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Seasonal Fluctuation and Vertical Microdistribution of
Drosophilid Flies Dwelling in the Broad-Leaved Forests on

Cheju-Do (Quelpart Island)*
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Community organization of the drosophilid flies was investigated with respect to
the seasonal variation in species abundance and vertical microdistribution on the
basis of the trapped collections in the two natural forests on Cheju-do from May to
October 1994, The dominant species were Drosophila bizonata, D. curviceps, D.
lutescens, D. angularis, D. tsigana and D. immigrans in the annual collections.
The pattern in seasonal changes of the dominant species was similar at the two
survey sites. Seasonal fluctuation in the species diversity was more affected by
evenness than by species richness (number of species). The seasonal variation of
abundance showed an unimodal pattern in all of the dominant species. The seasonal
patterns of vertical microdistribution revealed difference in some of the dominant
species between the two survey sites. These results suggest that the predominant
species in the forest avoid niche overlap by means of seasonal separation of
breedings and that the vertical microdistribution is strongly affected by factors
associated with season and vertical site in the deep wooded forests.
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Investigations on seasonal fluctuation and
vertical microdistribution of the drosophilid flies
are very important in order for discussing
ecological niche of the species in the community.
However, information on ecological structure of
the drosophilid flies in the natural forests is still
insufficient in Korea.

In the past fifteen years, investigations have
made some progress into the distributional and
ecological feature of drosophilid flies in Cheju
Island (Quelpart Is.) (Kim, 1984; Kim, 1985; Kim
and Ko, 1994; Kwon and Toda, 1981).

The present paper reports some accounts of
seasonal fluctuation and vertical microdistribution
of the drosophilid flies surveyed in the natural
broad-leaved forests at the southern part of Cheju-

do (Quelpart Is.) from May to October in 1994.

Methods

Two different sites were selected each from the
stream side near Namso-kyo Bridge of Ipsdk-dong,
Sagwipo City and Suak-kyo Bridge of Suak Valley.
Namso-kyo Bridge and Suak-kyo Bridge are
located at about 5 and 15 km northeast of the
center of Sogwipo City, repectively, which is
located in the southern slope of Mt. Hallasan. The
elevations of the sites are 280 and 520 m above
the sea level, respectively.

From the 1st of May through to the 22nd of
October 1994, forest-dwelling drosophilid flies in
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the two study sites were investigated twice a
month.

Collections were made at one point of each site.
Samples were collected with two weeks interval by
the “retainer” traps (Toda, 1977) baited with
fermenting banana pieces to which water
suspension of Baker's yeast was added. At each
site, six traps were set at six different heights, 0
m,1m, 2m, 3m,4 m, and 5 m above the
ground. Five traps were lifted up by a cable hung
from a thick branch of one tree (C. cuspidata var.
sieboldii NAKAI). One trap was tied on the heel of
the tree. Baited traps were left out for seven days.
The trapped specimens were collected to
polypropylene bottles containing 70% ethanol.

Collections may be classified by difference in
season and vertical sites. In each case the
contribution made by the particular niche
component can be investigated by looking at not
only the differences of the relative abundance but
also the vertical microdistribution gradient. In
order to investigate seasonal assemblage of the
communities, the 95% confidence limits of relative
percentages of the component species were
calculated by using the Sakuma's (1964) formula,

in /N £yn (N —n)/N3}x100

where N is the total number of individuals and n is
the number of individual of a species. Next the
limits of the mean percentage can be calculated in
the same way by using the mean number of
individuals (n = N/S, where S = the total number
of species) instead of n.

The contribution of microhabitat and season to
the diversity of species present in these sites was
sought by use of the Shannon-Weaver (1949)
function for information or uncertainty;

H’=-SP, InP,

where P; is the proportion of species i to the total
collection. Two components of diversity, namely
species richness and evenness of distribution of
species abundance patterns, are combined in the
Shannon-Wiever function. The species richness
was represented by the total number of species in
a collection. The evenness was measured by using
the following index:
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The similarity in the species composition
between two collections in different seasons or
that in different layers was calculated by using
Morisita’s index (Morisita, 1959):

E =
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where Ny and N, are the total number of
individuals occurring in the 1st and 2nd collection,
respectively and ny; and ny; are the number of
individuals on ith species in each collection. This
index varying from 0 to about 1, corresponds in
the degree of overlapping in the species
composition between the two collections.

Vertical microdistribution gradient index (g) was
given by the following formula (Toda, 1973b).

S5 f L _f.
g = zirﬂ_fr (-1<g <1
i<thi a—h;
where, f; is the percentage ratio of the specimens
collected at the height, h;.

Results and Discussion

The vegetation of these areas formed a forest of
broad-leaved evergreen trees. The undergrowth
layers were very sparse, and almost all surface of
the ground was covered with fallen decayed leaves
in both sites. The floras were as follows:

Namso-kyo (NS): Castanopsis cuspidata var.
sieboldii Nakai, Quercus acuta Thunb., Q. glauca
Thunb., Q. serrata Thunb., Camellia japonica L.,
Distylium racemosum S. et Z., Eurya japonica
Thunb., Euscaphis japonica (Thunb.) Kanitz,
Dendropanax morbifera Lev., Damnacanthus
indicus Gaertner, Pittosporum tobira Ait., Ficus
nipponica Fr. et Sav., Trachelospermum
asiaticum var. intermedium Nakai, Ardisia
crenata Sims, Ardisia japonica Bl., Rumohra
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amabilis (Bl.) Ching.

Suak-kyo (SA) : C. cuspidata var. sieboldii
Nakai, Q. acuta Thunb., Q. glauca Thunb., C.
japonica L., E. japonica Thunb., D. morbifera
Lev., Acer palmatum Thunb., Daphniphyllum
macropodum Miq., D. racemosum S. et Z.,
Cinnamomum japonicum Sieb., Machilus
japonica S. et Z., T. asiaticum var. intermedium
Nakai, A. japonica Bl

Species composition and relative abun-
dance of drosophilid flies

A total of 72,751 flies was collected, which was
represented by 29 species belonging to 7 genera
(Table 1). The drosophilid community of the site
NS was composed of a total of 42,683 flies
belonging to 29 species of 7 genera and that of
the site SA was composed of a total of 30,068
flies belonging to 25 species of 6 genera. The
abundant species were Drosophila lutescens, D.
triauraria, D. angularis, D. bizonata, and D.
curviceps at the site NS. They accounted for
about 90% of the total annual collection. At the
SA site, however, D. lutescens, D. angularis, D.
bizonata, D. curviceps, D. immigrans, and D.
tsigana were the abundant species among the
whole collection. These six species accounted for
about 89% of the total annual collection.
Drosophila bizonata was the predominant species
at both sites. These patterns of species
composition might have been related to the
collection method. Most of the rare species in
trapped populations have been known to be
collected by the use of net sweeping (Suzuki,
1955; Momma, 1965; Kimura, 1976).

Drosophila tsigana Burla and Gloor (syn. D.
pengi Okada and Kurokawa) (Watabe et al.,
1990) is newly recorded from Quelpart Is.

From their relative abundances, association of
these species can be represented by seasonal
assemblage as follows:

Spring assemblage: Drosophila curviceps, D.
lutescens, D. immigrans, D. tsigana and D.
bifasciata at the site NS and D. curviceps, D.
lutescens, D. tsigana, D. immigrans, D.
bifasciata and D. sternopleuralis at the site SA.

Summer assemblage: Drosophila triauraria,
D. lutescens, D. immigrans, D. tsigana, D.
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curviceps, D. busckii, D. melanogaster, D.
bizonata, D. angularis at the site NS and D.
lutscens, D. curviceps, D. immigrans, D.
lacertosa, D. triauraria, D. histrio, D. bizonata,
D. tsigana, D. bifasciata, Hirtodrosophila
confusa, Amiota okadai, D. busckii, D.
melanogaster and D. suzukii at the site SA.
Autumn assemblage: Drosophila bizonata, D.
triauraria, D. angularis, D. lutescens, D. suzukii,
D. melanogaster, D. sternopleuralis, D.
immigrans and D. histrio at the site NS and D.
bizonata, D. angularis, D. lutescens, D.
lacertosa, D. melanogaster, D. triauraria, D.
bifasciata, D. sternopleuralis, D. immigrans, D.
histrio, D. unispina, D. tsigana, Amiocta okadai
and D. curviceps at the site SA.

Seasonal variation of species diversity

The seasonal fluctuation of species diversity is
represented in Fig. 1. The species diversities at
both sites were stable throughout the seasons,
although they showed a weak bimodality with two
peaks in June or July and September. The
fluctuation depended more evenness than species
richness. However, both components of species
diversity compensated each other at the site SA in
August and at the site NA in September.

The species diversity peaked at the site NS and
SA in June and September, respectively. And the
community structure was more diverse at the site
SA than at the site NS. These differences of
community structure might be related to the
climatic conditions and tree phenology with the
elevational difference. The difference of elevation
between two sites is about 300 m.

A few species critically influenced the seasonal
pattern of species diversity due to their relative
abundance. An increase in the relative abundances
of Drosophila curviceps, D. lutescens, D.
tsigana, and D. immigrans in May and D.
bizomata, and D. angularis in October resulted in
a remarkable decrease in the evenness. At the site
SA the sharp decrease of the evenness in August
was due to an increase in the relative abundances
of D. lutescens, D. lacertosa, D. immigrans and
D. triauraria. The dominancy of D. lutescens
from May to August at the site NS and to
September at the site SA appeared to contribute
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Fig. 1. Seasonal fluctuation in the species diversity of the forest-dwelling drosophilid flies. The legends represent the
site Namso-kyo (NS) and the site site Suak-kyo (SA) in the left column. and the floor (NF) and canopy (NC) collections
at NS and the floor {SF) and canopy {SC) collections at SA in the right column.

to the stable species diversity.

The seasonal succession of drosophilid flies was
not apparent (Fig. 2). Nevertheless, the species
compositions (similarity) at the site NS are
relatively closed to each other in August and
September, and at the site SA in May and June.
The patterns in the seasonal species compositions
show great difference between the two sites,
except in July and October. This phenomenon
appeared to be mainly affected by the abundance
of the commonest species. As mentioned above,
the difference of the species composition may be
related to the difference of the climatic condition
and tree phenology with the elevational difference.

The seasonal changes in numbers of the eight
commonest Drosophila species are shown in Fig.

3. There is a remarkable increase in the numbers
of D. curviceps, D. tsigana, D. immigrans and D.
lutescens in May. This increase may be coincident
with the appearance of fungi and rotten nuts
which provide a breeding site for these species in
the foreast. The numbers showed a sharp
decrease in June and remain at this low level until
October, when there is a remarkable increase in
the numbers of D. bizonata and D. angularis. It
was noted that there is a remarkable increase in
the number of D. triauraria in August and peaked
in September at the site NS. However, there is a
remarkable increase in the numbers of D.
lacertosa in August at the site SA. Among the
commonest species D. lutescens only showed a
bimodality in the seasonal distribution with a large
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Fig. 2. Seasonal changes in species composition of forest-dwelling drosophilid flies. The similarity index between every
two collections taken in different seasons and sites were caiculated. Each curve represents a set of similarity indices to
the collections shown by the dark circle. When the species compositions are similar to each other, the curves also show
a similar pattern. Abbreviations represent the collections taken in different seasons and sites, i.e., NM, May at the site

NS and Sdn, June at the site SA, etc.

peak in May and a smaller one in August at the
site SA.

The distributional pattern in some species of
Drosophila in Cheju-do appeared to be different
from that in Hokkaido, Japan. According to the
regular autumn burst in forest near human
habitations (Wakahama, 1957; Kaneko, 1960;
Kaneko and Tokumitsu, 1963; Toda, 1973a}, it
has been postulated that D. immigrans increases
its population from spring to summer in and near

human habitations, then invades into neighboring
forest, there a homogeneous and well mixed
population from late summer to autumn (Toda,
1974). The previous study on the seasonal activity
of this species in Cheju-do revealed that this
species increases its population from spring to
summer far from human habitations (Kim, 1985).
It has been also reported that D. lutescens is to be
found around human habitations and D. lacertosa
predominates at lower elevations in southern



July 1996 Kim —Seasonal Fluctuation and Vertical Microdistribution of Drosophilid Flies 331
5000 HNS EISA 35000 D. bizonata
4000 ’- D. lutescens 30000

25000
3000 20000
2000 15000
10000
1000 h S000
0 _— 0 L L n
M J J A S 0 M J ] A
10000 6000 D. angularis
8000
6000
4000
2000
0
2000
1560
1000
500
0
3500 D tsigana 1400
3000 1200
2500 1000
2000 800
1500 600
1000 400
500 200
0 ; ' ; 0
M J J A s 0 M J J A S 0

Fig. 3. Seasonal changes of the predominant species. NS and SA represent Namso-kyo and Suak-kyo sites,

repectively. Abscissa month.

Hokkaido (Momma, 1957; Kaneko and
Tokumitsu, 1963). However, in the present study
D. lutescens was to be dominant in thick forests
far from human habitations from May to
September. In addition, D. lacertosa showed to be
predominant rather at the higher elevation than at
the lower, that is, this species predominated only
at the site SA in August.

Vertical distribution pattern of drosophilid
flies

It was observed that there was inconsistency in
the vertical microdistribution gradient in almost
species temporally and spatially (Table 2). In
general, the gradient in vertical microdistribution

was downward direction in most predominant
species, except D. lutescens. The direction was
upward in this species, even though it was
inversed in October at both sites. The gradient in
vertical microdistribution could be affected by the
numbers. The extreme case is when only one
specimen has been catched at 0 or 5 m.
Therefore, in order to minimize this effect the
collections of six traps were classified two layers,
i.e., the canopy layer defined as foliage 3-6 m
above the ground and the floor layer 0-2 m above
the ground, respectively.

The temporal and/or spatial differences were
also observed in the seasonal pattern of vertical
microdistribution with respect to the two layers in
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Table 2. Temporal variation of the vertical microdistribution gradient indedices of the drosophilid species in the whole

community
No. Species May Jun. Jul. Aug. Sep. Oct. Total
1 Leucophenga orientalis 0.000 0.500 0.333 0.250
2 L. ornata 0.500 1.000 0.667
3 Amiota okadai 1.000 -0.083 -0.121 -0.063 -0.082
4 A. stylopyga 0.200 -1.000 0.000
5 Scaptodrosophila coracina 0.167 1.000 0.286
6 S subtilis -0.091 -1.000 -0.500 0.000 -0.192
7 Hirtodrosophila histrioides 0.167 -0.438 0.156 0.000 -0.273 -0.072 -0.060
8 H. quadrivittata 0.000 -1.000 -0.200
9 H. sexvittata 0.000 -1.000 1.000 -0.500
10 H. trivittata -1.000 0.000 -0.500
11 Mycodrosophila gratiosa -0.750  -0.750
12 Drosophila busckii 0.000 -0.110 0.047 -0.333 -0.071
13 D. bifasciata 0.034 0.464 0.667 0.000 0.744 -0.081 0.136
14 D. lutescens 0.242 0.060 0.115 0.018 0.226 -0.064 0.190
15 D. melanogaster -0.030 -0.286 0.273 0.000 0.166 0.326 0.103
16 D. suzukii 0.244 -0.222 0.077 0250 -0016 -0.161 -0.708
17 D. triauraria -0.250 -0.300 0.000 0.505 -0.505 -0.048 0.184
18 D. unipectinata 0.000 0.000 1.000 0.250
19 D. agularis -0.143 -0.500 -0.333 0.000 -0.357 -0.211 -0.209
20 D. bizonata -0.112 -.0188 -0.045 0.000 -0.139 -0.023 -0.026
21 D. curviceps 0.178 -0.089 0.044 0.125 -0.227 -0.175 0.052
22 D. sp. of curviceps species-subgroup 0.000 -0.500 -0.400
23 D. histrio -0.125 -0.241 -0.500 0.000 -0426 -0372 -0.351
24 D. immigrans -0.049 -0.280 -0.152 -0.126 0.025 0.062 -0.100
25 D. lacertosa -0.236 -0.158 -0.051 -0.014 -0.286 -0.080 -0.100
26 D. tsigana 0.016 -0.119 -0.037 0.333 .0125  0.000 0.005
27 D. sternopleuralis -0.003 0.000 -0.071 0.310 0.131 0.062
28 D. unispina -0.198 -1.000 -1.000 -0.667 0.000 -0.406 -0.352
29 Nesiodrosophila raridentata 1.000 0.000 0.500
Species No. 26 20 17 19 19 24 29

many predominant species (Fig. 4 and Table 3). In
D. lutescens, the direction of vertical micro-
distribution was variable by month to month at the
site NS, nevertheless it showed consistent upward
direction at the site SA. In comparison of the
cases that the direction of vertical microdistribution
was significantly different at both sites, there are
many cases that the directions are inverse between
the two sites. Such difference would not be
expected if the relative importance of the factors
concerned is the same between the two sites. It is
plausible that difference of the physical factors
such as wind induced different responses at the
two sites. In general there were many days with

strong wind at the site SA, even though wind
velocity was not recorded. There are some reports
that wind has markedly influenced on flying insects
(Rudolfs, 1923). Hachiya (1952) observed that the
Drosophila showed a very low activity all day in
which wind retained strong, sometimes as far as
over 10 m/sec. except a dawn calm and an
evening calm. Ishihara (1955) described that the
diurnal activity of Drosophila was affected by wind
of more than 5 m/sec.

Kimura (1976) suggested that the decaying
season of plants affects the breeding season and
the seasonal fluctuation of the drosophilid flies
dwelling among undergrowth plants, referring to
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Fig. 4. Seasonal changes in vertical microdistributions of the predominant species. In the legend the first letter, F and
C, represent the floor and canopy collections, and the second letters, N and S, represent the study site NS and SA,

respectively. Abscissa is month.

several repots on breeding sites of some
drosophilid species (Frost, 1924; Spencer, 1942;
Heed, 1968; Momma, 1965; Pipkin, 1965).
From the analysis of the distribution and
abundance of woodland species of British
Drosophila, it has been concluded that factors
associated with season and vertical site are the
most important components of the adult
Drosophila niche (Shorrocks, 1975). As
mentioned above, four species of Drosophila, D.
curviceps, D. tsigana, D. lutescens and D.
immigrans, were dominant in May. However, the

predominant species were D. triauraria (at the site
NS) and D. lacertosa (at the site SA) in August
and September, and D. bizonata and D. angularis
in October. These results suggest that the
predominant species in the forest avoid niche
overlap by means of seasonal separation of
breedings, nevertheless the decaying season of
plants also may affect the breeding season.
Futhermore, the vertical microdistribution of the
flies seemed to be not affected only the breeding
sites but also physical factors in the deep wooded
forests. According to observation of differences in
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Table 3. Seasonal comparison and significance (k-square test) of the individual numbers collected in the floor and

canopy traps for the commonest species.

Species Site?

D. lutescens NS

SA
D. triauraria NS
SA
D. angularis NS
SA
D.bizonata NS
SA
D. curviceps NS
SA
D. immigrans NS
SA
D. lacertosa NS
SA
D. pengi NS

SA

a) NS. Namso-kyo and SA, Suak-kyo.
*P<0.05, **P<0.01. and **P<0.001

Layer

Floor
Canopy
Floor
Canopy
Floor
Canopy
Floor
Canopy
Floor
Canopy
Floor
Canopy
Floor
Canopy
Floor
Canopy
Floor
Canopy
Floor
Canopy
Floor
Canopy
Floor
Canopy
Floor
Canopy
Floor
Canopy
Floor
Canopy
Floor
Canopy

the seasonal patterns of vertical microdistribution
between the two survey sites, it is suggested that
the vertical microdistribution is strongly affected by
factors associated with season and vertical site in
the deep wooded forests.

Month
May Jun. Jul. Aug. Sep. Oct.
704 *** 135" 117 % 55 53* 5
1,006 87 71 132 79 13
1,120 32" 114 401 45 7
2.009 128 133 431 194 22
2 6 2 55 925** 27
0 3 1 501 250 35
1 1 1 125* 57 1
1 0 1 93 53 0
3 1 0 9 8 1,498 ***
1 0 0 5 16 1.945
9 1 3 3" 27 1,488 ***
10 010 5403
32 2 11 13 9q *** 13,062 **
35 2 3 18 277 13.866
717 6 40 31 385* 4,523
31 6 44 45 312 3.015
650 " 136 0 0 0 61
2,291 115 1 3 2 93
3.997 **+ 203* 36 *** 5 15~ 53
2.756 242 8 0 5 45
469 202 157 * 12 9 52
479 101 64 6 15 60
642" 86 205 159 ** 27 5
243 33 61 41 28 12
9 5 o 0° 5 16
8 2 5 6 8 21
33 12 52 383" 119* 69 ***
5 19 22 47 57 19
414 128 58 * 0 1 0
415 143 28 3 5 2
1,664 8* 62 % 3 9 0
926 20 12 0 170
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