ISSN 0915—4698

R R

X
my #emE ®B¥H-FHF H=-BA F— A
DOHEE BT BB (G5 2 HD WLARM & 2 D

A

BEFHEL (FE L) oo 171
LR EE —HIRF 2 v EHROBR~HIEHEOZEDFE
IRHBL NS — o (BETL)  reverermereeinii, 178

T BB A B - BSHE MR B X
oA FRBEAKS EEE T 5 B ESHUAK

WY +y FOTAA T HRIUSH S BIRBRYS) -ooeveeees 192
HH A F 2 v BRI K 2 KRR ESH O SRR
,ﬁﬁ ........................................................................ 198

BOFESE & B WEs VT - RERIE: v oo
P AYRFT (FEFYRTH, Y7 ¥27F) ©

SWHIERRSY, <7 o=t Y VOREE GEO e 208
HERMEZER
FE W ABEBRECBY B b+ v h 5 BERAIE YR
DEFHBETEGT corerrrrrrrirrr e 215
é %& .................................................................................
F=Eu

Vol. 8

HARRSMERFE

1997




Jpn. J. Environ. Entomol. Zool. 8 (4):171—-177  (1997)

Research on Magnetic Wood (II)

Termite Resistance of Magnetic Wood

Toru Hamava!’, Toshiaki Kono!’, Rikizo Aono?’,
and Koichi Nisaimoro®’

1) Bio Science Laboratories, Meiji Seika Kaisha, Chiyoda, Sakado-shi,
Saitama 350-02, Japan

2) Tokyo Institute of Technology, Department of Bicengineering, Nagatsuta,
Midori-ku, Yokohama, Kanagawa 226, Japan

3) Japan Wood Preserving Association, Toranomon, Minato-ku, Tokyo 105,

Japan

(Received * October 7, 1996 ; Accepted : January 17, 1997)

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

— 178 —



Temporal Predictability of a Local Butterfly Community

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,
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