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Vertical Microdistribution of Drosophilidae (Diptera) 

within Various Forests in Hokkaido 

III. The Tomakomai Experiment Forest, Hokkaido University 

By 

Masanori J. TODA* 
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Abstract 

1) Vertical stratification structure of a drosophilid community in a natural 
broad-leaved forest was regarded as consisting of two associations, Canopy Associa
tion and Floor Association, each of which was divided further into two subassocia
tions, i. e., the former into Cc and Cs, and the latter into Fs and Ff. 

2) This stratification structure was relatively constant throughout the active 
season. However, in the spring the average distribution heights of component 
species showed a tendency to be higher, and in the autumn, contrarily, they tended 
to decrease. 

3) The distribution range of the Cs Subassociation was lowered to the her
baceous layer at an artificial edge of a secondary broad-leaved forest. This edge
effect extended at least 5 m inside from the forest edge at the stage of two years 
after forest felling. This phenomenon suggests that the living space of forest 
animals is largely divided into two layers, the outer foliage layer and the inner 
floor layer. 

4) The vertical stratification structure was less clear in the white fir artificial 
forest examined than in the deciduous broad-leaved forests, somewhat resembling 
the situation at the edge of the broad-leaved forest. 

Key words: Drosophilid flies, Forest edge, Deciduous broad-leaved forest, Tomako
mai, Vertical stratification. 

Introduction 

Although the existence of vertical stratification of plant and animal communities 
IS a basic concept in forest ecology (SMITH, 1973), the canopy layer is still one of 
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the least explored zones on land because of its height and inaccessibility. Up to 
the present, many attempts have been made to collect information on the inverte
brates living in this zone by various kinds of indirect collecting techniques (e. g., 
CORBET, 1961 a; MERRILL and SKELLY, 1968; NIELSEN, 1975; WOLDA, 1979; 
SUTTON, 1979; SUTTON and HUDSON, 1980; MONSTER-SWENDSEN, 1980; MOEED 
and MAEDS, 1984), or by methods of direct access (e. g., DAVIDSON, 1930; PERRY, 
1978). 

The previous studies (ToDA, 1977 b; BEPPU, 1980) of this series, using retainer
type traps set vertically from the ground to the canopy, revealed that clear strati
fication existed in the vertical distribution of drosophilid flies within a natural 
broad-leaved forest and a streamside forest. This paper discusses the results of 
similar surveys made in various forests in the Tomakomai Experiment Forest, 
putting special emphasis on the vertical distribution at the forest edge, and compares 
the vertical stratification structure in a natural broad-leaved forest with that of a 
previous report (ToDA, 1977 b). 

Methods 

Surveys were carried out at the following seven stations (Fig. 1). 
Station I was located in a natural deciduous broad-leaved forest. Data con

cerning the vegetational stratification in this forest are presented in Table 1. Ap
proximately four layers were recognized: 1) canopy layer, ca. 12-22 m high; 2) 
subarboreallayer, ca. 6-10 m high; 3) shrub layer, ca. 2-6 m high; 4) herbaceous 
layer, ca. 0-0.7 m high, which was relatively sparse and composed of Osmunda 
cinnamomea, Rhus ambigua, Maianthemum dilatatum, etc. Six "retainer" type I 
traps (ToDA, 1977 a) baited with fermenting bananas were set at different heights, 
0.1, 1, 4, 7, 10 and 13 m, from the ground to the canopy (Photos 1, 2). The 
upper four traps were suspended by a rope hung from a bough of the canopy, 
and the lower two were hung from a tree branch or a trunk. Collections were 
made in four different periods: from July 10 to August 20 and October 2 to 16 
in 1982; and from June 6 to 22 and July 14 to August 22 in 1983. During each 
survey period, trapped flies were removed and baits were renewed at weekly in
tervals. 

Station II was made at the Forest Observation Tower. Seven traps were set 
at the heights of 23, 19, 14, 9, 4, 1 and 0.1 m (Photos 3-9). The upper five traps 
were suspended by a rope tied to the top arm of the Tower. The rope was 
situated between two large oak (Quercus dentata ca. 20 m high and Q. mongolica 
var. grosseserrata ca. 19 m high) trees at the edge of a natural deciduous broad
leaved forest. Collections were made from July 15 to August 13 in 1977. 

Station III was located in a white fir (Abies sachalinensis, 40 years old, ca. 
12 -15 m high) artificial forest. A rope was hung from a bough of an oak (Q. 
mongolica var. grosseserrata) tree (ca. 9 m high). Four traps were set at the 
heights of 7, 4, 1 and 0.1 m. Collections were made from July 5 to August 4 in 
1979. 
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Fig. 1. Location of seven trapping stations in the Tomakomai 
Experiment Forest. 

613 

Four stations were made in a secondary deciduous broad-leaved forest dominated 
by Q. mongolica var. grosseserrata. The forest stratification was represented ap
proximately by three layers: 1) canopy layer, ca. 4-8 m high, composed of Q. 
mongolica var. grosseserrata, Prunus maximowiczii, P. sargent ii, Acer mono, 
Sorbus alnifolia, Kalopanax pictus, Fraxinus lanuginosa, Tilia japonica, Phel
lodendron amurense var. sachalinense, Acer palmatum var. matsumurae, etc.; 2) 
shrub layer, ca. 0.5-2 m high, saplings of the canopy tree species, Euonymus 
oxyphyllus, Magnolia obovata, Morus bombycis, Pourthiaea villosa, Hydrangea 
paniculata, Viburnum opulus var. calvescens, etc.; 3) herbaceous layer, ca. 0-
0.5 m high, Carex lanceolata, Maianthemum dilatatum, Pachysandra terminalis, 
Dryopteris crassirhizoma, Rhus ambigua, Vitis coignetiae, Schisandra chinensis, 
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Table 1. Number of trees (more than 2 m high) of different species in 
each height grade within a quadrat (30x30 m2) at Station I 

Height em): 

Sorbus alnifolia 

Fraxinus lanuginosa 

Quercus mongolica var. grosseserrata 

Carpinus cordata 

Acanthopanax sciadophylloides 

Ostrya japonica 

Magnolia obovata 

Acer japonicum 

Prunus sargentii 

Tilia japonica 

Magnolia praecocissima var. borealis 

Acer ornatum var. matsumurae 

Aralia elata 

Pourthiaea villosa 

Acer mono 

Cercidiphyllum japonicum 

Picea jezoensis 

Euonymus oxyphyUus 

Kalopanax pictus 

Prunus maximowiczii 

Hydrangea paniculata 

Acer mono var. mayrii 

Alnus hirsuta 

Corn us controversa 

Morus bombycis 

Tilia maximowicziana 

Phellodendron amurense var. sachalinense 

Total 

6 8 W ~ U W ~ W ~ 2 4 
! ! 
4 6 

! ! ! ! ! ! ! ! ! Total 
8 W ~ U W ~ W ~ ~ 

32 12 8 3 

19 W 

14 6 

2 1 

12 8 

1 5 

9 2 

3 1 

6 1 

14 

3 

5 1 

3 

1 

1 

3 

1 

1 

14 2 1 

673 

44122 

7 3 

4 

3 

4 

2 

1 

3 

1 

1 

1 

1 

3 

2 

1 

1 

223 

4 2 

221 2 

4 1 

311 

3 

3 

3 

1 

2 

2 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

61 

37 

32 

26 

24 

21 

19 

17 

16 

15 

10 

8 

7 

6 

5 

5 

3 

3 

3 

2 

2 

2 

1 

1 

1 

1 

1 

145 66 44 22 11 13 10 11 5 1 1 329 

etc. A part of the forest was felled in the autumn of 1977 to construct a highway. 
In order to study the influence of forest felling on drosophilid flies, especially on the 
vertical distribution at the forest edge, collections were made from July 5 to August 
4, 1979 at the following four stations. 

Station IV (Photos 10, 14), the control, was located at Meteorological Tower 
Station C, situated 45 m inside from the forest edge. Five traps were set at the 
heights of 8, 6, 4, 1 and 0.1 m. 

Station V (Photos 11, 15) was made at Meteorological Tower Station B, situated 
5 m inside from the forest edge. Trap heights were the same as in Station IV. 
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Station VI was located at an artificial forest edge with poor mantle vegetation 
(Photo 12). Four traps were set at the heights of 7.8, 4, 1 and 0.1 m. 

Station VII was located at another forest edge, where a windbreak net fence 
(0.5-5.9 m high) was constructed in 1978 to protect forest edge trees from strong 
wind and sunshine (Photo 13). Four traps were set at the heights of 5.8, 4, 1 and 
0.1 m, inside the fence (Photo 16). 

Results and Discussion 

1. Natural broad-leaved forest 

Based upon the results of summer (July 14 to August 22, 1983) collections at 
Station I, vertical distribution patterns in a natural broad-leaved forest were com
pared among drosophilid species by cluster analysis (UPGMA: unweighted pair
group method using arithmetic average, SNEATH and SaKAL, 1973). The similarity 
between two species was evaluated by a niche overlap index according to COL WELL 
and FUTUYMA'S (1971) relative circular weighting method. Some "rare" species, 
which were defined as species with a total number of individuals less than the 
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Fig. 2. Niche overlap dendrogram (by UPGMA) for the similarity 
of vertical distribution in drosophilid species collected at 
Station I (natural broad-leaved forest) in the summer, 1983. 
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Table 2. Number of drosophilid flies collected at Station I from July 14 to August 22, 
1983, with indication of the results of the correspondence analysis (solid 
enclosure: primary correspondence, broken enclosure: secondary one, cf. 
TODA and T ANNO, 1983) and average distribution heights. "Rare" species 
excluded from the cluster analysis are shown in parentheses 

Trap height (m): 13 10 7 4 1 0.1 Total Average height (m) 

Cc Subassociation 

(Amiota spp. 9*) 34 18 3 55 

(A. furcata 0) 1 1 (13.0) 

(A. dispina 0) 1 1 (13.0) 
A. taUl'lISata 0 

r-- -, 
1 14 12.8 1 13 ' 

.1. cla1'ata 
I L __ -, 

0 1 5 2' 7 12.1 
1 r--...J 

il. delta 0 1 10 1 2 1 13 12.1 L __ ...J 
(A. trifurcata) 3 2 5 (11.8) 

(A. trochlea 0) 2 2 4 (11.5) 

(A. albilabris) 1 1 2 (11.5) 
A. elongata 

,..---------, 
0 1 8 2 2' 12 11.5 

1 r------..J 
D. busckii 1 7 1 1 1 1 10 11.2 , L __ .., 

D. throckmortoni 
, 

4 4' 1 9 11.0 1 
1 1 

D. suzukii I 6 71 1 14 10.9 
I I 

A. flagellata 0 I 6 81 1 2 17 10.2 I... _____ ...J 

--- . ----.-------.----.--.--.------------~---.. -----------._.----_._---_ .... _----.-- -.-.-.-_ ... ------.-------------.----------------~-------.-----.. -.--.. --. 
Cs Subassociation 

A. conifera takadai 

D. coracina 

D. bifasciata 

(D. multispina) 

D. pengi 

(A.okadai) 

D. imaii 

(D. trilincata) 

Fs Subassociation 

il. stylopyga 

D. biauraria 

D. immigrans 

(L. qllinqllemaculipennis) 

D. testacea 

D. confusa 

(D. moriwakii) 

Ff Subassociation 

D. brachynephros 

D. pseudosordidula 

D. histrio 

(D. nigromaculata) 

(D. curvispina) 

Total 

6 6 53 
r-i2~ 12 100 , L _______ , 

L~02 __ 1~~ __ !~J 1,192 

1 1 2 ,..-----, 
L!Q ___ 8J 

r- --, 
5 " 6' 5 34 1... __ .J 

1 1 1 3 
62 72 571 [)I~=j~J 1 271 

1 1 

r--, r- -, r--, 
, 2, 1 , 2' '3' - 8 , , L. __ ..J r---J 1...---, 
, 12' 7 4, 11 16 2J 52 L __ J 

r------- J r---
1 , 4 3 4 4' 16 

I...--------------~ 
1 1 2 

~ 
r--, 

11 10 ~ 
, 10' 131 L __ ~ 

7 15 14 20 53 109 

1 1 2 4 
-... -- ... --.-------.-------~--------.. ------------ ----------------------

1 2 2 
r--, 
' 8' L __ .J 1 14 

2 
r--, 

2 , 6' 

~ 36 L __ .J ,---, 
1 6 3 10 66 , 7' 93 L __ .J 

1 1 

1 1 

657 553 341 237 460 39 .2,287 

8.9 

8.7 

8.7 

(8.5) 

8.1 

(8.0) 

7.8 

(7.0) 

6.6 

6.0 

5.9 

(5.5) 

4.5 

4.3 

(4.0) 

2.9 

2.3 

2.2 

(1.0) 

(0.1) 

* Female specimens of most species of the subgenus Amiota are not identified to species. 
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number of traps (6 in this case), were excluded from the analysis. 
The resulting dendrogram is shown in Fig. 2. Twenty-one species subjected 

to the analysis were classified first into two clusters, C and F, each of which was 
divided further into two subclusters. As a result, four different groups, Cc, Cs, 
Fs and Ff, were distinguished for the vertical distribution pattern in the natural 
forest. Cc included 8 species (Amiota taurusata, A. clavata, A. delta, A. elongata, 
Drosophila busckii, D. throckmortoni, D. sU2ukii and A. flagellata); Cs, 5 spp. 
(A. coni/era takadai, D. bifasciata, D. pengi and D. imaii); Fs, 5 spp. (A. stylopyga, 
D. biauraria, D. immigrans, D. testacea and D. confusa); Ff, 3 spp. (D. brachy
nephros, D. pseudosordidula and D. histrio). The distribution patterns of these 
species were further examined by the correspondence analysis of TODA and T ANNO 
(1983) and the correspondence is shown with square enclosures in Table 2. Average 
distribution heights calculated by the formula given by TODA (1985) is also shown 
in the table. The "rare" species excluded from the analyses were assigned to 
appropriate groups on the basis of their distributions. From the results of the 
correspondence analysis, the vertical distribution patterns of the four groups were 
characterized as follows; Cc was confined almost exclusively to the canopy layer, 
Cs occupied the canopy layer but was also distributed down to the shrub layer, 
Fs was distributed primarily in the shrub layer but was also found in the subar
boreal or canopy layer, and Ff was more or less confined to the shrub or her
baceous layer. 

The vertical range covered by the above survey did not extend above the tree 
top layer. To survey drosophilid distribution at and above the uppermost layer of 

r 
0.0 

1 
0.2 

c 

F 

r-------=C-:C,:---A. albllabrlo 

1 
0.4 

r 
0.6 

Niche Overlap 

Cc 

Cs 

A. oIeadal 

A. e/ongsla .; 

A. "agollele .; 

A.olyloPYlla 

A. dl.plna .; 

D. throckmorton/ 

D./mall 

D. blf".c/.t. 

A. conifer. ,akada, 

.-----D. meillnog •• t.r 

Cs''--___ D. aurarl. 

D. contu,. 

D. t •• t.c •• 

""-'--- D. billur.rl. 
r r 

0.8 1.0 

Fig. 3. Niche overlap dendrogram (by UPGMA) for the similarity 
of vertical distribution in drosophilid species collected at 
Station II (Forest Observation Tower) in the summer, 1977 
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Table 3. Number of drosophilid flies collected at Station II from. July 15 to 
August 13, 1977 (ef. the explanation of Table 2) 

Trap height (m): 

Cc' subcluster 
A. albilabris 

Cc subcluster 
(.4 III iota spp. 

A. okadai 

(A. delta 0) 

'ill 

(A. trifllrcata) 
(L. quinqllcmaeulipennis) 

;t. c10ngata 0 

.1. jlagcllata 0 

A. dispilla 0 

(L. maeulata) 
(A. cla'vata 0) 
(A. balaenodentata 0) 

A. stylopyga 

(A. subfuI'cata (')) 

(A. furcata (')) 

D. throckmortoni 

(D. busckii) 

D. blfasciata 

(D. triauraria) 

D. imaii 

A. conifera takadai 

23 19 14 9 

r------, 
• 1 5. 

,..-.., 
• I' ,-_..I 

'- _____ .1 

13 19 3 

OJ r-----' 
2 • 3 7. '- _____ ..1 

2 2 
1 1 
2 4 

r-----' 
I 3 7 I 1 '-__ _.J 

1 I 7 20 I :--5: 
13 2 _J 3: L _________ ..1 

3 
1 
1 

3 [ill r-, 
• 5' L._..I 

1 2 2 

1 2 2 

1 1 
r-----' 
• 4 3 1 L. _____ .J 1 

1 2 1 
.... -, 

130 41 25 29 1 • 8· 1.._-' 

1 1 1 

1 1 [ill r-----' ,5 7, ,.. ___ J J 

1 1 • 4 4 4' L ___ , r--:J 

1 0.1 Total 

7 

35 

16 

4 
2 
6 

11 

33 

8 

3 
1 
1 

25 

5 

5 

10 
4 

2 1 136 

3 

26 

1 15 
r-, 

Average 
height (m) 

18.1 

16.6 

(16.5) 
(16.5) 
(15.7) 

14.9 

14.6 

14.0 

(14.0) 
(14.0) 
(14.0) 

13.6 

(13.0) 

(13.0) 

12.9 

(12.8) 

12.3 

(12.0) 

10.9 

10.0 

D. cOI'acina ii3i ~ '12' ~ 102 10.0 '14' 1 
--* •• _-------------- ..................... ,,::':::' ................ L,..::-.,J ............... L_.J -----_ .......... _ ................. --_ .... _-_ ........ 

Cs' subcluster 

D. melanogaster 
,..-., 

[ill r-' ~ 4 
r-, IT§] 56 9.8 , 4' • 8' , 9. 

L.._..I 1.._...1 L._-' 

(D. lacertosa) 1 1 (9.0) 
(Leueophenga sp. 1) 1 1 (9.0) 

D. allraria 
r------, r-, r-' 
'2 I' I 21 L 2J 7 8.6 L ______ .J L_.J 

Fs subcluster 
D. confiisa 1 2 ~ 

r-, 
• 5' L._..I 22 4.2 

(D. ezoana) 2 2 (4.0) 

(D. pengi) 2 2 (4.0) 
(D. moriwakii) 1 1 (4.0) 
(A. taurllsata 0) 1 1 (4.0) 
(D. multispina) 1 1 (4.0) 

D. testacea 
1-------------, 
'1 4 1 I' '- _____________ .J 7 3.7 

-- ----- _. ------ --.... -.-----.---------- .. --" ... -~.--.~.-.--.. ---.- ---- .. _-_._ .. _-_ .... __ .---_ ... _-----_._----.----._----.--------._----
Ff subcluster 

(D. histrio) 1 1 1 2 5 (2.8) 
(D. immigrans) 2 2 4 (2.1) 

D. biallraria 5 2 
r--, 
I 8' L __ J 149 158 65 1 287 1.9 

(D. brachynephros) 1 4 5 (1.6) 
(D. sordidula) 1 1 2 (0.6) 
(D. nigromaculata) 1 2 3 (0.4) 

Total 22 111 203 96 149 196 88 865 
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the forest canopy, vertical trap collections were made at Station II in the summer 
(July 15 to August 13) of 1977, with the aid of the top arm of the Forest Observa
tion Tower. The top trap (23 m high) was set ca. 3-4 m above the tree tops, 
and the second one (19 m high) was set in the uppermost layer of the canopy. The 
obtained data were subjected to the same analyses as in the first case, and the 
resulting dendrogram and correspondence table are shown in Fig. 3 and Table 3, 

respectively. In this case, too, component drosophilid species were classified first 
into two major clusters, C and F. Cluster C was divided further into four sub
clusters, Cc, Cc', Cs and Cs', and cluster F into two, Fs and Ff. Cc included 5 
Amiota species, which were distributed exclusively in the canopy layer. Of the 5 
species, A. stylopyga changed its distribution considerably from Fs at Station I to 
Cc at Station II. Cc' included only one species, A. albilabris, which was most 
abundant in the uppermost layer of the canopy. The species composition of Cs 

differed less between Station I and II, i. e., 4 out of the 5 component species 
were common to both stations. Two species of Cs', D. melanogaster and D. 
auraria, tended to be distributed evenly from the canopy to the ground. Almost 
all the species belonging to cluster C were limited to below the tree top layer, not 
extending above the canopy as some insects in tropical rain forests (CORBET, 1961 a, 
1964; HADDOW and CORBET, 1961; HADDOW and SSENKUBUGE, 1965; SUTTON and 
HUDSON, 1980). The total number of individuals collected at the top trap was 

much smaller than that at other traps. Two species of Fs, D. confusa and D. 
testacea, did not change their distribution patterns radically from those observed 
at Station I, being centered in the shrub layer. D. biauraria, which belonged to 
Fs at Station I, lowered its average distribution height from 6.0 m to 1.9 m and 
were more or less confined to the shrub or herbaceous layer. Thus, the vertical 
distribution patterns of most species were nearly identical between the two stations, 
except for the above-mentioned small changes in some species. The small changes 
may be due partly to the fact that Station II was located at the forest edge facing 
the Observation Tower. 

In general, the above results are consistent with those obtained at Misumai, 
near Sapporo (TODA, 1977 b). TODA recognized five different patterns of vertical 
distributions, Types 1 to 5, and classified component species of a drosophilid com
munity in a natural broad-leaved forest into two major associations, floor association 
(combined Types 1+2) and canopy association (combined Types 4+5), and one 
minor group, which was distributed in the subarboreal layer (Type 3). However, 

this classification was made more or less subjectively. Therefore, to make a reliable 
comparison between the two localities, it is necessary to reclassify component species 
of the Misumai community by the same method as in the present study. Applica
tion of UPGMA cluster analysis to the data obtained in the summer (July 3 to 
August 1, 1974) resulted in complete agreement with the afore-mentioned results 
at Station 1. That is, component species were classified first into two major clusters, 
C and F, each of which was divided further into two subclusters, the former into 
Cc and Cs, and the latter into Fs and Ff. Cc included the species of Type 5, Cs 
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5. o· 
'" ::t: 
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;r 

5 

4 

3 

2 
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(') , .. , (A. furcataO)· .. . 
n ...... ,,:::.:: ..... (A. dlsplna 0) .... ::::::; ....... .. 
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III ~D. bUSCkll~\ \ '.(_._._._._._._._._.-
g ~D. throckmorton/~ \ l\ A. de/tao 
~ '-...... / \ /\ 
'< D. suzukli 'K/ \---A. c/avatao----
~ ---A. flagellata 0 --- / \ 
III _._._._._._._._._._.-._/ \ 

~ \ 
2. \ 
~ ~ ~A. conlfera takada/,,--- \ ··················(A. trlfurcata)··· .. ············ 
o rn D. coraclna \ LA. con/fera takada/, 
:J c ---././ ............ "---------lI - D. Imali------'"--
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Fig. 4. Comparison of vertical stratification structure between two 
drosophilid communities in natural forests at Tomakomai 
and at Misumai, including the average distribution height 
of each component species. "Rare" species are shown in 
parentheses and by a dotted line. Arrow indicates the 
height of the top trap. 
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those of Types 5 to 3, Fs mainly those of Type 2, and Ff mainly of Type l. 
Here, these clusters and subclusters are renamed as follows: C - Canopy Associa
tion, including Cc and Cs Subassociations, and F - Floor Association, including Fs 
and Ff Subassociations. In Fig. 4 component species of these associations or subas
sociations are compared between the two natural forest drosophilid communities at 
Tomakomai and Misumai, together with the average distribution height of each 
species. The change in average height is shown only for non-"rare" species at 
both localities. Although the average heights of these species tended to be higher 
at Tomakomai than at Misumai and there were some changes in components of 
subassociations, the main components of the two associations were quite constant 
between the two localities, with only two exceptions, D. coracina and D. immigrans. 
D. coracina belonged to Cs Subassociation (distributed 8.7 m high in average) at 
Tomakomai but to Fs Subassociation (3.8 m) at Misumai. The changeable nature 
of this species in vertical distribution has been repeatec1ly pointed out in other 
studies (ToDA, 1977 b, 1985; TODA and FUKUDA, 1985). On the other hand, the 
difference observed in D. immigrans, which belonged to Fs at Tomakomai but to 
Cs at Misumai, may be of no significance. The Type 3 species distributed mainly 
in the subarboreal layer are sometimes classified into different subassociations, Cs 
or Fs, according to their relation to other species, in spite of no changes in the 
distribution height. Although the average height of D. immigrans did not change 
locally in the present study, it has been empirically confirmed that most species of 
Type 3, which are sporadic migrants or invaders from other habitats (ToDA, 
1977 b), are more or less changeable in their vertical distribution patterns (ToDA, 
1985; TODA and FUKUDA, 1985). 

2. Seasonal changes 

Based on the results of surveys made in different seasons at Station I, seasonal 
changes in the vertical stratification structure of a drosophilid community in the 
natural forest are shown in Fig. 5. The structure in the summer did not change 
radically between two successive years, 1982 and 1983, although the number of 
species collected was smaller, especially in Cc Subassociation, in 1982 than in 1983. 
Of 14 species which were not "rare" in either year, only 3 species belonged to 
different subassociations between the two years: A. stylopyga belonged to Cs in 
1982 but to Fs in 1983; D. testacea to Ff in 1982 but to Fs in 1983; D. suzukii 
to Cs in 1982 but to Cc in 1983. The structure in the spring was characterized 
by the virtual lack of components of Ff Subassociation and relatively higher average 
distribution heights of component species. It should be noted that D. confusa, D. 
histrio and A. conifera takadai belonged to Cs, Fs and Cc Subassociation, respec
tively. All the non-"rare" species decreased their average distribution heights from 
the spring to the summer. On the contrary, the autumn structure was charac
terized by the scarcity of Cc Subassociation and the abundance of Floor Association. 
As mentioned by TODA (1977 b), the main components of the Floor Association 
were fungivorous species, which should have prospered due to the richness of food 
resources on the forest floor in the autumn. 
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Fig. 5. Comparison of vertical stratification structure of a drosophilid 
community at Station I in different seasons. (cf the explana
tion of Fig. 4). 

3. Secondary broad-leaved forest 

The samples collected in the 18 traps at Stations IV to VII in or at the edge 
of a secondary broad-leaved forest were compared with one another by the UPGMA 
cluster analysis. The similarity of sample composition was evaluated by HORN'S 

(1966) measurement of overlap. From the resulting dendrogram (Fig. 6-A), the 18 
traps, each of which is shown with Station No. and trap height, were classified 
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Fig. 6. Cluster analyses (UPGMA) of trap samples (A) and of drosophilid 
species (B), based on the results of collections at Stations IV to 
VII (secondary broad-leaved forest) in the summer, 1979. 
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into three clusters. The first cluster included 10 traps set 4 or more meters high 
and 3 traps set 1 m high at the forest edge (Stations V to VII). The second 
consisted of only one trap, IV-I. The 4 traps set on the ground (0.1 m heigh) 
made up the third cluster. 
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Table 4. Number of drosophilid flies collected at Stations IV to VII from July 5 to 
August 4, 1979 (cf. the explanation of Table 2) 

cluster: 

Station: 
Trap height (m): 

(Amiota spp. Q) 

A. clavata 0 

(A. delta 0) 

(A. stylopyga) 

(A. elongata 0) 

(A. albilabris) 

(L. quinquemacllli
pen n is) 
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N V W V WNW V W W W N V 
8 8 7.8 6 4 6 4 4 5.8 1 1 4 1 

3 10 8 6 1 2 10 2 5 1 1 2 
,--------------------------------, 
1 7 7 6 3 2 1 10 4 2 1 - 1 -I 

~--------------------------------~ 
114 4 1 1 

2 1 1 3 1 

3 1 1 2 1 1 

1 1 1 1 1 1 

1 ·2 

2 

N 
1 

1 

1 

(A. sllbfllrcata 0) 2 

(D. llltescens) 1 1 

(A. dentata 0) 1 

(A. tallrusata 0) 
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takadai 
(D. imaii) 

A. okadai 
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(D. ezoana) 

D. bllsckii 

(Ch. costata) 

(D. /zydei) 

(A. dispina 0) 

D. bifasciata 

(D. SIlZllkii) 

D. coracina 

D. confusa 

(D. immigrans) 

(D. pselldosordi
dula) 

(D. pengi) 

1 
r-------------------------------, 
1 2 - 1 1 - 2 6 3 3 5 -- 1 -I 
L _______________________________ ~ 

--------- 1- 1-----
,------------------------------, 
~~ __ 6 __ ~ _3 __ ~_] __ 8 __ ~_ ] __ 7 __ ~_=__~J 

1 2 - 2. - -- - 1 - -- - - -

1---- 1---
ig- -7- -8- "4--3'-10--8 --7--i3-z1-19--S--g1 L _________ ._ ..... _____________________ .J 

1 1 1 1 

1 

113 7 

1 3 

111 

2 

7 11 

6 7 

1 

1 

3 131 

9 11 22 4 10 26 9 11 30 I 
5 7 22 19 7 12 14 9 10 

1 2 

2 

1 1 

1 

r ---, r , 
L~ __ ~ _~_ ~2_J~_~8_JL ~~_~_]~_3~_~_~~J L~3J 

1 1 2 1 
1 1 

3 

W W V N Total 
0.1 0.1 0.1 0.1 

2 

51 

45 

12 

11 

9 

6 

3 

2 

2 

1 

1 

1 3 

3 

1 

1 

5 1 

1 

1 

1 

48 

8 

2 

128 

4 

4 

1 

i37-32-i3--=~ 637 L.. _________ .J 

4 17 

8 8 9 2 210 

6 6 5 5 173 

2 8 

1504430 

1 1 1 

2 1 

2 

1 

355 

8 

5 

D. biallraria 

(D. triallraria) 

(D. sordidula) 

D. testacea 2 2 1 1 7 6 4 6 6 3 5 ~ 121 6 26 101 128 

(D. his trio ) 

(D. moriwakii) 

D. brachynephros 

(D. allraria) 1 

(D. nigromaclllata) -

(D. unispina) 

1 

1 

1 

1 

2 1 

1 2 1 

1 

1 

3 1 

1 1 1 

1 

2 3 

3 4 

1 

3 

1 

3 

1 2 2 1 

1 3 

110 15 31 

2 3 2 

2 

1 1 

16 

15 

83 

12 

3 

2 

Total 94 94 126 100 67 109 176 120 103 163 110 75 136 116 150 129 131 48 2,047 
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The distributions of 10 non-"rare" drosophilid species among the 18 traps were 
compared also by the UPGMA cluster analysis (Fig. 6-B). The 10 species were 
classified into two groups: the first included 6 species, which belonged to Canopy 
Association in the natural forest, and D. confusa of Fs Subassociation, while the 
second included 3 species of Floor Association. 

The correspondence between these species and trap clusters is shown in Table 
4. In general, the first cluster of traps corresponded to the species of Canopy 
Association and the third to those of Floor Association. In the sample composition 
IV -1 was intermediate between the two major clusters, characterized by the 
species of Cs and Fs Subassociations. However, closer inspection of the table 
revealed some differences in the distribution patterns at the forest edge between 
the species of Cc Subassociation and those of Cs. The species of the former 
subassociation, e. g. A. clavata, were more or less confined to the canopy layer even 
at the forest edge, whereas those of the latter, e. g. A. conifera takadai and D. 
bifasciata, lowered their distribution ranges as far as the herbaceous layer. The 
latter tendency was conspicuous at Station VII, which had a net fence. The 
distribution patterns of the Floor Association species at the forest edge did not 
change radically from those inside the forest. 

According to the above results, the distribution of drosophilid flies in the 
secondary forest, especially at the artificial forest edge, is shown schematically in 
Fig. 7. The influence of forest felling extended at least 5 m inside from the forest 
edge, particularly in the species of Cs Subassociation. Even at the stage of the 
present survey, when the mantle vegetation was still undeveloped, the distribution 
range~ were lowered to the herbaceous layer at the forest edge. If the conditions 
at Station VII, where the forest edge was protected from strong wind and sunshine 
by a net fence, are regarded as representing a more advanced stage in the vegeta
tional changes at the forest edge, the tendency mentioned above will be reinforced 

2 . :: :: :II! : : : : :: . . : ::: 
.. . . 

::~~;:::.::~~. :~~;;;; :::u.i ~.i::>SS~) I::::;~)~:-~<. ;.:. 
15 10 5 

Distance from the forest edge 

Fig. 7. Schematic representation of the vertical stratification structure 
in a drosophilid community of a secondary broad-leaved forest, 
with special reference to effects of forest felling on the struc
ture at the forest edge. 

o (m) 
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in the process of the development of mantle vegetation. In this connection, CORBET 
(1961 b) mentioned, "from a microclimatic point of view, the canopy is similar to 
the forest margin near the ground", and "the canopy is to be regarded as presenting 
a simple forest-edge situation ... " Furthermore, he cited two cases of epiphytic 
plant distribution reflecting this microclimatic situation: "Thus SCHIMPER (quoted 
by PITTENDRIGH, 1948) recognized as a distinct community a group of epiphytes 
which occurred on low bushes of savannah and also at the top of the forest 
canopy; and PITTENDRIGH (1948) has shown that certain bromeliads, ... , occur 
both in the canopy and also at the forest edge near ground level." The frequent 
occurrence of forest canopy dwellers in foliage layers of forest edge environments 
near the ground was also observed in other animals, e. g. titmice (NAKAMURA, 
1970), larvae of a weevil, Rhynchaenus fagi (NIELSEN and EJLERSEN, 1977) and an 
ichneumonid wasp, Pimplopterus dubius (MONSTER-SWENDSEN, 1980). In conclu
sion, the living space of forest animals is largely divided into two layers, the outer 
foliage layer and the inner floor layer. This habitat stratification corresponds to 
the separation between production space and decomposition space in a forest eco
system. 

4. White fir artificial forest 

The results of the cluster and correspondence analyses for the data obtained 
at Station III are shown in Fig. 8 and Table 5, respectively. Three clusters were 
recognized from the dendrogram for the similarity of vertical distribution in 9 
non-"rare" species. The first cluster included 3 species (A. conifera takadai, D. 
bifasciata and D. coracina) of Cs Subassociation in the natural broad-leaved forest, 
2 spp. (A. stylopyga and D. confusa) of Fs and 1 sp. (D. pseudosordidula) of Ff. 
These species were most abundant at the height of 1 m. The second cluster was 
composed of 2 species of Floor Association, D. testacea and D. histrio, which were 
more or less confined to the floor layer also in the white fir artificial forest. The 
third cluster included only one species, D. biauraria, which was collected at the 
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Fig. 8. Niche overlap dendrogram (by UPGMA) for the similarity of 
vertical distribution in drosophilid species collected at Station 
III (white fir artificial forest) in the summer, 1979. 
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Table 5. Number of drosophilid flies collected at Station III from July 5 
to August 4, 1979 (cf. the explanation of Table 2) 

Trap height (m): 

(1"1. clavata 0) 

(A. dispina 0) 

A. conifera takadai 
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(D. brachynephros) 
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D. histrio 

Total 

7 

3 

1 

4 
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1 2 
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1 
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3 

44 

53 

2 

1 

1 

1 

0.1 

r-, 
• 171 _I-_.J 

r- -, 
• 8· I-_..J 

2 

5 

r-, 
1 3' 
'-_.J 

1 5 :-6; [ill 
I L.. ____ .., 

1 2 21 '- _______ 4 

48 93 295 47 
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3 

1 

6 

176 

2 

5 

3 

139 

53 

59 

2 

1 

1 

1 

5 

22 

4 

483 

Average height (m} 

(7.0) 

(7.0) 

3.5 

2.8 

(2.5) 

2.2 

(2.0) 

1.9 

1.4 

1.0 

(1.0) 

(1.0) 

(1.0) 

(1.0) 

1.7 

1.6 

0.6 
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heights of 4 and 0.1 m. Although no species of Cc Subassociation exceeded 4 
specimens in sample size, i. e., the limit value for the cluster analysis, A. clavata 
and A. dispina were collected exclusively at the top trap (7 m high), while one 
specimen of A. elongata was collected at the height of 1 m. 

Thus, the vertical stratification structure was less clear in the white fir artificial 
forest than in the deciduous broad-leaved forests, and was characterized by the 
lowered distribution ranges in some species of Cs Subassociation. This situation 
resembled that at the edge of the broad-leaved forest. 

Acknowledgements 

I wish to express my sincere thanks to Dr. K. ISHIGAKI and other members 
of the staff of the Tomakomai Experiment Forest for allowing me to use the 
facilities needed for the present study, and also to Mr. K. NAMIKAWA, Hokkaido 
University of Education, who allowed me to use his unpublished data on vegetation 
at -trapping stations. 



628 Research Bulletins of the College Experiment Forests Vol. 44, No.2 

References 

BEPPU, K. 1980: Vertical microdistribution of the Drosophilidae (Diptera) within various forests 

in Hokkaido. II. Streamside in natural broad-leaved forests. Kontyu, 48: 549-557. 

COLWELL, R. K. and D. J. FUTUYMA 1971: On the measurement of niche breadth and overlap. 

Ecology, 52: 567-576. 
CORBET, P. S. 1961 a : Entomological studies from a high tower in Mpanga Forest, Uganda. VI. 

Nocturnal flight activity of Culicidae and Tabanidae as indicated by light-traps. Trans. R. 

Ent. Soc. Lond., 113: 301-314. 
CORBET, P. S. 1961 b: Entomological studies from a high tower in Mpanga Forest, Uganda. 

XII. Observations on Ephemeroptera, Odonata and some other orders. Ibid., 113: 356-361. 

CORBET, P. S. 1964: Nocturnal flight activity of sylvan Culicidae and Tabanidae (Diptera) as 

indicated by light-traps: a further study. Proc. R. Ent. Soc. Lond. (A), 39: 53-67. 

DAVIDSON, V. S. 1930: The tree layer society of the maple-oak climax forest. Ecology, 11: 

601-608. 

HADDOW, A. J. and P. S. CORBET 1961: Entomological studies from a high tower in Mpanga 

Forest, Uganda. V. Swarming activity above the forest. Trans. R. Ent. Soc. Lond., 113: 

284-300. 

HADDOW, A. J. and Y. SSENKUBUGE 1965: Entomological studies from a high steel tower in 

Zika Forest, Uganda. I. The biting actvity of mosquitoes and Tabanids as shown by 
twenty-four-hour catches. Ibid., 117: 215-243. 

HORN, H. S. 1966: Measurement of "overlap" in comparative ecological studies. Am. Nat., 100: 
419-424. 

MERRILL, W. and J. M. SHELLY 1968: A window trap for collection of insects above the forest 
canopy. J. Econ. Entomol., 61: 1461-1462. 

MOE ED, A. and M. J. MEADS 1984: Vertical and seasonal distribution of airborne invertebrates 

in mixed lowland forest of the Orongorongo Valley, Wellington, New Zealand. N. Z. J. 

Zoo1., 11: 49-58. 

MUNSTER-SWENDSEN, M. 1980: The distribution in time and space of parasitism in Epinotia 

tedella (C1.) (Lepidoptera: Tortricidae). Ecol. Entomol., 5: 373-383. 

NAKAMURA, T. 1970: A study of Paridae community in Japan. II. Ecological separation of 

feeding sites and foods. Miscellaneous R. Yamashina Inst. Ornithol. Zoo1., 6: 141-169. (In 

Japanese with English summary). 
NIELSEN, B. O. 1975: The species composition and community structure of the beech canopy 

fauna in Denmark. Vidensk. Meddr. dansk naturh. Foren., 138: 137-170. 

NIELSEN, B. O. and A. EJLERSEN 1977: The distribution pattern of herbivory in a beech 

canopy. Ecol. Entomol., 2: 293-299. 
PERRY, D. R. 1978: A method of access into the crowns of emergent and canopy trees. 

Biotropica, 10: 155-157. 
PITTENDRIGH, C. S. 1948: The Bromeliad-Anopheles-Malaria complex in Trinidad. I. -The 

Bromeliad flora. Evolution, 2: 58-89. 

SMITH, A. P. 1973: Stratification of temperate and tropical forests. Am. Nat., 107: 671-683. 

SNEATH, P. H. A. and R. R. SOKAL 1973: Numerical Taxonomy. Freeman, San Francisco.. 

SUTTON, S. L. 1979: A portable light trap for studying insects of the upper canopy. Brunei 

Mus. J., 4: 156-160. 

SUTTON, S. L. and P. J. HUDSON 1980: The vertical distribution of small flying insects in the 

lowland rain forest of Zaire. Zoo1. J. Linn. Soc., 68: 111-124. 

TODA, M. J. 1977 a: Two new "retainer" bait traps. Drosophila Inform. Serv., 52: 180. 



Vertical Microdistribution· of Drosophilidae III (TODA) 629 

TODA, M. J. 1977 b: Vertical microdistribution of Drosophilidae (Diptera) within various forests 
in Hokkaido. I. Natural broad-leaved forest. Jap. J. Ecol., 27: 207-214. 

TODA, M. J. 1985: Effects of the 1977 eruption of Mt. Usu on drosophilid flies. I. August, 

1978. Ibid., 35: 235-24l. 

TODA, M. J. and H. FUKUDA 1985: Effects of the 1977 eruption of Mt. Usu on drosophilid 
flies. II. August, 1984. Environ. Sci. Hokkaido, 8: 185-194. 

TODA, M. J. and K. T ANNO 1983: The convergence of habitat structure in tundra collembolan 

communities (Insecta: Order Collembola). Can. Ent., 115: 1129-1145. 

WaLDA, H. 1979: Abundance and diversity of Homoptera in the canopy of a tropical forest. 

Ecol. Entomol., 4: 181-190. 

~ti'fijJ!!*'+~/N:!c:il!r1J~il#Q)\".0\";~:dJ:fl~Q)~#-C, *4m r '7 'Y 7'~#I*iJ'~#JIl'i 

-C'~lll¥Jtc~fI ~ -C, ~ 3 '7 :; 3 '7"" ;:c.~Q)~1l5t;fJi~IDl311t ~t.:.o 

1) Jt:~W:R~#1*J Q) ~ 3 '7 :; 3 '7 ... , ;:c.ff~Hl, #JIl:!l6J C #I*:!l6Jtc J: -? -C.J1l(; ~;h, 

~ ~ ~c, ji!jj:!l6J~t-t:-;h.f;h 2 ":)Q)~o/ C ~ ~1l5t;fJi~ Q)~ tJ: G!II!:!l6J (#~:!l6J~t Cc c Cs tc, 

#I*:!l6J~t Fs c Ff) ~clR5t~;ht.:o 

~ ~Q)J1l(;~.~~, .M~a~-c~.I¥J~~~.~~;ht.:~ .~~.J1l(;flQ)5t~ •• 

~~~~~~, ~~~~~~~G.~~~Gh~ 

3) .J!J!!~~cll~H~-t GJt:~W={X#Q)#~-C~t, Cs l!!iJ~6JQ)5t;fJi*iJt~L$:Jltc 'i -Csi ~ 

~~G;h~ ~.-tG**~Wft~hk~c~J:~mlli~kAal¥J**~~~~G, CQ)J:5~J1l(; 

~.~Q)~1~ft, fti*f& 2 ~Q)f5tIli-C, **~iJ·GYtJ: < c ~ Q) 5 m Q)ffl~C 'i -C7Jt..lv··r;:\,'ko ** 

~-C·f*!mf~$Q)5t;fJi*iJ'~iJ'G.~~t, ft!!.Q)jb4m~ G \,,~t~1::flt4mtJ: c'~C ~ *a~C~ ~;hGm 

~-C', -lllHc, ~**~jb¥JQ)1:m~rl3'~t, 7HltUQ)~ff~ c I*JfJlUQ)***~~C*~ < 2 5t~;h -C\" 

G c .7,..tJ:-t~ c iJ'-C'~ Go 

4) r F"';; AI**I*J-C'Q)~ 3'7:; 3 '7"";:c.ff:!lQ)J1l(;TI.~ft, Jt:~W**I*J-c'Q)-t:-hc~ 

"'-C~IJ.ij~-C', ~j,'c ~**~tc~vtG:I*~C1rJ.-C\"t.:o 



680 Research Bulletins of the College Experiment Forests Vol. 44, No.2 

Photo 1. 

Photo 2. 

Photo 3. 

Photo 4. 

Photo s. 
Photo 6. 

Photo 7. 

Photo 8. 

Photo 9. 

Photo 10. 

Photo 11. 

Photo 12. 

Photo 13. 

Photo' 14. 

Photo 15. 

Photo 16. 

Explanations of photographs 

Upper three traps. (13, 10 and 7 m high) at Station I. 

Two traps (4 and 1 m high) at Station I. 

Top trap (23 m high) at Station II. 

Trap of 19 m height at Station II. 

Trap of 14 m height at Station II. 

Trap of 9 m height at Station II. 

Trap of 4 m height at Station II. 

Trap of 1 m height at Station II. 

Trap on the ground (0.1 m high) at Station II. 

Station IV at Meteorological Tower Station C. 

Station V at Meteorological Tower Station B. 

Artificial forest edge with poor mantle vegetation, where Station VI was 

located. 

Forest edge with a windbreak net fence, where Station VII was located. 

Station IV. 

Station V. 

Upper two traps at Station VII. 
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