
Received date:2004-11-4;Accepted date:2006-3-9

Foundation item:the River Environment Fund in charge of the Foundation of River Watershed Environment Management , Japan and Grant-in-Aid for 21st

Century COE Program by the Ministry of Education , Culture , Sports , Science , and Technology.

Corresponding author:Kimio Hirabayashi , E-mail:kimio@giptc.shinshu-u.ac.jp

LATERAL DISPERSAL OF ADULT AQUATIC INSECTS FOLLOWING

EMERGENCE FROM THE MIDDLE REACHESOF THE CHIKUMA

RIVER(HONSHU ISLAND , JAPAN)IN RELATION TO WATERFRONT
VEGETATION

Kimio HIRABAYASHI
1 , Goro KIMURA1 , Yachiyo FUKUNAGA1 , Kumiko TSUKADA1 ,

Makoto ANDO
1
and Atsushi HATTORI

2

(1.Department of Applied Biology , Faculty of Textile Science and Technology , Shinshu University , Ueda , Nagano　386—8567 , Japan;2.Incorporated

Administrative Agency Public Works Research Institute , Tsukuba , Ibaraki　305—8516, Japan)

Abstract:To clarify the role of waterfront vegetation of floodplains for adult aquatic insects , Trichoptera and Diptera(Tipulidae and

Chironomidae), in the middle reaches of the Chikuma River from May to July , an investigation of the number of these insects was

conducted by trapping in each type of vegetation using board traps.A total of 2608.5 adults/m2were collected , and we identified

a total of 26 species belonging to three taxa , i.e., seven species of Trichoptera , four species of Tipulidae and 15 species of Chi-

ronomidae.The most abundant species was Psychomyia acutipennis in Trichoptera(95.7%).There was a significant difference

between the number of P .acutipennis in the all vegetation area(especially , Salix subfragilis)and the control area(no vegetation)

during the investigation periods(P<0.05 , Mann-Whitney U-test).Other taxa did not show a significant difference between the all

vegetation area and the control.Moreover , the numbers of adult P.acutipennis showed a significant difference in height on each

vegetation.In the case of Vicia villosa varia and V.villosa varia plus dead Phragmites australis , the highest number was caught

in the traps set in the boundary between one plant and the plant above(P<0.05 , Steel-Dwass Test)in May.On the other hand ,

in the case of almost all vegetation during the investigation periods(except of S .subfragilis in May , Melilotus officinalis plus dead

P.australis in June), the highest number was caught in the traps set up within the vegetation(P<0.05 , Steel-Dwass Test).As

a result , a significant difference was observed in the number of trapped P.acutipennis according to the vegetation and its height.

It is suggested that the existence of multiple types of vegetation in the floodplain plays an important role for maintaining the diversity

of the fauna there.
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　　Adults of aquatic insects emerge from streams live in

the nearby riparian zone where they can select streamside

vegetations as preferred sites in order to (a)complete

metamorphosis , (b)rest while awaiting proper swarming

time , (c)feed in order to produce eggs , or(d)mate to

reproduce[ 1—3] .

Most adult aquatic insect dispersal studies have fo-

cused on quantifying the degree of upstream move-

ment[ 4 , 5] .Some researchers have shown distinct patterns

of upstream movement related to post-mating ovipositional

behavior[ 6] , while there have been few reports on lateral

dispersal patterns in relation to the front vegetation[ 7 ,8] .

The middle reach of the Chikuma River was char-

acterized by its broad floodplains.And there were many
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types of vegetation in the floodplains.In this study , to

clarify the role of waterfront vegetation of floodplain for

adult aquatic insects , especially the dominant taxa in the

middle of the Chikuma River from spring to summer , Tri-

choptera and Diptera (Tipulidae and Chironomidae), an

investigation of the number of these insects using each

type of vegetation was conducted by using board traps.

1　Study sites

The present investigation was performed at the flood-

plain in the middle reaches of the Chikuma River , which

is located in the center of Honshu Island.The name of the

river was changed from Chikuma River to the Shinano

River in Niigata Prefecture.It is Japan' s longest river

(length , ca.367km;drainage area , ca.11 , 900km2),

running through Nagano and Niigata Prefectures and flow-

ing north into the Japan Sea(Fig.1).The riverine habitat

consists of “unit structures” of a natural river system(i.

e., scour pools , riffles , and runs)was generally well

preserved.The riverbed was largely covered with cobbles

and boulders about 10 to 50cm in diameter.The width of

the stream was about 25m , and the average current veloc-

ity was 60—80cm s-1.The water was transparent , and

the concentration of nutrient elements such as total nitro-

gen (TN)and total phosphorus (TP)was low (TN ,

1.6—2.1mg l-1;TP , 0.079—0.085mg l-1;BOD ,

0.8mg l
-1
)
[ 9]
.The middle reach of the Chikuma River

was characterized by its broad floodplains.

Fig.1　Map of the Chikuma River , showing location of the investigation area.

2　Materials and methods

Adult aquatic insects were collected every month in

May (26—31), June (18—19 , 21—22 , 23—24 and

25—27)and July(23—28)in 2001(total of 15 days),

by using board traps (a plastic white board;10.5cm ×

29.7 cm , sprayed with an adhesive;polyolefin).The

board traps were set on a pole 40 , 80 , 120 , 160 and

200cm above 0.5m water level.The distance from the

shoreline was about 15m.Each month we selected 3 or 4

vegetational communities along the shoreline of the flood-

plain for sampling(Tab.1).The dominant species of vege-

tation changed with season , i.e., Vicia villosa varia

(symbol “V” , mean vegetation height was about 120cm)

and V.villosa varia plus dead Phragmites australis (“V

+ dP” , about 160cm) in May , Melilotus officinalis

(“M” , about 160cm)and M.officinalis plus dead P .

australis(“M + dM” , about 160cm)in June , and P .

australis plus dead P.australis (“ P + dP” , about

160cm)in July.Moreover , Salix subfragilis (“S” , about

200 cm)and Robinia pseudoacacia (“R” , about 160cm)

existed during the entire investigation periods.In the case

of V.villosa varia and S.subfragilis , the board trap was

set on a pole 40 , 60 ,80 , 120 and 160cm , and 40 , 80 ,

120 , 160 , 200 , 240 and 280 cm above ground level , re-

spectively.During the investigational periods , we also col-
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lected adult aquatic insects in the non-vegetation areas

(serving as control areas)where the distance from the

shoreline was also about 15m but near the experimental

area.

A board trap was set up at about 10:00—11:00

AM , and the next day (the same time)it was replaced

with a new board trap.At this time , air temperature was

measured at the same height of board trap with a ther-

mometer and wind force was measured with a wind gauge.

No visible sources of artificial light were noticed in this

area during the study periods at night.The adult aquatic

insects trapped at each vegetation were identified and

counted in the laboratory.They were then mounted on

slides in the laboratory and identified according to the

keys of Schmid[ 10] and Wiggins[ 11] [ Trichoptera] , Pin-

der
[ 12]

and Sasa &Kikuchi
[ 13]
[Diptera , Chironomidae] ,

Alexander &Byers[ 14] and Torii[ 15] [ Diptera , Tipulidae] .

During the investigation periods , to aid identification ,

adult aquatic insects were also caught qualitatively by

sweeping with an insect net around the investigation area.

Tab.1　Plant community of the investigation area from May to July in 2001 in the middle reaches of the Chikuma River

Name of plants(Vegetation type) (Symbol) May June July

Vicia villosa varia (V) ★

Vicia villosa varia +dead Phragmites australis (V + dP) ★

Melilotus officinalis (M) ★

Melilotus officinalis + dead Phragmites australis (M +dP) ★

Phragmites australis +dead Phragmites australis (P +dP) ★

Salix subfragilis (S) ★ ★ ★

Robinia pseudoacacia (R) ★ ★ ★

Control(no vegetation area) ★ ★ ★

　　The number of adult aquatic insects emerging from

the river varied and was affected by weather conditions.To

compare each set of daily data , we tried to standardize the

daily data by multiply it by a ratio.The ratio was obtained

from the mean number of adults in the control area each

month divided by the daily number of adults trapped in the

control area as 1.0.All collected data were analyzed using

a Mann-Whitney U-test (nonparametric test)and a non-

parametric multiple comparison test(Steel -Dwass Test).

3　Results

The total numbers of adult aquatic insects caught by

board traps each month are presented in Tab.2 A total of

2608.5 adults/m2 were collected by board traps , 48.8%

(1273.4 individual numbers/m
2
)of which were trapped

in May , 9.0%(233.8)in June and 42.2%(1101.3)

in July , respectively.We identified a total of 26 species

belonging to three taxa , i.e., 7 species of Trichoptera , 4

species of Tipulidae and 15 species of Chironomidae.The

most abundant species was Psychomyia acutipennis in Tri-

choptera(95.7%), Antocha(Antocha)bifida in Tipul-

idae (87.5%)and Cricotopus sylvestris (29.1%)in

Chironomidae , which were collected in all months , espe-

cially , in May and July.Two species of Chironomid , i.

e., Polypedilum nubeculosom (110.9 individual num-

bers/m
2
, 20.9% of total chironomidae)and P.nubifer

(90.3 , 17.0%)were also collected , although the overall

numbers were very low in May and June.
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Tab.2　Total numbers of adult aquatic insects caught by board traps from May to July

Species of adult aquatic insects

(Sample number)

May

(135)

June

(135)

July (110)

(Total No./ m2)

Total(%)

(380)

Trichoptera

　Psychomyia acutipennis 1040.3 169.2 751.9 1961.4(95.7)

　Cheumatopsyche infascia 24.9 1.3 11.4 37.6(1.8)

　Cheumatopsyche brevilineata 1.5 0 0 1.5(0.1)

　Hydropsyche orientalis 7.6 3.0 5.1 15.7(0.8)

　Hydropsyche setensis 0 0 1.1 1.1(0.1)

　Hydroptila matsuii 25.3 0.2 7.0 32.5(1.6)

　Rhyacophila yamanakensis 0 0.2 0 0.2(0.0)

Total Trichoptera 1099.6 173.9 776.5 2050.0(100)

Diptera

Tipulidae

　Antocha Antocha bifida 11.2 3.8 8.6 23.6(87.5)

　Antocha sp. 3.0 0 0 3.0(10.9)

　Erioptera(Psiloconopa)sp. 0.2 0 0 0.2(0.8)

　Nephrotoma sp. 0 0.2 0 0.2(0.8)

Total Tipulidae 14.4 4.0 8.6 27.0(100)

Chironomidae

Chironominae

　Chironomus flaviplumus 6.1 3.6 1.5 11.2(2.1)

　Chironomus kiiensis 0.6 1.7 0.2 2.5(0.5)

　Chironomus nipponensis 10.3 8.6 7.8 26.7(5.0)

　Chironomus yosimatsui 0.6 0 0.2 0.8(0.2)

　Polypedilum nubeculosom 29.3 4.0 77.6 110.9(20.9)

　Polypedilum nubifer 0 1.3 89.0 90.3(17.0)

　Polypedilum parviacumen 16.0 4.4 7.6 56.0(5.3)

　Tanytarsus angulatus 4.9 1.3 38.6 44.8(8.4)

　Tanytarsus unagisextus 6.8 2.5 14.6 23.9(4.5)

Orthocladiinae

　Cardiocladius fusucus 0 0.6 1.7 2.3(0.4)

　Cricotopus sylvestris 69.6 19.2 66.0 154.8(29.1)

　Orthocladius excavatus 2.3 0 0 2.3(0.4)

　Paratrichocladius rufiventris 5.1 1.1 4.0 10.2(1.9)

Tanypodinae

　Procladius sagittalis 0.2 0 0 0.2(0.1)

　Rheopelopia maculipennis 3.4 0 0.4 3.8(0.7)

　Others(+unknown) 4.2 7.6 7.0 18.8(3.5)

Total Chironomidae 159.4 55.9 316.2 531.5(100)

Total insects No. 1273.4 233.8 1101.3 2608.5

(%) 48.8 9.0 42.2 100
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　　The total adult numbers of the three main taxa ,Tri-

choptera , Chironomidae and Tipulidae , collected by board

traps on each vegetation were shown in Tab.3.There was a

significant difference in adult Trichoptera between the all

vegetation area and the control area during the investigation

periods (P <0.05 , Mann-Whitney U-test).Especially ,

there was a significant difference between the trapped

number of S.subfragilis and other types of vegetation in

May and June(P<0.05 , Steel-Dwass Test).On the oth-

er hand , other taxa did not show a significant difference

between the all vegetation area and the control , and other

combinations.

Tab.4 showed the number of adult P.acutipennis

collected by board traps at different heights on each vege-

tation from May to July.There was a significant difference

in P.acutipennis between the all vegetation area and the

control area during the investigation periods(P <0.05 ,

Mann-Whitney U-test).Moreover , there was a significant

difference between S and other types of vegetations in

May , S andM +dP in June , and S and P +dP in July

(P <0.05 , Steel-Dwass Test).Other combinations did

not show a significant difference.The numbers of adult

P .acutipennis showed significant different heights above

the ground level on each vegetation , i.e., in the case of

V and V +dP in May , the most individual number was

significantly caught at the traps which set up boundary be-

tween plant and above plant (P <0.05 , Steel-Dwass

Test).On the other hand , in the case of almost all vege-

tation during the investigation periods (except of S in

May , M +dP in June), the highest number was caught

in the traps set up within the vegetation(P<0.05 , Steel-

Dwass Test).The number of captured adults in the control

area did not show significantly different heights during the

investigation periods.

4　Discussion

It is important to know the ecological function and

structure of floodplains when flood control is implemented

in the watershed[ 16] .In floodplains , in regions subject to

large seasonal changes in rainfall or snowmelt , many

rivers cyclically overflow their banks
[ 17]

.Associated with

this , the vegetation of floodplains also changes each sea-

son.The plant communities of floodplains tend to be avail-

able only to species with rapid life cycles and good colo-

nization abilities.Plant communities known to live in

floodplain included annual herbs , biennial herbs , and

climbing plants , such as Poaceae (Gramineae) and

Fabaceae (Leguminosae)[ 18] .In this study , there are

many types of vegetation in the floodplains and the domi-

nant species of plant changed seasonally from V.varia to

M.officinalis and then , P .australis(all annual herbs).

Moreover , S .subfragilis and R.pseudoacacia (woody

plant;shrub)existed during the investigation in the mid-

dle reaches of the Chikuma River(Tab.1).Recently , the

need to include interactions between adult aquatic insects

and the existence of the vegetation of floodplains has been

recognized.There have been few studies on the role of the

plant community for animals of the floodplain until

now[ 19 ,20] .In this study , there was a significant difference

between the number of adult Trichoptera in the all vegeta-

tion area and the control area during the investigation peri-

ods(Tab.3).It suggested that adult Trichoptera used these

vegetations in some way.According to Hirabayashi[ 21] ,

many aquatic insects emerged from the Chikuma River in

May and almost all species were mating.In the case of

Trichoptera , adults used the plant as a swarming mark-

er[ 22] .In our data , the highest number of adult P.acu-

tipennis was caught between one plant and the plant above

in May (Tab.4).

It is suggested that the adult P.acutipennis use veg-

etations(V and V + dP)as a swarm markers in May.

The highest number was caught within the vegetation in

June and July (Tab.4).According to Statzner (1977),

terrestrial vegetationmay influence Trichopteran' s swarm-

ing behaviour by providing optical stimuli , either directly

(treetops etc.)or indirectly (air temperature and light

gradients).Further , it provides shelter from the wind ,

which , when above 3m per sec , suppressed swarming in

most of the species.In Tab.3 mean air temperature and

mean wind force of the control area always tended to be

higher and stronger than the vegetation area , so most

adults might escape from these environmental conditions

during the daytime.It suggested that adult P .acutipennis

also used almost all vegetations as a shelter on resting

place from several environmental conditions.Adult aquatic

insects , even the same species , changed the purpose of

utilization of different types of vegetation depending on the

season.Thus , many types of vegetations in the floodplain
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can be expected to perform an important role for aquatic

insects emerging from the river , as a resting place , a

mating place and an egg laying place in the Chikuma

River.

This is the first report on the role of waterfront vege-

tation of a floodplain for adult aquatic insects in Japan.

However , since the present study was carried out for only

one season , further follow-up field investigations are nec-

essary to elucidate the interaction between adult aquatic

insects and existing vegetation.
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