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Seasonal change and distribution of zoobenthos standing
crop in Lake Sagata, Niigata Prefecture
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Abstract

Seasonal changes in species composition and abundance of zoobenthos, and their horizontal
distribution were investigated in a shallow lake, Lake Sagata (N39°49’, E138°53') from 1978 to
1980. During the study period, 27 taxa of animals in 4 phyla were recorded as zoobenthos. The
total biomass of zoobenthos at sandy station, St. 2b fluctuated between 1.5 to 27.1 g wet wt/n?,
showing low level during summer. Among zoobenthos, oligochaetes and chironomids dominated
in most seasons, both of the taxa accounted for 70-nearly 1009 of total animal biomass. In
September when standing crop of macrophytes reached maximum, density of phytal animals per
unit bottom area was 4.8 times higher than that of zoobenthos in sediments. The phytal animals
were predominated by naidid oligochaetes and small chironomid larvae. Densities of many
species including phytal forms increased rapidly in sediment from September to December in
accordance with the decomposition of macrophytes, then decreased in winter. From horizontal
survey covering 17 sites in the lake, the significant relationship was observed between abundance
of Branchiura sowerbyi and organic content (ignition loss) of sediment. On the other hand,
biomass of total animal was neither related to organic content nor total nitrogen content of
sediment. In Chironomus plumosus larvae, three emergence periods, May-June, July-August and
September-October, were estimated. The relationships between abundance of zoobenthos and
quality of sedimemts were discussed.
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Figure 1. Location of Lake Sagata (A) and the sampling stations (B). Seasonal survey
was carried out at St. 2b.
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EBOEMCEL TR, KEEPLEER2ZLD LT 35 OBFEY, H2viMEwco
WT, EYHOESHPLERENTIELZ S, BR-EH (1986), FES> (1990) s
hTwd, ZO5bEEEFYCEL T, FRm|EBHE 7 V—7 (1982) X DHANOH
10t BT 2L, B O 7 7 v L EENRESINLTH 50, BENLFIRIIIHE T
ThhTwizwn,

E4EBOFEEM S % Figure 1BW/RLU Tz, 1978FED 4 A0 5118 TR FHEAEEL T,
St. 2b ICBWTH 1~ 2 HOFE TEEM T 7 < > « N—VHEHR (EEHKLSm X 15em) % H
WTEMRZRERIT>72, St. 20 DEERWE T, b (Trapa spp.) /A (Nelumbo
nucifera), 79274 (Eleocharis kuroguwaii), I A7 * A (Monochoria korsakowii) D34
BT OHENTH 5, 198FEI2HH»51980F 2 A T, MMECBWTH 1~ 20, KEsH
FHOWTESRRELME L 720 1979F HEESHF LR > T v OBLENE LY, EM
WEBIKE 22 VI R L1, BAERESEMERLKE E» oI/, FRSLERE
FTRHb, NBTEEYHEREL B ORET 2 2 LHRETH > 7o KEMIHFE LT 2HFH
WiX, EEBVOBAEZRT 701, BREZAIZOLE S CERECELEROBELT15
HRE o7, MERIEATELNLERESE EHTIFY 7AEL, JHERSTH
£0.5mmD Y — N3y b EAVTSE L2005, 0% RV Y THEEL TERZCELRED,
AER B & OBUHREASEME T T 2 EFI L 720 ZOERICOWT, A[FERR D Thio 58
EFTHEL, TNZTRE DL THEREBERHIEL 72, BEEEBOFTELSL A4 2R
D & (Chironomus pulmosus) 22T iL, 1978~1980FEDH > FVicDWT, HBEIBLEEL
HIEL, KREBTET-> 1, BEEWORERIC, KEL S TKREB L VERBICB T 5 KA,
BEBRFREE (7477 —%), pHpH 2 —% —), \EEXEERE (NH,-N, NO,-N,NO;-N,
PO,-P), CIERE, 7uu 7 4 )L alBERHAIEL 72, 19795 3 HLUKE, BHERRBE 2R XL
DBREEHICOW TR, REKCE> THER1T-> 720 BERKOEAKICEL T, KIEDOHEE
ERET S0, BEKEAEE (BK, 1976) Hw,

BELBMEELEYEOHBOL I, KEEVOREELERICET 2RBHD19794 9 A
15HC, EHFEMS (st. 2b) TELEMETREL 72, S0emX50emD 2 F 7 — b & HvTAY
o 7k AR 2 RBID /Ny b OFTH > TNEWEE L, K EO8%0.125mmD 5 5 W T
Lz niconcE L eignabiL, o8 - 58 L 7%,

WA TOBEEBYORFESHEHES»ICTI2HNT, 2EORELFEML 72, 7, 19784
9 3 3~7HIZ, MWMOZIEFLE TN 3 2 5Mcn o 7 A~G 0 8 st (Figure
1B) T, SRR LEROATEC L2 BEEBVOERRE RT o 72, FRWC, KE (K,
pH, BEEFEE | HERBRITINE» o TR 1K TOM) BLUVEEDSMMTEITR o7,
EROFRECIEESSm, EX0mDT7 7 IV EBa7H Ly 7520, &5t 0~25md
Ef%E5mI L 253, ZRZRDOWTRERR &KFE (110°C, 24K, HRARE
(500°C, 2B¥f) ZHIEL 1, & 5119794 4 H22~23H1Z, Sts. la~6a D17H#5 (Figure
1B) THEBED A& L 2 EEBYOEERERTTo 2o BRIE 0 ~10mDBESHAKIIOVT,
BRAE L EOEE ML, BEXRE (3 7oy —ik), NH,-NBE (10% KCl
®, HEHECLD) RAEL 2,
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Figure 2. Seasonal changes in water temperature, dissolved oxygen concentra-
tion (DO) and pH at St. 2b of Lake Sagata. Surface values were after
Fukuhara et al.(1990).
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LA & BITRRE LS K T e,

pH 1319794 2 A £ TOHRKY, 6.0 (1979F 1 A) »511.1 (1978 7 H) ORITEEIL /-
B, 1979 1 ARRWTEFETULEERL, 275 VIR T iz,

1978 12H $ TOEBAICBI 527007 4 )b a B, EEFEEEEE (NH,-N, NO,-N,
NO;-N,PO,-P), CI-#% (Appendix 1) iZ2W T, HIERBUILV R Wb OD, KBIIBIT 2
g (BES, 1990) LB8BOLH—HL T,

1. 2. BE#BYOFHZEL

St. 2b KB 2 EEFMOEEREDOHK R % Appendix 2 IR T, HEINILELEEFYIZ 4
Fe, 6MiCo7z221D0EHTH -7, 2O, BRELPICERT IEEDOELEOM
W, KEWYHBEXT 2RHICIE, REDOBETEALRELHYO—&, BEREELOWMA
THEETEZEYBEIN TR ELEEDLNSY, ZITREESTEBONLLDOE—FLTE
EEFY L L THY, KEEDKE» BN RBPW OV TIIFNCERETT,

ELHYOZHHOHBRRA % Table 1 10RT, %ML TI XL 3 AR (Naididae)
LA b & 3 XE (Tubificidae) BT 2EEHE 22 ) #F (Chironomidae) $1H55% <,
IORTEMEBUOTCHELZ DR, vF73X3 3 XE (Dero spp. . Dervo R L Aulo-
phorus BEE &), T 74 A I X3 2 X (Branchiodrilus hortensis), 2V 3 I XJ& (Limno-
drilus spp.), L7 3 I X (Branchiura sowerbyi), * 3 32XV % (Chironomus pulmosus),

Table 1. Seasonal occurrence of zoobenthos in Lake Sagata from 1978 to 1979.

Spring Summer Autumn Winter

Oligochaeta

Chaetogaster spp. +

Pristina spp. + Stylaria lacustris + +

Nais spp. + + +

Dero spp. + + + +

Branchiodrilus hortensis + + + +

Limnodrilus spp. + + + +

Branchiura sowerbyi + + + +
Chironomidae

Pentaneura sp. +

Procladius sp. + + +

Corynoneura sp. +

Calospectora sp. + + + +

Tokunagayusurika akamusi + + +

Chironomus pulmosus + + + +

Chironomus salinarius + + + +

Chironomus sp. +

Gryptolendipes sp. + +
Others

Culicoides sp. + + + +

Nematoda spp. + + + +

Hirudinea spp. + + + +

QOdonata spp. + + +

Hydrophilidae sp. +

Donacia spp. + + +

Cipangopaludina japonica + + + +

Radix japonica + + + +
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Figure 4. Seasonal changes in the densities of main species of chironomid larvae at St. 2b of Lake Sagata.
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Chironomus salinarius TH-o7:o ZHE L THRKERLE L OLEHBHE L, 20ED
W2, PETIEIH BB I a Lt (Gammaridae sp.) RFEFELH (Hemiptera spp.) HERE X
nTns,

Figure 3 K EABPIRIER (KA~ ) VBER) OFHLLERT, REFRE IIFELM
h 1.5 (19797 B) »527.1g/m* (197944 A) OFTCEHL, F (4~5H) &#% (11
A) WEWERESRL, —A, TH»S5 92 TOEOHMIZ 7 g/mATTH -7z, BEER
WX 52 R) HHOEEIXT.3~65.6%, BERDHD 2EE1331.1~89.1% L FH 2@ L
TKRKEL, Lo TREFEEORENIZZ A ) ASHEBEFHOHEBIEGINTWE EnE
5, RRFEOE—7D55, HBRATFEO LD 2HESHMCE L, —HLE2AY 4
PHRDED ZEEVEL o, 2RV AR EEEHLUN CHEEESEENGVEE LTI
t - (Hirudinea spp.) * F >R H (Odonata spp.), €./ 7 H A (Radix japonica) H3HVF
¥ (R

Figure 4 122X ) #5103 bBH L2 4B ODWIEFEOESEILETT, 2 AV AHhH
OHTEMEBBELTCESHLUEZA AR A THD, 15 (19794 4 B) »54500/mt (19794
11A8) OMTEEL, NA2HLE TP ORELYTRERE—I2HY, £725~6H
&8 QiR oEBR oz, /INIDZAY 4 Th B Glyptotendipes sp.i, A TR %
& ERRICI0H IO BIMSSZE LS (K T6842/m 5 19794E118H), E» o B ORI E < H
B kb T2, Calospectora sp.iz 9 ~108 2w CIZIZEMA@EL THEBL, 5 A TE A
BREEOEMBE S L7208 (1495/mf), - & D L LAEBOEREED sk, 74
LAY A (Tokunagayusurika akamusi) 35 B L UBUECHIEL, BciRAshkro
720

EEBDORLTEELLLIVEDDINN—FTHEEEEDY b, BEDEP>24D
ORI DWW T Figure 5 WEBEOFHLL 2R T, REBYBRHEFROL(L (B 51990)
L7770 EMaATh b, BEFEOPTEMEPEL TELEL-OEZY I I XBTH- 2, B
StV I3 KB, 2V 33X (L. hoffmeisteri “plate-topped” form), 74 ) —=2Y
2 2 X (L. udekemianus), 7 v 2V 3 3 X (L. grandisetosus) O IEHBED SNz, %
FZO2MIcOVTiRLY) 3 I XEOPTED 3HERDOT O THo 7z, 2V 3 3 XBOMEHK
3489 (19794E12H) 52991/t (1979411H) OMITEEIL, FBLHKICEL, BELXE
WIRE DI S s b D DBERR L FEIEALIIR & b 5 1z, Figure 5 X H T 7MiD 4 D D5HERE
BWFhd I X IARBETZ/NBOEEETHY, TOEEIR, KEEYEEELEST
59 AP IACL P TRABICHEMT 2L IR TEVREBL TV, 2D5b, vF7 3
REIABITEE, /o413 X33 B4~6 b Ronks, fit (3 XX
(Nais spp.) BEUPMHY 2 X3 3 XE (Pristina spp.) + 7> 7 3 X3 8 X (Sylaria lacus-
tris)) 13K SZOEHICE S T vz,

1. 3. AA2RYHOHAREK

ZRAY HHHOPTEEL AT ZAY HIZDWT, HEHE S OEKSREI NI 20,
ERAR OZAL & 0 AR OWHEE 21T - 7o AEHRF I St. 2b TRESI WA A 2R Y BT
DV, FR EBEEOMER% Figure 6 1787, B 5 I~IVEIZXATE 2%, [#
R B DD TR »o 7o, IBMUTOBRREIR 6ml T TH2 EHESINS,
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Figure 5. Seasonal changes in the densities of main taxa of oligochaetes at St. 2b of Lake Sagata,
with total standing crop of macrophytes after Fukuhara et al.(1990).
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Figure 6. Relationships between body length and head breadth of

Chironomus plumosus larvae.

Specimens collected at

each periodical sampling time at St. 2b were combined.
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Figure 7. Frequency distribution of the body length in Chironomus plumosus
larvae at St. 2b of Lake Sagata. Number and n shown the sampling
day and numbers measured, respectively.

2. BEEFMLELEM L OLEK

19794 9 RISH W EABY OE £ WITL TRIL St. 2b TIT - ¥ LEWEGEROFAER
Ex, AAOEAEFYOFER L EHE T Table 2 1Z/RT, I OHIAEICBT 2 KEMEY OELHE
REEEOE Y THY, ZOMCtAED D~ € (Ceratophyllum demersum) R+ V) 7 %

(Najas minor), 7 0¥ (Hydrilla verticillata) 23R 5172, Z OFERAIZKEREY OB
FEIERKE R 2EHATHD (Fig.5), ZOEIERES (1990) X% &£615.9dry mg/mTH
oz, ELEYIIERY o7 o N B HATHESER, BEEKE bicE <, EmEEd
720 OREEBDOLIZ4.8TH > Iz AEROHBEIC W TEE D S5 DARE S W FEE
%<, —=H, PHVIXIIX@B+7 V7333, SAIIXE, =794143X3 38X,
Calospectora sp., Pentaneura sp., Corynoneura sp.0 6 DDOMERIELEYWE L TOHHE
LTze E72, WF 7 3X3 3XEE Chironomus salinarius ZEBLEFOBMATRONIZD
DD, BLTOEEDIED I 2@ 1 (ENZNTT.6f58 L U11.3(5), BEETO
EEDIEINELID bEL-2E8WIE2) £ S XBE Culicoides sp.D 2 D THo 1z (FhF
h8.2(86 L U4.3M8), CORERICELEME LTOARONIZEBMIEIT T, wihh»o
HHACESAEME L THEEI N (Table 1),
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Table 2. Comparison of animal densities between sediment (zoobenthos) and macrophyte
(phytal animals) at St. 2b in Lake Sagata on 15 September 1979.

Taxon Sediment Macrophyte
(No/m?) (No/m?)
Pristina spp. + Stylaria lacustris 0 3088
Nais spp. 0 840
Dero spp. 30 2328
Branchiodrilus hortensis 0 24
Limnodrilus spp. 1377 168
Calospectora sp. 0 184
Pentaneura sp. 0 5
Corynoneura sp. 0 16
Chironomus plumosus 30 96
Chironomus salinarius 44 496
Culicoides sp. 30 7
Total 1511 7252
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Figure 8. Cross distribution of several environmental factors of water and
sediment at St.A through G of Lake Sagata in September 1978.
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Figure 9. Biomass of zoobenthos through cross stations of Fig. 8.

3. EBEEBMOKESH
3. 1. WA

19784 9 B 3~ 7 HIWZ TR o oW HAE DR % Appendix 3 12773, Figure 8 12 2 7 #b
BB BKE, KiE, pH, BHEERZREE, BEEREY =T, BMEICE T 57K 1320~30cm
TEMAEEDERVY, RBLEBAE®RT % &, KRTHRA4.7C (St. E), pH T2.0 (St.
E), BEHEFET8.8mg/l (St. D) OENAE oSN, BEEFZEEBL U pH I, StL.F & St.G
THOHAICHENTENESRR S, B, Z02HMETREEBREENEE, EBL
b1.5mg/I UTFEEWZ EpEHE NS, Sts. F, G TRERD»S D A5 >~ OFENED Sz,
BECOWTRS E, Sts. A~C i31/16mbl EOR F2398% LA E# b 2 V\bW 2WETH Y,
EKEH20~30% T, HEFELH 1% L GRS LWEE TH- 72 (Appendix 3) o =
NS DS OR EHLIIHF BT OWBETOME (REX) LIZIZALCTH-> 2o —7, Sts. E~G
B3V b EUF (¢ <1/16mm) 2350% U LA L 2B TH Y, &AFK, HEFE & b1z Sts. A~C
ZHATE D> T2, St. D RFIE OBITARBE 51 U, R8T I3&A%ES Sts. E~G L IZZH
UT80%E EERL, HRBEDI0XUALERENTH 205, TRIER AL > THED
BAZRL 2,

HERORME BT ZKEENOSHEICOVLTIZAES (1978) TT TR T 523,
BRI E% Appendix 3 WA TH5, St. A»SSt.EZTREYMMESL, Sts. D, E Tz
THEEEREL LTIV ENMbADINIL, St.F TidA=/VA, St.G TRINAEF =R
DL LTz, St F, G TRAZAZAMKARZLICE Y, BAESSRonkdrolz,

BEWTEAERF D 7 S BT 2 EEHYOBEGFE® Figure 9 1R, MRIT R % Hul M Tk
T5ESLDHBBELEL (2.82/n), St.CHRLEL -7 (0.7g/m), FAEHSICHEL TE,
SNHEIE2) I XBREYTholk, WETHS Sts. A~C TR, 2V I IXBE2AYA
WHRSREEROESLUEEZ LD TEY, ZAKNLTRETH S Sts. E~GTilRTF 33X
PRLELL, BETHREEED 6 B LA L5 Tui, BEECEL TRITH MR %2R St
DiE2) IIXEDLEDZEEHNITIIIRLNBEVATSL. A~C EBPTWVB—F, 12
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Y A ghEs RSV E T Sts. E~G EITB Y, MEOHHMAMELE L T, &5
EHOIH, RE (0~5cm) OHEREEIRFEEOHBESRD s N-DId 25 2 2 X720
TH-7 (0.01<p<0.02),

3. 2. JK¥EHEE

19794 4 AWiTh > HNITHS OAEREDHRED S b, EERE (KK, REHR,
MREFE, 7TVE=7E, HRARE) 20T, SMS0OKEEYEGEREOREREEGDLET
RS (1990) kY I TilRehTnd, ZhiZ L% &, Sts.la~4a, 1b~4b OEDOFEH
KBS 28 MA 3EEMCZ LOMETH Y, —7, dbfllo Sts. le~4c, 1d~3d, B L U
Fafl D Sts. 5a, 6a IXEEYICEBRE TH 5, % LB OPREBATLICIIN O LR < HE
L7720, ZOHOW—RBITH EWEXZEA0 /8y FRICHHT b,

7SI BT ABESEYOFEREE % Appendix 4 R d, 1THEICHBL TaLNT-EY)
) 2 3 KB Y Calospectora sp.72 Th - 120 T DUE 012 R R EOHE TEH & - Byt
& LT, Chironomus salinarius (12#155), Culicoides sp. (10#15), Procladius sp. (9 #t
H) BhTens, EESYORMEERIZ581 (St. 3c)~4651/m* (St.2d) T, F#1i32326+
1326/ TH o> 7z, WHE 8 HE L IRE 9 A OMEEEOFH T £ Th2804£1357/m, BL UV
1900 £ 1214/ P CHE O H D5 - 723, R/ -RAEE bIREOHETRSATEY, HiHH
DIE 5D EHNHIL-> T2, —f, BREFERIMARMTS.3 (Sts. 3a, 5a)~14.0 (St. 4b) g/m'T,
17TH S DFII126.3£3.1g/MThHh - Iz, LEROWE L REOMES DRBEEEDFEHIRFhFh
6.3+3.4, 6.2+3.1g/m'T, MEDOMICRIEFL A LESED Sz Tz, BEHYREESR
LEEOREREPHRAEE L OMICIERLHEERED sk o, BERHIIROLESL T
ZHEETH Y, FEERETE70.5115.0%, BEETEHT.1+15.9% % L, BEEHOTP
TR{HAL H2) S IXEMBEL TV, 2732 I ARRBEOHSTOHBRENEL, #
DHRFR L HBRE L ORIITEERMEENFED Sz (0.01<p<0.02), 2R AHHHIFE
BHICRWTEL L, 2Fc 5o 2 G I{BEERTFY24.014.7%, HER TFEYI12.8£12.0
U THoTro AV HEHHRD S BT Calospectora sp. 3T &% <, Chironomus salinarius
ZHIZRWT Wz, A4 AV I RBERWETRE S, BEKEHBEE L OMIZIRFVAD
FHEADSER® sz (p<0.05), L7z23- T, BEEBPLEIC D 20EREOFEE, SHiEE
YEERE 2R APHTKREI 25D, HEL LTI LEBRTELEFY KD
86.1~99.2% (F#993.7%), BEET61.6~100% (F#90.0%) %D Tz,

Iv. # %®

EEIIRBERE, BEYM 77 7 b HGEERS, 1990), WREETHE (R -EHF, 1986)
BEDAPSERBUMKREF > TR I DB ZENTWE, KEOEAEYOS b,
BELUEEER LY S S XBEAA LR I THo T, TS DEWIZEERZ T 5 it
MREL, ~MEEFRBLLUABRICESET S Z XM 5N T3 (Brinkhurst, 1974), &
72, BEAD2Y £ 8 R iZBREHOFE DR VIT L B 2 BHH S Twv 358 (Ohtaka, 1985), £
BO2Y I XFI05 b D plate-topped” form 1284 L 72, Ohtaka et al. (1990) 2 & %
E, ZD¥A7E, EXREHOBRESR: S & { HET % “typical” form EE% D, -6
BREHOME, BHEIkEORBEOE Y, H5VIIEBNLZEREZTABICESN
25DTH>, IhoDI ehs, ERIZESLST 2ELEEMHEP S AT H I E TOWREFRER
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WCERBIIMRED D DA Z B,

BSEREETT o 72 St. 2b I B 2 EBABWRHERIZL.5~27. 1g/m OB TEH L 72, B
5 (1980) XTI LI B 5157 AMOELEWHFR & L T20~130g/m 2 HEL T
3, £z, KES (1977) L2 By HEEAIHMLCBI 2L 5FD 4 BEORETOE
EHYIRIRGTEI136.4~84 4g/m DB TH > 12, NS BRAETHEK T 5 &, KIBOELS
VHATRER \IFSW O1/5, B HOHI1/3127% %, Kajak (1988) RELABYOBRFEICRE
BORBEVSROLEBRZERNEL D Z L RERL VLY, ZOEERNT S L, EROKIE
BEIWFHWTI6. 1% BFES, KFER), BrMTlo~20% (HES, 1984) THZ DL
T, FHD st. 2b TiF2.0% FEFES, 1990) & b o> TEY, Lizd> TERTOEEDS
BEOESY, FHHCLE BELSVELHYHRERS#RTCELLERIZZ > TWL A AHE
EREV,

EBROBLHMRRTREIE L KCE <, BEEERLE (Fig.d), 203 50EDY
— 27 T3 s Xedulhk LBBEOE S E» 5 12, Fukuhara et al. (1987) i3335%
WBWT, BD4~5 AW Limnodrilus BOFEREBE I 52 L 2RLTW5, LIdoT, K
WeBLTH ZORHiIc2Y) 3 s XOEEXMTbh iz b LifEfiland, —F, KOBEFED
E— 27T, 742XV %4, Glyptotendipes sp., Chivonomus salinarius R L7222 AV H
SmssEmERLY (Fig.4)o TORERELT, 2422V 5 BZKOIMEIE O 3 R 5H
OIMADE 2 54, C. salinarius DOV TRELCBIT2EENE I 05 (Table2), K
EHPORIEICE bR > TEBRBIT LN EZONS, 7, ZOBPHICYFT7IXE
IABRIMHVIXIIABHTF /I X3 IO/ REEHOEMLE LY (Fig. 5,
IhoOEMbAKEEYBREREDETRICEIAZ L), BEEBTOHEMONEYIC LS
WHOERLEZoND, MERABCREHCELEHVREENME T LY, JhICRETRE
FOBTHEEL CLLAHEEVSAE L, BEEYOMGRER S TH 2 St. 2b THUATL TT
SREHORAETE, tYOFERCL->TBERBTERCOI2EBR BRI >TwiZ e
Aot ZoTWw5 @EES, 1990), KT H BEHDKER OB ITHIRES K EMYOEK T
SHABRE LT WS I EaRENTW3 (Fig. 2), ¥ 721978FE DA T ICBWLTH (Fig.
8), A= NAHETH5 Sts. F, G TEEOEMFRELEE I N, RBHCBEREOE
THRAL 20 EEFYORGFEIBRD T 2HKEIEZOEXRBH CHESIN 2, £BO X
I ELDTERVHTHUULBERPEI - T3 I L idFEHEh S,

BEROBEBYVHEOEROBEE IR, REBAFEREOEESCEEREOSHESD
B EEUDOT o508 (Wetzel, 1983), KEDFE VAWM T EE o /KEMY OFELEIEH]E L
RERPREL, BOEZKEME2ED TV LEZOND, KEHEYBREENRLEVIARER
CEFOEBYMY AN EHANRIGERTRE, BRTOHEESEMI S HEHTHLOIIRL, EE
TRERTOHESYA T RTSLIUSEHTHY, FLEMEERYY OBEIZOVTSH,
EFEIEROBY DS EERA SN (Table2), ELTRLES L -8R 3
AIIARBERHL 2RV AYHRTH > 1o, AREEWE EIX, EREEOILACHEE 2545
BERT I IA IR, X7 TVTOERECIET, DI I AREEHIC L > TFH
RBIETHL IS, LIELEEREICEL I E8H6onT w5 (Learneret al, 1978), %
7z, Kondo and Hamashima (1985) ix&EEHE L UNERED 8 2 Dt D10FED AL a4 -
DO2TED 2R AYIHROMBERTED, KEFEYME LI X)) hHHICE > THIFERER
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BTHEIENINNZE L, KBIBKENEREVLILODIZEROEE ETNEIDRTVLEEZS
55, REMYE LA EREIEMNT 2RI IERL ZhCBAL, ELRIERRE L
kL 2% L Bbh s, 25 LkHOE - EEOER L, /NIOBYIC & > TIidEs
BzbDicky, BELEYMHEHRTE2DEEZONE, ZOERIKEEILRITL
BE BT ARRIC LS 23 EE IR A TH S,

EAFMOBRERIRCEEOREE KX BRI 5, HES (1984) 138~ 50
DEAFYHREE - BEERPHHEL, 74 4Y 2R Y%, Tanipodinae BRI R Y %, BF
HOZNWZThOBRFE &L EROHHAFE & ORICHBE %2520, Moore (1979) % Great Slave
Lake D22V AR OWT, ZOHEELEHEOEEYE L OMcEVHEBLZ RVWEL Ty
3, LHL, KETOEHOMBHAT BT, AERVEDHEEL S HARE LBHFRE L
OHEDBED SN72DIRLT I IADAETHo T2, 251, 4 BIZfTo 21THIS I BT 5 KF
HFWETYH, HEELHAEE L OBMCEOHEIES SNIDIIFEILL 7 I3 XDATHY,
E4ABYREERERLELHY TH L2 S S XBRA A 2R H OBHERIILBEWE L EEL
FHEEDIEE S o iz d o 72, Yasuda and Okino (1987) & & % ZWEHiC B 2 EEEDKFE4H A0
FHEICL 2 &, 73 I ZBHRAFEIHIBBULED 3 m BEC D&M L, EEISEDE
WIRERICRIAMHL TR, KEOSHFRAX S BEHEOERYBCEGS NS Z E RIS
N, KFBOTHIDOENEFIRENLLDEEZ OIS, MIOEEHYNERELHES
RAho-BHELT, BrBEEXRBIC BT 2REOFEEC I VERNTREE R L X S
BOEBRED 0 ~10mDEEGALEHOEHEOSETIHIEL S KX TwiRWn I L3
Ezohb, 3610, KENMFERAB L 724 HcHBRE L B8 OMi 2 EE T 5 101213,
FEOBEONMEEBCANLLENDLTHEH5, AX2AVADTHTA»S 8 EASB
U9 HTA»S10A LAOFEIAR, wihb At = N ARKE2E > TORRHATH - 72,
BAKEDEFZER, 22V DX CEFRD L TIHED 2o Akthh S5 H 2 LEDH 58P
W E o TE, TS 2 OFRBEICEE 2 5 o35, BahBEBE L 63 Th S I, £/1225
L72BFr CIREISB ELO TR N, Z25BEBLVERZERETRES>EINEZ I LS
HEELFLETFEENL Y, BERIRYTIEELIOND, T4 2R I OFE LB
2LAOHERRL-ORIOEBSKBINTzDr b L,

KE DA A 2R AW DVTHE, RROBESHOFEZI»S, & (5 ATEA»56 AL
&]), E (TATE»2 8 HLA), & (I ATE»510H £A) OF 3 EHOPMLHIHE S 1
77o BERIWCBITZA A 2R A DOEFEFIZDOWTIX, Yamagishi and Fukuhara (1971), Iwa-
kuma (1987) i & 5, N ZNFHM LB - B BT AMEFBH 5, Zhic kb L, Fhy
BT AP IIKES R RS Tid4~5H, 6~TH, 8~10HDEIRBITH S, L
2B Lo T6~T7 AMMLEOREGNRBY T 5, Lo T, 4~5ACEL ghiz
6 ASMEEE: Z OPMEIICRE L 9 HIMEE I o B 2 Lo, 2 AL 3 B
BET 5, BB rHTOMMEPAE3I~4H, 5~6H, I~11HADFE3ET, FEFCHRE
DY EEEELCZ 5, HRICBWVWT, ERIMHRTHEHE—HLTw5, 1EEB L
U2 BHOPLIALE » ¥, FEHH, EEOECH—y AT OB Tw s EHI NS, &
7z, 3EIHOIMEHIC DWW TR, FHBSEBR LD bH—» ARVETIRERTH 228, B
WCOPMEHRIFW L VE<BED, »OSWBOTTRLES ETHERLTHRE, Ih
5D EiE, BrBCBLTE 2R (2 BEHOPLEEED S £ UHAR) ogh R
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D2ODBELY bR, »OE 3 MAOHHMESMO 2 DOWMEEL Y bEW I & 2 RBRL
rrborEZOND, Brfiod 4 2R ) HHHIEIEHICREOmDERERNEE T 5 2 &
BHISN T3 (Iwakuma and Yasuno, 1981), FEHMATIZZ DL D RS F TOTHIIBE
AN THB 57T (Yamagishi and Fukuhara, 1972), #EEEO A4 4 2 2 ) AR DWW TIFAEAT
b5, ZOWMBITEHIE y HTH 2 HROYHMM A5 SZEFTL, 3EHOMEIAEES &
TWAEREZ-> TS Litkn,

TALY A HOHBERAIIZIA»S 4 A ToEXrsFOHMIER s h, BI3RES
nhhot, ZOEEIZ, L{FAGATVLBHFHEAH (Yamagishi and Fukuhara, 1971)
Brill (ZEF5, 1979) OFEREIL—HLTVE, THLYZAY AR Iy « N=TU%
Folyrr s EOMMICEAT 20, ZORAICRFAELELHTHS Z LW
FHHIRE r B TIIEL»® 5TV 3 (Yamagishi and Fukuhara, 1972; Iwakuma and Yasuno,
1983), LW TOEMOAEBHZAC DV TIIREET > Tz s, FERRICLOBRT~DOBE)NC
FarrEzoNE, LL, ABMAD SL2b OEEBHETH Y, HFHHPE - HOL I
EREIRAN DB £ D 0 IRMER S, ZOREHLADO T SABIIREOH T L4
5205, HRTOT ALY 2R 4 OEMELOBIICIKFEAANOBE b ERICANT
FEVMETHS D,

V. Bbiiz

PEDE i, EFRCBSELESHVHENTFEL, KELEHEEERL I, KAFET
RESEYEEK L TELEYRIC OV TOBEERLIZICE E 5k, ERIBUTOLI &
BRBOWTIELEMD 20 E3ELEMOMESETE L TEbLO THEKREONRTHS, 1) B
YHEBBETH D, FEFIHROMELE V. FHOKEHEY EBRL 8, X33
ARBEFERLAV A DL I REL OBE2EL V-T2 L2 T3, 2) KEMEYHE
BThH2 Lo, KEEVOBERLERE L HREYMORFREER T2 2 L0 TH 5, 3)
BRYBECHE*RBICLLECEARERE.2RFD, $LKENKEFHCERELLI LS,
EIOHEXERBETICEERE LEAFMOLERE OBREERT L LU TH B, 4)
FEBRREbLOL RIS, BEDL D TRHRTE»® LIS D XD OMH IRECES
HIEHSTRETH B,

1990437, B ABELEED O ITHEBO—HI3 T TIEHIITEN TV S, %721990
F8AIEEL EKMIRENR SN, BEOBHLLOEBETEHEES A, 29 LIRES
Bl CEREABOBELHEVICASREERE52 2 L3l TH B, KROEELXHA
BERDRETRESN S Z L2 EA T,

VI. # .33

KPR EED D ICHD, FRCEER i3> T 20 YRR FE O KBS — KI5 < &
#HOTLET, ERVTIFEORBCET LBV R0 YRR K ERE LN R %
) MK, B (B ARAR) FEFORRICEIE#H L 7, KPR FHBRFELER
BEREELOEBRPITbObO DO TH S, BLOTHFCEHEAL LT3,
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ZHEZ HFTEE-EAFE 1977)  BErHEEACBI2BEEHEM M7 7 b0y BA
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Appendix 1.  Measurements of chlorophyli-a, inorganic nitrogen and phosphate, and C1-
concentrations at bottom water of St.2b in Lake Sagata in 1978.

Date Chl-a NH,-N NO,-N NO;-N PO,-P Cl-
(ug/1) (ug/1) (ng/1) (ng/1) (ng/1) (mg/1)
24Mar. 152.5 8.7 91.9 2607.7 8.8 36.3
29Apr. 47.7 26.1 109.1 1510.3 12.6 38.2
28May 20.6 84.5 4.7 2.0 49.8 31.4
24Jul. 29.3 14.0 3.0 10.8 150.5 25.7
20ct. 19.5 15.8 22.4 28.4 15.1 30.1
3Dec. 22.6 730.8 89.4 1860.0 15.4 37.0
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Appendix 3.  Cross distribution of environments, and standing crop of zoobenthos and macrophytes in Lake Sagata
on 3-7 September, 1978.
Station St. A St. B St. C St. D St. E St. F St. G
Water depth (cm) 20 20 23 30 25 25 20
Water temperature surface 21.9 25 22.9 21.9 23.7 23.0 22.3
°C) bottom 20.8 2: 22.0 20.0 19.0 19.3 20.0
pH surface 9.4 10.8 9.9 9.3 10.4 7.3 7.3
botoom 8.3 10.2 8.8 8.6 8.4 6.8 7.0
Dissolved oxygen surface 8.8 9.1 9.1 16.8 12.1 1.5 1.5
(mg/1) bottom 8.1 5.1 4.5 8.0 7.3 0.3 0.9
’ 1/2>¢>1/8 99.8 99.6 99.3 63.3 16.2 8.1 16.0
07100 y/prer116 0.2 0.4 0.7 25.7 17.9 13.6 19.7
$<1/16 0.0 0.0 0.0 11.1 65.9 78.3 64.3
Grain -
_ | size . 1/2>¢>1/8 99.5 99.8 98.1 93.3 25.9 17.9 10.1
£l disui- 10’;‘: 1/8>¢51/16 0.5 0.2 1.9 6.7 2.6 19.6 9.1
5 | bution #<1/16 0.0 0.0 0.0 0.0 49.4 61.5 80.8
2| %) .
1/2>¢>1/8 99.6 99.7 99.3 97.1 — 20.6 16.7
20—2
7B se/16 0.4 0.3 0.7 2.9 — 14.7 13.5
$<1/16 0.0 0.0 0.0 0.0 — 64.7 69.8
0—5cm| 26.2(1.3) 25.7(1.3) 31.2(1.6) 85.1(13.4) 88.3(23.5) 85.8(23.8) 89.6(23.5)
Water content and 5—10cm | 21.5(1.0) 23.4(1.1) 26.4(1.7) 79.9(13.5) 75.8(21.9) 82.5(23.0) 81.5(22.6)
(Ignition loss) 10—15em | 22.5(1.1) 20.2(1.1) 23.1(1.3) 68.7(8.5) 84.5(22.5) 86.6(23.6) 78.3(21.1)
(%) 15—20cm | 24.6(1.4) 20.3(1.0) 22.7(1.6) 42.9(3.6) 80.8(22.9) 85.2(25.3) 79.2(22.7)
20-25cm | 21.9(1.2) 22.9(1.2) 23.2(1.2) 48.7(5.5) — 82.4(19.4) 83.2(20.4)
Limnodrilus spp. 0.32 0.98 0.28 1.32 0.07 0.33 0.08
Biomass Branchiura sowerbyt 0 0.17 0.08 0.36 0.80 1.82 0.91
of zoo- Chironomidae spp. 0.64 0.88 0.12 0 0 0 0
benthos Radix japonica 0.57 0 0.26 0.73 0.40 0 0
(g wet Others 0 0 0 0.36 0 0.15 0
‘ wt/nf) Total 1.53 2.03 0.74 2.77 1.27 2.30 0.99
Total biomass of macro- -
phytes(g dry wt/m) 147.6 120.4 174 .4 194.8 312.2 144.4 315.2
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