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Succession of aquatic insects caused by mild organic
pollution in rivers

Hikaru TaNaka

Synopsis

In our country, the biological assessment of organic pollution in rivers has been widely conducted
in the traditional method based mostly on the principle proposed by Korkwitz and Marsson in 1909.
As far as this study by the author is concerned, where macro-invertebrate animals in a river were
used as the indicator, there was observed difficulty in the discrimination between two classes of
milder pollution than @ mesosaprobic (ams) class, namely, 3-mesosaprobic (8ms) and oligosaprobic
(0s). This would be for the reason that few aquatic insects in Japan have appropriate indication
of the Sms or os class. The study in this paper aims to supplement the abovementioned deficiency
of the KoLkwitz-MarssoN method.

110 samples of aquatic insects in total, which were collected in 1958-1976 from clear and subsi-
stence-drain polluted rivers (26 rivers including tributary streams) were used for the study. All of
these samples were collected from riffles at the period where no scouring effect of a flood remained
by using a Surber-type bottom sampler the bagnet of which is made of bolting cloth of 24 40 me-
shes/inch.

The pollution levels at the stations where aquatic insects were collected, even in the most polluted
cases, have not reached the ams class. However, it is not clear that these belong to either os or
Bms class. The approximate poilution level at each station was estimated basing on the distribution
of villages and cities along the upper course of respective collecting stations and the approximate
flux of the river at these stations. These pollution levels are classified into the following 3 classes.

Class A: The water area where no pollution is considered to occur because of neither habition
nor village along the upper course.

Class B: The water area where slight pollution by the subsistence drain from villages along their
upper course is considered.

Class C: The water area where, due to distribution of cities and villages along the upper cour-
se, the increased pollution load compared with Class B is considered even though the
differences of river flux between both classes are considered.

According to the ahove standards, all the samples can be grouped into the three classes: 60
samples in Class A (ten rivers), 27 samplss in Class B (14 rivers) and 23 samples in Class C (three

rivers)---Table 1 and Appendix Figs. 1 to 14. In comparison among the samples in these Classes

of water quality, succession of aquatic insects accompanying pollution was examined.

) BOKROKMMIRATER 418 5
2)  HORBEARCESW 42 MRS WG
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The results of the experiment are shown in Tables 2 to 5. The consideration of them gives

the following conclusions:

1. Almost all of aquatic insects in this experiment covering 153 species appeared in these
three classes. No succession was detected by the analysis of this experiment.

2. The insects of Group 1 in two groups of Table 2 showed a succession pattern that they ap-
pear in Classes A and B but disappear in Class C; meanwhile that of Group 2 showed
another succession pattern that they appear in Classes B and C but disappear in Class A
(Tables 3 to 5).

3. No distinct difference in the vertical distribution from the upper course to the down stream,
which is a major factor for the succession of aquatic insects, was found between these two
groups (Table 6).

4. For above reason the assumption thar the insecis of these two groups show the succession
pattern of Fig. 1 was accepted based on the fact that a major factor for the successiop is or-
ganic pollution, Possibility of classifying the milder organic pollution than the ams class on

the basis of this pattern and its problems are also described.

i L h &

Bk OB BTG I EEO A MR EE T & 7 0, B TRGERDAH Y Koukwitz-Marsson il (1]
1975; AT, KoLkwiTz-MaRssoN ik &psT) MIALIHO SN TW S, ZOK R, Mgk (ps) ~H K
f (08) &R NEMROIGITE L RYNICHDIIRICE > T R BT T “T5EWEIHEEEm R
EEE L, Chd &R R HIB Y D A REIRIE IR O BB MR AT L, v T oRkiCiE Y
LR HETHLOTH D, HH (1964) MECHER LI 5 2 OBEEAMA L REEOEIICL & T< 1
DORHZELTLE, CoOFEBRBRETLALHWLNS X 5L -7,

L L7 DEHERFEBICHEE L, KRER WK E OB HER T 2 H W CRIO KEE 21775 - 2R D
Ci, a-fEAHE (ams) X VEREOHESE LS T D B-hEKEE (Bms) & os D 2 [EIROYLELSLR
E#ETH L. Tibh, Z0L5 AREDCHEEOEGIIHEERKOETY os BAKY:LED, £-/NIC
ZTheFF+#H U b S 5E (Stenopsychidae) D 2LV L~ — « v~} € T (Hydropsyche ulmeri)
MED os EAEFINCE L L D0MMBHTH S, BD, RET os BLvbhbEHRDS A EFED 2
BRI E - BT 200 BB RS TH - T, REIE os Bk fms BEHMUEEYNICHRTRT D Hlias
BN DTHED

HHT IO LS 7 KoLkwitz-MarssoN 0 KFOM T A% ARIE LT, MEEHE OO LRV,
HEBE O ATHETS IS 117 5 KA IBOEBOBMH 2 K%, BBOTHLS < 0RMoRrS Bk - 7B
HELLBORBHEELVETIENTER, ALIXIASIZDVTONL & E LI, EROEBICE &3¢
AERERR X 55 O FTREYE & £ OIS SV THE L,

KL AET Hhic 0, A, HF), BINOFE & YR ORI & & bicZ 2L <REILT
T X - 2 AREIHA G AR E RO FHAEAR, SXOBROMHEZ AL CEBLTTFE-
PRI K B S B O AR BRSO LM OB ERT 5,

KB LU HE
1. ®##
wlECTTE 9, 1958 445 1976 FEOMIC RS &0 26 WITCHEM Lcfat 110 oilkz v
Fro BRENREERE,LSERICEY, FRERSOMERES VT, B&LIkT) 15 1,300~10m
T3, ERENTINECRATY S, Wihd, HKOPES L SDRWEHI)IO (L
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Vi) T, ZHOG 2440 A o v/ v FDI D 25 em FROF — 3=« 5o FTIRE LD
OCy |l =B MG T ORERENT 28 BHIEH - T A, BT, chboffroe cns Ll
E R D) S

ik T & <, RGN KEE, GBS EEE b 5050 00O X - Tosds DiBE
ATODHEROLNDYTET, DA VAEIZE > TwLA, KEMBOEERBEFESKTHY, FiGE
ok VBT L, ams BEMICIEE » Twsv 2 vz b (KoLkwiTz-MARSSON #2102 & 2 7K EDHISEIC &
D)o Tads, ASENIHBIGEICHNL S KAERROBBZERTL L RANTH-7DT, BECESER
EDHEW, HHLVITEEEBMEL SICX 5, HHEVIEATTROE VDS B I T TR Ui,

2. EBEIE

BBERALI D, ETHRENSORESEBREZIET 2 LERB S5, L Lasib, ko
BEbLdE COMERDRDIZEDLNIDDTRARVDT, OHANCR RS HERNLEE ALk
STV X ITATNE, EICEREHS O RRAANIC I3 548500 « /HEOSHIRE 2O NSO BB X
ZOFNHE R & 2 S MIEOWIHARPAR 2 HE L, ThEdAE < TR 3BTRS Lice LT, “hb
Ot KBRS D alkhbE 0 LT, kAR b oo B RS % T L7z,

BERA GEZK): RifliINC NS« MITER A< L, ABBIRIEEANITEEL 2 5h 5 Kt

FEERB (U5®): LIS S D, S0l T 5 EIGHEK ORISR RrEIE S
LT & nivd kb

RERC (BER): LimANOMATLIZ X » TIHBBATABEICEEIL, MK S0 2R A2 E R A
NTLREMB X 0L 50 T EA TV D & D 5D KR,

RO RBE L THE AL TS L, BERRA ——60 FR (10 mill), RSB —27 kb (14 wp)if),
RERR C——23 Glf (3 wilil) X707 (R 1#, Y 1-14),

InEs, FERA ORI D IBINEIMESIAE L T e, TS WIHRAR (K2 f5E) T4 SRy
FOHIFTh -7 —HuJIOMEIES <, E<ITNRE 4 (K4 OETF) O Ri{iiid@s 3~5 m¥/sec.
DRBEZFRFFL TV, ZOXS LT MTETH Y EFIEENS VI LD, B SIRAT L4
PPN KNG Z DB BIE L AL BECELL0LF 2, ¥HlE LT oMkicmsrz (1 5), $7-
Wik C o0 IR BN LT 5 F CIEE - TWind - 7228, BETCETS 2 < oNERSG L, K
EDGNEEET D & - Fee —HIMNNGHAL 0 BFAE & < Mk T, REsE (s, Is2) o
BZARE 0.2~0.3m¥fsec. 1T¥ Eigh o7, FORDHBRARINE VB WL O EHEFL, Bl LT o
DORERBIT I T2 ((F 11),

Teds, BEMBOBINIINIRCE L & » 7225 <, —HFRENNE (Yul) O i ames 5% g
IROBADBRAL Tl (1 6). £72, APVINE YK 1 mifsec. &Mz TWAs, Lkl
EATEDLBINT DT o 7e (IR 14). £ D7c, Bildd 20113 & OB O Hio i )| & Fe< s & £2=071
BRSO EBbivde ), BB LRSI CH - T, Kol Mo s L 0.1
mdfsec. I Hizin sl ((FFM 10), F2BEMIIRAEO S VIR TH LA, WINCERTERE - 72,
7k pH SRR 9.1 2R L720s, ZHIWNEBOREGHEIZ L E T LT LAERS KRRV, Ui
Do T, ZOMEERELEN LI VL LS LI ERI bbb, ZOL 5 E,0, L3io 2/ i
COBBOFERNEILAD ERLRLHRAT NS VLD L HEIND,

s, FNOEEL L0 T, DEOFEREC—HTHMIILT VD, MBI 77 v miRe 2= 5
FiR Matipa, ef al., 1975: {R-——Mi, 1960; Ovobera & Uewno, 1961: H#X)I| « EIR « AH
IR FEGIR——tH1, 1966: JRIFI|——(rfr, 1958: A » 7)1 » BI——7 0, 1964: FlI| - 8
N VI ANENT < A1« BRRIL « PRI —— b, 19710 Tb)Il « Bl —— 3%k, 1974,
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Table 1. List of

Saprobic!’

class Name of river
Nakanomata-zawa (tributary of Oippe-gawa, Aomori pref.)
(Tributary of Yoji-gawa, Ibaragi Pref.)
Taki-sawa (tributary of Nakatsu-gawa, Kanagawa Pref.)
= Nawashiro-zawa (tributary of Keta-gawa, Shizuoka Pref.)
<§ Kogaki-zawa ( ” s ” )
érg Kinu-gawa (tributary of Tone-gawa, Tochigi Pref.)
o g Umasaka-zawa (tributary of Kinu-gawa, Tochigi Pref.)
= Okoto-zawa ( " s 1 )
Inage-zawa ( " R ” )
Yori-gawa (tributary of Takeshi-gawa, Nagano Pref.)
Yu-gawa (Tochigi Pref.)
Sawai-gawa (Kanagawa Pref.)
Omata-gawa (tributary of Kitayama-gawa, Mie Pref.)
—_ Ido-gawa (Mie Pref.)
§ Sato-gawa (  # )
= Yoro-gawa (Chiba Pref.)
i : Koshikiya-gawa (tributary of Yord-gawa, Chiba Pref.)
&% Heiz6-gawa ( ” , " )
O Obitsu-gawa (Chiba Pref.)
E Sasa-gawa (tributary of Obitsu-gawa, Chiba Pref.)
= Nishihata-gawa (tributary of Isumi-gawa, Chiba Pref.)

Kakuma-gawa (tributary of Chikuma-gawa, Nagano Pref.)

b // )
Daimon-gawa (upper reaches of Yoda-gawa, Nagano Pref.)

Yoda-gawa  ( "

)

Isumi-gawa (Chiba Pref.)
Chikuma-gawa (upper reaches of Shinano-gawa, Nagano Pref.)
Yoda-gawa (tributary of Chikuma-gawa, Nagano Pref.)

Class C
mildly
polluted

(

1) Ciassiﬁed on the distribution of villages and towns along upper reaches of co]lecﬁng

& e

1. EBaRLIIEBR

AL E U 7- B v g H (Ephemeroptera) 41 fi, #&# H (Plecoptera) 27 i, T}l (Trichoptera)
42 F5, W (Diptera) 23 ¥, #dfth 20 #f, #f 153 B TH L2, Kmo 2 Fofd (B2 K) &L
ORMLIANIIFE A EAO SEMkEZE L THE LT O, SEORITCLEB D L 0hIR >, 1l
[ & Perlidae, Perlodidae, Chloroperlidae, Nemouridae o4& 8{y, Nemouridae (20 TiZpio
|52 % T 2 b, Chloroperlidae o35y 4 BENIUASL R E A N TH 5, F 72 Perlidae, Perlodidae
T b, Bl o TR ENEETH S, ok 55, Perlidae fooiiil4 i (P,
tinctipennis, P. quadrata, O. seminigra, N. nipponensis) LSVIRESNES A 720 JLHVCER -T2
DT, #FHC FEL T -T2, £z, Atherix B2 WTNR LN UEBMNE L 7208, JOWFILRS
RIYOEEL LS DT D BENTWARDT, ThAMXm@a It LT 72, /tds Rhyacophila JFiZ
ST, FHAE DTSV T MR HH LT - 728% F0% {1k Group 1 R (fil) &
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samples examined

Collecting station
(Altitude, in m)

Number of samples

Date of Collection (Specimen No.)

N4-N1 (35-10) Aug. ’67—O0Oct. '68 5 (No. 1-5)
Tyl-Ty3 (700-660) Oct. ’69—Nov. 69 9 (No. 6-14)
T1, T3 (250, 190) June, '57—Feb. ’60 8 (No. 15-22)
Nal (650) June, 70 1 (No. 23)
Kgl (550) " 2 (No. 24-25)
K1-K9 (990-590) Mar. ’61—Mar. 63 23 (No. 26-48)
Ul (940) " 7 (No. 49-55)
01 (850) Mar. ’63 1 (No. 56)
Inl (620) Aug. '61—July, ’62 3 (No. 57-59)
Yrl (700) Aug. '73 1 (No. 60)
Yul (1,270) Aug. '63—Mar. '67 4 (No. 61-64)
S1 (200) Aug. '71 1 (No. 65)
Om1-Omb5 (330-200) July, 64 5 (No. 66-70)
Id1 (20) ” 1 (No. 71)
St1 (10) ” 1 (No. 72)
Yol-Yo5 (120-30) Nov. 68 4 (No. 73-76)
Kol (30) " 1 (No. 77)
H1 (25) " 1 (No. 78)
Obl, Ob3 (50, 30) 1 2 (No. 79-80)
Sal (50) ] ” 1 (No. 81)
Nil (50) ” 1 (No. 82)
Kal, Ka4 (680, 610) Aug. '73 2 (No. 83-84)
Y1, Y2 (620, 540) June, 76 2 (No. 85-86)
D1 (700) ” 1 (No. 87)
Is1-Is6 (60-25) Nov. '68 5 (No. 88-92)
C4-C16 (480-380) Feb. ’64; June, '73—]July, '76 15 (No. 93-107)
Y3-Y5 (530-470) June, 76 3 (No. 108-110)

station, and approximate flux of river near station. (See Appendix Figs. 1-14.)

- 7o

2. PSR B 5B

B O3~5 FiTkk, BRI LR R, BEORMOUNHOEE, BIOCIhSE IhE LHD S
OFIE LV m 0 o HBE R 5 BRI 0 TR Uy BURHREIL A O RS & IREO TN (J1 4 THI)
Bl L7, SAUE 0 K 4 &St R w)mm@ WBARILE 25 2 DUFO L 5 TH L.

FEERA (5 3-1+2 &): Group 1 o todfafhlin 130+ 53 allhiciliBi L, £ okkd 14) (No. 23)
DAt Rank 4 % dlizCuvd s, - Group 2 o g Mg 8L 75 " Cuv 4o

BEERB (514 &) S 0T, WFALOBT S SEEORIINRAE LTV %, E70 2 B Ao 8 L iR
2CHHH, CORERODCIELLHBATO IR E R S A D IO UK (No. 63~64) & K[|
(No. 87) “Cix Group 2 o F 2N & 7% - C (Rank 5), Group 2 % /K < B A OHUSICHEI L, £/
I e S & D ndnd M (No. 77) & i1 (No. 82) -Gk, itz Group 1 o jgiliA
drE ¢ (Rank 5), il oo C o IRMZE HLRITIE -3 UCu D AN T 4L 5,
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Table 2. Two groups of insects showed remarkable succession through three saprobic
classes (A~C). Species in brackets represent the ones found in examined
samples and grouped.

Group 1
Ephemeroptera
Epeorus uenoi, Paraleptophlebia chocorata, Ephemera japonica
Plecoptera

Paragnetina tinctipennis, Perla quadrata, Oyamia seminigra, Neoperla nipponensis,
Perlidae (spp.) (P. tinctipennis, P. quadrata, Perla tibialis, Acromewria stigmatica, O,
seminigra, Caroperia pacifica, N. nipponensis, Gibosia sp., Kiotina pictettii, undetermined
species), Perlodidae (spp.) [Isogenus (Ostrovus) mitsukonis, Dictyogenus japonicus,
Isogenus (Tadamus) kohnonis, Isogenus (Stavsolus) japonicus, Megarcys ochracea,
Isoperla towadensis, Isoperla mnipponica, Isoperia asakawae, undetermined species],
Chloroperlidae (spp.) [Alloperia bimaculata, Alloperla abdominalis, undetermined species],
Nemouridae (spp.) (Nemoura sp., Protonemura sp., Amphinemura sp.)

Trichoptera
Rhyacophila spp. [Rhyacophila brevicephala, Rhyacophila sp. RH, Rhyacophila sp. RE,
Rhyacophila transquilla, Rhyacophila yamanakensis, Rhyacophila nigrocephala, Rhyaco-
phila articulata, Rhyacophila clemens, Rhyacophila sp. Rl, Rhyacophila niwae, Rhyacophila
sp. RC, undetermined species], Mystrophola inops

Diptera
Atherix spp. [Atherix (Atherix) ibis japonica, Atherix (Swragina) kodamai]

Group 2

Ephemeroptera
Ephemerella rufa, Choroterpes trifurcata, Potamanthus kamonis

Trichoptera
Hydropsychodes brevilineata

Coleoptera
Mataeopsephenus japonicus

BERC (355 K): & CTiE, FERA L1Z Group 2 o BdiAs &l i TN L, *ofd 34
(No. 88~90) #[4% Rank 4 % 2 2TV 5%, - -5 Group 1 oo NBLIH T, 1H LT b Fokkix
FTRCHiD (Rank 5) &75-Twvs. £Zomo Tl (No. 98~107) %75 &, Group 1 o)ffilio
HEMR 2~5 DX 5 7 hEpSKIB ORI ER L, 78 HO L 5 LHFOFHRIICHE —fRICHE LT
Wb, HHE (1972) 13, KEELSFE USE T L IRKEOBEEKEOBG X b 20 ARG /KoL i
W AR ED RS CE R L TWE, Lithio T, ZOBELEOWINERR, LoBRELDL D
x %T X%, F7-KH)Il (No. 108~110) 1x, /K HAE < £ FRITVKITE L CWin Wi BRE

Flabivic, LEXR-T, chboiicgEshtwnsd Group 1 o gk, RS Licvdbid
#E%ﬁ@%@&&auk%f%ljo

BlboZ <, Group 1 0RBWIIHE LT I HTHT, BKBWCHEHLhLEHNEY R, ok

57 EA D, ZOMEKE Group 1 ORMOARITRELBIE L DL L ENTEL S,

PAEds8, Groupl o ZHix A« B o 2 BEHMGC B L CRER C Tk T 5B NA L ), %72 Group
2 OFdz C«B & 2 BHICHBE U TR A CIIHEA T L2BBMA L H L85 0 CED,
BELILEOERICH LIS L 5T, RUMKOBETLMcORMO&AEEL f%%%wm&zi%
T Tohd, THITEICX 2 HENSHORE, FHNNROEE - RELR SORBRMEOMRERICI 540
THH5, Lindi- T, Perlidae, Perlodidae 7¢ & X 5 ICEHBIZ < < » THs L7171, ui}’bk)d)hﬁ#‘aﬁi'ﬂ
DOEBEHEPBHR S, BHBERZVWELS LLELE> T,
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Distribution of two group insects in unpolluted waters (Class A).
lected, <-not collected.

Table 3-1.

(See also Tables 1 & 2.)

Group 2

DIDINS14} SAGA2OLOYD)
vine vljosWYds

snoruod vl snusygosdoovivpy |

(; sW/S[ENPIATPU] JO J9quINN |

DIDIULILAO4q SIPOYILSTOLPAET
SIUOUDY SNYIUDWDIOT

Group 1

; sW/S[ENPIATPU] JO JoquinN

‘dds ¥y

sdour vioygosE
‘dds vrydoonsyy
("dds) oeprimowaN

(*dss) oepIpoliag

(*dds) seprjiag
stsuouoddiu pyL3GoaN
DATIUIMIS DIUWDA()
vwiponb viiog

SIUUIF 1]OUL] DULIIUSDAD T
D21UOG DL DAIUWIYG T

DIDLOIOYD DIQIIYFOIFIVAD T |
1ousn SniLodgig |

(*dds) eeprpredoio[y) |

*

*

*

(yjuoly) uosess urdureg

(w) spniny

uorIeIS

(f'ON uswroadg

N4

35 Oct.

30

"

N3

20

N2

"

10
700

N1
6 Tyl

"

Nov.

680 Oct.

"

14

9 Ty2

10
11

"
Nov,

660 Oct,

4

"

"

14

12 Ty3

13
14

12
Nov.

250 June

"

1"

14

14

15 T1

16

14

"

190 Oct.

1"

17 T3
18
19
20

Nov,

"

"

Feb,

"

"

June

14

"

Aug.
Feb.
650 June

550

4

14

21

1"

"

22

23 Nal
24 Kgl

25

"

"

990 Mar,

"

"

26 K1

27
28
29

June

"

"

Aug.
July

4

"

"

"

No. 15—22; Taki-sawa, No, 23;

No, 1—5; Nakanomata-zawa, No, 6—14; T. of Yoji-gawa,

1

Nawashiro-zawa, No. 24—25; Kogaki-zawa, No. 26—29; Kinu-gawa,
2) Rank 1 (#); 1000<, Rank 2 (#); 500—999, Rank 3 (+); 200—499, Rank 4 (+); 50—199,

Rank 5 (R); 1—49,
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Table 3-2. Distribution of two group insects in unpolluted waters (Class A.)

lected, --not collected. (See also Tables 1 & 2.)

Group 2

DIDIULILA4Q SIPOYIKSTOAPLE]
SIROMWDY SHYIUDUWDIOT
DI0IAnf14] Sad42]040Y))

vfni vijaLMMYGS

c W/S[ENPTAIPU] JO I9QUIN] |

snoruod vl snuaydasqosvivy :

Group 1

(5 sW/STENPIATPU] JO 19qUINN

‘dds x1u0y7y

sgour vioygorLsEpy
*dds wpydooviyyr
(*dds) oeplLmowaN
(*dds) sepijiadorory)
(*dds) oepipoliad
(*dds) aeprjieg
stsuauodqiu vpiogoans
DATIUIWIS D MDED

SIUnIG1IoUL) DULIPUS VIV
= 221u0dvl DidWYd s
DID4020Y I DQIIYFOIF D 4D J

L wuamn Sniooqsy

«

DIvspoRb DIABT |

(qauoly) uosess uawidadg

(w) spnany

uonelIg

(1’ON usunoadg

990  July

30 K1

31

Mar.

14

920

n

"

32 K2

33
34

June

"

14

Aug,

"

"

Mar,

1

4

35

*®

July

"

14

36
37

Mar,

900 Aug.

"

14

38 K4

39

*

July
800 Mar,

"

"

40 K6

41

42

*

43 K8

44

740 Mar,

June

"

14

Aug.
590 Mar,

1"

14

45

46 K9

47

June

1

Ui

Aug,
940 Mar,

"

14

48

49 U1l

50
51

June

"

"

Aug,

Mar.

12

14

"

1"

52
53
54
55

July

"

14

n

Mar,

14

"

14

850

"

14

56 01
57 Inl

58
59

620 Aug.

Mar.

"

n

*

July
700 Aug.

4

"

60 Yrl

1) No. 30-48; Kinu-gawa, No. 49-55; Umasaka-zawa, No. 56; Okoto-zawa, No. 57-59; Inage-

zawa, No. 60; Yori-gawa.
2) See the foot note in Table 3-1.
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Table 4. Distribution of two group insects in very mildly polluted waters (Class B).
*—collected, .-not collected. (See also Tables 1 & 2.)

Group 1 Group 2
= 3 & S 9 §
2 S . E §$8 E
ja S b o~ } = S 8 }
= g s 2 a E §EE 8 S
@ —~ = 3 B
Z E g 3% ¥ 2838 F os§fiE
p = 3 5828 -8,5888 & ¥e3g¢ioE
o o @ TR FEELafF g = S ET 38 S
g g < = S3I RN s ST D a~vg ¥ S o @ 3 s 8
'S 2 = g S & =2 § ¥ o = 8 S R — S s3I 8 O

g =t = B 2 9 ~ L S 9 & e )
7} « g} 2, S 8% § CIN R 5 98 @ © S&3 83 °
Q ) — 2 | 3 N S = 98 A E QR “ 3 g f LY 4
o &<k N INE IR - O N

S 3 = 3
RS SN SE-EE F N NS
NARRANCZAADZRST 2 QORES Z
61 Yul 1,270 Aug. . e e ek e e w o ke . ek .+
62 H " 17 * . . . . . k. e ok ke % - * e « %k e -+
63 " " May P . . % £ e e . . R
64 1u 7  Mar. D . ek EE ST . . R
65 S1 200 Aug. P o e % F T 1 % e e T
66 Oml 330 July o e % ke % * ok e A % k. +
67 Om2 280 " e e ke ok % % e 4+ * ke 4
68 Om3 260 " o e o e % o % e H ook e e 1+
69 Om4 220 1" . e % « e % % ke + i % % % H
70 Omd 200 » . e ke % ® ok o 4 ‘ T i
71 Id1 20w . w5 e ek O +
72 Stl 10 " o e e . e % 5 % o« ¥ ke % H+
73 Yol 120 Nov. .o Coe ok I
74 Yo2 70 " . e .ok % e e ok 4 % e e % % H-
75 Yo3 40 " . . . . .k . « % —+- ' * . e ko —+
76 Yob 30 . e s . e % coeox H N e
77 Kol 30 » .. <. .« + R | e x4
78 H1 25 " P PP e e %+ e e ox % 4
79 Obl 50 » . e . . k% o x4+ . e % +
80 Ob3 30 " . . . . « % . . % —+ . P +
81 Sal 50 " « e e . %% . e e+ * e % +
82 Nil 50 " LI LR e e % R % %k s % +H
83 Kal 680 Aug. L . e % * o %+ £ & % % 1
84 Ka4 610 " e % . « . o% % % .+ % % % % -
85 Y1 620 June ok k. o e e % * % e HE o, x e e % H
86 Y2 540 # e
87 D1 700 » [ T T S T TR S SR 111 £ e« o % « R

1) No. 61-64; Yu-gawa, No. 65; Sawhi-gawa, No. 66-70; (—)mata-gawa, No. 71; Ido-gawa, No.
72; Sato-gawa, No. 73-76; Yoro-gawa, No. 77; Koshikiya-gawa, No. 78; Heizo-gawa, No. 79
-80; Obitsu-gawa, No. 81; Sasa-gawa, No. 82; Nistihata-gawa, No. 83-84; Kakuma-gawa,
No. 85-86; Yoda-gawa, No. 87; Daimon-gawa.

2) See the foot note in Table 3-1.
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Table 5. Distribution of two group insects in mildly polluted waters (Class C).
#—collected, --not collected. (See also Tables 1 & 2.)

. Group 1 Group 2
g - — e
o N °; - n NN
s S ¢ E 33 %
~ ) 8 ™ S ¥ 5
= s 8 2 2 s 2238 o
S . 8 S s S 2 &~ 5 B SS8Y 2
2 e g S 8§ 24 .8 T | s§88,CF
~ P 3 8% 3 W § o~ o 2 2 8 2 TSER v § 2
= @ W S S E 8T8 T a0 &R o S o= 3 8 B
b3 o 33 a"g 8 ldaog— o = R =® S 2
g § R SS S 3§85 2%y a” 8,888 F
g £ £ = SSeE¥SLTEsSE S s §EEeE s
& & < E | §3IiSyigEiEiTvary EYIEL s
< PN % S 3T B S ag st 2 T8 g =

n s S8 s 8= 2 8 S H5 8 E S S8 %3
S s T ST 8 o v 28 s 28 = 3 3838 8 E
ST I S8 =R e = ], S S8 5
HARAASZaddzENI 2 | @0ams 2
88 Isl 60 Nov. . . . . . \ x * R
89 Is2 50 7 I . . * * % R
90 Is4 40 " } e s e s s e e e e e e e e . ok * ok R
91 1Isb5 30 ” s e s e s e e e e e e e . * %k * ok 4+
92 Is6 25 * EE
93 C4 480 Aug. e e e e e e e e e e e e * * % s
94 C8 450 Feb. L T T T P R * % * %
95 " Vi . * ke . . . . . e X e X e R. * k ok ok JHE
96 i 7 Apr. fk Kk e e s s e 4 e 4 e R * * ok i
97 »# / May. s s+ &« 4+ s+ « 4 %k s+ s+ e e« « R * * K i+
98 v 7 July e e e e e e e e e e e ek R | % % % % -H
9 " ” * % kX H#
100 » " " P % % % -
101 C7 7 Aug. % % ok % % H
102 C8 ” ” * * ok H
103 n 7 Oct. L L T T S * * % i
104 C9 430 June e s e+ s« s+« &« + &« +« %k s + R * k% W
105 » 17 Aug. * ® ok it
106 C16 380 June T 1
107 n  Aug. | % * i
108 Y3 530 June T % n
109 Y4 510 & * . * % R % x % * H
110 Y5 470 ” e s e e e e a e e e e e e * ok x ke i

1) No. 88-92; Isumi-géwa, No. 93-107; Chikuma-gawa, No. 108-110; Yoda-gawa.
2) See the foot note in Table 3-1.

TREB DD, Epeorus aesculus, Ameletus montanus, Paraleptophlebia sp. PA (L)1, 111,
Capnia japonica, Eucapnopsis stigmatica, Rhabdiopteryx japonica, Scopula longa, Nogiperla sp. (),
L, BEHIE) Ik ACHE D, 72, Paraleptophlebia cincta, Ephemera strigata (L)1, 124511,
Synagapetus japonicus (L), Atherix (H.) morimotoi (BEHH) 1IFE#k B iC2-% - CHUMH LA, L
> UHBHER L CHT2TH 0, 4HOKRFSOINIE > Tix, Group 1 oEBML & 4 WREM L &
%o ¥z, Ephemerella sp. EB (2D Tix, —H OO FZED RO 7205 NGB BT O H X 0k
SU72h, vl Ephemerella rufa & [RERIC Group 2 OEBEIE & L RN B 5, FHROM D
72V
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1. HEOEHFTICOWT

O KEBHME S E il EFCHBOLATO S H, NESBEaEROEEICL & FRA L
Wk B « COXIFZOVTIE, THAEEBERRVLOEE XL, UL, ABARIGEIBFECTH > T
&, kRO s E ORI ERCHE KA BT AL 55, £, B C0>2F"é%&0)l£’7:‘6:0\«‘
Tk, RRXEBHBAXKLSELVADE, Lol BRCoTEIIZSS & (T 12+ 13), @Iz An 10
JiOEMAi &R T ETSH % <O HENZES D, CI6 of) 8km TR #E T HIA X bfﬁ@ A B
45 ANEvbhg (BFF, 1973), HUE TS O KEIZET 40md/sec. THH DT (Bt - 0, 1974),
OIS IR RS2 D O FBA Ry 1y A/md/sec. Lg%, Ficm URERRO (& E)TF S
(Y3—Y5; I3 14) o4, IBINTIEAN 3 & b TR O T AKX, Y4 O L

VI B T E O RIVEREE KA B REINE VT WA, F72 Y3 000 Bificid, BIETIREIK RS
TXNIEIV A, 2o TR ZONOKEEM ML 72 o7 § v EEOHK L b - Tnd, WE Y2 1)
SCOEWRBHAIEE (EOVNEGETHTAR, 1973) #4 &, Y5 o6 71 (RESN) oPiRE
% bmd/sec. L Hh DL, [EHNITET AR ED D OFA HIX 6,000 A/md/sec. iz 5 o & Wlix

Rk B ORI T, 2Ok 5CEVCRBANBELZ L 2L0REBS AV eE 25,

EgaRts DUJEEODLL&R:IMM%AT% RS RR D B 0 th TSR AT o & HEE U 7 IR RE R AT
WK Z T L, g v & B ml I CIOE WHEE T L s, X561, Bk CiTkir % Group 1
D Bl o S, fERE S KR D OAWEE AT L vb T E KB E R T B EM D B & o b,
IRLDEABLDL L, (GREDRRAMEL TR » 25 ROMBO TSI, BERYTH-EER
bivh,

2. BHOBESHICOVT

Group 2 O REMIMFRK Micrhifitkd 2 Wik bt L b T Y, F/: Group 1 ORHOHFUTIE
S dbdus L Oni gy (GRHERS, 19625 TR, 19755 Hb), COMEFES DAL, K IREOREH
HORRE FIROFEE S5 &, Group 1 O RED 27 DS ECH 4 L, $72 Group 2 o Bdihsshs
RO EHICL AL TS GE6 K) . ZH, o Lk b Til~0\ESMiZ AT 5B /T, CoEe
WA IR AU e 5 MK MO b7 & B R U e Hdds, Diln < & EEFEICOV T 2 BETCHHIR
T ABIIL S, &<, Group 2 o Ephemerella rufa > Hydropsychodes brevilineata HVEFRD
WREZ M2 2 EEH 1,300m OB)IAR L TwE ZERERICETS, 20X 5bhbiT, EES
e vs RBOEBEXRP DL LS5O 2HORMOBBOEER TR LIIFEETH S,

3. BBILH LT OTRERZEOTREN & MBS

VLB E, S, 2IORMAREOREEREL VIAEAERCL L FE5 (1K) oX 5 BB
A R & EDPREEI NS, ER T OMENST L& 4ud, Kolkwitz-MarssoN JCilHia Lic <
Vv oams BERE DR OFBRIGEEY, 2 BFORMOEMEIBIEAIRIZEE L, M0l L <iEKd &0 31 ﬁ(
WA, \0}7 EMTELLSWCES, Lo, mkﬁé%&AitdC@ykistf@oﬂ){m)[ﬁ{éf&@zkﬁr‘
FTHH, HDWVIETHEL TV EHEANID X 5 Tk IR VIE& L EE, tholto R,
DT HTHPTH->TLRETLEHGLHS 9,

FEE O T BT i ORI DEIIZ B72 L T, DLLo X 5 B &, SHBI IR R D L
BB D

® #

1. ams RS X D SIEOATEIGIERD, 0 CICEARREDITE b RE LA 110 okAdRdaEs, A
MOE « FE kT e BRI Fom)ikREs D L TA (FK), B (BuEm), C (Bi5E) o 3R
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Table 6. Vertical distribution of different species.
Species Range(?rf) altitude
Group 1
Epeorus uenoi 1270— 10
Paraleptophlebia chocorata 990-—190
Ephemera japonica 990— 20
Paragnetina tinctipennis 990190
Perla quadrata 1270— 50
Oyamia seminigra 1270—190
Neoperla nipponensis 190— 50
Perlidae (spp.) 1270— 10
Perlodidae (spp.) 1270— 30
Chloroperlidae (spp.) 990— 20
Nemouridae (spp.) 1270— 10
Rhyacophila spp. 1270— 10
Mystrophora inops 1270— 10
Atherix spp. 1270— 25
Group 2
Ephemerella rufa 1270— 10
Choroterpes trifurcata 680— 10
Potamanthus kamonis 680— 20
Hydropsychodes brevilineata 1270— 10
Mataecopsephenus japonicus 680— 25
a b c

A

S

2 \

Z| GROUP1 GROUP 2

=

8

g

POLLUTION —
Fig. 1. Succession of the two groups caused by mild water pollution; a~c refers to

saprobic class as indicated by above two succession patterns. a---clean, with
group 1 singly; b---very mildly polluted, with.two groups together; c---mildly
polluted, with group 2 singly (tentatively attained).
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2. ZORR, A« Bo 2 BEHUC I UL CCikifdet 0 MBS L 4 il (Group 1) -, C-B»

ZRERR TN U RERA CHEl kT 2 BB M A & 5 il (Group 2) 3% % & & b 2,

3. IO EEE M Ui S 2 S RORBO S I REIE R TH D, FWE SN E D Bl

oy /J‘A[”](})Ji"ﬁfmi”i&@?; Br b2 CToinwnwi OB L, T5iRIC {/l D 2H DRI DERHD - 4
TR L7z, A, AUCE B ams R D REO TG O TSRO AR & RIS R 0~
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Appendix

(Figs. 1-14)

Maps of investigated rivers and neighbouring
areas; showing distribution of villages, towns
and cities along rivers, as well as collecting

stations.
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Fig. 1. Nakanomata-zawa River, with four collectin

g stations (N1-N4); also showing
main stream (Oippe-gawa River) draining into Pacific Ocean.
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, o ¢ T i " . % o i e i
Fig. 2-1. Investigated tributary draining into upper reaches of Yoji-gawa River;

[ ]-investigated area.

Fig. 2-2. Investigated tributary, with three collecting stations (Tyl-Ty3); also showing
upper reaches of Yoji-gawa River (on enlarged scale).
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Fig. 4. Nawashiro-zawa River with one collecting station (Na 1), and Kogaki-zawa River
with one collecting station (Kg1); also showing upper reaches of main stream
(Keta-gawa River),
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o . o
Fig. 10. Upper reaches of Yoro-gawa River

WOk WE oM 28%27% (1978)

TR o’ ~
and Obitsu-gawa River, with three investigated
tributaries, namely Koshikiya-gawa River, Heizd-gawa River (flowing into Yoro-gawa
River), and Sasa-gawa River (flowing into Obitsu-gawa River); also showing collecting
stations in Yoro-gawa River (Yo1-Yo5), in Koshikiya-gawa River (Ko 1), in Heizo-gawa
River (H1), in Obitsu-gawa River (Ob1,0b3), and in Sasa-gawa River (Sal).
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Fig. 13. Kakuma-gawa River, with two collecting stations (Ka 1, Ka4); also showing upper
reaches of main stream (Chikuma-gawa River).
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also

-gawa River),

imon

iver are called Da
to Yoda-gawa River through Takeshi-gawa R
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Fig. 14.

1Ver;

ining in

Yori-gawa River, dra

in Yoda-gawa River

showing collecting stations in Daimon-gawa River (D 1),

(Y1-Y5) and in Yori-gawa River (Yr1).



