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Seasonal fluctuation of the population density of the maple aphid
(Periphyllus californiensis Suingt ; Hom., Aphididae)

Kimito Furuta* and Niro Sakamoro*: **

1. Introduction

Aphids have several forms, and develop and reproduce rapidly. Therefore, there are
many important pest species in agriculture and forestry among aphids, and population
dynamics of them attracted much interests in economical view points. Many of the
studies on population dynamics of aphids were, however, done in crop or grass fields; and
few studies were done in forest except on those of some species which make galls or infest
saplings in plantations.

Trees are perennial and large in size, and seem to be more stable hosts for insects than
herbs not only in quality but also in quantity. However, most insects including aphids are
usually kept at low density levels in forests. MacArTtHur and Wison (1967) proposed the
concept of r-and k-strategy in natural selection, and aphids seem to be typical r-strategists
because they have large innate capacities to increase and short longevities. This means
that aphids adapt themselves to unstable environment like crop or grass fields, and forests
whose ecosystems are much more complicated and stable than those of fields are seemingly
unsuitable for them. Therefore, how aphid populations live in forests and how their
densities are determined are interesting problems from both ecological and economical
view points. The mechanisms which determine density of aphid populations in forest must
have something in common with those of other insect populations, and information on
aphid population serves to develop some silvicultural control strategy of forest pests.

Periphyllus californiensis infests maple trees the whole year round and does not alternate
hosts. The populations are usually kept at innocuous density levels in forests. However,
the aphid often reaches to very high density levels in spring especially on trees in parks

and gardens, and prevents leaves and shoots from normal growing. Therefore, this aphid

* Department of Forestry, Faculty of Agriculture, Univercity of Tokyo.
R AURE B AR AL
* * Present address; Kyowa Hakko Kogro Co. Ltb.
B FIRRRYE 1 Rk S 24t .



98

is considered to be an important pest on maple trees. However, population dynamics and
even biology of the aphid is still insufficiently known and why its population density is kept
at low levels in forest is not yet known.

In Tanashi wood, Tokyo , the aphid is mostly kept at low density levels, but reaches to
high levels occasionally on some trees. Therefore, by counting the aphid number regularly
from spring to winter in 1982 in the wood, we observed the life cycle of this insect and the
seasonal fluctuation of the population density, and analyzed the role of biotic factors on
determining the density.

P. californiensis infests various species of maple trees. In this paper, however, the
populations on two maple species, Acer palmatum and A. amoenum were described. The
remarkable differences between the two maple species are seen in size of leaves, inflores-

cences and key fruits; A. amoenum has larger leaves and key fruits than A.palmatum.
2. Methods

Studies were undertaken in Tanashi wood, University Forest Experiment station at
Tanashi, west suburb of Tokyo. .The wood has an area of about 9 ha, and is composed of
various kinds of trees of about 5-25 m in height. In the forest section I, there are more
than 50 maple trees. Many of them were planted about 50 years ago, and were 5-12 m
high. Three study areas, 0.2 ha each, were chosen and four study plots were established
there (Fig. 1). Both the plots 11 and 12 were established in the same area, but the species
of the maple trees differed. Plot 11 consisted of four trees of A. amoenum of about 5-8
m high, and plot 12 consisted of four A. palmatum of about 3-6 m high. There are ten
more maple trees, four Pinus densiflora, one Prunus jamasakura and one Camellia sasanqua,
with no undergrowth in the area.

Two study areas were chosen in P. densiflora stand, and plots 2 and 3 were established
there. Plot 2 was composed of six A. palmatum of about 8-12 m high. In the area, where
plot 2 was established, 22 trees of P. densiflora occupied the upper layer, nine maple trees
occupied the middle layer, and Awucuba Japonica and Hydrangea macrophylla occupied the
lower layer. Plot 3 was composed of five A. amoenum and one A. palmatum, both of them
were 4-6 m high.  In the area, where plot 3 was established, four P. densiflova, three
Chamaecyparis obtusa and 14 Quercus serrata occupied the upper layer, ten maple trees

occupied the middle layer and A. japonica occupied the lower layer.
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Thus, each plot was composed of 4-6 sample trees out of 9-18 maples in the study area,
and five sample branches at about 2 m high above the ground were chosen from each tree
of the plots and numbered beforehand. The number of the aphid was counted with its
natural enemies, which were seen on the part of 40 ecm long from the top of the sample
branch. Count was done once a week except summer with counting once a month when
the aphid was aestivating dimorph. The number of aphids on branches of 40 cm long taken
from the upper and middle layers of the sample trees at plots 11 and 12 did not differ from

those on other sample branches (Table 1) .
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Fig. 1 Study area. Three study areas were chosen and four study plots were established in
Tanashi wood. N : area for nursery or buildings. I and II : forest section number.
White : Acer palmatum, Black : A. amoenum.

Table 1 Mean number of Periphyllus californiensis on samples and on other branches of the
same size taken from the upper or middle layers of the trees(X+s).

Sample branches Other branches
Plot Date No. samples No. aphids No. branches No. aphids
observed : observed
1 Apr. 20 10 4,25+3.59 10 6.10+3.12
Jul. 13 20 3.77+2.09 20 2.87+2.39

12 Jul. 13 20 1.58+1.29 20 0.98+1.86
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3. Results

3 — 1. Life-cycle and seasonal fluctuation
An outline of the life-cycle of P. californiensis observed in Tanashi wood in 1982 is shown

in Fig. 2.
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Fig. 2 Life-cycle of Periphyllus californiensis in Tanashi wood, Tokyo. E :egg, Fu : fundatrix,
Ad : aestivating dimorph, Fe : Ovipositing female.

The aphid overwintered in egg. Fundatrices hatched from the eggs in early and mid-
March, when maples scarcely budded. Winged forms appeared mostly in the second '
generation in mid-April and dispersed. Winged or wingless females reproduced aesti-
vating dimorphs after mid-April. The aestivating dimorphs stayed on leaves or key fruits
until mid-October, and then moulted. They grew to wingless females and produced winged
females which dispersed in mid-November and reproduced wingless females. This wing-
less female deposited 1-15 eggs on each bud or small space between twigs from late
November to early January. Winged males were seen in late November and December.

The number of maple aphids on samples is showm in Fig. 3. The aphid numbers
increased to peaks in spring and autumn: i. e. in 8-9 weeks and in 37-40 weeks after March
1. Though a rapid increase to high peak occurred at plot 11 in spring, the peak numbers
in other plots were rather small and the densities were kept at low levels throughout the
year. The aphid spent most of the duration between the two peaks as aestivating dimorph,
and the number of aestivating dimorphs decreased steadly at all the plots. Thus, though
the patterns of the seasonal fluctuations were coincident with each other, the peak densities

differed greatly among the plots.
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3 — 2. Spring population

The periodical observations started on April 20 at plots 11 and 12, and on April 24 at
plots 2 and 3, but we counted the number of aphids at plots 11 and 12 preliminarily on April
16 on 15 branches from three sample trees, and both the increasing and the decreasing
phases of the population fluctuations ‘were observed at the two plots.

The number of P. californiensis, and its mummies formed by a parasitic wasp Aphidius
aroelatus and the number of syrphid larvae which fed on aphids are shown in Fig. 4. This
figure shows that the population of the aphid increased until the end of April and then
decreased drastically, and the largest difference between the two plots was seen in their
peak numbers. There were 1.7 and 2.8 aphids per one sample at plots 11 and 12,
respectively, on April 16, and the populations increased 7.4 times and 3.2 times at plots 11
and 12, respectively, in four days. And then, the aphid population increased 6.6 times @3
-32 times in each sample tree) at plot 11 and 1.2 times (0.6-3 times in each sample tree)
at plot 12 in a week from April 20 to 27.

Few mummies were formed by parasites during the time from April 16 to 27, and 0.05
and 0.2 syrphid larvae, mostly of Epistrophe balteata, were seen per sample on April 20 at
plots 11 and 12, respectively. The number of syrphid larvae increased to 0.35 by April 27
at plot 11, and the syrphid larvae might play a role in determining the rate of increase of

the aphid population during April, but it was not ascertained.
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Table 2 Mean number of leaves and inflorescences per sample and the number of
Periphyllus californiensis.

Plot No. leaves No. inflorescences Date Total No. aphids No. winged % winged females
On leaves On inflorescences  females on inflorescences
Apr. 20  10.8 6.4 2.8 78.6
11 33.2 11.6 27 6.8 89.4 5.4 72.4
Apr. 20 2.6 0 0.8 0
12 48.0 0.8 27 9.0 0.6 2.4 0

Increasing rates of the population in April differed between plots 11 and 12. Observa-
tions showed that the aphids at plot 11 and 12 lived on different parts of the maple trees
(Table 2). More than 70 percent of the winged aphids stayed on inflorescences at plot 11,
but all of them stayed on shoots or leaves at plot 12. At plot 11, where 11.6 inflorescences
were,seén per sample, the number of aphids on leaves decreased but that on inflorescences
increased greatly in a week from April 20. The inflorescence seems to be a suitable place
for the aphid to reproduce in this time of a year. Thus, the percentage of aphids stayed
on inflorescences increased from 37.2 % to 92.9 9% during the period. On the other hand,
at plot 12, where 0.8 inflorescences were seen per sample, the population increased only a
little both on shoots or leaves, and inflorescences. The presence of many large
inflorescences seemed to have played an important role in determining the aphid density at

high levels at plot 11.
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The number of the aphids decreased greatly at both plots from April 27 to May 4, and
only 0.5-2.0 aphids remained per sample after the drastic decreases. With the more
aphids on each sample tree on April 27, the larger was the difference between the numbers

counted on April 27 and May 4 (Fig. 5). And the ratio of the difference was also large on
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‘Fig. 5 Relationship between the mean numbers of Periphyllus californiensis per sample on April
27 and that on May 4, the difference between the two mean numbers, and the ratio of the
difference to the mean number of April 27. White : Plot 11, Black : Plot 12.

the trees on which more aphids were seen, and the population was considered to have
changed density-dependently during this period. Many of the aphids collected from ten
colonies at plot 11 on April 20, May 1'and 10 were larvae, though the percentages of young
larvae decreased in the latter samples (Fig. 6). Therefore, the decrease in aphid number
at plot 11 must not be caused by physiological death due to old age, but be caused by some
external factors. ;

A large number of mummies appeared in early May and all of them were formed by A.
areolatus. Adults of A. areolatus emerged in early and middle March from the mummies
formed in the field in November of the previous year, and then emerged again at the end
of April from the mummies which were formed in early April. The ratio of the number
of mummies séen on May 4 to the number of aphid seen on April 27 was 0.2 at plot 11, and
0.4 at plot 12. There was no clear correlation between the number of aphids seen on April

27 and that of the mummies seen on May 4, and the ratio showed a decrease with
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increasing number of aphids seen on April 27 (Fig. 7). This parasitic wasp must be an
important mortality factor of the aphid population in early May, but is not the factor to

decrease the aphid population density-dependently.
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Fig. 6 Age structures of Periphyllus californiensis during mid-April and early May. 11:
Winged full grown larvae, 12 : Winged females, II1 : small sized larvae, 112 :
middle sized larvae, 113 : large sized larvae, 114 : Wingless females, III: aestivating
dimorphs.

The number of syrphid larvae increased to a peak in early May and all the larvae
pupated by May 9. There were 19 syrphid larvae, 18 of them were E. balteata at the two
plots 11 and 12 on May 1. There was correlation between the number of aphids seen on
each sample tree on April 27 and the number of syrphids on the same sample tree on May
1 (r=0.813). This means that the more syrphids were seen on trees on which the more
aphids infested (Fig. 7).

Some syrphid larvae prey upon 60 aphids per one day and others consume 134-162 aphids
in their last instar period (Scunemer 1969). When three larvae of E. balteata were reared
individually in petri dishes for two days in their last instar, each consumed at least 50 P.
californiensis in a day. Therefore, the syrphids must be able to prey upon at least more
than 100 aphids in two days, and almost all aphids on a sample will be preyed upon when
syrphid larvae search the aphids intensely. Syrphids were seen on sample branches of all
the sample trees at plot 11 and on the sample branches of 759% of the sample trees at plot
12 on May 1. Syrphids were one of the most important mortality factors of the aphid

population at the two plots in spring, and the drastic decreasee of the aphid density at plot
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11 was considered to have been caused by the syrphids.
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Fig. 7 Relationship between the mean number of Periphyllus californiensis per sample on April
27 and the number of mummies formed between April 27 and May 4, the ratio of the
mummies to the aphid number on April 27, and the number of syrphid larvae on May 1.
White circles : plot 11, Black circles : plot 12.

3 — 3. Summer population

Aestivating dimorph stayed mostly on leaves on A. palmatun, but more than 309 of them
stayed on key fruits on A. amoenum (Table 3). We counted the number of aestivating
dimorphs once a month from July to September. Fig. 8 indicates that the aestivating

dimorph population suffered high and inversely density-dependent mortalities during the
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period and the aphids at plots 12, 2 and 3 disappeared by mid-October. The mortalities of

the aphids on different parts of a tree were not the same ; aphids on key fruits suffered

smaller mortalities than those on leaves (Table 4).

Table 3  Number of aestivating dimorphs of Periphyllius californiensis on all samples on July
14.
No. of aphids
Plot No. key fruits | On key fruits On upper side of leaves On under side of leaves
No. % No. % No. %
11 428 33 32.4 52 51.0 17 16.7
12 7 0 0 37 92.5 3 7.5
2 21 0 0 26 65.0 13 35.0
3 495 24 33.8 33 46.5 14 19.7
Table 4 Number of aestivating dimorphs of Periphyllus californiensis on all samples
and percentages of decrease from July to September.
On upper side of leaves On under side of leaves On key fruits
Plot Jul. 13 Sep. 27 % Jul. 13 Sep. 27 % Jul. 13 Sep. 27 %
11 51 7 86.3 18 2 88.9 33 9 72.7
12 37 2 94.6 3 0 100 0 0 -
2 26 0 100 14 0 100 0 0 -
3 34 0 100 14 0 100 24 1 93.8
Table 5 Mean number of leaves and key fruits per sample injured by a typhoon or defolia-
tors. (Observed on September 6)
Leaves Key fruits
Plot | Total Healthy Defoliated Defoliated Injured by| Total Healthy Injured  Injured
more then 2/3 partly typhoon completely partly
11 | 32.5 23.2 1.8 7.5 0 16.5 14.7 0 1.8
12 | 60.8 49.5 0 11.3 0 0 0 0 0
2| 97.5 62.5 5.7 28.8 0.5 0.5 0.3 0.2 0
31 76.5 26.7 1.5 16.0 32.3 12.8 0.2 2.2 10.4

A typhoon attacked the area on August 1 and injured leaves, especially at plot 3. And

about 20-309 of the leaves and 109% of the key fruits were. injured or lost by insect

defoliators before early September (Table 5).

aestivating dimorphs on the leaves should be eaten with the leaves.

When leaves were defoliated, many of the

Thus, some of the

mortalities of aestivating dimorphs seemed to have been caused by the typhoon and

defoliators.
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3 — 4., Autumn and winter population

Aestivating dimorphs moulted during the period from early to middle October, and
developed to wingless females and reproduced winged females. The number of aphids
increased greatly in late October by the reproduction of these females (Fig. 9). The
winged females dispersed and then produced wingless females which deposited eggs at all
the plots, but before the dispersal of the winged females in mid-November the aphids were

seen only at plot 11.

Table 6 Number of larvae of Periphyllus californiens after moulting from aestivating dimor-
ph. (Observed on October 26)

Plot On key fruits On upper side of leaves On under side of leaves On leafstalks
No. % No. % No. % No. %

11 31 88.5 0 0 1 2.9 3 8.6

Table 7 Number of Periphylius californiensis on different parts of maple trees after
the dispersal of winged females in autumn. Observation was done on November

16.
Plot On upper side of leaves On under side of leaves On leafstalks  On twigs
No. % No. % No. % No. %
11 7 2.7 249 96.9 0 0 1 0.4
12 0 0 42 60.0 28 40.0 0 0
0 0 2 100.0 ] 0 0 0
3 0 0 227 95.4 11 4.6 0 0

Few natural enemies were seen on the samples during the period from October 26 to
November 11, and the number of aphids increased 1.8-2.2 times in a week. When the
aphids were aestivating dimorphs, 309 and 409 of them stayed on key fruits on July 14 and
September 27, respectively, but after they moulted 909 of the aphids stayed and developed
on key fruits (Table 6). Key fruits seem to be a favourable developing site for them.

As the winged aphids left, the number of aphids decreased at Plot 11. But at other plots,
winged aphids came and stayed underside of leaves and reproduced quickly (Table 7).
Each winged female formed a colony with 10.6-17.3 nymphs in a week, but the numbers
started to decrease after November 23. The decrease was caused density-independently at
all the study plots except plot 11 (Fig. 9). Natural enemies on sample branches were
parasitic wasps (A. areolatus and Dyscritutus sp.), lacewings, syrphids and lady beetles.

However, the role of these natural enemies in determining the aphid density in autumn was
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not ascertained.

Females deposited eggs from early December to early January (Fig. 10), but most of the
eggs were deposited in December. The number of the females and that of eggs deposited
were counted every once a week on 15 samples from three sample trees at plot 3. The
relationship between the total number of aphids counted four times during December (X)
and the total number of eggs deposited on the same sample branch (y) was expressed by
a linear regression (Fig. 11). This means that the females deposited eggs density-indepen-
dently, and the number deposited per sample was estimated as 2.2, 12.0, 2.5 and 34.5 at
plots 11, 12, 2 and 3, respectively.

4, Discussion

The fluctuation type of P. californiensis population was the same among the study plots,
but the peak densities differed greatly. The peak density at Plot 12 was low and the
population was kept at low levels throughout the year, but the peak density at plot 11
increased to a very high level in spring especially on inflorencences. Exsistence of a large
number of inflorescences on the host tree contributed to realize the high peak density.

After the population incresed in spring, the density decreased greatly at all the plots.
The great decreases were caused density-dependently, and the most important mortality
factor was the syrphid, E. balteata. Eggs of the syrphid are usually seen near colonies of
aphids. Ito and Iwao (1977) observed oviposition behaviour of syrphid on Myzus
persicae which infested cabbage, and showed that syrphid searched plant and laid eggs
where many aphids were swarmed. Syrphids have an ability to consume a large number
of aphids in a short time, and almost all the aphids on one branch often disappeared quickly
when a syrphid larva searched them on the branch. Therefore, the mortality due to
syrphids was caused density-dependently. Density-dependent mortality of aphids due to
syrphid larvae was also observed on ‘Cinam todocola population in mixed forest in
Hokkaido (Furuta, 1976). Syrphids must play an important role in determining the
density of aphid population in forests.

The syrphid E. balteata preyed upon more than 100 aphids in two days in the laboratory
~and it was ‘estimated that all aphids on a branch or on a tree would be consumed by syrphid
larvae. Moar (1969) discussed on the relationship between exterminatiom and regulation

of prey population due to predation by a lady beetle, Harmonia axyrids. Of course, local
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extermination due to natural enemies such as polyphagous predators may often be caused
in the field. However, insect population in the field is usually composed of several local
populations. When large local populations are exterminated but small local populations
escaped from extermination, the extermination contributes to cause densisy- dependent
mortality among the local populations, and this may often serve to regulate the whole
population in the area. Therefore, though syrphids often exterminate some local popu-
lations of their preys, they are able to regulate the prey population to low density levels in
the field.

P. californiensis lives only on maple trees. As maple trees are perennial, the aphid
seems to be able to live on one tree for many years. If it were the case, the aphid might
not need to produce a large number of winged aphids every year. However, a large
number of winged aphids were produced twice a year, once in spring and once in autumn,
and they dispersed among trees. Kenneoy and Boorn (1954) mentioned that the dispersal
of winged aphids served to escape the population from its natural enemies. The popu-
lation of P. californiensis sufferd high mortality due to syrphids and parasitic wasps in
spring, and the aphid might sometimes be eliminated by natural enemies before they laid
aestivating dimorphs unless they dispersed in spring. Dispersal of the aphid seemed to
contribute the population to escape from natural enemies to some extent. Though syr-
phids, as the most important mortality factor, caused the mortality density-dependently
upon the aphid population, extermination of the whole population was improbable in the
field. Disp_ersal of the aphid seems to have some other meaning to the population.

The life history of the aphid is composed of various life stages and a great increase of
the population was realized just after the dispersal of winged aphids; the population
increased more than ten times in a week. A maple tree is divided into six groups of micro-
habitats from the view point of the life history of the aphid.

1 . Fundatrices ...................................................... BudS and ShOOtS

2. Spring population after dispersal

of Winged aphlds ................................................ Shoots and inflorescences
3 . AeStiVating dimorphS ....................................... LeaVeS and key fruitS
4, Autumn population before dispersal «:--:-eeeeeeeeereeee Key fruits
5. Autumn population after dispersal = :eeeeeeeeeeeeee Leaves
6 . OVipOSiting females .......................................... Twigs

Thus, though the aphid lives on maple tree the whole year round, it does not always stay
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on the same part of a tree but changes its micro-habitat according to its life-cycle. This
suggests that the whole tree is not a uniform habitat for the aphid throughout a year, and
a favourable place for the aphid is restricted to a part of the whole tree. Time of budding
is influenced by environmental conditions and differs among trees, and the shapes of leaves
and key fruits and number of inflorescences also differs among tree species. Inter-tree
dispersal of the aphid may contribute to find the most suitable micro-habitat for its
reproduction.

Aestivating dimorph is the most interesting form of the aphid. Dixon (1971) showed that
nutritional conditions of bird-cherry leaves changed with season, and Carter (1975) consi-
dered that the appearance of the aestvating dimorph of P. californiensis was goverened by
the nutritional conditions of maple leaves. Observations of the aphid in Tanashi wood
showed that aphid on growing terminal shoots reproduced winged or wingless individuals,
but those on open leaves reproduced aestivating dimorphs at the same time in mid-April.
Therefore, it seems to be reasonable that the aestivating dimorph could be indticed through

nutritional conditions of the host tree.
Summary

The maple aphid, Periphyllus californiensis, lives on maple trees the whole year round.
We observed populations of this aphid in Tanashi wood, a suburb of Tokyo, and tried to
analyze the factors in determining the density.
Four study plots were established in the wood, and five branches were chosen as sample
branches from each of the 4-6 sample trees in each plot. Numbers of the aphid and its
natural enemies were counted on the part of 40cm long from the top of the sample branch.
1. Larvae hatched from overwintered eggs in early March. Winged aphids dispersed in
mid-April, and aestivating dimorphs were reproduced from April to May. The
aestivating dimorphs monlted in mid-October. Winged aphids appeared again in mid-
November, and produced wingless females that deposited eggs mostly in December.

2. The population had two peaks in a year; once in spring and once in autumn. The peak
in spring was realized after the dispersal of winged aphids, but the populations suffered
high mortality due to syrphids, mostly Epistrophe balteata, soon after the population
reached to high levels. Syrphid larvae consumed a large number of aphids in a short
time, and almost all the aphids on a sample tree disappeared soon after the syrphids
appeared on the tree. The mortality due to syrphid larvae was caused density-
dependently, and syrphids were considered to have played an important role in
decreasing the aphid population to lower density levels.

3. The mortality of aestivating dimorphs in summer, reproduction after the dispersal of
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winged aphids, and the decrease in population density after the reproduction in autumn
were all caused density-independently. The mortality of aestivating dimorphs in
summer was especially high and the aphid populations in three out of the four study
plots decreased to zero. However, after the dispersal of winged aphids in autumn,
populations were restored again in all the plots.

4. The aphid lived mostly on inflorescences or key fruits during the period from dispersal
of winged aphid in spring to just before the dispersal of winged aphid in autumn, and
the aphid lived on leaves in autumn and lived on buds or young shoots in spring befote
dispersal. Thus, though the aphid infests maple trees the whole year round, it utilized
different parts of the host tree at different stages in its life-cycle. This suggests that
the best reproduction and development of the aphid is realized on some certain part of
the tree which changes seasonelly. The dispersal of winged aphids seems to contri-
bute to find the most suitable place for reproduction and development.
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T I = I AT T T A
(Periphyllus californiensis Suinn ; Hom., Aphididae)

fER B B o Z=ERHIZAL
s B & A B A =¥
&

EIV=IA 5T T I ay (Periphyllus californiensis) 137 ZTRICHFET BT 7746
T, FETRITL v, AEOEKREZ TN CBREL, ZOEBEEZERTI L0, BE
PIREE N L BREEBITL 72,

FEIIHEELT, ERAFEEHAERRMNICHREL 24 FBEX TITE -2, 2DH b2
FERIZA A I VD, MO 2AERII/ 0TI VERELLLNTHSL, T77L3 LR
BSOS, AERZEET 5 4~ 6 KD HITIEONT, &5 FOROBEA0mNTS
ICWBLDEPEEBBE TR, TOERTH b,

1. A%2 3 B Faicafbl, 4 APAIcERGRIC L2980 R6N, 4~5AICBER 1k
@Eﬁ@&oﬁhntoﬁEﬂlﬁﬁEMmH*EKM&L,%ﬁ%ﬁ%Ltﬁ,nﬁ¢ﬁn
HRm Ao, AHERICEZEMNIEE LTI2ZAICRLNL,

9. A4 AEIIAICE—27%23 02 INOREZAZ LY, 4 AOE— 7 3FBRNOTEK
gizB LN, L, £ELTHKRVYEFFT 7 (Epistroph balteata) 1= & R L > T,

BB 28I Lz, RV e 8T 7N T 8T 7HHBIIT 77 2 v BENEAK
CEBLN, 1HELENDOBEBIKEL, »OEr HHIICREL2ZETT52ELHY,

WTEAETRTCDT T I LY 2 BN L, ZORCRBERFHICOERIENTE), T
ST7THIEIV=IAYT7I L OEELEET 29 2 TEELLNTH S LHIMS N,
3. WMEM 1 BB, KOEBROSREDREE L Z DBNBEBDRIIIT 77 L
DEEIAKEL e WEiB % L > Tz, MER 1 BB TRIIE, 3AEX TIHMEET
BII L ICBEIET L7248, Koot g CEWERR RS 1Lz,

4. BOSKE, KOSEIMEE 52 COMIEAMERE L L CRFCAR ki, Koaiik,

ENSH T THORBERECELFEL TV 200BEINL, ZO L) ICAEIS 1 #H 4zl
LTHITFHEICEFET LIV, BRECH U TELIFEMEEREL THY), Ld-
T2 OPEHE & REIE L 2 EALIBRN DR L NS TH Y, L2LEOMAIIT 77 L
DEERICIE L TR BT 2 2 LSRR E N, HRBRAORITHRIZZ DL ) Lif@E %
FENEE RO TATUbNLTWEEEZ LN S,



