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Fig. 1. Sampling stations (e) in the Doi and Takakawa
Streams. The Doi and Takakawa Streams are tributaries of the

Niyodo and Kagami Rivers, respectively..
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Table 1. Environmental characteristics, density and biomass of the benthic invertebrate communities and freshwater crabs in the

Doi and Takakawa Streams. Asterisks (*) indicate values excluding freshwater crabs.

Doi Stream Takakawa Stream
Spring Summer Fall Winter Spring Summer Fall Winter

Environments

Stream width (m) 222 26 7 6.7 9 5

Discharge (m’/s) 3.01 5.24 1.22 0.28 0.81 0.25

Water temperature (°C) 12.0 26.9 16.5 7.0 12.0 21.8 15.2 7.0

Chlorophyll a (mg/m?) 17.6 18.0 16.6 15.0 29.1 6.9 42 30.2
Individual number

Number of individuals 4944 6763 1371 5771 1845 2325 1824 2496

(ind/m?)*

Proportion of individuals >

> mm o the benthic 19 14 9 2 2 16 9 32

invertebrate community

(%0)*

Freshwater crabs (ind/m?) 0 0 0 0 21 16 27 0
Biomass

Dry weight (g/m?)* 2.51 1.89 0.37 1.08 2.76 2.42 0.19 1.14

Proportion of individuals >

5 mm to the benthic 90 84 83 75 96 95 74 91

invertebrate community

(%0)*

Freshwater crabs (g/m?) 0 0 0 0 1.08 0.64 4.06 0
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Table 2. Density of the benthic invertebrate communities (ind/m2) in the Doi and Takakawa Streams..

Doi Stream Takakawa Stream
Taxa Spring Summer Fall Winter Spring Summer Fall Winter
B A (Insecta)
J1/7 v H (Ephemeroptera)
MeA 1717 (Leptophlebiidae) 48 85 235 5 5
Er A7 TR (Ephemeridac) 5 11 5 11
bk mdrnyF (Caenidae) 5
~ 4774 7 UF (Ephemercllidac) 539 672 75 352 309 59 112 53
245 U F (Bactidac) 800 2672 555 1173 523 389 373 315
v %7 1 7F (Heptageniidae) 720 1552 283 549 464 939 459 373
717 % H (Plecoptera)
T IAAUYSFF (Perlodidae) 53 48 16 69 16 11
71U %7 5% (Perlidac) 123 224 96 27 48 235 96 144
I RUAYUS TR (Chloroperlidae) 37 16 123 11 5 43 53
4 J 755 F (Taeniopterygidae) 16
A H U7 7R (Nemouridae) 5 5 48 5 5 11 11
AT TR (Leuctridae) 16
~t h>ARH (Megaloptera)
~E 2 ARE (Corydalidae) 5 5 37 11
NE4Z H (Trichoptera)
FH L ke 78 (Rhyacophilidac) 37 43 5 64 16 37
BT YFH L ks T8 (Hydrobiosidae) 5 5 11 21 16 64
Y~ 7 8 (Glossosomatidae) 16 11 5 37 149 224 5
v A7 e 78 (Stenopsychidae) 27 91 11 11 21 27
717 N4 Z R (Philopotamidae) 5 5 5 11
7 % hE T8 (Psychomyiidae) 11 21 11
A7~ FF (Polycentropodidac) 5
>~ he7r 78 (Hydropsychidae) 533 928 160 107 5 192 80 117
J127> e 78 (Lepidostomatidac) 5 27 11 11 53 37 48 21
=vXav b7 T8 (Goeridae) 5 11
v 7 FH Ne s ZF (Leptoceridae) 11
M H (Lepidoptera)
> 77F (Crambidac) 5
H 4t H  (Coleoptera)
Y= 3 52 F (Hydraenidae) 5
~ ot IFE (Scirtidac) 187 5 21 59 16
v 7% Kb fE (Psephenidac) 16 37 5
b A R AvFE (Elmidac) 80 53 37 43 21 37 11
P#H  (Diptera)
7777 > F} (Tipulidae) 112 80 37 165 21 16 21 48
7 XA F (Blephariceridae) 5 32
72 F} (Simuliidae) 651 757 27 5
22 Y 38 (Chironomidae) 709 192 48 1979 171 64 171 1120
X 7171+ (Ceratopogonidac) 11 5
F V7 7 (Athericidae) 5
U (Turbellaria)
7 AL H (Tricladida) 5 11
LA (Hirudinoidea)
/ REJLVH (Pharyngobdellida) 16 5
7 % (Arachnida)
#=H (Acarina) 197 59 11 11 64 37 11 21
Sum 4944 6763 1371 5771 1845 2325 1824 2496
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Fig. 2. Density of the benthic invertebrates per square meter belonging to each body-size range in the Doi and Takakawa Streams

in each season. D: Diptera, E: Ephemeroptera, M: Megaloptera, P: Plecoptera, T: Trichoptera, O: others.
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Fig. 3. Cumulative individual number of the benthic invertebrates per square meter when the fraction of the next smaller 1-mm

size range is added to the body-size range in the Doi and Takakawa Streams in each season. D: Diptera, E: Ephemeroptera, M:
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Megaloptera, P: Plecoptera, T: Trichoptera, O: others.

Table 3. Values of exponent («) and coefficient of determination (Rz) for the relationships between body size and individual

number given in Equation (1).

161

Doi Stream Takakawa Stream Average
a R a R a R
Spring 1.047  0.998 0.905  0.960 0.979  0.992
Summer 1.146  0.955 1125 0.992 1.137  0.977
Fall 1.407  0.959 1.438  0.985 1423 0.974
Winter 0942 0.999 0.704  0.992 0.832  0.999
All seasons 1.163 0.984 1.096  0.981 1.130  0.983
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Table 4. Values of exponent (@) and coefficient of determination (Rz) for the relationships between body size and biomass given in

Equation (1).

Doi Stream Takakawa Stream Average
a R a R a R
Spring 0.071 0.979 0.031 0.983 0.051 0.980
Summer 0.108 0.988 0.036 0.983 0.073 0.991
Fall 0.113 0.946 0.192 0.984 0.154 0.973
Winter 0.193 0.966 0.063 0.985 0.131 0.974
All seasons 0.122 0.992 0.083 0.990 0.103  0.992
Doi Stream Takakawa Stream
238 =0 32
2.1 T T T T 24 i
T
(o)) -
< 11 |
(/E)' h S 3 L 1 B (el P (Pl [P |P
0.7 11| 0.8
E -
. E E E F o ANE E E E
5 24 23 2 = 5 24 23 2 2
2.4 28
— | M 1 [ | ]
5 1.8 " ﬂ ﬂ ] M ] 2.1
g 12 T T 1ad [mf M MMM
> T T
%) T
06 e N=a = 07
o o1 | L1 +——
e |mE A A | EEE A,
E =5 >4 23 =2 >1 25 >4 23 >2 21
k=
[
Z oas o M
fa} T EE T
o] AT [7] Tl ——T1 o2 =1+ |7l [
= | T l |
o 0.24 . o p P P 0.14 . b P
P
0.12 L T 11 oor] [P I -
el ] (5] |F] |Flo e 0 S
0 =1
25 >4 >3 =2 >1 0 25 >4 >3 >2 >1
16 o 16
T
1.2 E 1.2
5 | | T T T T
€ 08 E 08 11
= ol el [P |P
0.4 0.4
D =1 [l [E E
0 0 D D D D
>1 5 24 23 2 2

Body size(mm)
Fig. 4. Cumulative biomass of the benthic invertebrates per square meter in the Doi and Takakawa Streams in each season. D:
Diptera, E: Ephemeroptera, M: Megaloptera, P: Plecoptera, T: Trichoptera, O: others.
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Fig. 5. Cumulative biomass per square meter of the benthic invertebrates excluding individuals greater than or equal to 5 mm in

body length in the Doi and Takakawa Streams in each season. D: Diptera, E: Ephemeroptera, M: Megaloptera, P: Plecoptera, T:

Trichoptera, O: others.

BE

TR TERE 1 m224 72 1) o i A 4 35 4 By o 1 44 5%
LTI & b B ELTE W H o720 LA L,
FAREIX 3 TARTH D & BFIL/NEVER O A%
NHELLEL, AFIIZ I ) KBoKEX S, £<
WA H OFREAEI L TWize BT, &
EHRER KW ORETHAK L, WROEELIZ L DK
ERBEEIMK L 2 2 23H 5 (NEEIZ A 2015) o
B OZE EICOW T, o) Td & Hh
LEIZE . Eh S w2l S Twn
% (M - T2 1977),

RE L EYROBRIZOWT, KEDOK X MKk

163

P ONERBEENEREX S I mm I & IZEY RS
PR LSA, Wl e b A B OB A
EOREFIIRDE L, MBIIRIAD L holze —
ez, KAERBROEYRIZLATNLEFIINT TS
W (B 1980) SEAETEOEIGE LD ATy
B a7 sHHIonTIE, £ OB EISEIZ
P TIET 2 ERMOENT WS (KH 2004)0
A E 5 mmll EOEROBE G IE, BETEYED T
FPLEEOTED, & ICHIIEHMINE D 9H
PLEE D TWz, RE 5 mmaAii o A S4B
WSRO LRI, WETH STy HOME ST 518
& 505, AZ TP H OB S E ML,
BB 28 S ZE L TWw b,



B W R - kT

JEAE R HEB W BE 4L 2 AR R 5 mm DL E OS5
INERRNERERX D 1 mm I R E L7206
DMV T, BARETIEIRE R « Ok
EMZBUCTIHBOMEZ L 5722805, BB
W A 2R LT B, EWRICO W T,
NEERa DEIBETLI R TH o722 D5,
AW EOBEINIBMAITH L L 2R LTWD, &
W m R L8 BB O & % 5 72013,
1 EARYS72 ) oA EITREORA & & IR
WP T A EDPEREZ>TWAS (LHHIED
2016) o

NEIRE o OFEEBNE, BRI LTl
NN U 228 m S hzhs, EPRIZowTid
JE L 22 E A S b o 72 RIS 5
ERMa ERKICKRERMEE IS 7201F, FRL
WIE KB DBUED S Hr o 7= DT, BERKIZI
REDK & R U TR DR R AR I
PRIHR L THIRIICE o T2 2 ERER & %
AbNb. NEEHalx. FEHHMIIMTHE
FLTwzZ ens, BB EYEOMEE KD
LB EFTE 28 L2210 FE A w2 0
WEUTHA ), IGHBIE LT, Tables3 & 475
&, A B B O R B A R e T
HIENTE D, HlzIE, KE L5 mmPl oA HE
B DY R D291 g TH - 72854, Table 4D a fi
(EFHomm)IEY) L (2) L, KE 1T mmil
oY EI3291 x5% = 342 gL HEET B T EHT
5,

B
A DI % 75 EARBRNH L CH AR &

W2 EF Lo RWEZE o — 1 JSPSEF
(24770023 fCFIECilE) DBIR 2 5215 725 DT,

5| F>Z#k

MR ER - LRR. 1977, BLPRIINC B0 5 K E &
DK A B L D ZR 22 AL, Hr ik U PR K T K R SR
YA 7e s 5: 41-46.

Hauser F. R. and Resh V. H. 1996. Benthic
macroinvertebrates. In: Hauser F. R. and
Lamberti G. A. (eds) Methods in stream
ecology. Academic Press, San Diego, pp. 339-
369.

FEEIGH - ANEE S - IR TTE 2015, 4 0E RS
BT BB &K A Y. B ER S 8
118-125.

IORETCE. 2014, Ji & i i, H ARBEK 22 S 5B
2 (W) Bl K OBEEF2IEH - ek, 918
F I, B pp. 35-38.

g sciE - WA - o, 2015 KRB A ¢
WINEAB O LR E Lo REME HAARE
P3RS 65: 77-85.

JIERIR - 47 H—=.2005. HAEARA B £ - )8 -
T~ O, R MR, MaslL

Bea 5. 1980, AKILILHE)INZ BT 5 H - Fiiso
KRBV A B RS — 1 R IY, Mgt % OV =i [
DR KL - RGPS 18: 521-530.

AL - B 2000, JEEL ] HURI S A AT
HEMS, B

BRI A HR - INECHE. 2014, #E3E. HARPE KRS SH
Wb (W) St e K OBREFRHE © 9238 -
SE M, WA )E, Bt pp. 51-53.

KEBE—. 2004, KAERHOMF K EEEEZO%
CH A, BRI RS, s

KU AT - DEECHE. 2013. $2)1 Eitic B 50
NIEREE & A By, Bl F 6: 208-216.

Schmid P.E., Tokeshi M., and Schmid-Araya M.S.
2000. Relation between population density and
body size in stream communities. Science 289:
1557-1560.

H 6. 1967, SREMD H G D751 X 5 KRR G
B OHLE D ZEALIZ DTl iRIK X K PERF 28 iy
17: 1-6.

e - JF ot - g scife. 2016, EFE Ol &
DTN @ B B0 2 A B R o1k
Fo B AR oG BEERE 9 124-
136.

164



JEC A AT AE B M IR AR D AR IR & A AR I O W

Individual number and biomass of benthic invertebrate
communities in streams with special reference to body

size range

Mei Miyaji", Mitsuya Inoue",

and Motomi Genkai-Kato" "

D Graduate School of Integrated Arts and Sciences,
Kochi University, 2-5-1 Akebono-cho,
Kochi 780-8520, Japan
2 Graduate School of Kuroshio Science,
Kochi University, 2-5-1 Akebono-cho,
Kochi 780-8520, Japan

Abstract

Quantitative samplings of benthic invertebrates in
streams usually take a great deal of effort and time, due to
sorting and identification of small individuals. The aim of
this study is to find the patterns of increase in the

cumulative individual number and biomass per unit area

165

when individuals of smaller size classes are taken into
consideration. Qualitative samplings were conducted at
two upstream sites of the Niyodo and Kagami Rivers,
Kochi Prefecture, western Japan, in October 2015 to
August 2016. The benthic invertebrate community was
dominated by the Baetidae and Heptageniidae (order
Ephemeroptera) in individual number, whereas the
dominant taxa in biomass differed between seasons and
sites. The number of individuals with body length greater
than 5 mm accounted for at most 30% of the whole
invertebrate community. In contrast, the biomass of
individuals with body length greater than 5 mm
accounted for at least 70% of the whole invertebrate
community indicate values excluding freshwater crabs.
The cumulative number of individuals when smaller size
classes of 1-mm intervals were included into the size
class of individuals with body length greater than 5 mm
was shown to increase linearly. In an analogous way, the
cumulative biomass was shown to increase in a saturating

manner.

Key words: Aquatic insect, body size, individual

number, biomass.



