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HEDHBREPHL LI LB RRINREFTHOET A
T\, AR TIE, EERE S KAWL
TR Z e B ) 35w BT AR T & R
X5 Ly KEWEERD S/ SRR & AREIX 55
ZRBL2E 2ol E AR OB ) % &
720 REWMED S/ S WERANBRE L 22k s
AW EOWENMY — WL NICTAHIEITLD,
TR B BEE O BEORARBRL AR 2 HET 5
CEDWERIC RS, E5I12, KRERGTEICEML
7ol SWRABWHEOTTHEHIED L EER.
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e R E I T d B D EMEET 572012, KBRDFER
BENE L CME 2RS40 & )T+ 2 iF
FER R & Lzo AT & U NS R
IR KD 2111 TH ) Hm#Z T HEE ISR AL
ZEMS BEBEOARBRICKEREEL25.29 5,
N TR O AR 2 38 U TAEEISE i
B AEF 124km. JEIIRIAE 1560km> D — i I T&H 1)
Z O FiRmoEABWAICE L TIEHLES (2015)
WEEL WV T HINEE AR OA AN Z 5 L+
P2 WS IE R 196km,  Fids fi #$2186km% D —
AN TH Y O LRBOAEWAICE L TiX
LS (2014) 12FEL W

MR ERE

AEH WAL 20144F 7 H29H AT ST 0/
N (ZH%h) NI (REEEN33°31°30.167, #EEE133°17'38.
20", EEEs67m) &, 7 A3LHIZPU IS0 o Bk
(X AZA) Il (N33°08'1242", E132°40'3353", 244
m) TAT7% o7z (Fig. 1)o W11 ORI I % 77~
5720, KA T O)IE, K, FHZ e L7z
JIE &R CTHIE L 7zo AR NE D S %21
Do TR AT P TR & 1 o T2 &
AT T mT &2, B2 TIE50em & 12l
RCHE L7z did, KiEz e Lz tsod
WAEIZBWT, KED 245D 1 OFES TR (£
7)VCR-7 WP, 2 ZEFHF) %M T 3EHIEL,
ZOFHMEE 2o NIE. KEE. TEH o3 HE5
Mo (L/s) &#Ro7z Onig 2014).

KEEESSREE AKRITHBREREEClleE Lz, KE
B LCiE, pHIZ Sy 757 2 b (KR-pH. H7#L
SWFZERT) « ALE R R ZERE (COD) ik~ > 7~
) o A (H ARG L & A0 i E 558
2005)., FEMREEZEF (NOs-N) (&4 FIVEgF V)~
2 (Kalff and Bentzen 1984) % MW TCilllE L 72
(LA IR K 20K & & IR S R T TR T oF A 2
T1H I AKL 7,
WINO—RAEEETH B IEERFOFE LT
720, FHEHETIZBNTEDLS 3ODOH X
L7z ZhZFhoXMZ L 2L, L2320
MAGbE (BH. BHE. =Mk, akRL) &
LCGEML, HEEHOZDICHERFHEE L DI
PRI ECER L7z (BFIG - AR 2014), 2Ny F o BT
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Kogawa Stream

Niyodo River
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Kochi Prefecture

Kuroson Stream

JOAIY ojuewIys

Fig.1. Sampling stations () in the Kogawa and Kuroson
Streams. The Kogawa and Kuroson Streams are tributaries of

the Niyodo and Shimanto Rivers, respectivery.

FNFNOAFEmMZ 7T TEOID, WL
WK E &SI E THHEATE Lz AR
EofREE LTOMEREBaETHL 707 1 Vak
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Ta 7 4 ha®dMICIZ90% 7 £ b VB E O,
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N—F v b (25cm % 25cm. #8H475 um : No. 5514,
HEAHL) ZHWT, lofmhzfH L TH I & HRE
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L7zo ==k v NCHRESINIREHYIZ, &
MRHE, AR GEDERY LT RXTTIAF v 7
BARLIAN (R LREAITERmZMIIATE
K-> THHRA L), T0%x 5 7 — )V THElEL
7o TREEIIKAAH S TIHEYEL, 3HG2E
DR THER L, RRIIIELEA Y O E & PR
PG4 72 0 Of (m™®) & LTRd 7,

RELZKAEHY Z E0HHIBHEZENICBY
T WIRCEAEY & 2 UND b D151 Lz,
A B X FERE BN T R I R Gl - &
F£2000). HARREARLERE U4+ #H 2005) % H v
T L7ze Mg LRABWIZHED 251 mmo
HIRMD ETHARE 1 mm I 12400, KE 5 mmbl
FoffRiE T/ ¥ A (Digimaric Caliper, Mitutoyo)
AW THEEZ0.0Imm AL THE L7z, AW
DWTIE, 60C TRz S E7-0L, BT R
(AX224, Sartorius) ZH W Tllg Liz/EmE L
TRDz, e EEOYE, MAkoEREZ e T
iz, HIZEIZWOIEKE 5 mmbl Lok
rHEOTERZWE L. KIAE 4 - 5 mmOfEk
gL CeaERLIEL (DFED, AR 4mm
PDibofifko®Es), Dk 1 mmT &1/ S ik %
MEICBFE L CEREZ RO,

EREZER

AN & BB DM )IBRBEC DWW T, /MO
) AREN XD INESL S RE D RKE o 72
(Table 1)o AELIZ/DNNTDIE S HE A > 720 COD
FHRAITE D U &) RIETH o 72A%, HREER
FEREN DT ) D ED o 7z, EABEBEE X, /DI
NDIZH B3R FE AN B - 72,

TPRIAE 1 m*2Y 72 ) o B A By o A AR 503
NI T 11,6201 44, 21T 13336k TdH > 72
(Table 2). EED KD L0 080 (FH &,
/MINCA4 e H (Ephemeroptera) @244 1
7%} (Baetidae), B[ TlZHra v HOL T ¥ H
a7 #t (Heptageniidae) TdH - 720 /NINIDOAT
AHN72DDIZHHEHE (Coleoptera) @ Fu i
(Dryopidae) £ &5 % Fu i ¥ F (Psephenidae)
<INt I FF (Scirtidae). BB H (Diptera) @
7 X /1%t (Blephariceridae) & 7 2%} (Simuliidae) .
AruyHoFFH 7 a7 E (Isonychiidae). b E
5 H (Trichoptera) ®» 2 = 7 b ¥ ¥ 5§

Table 1. Physical and chemical characteristics of the

Kogawa and Kuroson Streams.

Kogawa Stream Kuroson Stream

Stream width (m) 12.4 5
Maximum depth (cm) 56 59
Discharge (m*/s) 1.78 0.39
Water temperature (°C) 25 20
pH 7.5 6
COD (mg/L) 0.47 0.50
NO,-N (ng/L) 150 325
Chlorophyll @ (mg/m?) 6.14 6.99

(Apataniidae) & F#'L FE4 5% (Rhyacophilidae)
ThHotzo BENDATALNZZLDIZMNESX T H
orzuavy b€y % (Uenoidae) TH - 72,

FRE 1 m* 72 ) o LB OBIEE % #hE
X5 ThD /NS BRIRER T AN L % b
I 23D - 7255 W)l & HAE 2 - 3mmo X5
BT AR R D o7 (Fig. 2)o EKABWIX
BRI KA 2 LAk AL EZ DL >T0EHON%
W7z, KB & Z DD b D& AT B ERITR
B2 mmAEHoMAE ks LCnmigEsrd
Ho M. AE1 -2, 2-3. 3-4mm®»
XoaTiEAaray BhambES LTz, MIIT
X, BRE2-3¢3-4mmoOXGTiEAravH
R TAEH 25 LTz,

TR 1 m?Y4720) ORABYWORAEEE HZ LI
HZRERSTHRDL EL NI OBBH TIZEXHT
7 2 # (Fig. 3a), &)l Tz 22 Y & F
(Chironomidae) 28% %>- 7z (Fig. 3b) o /MINIITIZ.
SEOREDH B, 11TT 2RO h A FRE S,
ZORUIH—N—% v b (00625m?) %472 Y 597k
Tholze 7LONHITHNOECIKIEDFE NS L
THEHAZDOL DL EMBLN TS (HH 1962, #
BN R BB ZE S BARR S 1991), A7 u
HiCEL<, /MiJicida s s av gl (Fig 3c), B
BTz gy aruvirgsroz (Fig 3d)o
#1745 H (Plecoptera) IZBIL T, Wil &b 7
7775 Ft (Perlidae) #3%7°-7- (Fig.3e. f)o MY
roHICELT mmieEdyr~rer 7#
(Hydropsychidae) 7% < . BT/ E K EX
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Table 2. Density of benthic invertebrates (ind/m?) in the Kogawa and Kuroson Streams.

Taxon Kogawa Kuroson
Stream Stream
Acarina 27 27
Coleoptera
Dryopidae 5 0
Elmidae 85 11
Psephenidae 85 0
Scirtidae 5 0
Diptera
Blephariceridae 27 0
Chironomidae 336 43
Simuliidae 3,195 0
Tipulidae 16
Ephemeroptera
Baetidae 5,520 133
Ephemerellidae 469 59
Heptageniidae 859 587
Isonychiidae 43 0
Leptophlebiidae 69 53
Others 5 0
Plecoptera
Nemouridae 5 5
Perlidae 144 85
Others 0 21
Trichoptera
Apataniidae 5 0
Hydropsychidae 635 144
Lepidostomatidae 21 128
Rhyacophilidae 27 0
Stenopsychidae 32 16
Uenoidae 0 16
Others 5 0
Sum 11,620 1,333

5CTh 7YY T FE (Lepidostomatidae) 3%
272 (Fig. 3g. h)o

NN & S O [ CRAEUIR 10 D 2035 %
bODO, KEOREVDDNLPASIVEDNEEE
Ko 1mmZ &R EZ BT 5L, Wil d
FIZEMIIZIE IS A @A H - 72 (Fig. 4a. b)o
L7228 THRED 1 K/ WA Z B T 5 2
EIZ & B BEMEAREOEMEIE, Wl E /S n
DONEHREXGEREINT 5 & & HITHAT 54600
\Zd -7z (Fig. 4c)o K& 5 mmll EOMEEE D 54K
£ 4 mmPL_E O FERELA~ 0B E 1] oo ] ¢8R
olzh SHINIWRER G ZREL TV
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K& 5 mmEL E ORI 9 5 BAEMEAKE O B
X BB X /NI DIE ) 23805 72 (Fig. 4d) o
W= UG &2 7zo0k, /NMIITTR
WHO TR RARE SN, AKE3 - 5mmDX
STHELLBEML2Z EPERTHA D,

B ENEAEKICE LT, EheEho sl
(H) 50286 THLE, WL d XKD
EARICEHT S (REXGOTRERELTS) 12
ENETITHMEE L. —H. KEFX DS R
& (F512 5 mmAil) 2 &0 5 (KEX SO TRZ /N
¥ %) FEhruay HodElagaEmL 7z (Fig
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56 /AT, AE 5 mmAimOMfAZEE L7
Ba WREXGOTHEZ S5mmE ) /S 4
BT, BH (FEI272R) oflaH L < Hhn
L7- (Fig. 5a)o
BREENEEBICE LT, 2hEhosskt
) BEOLEETHRLE, BBBHICE L TE, /h
NUTREAREEERIZ A ) AR L. ANEVER
7R AME L L7z (Fig 6a). HEJOBH 2
DWTIETAY ARAES L7 (Fig 6b)s A7 H
7 HIZB LT, /AMNIDITTiR & ) REIofEEKICHE H

ThEEe Iy rar BB T L5 —F, RED
ISRk EEDBIZEaRray o LR
ML 7: (Fig 6c) HEJIIoArar HTlde
gy hrasiyEs Lz (Fig 6d). #7457 H
WL il e b A v 7SR L 7: (Fig
6e. o FEASHIZELTIZ, Wl TY<ME
7R L7z (Fig.6g. h)o WillEd, XD
KEOREKIZER TP T FEFX IR
(Stenopsychidae) O HFHEI L 720 /NIITT
BAEDNSWEKREZGEDLIEFEY< NET RO
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Eothers
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Fig. 2. Density of benthic invertebrates per square meter belonging to each body-size range in the Kogawa (a) and Kuroson

Streams (b). For example, the body-size range 2- 3 means individuals equal to or greater than 2 mm and smaller than 3 mm in

body length.
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BHREPEML, BENTE A2y bET IRO DAY A M H o7 (Fig.7a. b)o HEN1IX
BRI L 720 NS WEY R RET 5 LICX L RmMENRED

BEORECE DN LNEVEDONEFEXG 1 BRI AT B2 O W TR CAl
mmZ &Y EZ RS S &L NINIE RED &% o7z (Fig.7¢)o 3 5 mmPl E O WA §
B CTHEDEICHMEDED DL 00, M)l e b % BREAW R OB MEIZ OV T W) TIEITEL
NS WK T Ok ZBINY % 13 &AW E OB W% & 572 (Fig. 7d)o
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Fig. 3. Density of benthic invertebrates per square meter belonging to each body-size range: Diptera in the Kogawa (a) and
Kuroson Streams (b), Ephemeroptera in the Kogawa (c) and Kuroson Streams (d), Plecoptera in the Kogawa (e) and
Kuroson Streams (f), Trichoptera in the Kogawa (g) and Kuroson Streams (h). Abbreviations with regard to family name are
as follows. For Diptera, B: Blephariceridae, C: Chironomidae, S: Simuliidae, T: Tipulidae. For Ephemeroptera, B: Baetidae, E:
Ephemerellidae, H: Heptageniidae, I: Isonychiidae, L: Leptophlebiidae. For Plecoptera, N: Nemouridae, P: Perlidae. For
Trichoptera, A: Apataniidae, H: Hydropsychidae, L: Lepidostomatidae, R: Rhyacophilidae, S: Stenopsychidae, U: Uenoidae. O:

others.
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B ENAEYRICOVWTERETNO R (H)
VO LEETASL L, W) & b X ) KoM
WKHEBTAEIE N ZHMMESET S0, HRED
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mL7z (Fig. 8)o /MINITIZMARE 5 mm A o i 1&
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8a)o
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(E LfJb‘ BARRICB 2 RABAEMREZEZSTH

28 BREXGIET B4R L KD
f: (Fig. 9)o W& & KRELOKRRIX 55013 &A=
AREL, P T HPMELT S 5mmbl EokE

X TIRARDAEYEZ & 5720
FEREX OB L A Er o, FEREX DI
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o
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Fig. 4. The cumulative individual number of benthic invertebrates per square meter in the Kogawa (a) and Kuroson

Streams (b). The body-size range >5mm means individuals equal to or greater than 5 mm in body length. (¢) Rate of increase of

the cumulative individual number per square meter when the fraction of the next smaller 1-mm size range is added to the body-

size range in the Kogawa (®) and Kuroson Streams (©). For example, the individual numbers of the body-size ranges >5 mm and

4-5 mm were 110 and 187, respectively, in the Kuroson Stream. Addition of 4- 5 mm range to the body-size range >5 mm results
in 297 individuals with body length >4 mm. Thus the rate of increase for 4-5 mm range is 297/110 = 2.7. (d) The ratio of the

individual number of each body-size range to the individual number of the body-size range >5 mm. For example, the number of

individuals >3 mm is 685 in the Kuroson Stream. In this case, the ratio is 685/110 = 6.2. D: Diptera, E: Ephemeroptera, P:

Plecoptera, T: Trichoptera, O: others.
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&S % ALY 1 AR Y72 ) O E R O ErETFIEHPES L, AIOREKE S a s B8
K7z (Fig. 10a). 1KY 7: ) oI E BET LM H D T EHHLNIT% 572 (Fig.5)o
XOARELRDDIIERE o720 FERIZ, KHE MO A ray B S »ro7z0id, Aray
X ZIEd % KA OFIEER 1 g 4720 DRk FEPSMENIMET 28 3% w20 (G - #7H
BeRe7: (Fig. 10b)o wMkdEE 1 g 472 ) ofik 2005). EFIZIEMEmMROIZE A EHPML L 725

Bz, REXGONERLDITIESL o7, THoWEREED S, —FH. b IoPMbidFEF
POKIEHPTTCEVHAS NS EH
ihEe 1962). W IICBWT FEFXrSHTES LTV

U= M SEHIARM LI oM TS 2 AR LL
ERICBIF AN EMA o ERB TR, % FoAEEEZ L OFMPRESZOIMCEES LIV L
REX TR L 2BARBOERED S KB OfEAK BHSNTWS (BH 1980) o
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Fig. 5. Dominant taxonomic orders and body-size range in terms of density per square meter in the Kogawa (a) and

Kuroson Streams. Abbreviations are the same as in Fig. 2a.
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I &P T, AL OMARE T
FL106E, YR TIINAEOEDV D 72D DD, K
e L RE. AR ORI 3@ % B
B Ohh bz, REEMAEROBICIE, KE
2 = 3mmDXSET LM EI R D %4 < (Fig. 2).
HRENREVDH OSSNV OO RFEMEAEIT
BB L 72 (Fig.4a. b)o RELEYEORM
W2, REDPREVD DL/ VE OO R FE
W ORI 2 E25H iz, T XTOR
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R NS SESESETAZ LN TS
(1962, 2VH - 77 1999) . & & TlPUE o)l
ERGE L72AS AWFZETHE S R L A%,
AWEOBRIZ. BFEOMKRIEE L7z RN R E
FUE, MHIE O T D RO 2D % DH b
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Fig. 6. Dominant taxonomic families within each order and body-size range in terms of density per square meter: Diptera in the

Kogawa (a) and Kuroson Streams (b), Ephemeroptera in the Kogawa (c) and Kuroson Streams (d), Plecoptera in the Kogawa (e)

and Kuroson Streams (f), Trichoptera in the Kogawa (g) and Kuroson Streams (h). Abbreviations are the same as in Fig. 3.
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Fig. 7. Cumulative biomass of benthic invertebrates per square meter in the Kogawa (a) and Kuroson Streams (b). (c)
Rate of increase of the cumulative biomass per square meter when the fraction of the next smaller 1-mm size range is added to the
body-size range in the Kogawa (®) and Kuroson Streams (o). For example, dry weights of the body-size ranges >3 and >2 mm are
0.15 and 0.17 g, respectively, in the Kuroson Stream. Thus the rate of increase is 0.17/0.15 = 1.13 when the fraction of 2- 3 mm
range is added. (d) The ratio of the cumulative biomass of each body-size range to the biomass of the body-size range >5 mm. For
example, the biomass >5 mm is 0.079 g in the Kuroson Stream. In this case, the ratio of biomass >2 mm to biomass >5 mm was 0.

17/0.079 = 2.15. Abbreviations for taxa are the same as in Fig 2a.
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Abstract

Quantitative samplings of benthic invertebrates in
streams often treat individuals larger than a certain size,
because inclusion of smaller size classes would take a great

deal of exertion to conduct sorting and identification. We

here conducted quantitative samplings at two upstream
sites of the Niyodo and Shimanto Rivers in summer and
collected benthic invertebrates as small as one millimeter
in body length. Collected invertebrates were classified
according to size classes of 1-mm intervals, and we
focused on the patterns of increase in the cumulative
individual number and biomass when individuals of
smaller size classes were taken into consideration.
Although the number of individuals and dominant taxa
were different between the sites, the cumulative number
of individuals linearly increased at both sites. The
cumulative biomass increased in a saturating manner.
When larger individuals were taken into consideration,
the benthic invertebrate communities tended to be
dominated by trichopterans. Inclusion of smaller size
classes resulted in a shift of dominant taxon to
ephemeropterans. The averaged dry weight per one
individual of a benthic invertebrate increased
exponentially with the size class. In contrast, the average
number of individuals per one gram of dry weight

decreased exponentially with the size class.

Key words: Aquatic insect, size class, individual
number, biomass, small individual.
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