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Influence of the physical environment on community structures of benthic

macroinvertebrates in the lower part of a small stream in Hokkaido, Japan

Miyuki Nakajima®', Tomiko Ito** and Kazutaka Shimoda™

Abstract The Gokibiru River, located in Hokkaido on the Sea of Japan side, is a mountain stream which
flows directly from the mountain region to the sea, via a river length of approximately five km. We quanti-
tatively collected benthic macroinvertebrates and conducted measurements of their physical factors for flat
riffles in each site of 50m and 1.3km up from the sea. Our objective was to analyze the data taxon compo
sition, community structures and diversity of macroinvertebrates on a seasonal basis, and also to evaluate
quantitatively whether some physical environmental factors influenced on them. From 2000 to 2002, we sur-
veyed before the melting snow freshet and after the rising spring, in summer, fall, and winter, a total of
eight times. The annual dominance taxon was Chironomidae in both sites, while Oligocheaeta and Epeorus
latifolium complex group were also annually abundant in both sites. Tipulidae and Hydropsyche spp. and
Lepidosotma sp. and Sternomoera rhyaca were abundant in the site nearby the sea and above site, respec-
tively. From winter to early spring, there was a tendency whereby different communities on each sites were
formed. The diversity index, H' showed similar values with both sites in all seasons. The physical environ-
ment had a positive influence on macroinvertebrate communities via the model with multiple indicators of

macroinvertebrates and the physical environment.
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Fig. 1 Location of two study sites in Gokibiru
Riber, Hokkaido, northern Japan.
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Table 1 Mean values with standard error of physical environment in two sites.

Month- distance from the . velocity of middle velocity at the
Year stream edge unfixed cobble water depth layer in the stream stream bed
m number cm cm’” cm’”’

St.1 St.2 St.1 St.2 St.1 St.2 St.1 St.2 St.1 St.2

Jul-00  mean 1.2 0.9 3.5 3.6 11.1 184 24.5 37.6 17.8 25.1
SE 0.7 0.6 2.0 21 5.0 6.4 271 30.5 18.0 20.5

Oct-00  mean 1.3 1.6 7.1 4.9 13.4 21.7 36.3 28.4 17.5 16.5
SE 0.9 0.9 2.8 2.3 3.8 5.9 31.6 171 11.3 13.0

Feb-01  mean 1.2 2.7 2.2 2.6 14.4 26.2 25.2 16.6 19.8 27.3
SE 0.7 0.9 1.2 1.1 2.4 3.7 14.3 11.0 11.6 13.6

Apr-01  mean 1.1 0.9 3.1 2.8 23.3 12.9 48.5 35.4 27.8 31.3
SE 0.7 0.5 21 2.0 13.1 71 34.9 24.4 21.3 25.6

Mar-02 mean 1.0 0.8 6.5 4.0 10.7 13.4 32.8 49.7 21.7 324
SE 0.8 0.4 2.8 2.2 4.6 6.2 21.8 39.1 14.7 23.6

May-02  mean 1.5 1.6 2.9 2.9 9.9 14.8 29.5 27.5 174 17.9
SE 1.0 1.3 1.7 1.8 3.4 6.5 25.3 13.6 11.7 15.1

Jul-02 mean 1.5 1.5 4.5 3.3 12.5 13.6 53.5 38.7 26.7 26.4
SE 1.1 1.0 2.4 1.6 49 5.8 30.8 17.7 23.8 12.1

Oct-02  mean 1.2 1.4 4.7 3.2 12.1 16.2 21.5 30.6 15.0 20.0
SE 0.8 1.0 2.1 1.8 42 6.1 18.1 22.0 14.4 16.6

The means underlined indicated significant difference between the two sites by Mann-Whitney's U test (P>0.05).
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Table 2 Collected taxa and their abundance (mean of individual numbers * m?®).

11-Jul-00 24-Oct-00  14-Feb-01  04-Apr-01  26-Mar-02  22-May-02  25-Jul-02 16-Oct-02
Stl St2 Stl St2 Stl St2 Stl St2 Stl St2 Stl St2 Stl  St2 Stl  St.2
Turbellaria 1 6 4 2 1
Nemertinea 2 2 4 2 10
Oligochaeta 18 137 290 98 91 5 408 45 582 52 364 112 280 44 335 310
Gastropoda 1 1
Asellus spp. 3 6 3
Sternomera rhyaca 52 12 90 1 26 13 23 21 4 19 10 313 29 171 3
Atidae 2
Eriocheir _japonicus 1 1 1
Paraleptophlebia sp. 1 64 14 76 8 31 29 14 41 67 50 18 17
Ephemera japonica 35 29 15 3 4 1 9 5 1 4 4 4
Ephemera strigata 1
Caenis sp. 13 109 1 4
Cincticostella nigra 3 75 51 21 35 25 24 23 42 14 3 165 38
Cincticostella orientalis 6 5 1 4 2
Drunella ishiyamana 15 10 28 32 15 3
Drunella sacharinensis 23 1 6 128 135
Drunella trispina 2 7 6 1 1
Ephemerella setigera 57 19
Uracanthella punctisetae 1 2 6 3 1 1
Ephemerellidae (young) 9 4 53 46 136 4 138 30 5 9 4 3 1
Ameletus sp. 95 2 40 1 9 2 43 9
Baetis spp. 122 117 30 4 9 3 1 3 33 36 45 14 209 37 35
Baetiella sp. 5 3 4 5 5 3
Ecdyonurus spp. 3 1 50 57 43 3 1 3 1 73
Epeorus latifolium™ 103 29 259 74 37 102 72 43 27 73 5 15 19 4 193 42
Epeorus spp. (young) 1 112 5 164 16 356 105 12 13 7 4 2 4
Rhithrogena spp. 1 10 49 5 87 20 8 110 126 32 28 28 14
Epiophlebiidae 1 1 1 1 1
Gomphidae 12 2 1
Perlodidae 2 29 38 20 2 14 3 7 6 19 3 2 1 10 2
Perlidae 2 1 4 5 5 3 1 1 1
Chloroperlidae 10 38 1 5 5 16 7 9 12 10 6 1 27
Taeniopterygidae 36 1 3 1 1 3 6 5 16 3
Amphinemura spp. 3 5 50 7 33 6 13 6 1 7 4
Protonemura spp. 3 4 2
Nemoura spp. 1 2 2 6 32 2 22 1 2 4 1
Capniidae 19 1 21 15 2 5 1 69 17
Corydalidae 1
Rhyacophila transquilla 6 26 12 2 8 8 5 4 5 1 15 49 15
Rhyacophila yamanakensis 3 11 16
Rhyacophila sp.1 1 5 2 1 1 1
Rhyacophila sp.2 1 1 4 2 3 4 5 1
Rhyacophila sp.3 3 2
Rhyacophila sp.4 2
Rhyacophila sp.5 1
Rhyacophila spp. (young and pupa) 3 6 1 1 1 16 1
Apsilochorema sutshanum 2 1 21 2 6 5 3 7 3 6 3 4 28
Glossosoma spp. 70 2 25 73 9 29 7 17 12 15 11 7 7 16 14
Stenopsyche marmorata 27 7 26 1 50 1 15 1 43 33 24 2 61
Dolophilodes sp. 2 1
Cheumatopsyche sp. 6 4 4
Hydropsychidae (young) 3 1 15 15
Hydropsyche spp. 3 105 6 579 19 43 5 125 12 107 1 12 46 98
Phryganopsyche latipennis 1 1
Lepidosotma crassicorne 3 1 1
other Lepidosotma spp. 47 5 268 53 16 11 24 32 1 11 3 3 1 362 69
Dicosmoecus jozankeanus 1 1
Hydatophylax sp. 1 1 1 3 1
Apatania sp. 1 1
Neophylax ussuriensis 1
Goera sp. 1 5 3 11 17 4 11 3 6
Ocetes sp. 5 17 1 1
Trichoptera (pupa) 1 6 6 86 4 3 6 46 1 1 2
Pyralidae 1
Dytiscidae 2 1 1 1
Elminae 20 13 9 6 16 3 7 10 27 134 23 22 12
Coleoptera (young) 4 42 11 1 6 19 5 2 12 2 5 1
Tipulidae 49 110 17 704 23 235 35 137 13 67 17 198 3 59 21 261
Blephariceridae 47 4 2 2
Psychodidae 1
Simuliidae 3 14 1 15 1 2 1 118 3 1
Chironomidae 612 555 50 174 462 349 336 311 246 726 981 4222 35 303 162 183

*. Eperous napaeus and Eprous l-nigrus.

Blank shows zero.
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TEVR T EB TR, B VY NEFTEIFRK
FZOIOH TR DL RDEMNBHoTc, XFIaxt
1%, St1IT3IAELSAXVTALI0AIZA S HEIL =,
KA I I RITIARZRZFEHELITFED bR h o T,
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g. Lepidosotoma spp.
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Fig. 2 Mean of individual numbers - m” and their 95% standard error in the two sites.
* indicates a significant difference is detected between two sites by Mann-Whitney's U test (p<0.05).
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24 SO AR B O AR AL, WE R, OB, £
FeEEIER () O P % Fig. 3iim L. #&EH®E
O ERERIE, St1T6.3~143% 72, St.2T84~
141THY, FHEHO S LHEHTHEERD oD
1%, 20004E10H OAT, A4 im U CoasaEEoE
WIS X BB 2T R S e ho e
(Fig. 3-a). F¥HHIUAKETIX, 2 BERIO#E G
BoOREITX Y, 20024E5H O St.27TH53591 {4 + m* &
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1916/ & - m* O cHR Lz (Fig. 3-b), MER
1%, St2TStIL VW HERIZZNI EN3EBY, WT
NOEWINSBERITHITTE - Te. HESDOFEHIZ
St.1T20004£10 H 1218.4g - m?, St.27T20024E5H IT
322g - m*BENTNIRO TP o T, LHIERE H
X St.2E St1nLdHA H %8 L T1.38% 5 2.89 D i
ZH Y, HSHETHEZESR SN2 DIX20004£10H &
20024F 7 A R ONF4EI0H D3RI THh - 7= (Fig. 3-d).
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Fig. 3 Mean of number of taxa (a), total individual numbers (b), total wet weights (c) and diversity in-

dex (d) with 95% standard error in two sites.

* indicates a significant difference is detected between two sites by Mann-Whitney's U test (p<0.05).
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Fig. 4 Dendrogram of macroinvertebrate communities based on the similarity index RO of individual num-
bers of taxa in each quadrat at two sites from cluster analysis of the group average method.
Base quadrate samples in St.1 and St.2 indicate Oand A, respectively.
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WEBREE DMK R S BB~ DO EDOE AN
4 EIEEE ST NV CHEE LT (Fig. 5, Table 3). %
EIFEE TV T, 205 T8l AR B DR &

FEOTEAL, HEREZL—RE LcHF2217 —
AR U, IEABIREERIZ, FHICL D 2HET
RIRDRAEDIERL S TS, R o B A% &
Hig, SRREIRB2HS TIRIEFRTH - T D T,

Table 3 Non standarized values for all variables on the macroinvertebrates - physical environment model.
a covariance of all variables in the model.
cnlzvlilr)]osifr?clnt macroh’lcvsertebrat number of taxa mtarlmiriii;rrisdual total wet weight unfixed cobbles dsitsrt:;:e Cf;;n S‘;erlct;cri;ybié water depth
physical environment 14.985
macroinvertebrates 112.764 8429.016
number of taxa 6.096 455.638 31.83
total individual numbers 112.764 8429.016 455.638 9932.878
total wet weight 0.612 45.749 2.473 45.749 0.537
unfixed cobbles 1.147 8.635 0.467 8.635 0.047 6.072
gésgtsnce from stream 2.738 20.605 1.114 20.605 0.112 0.21 0.848
velocity at stream bed 36.298 273.147 14.765 273.147 1.483 2.779 6.633 383.451
water depth 14.985 112.764 6.096 112.764 0.612 1.147 2.738 36.298 73.63
b mean of all variables on the model.
physj;al habitat macroinvertebrat | per of taxa  total numbers total wet weight unfixed cobble distfmcc from vc?ocity atthe e depth
actor es the stream edge  stream bed
mean 0 0 12.878 105.091 0.561 3.947 1.295 23.015 16.062
c. coefficients
estimate standard error  test statistic P value
macroinvertebrates < physical environment 7.525 2.378 3.164 0.002
number of taxa P — physical environment 1
total individual numbers ~<-------  physical environment 2.422 0.543 4.464 o
total wet weight pE— physical environment 0.183 0.051 3.582 ok
unfixed cobbles < physical environment 0.077 0.053 1.443 0.149
distance from stream macroinvertebrate 0.005 0.001 9.252
velocity at stream bed ~ <-—--—-  macroinvertebrate 1
water depth P macroinvertebrate 0.054 0.006 8.511 ok
d intercept
estimate standard error  test statistic P value
total wet weight 0.561 0.049 11.338 ok
total individual numbers 105.091 6.729 15.617 o
unfixed cobbles 3.947 0.166 23.749 ek
water depth 16.062 0.563 28.512 o
velocity at stream bed 23.015 1.286 17.902 ok
S(iisgsnce from stream 1.295 0.06 21.418 wkk
number of taxa 12.878 0.466 27.641 o
e variance
estimate standard error  test statistic P value
el 5.984 0.574 10.416 e
e2 58.645 6.819 8.601 ok
e3 295.527 35.617 8.297 o
e4 0.348 0.128 2.7113 0.007
ed 0.289 0.034 8.489 o
eb 7.2 2.006 3.588 o
e’ 1503.862 710.95 2115 0.034
e8 7580.456 1150.074 6.591 e
e9 14.985 5.825 2.573 0.01

Hokk

Level of significance at the 0.001.
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EMEHELBETOLODEF L TREL, K
%2 TIE, Stlé St.2TORENIE O WELEEAIFIEN
L& ThY, ZoEFTME, WIINTERELALRHD
WOBBI AR5 & LT,

EFNO 2’ BER R L EA IS E Table 4133
L. EFNVOBRE o RETHK§ 5 &, 2° il
19231 CH Y, HHE=13, p=0.050 z* 445 fiti=
22362k W/INE L, NAKOBRIZKLT B, fhoiE
HEEETH S NFI, IFI, PRATIO, AIC Tif, %
FNOBEEEIE, PRATIO #RE, METFT VXY
fAFIE T MTGEBIL 2L 2o TRY, ZOET VI
T =2 L CHAERARICEW SR Sz, &

%, PEIBREIN B XA OB~ OBRE & AR
9D R ZFRNT p =0.05/KHETHEE > 1z,

HANL D73 DI B % LUk $ 5 7o D ITARE 7L D i
fEcHRET DL (Fig. 5), MEREREL »6 EAS)
W1 ~DOBERIE, BRE0.32TIEDHERR LD BN,
T, TwHiERE:) & NELESHW »SFhEh~o
BIZEE O R ZBEIT TR CEDRE E o, 9
BIZREL 220 4 HH OBUMAERA~OREL, TRE»H
O ~Z077Em <, WRNT Tkl ~048,
NEREH®E] ~045TH Y, IFEAME) ~i%0.12&
& otz, TIEAB 5530 DEAIZEBA~DORENE,

MEAEE ) ~085L MR ~0.77TITxL,

Mg

‘/Ita Table 30&’-&)5 J: 5 é:'f;éika @JH, ﬁﬁ@*ﬁi'fﬁ %J “\0310685%?1&7?0 71:(_0
? 0.01 ? 0.20 ? 0.2 . ? 0.59
Unfixed cobbles Water depth Velocity at the Distance from
stream bed stream edge

W
©

0.85

Physical environment

0.00 0.48

0.32

Benthic macr@

0.10

0.77

0.46

Total individual
numbers

Number of taxa

Total wet weight

Fig. 5 The model of standardized regression weights by multiple indicators between macroinvertebrates
and the physical environment. The explanations of non-standardized values are referred to Table 3.

Table 4 Chi-square statistic value and measurement of fitness on
macroinvertebrates - physical environment model.

value sal‘il%rg(;[fd indelggré(gience
chi-square 19.231 - -
degrees of freedom 13 - -
probability level (chi-squre value) 0.116 - -
NF1I 0.928 1.000 0.000
IFI 0.976 1.000 0.000
PRATIO 0.464 0.000 1.000
AIC 63.231 70.000 282.560
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LnlofEg T, Wit caPRIch v ES L TH
Lok, 22 IRIEAEIIRZFEE -z, 22
U RHEZEH U TS AN S 25 o 722002485 H LISk
AR TIE, St1& v b St2TEHWEHINIZH D D D
DO T DAL D78 FIXITIX B S g hs o Tz,
AKEIIRIFSL2LY St1TEholc, KEIIRD
FZEALBIXIIRMRIE T, 2RV IR E AL
I I RMUT, St.2& St1DHE TREFLAL AN 72 5 I RE
WRH v, HEOBYHZ EICHET 5 2DI12id,
S 5 ITFEIZR[AE 21T 5 NER D Do HUSBNTHH )
WCHIE L fh o HRE 25225 L, St2TEATH
AEEV< I NEZFZETHY, SLITEAFIaxl
ERIYY NETTEES T, St2TRE A FH Y
FEZSHEHBLTRBY, Y~ EXIEEDIT
SBRERHE D SL2THEEL THE L T3, 20004
7THIZ, St2Xv#lkm ERORFEOMES X LDOWET
TREETOTREER, v/ H U bESZ 032400
e m*Rey < F B SRS 3693k - m* &Ik
WICEHEETAHERLTWE (hE, 2001)., St2i3%
BAERL TOBAFIRO NifSichiim L Ty, ki
OBAFRDS St20 HBUABEIT I L I n etk 3 d 5.

—Ji, St1TEHBILIEh 7YY NEFSIRE &
FIaxbiE, FoO2.5km ik T20004£10 7 I2ERE
Bliotk 2 A, X¥%3axh419.6MH i - m2 e
SN, £, ZONEIZAFT DINELIm LUF Ok
TIEAH 7YY bEZFZEMB1701.3 - m* & Hlk L T4
BLTWk (hE, 2000), 70y vETXrIESH
XA UIIRERETHY, EROMABITEEDHE
B W) B s ShTnd., Bikb (2003b)
1Z, BEJITEEAFIac DS <R EEEOM
MEIFMHBELTWA Z L2t L Tnd, SLUE, W
DB EFE TRV, ZO2EMNE L LTS ER
THZ 0D, EERROHBHERD ISP ET S 4R
BEAATHIHA L LTHEMNTB NS,

BLUEFREL Ry 1T X 2R 43 TIX, Stle St2o
BRI, S OF A P4RIT, Hh SRR D
MHEEZBR L. thofda <X, L3078
EEWHLERIORHSES M L 72V, WHLE ORERINE
ALTETIHERBIREINTNDE Z E3bh o T,
T, ERLOSSERER O R BRI AN M & Tk
ThbH, St1& St2TOKEZLILT S L, KIETIX

e

[F—ANTHIE S TWRWD TR TE RNV, &
SR CIXHER T LWERIZED S ko .
TeleL, St2id, WAL L X ITHRIRGE
BHOBERRRDHNTRY, WEOREN D DA
Pk AR D X 2T X B KEEILORELHD L
bbb, —J5, HHEHOERRIZOWTIX[FE—FiZ
FEE LBl (2003a) 2SHIANIZLTRY, Fhic
&% LARFINO R TheRA HEY O R 22518 s
BALTWD, ZRIIMATAREGHRTAZ LTk

v, Stlé& St2oHh AR OMEIX1km LB Tz
WAS, JATEHZHEV St.2i20%, Stld e 3 EAEEmEs
ENBREND b ol RIS, £, £
Yo (2003b) DG TIX, AR O KL A Y O
5%, FPOM @ CN bR B KV b R TIRLS 25
ZlaEs L, WIINTEY R USRI  # %
FIALTWAEDTHD EHRL TS, IREIIDX
5 73 LB HUBL D /NS W, KBS O X 5 7
TNDNERP T2 D NSRS, WIEREDS |
WAL A ETHE VEILETHITHAL TND,
LH»L, ZOWJINTS, EAEFPITFHRAEOREICN
U TENENO SRS E N RBNCER S L Tz,
HL, XFAOTFRETIIRESLKENRZ AT L VAT
L, EEBMORLRESTFARICEET SO (B
M- A1, 1999), St.2TiX, Rhd L7z X 5 kikic
R STV BRI X L OFBET St & i D HEEN
TRk STzl RetE b HE S 5,

LBl DOFRA TELEEE S NITO D ERHITONT,
B ORMNEB 2 E5T 5L, 2AY BRNE, St
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Kb rotc, T, BENELSD/INISWRTOZ X
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