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Effects of the 1977 Eruption of Mt. Usu

            on Drosophilid Flies

                II. Augttst, 1984i)

         Masanori J. Toda" and Hiromi Fukuda""

       * Institute of Low 'lremperature Science, l}Iokkaido

                Unlversity, Sapporo 060, Japan
** Department of Biosystem Management, Division of Environmental
     Conservation, Graduate School of Environmental Scienee,

            1'Iolcl<aido University, Sapporo 060, Japan

                                    Abstract

   Fruit-trap and sweeping colleetions were made at four stations on ancl near Mt. Usu in August,

1984, to survey the situations of drosophilid communlties in the crater-basin area and the surrounding

forests at the stage of seven years after the 1977 eruption. At Yosomiyama on the foot of Mt. Usu,

where the forest vegetation was slightly damagecl by the eruption, the structtire of vertical habitat

$tratincatlon in the drosophilid cominunity has recovered cempletely from the initial disturbance.

'lrhe crater-basin drosophilid community is regardecl as situating at transition from grassland phase

to shrub phase in the process of succession.

Key Words: IDrosophilicl community, effects of eruption, Mt. Usu, niche dimensionality, succession,

vertical habitEtt stratification.

1. Iktroduetion

    The first paper of this serles (Toda 1985) reported the inltial impact of forest

destruction by volcanic ash-fall on drosophilid communities, based on the data

obtained one year after the eruption. According to that report, interspecific veytical

habitat segregation became more obscure in the forest which was damaged more

intensively. However, in spite of the absolute damage of forest vegetation in the

crater-basin area, a number of silvicolous species, both canopy and floor dwellers,

persisted still at that initial phase.

    Thereafter, invasion of plants and revegetation pxoceeded in the crater-basin

area (Rivldre 1982, Ito and Hayuki 1984), and the surround!ng forests which were

damaged only slightly at the initial phase recoveyed the structuye of vegetational

stratification (Fujiinoto pers. cornm.). These vegetational changes should be refiected

by the changes in drosophilid communities living theye. The present paper reports

the situations of drosophilid communities in the crater-basln area and the surround-

ing forests at the stage of seven years after the eruption.

1) Entomological and ecological surveys on Mt. Usu in 1984. III.
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2. Methods

    Fruit-trap collections were made at the same four stations as in 1978 (Toda

1985), using "retainer type-I" traps (Toda 1977 a) baited with banana fermented by

Baker's yeast. At Stations I and II, four traps were set vertically from the ground

to the canopy. The upper two traps were suspended by a rope hung from a
bough of the canopy. For each station, the location, vegetation, trap heights

(T.H.) and collection period (C.P.> are described separately below.

    Station I: Nakajima; broad-leaved forest (tree tops: 10-15 m), undamaged by

the 1977 eruption, undergrowth vegetation recently heavily destroyed by intense

browsing of Sika deers, Cle7'z?z(s nimpon ",esoensis (Kaji, et aL 1984); T. H.-12.5, 7.0,

1.0, O.1 m; C. P.--August 1 to 8.

    Station II: Yosomiyama; broad-leaved forest (tree tops: 20-25m), lightly

damaged by the eruption; T. H.-14.5, 8.0, 1.0, O.1 m; C. P.-August 2 to 9.

    Station III (Photo 1): Inner wall of northern somma of Mt. UsuJ two traps

set in shrub vegetation dominated by Populzts maximowic2ii (vegetation height;

2-3 m), broad-leaved forest vegetation, which was heavily damaged by the eruption

but still remaining at the stage of 1978, completely destroyed afterwards by con-

siderable topographic changes caused by the underground volcanic activity; T. H.

-both l.O m; C. P.-August 3 to 10.

    Station IV <Photo 2): Crater-basin of Mt. Usu; two traps set in tall her-
baceous vegetation dominated by Polngonum sachalinense and Petasites 7' aponicus

var. giganteus with admixture of poplar shrubs (vegetation height: ca. 2 m); T. H,

-both O.5 m ;. C. P.-August 3 to 10.

    In this paper, the data oi" sweeping collections, which were made on herbaceous

plants at the four stations in August, 1978 aRd 1984, were also used to examine

successional faunal changes in drosophilid species seldom or never attracted to

fruit baits of traps.

    The degree of vertical habitat segregation among component species in a

drosophilid community was evaluated by the same method of niche dimensionality

analysis as in Toda (1985). Total diversity (H'T> and inter-trap diversity(H'i,.t,,),

i. e., the diversity due to differences among four trap samples, were calculated by

the formulae giveR in Toda (1985). When used as a measure of relative importance

of the vertical habitat dimension, H'i.t,, was expressed as a perceRtage of H'7.

Furthermore, this value was divided by the height of the top trap to standardize

the range covered by the vertical collection. The average height of fiy distribution

was calculated by the formula also given in Toda (1985).

3. Results and Discussion

    In Table 1, several items of community characteristics are compared between

the two years, 1978 and 1984, for Stations I and II. The samp}es obtained at the

two stations in 1984 were nearly the same in both numbers of species and indi-

viduals. For these two items, the values in 1984 decreased from those in 1978,
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slightly at Station I and considerably at Station II. The total diversity changed

in the opposite directioRs between the two stations: it increased at Station I, but

decreased at Statlon II. On the other hand, the inter-tyap diversity and its per-

         Table 1. Coinparison of clrosophilid community characteristics, particularly

                   for the relative importance of vertical habitat c}imension, between

                   1978 ancl 1984 at Stations I ancl II

Station:

Year:

I ll

1978

  22

1,693

1.8e6

O.179

 9.91

 1.el

1984

  20

1,213

2.e52

O.246

11.96

 O.96

1978 1984-

Number of species

Number of individuals

Total diversity (H'f,)

Inter-trap diversity (H'tnter)

 Percentage contribution to

 Standardizecl value(% per

llt2'

1 m)

  31

2,095

2.244

O.235

10.47

 O.78
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1,320

1.960

O.265
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Figure 1.

          1978 1984 1978 1984
   Station: I ll
Changes in the average distribtition heights of ten and twelve

clrosophilicl species at Stations I ancl II, respectively, between

1978 ancl 1984. }{iorizontal thicl< bars indicate the heights of

the top traps.
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centage contribution to the total diversity increased at both stations, especially at

Station II for the latter item. As a result, the standardized values of the latter

item, which are considered to be more meaningful for indicating the relative im-

portance of vertical habitat dimension, were nearly the same between the two

                        Table 2. Number of clrosophilid fiies collectecl by fruit-traps

Station

 Trap Heigl]t (m>

Amiot'a sts,loArs,gu

t'i. albilabi'is

Di'osophila fltnebi"is

l). ti"iaui-af"ia

D, att?'ai-ia

A. ti'pmrcatti

I). pengtl

D. bijCLisciata

D. su2ukii

D. i7nmig'iuns

I). "telanognstei'

D. thi"ock"portoiii

I). 7jto?"in.akii

D. biazti-ai'ia

D. testacea

D. ?n.ttgti,spina

D. biucdynciphf'os

D. ･intaitl

D. coi'acbtct

D. cofofitsa

A. contlfai'a tafeadai

D. histi'io

D. ?tigfvntacttlatcz

D. cu'r･vispina

I). Iacei'iosa

D. unispina

D. hs,dei

A. d･ispina

A sp.

Le"col>hengtx mactLlata

L. qteingttentacul･ipennis

D. buscki･i

12.5

  1

136

  3

 86

  2

  7

  1

  1

  1

 18

 13

  2

Total No. of

Total No. of

Indivicluals

Species

271

 12

7.0

76

 5
42

 5

 1

 2

22

 9
 3

 1

 1

167

 11

 I

1.0

138

 13

 45

 1

 1

 3
 1

 18

 1
 2
 76

 60

 99

 2
 5

 20

 10

 58

553

 18

O.1

34

 13

 3

 3
 55

 15

 2

 5

 92

222

  9

'rotal

  1

 384

  21

 186

  1

  3
  15

   1

   1

  24

  2
   3

 119

 137

 119

  3
  7

  26

  10

 150

1,213

  20
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stations in 1984. In 1978, however, this value was smaller at Station II where the

foyest vegetation was slightly damaged than at Station I where the vegetation was

intact, iRdicating the clisturbance of vertical habitat segregation among drosophilid

species. The present results, i. e., nealy the same vaiues of the iast item and less

    at four stations on and near Mt. Usu in August, 1984
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variatioR in other items between the two stations, indicate the recovery of vertical

habitat stratification in the silvicolous drosophilid community at Station II fyom the

disturbance at the initial phase. From the last item's values observed at Station

I in 1978 and 1984 aRd at Station II in 1984, it can be speculated tltat this value

in an intact natural broad-leaved forest in this area ranges from about O.9 to 1.0.

    In Figure 1, changes in the average distributioR heights of component species

between the two years are demonstrated for ten and twelve species, which exceeded

four specimens in sample size in both yeays, at Stations I and II, respectively. The

vertical distribution types observed in a natural broad-leaved forest at Misumai

(Toda 1977 b) are shown with symbols (C: canopy type, S: subarboreal layer £ype,

F: floor type) in parentheses. At Station I, in spite of the increased height of the

top trap, the distribution heights of component species generally decreased, especially

in some of canopy dwellers, e. g., Drosophila bclfasciata and D imaii. Thls change

may be due to the heavy destruction of undergrowth vegetation by intense browsing

of Sika deers, although the proximate causal factors, e.g., changes in light oy food

conditions, are unknown. At Station II, relatively large changes were observed in

some species of the S group and D. coracina. However, these changes are con-

sidered to be ecologically meaningless, because the vertical distribution patterns of

these species are changeable temporally aRd locally as rnentioned by Toda (1985).

Ecologlcally, more meaningful ehanges were observed in fioor dwelleys. Their

average distribution heights decreased, conslderably in D. biaztraria and D. braclry-

nephros. These changes may be due to the recovery of ground vegetation, which

was considerably buried with ash at the time of the previous survey in l978.

    The results of collections at Stations III and IV are presented in Table 2

along with the data of the actual number of individuals collected at Stations I aRd

II. It is immediately noticed that the numbers of individuals of D. su2zekii collected

at Stations III and IV were extraordinarily great, probably representing a state of

its population outbreak in and near the crater-basin area. In addition to D. su2ztkii,

the sample sizes of some other species, e. g., Amiot'a styloltrvg'a, D. triauraria, D.

bijCtzsciata, D. melanagaster, D. brachynephros, D. nigromacztlata, D. curwispina

and Learcophenga maculata, were also remarkably larger at Stations III and IV

than at Stations I and II. At the present, it is unknown what environmental
factors facilitated the population outbreak or abundance of these species. However,

to examine ecologlcal features of these species gives suggestive information for

characterizing the community in and near the crater-basin area. Consulting the

results of other studies on habitat preferences of drosophilid species (Toda 1973,

1977 b, Minami et al. 1979), these species are regarded as coRsisting mainly of three

elements; forest canopy dwellers (A. stylop>Lga, D. bijfZisciata, L. maculata), domes-

tics or semi-domestics (D. su2ufeii, D. melanagaster), and grassland dwellers (D.

triauraria, D. braclrynophros, D. nigromaculata). D. czt,rvispina is a forest fioor

dweller. Furthermoye, it is known that domestic or semi-domestic species are
distributed in the foliage layer of forest canopy, sbrub vegetation or mantle vegetation

at the forest edge together with wild forest canopy species, when they invade
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wild environineRts (Toda 1977 b, unpub.). Therefore, the crater-basiR drosophilid

community at the time of the present survey is characterized pyimarily by the

prospeyity of foliage layer elements and grassland ones, including also forest floor

species as secondary elements. Toda (1985) predicted that the crater-basiR com-

munity would be reorganized into a new stable state malnly by grassland species

after the initial unbalanced stage. However, nothing can be said as to whether

such a prediction was realized, i.e., a pure grassland community was established,

or not, unfortunately because of the lack of data during the period betweeR 1978

and 1984. Seemingly, the crater-basin community at the time of the present survey

is regarded as situating at a transitional phase from grassland community to shrub

one, coincidin.cr with the successional stage of vegetation at the trap stations (cf.

          Table 3. Number of drosophilicl llies collectecl by net-sweeping at four

                   stations on and near Mt. Usu in August, 1978 and 1984

Station:

Year:

Dj'osophi.la

D. collinella

D.

D. ' '
D.

D.

Sc.

D.

Z). testacea

D. steNcrttkii

D. 7nommai

D. ' '
Sc. '
Sc.PO(M{I '

D. attiui`ia

D.' '
D. alboi'alis

Sc. el?)toi

A･ntiota

{     I[

'78

 89

 51

 17

 46

 29

 15

 10

 1
 5

 3

 1

 1

268

]IE

'78

IV

'78 '84

         nigi'otitacttlata

Scaptom yxa 2ballid(t

  biaui'aria

  11tltV)OJttCtZ

  teittticaiidtz

  biucli{yn(iphi'os

   consi.･ntilis

  111.a.grl.ipeCtifltlta

  ti'laul"alla

   Sl7'am･tn'ttnt

       OlttCl

  t7)lmtglzllls

NIisiodrosophila i'aj'identata

      eloitgata

Lettcophengti oi-ietttali.s

Adlr>,codi'osot)hila poecilogtisti'a

Microdi4osolt)hila f,uf:Pui'ata

76

51

le

17

1

9

 1

1

Total 166

2

46

23

2

4

1

3

2

1

4

 1

89

'84 '78 '84*

18

29

2

8

2

1

5

1

2

4

5

1

2

1

1

82

15

8

4

1

3

12

7

 2

1

53

8

24

1

1

1

2

4

3

1

1

3

89

21

1

2

8

1

45 126

* Sweeping was made at an artificial, herbaceous $tand sown with exotic spec!es
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Ito and Haruki 1984). It is unknown whether the secondary elements (fore'st
floor species) have persisted in the community since the initial phase, having done

so at least until August, 1978, or recently reinvaded from the surrounding forests.

    To examine the effects of the eruption and the subsequent changes in dro-

sophilid species which depend exclusively on herbaceous plants for breeding and

are seldom or never attracted to fruit baits of traps, the results of sweeping col-

lections made in August, 1978 and I984, are presented in Table 3. At StatioRs

I and II, herbage feeding drosophilid communities are generally characterized by

the predominance of D. nigromaculata, D. collinella and Stapto7ay2a pallida,
inclucling also D. nipt)onica, D. tenuicazLda, Sc. consimilis, D. magnipectinata and

D. mommai as secondary or minor components. Judging from the results of
collections at Stations III and IV in 1978, the eruption had a great impact on some

of these species, which prefer relatively humid habitats, e.g., D. collinella, D.

tenuicaztda and D. mommai (cf. Toda et al. 1984). The crater-basin community of

herbage feeding drosophilids at this stage was predominated by D. nigromaczelata

aRd SZr. pallida preferring open grasslands. It is noteworthy that four S?raptomy2a

species, consimilis, graminwn, polngonia and elmoi, occurred frequently or exclu-

sively in this community. The collection in the crater-basin area ln 1984 was made

at an artificial herbaceous stand sown with exotic species such as Trijblium rapens

and Artemisia vuigaris and at the border between this artificial stand and tall

herbaceous grassland dominated by Petasites juponiczts var. giganteus. The obtained

sample, which was composed mainly of ,Slr. pallida and D. nimponica, indicated

that an open grassland community predorniRated at the surveyed stand. In addition,

some species which prefer more humid habitats, e. g., D. collinella and D. magni-

pectinata, recolonized the crater-basin area, although the most hygrophilous species

such as D. tenuicauda and D. mommai were still lacl<ing from the area. This
may refiect the establishment of some habitats like as forest edge herbage stand,

which are intermediate on the gradient of habitat humidity.

    Consulting the results of trap and sweeping collections, the followiBg can be

inferred. At the stage of seven years after the eruption, the drosophilid com-

munity at Yosomiyama on the foot of Mt. Usu, which was slightiy affected by
the eruption, has recovered completeiy from the initial distuybance. On the other

hand, a succession of the drosophilid community in the crater-basin area is pro-

gressive in accordance with vegetational succession there, and at this stage the

community is situating in transition from grassland phase to shrub phase,
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