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Fig. 1. The Niyodo River and sampling locations (e). Sampling
was conducted in the summer of 2013 at 17 stations in the
headwater region: Makinotani Stream (MA), Kitadani Stream
(KI), Edagawa Stream (ED), Kogawa Stream (KO), Choja
Stream (CH), and Otarutani Stream (OT). Surveys were con-
ducted at three stations in the headwater regions of each stream
(excluding MA): headwater station (subscript: 0), upstream sta-
tion (1), and downstream station (2). The headwater station is
defined here as the most upstream point at which stream current
rises from the ground.

WIEZ, B SRR S (I H 5 A 2 H, fRE
N33°36" 083", #XFFEI3304° 290", 151206 m. W
TMA,) . K )1 (N33°36° 0377, E133°04° 2997,
1131 m. MA,) ; de# s (9 H17H. N33°39
374", E133°07 240", 1061 m. KI). dt&)I11 (N33°
39 323".E133°07 213,104 m.KIL), dt&)I12 (N33
39 288", E 13307 260", 959 m. KI,) : HoJIl)I#%iE
Wiri (5 H24H.N3343 109°.E133°20° 3671044 m.
ED,). BJIJIIT (N3343 089”.E133°20' 378".1013 m.
ED). BJIJII2 (N3343 065 .E133°04 408,988 m.
ED,) 5 /MR (5 H 8 Hy N3337" 5277,
E133°13" 382", 805 m. KO,). /NI 1 (N3337°
504", E133°13 407", 782m. KO,). /M2 (N33
37 448", EI33°13 442", 647 m. KO,) ;: EHJIHIE
Wi (4 H18H.N3327 3617, E133°04° 246", 765 m.
CH). E#NI1 (N3327 378" .E133°04 245,761 m.
CH). E#NI2 (N3327 508".E133°04 563,542 m.

119

CH,) ; KA (105 3 Hy N33°30" 1547,
E133°14" 465", 364 m. OT,). KR4I 1 (N33°30
265", E133°14° 465", 355 m. OT,). KHE&)I12 (N33
30 188".E133'14° 437".354 m.OT,) Tz -
720 ABRZETIE, RFTSE SO Ok Ltz
RI=Z e, TS OFAH N 2w R &
5, WTFROIRIZBWTY, RIBERAICTTET
D AR A ST DA e B L 7 EILL L Oy & A
72 (e D IRVAREE R I Z R C. CHORER765 m.
CILOREED42 m& 0, #pCIHLO ST CHZ X § 4 4
TR E13542/765 = 071) o

AR WO 2R 5 720, &
D) KR, FEEE Lz NMEERD L<IX
NN THIE L7zo AKIEZINEED SRR IAA - THl
ERATR\, WERBBIZNRIC L > T5, 10F 721320
emZ ECHINR TlE L7z, g, KiEZHE L
72 O TS IC BN T, KIED 25D 1 DEET
Fu~gRiF#EE (£ FVCRTIWP, I A EH) %
HWT3REMIE L, ZOWEE Wiz, 72720, &
BBV T, JIIEA20 el i 72 2 WAL K
R THIIP I (L) THlE Lize WA e
B TURTPEETIKPITIL T v &) Rk
BT Kok > TFaxspNiEd 5 & %
AL, HEEfEis LTtz Ko7z NIE KEE it
HOMERERD SiE L/s) 2Rd7z (g 2014) .
KE KRR CHlE L7z KEICELT
it pHIZ Sy 77 A b (KR-pH. 7 #ULAAFZ80T)
LR ZRkE (COD) (@~ vy mhY) oA
Btk (H ARG LS g S0 2005), fislkiE
2% (NO,N) &%) FvlEr by 7 A3 (Kalff and
Bentzen 1984) % Tl L7z b ROBEREOR &
R RE ORI I A oA ST LY VT
DERIK L 720

EEEE WIo—RAEEGTDHLIEEREHOE
EARHEET 5720, FIAEHTIIBWTIENS 22
DAL 720 FE LA 0KEE B2 L0y
ZEEE LCGEBL, i R 2 v CERER 2 KD 72
(BPI - g 2014)0 23y b ETENRZFNOLEIM
7T TEDRD, Wi LzmiKeE & 12100
mLA Y HRIZ AN, B TIEIREHE AN 7 —
7 =Xy 7 AN TR L. €OHDOEE TIZ
WIZERICFEBIG D 0T  THEHEMTE L7zo AR
FEDOIREE L e A0 AaFEOWEIZIE 7uu 74
Vak, ZOnfREYCHERE RS2 T T4 F ¥



et -

AT THET B0, aLb vy YiETHN L
(Lorenzen 1967). YA HEDOMANIZIZ0%T & b
W v, 9 68EEEE (SP-300. Optima) % Hwv
THE L7ze SAEH R OB L LT, APt
FERWE Lze ARG ETHEIIOERE TR (Apogee
SEMQ200. 4 T 2) % TG 155 &
SE U720 EYEH A LA Bl 22 M o tm 7 RS
i U C e i & R4 L 723 )1 K _E oY= T8
OHE (%) & L7z

EXEEY) KAEBWIILLTOFIETERE Lz, KA
5 WlEIEICE S, HO0EE —BE 5 51E
HEOMFIINE 5 Eiflon z A, Nodn
R L CAI L EABYERE L7, T WlloX
& UL, FAHL S O)IE & RIS LT, K213 em,
15 cm. 22 cmd L <1340 cm® b D &, B
DI L7200 O (m™) & LTRD,
PRI KA AT R T3 DGR Ly $REE L 72 Bh
1380% L. / — VTR L7z, IRABWIRETIZT Y
A= HEINED VRS 72D OFEREIKE W
B, AERTIEY T F = L MORAE & % 5 Tt
L7z

PRE L7 RABW IR HENICB W T, Fa)lR
B Giuill - ®J3F 2000). HAPE b >R HE)HERK
3 O 1996), HAREAKAERS (14 - 4H 2005)
EHWTREZIT R o720 FE LKA O
HIZOWTIE, 60C TAURMEZBEIE-0L, BT
ATA (AX224, Sartorius) % H\CTllg L CHZ MR
wme LTRDz K CRESI N AEY =%

WCE PRSI KD 72 SMMEERTIBIEL LT
Shannon-Wiener» % B 5H % 2 L 72 (Shannon
and Weaner 1949),

H'=-%pilog pi

7272 L. pld o R i O KA A RITRS 2 HixE
1%5&%%‘3—0 /\iﬁﬁl iB k L‘(;.ky)f;o

R

IR OREENE, BT 2)TMAD 1206 m7» 5 KA
HNOT, D364 mOHPHTH 72 (Fig 2a)o IR
DiEit. e 2 AT ZNMAD006 L/sh
5%\ ZATIIIKILD24 L/sTH- 72 (Fig 2b)o
SR S DN ORISR A S B A EIE. RS
NNCH, D A ZEM LCT% {547 L/sTH o 72A5, Mo kL

/NETES- - I T HE

1500 «

(@)

1000 +

Elevation (m)

MA, Kl ED, KO, oT,
3n b
- (b)
@
S5
[ 21
o
1
©
<
o 1
02
- —
0 ¥ ¥ ¥ T
MA, Klo ED, KO, CH,
10- 5467
_ (c)
n
@
|
=
o
< 5
©
L
o
K]
= nfl Bl | H
0 _ L L1

MA, KI, K, ED, ED, KO, KO, CH, CH, OT, OT,

Station

Fig. 2. Geographical characteristics of six headwater streams
of the Niyodo River. (a) Altitudes of the headwater stations,
(b) discharges at the headwater stations, and (c) discharges at
upstream and downstream stations in the headwater region. See
Fig. 1 for station abbreviations.
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Fig. 3. Water chemistry of six headwater streams of the Niyodo
River. (a) Water temperature, and (b) pH.
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Fig. 4. Water quality of six headwater streams of the Niyodo
River. (a) Chemical oxygen demand, and (b) nitrate nitrogen
concentration.

121

R VL]

AR IR MK DOSMEAR T - 720 IIFHE RIS B\
Ty DL WIS ERE SR8, fE
HNIMA, ALK BJHED, /NINITKO, Tld A
F3H 77 5% Nemouridae) O%H, EHJICH, T
&77F97 (7 XL H: Tricladida). K0T,
Tld=& v 3 ax ¥ (Gammarus nipponensis) T >
720 RE BNIMATIE, AF AT IR E EBITH
270 NEr g (Lepidosotma spp.) D¥EFEE 3 1000PL
ZHZ 720 W A)NIMA, AEANIKL. £#ICHD3
WETHH v RA T (Dipteromimus tipuliformis) 73
Oz, THROFAIEIZBWTIZ, A& BMA,
TWEA 7y resrZE. BINEDTIEI YV~
N4 F)& (Diplectrona spp.) DEHZ  FRE S L
72o =& v 3 axei/MNIDIKO, EHNICH, Kiss
MNMOTO THIZBIT it HETTALNT, IY
R MNET IR, TYATEY ATy (Ephemera
japonica). N7 T2 71775 (Togoperla limbata), 1A
) # %} (Chironomidae) &3 XTOZLHTA L N7,
AT NS (Stenopsyche marmorata) . 7 T
B H 75 )% (Paragnetina spp.). TIVEY YT T
rary (Epeorus latifolium) (3EZHICH, TL A b
B0 72
= % b KA OAEICE LT, K
HINMOTyZ BN ERIFTE R & D D TIRORAIIZB
WTEWED A SN (Fig 6)o RIFHM TlE, HE

329 r 60
D pheophytin a

® . chlorophyll a

N
EN
1

B ] Pigments (mg/m?)
® Relative light intensity (%)

o]
1

3
0o10120120120124012

MA Kl ED KO CH oT
Station

Fig. 5. Benthic algae and light conditions in six headwater
streams of the Niyodo River. The density of benthic algae was
expressed as photosynthetic pigments (chlorophyll a and pheo-
phytin a). The relative light condition was defined as the rela-
tive light intensity at the stream surface exposed to the open air
and receiving direct sunlight.



Table 1. Benthic invertebrates collected at 17 stations in the headwater region of the Niyodo River. Units are individuals
per unit area (m=). See Fig. 1 for station abbreviations.

et - ANEE T - IR TTHE

Species Station
MA, MA,; KI, KI, KI, ED, ED, ED, KO, KO, KO, CH, CH, CH, OT, OT, OT,
Amphipoda Gammarus nipponensis 138 220 30 83 2 335 96 158
Coleoptera
Dytiscidae 15
Elmidae 6
Hydrophilidae 15
F i Eubrianax spp. 15 7 21 15 41 8 8
Mataeopsephus sp. 29
Ptilodactylidae 7 7
Scritdae 18 15
others 7 14
Diptera
Blephariceridac Philorus sp. 30
Ceratopogonidae 15
Chironomidae 104 44 7 18 14 21 15 7 8 48 34
Simuliidae 44 7 14
Tipulidae Tipula sp. 15
others 7 7
others 15 7 15 8
Ameletidae Ameletus spp. 44 74 2
Bactidae Baetiella sp. 3
Baetis spp. 30 14 7 83 62 135 17
others 34
Di D imus tipulif 15 15 6 7 30 7
Drunella basalis 4
Drunella ishiyamana 15
others 7
Ephemeridae Ephemera japonica 44 41 7 7 7 14 7 6 17 21 21
F i Bleptus fasciatus 59 7 15
Cinygmula spp 44 14 28 10
Ecdyonurus tigris 14
Ecdyonurus tobiironis 28
Ecdyonurus spp. 18 14 34 28
Epeorus curvatulus 21
Epeorus latifolium 4
Epeorus napaeus 3
Epeorus nipponicus 34 33 7
Epeorus spp. 15 21
Heptagenia spp. 30 28 44 28 8
others 7 14 21
L I bia japonica 30
Paraleptophlebia westoni 7
Paraleptophlebia spp. 28 7 4 7 14
others 14 7
Haplotaxida 28
1 7
Odonata
Aeshnidae 15 15 28 7 7
Calopterygidac 7 2 7 14
iphebi Epiophlebia superstes 7 7 15 7 3 28
Gomphidae 30 14 15 7 2 8
Lestidae 15
Pecoptera
Chloroperlidae Sweltsa sp. 59
others 30 44
Nemouridae Amphinemura spp. 44 21 10 8 41 110
Indonemoura Baumann 30
Nemoura spp. 7 44 2
others 1526 35 160 7 74 21 7 21
Perlidae Gibosia sp. 7
Niponiella limbatella 7 15
Paragnetina sp. 4
Togoperla limbata 89 28 21 30 21 41 41 7 23 14
others 7 7
Perlodidae Pseudomegarcys japonica 44
Trichoptera
Arciopsyche spp. 3
Parapsyche sp. 7
ida Micrasema hanasensis 6
Micrasema sp. 7
G Agapetus spp. 44 14
Glossosoma ussuricum 7
Glossosoma spp. 7 14
Hydropsychidae Diplectrona spp. 74 7 119 34 14 41 28 14
Hydropsyche dilatata 21
Hydropsyche orientalis 85
! Ly crassicorne 21 36 15
Lepidosotma spp. 1481 207 30 2
others 15 7
1 P thopsyche y 15
Philopotamidae Chimarra sp. 7
Wormaldia spp. 7 15
Phr y yganopsyche latipennis 7
Polycentropodidae  Plectrocnemia sp. 7 59
others 53
y Rhyacophila clemens 2
Rhyacophila yosiiana 7
Rhyacophila spp. 15 15
Stenopsyche marmorata 2
others 7 2
Tricladida 193 59 30 21 28 55 59 55 34 62 21
Sum 3496 1096 59 165 96 284 474 241 178 413 640 222 296 498 469 337 585
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Fig. 6. Biomass of the benthic invertebrate communities
(excluding freshwater crabs) in six headwater streams of the
Niyodo River. The biomass in the Makinotani Stream (MA,)
was 8.1 g/m’ in total (Ephemeroptera: 0.74 g/m’, Plecoptera:
1.75, Thrichoptera: 0.55, Odonata: 3.48, others: 1.6).

J BNIMA T D % < 26 g/m*TdH ) ZD60%LL 1%
H7Y N IEPED, LRI
KI,T002 g/m*kKili Tdh o 720 TR OFAH LI B W
Tid, M BIIMA, Tl b % {81 g¢/m’ T, b7k
WD IRIEIKLD02 g/m*Tdh - 720 Hi 2 B)IIMA,
BINNIED, AEB KL & /ZMITNKO, KA 0T, T
b ARH (Odonata) ® 5D 5EEHED > 720 Kl
JIUED, & /MNINNKO,4& 4 7 4775 H (Plecoptera). &
JIICH,T F ¥4 5 H (Trichoptera) OEE&AZENE
kb EDr o7 AWINKLTIE, FersHEAY
FIAMITELLESE L, AbETIO%ULEE
720 BEHNCH,TA Y7 I H, HiltH (Coleoptera).
7 ALY H (Tricladida) AM3FELWEIGTHO
FTRCTOFREH LT OHTEW R IR D L 0o T2/ 4+
JIIMA, Tl KMo b > FH (Aeshnidae : ¥ >~ <F})
L BUAH (Blephariceridae : 74 R ED), #7575 H
(N ToHhT75T) BPEREINI.

Y7 H = (Geothelphusa dehaani) A1)\ 3 5 I
HTE L, EBIKL,. BIIIED, KEANIOT, T#
NZFN139, 132, 67 g/m*THh -7z (Fig. 7)o T 72,
THOFEH I THED > 72D EH)ICH,M54 g/m’
TH o7z M ARG MA & BINIED, Tld ¥
THZNEAR N Do Tz, ERAEY O Y1)
FTEYTH=05DLEEIE. FRICRIFER S THE <
86-999%% 7z (KE 2 B )IIMA% B <)o Table 112

123

e & A EN Y

= 100

\»:

(o]

k75

EN

k 50

N

k25

all [}

[ ] Dry weight of crabs (g/m?2)
® Proportion of crabs (%)

0.03

nﬂl_._

O arkor—r——y = ey
o101 2012012012012
MA Kl ED KO CH oT
Station

Fig. 7. Biomass of the freshwater crab Geothelphusa dehaani
(bars), and the proportion of biomass of the crab to biomass of
the total invertebrate communities (closed circles) in six head-
water streams of the Niyodo River.
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Fig. 8. Shannon-Wiener's index of diversity H' for the ben-
thic invertebrate communities (excluding freshwater crabs) in
six headwater streams of the Niyodo River. The calculation
of the H' value was based on the taxonomic level of orders
(Ephemeroptera, Plecoptera, etc.) of the invertebrates rather
than the levels of families, genera, and species, because of dif-
ficulties in identification.
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Abstract

The Niyodo River in Shikoku Island, western
Japan, is famous for its clear water and recreational
site. However, little is known about the benthic algae
and invertebrates in the Niyodo River, compared with
similar organisms in the Shimanto and Kagami Rivers
on the island of Shikoku. Surveys were conducted
for discharge, water chemistry, and benthic algae and
invertebrates at 17 stations in six headwater streams of
the Niyodo River system, including headwater stations
(the most distant point along watercourses from the river
mouth). The headwater stations were located at altitudes
between 364 and 1206 m above sea level. There was a
tendency for the density of benthic algae and biomass of
invertebrates (excluding freshwater crabs) to be lower
at the headwater stations than those at the downstream
stations. Diplectrona (Trichoptera: Hydropsychidae),
Nemouridae (Plecoptera), and Dipteromimus tipuliformis
(Ephemeroptera: Dipteromimidae) were widely observed
in the headwater regions of the Niyodo River.

Key words: Aquatic insects, benthic invertebrates,
Niyodo River, headwater streams, water quality.



