris rapae, Paptilio xuthus,
Graphium sarpedon, Parnara guttata, Argyreus hyperbius and Eurema
hecabe ; these T species occupied the 1st to 7th in a ranking of the individual
numbers and 99.3, 96.8 and 82.5% of the butterflies in Owada, Makino and
Nagaodai, respectively. A high similarity was observed among butterfly
communities of the 3 areas. Several diversity indices were the highest in
Nagaodai, but difference in the diversity was not clear between Owada and
Makino. El-index proposed by Sunosk and species richness could distinguish
the 3 areas separately and El-index estimated Owada, Makino and Nagaodai
as a suburban to urban stage, a typical residential suburb and a rural-

suburban stage, respectively.

Key Words ® Butterfly community, Residential suburb, Diversity index,
El-index, Osaka

19964E 5 A H10H 12, KEKHIESE 3 HicB\W\WT, FFves VEICKBF 2 vERE

Efiot. BTOHBELEE)IHANMET 5 8 MIs2MEME, A ML ETH
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KERTEESBECH D F 2 - FABHE

EOF 3 vFAER L, 30— ok@EER, Y<bvYY, EvvoFay, £3I7
HFos, TARAITHN, AFEVIREY), YyosobavEY, $F39THD, F3
SHRETO HERIZATIM.3%, #5¥F96.8%, KREAE82L.5%ThH-k. KN — 1t

OF = DEBERICRSVERUESED S hk,

50 OEHERHERVWTh b EEAN S -

EbRELC, HFLRMBOER/NS -7, B X 2 ETHEEI 3 v — % B R i
SIL, ARMAEZEMETH & i REOER, K- MANTATHR, REGZEN

POFEHAER L oo H s R EHEL .

#

oy, MBEEERL, o7 4=
FAICKENEBEEZ PEENERTHE. L LA
Thad, RE, BE, RKUGRES SHLENE S CEES
M ASrTEETS e » (LM N RIEER & SRR, B
k& ARG THIE(E SRS T H 5 70, EMRE
OpHilicBOTERY Efoh s T Ebah o7t L
. Mg, daMuRicAERT 24EMEER, ToHBo
EIARANICRB L FETH 2 L 0B b &g,

A OB E, TOHURICAERT SEMEL R
Mo &k DT EBRAALNTVLS, e
SLF o vRER, RIS ZRIENSATRE, AREEREIR
NERIEN TV AR EOBHT, BEEED1>&LT
Dl zgEE->2560 (AH, 19935 KH, 1996), Hk*~
0 PSR - RIBE TV 3 ([, 1988 5 Bij,
903 5 ok - BB, 1995 5 S, 1995 53t - HIE,
199G S0, 19960 5 HF - miR, 1997).

KGR okgtthic 813 2 7 = YEBEECEL TE,
o fgls (199D, BLUSsH - HE (1996), 4
GOO1996) 2R LB ETEE L DREIEREINTED,
BLRIE SRR LT VWS, L L, BToREERF a
IR ERCTIHME L, SH{LoETEHET 2154
1 BULA OETGHPER A S0 o —BRE I BT
LUt L EZ B KRBV TR, KRBRATERE
OfFELS rFNC BV TERLAZF a DT v &S
Ft R E S ST, BHTOBAEOFMETY, B
L CEHDERE O FHIRD 7 2 v OFHERIC> W TR
WA 4,

m

REMETE

1. WA OBIE L FHEIL— b
WA, KBRAT QAL HERHI10~20kn D EEPH < (7 &

T3, BEJIIWAMEMX (LT, KM, BhhE
B (LUF, 85, woymERAHX (UT, KR
B) O3y THDE. ZAEHOMNBERREZHEL—
MBEOHIER AR 1, K2R, SHIX &g —
b OBEEAKRICEET.

K1 FEAH oA ERRR

AFTH - KERHTA SAEHE10knic B L, fTEX L3
BREIHESFOTICF 72255 FERTESIN L OF B MM
THb, TEFE->RMPHEANE LT, BHIORER
H AT, —ARERKICHIRE & U TRA SN #9304k oD
+7 SHOIER, B LUOKREBELFREBRICS 5H
B 600 OASEE 7 2 ) #MikMHSB. 7 27 FiF
KFBALNC D RAP BRSNS, SEBEI—FaH1
D OEBEI/NE L, b - TH/PBETHRAREARD
BREhAEETH 3. T-RMEEICHEI OFIL, &
=Y, MEEAECKENEZ V. AT E RO/
SUERE O TOREAR LRV, BHIIZIL
nicEEnoh, REEOLTHRIHICTEREEE T3

—199 —



HE ik
(T \-_‘-_ﬁﬁ'
=)

LI
S X0y
YN
S
2

i

i - A :
X HAN L

H2 #EML— HEEOHER
FEE, WITh b EHEREERTT 2 5 5 T4ro 1 R ORFIM, KEEILES 85, & REA,
BOD Lh5IALE. @RS, XHBKRRAERT.

FELH 5, FAEV—- M E, FRAMBRERESE LT,
Fil, +2 5iR, KREBELFAFER (250m),
BIUFEEHEBERL, #RESRCV2ERY2. 2
km T3 5.

WE o KRTD SAEE20kn, &)1 E TH 1 kmichriE
T 5 RS ERTARBEE T H 5. SIREEFERATIC 1
MAllvsEkn, v 38, vy O, vvE, FvE,
sFFVREPEREINCEE L Lha DEBARTSH
ZHEARE, ABEREERIAY, BREMARFENL L,
BRI DN XIES S 5. BETORBITAI I
XL dKREL, BEAEVBESETH S, FEOMI,
DEMTEHZD, ZEEH, B BHbEDOLNDE H#
wA—- b3, FEREEFRERSE LT, BRIAVOE
B, FE, AR, £ Biiny OB, REAE,

{FEiemE LT, MARMAEEAEYE (F360m)
TR0 8knTH 3.

RES KR 5 EILEK20kn, HEHIX A SRR
HTknicd b, BIRERHFAMHBER I LTV SRR
KOOIt AIET 5, TFECHARS W EEMTS
5, BHIPHAROE - tEBE SRS E-ThY, Bl
MEELAL ICEYONS. T AREBKFHEEX
hTHEY, BRICEE S OBARPEILMERIN TS,
BETOBEEIRIS rAihTh - L bRE S THEDIEL,
15 &0 200 it EOFMD & DAL, FE P 5B
bW ohdHb, FOBRNICEI R/ F, YNF, 7T
#1 VI EDOERRILERBL V. BRI &S 5N,
febihbELy, FEL— M, JRAMEERREL ©
ByrEka s LT, FEENVOER, MR o0&,
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KRBRALEAMEER D F 5 v BB

FEMEER L, ABREBERFRHEAEERE ($400m)
Licob, B, BXUERNMLoEKEERL T,
TR 2 EBE L 7 GRS AT O B ERRER 2. 0kn T
H5.

BBV~ + &, EEHNERE, FIAVEE RE
ANE, RERRN, wIA VAR, Bt s s,
F OB EEER LItk Lo, KIER2LV— 080
WLA s EEHAEE, I EHNER H340% T
AROEEBLEREV, RREATETHIFNER THE
MBI #940% T & 2 3t FII, FHig VB oS
EWE WD OHEHYTH 5,

KRR ATXOGHEIA LR LEL ThHo¥

®1. HEHOEES
AiIH ®H RE&
ME— b OFEEE (kn) 2.2 1.8 2.0
ii}tﬂﬁjb_ b Q%’ﬁ (%)
¥ EHAE R 88.0 42.8 37.1
REARE — 21.9 -
REHEN 12.0  20.6 20.6
FRER O IEEE — 3.8 17.8
ARV ERE — 7.4 14.7
A B - 3.5 10.4
WA DR R (%)
Il - B - BARE 1.0 1.9 46.4
GOl - BHEM 6.3 12.1 5.1
DB - ICEET BB REHBNEDLE T S HE Sk
OMPANKIE DGR 2B E L.

fiitt, 1995F8 H4 HD S v R4 vaREF— 5% b &
N =YF I v Ea— s 2HOTHEELLZSDOTHD
GIH, 1997), AKX OEMEIS 2 {F/ELV -+ O
SN AIE T 5 KIREBZFKF, BEPRERR R, RIR
AR E Z gl &3 3 82 3 kn® M AKX O
AR EEMRE L TERD L TWA, BIARYREEHR
AhbE i E, THOBEMEERIE, KMEMT, 3%,
KUHS14.0%, REAMSLERTH -1z,

2, BEAE

19964F 5 H 9 H~10A308 O Hfsic, BiEg® 3 » o
MhEv—reBoT, FWELTE&EV— A 2[A KO
tHEBEIZI0A I 3 [MFER), Adt12mE (RINH & 8%
WISHD, F a2 vHoHEEEAT-12. HEWR LS~
7 MEEL, R, 2RO TEROOHOTHII K~

4% 3R DIT, &— R E30~60730 1 THELNS
HE® L7 a v OB L EESCLE L 2. AHETE,
¥ Y ZADRIC O W TEERHREETH T, Vv— DRl
5, EA. EHFEECREL TEARVE L ofiEE
BEETIBTILO L2 &n, BT TH
SEARRER AT D WTIRERE L THER L7

3. -5 OB

D) £REEOREN B ohi HEMEREEITL
— PRNCREER S, EEGKREERLL. 8
AR BIEARE | AR Lnd o b OEIHEREL
EEEEE L

2) BEOHMEHEROBEH Sv—rOF =
HEOHEUMART T 2HWT, TR - Sueson 58 (N
SC), Ko C 7is#, Pianka D aiEfEREL
Choe « A, 1989). ZORERDEBO TH 5,

NSC=c/b (a>b)

¢, 2-o0N— OB a, b, TNTNDOL—
~ DFERL

Cz={2% (n,~n)}/HE( /N +Z(ny

/N:)? ¢ Ny« N.J]

a={X (n,+*n,)}/{E(n./N)*« Z(n../

N:)*}*« N, * N.J

n,, 0,, FhEFNONL— MBI EELOMFEKE
N+ N,, FREFNDINV— + OBMFEEE

3) BEOLHERHMORY : F 2 vEBEOESHKE
EARRTHERE LT, Snanvon- WeaNerBEEL (T ¥
HERE), Pirou OBEEMIER (J' @ S RED,
S ivpson DERETEEL (SID), Sivpson @ 2 158 (1- 1),
HToB/EH A/ 1) 2&v— P TEIREELE (K
7t B, 1989). BEROBEERRIKROLBY TH
5.

H'=-2Z{(n,/N)+log. (n,/N)}

J'=H'/log: S

SID=1/{Z(n./N)*}

A=E{n,«(n._)/N-+(N—-1)}

N, ®EEE; o, (FEOHEOMEH S, B

4) REFMEEROEL : F 2 vOBI L 2EADY
% LB MiE e LT, Hd (1988) i & 2 PE#kes
£l (ER), B#f (1993) OEIEHK, HT - fisf
(1997) o HI e & BREREE (ER”) 2HM LK.
BIEHBOHEARIKROLEBDTH 3.

ERx={Z(X,« T.* ID}/{Z(T.» 1)}
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ER"={(4ER+s+3ER:st+t2ER:«+ERus

~10) / 30} X100

X:, 1 ZEHOBEOBRIEERE (FBRE (ps), K
BB (as), —=RExBE (rs), ETHEME (us)) OHRS
MEEARTEY T, i FHOBEOMEK 1., 1 FH
OFEOIEEM. BT . &1, OBKNKEIHG
(1988) DFEICEEBHMINTVWEbDOEH VI,

EI =2%;

X, i FEOEOREEK. BAMICIZEE (1993
OB Lichiv, Hip (1988) oEENHEORICE
WT, AHEOREHEY, FHREEO®EIC3, R
OfEIC 2, SRBREOREIC 1 OfES AT, RSEs
BHOBRPEIC T A2BIEEE (1993) oXicLicdi-
fo. REZ2L, BEoRCEBRITLRLW Y v S oL 5
vE VI, HHERETOLEREELERL T OB
=5z 1.

HI=[{Z(n;*D,« FJ)}/{Z2@n,- D)} X

100
n, (ZEOEOEA D, | EHOEOAHOILX
ZoRdigEe, #m, HHEM, BulLdieEL FEel
Hi D REERAR D _IRM, BRSO 5 B0 S5 b, 3
TIEST /I, 4BRIcART2ETIFL, 3B
Bt R g 2FTIR2, 1R 2EBICARTIET
H3OMELLE S, F, i FHOBOYRPOEHETR
THRHT, BREOKRISSRELEY, RITHEY, Lt
~NOEEEYTH B TIRO, EHohsnd LR
My, BEEY, I~ oSREMELCRBTARET
1, Ebopevd & RlEMBEDNESCRIFET S
B2, AROKES Y FidlyRELIA Th 2REIC3
O¥ME LSS (AT - WF, 1997, 5B D. &F. 0B
EREEEE 2 Al LicEBDTH S (HT - TH,
=N

5) FHETHE ORI © K4 OBOEHHEERFT S
towiz, BLOWD 1 » BdH 1o O HEEEAEE &
LW, ZHIHEO = v FIE% Suannon- WeaNER BAEL
oW (A, Ev ) ELTEELXL KL« BRH,
1989). ZOXRBKRDEBH TH 3.

H'=-2{(n,/N) log. (n;/N)}

n, F4OBOiFHOAD | /ES - b OFHE
BREEE N, &40 5 n, OB

= 2

1. £ERELBY

FHOCLHEAIN- L TCHBLALFa vOAEERELE
Borg o, 30— b TERBREOF 5 v BHERTE
7o, v—bHlics B e, RFIHTEHOH 8, HETE
681458, RREATIR6RRIBEAEEL:. BE LT3
v OEEEENT, AfNm162, #FF431, REA214TH -
7.

2. FaoEBEDERR

FTANTON—bicBOWTHBSWAHEL, EvvoFa
Y, FITHEN, TAEARITHEN, by, 4F
EvIUEEY), YV obkavEy, ¥FavDTHET
Hot, RIKRBIQOTHEOLEER & SERELE &
Wi, WEROV—-MIBVLTS, NS TEOF Y
HEMTRFTELEDTEY, F2 vEERIcBTS .
BRIIAFMEI. 3%, H%¥F9%.8%, EEEB2.5%T
ot v— MEOKEE LLEE, AFIHIEHFOR
BolEf : SEREFHUL TV SHUTOEED &
F LB L THABEORE (B - H13H, 1982) &1\,
X EEHELLEIA, TOmM— FOF 5 v EEEE
DEBOERIIT GHA BN (x*=9.9
df.=7, p>0.05) ZEiuMRsN. —H, REA
E, REBONELL & EHEROAT, o2 v— & ORI
EDED LN

KEOE I EDEREE L HERERES LHKT S
L, vywrokavEVEFTF a3, ERED
WWHEDRELENL L1208, Yo bvdy, #3137
N, TARITAAOITERIEE L HARSE bICE
Mot —F, TEvvoFavdBERSENLEDLLY
W EERMEL, 1FEY Vv &M TR O
BamE, HSERLLICEL -

KHBAOEI EDEBFEE L EEREREF LHRT S
&, KFATR, T EOMTeEOE BBEICHIME
ORENHY, LALTEIS+FF 3 v ERVIEIRE
OR3IND 1 OEREETH -7z (K3). LrL, +
Favs ST OBTRZOEREESREOL
FO1ILTTH -1,

KARKEN- P OF 2 vHEHEOHMUME TR IRE%E
TP 350N0— bR, NSCTROWINDOHELS
DETHEFOBEMMEARL, afT K% & AfIHM
OFUMAS Z DI > T,
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ABFERMEER D F 2 v

R2 &r— b THEESWF = v EOEIEERK

Hr"

AfnH W% BB —
Fit  Dif
v oM 152 431 274
HERERED 5.31 18.42 11.41
B O 8 14 23
BEREREEY
THNFaol Papilionidae
TARITHN Graphium sarpedon L. 0,524 (15) 2,009 (47)  0.708 (17) 1 3
FTHN Papilio machaon L. . - 0.125(3) 1 1
FITHEN Papilio xuthus L. 0.979(28)  2.607(61)  1.458 (35) 1 3
V=N Papilio protenor CRAMER — 0.043(1) 0.208(5) 1 2
vyoFavit Pieridae
EvFFav Colias erate ESPER - — 0.292 (7) 1 0
¥Fav Eurema hecabe L. 0.036 (1) 0.641(15)  0.417 (10) 1 2
EvvoF 3 Pieris rapae L. 1.294 (37)  3.931(92)  3.333(80) 0 3
VRFEFay Anthocharis scolymus BUTLER - - 0.042 (1) 3 3
v/ AFavl Satyridae
EX9I5FIT ¢/ A Ypthima argus BUTLER - - 0.208 (5) 1 3
Y hrETISERY Neope goschkevitschii MENETRIES - - 0.042 (1) 2 2
EAT p /A Mycalesis gotama MOORE - 0.0856(2) 0.333(8) 1 3
75 F avf Nymphalidae
vywsoksvEY Argyreus hyperbius L. 0.140(4) 0.513(12) 0.375(9) 2 1
=N Neptis sappho PALLAS - - 0.125 (3) 2 3
FYIRY Neptis pryeri BUTLER — 0.085(2) — 2 2
F 7 Polygonia c-aureum L. - 0,171 (4) 0.042(1) 0 3
EXT AT TN Cynthia cardui L. - — 0.042 (1) 0 0
THYFN Vanessa indica HERBST 0.035(1) — - 3 2
YIIFaoR Lycaenidae
LIHF U3 Narathura japonica MURRAY - - 0.042 (1) 3 1
N=yUR Lycaena phlaeas L. — 0.128(3) 0.167(4) 1 1
o by Pseudozizeeria maha KOLLAR 2.168 (62)  7.564 (177) 2,208 (53) 0 3
Yy Celastrina argiolus L. - — 0.042 (1) 2 1
PP IV Everes argiades PALLAS - 0.043(1) — 2 2
P AN Curetis acuta MOORE - - 0.083(2) 2 1
) F ol Hesperiidae
F2yott Potanthus flavum MURRAY - 0.043(1) 0.125(3) 3 3
F xR Pelopidas mathisa FABRICIUS - - 0.083(2) 1 2
1FEY VL)Y Parnara guttata BREMER et GREY 0,140(4) 0,556 (13)  0.917 (22) 0 0

DHT - R (BAME) itk B,

3. FavEHEOSERYE

P AL A AL o, B

KOEWEL— L OF 3 VERHEOEHMERTIEESE

Lot EHERRE (1), HEEHRE (J'), Simpson
D AfER (1— A THR), F DB, Simeson O
FRIEIER (SID) i£2WVWTAHBE, WFhbERAM G-
ELRENWBEEZRLTBD, 72 vVRHEOLHEML
WHORTHD 2 V— McHEBRLTE S > T 5 SHMTL

S 3 AEE FHEE T, () ARERERLE

1o, —A, BELAAERETZ L, J20FVTH
IR BT S K E AR LS, Z0ERNEH-
1.

4. F 3 VEBEORETFMEY

FOWEF = VHFHEOREFMBH bR L. Bk
L (ER), BREREE (ER"), BXUHIEHY
B~ PEATREFLOHEEA R L0 LT, EI
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#3 ERHEATHOEEEELS SGRY o
i A 1 H T E R & |
P rvUa 2.168 7.564 2.208 .
(85141, 40.8) (14, 41.1D (B 241, 19.3) 1
EyvoFamy 1.294 3.931 3.333. |
(2461, 24.3) (#2461, 21.3) (B4, 29.2)
FITHEN 0. 979 2. 607 1.458
(B&3fL, 18.4) (B34, 14.2) (3341, 12.8) |
FARIT N 0. 524 2.009 0. 708
&4, 9.9 (&44r, 10,9 (3541, 6.2) |
A1FEVIEE) 0.140 0. 556 0.917 j’
(&B5HL, 2.6) (&6, 3.0 (441, 8.0
yesokavEy 0. 140 0.513 0.375
(85461, 2.6) (GETHL, 2.8) (BT74, 3.3) |
*Fav 0.035 0. 641 0. 417 N
&4 0.7 (B&E5HL, 3.5) (3641, 3.6) "
z o 0.035 0. 598 2. 000 2.
0.7 3.2 17.95) A
DEIE R (B BAEEE k) &L, Ao IR S EERER L. ¥
£
3 &: : =4:2:1EW0WSHRK &
B4 B bEOF 2 o BEROMEE ARSI ?‘E‘.ﬁ_ﬁ(b EES 805  XKfnH VO BB S &
R T
AME-HE ARE-RRA KE-RRA 5. EBREOAXLEOEMNS 7
Nsce 0675 0875 0.807 RO SRS 0. 5 B/ /OO L z
e s 0.859 0.849 T, #DOEHIHED = v FIE% SHANNON-WEANER B |
a 0.993 0.893 0.873
OH (Hifi, v b)) ELTEEL, R6IF & D1, M |
WEFNDONV— MTBWTS, F 3 TrEREDHEAR R
fo. B — MZBWTEEL P51 -
T g m— L. &) § VO RS 1AL £2 43 2 hT b1
ThHhoteve bVt EVyyoFaoild, 2OFKEN L
FRUETIRE  ANE K F RRA ZHENE~K, B~EiEhLTV3%», BHEE R
ZRRILIRE D=y FIETH, LEFES AT B MOTARY hig
H' 2.17 2.48 3.31 L ) . .
J 0.725 0.635 0.732 TN EREEOETS - 7:. e
1—2 0.734 0.753 0.848 2=
B 3.76 4.06 6.60 % = 140
SID 3.69 4.03 6.47
: 1. iz T
— E | 8% ot:%iii}iiﬂﬂﬁ o ‘H
ERas 2.12 2.04 2.39 BEDF— s E2BITLI-ECA, 3oON— METHDS F
E Rrs b .43 4.52 PREERLLOR, BHEE ITERTH- . B Be
ERus 1.87 1.84 1.60 .
B R I " 458 (1996) 4, E I#53K0 ~ 9 i38Brlirhsdf, 10~39i3{E A Z
E [ #% 10 22 1 EH - AREER, 410~ - ABATRTELTVA, ht
H I8 10.6 10.5 15.3 SEB oA E TEKE, ERAM4, W22, KX B
DRERIC OV TRALEBROC &, HPB10TH Y, CONPEEBILHTRDZE, REAY 199¢
BRh SEEHAZET L 5o 28, REHEHIE, 199

— 204 —



[

=

At
7 L

EF

vaby
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RECAEZMEEO 5 = o B E

F6 LEREEOAXINEOFHHED

- " A f1 H 4 ¥ E R A&
)
3 =y Fig w OB = Fi@ - =y T3

TARAYTH N 0.524 2.423 2.009 2,718 0.708 2.346
F I TN 0.979 3. 098 2.607 3.217 1.458 3.021
EvvuFay 1.294 2.77 3.931 2.467 3.333 2.808
Y b3 2.168 2.241 7. 564 2.811 2.208 2.382
AFEYVEEY 0.140 = 0. 556 1.700 0.917 1.423
vesakas ey 0. 140 == 0.513 1,825 0.375 =
FFav 0. 035 = 0.641 0.971 0.417 =

VP H: SR AL0.588/BE mOBIC oW, TOFMERD = v FIE% SHANNON - WEANERBIB O H' & L CHEI L.

=y FIROBMEIE Y FTH 5.

KFHEpEE EFHHRRBORE WS T &icisy, H
REEDLHTEL—HLI

2. FavEMNEORLME S SHEEYIC L 3RIFETM

ROWRLALKS I, FEHEHE (H) 2@3Lv
T 3B RERENE, ERAEMSKE & KEIHE LT
PKREp o0, WHERKMEOER/NS -,
ERFHAO BB LABORERIC £ 3 SHERSHML
TWBIE (R3) ®, HEOHUMETRINSC, C
nfl, BXUal (F4) BEDLHTRKEVWI LMD,
COFHERO F 2 v FEHRIC 3BOBRILIL & OBERS
KihE <, FEHFEBOLBFE LV IBHEEDA
METET 5 ST E N, THIBKRE & KR T RERE
RITIFEN S B0% (Lt - Gl - AR ORERZVWTH
b1%ETHEEERBRLTW A LAKEW, L
&b, HEFEAFMBAOL S LM - BB - MARF O
HMAUE <, EHboHEST L MR T, F o vRERHE
R L CHEROBRUENSE 7D, ToBR, B
ROBWRENED L THERBEORZS L VHIEMNE
KM BT OIBEEEZ OGNS, Lt -, Hmd
WOETHIRORIE S F » v HABEOSREIREEAV
ThETszoTHNE, LEFELERICNAL &M
MEEVA B,

L35 (1995 i, F = oBEEREEECRAVS
Bifyic, SHREHEREEREET _OOtckBE L TF
ABTEERELTCVWE, 22T, SEOHAELVES
NIZREIRMEEREEL, AR TOWS 20 0Hl
W (CELEID RS, 1995), BBETES (GH,
1996), WAEMINEE, FIRIHEK, MRTHE (KH,
1997)) SN - Bl CRERARE, RIAE, KRER

i, ARERARML, HEAR CAH S, 1988), EMILAE
(BH5, 1992), z v F omElE (SH S, 1996)
BOTHELNTVAREE EbID, R3O & TR
PICEB L CThl, B, T O THEERRELTI-2
PRVEZOE, COEMPERLY Y TVOREIDE
BAZIRWEINTLWELLTHS (HIE, 19%6a),

60 T T T T T
M- S
_. 50F -
£
= 40 1
ﬁ xy  JRES
8| 3o * g o e
==
VY T s JRAS LY §
g 2o e o
m HH o
1 10[exms: CRES egm
o XM
0 1 1 L L 1
0.7 0.8 0.9 1.0

THEER (1-0)

K3 KEREFToL>hoHiR, AEICkET2F 2 vEBE
DEREEEE (11— 1) LERFEOMER

KBUBARE, KILAR, KRE&EH, AREGH, HEEmAROHK
BiAHS (199D, EHLAROBBEESH S (1992), =X
A0 A S (1995), BEHRSOMETLH (1996),
TV T 4 EEEEOEERASH S (1996), RAEF/M, f1RM
FA MRTEEOMMEIAR (1997 oFE L v5IHL %,
HEBEMELCBIL T, 1990FEREEDF -2V Olv—
FDOIEE S MITPRE L-HE, @I/ — b0 BEEEICHRTEL
THWIEWHEEERT.

— 205 —



EEXOG LR EARESREVEEL BN LI, F 3
URBEO TR, KMHEABBARE & b icex
Tho & bELVNVOHRE, REFIREREFAM I
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The methanol extract of field-collected millipede, Chamberlinius hualienensis hav
WanNG, consisted of following seven components ; benzoic acid, mandelonitrile, in
benzaldehyde, benzonitrile, methyl benzoate, benzaldehyde methyl acetal and Pol
mandelonitrile benzoate, among which mandelonitrile was the most abundant ap
component (94% of the total extract, 174.34g on average per female, and 95% lam
of the total extract, 133.0 x g on average per male). The second major and
component was benzaldehyde (11.3uzg on average per female and 6.9 ug on (No
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Mandelonitrile from Chamberlinius hualienensis WANG

average per male). Because all the other compounds detectable by GLC and

GC/MS analyses were not confirmed by HPLC except benzoic acid, these

were supposed to be either trace components or heat decomposed artifacts

derived from mandelonitrile.

Key words : Millipede, Chamberlinius hualienensis WanG, Defense secretion,

Mandelonitrile

Introduction

When disturbed, millipedes emit defence
secretions  with  characteristic = smell. All
millipedes belonging to Polydesmida are known
as the benzaldehyde-emitter and / or hydrogen-
cyanide emitter along with other compounds
(EisneR et al., 1978). Natural product chemistry
of their secretions have well been documented
using 19 species of Polydesmida millipedes
collected in America and Africa, and the fol-
lowing compounds have so far been identified
as defense substances: hydrogen cyanide,
benzaldehyde, mandelonitrile, guaiacol, benzoic
acid, mandelonitrile benzoate, phenol, formic
acid, acetic acid, isovaleric acid, myristic acid,
stearic acid and benzoyl cyanide (EISNER et al.,
1978). Total of 277 species of Diplopoda are
known in Japan and 93% of them are believed
to be endemic, possibly of their low mobility
(Murakami, 1993). Whereas, no chemical studies
have ever been undertaken on such species living
in Japan except for the following three
Polydesmida reported by us ; Epanerchodus
japonicus Cart (Mor1 et al., 1994), Parafontaria
laminata armigera VERHOEFF (MoRI et al., 1995)
and Nedyopus patrioticus patrioticus (ATTEMS)
(NogucHr et al., 1997). As a part of the chemical
study of Japanese millipede, the present study
was conducted.

The millipede Chamberlinius hualienensis
WaNG (yanbaru tosaka yasude in Japanese)

recorded in Formosa 1956 also belongs to

Polydesmida and one of the newly invaded
species to Main Island of Okinawa from
Formosa. The first migratory outbreak has
noticed at Nakagusuku-son, the Main Island in
November 1983, and since then, its outbreak
takes places every autumn in wide ranges not
only in the Main Island but also in the
other Island (Hica and Kisuimoro, 1987, 1991 ;
ANoNYMOUS, 1996). The species is a decomposer
of plant debris in nature and no casualty has
been known on agricultural crops. However, it
aggregates in a large number during migration
period upon outbreak and often drifts into
household. The remnant pile at a roadside
along the wall and/or in a ditch, due to a
natural death and also to an application of
pesticides, discharges pungent smell. The smell
might be hazardous to residents causing head-
ache and other malignant symptoms, and its
frequent invasion into a household is creating a
severe public nuisance problems among resi-
dents. However, there is no report dealing with
its secretory component from the species, possi-
bly functioning as a defence substances.

The present paper describes components of the

secretion and their contents.
Materials and Methods

Used millipede

The adult millipede Chamberlinius hualienen-
sis WanGg (Polydesmida @ Paradoxomatidae)
(yanbaru tosaka yasude in Japanese) was

collected in Okinawa Main Island November
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1996, and were used for the study, by keeping
them at 25°C in a polyethylene bag with raw
potatoes slices as food. Although its migration
occurs twice annually at nymphal and adult
stages in the field, the species is univoltine and
adults appear from autumn to winter. The
adult 1s pale brown in color with a dark brown
strip at each hind ridge. Its size is 22-33 mn in
length and 4 wn in width, weighing 266.5 = 43.7
mg (mean = S. D., n=10) for females and 232.0
+31.3 ng (mean £ S.D., n=10) for males.

Analytical procedures and conditions

Although the species was 1.5 times heavier
than Nedyopus patrioticus patrioticus reported
previously, the same analytical methods and
conditions as reported (Noguchi et al., 1997)
were applied to the analysis of present species.
BEach millipede was sexed, weighed and then
soaked in methanol (800 #1). The MeOH layer
was separated by decantation after 3 min
(exact), and the extract was subsequently sub-
jected to analyses ; gas-liquid chromatography
(GLC), GLC-mass spectrometry (GC/MS) and
high  performance liquid chromatography
(HPLC) at each indicated analytical conditions
as reported (NocucH1 et al., 1997).

GLC was performed on an HP-5890 series II
Plus equipped with an FID using an HP-5
capillary column (0.32mm X 30m, 0.33 £ m in
film thickness) at a temperatures programmed
condition from 60 °C to 290 °C at 10 °C/min with
an initial 2 min hold. Each sample was ana-
lyzed as a split-less mode using He as a carrier
gas, and the chromatogram was processed by
an HP 3396 series II Integrator. GC/MS spectra
were obtained by an HP-59383B Mass
Spectrometer, operated at 70 eV, using the same
GLC column and operating conditions as stated
above.

Mandelonitrile and benzaldehyde were deter-
mined by HPLC (Shimadzu LC-10AS, UV-

absorbance at 254 nm as monitor) on a Wako-
pak column (Wakosil-II 5Ci8 HG) as reported
(NogucH! et al., 1997). One portion (15 x1) of
MeOH extract was immediately and without
concentration subjected to HPLC, and peak
areas monitored by UV were calculated by an
integrator (Chromatopac C-R4A, Shimadzu).
Operating conditions were as follows : a linear
gradient starting from 20 % CH3CN containing
0.1 % phosphoric acid to 100% CH3CN for 25

min with a flow rate of 0.8 ml/min.

Detection of hydrogen cyanide

Filter paper was soaked with a saturated aq.
solution of picric acid, and air-dried. Just
before use, 5% sodium bicarbonate was
sprayed on the paper and the paper was
immediately used for detection, squeezing a live
millipede forcefully onto the paper. If hydrogen
cyanide was contained in the oily stain on the
paper made by the millipede, the paper gradu-

ally turned orange.
Results and Discussion

HPLC analysis of the secretion consisted
mainly of two peaks B (ta 11.673 min) and C
(tw 13.767 min) along with a minor peak A
(tw 11.545 min) (Fig,1). These peaks were
identified as mandelonitrile, benzaldehyde and
benzoic acid, respectively, by co-chromato-
graphy using each standard compound avail-
able commercially. GC/MS analysis of the
secretion demonstrated the presence of five other
compounds (peak D-H) along with the three
peaks mentioned above (peak A, M™;m/z 122
peak B, M* im/z 133 i peak C, M*" i m/z 106).
All of these peaks were identified as benzo-
nitrile, methyl benzoate, benzaldehyde methyl
acetal and mandelonitrile benzoate, respec-
tively, by HPLC, GLC and GC/MS analyses, as
summarized in Table 1.

Although mandelonitrile was confirmed as
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Fig. 1 A typical UV monitor (at 254 nm) profile of HPLC
analysis derived from the methanol extract of a milli-
pede. {1) methanol extract of millipede, (2) solvent blank.
A T benzoic acid, B’ mandelonitrile, C ‘ benzaldehyde.

the major component in the millipede secretion
by HPLC, it was not detectable by the present
condition of GLC analysis (Fig.2) due to its

Table 1 Identification of the millipede secretion

heat labile property, as reported previously
(Mort et al., 1994), while it was partly survived
at the present GC/MS condition. Benzaldehydo
generated from mandelonitrile could be, fur-
ther, changable into benzoic acid, benzaldehyde
methyl acetal and methyl benzoate, whereas
their actual presences along with other heat
stable benzonitrile and mandelonitrile benzoate
were not confirmed by HPLC analysis except a
trace amount of benzoic acid, possibly because
of their trace amounts or artifacts during GLC
analysis.

Because mandelonitrile and benzaldehyde was
the major secretory components, and therefore,
each content was determined as summarized in
Table 2. Females with body weight 266.5 *
43.7 ng (mean = S. D., n=10) contained 174.3
+35.8 g (mean = 8. D., n=10) of mandeloni-
trile and 11.3+6.8 #g (mean = 8. D., n=10)
of benzaldehyde, while males with 232.0 £ 31.3
pg (mean £S.D., n=10) contained 133.0 * 72.7
g (mean = S.D., n=10) of mandelonitrile and
6.9%+4.3 g (mean =S. D., n=10) of benzal-
dehyde. Content of mandelonitrile was calcu-
lated as 650 ppm for females and 570 ppm for
males, those of which corresponded to 132 ppm

and 116 ppm of HCN production ability per

Peak® Compound

Diagnostic ions by GC/MS

[dentified Method

& l1it."”
A Benzoic acid 122 (M*, 95), 105 (100D, 77 (54), 51 (18) 1, 2, 3, 4, 5
B Mandelonitrile 133 (M*, 59), 132 (38), 115 (29), 106 (85), 1, 3,4, 5

105 (100), 77 (76), 51 (2D
C Benzaldehyde 106 (M*, 100), 105 (96), 77 (71), 51 (21 1, 2,8, 4,5
D Benzonitrile 131 (M*, 78), 105 (100D, 77 (65), 51 (27) 1,2, 4,5
E Methyl benzoate 136 (M*, 49), 105 (100D, 77 (43), 51 (12) 1, 2
F Benzaldehyde 138 (M*, 100), 123 (84), 106 (9), 95 (26), 1, 2
methyl acetal 177 (10), 67 (11), 51 (4)

G Mandelonitrile 237 (M*, 37, 116 (34), 105 (100), 89 (9), 1,2, 4,5

benzoate 77 (A7), 51 (6)

* i Peak of GLC, GC/MS and HPLC.

**311:GC/MS, 2:GLC, 3:HPLC, 4 : MoR1 et al (1995), 5 : EISNER et al (1978).
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Fig. 2 A typical profile of GLC analysis derived from the methanol extract of a millipede.
A : benzoic acid, B ‘ mandelonitrile (not detected), C : benzaldehyde (with an unknown
prior peak whose MS was identical to that of C), D : benzonitrile, E : methyl benzoate,
F * benzaldehyde methyl acetal, G : mandelonitrile benzoate.

Table 2 Determination of mandelonitrile and benzaldehyde contents in the millipede

No Sex Weigh Mandelion.itrile Benzal.de.hyde
(mg) tg/millipede t#g/millipede
i female 289 178.8 6.6
2 female 279 171.5 15.3
3 female 278 166.4 8.8
4 female 244 198.5 10.2
5 female 167 118.5 2.6
6 female 296 187.1 21.0
i female 312 114.1 23.2
8 female 256 223.3 12.3
9 female 259 204, 2 5.2
10 female 295 195.3 7.8
266.5+43.7 174.27 = 35. 83 11.25£6.76
11 male 230 55.8 2.1
12 male 237 256.9 10.5
13 male 176 74.0 4.8
14 male 243 210.4 12.4
15 male 205 48.7 1.1
16 male 258 204.6 4.2
17 male 219 122.9 5.2
18 male 263 151.2 7.3
19 male 281 69.4 14.2
20 male 208 136.3 8.7
232.0%+31.3 133.02 =72.65 6.88 +4.32
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body-weight bases, respectively.

Actual release of hydrogen cyanide from the
defensive secretion was demonstrated from the
following experiment; when a live millipede
was forcefully pressed onto a piece of picrate
paper, the resulting oily stains of the colorless
secretion turned bright orange and the initial
smell characteristic to millipedes changed into
a bright aroma of benzaldehyde. Upon encoun-
tering to a possible predator, the millipede
might secrete the mandelonitrile rich secretion
and might escape from its predation.

As mentioned previously, Polydesmida is
known as the benzaldehyde emitter as well as
hydrogen cyanide one (EisNEr et al., 1975).
Although mandelonitrile has been postulated as
a biogenetic precursor of these components, its
actual presence as the major component has
firstly been demonstrated in our studies on the
following  three  Polydesmida  millipedes;
Epanerchodus japonicus CaRL (body weight
53.6 mg in average) possess 154 £ g on average
of mandelonitrile (95 % of the total exudate),
along with phenol as the second major compo-
nent other than benzaldehyde (Mori et al.,
1994), the female and the male Parafontaria
laminata armigera VErHOEFF (MoRI et al., 1995)
(body weight for female 348 mg, and male 271
mg on average) contain 155 ug and 324 ug of
mandelonitrile, respectively. Their contents
corresponded also to 83 % and 81 % of the total
secretion along with benzonitrile, benzaldehyde,
and mandelonitrile benzoate. The female
(weight, 266 ng on average) and male (232 g on
average) of the present species were determined
as 173 1 g and 133 # g, respectively, and their
results corresponded to 94 % for total female
exudates and to 95% for male one. Based on
these facts, we could revise a character of
Polydesmida as the group of mandelonitrile
emitter, though we have still included an excep-

tional case like Nedyopus palrioticus patrio-

ticus (ATtEMs) (body weight of female @ 148wy
on average, and of male : 108 mg on avernge)
whose major component is p-cresol (300 jey {in
females and 282 g for males) and the next
abundant was benzaldehyde (110 gg/male nnd
114 pg/female on average). Mandelonitrile iu
the third components around 70-80 u g (Nocucir,
personal communication).

Both the present species and Parafontaria
laminata armigera crawl and migrate periodi
cally to cause severe problem of public nuisance
in Japan. The present species outbreak every
years (Hica et al., 1992), while the latter every
8 years (NiuiMa and SHiNOHARA, 1988). Although
body weight of the present species was about 80
% of the latter and the mandelonitrile content
(average value of males and females) of the
former was 64 % of the latter, the outbreak of
this cyanogen millipede in the residential areas

might be hazardous for the public.
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Prevalence of Toxocara Species Eggs in Sandpitsl) Shoji Uca (Faculty of
Health Science, Kobe University School of Medicine, Tomogaoka, Sumaku,
Kobe 654-01, Japan). Jpn. J. Environ. Entomol. Zool. 8 215—222 (1997)
Toxocara canis and T. cati, the nematoda of dogs and cats, are known to
infect humans resulting in a condition known as toxocariasis. Sandpits are
widely used as play areas for small children. Effective sanitation measures
should be implemented to prevent the contamination of sandpits by animal
faeces and Toxocara eggs. The defecation habits of cats and dogs in three
sandpits were observed by camcorder for a total of 424 days. In all, 11
canine and 961 feline defecations were observed, showing that cats were the
main cause of fecal contamination. The mean daily number of times that
animals were observed defecating in a sandpit was once in a sandpit visited
by few animals and five in a sandpit visited by many animals. the Toxocara
eggs were found in 95 of 227 (42%) sand samples, each examined only once,
and were found in 12 of 13 sandpits, each examined 4-15 times ; the overall
prevalence was 92%. We investigated measures to prevent Toxocara egg
contamination of sandpits. Replacement of contaminated sand was not
effective, because one to five new fecal deposits per sandpit were found daily,
with eggs reappearing in the sand six to nine weeks after the replacement.
When the sandpit was covered with a clear vinyl sheet, the temperature of
the sand to a depth of 3 cm was 42 °C or more for 3 hr when the air
temperature was higher than 30°C. This method was considered to prevent
contamination by fecal deposits and also result in extermination of existing
eggs because the sandpit was kept dry on rainy days. Recent study has
shown that the method was not practical. The effectiveness of a fence around
a sandpit depended on user behavior, which could not be relied upon. Although

we have evaluated some other countermeasures against egg contamination,

1) AR 8 MERARICH T 2 HRBHEZHFAR (1996F118 4 B EERFREFN) OHETH 2.
2) The Society Award Study.
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each of these measures had its merits and demerits. Therefore, a practical
method for the prevention of Toxocara egg contamination of sandpits is

education of pet owners about the problem.

Key words : Toxocara canis, Toxocara cati, Sandpits, Countermeasure, Soil

contamination
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