ELLHEWMAAMFRRE 535

Research Report from the National Institute for Environmental Studies, Japan, No. 53, 1984,

FEXKEoERE B By BSEIZSAV)

Comprehensive Studies on the Eutrophicaticn Control of Freshwaters(1v)

ETHRoRBRCBED<BRGEoZHELEXREL

Seasonal Changes of the Blomass of Fishes and Crustaceain Lake Kasumigaura

BREO~TEE  BRRRES
1980—1982

RET BIUIRXEWRRMF

THE NATIONAL INSTITUTE FOR ENVIRONMENTAL STUDIES




F 7 BRI e S

535

ReAdd o) B ARy hic Y A el R (V)
B BORERVES CHBREENFNIZENL & ERENL
MEASE~5TEKE  FERII RS

R—53 1E ®”
K I 1 B2 it
I
7 B/ 7 LR AHROFHELEL L% A a0 Ll
9 12 B UR: T :It'?ﬁi')ﬁﬁb&")i:
14 3 HEd LM ET S ?ﬁiii'ﬁ:-fﬁjﬂ‘%
20 6 Virh. Int. V‘:e;r‘h. Int.
35 # 2 DMSE BMSE
45 21 Lizht=T, £ IT,
22 LEizLT, AHHT D LE LT, REQIE T EAY
TH I
47 13 SVW SVu
14 SVW 5Ve
16 105 108572,
18 syl T T Ao bATN T
53 4 188% & 304 @ 188¥ 0 47 & 1863057 0)
80 2 Noamysis .’\’c’:lxmysis
17 WRERYHR B RTR
20 Can ada Canada_
29 Can ada Canada
32 Tada Toda
61 11 Macroblanchium Macm@cmum
63 =1 Lake kasumigaura Lake Kasumigaura
64 *1 Wat (g) Wet (g)
77 # 3 Lake Lasumigaura Lake Kasumigaura
% 3 6l.2 03 01 07 27 61.2 03 01 07
82 6 i P - GHLLbI N
25 11 Pseudorashore Pseudorasbora_
91—97 #1 Tilapia mossambica Tilupia nilotica
125 20 (1—e™® *) (1—e 7
130 B3 0.3, 0.5 0,35\ 0.5

|



P

B HOEFEREAEN S OFFHEF A X 3 MEBAMTEL 0 Th  WNOF SRR &
HNMAMPEELZBEN L > T3 Z AL T otz MICABECHED CHOMME L
BERBLE2EEL TV 20 TREZLLEVIHEEND B,

t ABEAREEROPTEHEEROBR LB LA H D EFEL L, 20—452%/ET
KRELOFRFLLEET S, 0RO AMEEHEES FHS F0 5 b icBS0 4SS Ak
252, BEOEGRLELT I LS, i HUOHEEORK, FEHOELIIEERE
EHERIZGL 2B REL, FRLLEL MRS ERIEN2 035, BrHACS
I SEREMEORLR Y AT FFOZEL WRL LY, TEERs A AEORERACT
ENTHY, IO RECRBEOERLEEHL T2 AMEFHOEICLY s shkb
THhol, ZOLIREBRBEOENORERA L ZORIZTHEC DL TOBRRMEBENROE
BRI T T <, ANRDETAELOTRBESL240DLR 55,

By HESOREREL I NEDONT2ERVCTEY, v onnBldsswr
D—FZFTELV, Lo L, IhS5DHRESS S L LED LT EWENED 2 FEE 2 EERH
EEIDPDOEBZENTER, 20CENChR2BESTo CAMHEHC L 2HMOLDE
BLAROMEEZER LR TS 20,

ZOWIFRIE 1980 £ £ D FHE L - R BIATSE TRE AR O E AR bR b BT AR, 0—RE LT
WMNOTEEROBEZAS LT 21DIT > b D THEHE L OERPHUSBEE o720
THME LTHFLL b DThE,

Br#zelkEE2ARDERENER LG LT 3 I EE %25 BN AEFEEND A
Fy7RGTR, RVWCLHENTHok, #ZTIEBMGEERLD, BRCUBELBE A< d
SHE SN T ELRBRAKEAKERBRSED, BBEFEERRE, MEETEERER, BHFR
DRIT L & 5 R/ PHIEERRIC, $ IO BIHE 2 5P & &4 2 WA
TRRATERF IO HP E—#0%, )1 —BIF, ARRIECHLVIETR, 25 0ARKEOR

— i —



FIFEEN &R, RFEREOBHAXRBOMEPI2EV:, CIEfEL TEHDEERT 5 1KE

THhbo

BEMI155 4F 3 H

_ivi



8 R
B AR UILEOEEEL BRI 1
H#HE—
By BB 2 0 SEBEEDEIET  oereererer oo 21
LEEE - HRB - S EEE
PBEAC L 2@y 04 Y7 SERBOHETITET IR e 29

SM)NE— - fE IE-&FBE— - LBERE - HPE—

o ic B3 ELBYOSEIZ MY 2
NEEBRPFF AL EDEBEEHGFERE—— - 61
ANERER] - AR 2 SRE T - R IER

T, BEEAOWEEI SV 2 AEHEORER L B e -
BHICK - HAH— - BRI

BrAEERE T AEAD—DOEA
A HHT I TAYFFOMEE F A e s 121
M g~



CONTENTS

1. Accerelation of the Eutrophication by Fishes and Shrimps in Lake Kasumigaura «orerereereenes |
S. KASUGA
2. Survey Analysis of Isaza-gorohiki Ami and Trawling in Lake Kasumigaura -------oervoniianinien, 21

Y. KITABATAKE, §. KASUGA and Y. ONUMA
3. Swdies on Acoustic Estimation of Neomysis intermedia Biomass in Lake Kasumigaura «eree 29
K. TATSUKAWA, T. INAGAKI, 8. KASUGA, Y. KITABATAKE and S. TANAKA
4. Study on the Production of Benthic Animals in Lake Kasumipaura—1
——Biomass and Feeding Habit of Gobiidae and the Prawn—— o 61
Y. ONUMA, J. TAKAHASHL K. SUZUKI and M. HUZITOMI
5. Biomass and Production of Fishes at the Littoral Region in Takahama-iri Bay,
LaKe KaSUMIGAUIA  »+eorrereerermsssstssmmtmn ittt et et r e r et s sae s st n et na st araa e s smnenen e e 85
M. SAKAI S. KASUGA and M. TAKAHASHI
6. An Auempt [or Modeling of the Ecosystem in Kasumigaura
—-A Model of the Interrelation between Opossum Shrimp and Pond Smelt—— «ooereeeneienens 121
S. TANAKA

— vii —




Ei L EBHRmHREs #O3 5 (R—53—'84)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No. 53, 1984

By ARUVILHENOEREL ¢ REHESE

Accerelation of the Eutrophication by Fishes and Shrimps

in Lake Kasumigaura

HHE—

Seiichi KASUGA!

Abstract

To know the factors affecting the processes of eutrophication in Lakes Kasumigaura and
Kitaura, the relationships for annual fluctuation of secchi disk transparency in summer with
water temperature, chlorinity, net pen cultured carp yield and fisheries catch of each species
were analyzed. In Lake Kasumigaura, annual changes of fisheries catches of goby, wakasagi
{Hypomesus transpacificus) and some other species were highly correlated with trans-
parency. Cultured carp yield had relatively a low correlationship with transparency (r =
-0.4841), though 21.6% of external phosphorous load was from foods fed to the carps.
Annual mean of chlorinity and mean water temperature in summer (July to September) had
no correlationship with transparency. While, in Lake Kitaura, the transparency in summer
correlated only with water temperature, though the correlation coefficient was not high (r =
-0.5637). It was suggested that the alternation of fish community has accerelated
eutrophication of Lake Kasumigaura.
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Fig. 2 Monthly changes of secchi disk transparency at Lakes Kasumigaura and
Kitaura calculted from monthly means from 1955 through 1981
Vertical bars indicate standerd deviations.
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Table 1 Corelation coefficients for mean transperency in summer season with environ-
mental factors

MEAN MEAN

MEAN WATER TEMPERATURE MEAN :
TRANSPERENCY TRANSPERENCY - DR CHLORINITY - o
(APR-NOV) (_DEC -MAR) (JUL-SEP) '(_DEC-’MAR‘) (JAN-DEC)
KASUMIGAURA 0. 5469(21) 0.1325(22) 0.0044(21) -0.0076(25)
N » . L] -
KITAURA - 5437(|3) S -0.5637(14) -0.5664(15) -0.3363(15)
M
EAN . PEN'CULTURED . .+ FISH CATCH | .
TRANSPERENCY | c;uip PRODUCTION
(APR-NOV) . . GosY . WAKASAGI
liill - - ET]
KASUMIGAURA . —04841(25) . -0.6401(25) 0.5959(25)

ACCI
KITAURA 0.5193(15) 0.4324(20) -0.1612(20}
() number of data,  p<0.05," xx p<0.01, xxx p<OO0L ; e

LW, ERT7AVFORER, HERBEE - 0RBRBRs 2o,
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. Table 2 Morphometrical Parameter of Lakes Kasumigaura and Kitaura

KASUMIGAURA KITAURA
SURFACE AREA, (A), km? : 167.7 38.7
VOLUME (V), 10¢ m? 670.8 154.8
MEAN DEPTH (Z), m ’ 4 4
MAXIMUM DEPTH {Z,), m © 73 . 7.0
SHORELINE (L), km 121 5
SHORELINE DEVELOPMENT (D,} 2.64 3.40
CATCHMENT BASIN AREA (C), km? 1597.0 394.5
C/A o 9.52 10,19
INFLOW (1), 10¢ ton, 1979* 9755 396.9

- INDUSTRIAL AND TAP WATER

SUPPLY, 1(f ton, 1979* . 20.5 104.4

* from Muraocka.(1981)
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Survey Analysis of Isaza-gorohiki Ami and Trawling in Lake Kasuniigaura

LS HER - BAR 2 < NBER?

Yoshifusa KITABATAKE!, Seiichi KASUGA? and Yoji ONUMA?

Abstract

The survey was executed from April 1981 to March 1982, where .ten fishermen,
employing the specific fishing gears of Isaza-gorohiki ami and trawling, were asked to write
down the daily results of fishing operation. The items included in the survey were: (1) the
type of fishing gears employed ; (2) the fishing efforts involved, such as fishing hours per
day; (3) the species composition of the catch. Legal aspects of fishing operation are
summarized as follows: In Lake Kasumigaura, trawling is restricted 1o the period between
21 July and 31 December, where the fishing gear of Isaza-gorohiki ami is allowed yearround
except the period between 21 January and the end of February.

The survey results of five experienced fishermen show that (1) every fisherman employs
the fishing gear of Isaza-gorohiki ami in April through 20 July and of trawling in the period
between 21 July and 31 December, where the gears of gill net and Isaza-gorohiki ami were
employed in January through March ; (2} Species composition of catch varies seasonally,

" such that opossum shrimp was deminant in spring, goby and freshwater shrimp were
dominant in summer and fall, and in winter the dominant species was silver carp; (3)
economic backgrounds of fishing operation are clarified such that fishermen are observed to
go fishing if they can gain, in average, the daily revenue of at least 12 thousands yen and that
fishermen seem to employ the type of fishing gear which is time effective in obtaining-more
than the minimum daily revenue stated above. ' ‘
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Visiting Fellow.of the National Institure for Environmental Studics. Present Address: Freshwater Fisheries
Experiment Station Ibaraki Prefecture, Tamatsukuri-machi, Ibaraki 311-35, Japan. * ’



LREEE - BHE~ - BT

1. FLwiz

ERZAEHIEANS, B E4 A1 BLDBEASTEI AN D1 E£lichi b, HBE
FEACEREL T TwaS 20888 b o — A0 SAREEEERE ) (LFTI S 2 kEE"
LBETR) ZFM L f. BREANEE, BoW () KBWT, AT ERERT to—L
U%ﬂﬁ%k $bfn%ﬁ¥%®ﬁam%u,&%5 %ﬂﬁa L Ekbfﬁev_tf
350)10

FRTR, COBBEFREMITELICE->T, By BCBT 20 S REORELELRS
PIZT BT ERHAS, 27, H2ETE, B2ARECSHTHEL S HAREEORERI
DWTHTHS, Fabb, EIAEFRFHBNSIE6R 1805 9830 HenSms L
TEBLL [Er BAEERORECRETHECHE T 288 (UT T’ S L KAE” LB
(LA -EAR, 198]) LOMEIZEWT, NRENFHNRELRCHATEDOL I ZEBCH 25
ZHEPICT 2,

%3%?1 @4ﬂgﬂnﬁﬁﬁotHOQﬂﬁ®ﬁﬁLﬁ%@&%§ﬁfﬁ¥%5%@@%
BWK§OWT,&?ﬁhb”éu%ﬁ%@%%ﬁﬁ%ﬁjo‘

2, ﬁ&aén#ﬁﬁimﬁﬁﬂ .

B2RFFICE W TIREREE @ﬁk%ﬁébtﬁ%ﬁlmﬁmaﬁ &&i%l&ﬁﬁ LAEM
HEEFE b, ZITH, %l&ﬁﬁﬁ%tQﬁﬁkEMT,_h65%®ﬁ¥%(UTT
ﬁ“ﬁ%%”t%ﬁ)@ﬁﬁ%%%ﬂ s 3 t%ﬁ&a

1, %1ﬁﬁﬁ«®@K%4mﬁ§W(ﬁﬁ)@&ﬁwﬁﬁ%rbrwé F1OREN
kﬁkhbfwﬁﬁﬁmﬁ%mht#%bbm&iok,U%ﬁ%lﬁET%gﬁW®$ iZH
HOMIELIS I, BRECHBT2EE8HY, 02 t#%%ﬂl@u6?§%k§<bfb

#1 ﬁ%ﬁﬁ%%ﬁ%%&(ﬁlmﬁﬁ)

Table. 1 General attributes of.fishery households - Results of the ﬁrst survey in . 1978*
L L T R . BRI )
N [EI4% —_— estimated annual
ﬁiﬁﬁ holds . return rate R agricultural
Fishing gear responding 193 average age revenue in 10
to the thousands yen
survey )
LWIXTAEVER . ' : ; ‘
Isaza-gorohiki ami- N ‘ 138_ F 53 , 46.6(0.18) 103.0(2.54)
boe-noE, RUE 122 34 47.30.19) 147.5(4.33)
Trawling - L -
g . .o : o 5340021) -
Fixed neuing - 275 5 4(0.21) -?.04.9(1.7]) .
2 ’ 81 39 47.7(0.29)° 118.0(1.71)
Carp culture
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cofficient of varialion is indicated in parentheses
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Table 2 Each species caught and total-revenue in the four months period of June
through September, 1978-Results of the first survey

Fick: A = R P L LEEIAD R

Trawling Isaza-gorohiki ami
s i 2 AR ONRE s 4 FRBEONRE
surveyee of second surveyee of
total to1al
. . survey second survey
@GN ,
Number of households 86 3 138 5
EEEL D RER
Each species caught
per households (kg)
[ IAYE 1283 030 - 0 0
pond smelt
VA
 loefish 14.0 0 0 0
AN | 26464 6100.0 22975 3765
v -Goby . ‘
=t
Freshwater shrimp . 549.3 1200.0 2266.0 4792
AVFTS 0 0 714.9 300
Opossum shrimp
2O . . '
Others 79 0 179.5 0
ABTFE (FHE) .
Total revenue in 57.6 951 66.0 124.8

10 thousands yen

3 BrECsUIUIREOER

B 1, HRBFOTALREARCET LT, HRAKEBL, BEEENCRLLLDT
B3, thERBE, LHBS3ARFLLT, VY ¥a (h7Ly) BRERRET 5 TR
OEBREIC VR (FE LA ORFELSEBL, 3826 7A MHCE -V ROBE L
%BTRA0H) g TROIEITZ20E@ASEC, THU B»5 2AE TR bu—RE, E
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Fig. | Monthly variation of fishing days and of fishing gears employed
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OEBELH-THRF—FRARL TR 0OT, R4BDHZTEEFHLLTRTWRES




#* ] BET—SO3LED

Table 3 Monthly results of fishery operation in the second survey {April, 1981 through
March, 1982)*

Month

4

5

HB &5 EE &)

Number of fishing days
O HE D PR R
Mean fishing hours (h/d}
H# A4S D RREROTHE
Mean total caich {(kg/d)
HEIH S 0 aE R RE RO TR

Each species caught
per fishing day (kg/d)
A% 4
Goby
4 HFHT 3
Opossum shrimp
e
Freshwater schrimp
v hGE
Pond smelt
a4 e TF
Carp and crucian carp
Ot
Others including
silver carp
Hifg | B2 DRI A I/ E)
Mean total revenue

per lishing day
{10 thousands yen/d)

& & (M)
Total revenue
(10 thousands yen)

64
5.656

582.3

0

5823

1.66
{0.27)

106.09

86

6,488

3184

228

270.8

23.9

0.9

1.49
(0.43)

128.43

69
8,493

119.8

51.0

62.5
0.2

0.1

1.83
(0.49)

126.43

80
7.900

150.9

67.9

2.1

2.38
(0.53)

190.43

53
2.330

88.7

26.5

31

1.23
(0.62)

64.93

61
2.344

191.7

119.0

0.6

319
{0.18)

194.36

63
2.619

2352

114.9

118.1

2]

0.1

161
{0.23)

22725

67
2.314

1958

145.8

48.4

0.9

0.6

2.32
(0.61)

155.34

22

2.318

239.9

136.2

102.7

0.8

0.1

3.39
(0.46)

74.64

340.1

10.6
0
138
0

19.9

290.8

. 1.96
(0.52)

17.68

0

593.4

2.18
(0.51)

41.38

7.692

375.1

11.9

1.74
(0.59)

3304

* FEIA I E BT

Coefficiemt of variation is indicated in parentheses
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Fig. 2 Monthly variation of total revenue and of mean total revenue per fishing day

o pdb AR, BR52 1 ARE, Sy @Rfce s ¥ I50 s
T 2 BEEH 608 7 L T, S 10% DA (BN 86%) £77> T b, MIEED
BR (FBURE y BILBAEBHF, 1979 0—2%5HLLbDTHE, INERTH, #K
L) O FHRESIE 6 AN — 7 koTsY, 8ARS LRKPITBRUTEC I LD

. [0 thousands yen
- ' ' 307

Total revenue

H. 3 waXI20sfRRick s AReER 1RRTE)
Fig. 3 Monthly variation of mean total revenue per fishery household employing the
* specific fishing gear of Isaza-gorohiki arui
Source: Research report of the Kasumigaura-Kitaura Fisheries Office of Ibaraki
Prefecture (1977).
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#* 4 Brfics8ids AR AR RER _ ’
Table Monthly variation of fish cavght at Lake Kasumigaura (April, ‘1981-March, 1982)
A 4 5 6 7 8 9 0 b 12 1 2 3
Month . . B ]
R 1041.1 906.4. 1114.4 968.4 8831.7° 9136 898.2 943.1 454.9 3153 240.9 1031.3 V
total catch (tonnes) - )
AR
each species caught (kg)
go*éy 23040 313746 555299 333673 256,152 213,535 225157 498196 144,975 2,410 1016 . 11845
v , 13,448 163,135 ©an 082 458,650 466,172 © 544268 491,831 274,615 170,49% 47,230 29,254 29,586
Freshwater shrimp . '
AFFTS C 713910 181220 83840 O 0 o 0 0 0 84360 0 787,700
Opossum shrimp .
75 F 0 0 3407 36502 23572 19964 15875 12324 . S079 1837 0 4,756
Pond smelt . !
aq e 7’}-— . 248,416 203,403 154,410 100,859 109,135 . 85,440 97432 95,530 89,776 108,2559 94,969 129,167
Carp and crucian carp o . .
i ¥ = 3,190 10,190 10,290 2,852 2,852 0 T 5,552 5122 24320 62,993 104,950 62,170
Silver carp o

oL RS EEBITE R

Source ;. Ibaraki Statistics and Information Office
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Studies on Acoustic Estimation of Neomysis intermedia Biomass in
Lake Kasumigaura

S)NE— e fRE E - #EHEC
‘tEsE - BHE

Ken-ichi TATSUKAWA', Tadashi INAGAKI', Seiichi KASUGA?
Yoshifusa KITABATAKE? and Syoiti TANAKA'

Abstract

The stock of Neornysis intermedia was investigated using the Biomass measurment system
with echo sounder (BMSE) in winter of 1981 to 1982, in Lake Kasumigaura,

1t was ascertained by observations with nets and a underwater television that the presence
of Neomysis concentrations were detectable with the echo sounder as the acoustic scattering
layer in the lake. The density of Neomysis was calculated from the basic sonar equation
applying the observed values of the scattering volum strength (SV). The density estimates
thus obtained showed a high correlation with that from the netsampling data. The stock
biomass in the whole lake was calculated by the density in m?® times the areas in Km®. The
biomass estimated from nighttime data was four to eight times larger than that from daytime
data, because the Neomysis was distributing just on the lake bottom in a daytime and the
echo pulses could not be separated from the bottom’s echo pulses. The stock biomass
estimated in a daytime in May increased by about two times that of December.

It is shown that the BMSE is a useful instrument for estimating the biomass and obtaining
the ecological informations of Neomysis intermedia in Lake Kasumigaura.

1. EBfns6, 57 EE ENOAEMENEAMARE (REAPEEMEFR T 164 EnHPHFEHRE t—15-1)
Visiting Fellow of The National Institure for Environmental Studies. Present Address: Ocean Research
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Environmental Biology Division, the Nationat Institute for Environmental Studies, Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.
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Systems Analysis and Planning Division, the National [nstitute for Environmental Studies, Y atabe-machi,
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Transducer Attenuator
50kHz, 200kHz. (AH-120T)
FURUNODENKI Co. KAIJYODENKI Co.

Echo sounder
(FUG-11)
FURUNODENKI Co.

1

Analog Datarecorder
(R-210)
TEAC Co.

Echo sounder with
color functions
(FCV-110)
FURUNODENKI Co.

Dinamo
(E1000)
HONDA Co.

Analog-Digital Oscilloscope
Converter (VP-529A)
(AD-10) MATSUSHITA-
ESD-LABORATORY DENKI Co.
Micro-Computer CRT
CPU
TM-113V (A
(APPLE II) "(I'ORAY CS} )
APPLE Co. )
Mini-Floppy Printer
D1§k Drive (MP-100)
(Disk II) EPSON Co.
APPLE Co.

B 1 AREARCL2EMBHBL AT AOT Uy s « ¥ (T 5 A

Fig. 1 The block-diagram of the Biomass measurment system with echo sounder (BMSE)
HERAOEA) I VFEFHT -7, 7Hus/EGR e LTRE2 S, F—F oA REIE, 4
VOAI—TTE=ZF—FTHIENTEL, UEXWT—FHE - NBHTHEOBRETH B,
FHARI ZHORBEREHZ TwER (R, A 4¥7 s EHEOHEED: 213 200kHz
DR ER VT, COXRZEBOFER L AEE 0.5mes, FREEIHIZ 1 5570 300 ETH 3,
BE2RBOREFEEE 05m L L, BEBOAD CEHLL,
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Table 1| Specifications of main instruments which constitute the biomass measurment
system with echo sounder (BMSE)

Instrument Type Maker Specification

Echo sounder FUG-11 FURUNO-DENKI CO. Multipen form
Range of depth (50, 100, 200, 400m)
Frequency {50kHz, 200kHz)
Pulse duration a) 50m: 0.5m

b) 200m : 2.0m
Echo sounder with FCV-100 FURUNO-DENKI Co. 11 inches color CRT with eight colors
color funcrions
Attenuator AH-120T KAIIYO-DENKI Co. 0to 120 dB
Analog Datarecorder R-210 TEAC Co. Four channels (FM-3, DR-1)
Tape speed with three leves
Oscilloscope VP-529A MATSUSHITA-DENKI Co. DC ; iOMHz, two phases
Analog-Digital AD-10 ESD LABORATORY Co. 1 channel, Input + 5 volts
Converter Separation ability : 12 bits
Treatment time for A/D convertions :
about 20k
Micro-Computer APPLE [1 APPLE Co. Color graphic function
system Hard copy function

(2) 7—5NEBE

F—FLra—FeibEEan7 o/ ERE, A-DEBRERECT, FYILbah, <
f7a«avyCa—F GEHFVA 3>, APPLEID) i2kD, 54> F - 70yt T A7y
McElEREN D, COBRET, T u s/ EEE, BRI 0TI MECERE LD, Jhid,
HHE &R 1,500m & Fiif, 27.6em MR 1 EORE2@5 itk d, £/, TA4I2DR
Y —O#HRO D, 1807 — 5 BuARE 250 BRIRITH 5,

COFRIATACBI 2EZHBINZI LRHETIE P (ybar) &£, BT —7"TH4E 2
LZEWMEBE V (v) toMER, RoXTHRT LN TES (FiES, 1983).

20 logP = 51.03log V +£—12.93 (1)
L, e @7 72a—FLoEEE (dB) Th3,
(3) F—5 O8N

FEtEs o o R8I, HHEEEME (Scattering Volum Strength, SV) EEEERTE D,
RV F—HAERIL Y, oA TH T ERTES (FIU, 1982 Burczynski, 1979),

SV = 201logP—20logPo+20 logR+2aR —101og® /2 — 10 log¢ {(2)

2fZL, P BAKFOHNEE (ubar),

— 33 —
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R GERER 5 RKEHE 2 COERE(m),
Ca BKOBHEHEBRNEEE (dB/m),
C i3KPEE (m/s),
T #i%#fé@%ﬁ/wx@ (s),
¢ EEBEBOBME — Loty — 5K

ETRTe '

A eR(2)iwkn,

SV = 51.03log V +&—201ogPo+ 20logR + 2R — 10log®" /2 — 10 logdh —12.93 N

LB,
ZIT, P o1, ¢#iﬁ%®ﬁﬁfﬁ’(‘%') ZIK@?ET#;%&%#L&K@E%&%%’J

20 logPy = 90. 64(c1B)
7 =5%107%s)
& =0.007

Fio, BHEE—EMET 52 eTE, KENRINE, BIEERBIFHEECIIWHEELS
b oTnbsdT,

C = 1500(m/s)
2aR =0

£l
_anJ%ﬁI{@’EEﬁ(S)b;{’ﬁ)\?‘é E

SV =5103logV +20logR+¢—77.88 - Y

Eixd, ThbE, SVER, F—sLra—¥TOELETFL, b, RUEZITF A=Y
Bt rgrEshsd,

3. HEBEERRTESE

HEERFAENR 2 A THROEED, 1981 5 B s 198247 B TOMMT, 346 3E
MEE i, _ S : .
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Table 2 The acoustic survey schedule

Number of Date Subject . -

survey
1 May 13 - 15, 1981 1) Acoustic survey using the 50kHz echo sounder
2 July 21 - 23,1981 2) Acoustic survey using the 200kHz echo sounder..
3 December 21 - 24, 1981  3) Neomysis group’s preseat in the water depths by net- samplings
o 4) Calibration for Neomysis biomass using the DMSE (1) R
4 March ) l - 6,1982  5) Calibration for Neomysis biomass using the BMSE (11)
: 6) Operation for a horizontal use of the 200kHz transducer
5 May 17 --22, 1982 7) Calibration for Neomysis. biomass using the BMSE (I}
8) Acoustic survey using the BMSE in the whole lake
6 Tuly 12 - 17,1982 9) Calibration for Meomnysis biomass usmg the BMSE (IV)

3} Che.ckup of Neomysis group’s present in the scauenng {ayer by
using a underwater television

A L AEHIERR, A v F¥ 7Y v FJREOER Y, R Lot izl hiTbhi Er
B BUAHEBEARBEEs L O TRA <, BHORMERELUER, BERRGELET
BE AN, M, W HIOBREY, YADIOREEELrEROLAPE LR L
DIRFE STz, 1981 12 Ricid, 05> Cit L 2MMERT bbb e TEMS Lz, M, &2
Y 2 —QEEEHE U —EIERERRM o HE S e, IR 2L 1Tm/s Th o7,
BEERERCE, iR, KB, EWHE, BE, pH ¥oREHE2E/HL . :

BrBCBLT, BRE—ELAHYT I 0AREESRSE SR TuRw0T, AFEGROIHE
ﬁ%tﬁﬁﬁ@f@hﬂftﬁ%bf &@W%%ﬁﬁﬁoto '

A1) ERSI2 iy NEEEL -

i NGG42, 0.3x0.5m (0.16m*) OERZZ 7 Fray P&, 05m Xk 1m MR T,
BRI 2 BIRMEEIT, AT 2 2HELL, FHAKERZ 09 THol, COREM TS 2 1
YAy PR X LZEETOFREE, AFRBLOROBHRIRES, v/ IV rELTOR
BOKE s S$REFE 2xitbL, BEMEEMBR0:0E, 4497 I OEEREFE LT
LORBRIGUTIT o 50, 1981 £ 12 A 21 H 1588 45 3 5 120 22 A SR v i3 ¢, B »
HMOMLIH 2BEREORABHAC VT, ERBRHRE ST -7, MES LA YT 243,
BUBTEBIC 5~ R~ YBETEEL, BREFFRZCEwTEBEREFAEL .

(2) W8 & 5 kEE .
A¥Y7 2k, BEMT7 7 o (benthic plankton) & 2 1 id FIEME-2 > + A (epi benthos)

EELRTWAESI, RERMEIGEABTEEL T a I, 1979), 207LHIC, 144+
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TIHEHOFMEERL, RFEYEYETHEL TRE, 2u—FTRYHY, KEEH
BT, AEIm Zr OB UESHERT o0, BRMIZRD03X1.0m D& Lsm DR a0 H
& 25~3mm O F 4 v e VPEWD I B TH B, BE lm DRGEET, 5 £, 768
EAES LIz, ¥ FLoMBR (1) rEHTHL,

(3) 7 —FBHRAEIC L 2 8i%

RROESRREAUCA Y A3 - 70757 LV EL COBTFRRNIRBRET 50101 T,
CRT HEH LD 7 —FRIT L 3 FHRGEEORGIGEE2REL, 1 +¥7 2 £RBEORMN
EREL I, Huler s -, SHESHEO FCV-110 TH-7 (K1),

(4) AFFLrELsBE

RIS L Ay M) R I ABREGBLOBRIBETONIRE, L 2 BFLTORBNZ
VRSO, bR TRAIVEENI—BL VI LD 3, 2 HE,»S5F om
o4 47 SBERE, 2y PRUVAFOBETETHELBELH 3, ZO4H, k7L E
WEODEKERBI LD, HENEG LTOAHF 7 4L E8FEOEIRIBET 2 2 L 2R 471,
FERLLARFVERHAE 7 ¥ —#HEIT, @HRICFA4 « 7— 7B s niz,

4 EEKEE KRS

Wy 0 (FEW) ), FH 167.7km?, H8 138km, BAKE 7.3m, THIAE 39m @, %< CE
VHITH S (2, BETH, BROBEBIRES T TV bR b, BENEETAE 0m %
T BHAL 55, BEAMDAENOERERSD 570, FHE (1979) HEBL TS
o, BOWMENTR (M2 »oEREN (BAL £ 2 L — 5118 planimex25) £ H1T, KEO.
Sm ZrDEBRERD S (F3), E-HMEEME, FHE (1979) 25FC LT, BEA, L\
AL, BROARSE Ui, 4497 L ORFRE, ZOWR I & 0 KRINERICE L TEH
L7

5. REBRAOIEEEL O RES

HEABRBIC BT 5O RFELRIE D2, SEORAKHEY AT ATLAFLESBONS
DEIBARETH >, 6 ADHEOHREETONLAZERO S b, EYMORHTH 2 R
W onOFEERD BT, DT el 5,

(1) &7 (BRI ORER
198145 H 14 A EHER FUG-11 B AR S0kHz O ST HESBEL T, B-E0+
oA ETHELY (H3), AEEHECE®E {okbREESNED S (Hda), 20/




ANFORIC LBy HO4 VY7 s BEROKTE M ZHE

01234 5km
[

2 o HEOMEME L AR S (BK)
Fig. 2- Four lake-divisions and topographics of Lake Kasumigaura {modified from
Utsunomiya (1979))

# 3 BoA4HX @A, BEA, 0, HROKAENERE (km?)
Table 3 Areas in km? at water depths in four lake-divisions of Lake Kasumigaura
: Tsuchiurairi, Takahamairi, Koshin, and Kojiri

Water Tsuchiurairi  Takahamairi Koshis Kojiri Total
depth
m km? km? km? km? km?
0 42.4 236 85.9 153 167.2
1.5 37.6 20.8 82.1 14.0 154.5
20 310 18.2 31.9 10.1 147.2
25 328 16.7 722 7.2 128.9
30 28.6 14.6 720 5.6 120.8
35 21.1 13.2 68.2 35 106.0
4.0 16.0 6.4 66.5 2.4 91.3
45 8.6 1.6 63.1 0.5 73.8
50 4.8 09 549 0 60.6
5.5 1.8 02 31.0 0 33.0
6.0 0 0.2 0.4 0 0.6
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3 50 kHz ABHFEARC & 2 EEERFHEOMBK

Fig. 3 The boat track chart in the acoustic biomass survey by an echo sounder with a
50kHz transducer on May 14, 1981, in Lake Kasur_nigaura

W4 50 KHz fABHERIEC & 2 ARG

Fig. 4 Echograms by an echo sounder with a 50kHz transducer on May 14, 1981, in Lake
Kasumigaura
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PGSBS L 2101, WEEBh2 A% (K9) SRERsSN, £, COREROSLES
i, MECRRSAZRIOBOE L, JOMACE, i IBEORE ST, BEHOS
WRBEIBELAVI LEbbeTHELE L, JOBRE, FI7OBEKRTHELELTLL, KT
B, WMHETE RS NS, 0L XOWLICET 5 11 45 SOREARE 19.4CT,
AKEE 3m Tl 17.3°C, IS < A 5m TR 17.1°CTH 5 7oy '
ST, M3RELAWELE (A 3—2) K, ZOBERIE 1208825 L08TER, BIKRE
ORISR L2 SFHIL T, lom BEOEEAMRCET LS OL310kb, 2OL 2OF
BG4/ vy FTHD, DRI L1, 65em LT A0T, JOBMO lom REEIC
185m LFEEND, MbTh2 3B, KIBRAENLL &, SFFLOFHTH S0m LK
CROE T SRESN B BE 0% 2B T LR D, ZORMES b, T, KT
FYFLERHLT B LS X0, BATHNZERL TS L1 5 2 LTS 2,

40—
I

30+

20+

o rmﬂ/ﬂ

1357891 1351789 />20
135 18.5m

B 5 & LB BEGHBIHEOKE SR

Fig. 5 The frequency distribution of unit distances between single fish echo traces on the
echograms on May 14, 1981, is Lake Kasumigaura (A-course in Fig. 3)
One unit distance in lcm length on the echograms, and is equai to 18.5m on the
real lake surface.

£ 5T, HEGILU BREGHECEML LB TRALANSHS (K4b), RHERERES
RTVa v, BR2GHLT, 3497 0L 3 REELAED, 5301, PEXODE&83
LAROEDPHOYINFTH LD b Lk, 87 THB LTHILLTE LY, BHTRE W,
$h, HEOBMA v 2T VST, 4 FFT AR S Ao, S0kHz DRZE B
TRAYYT S OEEGRETFCHRBT DI LR TERb o7
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(2) FF+HxE - FF 75 EORELAER

1981 4 7 A 12 Hiz 200kHz D2 HBICL 0 ARG ELR L (K6), TOMRERETIEAT
ROKRPREESTES S, FORCHWREELEFEET 5, v PEREZERTE, ol
FARENERABORATHD, THHICOMELEER TV S, HRORSKRE T+
EDHETH 25, A HFT7 I ETFRHETL TV, TBiCRE { OEEOUEL R SHEIAK
S LTE), BELYEOATEL BT IOREL VLI THS, &8, IDEIDK
BEBLT0.0C (RB) »56 283C Uk#E, 55m) THo7 (12BF40 7).

6 200 kHz FEEEAEC & 5 BIETH

Fig. 6 Echograms by an echo sounder with a 200kHz transducer on July 22, 1981, in Lake
Kasumigaura

(3) F+7 (88 O/aER
1981 £ 12 B 21 B o 22 HZ 3 T, By B0 ICB LT, 200kHz SAEEE m8e ABEE
%T‘?j T:o

a
0-
m
2.
i sfn-“;;,p LT R
4 &«x.m':i.n Freath

g i
" "'nmnmm e

7 200 kHz ABEHEAM I X 2 AEERCER
Fig. 7 Echograms by an echo sounder with a 200kHz transducer at 17:30 (a) on
December 21 and at 06 ; 30 {b} on December 22, 1981, in Koshin lake-division




BEEAMESC L AR B0 YT i BEROKETEE T o e

&7 (a) WHBRORSESED SN, 2y 7N TORKE, TORMERRFFITH
HZrdtbhot, ZOBRP TS L, MRS F7OBHENBO TR 2D EL T
BIENbhE, COFFIORERL, FELICCRONBDERL, ¥BKhEAHFT 2
DR WETE THER AL TV, 2238, E7(b) TH, F#7ThHdELLHND
HORREIER LS -TH D, BEOBCHEOPLFEL To, Ffld L, Hlitko
T, FFIIIEHEMNER LR, HEYTHL A HHF7 2 HOPICRAL, BACEHEESHZT-
TWBEEABL LHTED, IOrZOEREARIK2 F 1615264 (B8 T1.0CHs, 22
B78204 (HE) T57CETEMLLL,

(4) AF¥7 DRGSR (BEEEEH)
200kHz O AET, 1981 F 12 B 21 H5 6 22 RicHid T8 » foWo THEERR 21T 2.
KEDIEA T Iz 2T (16 B 20 5388), KPOREHEZMEDE BT oL L b, #
KOLE - PRBISVTREFECBOATRIHRNEZRD (H8a), Bdoryy, Fviyv
VL LB E, AVFTIOEREETHCRBEATHS (), 7, BHE, WEEU-
LALZEAHFT INERCKER > TW208bhd, Thbh, B> TAVYT I dH
OEEETEETZ L L b, WAkDT2Bichbiz ) T2, EHBET, XESHIRLD S E
(7§ 20 2340), AT < O AFESIE < & 0, KEED LIESEAMICIZARZAKLATHLD
#bhmz (F8b), 200kHz DRIET, 4 F¥7 I 0AFEGENERIN:—DDIHTH S,

® 8 200kHz AEHEAMIC & 5 AdRRLE
Fig. 8 FEchograms by an echo sounder with a 200kHz transducer at 16:20 (a} on
December 21 and at 07:20 (b) on December 22, 1981, in Koshin lake-division
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Table 4 Diurnal changes of the Neonmysis density (w-g-m-3) estimated by means of net-
samplings on December 21 to 22, 1981, in Koshin lake-division Neomysis density
with a symbol {*) represents average value for combined depth strata.

Date Dec. 21 Dec. 21 Dec. 21 Dec. 22 Dec. 22
Time 16 : 25 16 : 40 18 : 05 05: 28 07:12
Water
depth (m}

0—1 0.063* 0.709* 2.540 0726 0

1—2 0.063* 0.709* 1.866 2.096 0.007
2--3 0.063* 0.709* 5.637 4310 0.119

34 0.063_‘ 31148 14.623 5.896 1.689

455 12015 8.790 0 4740 3.481

(5) A7 :0AaBEGR (KBXR L 28E @ﬁ)

K9aid, 1981512 2 A0H» WML TOABERTHE, ChEHB L, BBL42mY
DT, A7 I DBECARRERS 2 LTS 2, BS5BCABRISEMCENRS L 15m 47
DOBRCREBES EFIBHL Twa, WELTE, WETRODE, 4 ¥ 97 i8knTns
DERER L, 2O&3, B, 447 2 3#8AkPOPBCB - TEROBRSHE LTS
D, BFLETRTDAFHFT IHSHBERBATHLIRTIRE Y, 3/, KESEM» BN
D&, AVYTIHRIVEMNLARCD L, HEEOES KE, H2m) Tk, »
PLEFELLT, T0BOL 22 T—E0MRIFET2 (EIb),

9 200 kHz REFERME & 5 fUERe
Fig. 9 Echograms by an echo sounder with a 200kHz transducer at 07 : 25 (a) and at 07 :
40 (b) on December 22, 1981, in Koshin lake-division
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LRENERD, 7, 4*7‘*9*7_53%55'43, Zkr?‘ﬁEPJ%iC%ﬁb:ﬁﬁL‘CM%:t b o7 (K
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DI ENbL, Ihab b, VT I, EEBREOSFECIVSHEEEZLIEES L
EMTELD,

6. RRREBRCAVY7ILERE

(1) IHIBicB T 5 FihmESR

REORESH ECHEA AP REES, A 37 BT E I 0RHETIRDE, #0
A ESAETHSNAEREEEORE BESH200 85025701, UTOREE
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B 10 200 kHz AEEHRAEIC L 2 AETH
Fig. 10 Echograms by an echo sounder with a 200kHz transducer at 14:50 on May 18,
1982, in Tsuchiurairi lake-division
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11 200 kHz BRI & 5 AIRECE

Fig. 11 Echograms by an echo sounder with a 200kHz transducer at 15: 55 (a, top) and at
16 : 00 (a,bottom) on March 3, and at 09 : 56 (b, top) and at 14 : 00 (b, bottom) on
May 18, 1982, in Tsuchiurairi lake-division
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Fig. "12  Three examples of numerical echograms

Figures from 0 to 9 and M are indexes of S¥-values.

M means a larger value than .

The number on the left side means one pulse {see text for further details).
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Fig. 13 Relations between Neomysis density (W, w-g.m™?) estimated by means of net-
samplings and the SV -values measured using the BMSE
The dotted line represents the following equations :

W —_ 100.15V+ﬁ.326

7. AYF7PinspEE-HERE

ALY, A7 I0BEERHELLER (x4 20TRT7 7Py k) %, B5EFE
Uize COFICBY S No ORI, TN 1 EORIE AR LBRT 5, 22T 24 5
DRV ATLBEREFOA V7T THEE (w-gom™) BHEEIN TV, FHETALL S, 045
62313 FTELL T A, 55M), 74b5AES S 55m 2 OB, HarrHES
T~LTw3,

COEIELT, AW FTIDEEEES, KEImHs 05m JEicHETLI EMNTE D,
72 L, OO0, '
DOXZHBORBAES05mTH 5,

OEZHHBE»S 1m OFEATIE, BEOMEEL, FRESSHRMESBLTWEBRNES,
ZED, KEO»S ImzTEHEBHESTERLT, FHKE1H6 15m 3 Cl, BERTE
fEE kL THLRTREE S,

(1) HEATOBRNP
1981 £12 B 28 B, REATHGEI L 2 BFRERAXLT->7 (R 1), EHlH(1) % 125
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£ 5 AEHEVATLACIOHEESRE, KEOSM JEDA $FEY L LA
CE (w-gem®) OHFE
Table 5 Neomysis density (w-gem~?) estimated using the BMSE at each 0.5m water depth
stratum in Lake Kasumigaura
The 1.5 (M) means a water layer between 1m and t.5m water depth.

Ta¥ust FILE MAHE f¥ass EAEL1201-51
DIV. OF 1 ¥ . 2547

SENSITIVITY 1
ATTENUATOR S (DH)

ND.OF DATA IN : PING 32

Nor, 1.5(M) 2.atm 2.5 RO I.5¢M A, aim A.8tH ERCYLT
1 0.5 ey 1.4 1.8 3.5 1.% 4.8 4.1
11 0.3 [ 1.2 1.4 3.2 5.9 4.7 4.7
ot o1 1.0 1-5 1.5 3.0 o8 3.4 5.9
M) 0.3 1.2 1.6 .z 1.9 2.3 .7 2.7
a1 0.3 1.1 1.7 2.7 2.3 2.4 3.7 6.2
51 0.3 1.9 2.2 .5 1.8 2.9 S 2.9 VT
&l 0.4 r.z 2.0 1.9 1.7 1.9 2.4 e N
71 0.4 z.8 2.6 2.3 2.9 2.8 3.1 2.7 .z
a1 0.2 4.0 2.4 .7 1.9 3.1 4.2 3.2 -2
21 0.2 z.1 s 3.9 =7 2.8 3.5 3.4 -
101 (8] LT 1.7 2.1 2.5 2.4 4.3 4,9 .7
111 0.1 3.1 2.9 1.8 5.7 2.6 3.4 a,4 .4
121 0.1 2.3 1.7 z.7 .1 1.6 2.1 .9 -4
171 0.3 1.0 2.7 .9 .5 3.2 4.0 4.2 -7
141 1.8 1.6 3.9 3.1 2.3 1.8 5.7 6.8 .7
151 0.4 1.7 i 3.4 3.1 2.7 a.a 10,1 &
1ad 0.4 1.8 T.o I.u 2.8 3.5 4.7 16.8 .S
171 0.8 .z 3.7 4.5 1.9 2.7 3.1 12,6 N
184 0.8 1.3 4.1 4.5 o7 3.0 4.2 &.8 .7
191 0.6 0.8 2.0 .8 3.3 2.4 3.1 3.1 .4
201 0.4 0.7 .2 3.5 N 2.5 3.4 .7 -1
211 ({13 1.1 2.9 2.3 2.4 3.3 S.0 a.x -1
o 0.5 0.7 3.4 2.0 .t 3.0 4.y 8.4 L 4
o3 0.7 .8 [ L3 2.5 3.1 2.9 3.6 .7
Mean [ ] 1.7 .9 & a7 2.8 3.9 5.6 136.% 231.3

4 BEACBU2HERFEFEOHMIR, 198112 823 0

Fig. 14 The boat track chart in the acoustic survey on December 23, 198, in Takahamairi
lake-division
The small figures, 1 to 24, in the chart represent serial numbers of each survey
stations,

2OMTHRL T, 15K 30 MBI (24) B 2T, A5 24 HOFABAIC £ 5 ARG
BRUL. CD53B, F— SO TEL BRSO WTOBEEE@ER6IIRELE, 20
& DRESMFE, BRTHREAR 6.1°C, WIBEARLSC, $LBUTE, WMEREAR 6
9C, WEAR65CTH o7, BlIE 130 14K50 2O, 69E»S TBET, B
LOBHTH R, K6 2ASE, AV H7 I DFEHEEEE 0155 8Tw-g-m™ £ TEBHL
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- (w-grm™®), 19814£ 12 H 23 H
Table 6 Neomysis density (w-g+m~?) estimated using the BMSE on December 23, 1981,
in Takahamairi lake-division -
No. of Station Mean 5. D
1 5 8 9 13 14 15 16 22 23. 24 w
Wat
u|1 de;:;lr (m) w-gem™  w-grm™? wogem? wfg'm-,a wogem™ wogem™ wegem™? wegem? wegem™' wegem™? wegem™® wegem
T 1.5—20 0.3 0.2 0.1 0.3 0.2 0.5 1.0 1.0 1.3 0.8 0.4 0.55 - 0.38
20—25 0.5 0.2 1.2 20 1.2 03 2.0 1.1 24 1.5 4.3 1.56 1.07
2.5—3.0 0.4 0.3 1.7 23 1.2 1.2 1.7 1.1 33 1.9 8.5 215 2.16
3.0—35 0.6 08 59 6.0 87 2.3 1.4 1.9 29 [.2 6.9 3.51 2.70
3.5—40 — — — — — - — — — — 5.2 5.20 -
Mean 0.45 0.38 2.23 2.65 2.83 1.20 1.53 1.28 248 1.35 5.06
S. D 0.11 0.25 2.20 2.08 342 0.68 0.37 0.36 0.75 0.40 2.74
Max. depth (m) 4.1 4.1 4.1 4.1 4.1 4.4 4.4 4.4 4.4 4.6 5.2
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Tw3, ZOFE—EDHEBHY, SEAOCBE,» BOWEMTTE, L TKEDEL
HHEDIHEN, RELL>Twd, —7, QU KRLLHMEETEBZ 7 b iy bk
54 4F7 2 OREEGE 40T, TORR, A FYFT7 IOHBEIR 026 1.26w-g-m™ DIH
THole ' '

AT, ABRBRE Ay P EE O, FAEHECKERBEECE-RL TV, 22T,
Bq|ALA (13) HETHESh 2 ROEEEOFHELEEN RS, AL/ 9¥7T R
DERHEEE (We) Lay b 9> 7Y ¥ 70 s 52 OREMB (W) £ OBFEEE 15 7L,
INEHDE, KFESELRLE, A YYFT SEESEINILTBA08bs, FLT, KEHN
BUBBHYE, BB EBMEEOHR Ay V7Y v 7 L A REBICHATKENIE
BHoerThd, OB/ bzd, TR, B Ay by 7Y w20k, HEN:
REEELEroRIEICES, Ay M RELOTFRCIZ LD THSILZELTHLEH, b
BAAASLTIEE Y, 1272, 3ATIRD2HHBERED » =.0.95¢ £ @V, F-ERBHREY

W = 0.420+0.136 W:

THRTIENTEL, , : .

CET, AFEHEY AT AL VHBE AN FT L OKEHNEE (W (w-gem™)) 1, %
OAE(I)DEDLEE (A km?) 283220k, FOKECESTLEHER (B
ERDBIEHNTEL, Thbb,

B’,": Wi'A’{ . - ' 3 (11)

[ T T T T T 1
0 1 2 3 4 ] 6

Wg (wgnid}

I 15 REHES AT 2L 2497 SHERTE (We) &, 2y b ¥r7
Uy ks EEREE (Wy) L oRRk

Fig. 15 Relations between Neomysis densities (W, w-g + m™?) estimated using the BMSE
(W) and by means of net-samplings (Wx). The symbol (7} means a coefficient
of relation
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THb, BRICHAB LI, HIRALOAKEIm FTH, FVATATIFELEETH -,
FIT, AEOHS ImF TR, KE10515m 2 TOEE (w-gm™®) THEL, FhLUE
3 W, =05W'; (w-gem™®) LEBwi, %, HEGIORERSERZWEEIR, 1BER:
KETD W fEEHVT,

B, BrALROREE (B, 4MXRBI2REROAIHETH L, THhbb,

4 10
B = Ehgl Wi Ax (12)

THb, 22T, FRAWEOBELIELTEY, FhfFn;j =1 L8A, j =2 BEA, /=
JIEy =4 R THE, i 1305m EXAOKEERERL, i =1 15mAEREY, L7
L, i = 1OEENEHERTWRVE X, W= W' Buk, £, KENOEmR(A) R
HERAERREEAE LS m OEROEGETOEZE Lz, A2 WAKELSm EAE2.0m & DEE
AROESEL, HLERKRIC0Sm ELHTRDI, IhoDfEE, RTIKBEL,
IOEIRFET, BRALEBTS 1981412 H 23804 347 2 0RER2HEL, HR%
FESWRLI.RED B HROTHRLULEMEFESLTHEL LA YT I HFEET, BRALZ
5 (222km?) Tid, 119t THo7, —H, TheRFCREPLOT—F %7 ¥ LICEY,
RUFETHEL @R B, T, CATR 12t Ko, B2 F—F CHELRA WY T IE
BEOMEBTH 2, BRRACEBL I E8TE,

# T AF7I0EMEFHET 2D CHVeNE 7y i L R OKER
EfK (A4 km?)

Table 7 Areas, A; in km?, used to estimate Neomysis biomass at water depth strata in four
lake-divisions

Water Tsuchiurairi  Takahamairi Koshin Kojiri Total
depth
m km? km? km? km?* km?
0—1.5 40.0 222 84.0 14.7 160.9
1.5—20 3.3 19.5 82.0 12.1 150.9
20-25 349 17.5 77.1 8.7 138.2
2.5—30 30.7 15.7 72.1 6.4 124.9
3.0-35 24.6 139 70.1 4.5 113.2
35—40 18.6 9.8 67.4 3.0 98.8,
4.0—4.5 12.3 4.0 . 64.8 i.5 82.6
4.5—5.0 6.7 . 13 59.0 0.3 67.3
50—55 33 0.6 43.0 0 46.9
5.5—6.0 09 01 15.8 0 16.8
6.0—8.0 0 0.0 0.3 0 0.3
— 52 —
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# 8 BEAABUIAEHBEVATARIZAYT i A RBEHEE (W,
w-gem™) &, EEEHEE (B, t)

Table 8 Neomysis density (W, w-g-m~3) and stock biomass {B, t) estimated using the
BMSE on December 23, 1981, in Takahamairirlake-division

Water W, B, W, B,
Depth =
{m) (0.5w-g+ m™3) t (0.5w-g » m™?) t
0—1.5 0.84 19 1.0 22
1.5—20 0.28 5 0.53 10
20—25 0.78 14 091 ’ 16
2.5—30 1.08 17 0.83 - 13
3.0—35 1.76 24 1.71 24
3.5—4.0 2.60 25 1.71 17
4.0—4.5 2.06 10 .71 7
4.5—50 2.60 3 1.71 2
50—55 2.60 2 1.71 1
5.5—6.0 2.60 0 1.71 0
6.0—8.0 2.60 ] 1.71 4}
Total 119 112

(2) B - \BAEEAC BT 2 BFEL

19814 12 H 21 Bs 2 B TORBEHRI LY, A ¥ 710 W, (05w-gm™®) %
RKDIOnEITHS, BB 1625 F5BE 2 LACHNILTU300bh b, T, ¥
BRATOIA YT IMNELERHBD 0 TH5, 8L 3070 W, DERLZDEST
W3, COBEMIITHETHZH, HEEOPE, FF7RED SV ENRA2TWEhE Lk,
BT, OO O 6B 30 Sk WA L, BTEO 16 85 25 S OEIEV, 20
Wikbo LT B #»5 B 3 TRHEL, BrAa2M(167.7km*) 04 37 I FFER2HE
Ule RORXFOEREIEINTWVD, A HF7 I OWHERIZ 1,300t 25 10,000t T, 8L
CEAL, KEOFABZORIIZ L, I, BEBEL CBATHAHHFT 14, HE
RoTHLELEOTHE, R, HEOA 97 i BEREEHER2EL VL THhIT, BEx
DUA»S 1/8DERBLSMEETE TRV I EIKE D,

(3) BrAicBds49¥7 i BFEE

19823 B 3HEMAL, 3A 6 HMLE TRERR 2TV, 2hz2hd 447 I OFEFR %S
HELL(£R10), THAKEARTHMLOBEROSL I LAHh LY S, ZOEEETEZR
Z B REET5E, 3A3ETIR 2077, 3A6HTIZ 4908t L4 3, HI23f5OEMT S,
AR EBRA THELLOTH I 0o UYATEHELLEELL, F 20,3307 —F 06k
BitB: %, 3A6ROT—9»old B LB EEHEL, ThTNELEDEDI L, B =4197
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£ 9 By WLCBTBABHEYAT AL B YT L EREERE
i (W, w-grm™) bgiﬁﬁ?&xﬁ@ (B, t)

“Table 'Y * Neomysis density (W, w- gem- 3) and the stock biomass (B, 1) csumated using the
BMSE on December 21 to 22, 1981, in Koshin lake-division

Year 1981 - 1981 1981 1981

Date - - Dec. 21 Dec. 21 Dec. 21 Dec. 22

. Time 16 : 25 18 : 00 18: 30 06-: 30
Water depth (m) W, W, W, W,
0—1.5 . 0.90 2.50 5.40 0.74
C15—=20 0.95 0.35 3.15 0.49
20—25 1.15 6.95 2.15 1.24
2.5—30 1.15 11.60 0.55 1.83
3.0—35 1.55 9.15 4,75 2.83
3.5—40 © 1.40 5.40 12.10 .17
4.0—4.5 © 205 5.00 30.25 2.89
4.5—5.0 1.65 3.25 36.95 2.89
5.0—5.5 1.65 210 26.60 2.89
55—6.0 1.65 1.25 24.05 2.89
6.0—8.0 1.65 1.25 24.05 2.89
B 252 1130 1498 337
B, (3] 119 572 ) C 600 160
B, (1) 857 3238 7738 1244
B, (t) 57 242 254 66
(t 1285 - 51827 10090 1807

Ly otz . -

—7, 1982 £5 H 18 H & 21 H &4, iﬁxaﬁﬁkt®ﬁﬂﬁ®af MU?mﬁﬂﬁmm
W(ELIN, Z0BAIR, SA2IACBOEIZ IS HELERTI4ERS{ >Twa, BL LW
REREHFOBOFEZHCTHET L L, 3,868t L4 3, COHTHEIIBFD BELDETF)
B0, HEAYEORWETH S,

1981 12 F0O B {fi %, HL%KﬁTﬁ@%tblZﬁRBt]Eﬁ%EtQ@%ﬂ%LT
HET AL, B=1763(1) Loz,

IDEIRHREDORE, RO BT EBVE MBI B854 %% 7 I WERE, 1981
12 Ficid 2,000t, 1982 48 3 AiTid 4,000t, W UED 5 Hicid 4,000t 2ok, L LEHs
IRoOWEME, Bd, BRPBCERAMLTIVEA Y7 I08RETH S, Hidors
h, BHOFHEEFRABTRRC, WBEMMLCENMORO A 97 e 8946 L T3 » ik T
3o Hi, BENEMOHEEREOILEL LT, ik z8EO> B 4E4EATHE, #
#icEHEL T, 1981 F 12 B 8,000t T, 19824E5 Awiz 1600t DA ¥ F7 I HER LR S,
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R 10 BoHEKBUSBREHEYATACLAAYYT I ARBEREM
(Wi, wogem™) & EREIEEM (B, ©)
Table 10 Neomysis density ( W;, w-g+m~?) and the stock biomass (B, 1) estimated using
the BMSE in March and May, 1982, in Lake Kasumigaura '

1982 1982 1982 1982
Mar. 3 Mar. 6 Mar. 18 Mar. 21
Lake-division Tsuchiurairi Koshin Tsuchiurairi Takahamairi
Water depth (m) L Wi Wi W
0—1.5 4.20 6.00 1.50 5.50
1.5—=2.0 1.70 1,40 2.05 2.25
2.0-—-25 1.55 2.40 1.10 3.80
2530 1.55 13,15 0.95 2.15
30—-35 1.50 395 445 120
3.5—4.0 1.85 7.70 4.00 2.45
4.0—4.5 1.30 7.70 9.05 3.15
45—50 .- 2.00 . 7.70 6.00 14.00
50—5.5 2.30 7.70 6.00 14.00
5.5—6.0 2.00 7.70 6.00 14.00
6.0—8.0 2.00 7.70 6.00 14.00
B W 442 930 562 795
B () 225 448 257 362
B, (1} 1288 337 2324 327
B, (1) 122 213 111 181
B () 2077 4908 3254 4609

AHH7 IEHEERECE DI, BRCSEEEHESERET2EE W, Litdi-T, By
HHOHEGREOELAEL 2 b, B TEELHBE LR,

.8, BEeH®E

(1) BAEBIzSG 2 OFEEAEOR A

W B 5 RIERMBOTIME, A (1972 &7, FABROWFRELHRLIFEL
FrHonTwd, A4 (1972) i, WHCBU > ARRREBZOEE CABEI#SAIB S h
TWAOERHN, FREEECIGHL LD £ LT, 1958 4ty o REFRE S no 72, T O, 1969
E3 0T, HROWE 17, ALY 9 0AFH 26 BB BT, BkRH2E TO ABERAOSH R
DM ABITL, LALIEEEEGCELTES ARG SOFRIZDOHT, HFLIE
MENZ TV,

AT, AROEBL LT, ARNULSEEERART-0), BA -5 (1953) O
HEMSDTCTHAI, COBRBETE, VAVFETAFHLOBNENRELILDDTH o7,
D%, BFE -« HH (1964) »35 /HITHERE, V71 VAP COAEEBETIEERT L




YNE—fE E-FoE— - LBHEE - BRE—

LizgkrhL, =0t METOTEREEAR, HErDR BT 2 A~ EAL (FHE- W
M, 1968 : S A+, 1969 ; &5, 1976 ; Heh, 1978 BR, 1980). LiLu#as, wWihbk
BOBVEHBETORENEZ LAY THY, B (1978) 0B~ BRAKESm OB/ #MTh-T
KB Am RO BREFREIBED WD TR o1z,

REOHEELLB B2 OMBR-SHEE 22 B0, KESm LBOHED £HRER
WEDAEER, FL 0% L2, BB 2 &FHEOHBELITLASR L, BF
231960 i HEh %, RELFTEH 2, AHEEAN, A TH 1966 EITAKEFRA LS
NTW2DATHS (B4, 1972 HH, 1976), €0, 1980 &5 5 1981 FEIh T, 1 K-
AF¥erovs eV P R—y 7IHIBREER LY, BEEEDORAENTLAL A,
1981a,b,c i HWH, 1981), #ORKRE, HELORML NGRS s, BKhPOEIDER
BT DI RV,

CITERELL I ICFEENE4m DRKMBICBO T, R72FF7DL 3 HAEHE A4
7 2 OREGHB ORI T Lk, WREIC B A FEREREL T <, BB 51 5RO
FEFMES L LTEBRLTENTHL LBbhd, Lolass, BAMEBTOFE 2 28
2w hkiEs D ThD, ABFENMBOREL L, TOEVEHEY AT AT RS
Boozbdhidzoky, $hABCHEIBER2LVTORFLEDZ I LHLETHES I,

(2) 44¥7 iQERBTICET 2 ABENSONH

Br#icsd a4 397 220 T, MIHEM (1961) #3587 A 1074 £ R 2~ o o8,
BHTHZ, 4K, F¥ (1963 a, b, 1964 a, b, 1966 a, b) 7 & 3 —HOWZEMN{THITT a7tz H,
AT I B MOWEBIET B 2 L5 hb0E LEENRETH > T, BEEHHELS
{dpot, £0%, BB 7 2EXRBLMENELLTZ2HT, £E (1981 b) &, 14
¥7 i DERERVZOEEHIMERC S THELGERH 2o Twd Z LMLz, 13
7 S EEOERBFNNEE, JoE»HIEARA(EA, 1982 FH, 1982 Toda ef al,
1982), A 447 s OEFREHCE T 5 HERME LV THE LV 5, RERFTCELS
NELIIEE->THLeDA YT EORERIE, 195784 2,700t OREER & -2, 10 RO
1968 iz —FFATICHEIIL 72 b OO, F O 1,000t AKZEEFHL T2 (E16). LL, 0
BUEIIZIZ 1600t DIIERD B oo, A HH 7 2, BEAEZE LOMEMECDT, WEER
HEHBOS S 2LTULHRMIIL Tk nds, FRTLASHE—BEE- LTI], 7+4/2E
REROLWTHCRBLEER L2 >TWE,

BRI A (o 1 B OB T, Bl &, BROBERENSH 24, JOEH
BEICHL TRABABSREOBEERIZL T3 JEpSTREAL, AFFLEREST,
ASBOBOT, 197 I PMER CARCARL Ton 2 E L EREATH A, AR
DG APTHE, A9V 7 I RBEMTICEBATH I, BHEOTEGE L 280 2085138
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Fig. 16 Annual fluctuations of Catch in ton of Neomysis intermedia in Lake Kasumigaura

APRBICERER L TAHL TR, 20E3%, A¥¥FT720REEBHOARIEA v bk
FULERG TR AEBNIC L - T B0 THY, BREM7Z 2 by (B4 - HH,
1964), Mysis relicta {Bowers & Greossnickle, 1978), Z#iZ 7 %+ H» D% (Northeote, 1964)
REQEMTH SN TS, AFERIE L -» THRAS 1D EEFENANRE, FRRCEREHEER
LIBYDOLOTHY, IOLEI S LBFEFFRERA VYT i EHROMRCE>TERATH S,

(3) AHEAOBRIC L4 FYF7 I BHEEHEE

BENEMERBEOHECHERTHL IOV TR, BRELORB LNV TND
rZATHD (Fl, 1982 ; Burczynski, J., 1979 ; hOEg, 1975 iR, 1983, % &), L L,
ERGELTOBATH D25, BEREME, BROMESLZLIEMOERRGTSICEY, A
FRitnwaua bt al, Fhe- EFROMBET M T %2 (Hargreaves, 1976 ¢
BA, 1972, & ¥),

HEOATFERYAT AL, bBHATARLDTHEEET ALV, B, AYYT I0R
B OHIEML, Greenlaw (1979) OEFAHEMEE B L2 ~BLEp5LwoT, YO/
BELCHlennEd S e RS 20805 5 (FEH 5, 1981 | Johnson, 1977 1 Love, 1977
Yo BT, Y@M A Y MY VT VL BHER EOMEHET TRDLLLDTHD, TOES
% QMBS AT LRI B, KEWEEks58 Ltk (Thorne, 1971),

S04 Y47 I FHEROATE, UEOMEEbrATWETT, EOBREREOTHLO
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tr, PLEZTAHLI,

FH(1982) B EEAL B VT, 1980555 1982 FXh» 3T, 4y MERC LAY YT o4&
BEBEOHEST> T3, REORERIL 1981411 B4 8L 12 5 11 H, Kir1982 42
B6HEBIA2A9F7I0ERBEREENZR54], 494, 3.00 (wet-g-m™?) THotz,
NEFMBEARBORFRCHET 28, TATN1E, UTRUTIL LB, EXLD 1981 £12
H2ZHOBEAOERBZ 112t X 119t ThH->7 (£8), 2O LI, MEOHMEIIES TH
VHDTH ST, FtiL, 19823 HIZ 362t £%-THEY, OERNMEDRER>TWl,

~H, BELIT1981E 12 A 05 19825 B T0, B BOA#+F7 I HERIYWEMNT
EZBOELT, 2000t 25 4,000t THB LHEEL T, 1981 FOFMBERS 1,700t Th -7

IELHELT, INSOMEBERERCANTTLOTRRZY, EEbhd, 4 FY7 I HEHE
BREREAOMET D, EXELOBRLTIREE SR WHESK T E, LhL, &
DRFHARYATAOWECLID, PR LB, dBEELLTWAIA VY7 S HIREEH
ETHIER, TETHE, TN, 2ok, KHOTERFAERETOI LT, A¥YF7 128
RREHEET S RBLHEL,

FH (1981) OEMELL, Ty HOBRBWRBIBT2 447 OREOEES ) pT
HEOH, FHEMIL TV DY, A 3F7 i BRBORHC b 2BRFZRET s
RFNIEE 2720,

o oB

IO, EAEWE, FRME TREARO BT A BROTE, O—8EL
Tirbhi:, EXAEMAROBABOA R CEFROFHCLL DL OEFEEA TN
Tzo &7z, RAlRFEBEFRFORRENT R UBRAERMIORRICITHEOEBIC Y- TE
COTBIETE 7z, RS, FINEHSIZICR ZOMBEHT5HL DAY P EEV, 272,
RARFORFESFCRIART v EL, 2 LTHETRFREE IR »#HoREtRE 8
THEXEE, HE LTl & 51, EAEMEROFE2KiELIE, 1981 £ 12 5 23

Biz, 7 CRLNBMOMELZ LT v, BEOFL2EE (ELEL LT3,

51 B X W

BFUMEHE (1978) I BREED 2 4 w7 FLA A DL hOTEEROFE. DARKESHELGSA
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Study on the Production of Benthic Animals in Lake Kasumigaura -1

Biomass and Feeding Habit of Gobiidae and the Prawn

INBEER] - G B - AT - BELER

Yoji ONUMA!, Jun TAKAHASHI', Kenzi SUZUKI' and Masaki HUZITOMI!

Abstract

Recently the eutrophication has progressed rapidly in the Kasumiga-ura, and we can see
some noticeable changes of water and fauna in the lake. One of the conspicuous phenomena
is a step-up in fishery production of the benthic fishes such as Gobiidae and the prawn,
Macroblanchium nipponense. '

The purpose of this paper is to make clear the structural situation and the functional role
of benthic fishes in ecosystem of the lake.

During the period from April 1981 to April 1982, 112 samples were collected by the use
of a towing net in the seven areas of the lake, and the species composition, standing crop and
prey organism composition in the stomachs of the benthic fishes, were investigated.

We found 16 species of benthic fishes, 2 species of crustaceans and one species of
amphibian in the samples caught in the deep areas of the lake during the period. The prawn
occupies the first place in standing crop of aquatic animals in the lake, nearly 56 % of total
biomass, and the second place the Chichibu, Tridenfiger obscurus, occupied 33 %. Total
biomass of the Chichibu and the prawn show a maximum 3.8 g/m? in September,; and a
minimum 0.2 g/m? in April; Occurrence of the maximum in September indicates an increase
in their population by recruitment of young stage of the both species, spawned in the period
from May to August.

The Chichibu and the prawn both take mainly on Mysidaceans, Neomysis intermedia,
as food organism, and in the next Chironominae in larval stage plays an important part as
food for them.

During the period from July to September, when the biomass of Mysidaceans decreases
and the larvae of Chironominae are in resting, they depend on zoo-plankton such as
Copepods, larvae of Gobiidae and some Tubificids for food.
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From a comparison of the Chichibu with the prawn concerning a situation of feeding
habit, it can be seen that the Chichibu preys on animals in different life form such as benthic
organisms in mud and some nekton, during the period from October 10 December. In the
other season the fish preys mainly on nekion twice as muhh as the benthic organisms in
feeding rate. On the other hand, the prawn preys.on nekton thrice or ‘quadruple as much as
the benthic organisms for food all the year round.
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Table 1 A list of Fishes caught by the towing net from April 1981 1o April 1982 in Lake
Kasumigaura
F indicate the appearance frequency of each fish in 112 samples

Number Weight

Japanese Common Name Species Name

F No. % Wat (g) %
Wakasagi Hypomesus transpacificus nipponensis 59 1558 0.1 23677 0.5
Shirauc Salangichthys microdon 31 60 0.0 801 Q0
Kinbuna Carassius auratus subsp. 61 788 0.0 17049.6 4.0
Koi Cyprinus carpio 11 35 00 4279 0.1
Motugo Pseudorasbora parva 2 3 00 25 00
Tamoroko Gnathopogon elongatus 2 2 00 06 00
Daojo Misgurunus angillicaudatus 1 1 00 72 00
Ukigori Chaenogobius annularis 80 4345 0.3 6965.0 1.0
Juzukakehaze Rhodoniichthys laevis 66 9408 0.8 4827.3 1.0
Chichibu Tridentiger obscurus 112 348840 280 1615853 330
Ashishirohaze Aboma lactipes 112 37714 30 201989 40
Yoshinobori Rhinogobius brunneus 6 g 00 14 00
Bora Mugil cephalus 1 ] 0.0 06 00
Kurumesayori Hemiraphus kurumeus 25 81 0.0 37149 01
Hakuren Hypophthalmichthys molitrix 1’ 1 00 23 00
Unagi Anguilla Japonica | 1 00 28 00
Otamajakushi Rana catesbeiana 8 g 00 624 0.0
Tenagaebi Macroblachium nipponense 112 B42150 680 2751773 560
Crayfish Procambarus clarkit 4 4 00 653 00
Total 1245008 489199.2

TGy /R uFE e TAY S OREARESEE LT REE Y TH oL DT,
ERETHMYFEbRE NI EiC Lz, LEzdoT, 7Y « Y2 Xhorn¥Tryond.
FHTRE, NEEABL ST, RUTFHIEO 6 Ba#ics it 2 BEEo T2 HRE
THotze FTH, READGH 2 EEDTRTICHRERI LD, 7yvund«F+7
BUF+HFICDOIBTH- %,

FHAIERLSRERC SO 3HENEL, BRI BV TR 68%, BEBXE TR 6% TH
D, RWTFF7HACL 28%, RU3IB%TH-T, MEEEHE L L FNFH 96%, KU 89%
L, BHTEETHS,

Ty un¥izaTi, BERBR ISR, A2 2 0w, 27, F27% .
TETY « FRICY 2 XA TN FRFHAEEFNARE (, BRCLAR2L O THHOER B
T, FHAICEFF7O2EBETHEART ZEHNTE 5,

FFHIEEAEEAE, THheFdr7H202 768200, #EAI L TESE2 T
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Table 2 Standing crop of main species caught by the towing net in each area of Lake
Kasumigaura

Species Date A B C D E F G Average

Chichibu ‘81 IVv—22 345 693 1088 307 287 191 119 433
vV—13 333 770 1439 671 413 621 148 628
—27 332 440 1511 647 715 308 116 581
VI—10 113 80 449 622 193 M4 92 226
—24 23 155 514 628 281 109 1 244
Vii—15 104 334 352 804 131 755 373 408
—29 1186 2982 1550 1440 754 252 319 1212
Vii—19 1282 1467 1721 445 344 1184 655 1013
IX— 9 1470 1064 369 1i6 42 710 7 649
=30 915 935 478 a7 137 210 318 437
X—21 1261 1021 1062 602 246 355 326 696
XI—25 3369 2017 2160 18%0 565 1219 499 1674
mW—23 305 1431 457 770 182 438 14 513

‘82 I—19 14 578 752 309 44 22 2 245
1m—15 17 524 360 850 32 16 3 229 ¢
Iv—1 3 125 165 35 12 99 52 70

Ashishirohaze 81  IV—22 47 229 269 60 33 34 20 99
V—I13 368 144 260 206 966 135 106 312

—27 200 146 205 244 163 202 181 192

VI—10 242 128 117 153 165 419 566 256

—24 1o 252 150 647 409 433 9 297

Vil—15 29 214 267 322 382 399 148 252

—29 55 104 ¢ 15 75 48 131 63

yill—19 95 65 83 13 124 57 65 72
X—9 9 12 6 8 4 25 27 13

—30 13 27 128 1 36 10 17 33

X—121 19 26 77 74 3l 53 89 53
X—25 81 24 81 221 71 98 131 101
m—23 12 57 34 149 61 100 42 65

‘82 1—19 0.6 29 63 157 14 13 il 4]

II—1s 0.6 66 69 344 1 10 13 72
WwW— 1 0.3 7 17 7 1 8 18 R
Juzukakehaze '81 Vi—10 4 3 2 4 3 1 2 3

—24 0100 24 14 38 122 181 71
VII—15 96 160 119 43 127 244 147 134

—29 4 347 9 15 109 21 185 99

Vin—19 0.6 7 7 8 56 32 315 64
IX—9 9 12 4 4 9 38 252 47

—30 3 9 i 1 3 4 62 12

X-=2 1 28 0.3 0.4 3 2 56 13
X—25 3 2 1 2 2 3 1
I—23 0.9 0.1

82 I—19 1 6.2
V—1 0.9 0.6 0.2
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Table 2 (continued)
Species Date A B C D E F G Average

Ukigori '8l v—22 31 3 9 6 6 8
o Coy—13 0 6 42 515 8 Y
-—27 13 11 25 7 6 7 3 10

Vi—10 11 11 88 21 18 85 170 58

—24 B | 42 58 44 60 255 725 169

Vil—15 0.6 23 79 29 24 473 29 94

—29 | 21 t2 2 2 2 649 148

YiI—19 1 4 4 36 740 112
X—9 13 117 386 73

-—30 7 13 128 21

X—21 49 26 13 5 142 4]
a-25 5 8 75 6 62 22
W23 10 8 5 i6 - 6 6

'82 I1—19 6 7 9 3
II—1s 4 4 1

Iv— 1 3 14 2 3
Ginbuna 81 Iv—22 4 7 216 3% 22 55 50
V—13 125 336 66

—27 04 223 45

VIi—10 04 81 12

—24 9 634 17 94

Vi—15 24 35 18 0.3 2 34 81 28

—29 0.3 406 24 2 308 106

Yli—19 67 172 19 4] 32 42
IX—9 18 7 29 9
300 51 89 % 4 328 T
X—21 7 11 164 26
I—25 274 227 12 62 6 75 93
B—23 7 4. 606 14 15 97

‘82 119 2 0.3
I1-—15 0.8 01
v—1 20 5463 785
Tenagaebi 81 Iv—22 " 599 1882 1053 173 110 255 302 625

V-—13 1810 1131 1839 367 401 517 487 936

—27 - 2046 932 1433 587 653 339 318 901+

VI—10 - 1299 8§28 503 999 884 199 780 785

—24 1167 1150 1040 1297 - 954 792 750 1021

Vlii—15 132 1089 1221 1449 116 724 1498 890

—29 1432 911 867 200 954 320 1356 863

YI—19 1053 1713 1009 1201 341 1166 2441 1361

IX— 9 790 6195 2658 1531 2283 4037 3737 3033
IX—30 2648 5795 -3154 339 3147 2370 1947 2771
X—21 822 699 2664 1470 1189 1860 1373 1439
a—25 699 114 1733 808 1145 663 286 821
m—23 492 208 1091 4495 365 1103 46 1114

82 I—1% 16 1270 776 1238 137 151 36 546
I—-15 166 433 781 712 887 80 22 440
IVv—1 5 161 158 77 4 102 175 97
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Fig. 2 Seasonal variation of standing crop (g/m?) of epi-benthic aminals sampled in
limnetic zotie of Lake Kasumigaura, from April 1981 to April 1982
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Fig. 3 Seasonal variation of the carapace length distribution of the prawn in Lake
Kasumigaura
Each graduation unit on the vertical axis represenis 10 %
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Fig. 4 Seasonal variacion of the mean body weight of the prawn in Lake Kasumigaura,
during the period from April 1981 to March 1982
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Fig. 5 Seasonal variation of the number of the prawn (larval stage) sampled in Lake
Kasumigaura
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Table 3 Percentage composition of food items found in the stomach of the predator,
caught by the towing net, in the limnetic area of Lake Lasumigaura

Species Month  Tubifex sp. Chironomidae Zooplankton Neomysis haar:;;:achium i‘;vér;l;?i dac f}iisii(c)lie Others
Juzukakehaze 6~ M) 1.8 15.2 372 45.8
HL)~ 9 36.9 8.9 30.3 17.9 6.1
10~11 14.1 388 239 234
Ukigori 4~ TM) - 13.7 0.5 824 24 1.3 — —
L)y~ 9 - —_ — 43 13.1 R2.7 - —
10~12 — 322 - 30.6 49 323 — —
Ashishirohaze 4~6 37 24.0 5.7 63.5 28 0.3 —
7~ 9 354 36 18.2 15.5 8.2 124 35 335
10~12 17.6 238 26.4 314 02 04 —
) 1~4 33 9.4 12.6 739 — — 0.8
Chichibu 4~6 2.0 34.3 1.2 61.2 0.3 0.1 0.7 2.7
T~ 9 19.5 8.1 233 212 12.1 12.8 0.3 2.7
10~ t 4.2 47.4 i4.4 327 - 1.5 —
2~4 0.6 ny 8.5 58.7 0.6 — -
Tenagaehi 4~ 6 1.5 17.0 10.7 64.8 — — - -
1~ 9 16.7 1.6 28.1 318 — 9.1 — 28
10~12 1.1 24.6 13 580 — 14.1 - -
I~ 2 — 36.2 17.0 40.4 — — — 6.4
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Fig. 18 Seasonal variation of the food items composition found in the stomach of each
predator caught by the towing net in Lake Kasumigaura, April 1981 to March 1982

A Tenagaebi., B: ChiC_l:libLl. C: Ashishirohaze, D: Juzukakehaze, E: Ukigori, F: .
Kinbuna.

|:] Neomysis Chironomidae Tubtfex sp. Zoopiankton
== Juvenile of Gobiidae m:m]:[] Larva of Macrobrachium
Phytoplankton Others
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Biomass and Production of Fishes at the Littoral Region in

Takahama-iri Bay, Lake Kasumigaura

BHHR' » FRFE—? - BBIEE

Mitsuo SAKAL', Seiichi KASUGA? and Masayuki TAKAHASHI®

Abstract

Seasonal changes in standing crops and species composition of fishes including
crustacean and amphibian were studied with collection by the seine at the littoral zone in
Takahamairi Bay of Lake Kasumigaura which had been recently hypereutrophicated, and
the production of three dominant fishes, the Motsugo ( Pseudorashore parva), the Ukigori
(Chaenogobius annularis) and the Juzukakehaze (Rodonichthys laevis), were estimated for
2 years from May 1981 to May 1983.

The fish community changed markedly from season to season ; from May to November,
standing crops and reproductive activity of fishes and the prawn (Macrobrachium niponense)
were very high, but from December to April, the fishes and the prawn almost disappeared
and the opossum shrimp {Neomysis intermedia) became single dominant species.

The sum of annual production of dominant fishes were nearly same in 1981 and 1982;
5.00 and 5.25g m~? in wet weight. However, the fish community varied in the composition
between years. Namely, the dominant species in the summer in 1981 was the Motsugo and
in 1982, they were two species of goby, the Ukigori and the Juzukakehaze. And in winter,
the population density of the opossum shrimp was high in 1981 but low in 1982, The causes
of these fluctuations of the community composition are discussed.
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Fig. 1 A map of Takahamairi Bay in Lake Kasumigaura showing sampling sites. Thick
lines indicate the boundary of licensed fishery area for Taamari fisheries
cooperative association.
@ : sampling site at.the littoral region, A : sampling site at the offshore region.
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Fig. 2 Monthly changes in water temperature (°C) at the sampling site of the littoral
region in Takahamairi Bay
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Fig. 3 Sampling gear
A. seine used at the littoral region

B. beam trawl used at the offshore region
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Table 1 Data of the haul (g wet weight/300m?) of the fishes caught by the seine at the

littoral region in Takahamairi Bay of Lake Kasumigaura from May 1981 to May
1983

Individual number of animals are indicated in parentheses

unit: g
| 1981 ]
Species Name/Date May 26 Jun. 9 Jun. 23 Jul. 7 Jul. 20 Aug. 3
WAKASAGI 0 0 0 0 0 0
(Hypomesus transpacificus) R
SHIRAUO 0 .0 0 0 0 0.
(Salangichthys microdon)
OlKAWA 0 .0 0 0 0 Q
(Zacco platypus) . :
HASU 1.97 0 0.64 0 0 .0
(Opsariichthys uncirostris) ()] (0

HIGAI 0 1.94 0 0 0 . 1]
(Sarcocheilichthys variegatus) (9) ‘

MOTSUGO 499.57 337.83 214.17 762.42 354.32 0.11
( Pseudorasbora parva) (155) (233 (304) (2323) (617) [@))]

KOl 0 0 0 50.32 0 0
(Cyprinus earpio) (1) .

KINBUNA ’ 0 50.19 4.80 4,70 43.52 0.11
(Carassius auratus subsp.) (2) (7) (23) (159) (1)

GINBUNA 41.42 0 t] [¢] 4.34 0
(C. a. langsdorfi) (9) (4) )

GENGOROBUNA i) 041 0 0 o . 0
(C. a. cuvieri) (3

FUNA JUVENILE 0 1] 0 0 ) 0 0
(C.a.spp.)

TAIRIKU-BARATANAGO 0 [ 373 0 .0 0
{ Rnodeus ocellatus ocellatus) . (N

AKAHIRETABIRA 37.99 80.05 9.31 11.61 8.56 0
( Acheilognathus tabira subsp.} (13) (25) (5) (9) (8)

TANAGO 0 0 0 0 0 0
(A. morickae)

KURUMESAYORI 0 0.12 0 0 0 0
( Hemiramphus kurumeus) (1)

RAIGYOQ 0 0 0 0 0 169.4]
(Channa argus) ‘ (n

TILAPIA 0 0 0 0 0 .0
( Tilapia mossambica)

BORA 0 0 Q 0 0 0
(Mugil cephalus) )

TITIBU 0 0 .0 1] 6.08 [
( Tridentiger obsculus) (10)

YOSHINGBORI 0 3.93 68.23 165.75 144.59 0.15
{Rhinogobius brunneus) ] (8) (595) (1222) (876) (1)

ASHISHIROHAZE 0 0 0 1] 1.20 0
(Acanthogobius lactipes) )

UKIGORI 87.86 184.05 188.40 249.96 80.03 0
(Chaenogobius annularis) (290) (454) (452) (451) (113)

JUZUKAKEHAZE 41.96 167.81 143.02 29196 81.76 0
(Raodoniichihys laevis) (292) (883) (549) (812) (182)

BULLFROG TADPOLE . 559.67. 113.56 110,09 749.90 122.94 1187.49
(Rana catesbeiana) (24) (5) (4) (29) {164) (1779)

TENAGAEBI 0 2.06 0 0 004 - 009
(Macrobrachium nisponense) 9 (1} (1)

ISAZAAMI ] 0 0 ] 0 0
( Neomysis ‘intermedia)

TOTAL 1270.44 941.95 742.40 2326.41 849.39 1357.35
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#* 1 (0TJ%)
Table [ (continued)

1981 1982
Species Name/Date Aug.25 Sep.9 Sep.26 Oct. 14 Nov.16 Dec 16 Jan 14

WAKASAGI 0 0 0 0 0 0 0
(H. transpacificus)

SHIRAUQO 7 0 0 0 0 ] .94 7.24
(S. microdon) (1) )]

OIKAWA 0 0 0 0 0 0 0
(Z. platypus)

HASU 0 0 0 0 0 0 0
{ Q. uncirostris)

HIGALI 0 0 0 0 0 0 0
(5. variegatus)

MOTSUGO 67108  286.78 62439  244.56 10.02 0 3.65
(P. parva) (919) (483 (640) (197 (61) 2

KOI 0 0 0 0 0 0 0
(C. carpio)

KINBUNA 11.42 6.30 0 0 0 0 47.45
{C. auraius subsp.) (22} (3) (1)

GINBUNA 0 0 0 0 0 0 0
(C. a. langsdorfi)

GENGOROBUNA 0 0 0 6 0 0 0
(C. a. cuvieri)

FUNA JUVENILE 0 0 0 0 0 0 0
(C.a.spp.)

TAIRIKU-BARATANAGO 0 0 0.83 0 0 0 0
(R. 0. ocellatus) (1}

AKAHIRETABIRA 0 0 1.67 0 ; 0 0
( A. tabirg subsp.) (1)

TANAGO a 4} 0 a 4} 4} g
(A. moriokae)

KURUMESAYORI 0 0 0 0 0 0 10.49
(H. kurumeus) (2)

RAIGYO 0 0 0 0 0 0 0
(C. arugus}

TILAPIA 0 0 0 0 0 0 0
( T. mossambica)

BORA 0 0 0 2773 0 0 0
(M. cephalus) (N

TITIBU 64.20 §52.9] 64.20 10.81 1.08 .26 0.14
(T. obsculus) (554) (502) (573) (104) 8 (2) n

YOSHINORORI 20.65 3.37 5.71 2.72 0.10 o 0
(R. brummeus) {136) (12) (56) (29) (1)

ASHISHIROHAZE 0 0 0 0 0 0 0
(A. lactipes)

UKIGORI 0.73 3%.32 1.49 0.81 4] 0 9.18
(C. annulgris) (2) (24) 3 (2) (1

JUZUKAKEHAZE 603 214.44 109.21 23382 11.88 0.52 9.75
(R. laevis) (15) (477 (236) (402) (16) (n (12)

BULLFROG TADPOLE 121.08  256.57 62.51 0 0 0 21.45
(R. catesheiana) (12) (24) (7} (3)

TENAGAEBI 86.78 136.29 28.66 341 5.50 3.39 3.45
(M. nipponense) (796) (949) (277) (35) (46) (25) (4

ISAZAAMI 0 0 0 0 0.04 11.00 0.24
(N, intermedia) (3} (760) (16)

TOTAL 9E1.96 99598  B9R6T 77344 28.62 1611 11304
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Table [ (continued)

1982
Species Name/Date Feb.17 Mar. 17 Apr.7 Apr.2t May6é May22 Jun.2

WAKASAGD 0 0 0 Q © 016 0 0
(H. transpacificus) (N

SHIRAUO 0 1.44 0 1] 0 0 [¢]
(S. microdon) (1)

OIKAWA 0 0 0 0 0 0 0
(Z. platypuz) :

HASU 0 0 0.74 0 0 1] 0
(0. uncirostris) (1)

HIGAI 0 ¢ 21.75 0 0 ] 0.13
(S. variegatus) 14} (1)

MOTSUGO 0 17.68 185.61 192.35 123.78 137.55 76.06
(P. parva) (1 m (96) (64) (47) (247)

KOI 0 0 0 : 0 0 4] 0
(C. carpio)

KINBUNA 1] 0 244.25 61.45 87.66 0 0
{C. auratus subsp.) (3) n (n

GINBUNA 0 0 0 1] 0 0 0
(C. a. langsdorfi)

GENGOROGUNA 0 0 0 4] 0 0 0
(C. a. cuvieri)

FUNA JUVENILE . G 4] 4] (] a 093 i.64
(C. a. spp.) (10) (14)

TAIRIKU-BARATANAGO 0 0 0 0 1.66 0 337
(R. 0. ocellatus) (15 (1)

AKAHIRETABIRA 0 0 1.68 5.11 132 3.82 14.58
(A. 1abira subsp.) (n 2) (2) (2) (14)

TANAGO 0 0 0 0 0 0 0
(A. moriokae)

KURUMESAYOCRI 1] 0 0 18.34 [¢] 0 0
(H., kurumeus) (3)

RAIGYO 0 0 0 0 0 0 0
{C. arugus)

TILAPIA 0 0 0 0 0 0 0
(T. mossambica)

BORA 0 0 0 0 0 0 0
(M. cephalus)

TITIBU 0.96 0.29 0.52 0 0 0 315
(7. obsculus ) (4} n (1) (3

YOSHINQOBORI - 030 0 1] 0 0 0.52 3715
(R. brunneus) {2) (n (239)

ASHISHIROHAZE 0.30 0 0 0 0 0 0
(A. lactipes) 2)

UKIGORI ] 0 0 0 0.32 690.03 508.66
(C. annularis) n {le616) (806)

JUZUKAKEHAZE 3.90 2.63 5.08 (.61 8.38 103,58 259.82
(R. {aevis) (5) (3) (7 (n (9 {679) (763)

BULLFROG TADPOLE 0 26.60 48.74 109.79 0 65.26 0
(R. catesheiana) (2} 2) (6} (2)

TENAGAEBI 2.80 0.19 226 1.48 0 0 0.89
(M. nipponense) (4) 3 (1) N (2)

ISAZAAMI 2164.80 244.60 363 1349.10 0 1.50 0
(N. intermedia) (70564)  (13177) (228)  (100000) (152)

TOTAL 1272.76 29343 51999 173823 225.28 1003.2 905.85
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E 1 (>5%)

Table 1 (continued)

1982
Species Name/Date - Jun. 16 Jun. 30 Jul. 15 Jul. 25 Aug.5  Aug 1l
WAKASAG] 0 1] 0 0 0 0
{H. ranspacificus)
SHIRAUQ 0 Q 0 0 0 0
(S. microdon)
OIKAWA 0 0 0 0 0 0
(Z. platypus)
HASU 0 0 0 0 0 0
(O, uncirostris)
HIGAI 0 ] 0 0 0 0
(S. varidgalus)
MOTSUGO 27110 71.84 183.84 174.00 178.02 45.88
(P. parva) (814} {165) {188) {230) (262) (26)
KOt o0 0 0 1.66 117
(C. carpio) (n (1)
KINBUNA 0 0 0 0 0 42.02
(C. auratus subsp.) ] (19
GINBUNA 0 0 0 0 1.44 15.12
(C. a. langsdorfl} (2) 2)
GENGOROBUNA 0 0 0 0 0 0
(C. a. cuvieri)
FUNA JUVENILE 2.80 1.32 10.47 2942 0 0
(C.a.spp) (10) (9) (14) (126)
TAIRIKU-BARATANAGO 0 0 {] 0 Q {]
(R. 0. acellatus)
AKAHIRETABIRA 6.39 2.53 0 0 0 0
(A. tabira subsp.) (5) (4}
TANAGO 0 0 0 0 0 [
(A. moriokae)
KURUMESAYORI 0 0 1.97 B.41 0 0
(H. kurumeus) (5) (2)
RAIGYO 0 0 0 0 0 0
(C. arugus)
TILAPIA 0 0 0 0 0.57 26.24
(T. mossambica) (N (2)
BORA 0 0 0 0 0 0
" (M. cephalus)
TITIBU 0 2.78 33.51 14.49 164,49 (.37
(T. obsculus) (4) {7 (18) {931) (2)
YOSHINOBORI 48.47 71.69 193.42 43.85 50.55 1.46
(R. hrunneus) (300) (384) (840) (228) (213) (6)
ASHISHIROHAZE . 0 1.40 0 0 0 0
(A. lactipes) (1
UKIGORI 414.13 018.63 419.24 33.37 69.25 1.09
(€. annularis) (537) (727) (419) (27} (66) (n
JUZUKAKEHAZE 244.15 177.27 790.52 317.94 632.62 0
{R. laevis) {743) {381 (1549) {563  {1195)
BULLFROG TADPOLE 0 49.46 17.49 55.87 10.74 10.84
(R. catesbeiana) (2} (1} (27 {5} (3}
TENAGAEBI 1.21 0.65 1.92 316 33.24 0.18
(M. nipponense) (5) (2) (4) (83) (636) (2)
ISAZA AMI 0 011 0.09 0.0 0 1]
(N. intermedia) n (12) n
TOTAL 934.27 997.57 1652.48 683.54 1142.09 144.37
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Table 1 (continued)

1982
Species Name/Date Aug. 25 Sep. 8 Sep. 22 Oct. 12 Nov, 10 Dec. 8

WAKASAGI 0 0 0 0 0 - Q
{H. transpacificus)

SHIRAUO 0 0 0 0 0.25 " 100
(S. microdon) (N (3)

OIKAWA 0 0 4.40 16.45 0 0.14
(Z. platypus) (%) (19) (1)

HASU 0 1] 0 0 0 0
( Q. uncirvstris)

HIGAI 0 0 0 0 0 0
(S. variegatus)

MOTSUGO 344 5.02 495.12 288.12 729.30 108.43
(P. parva) (3 (3) (372) (153) (483) (48

KOI 0 0.54 0 0 0 -0
(C. carpio) (1)

KINBUNA 0 4540 0 0 575.55 280.55
(C. auratus subsp.) () (12) (5)

GINBUNA 0 0 0 0 0 74.23
(C. a. langsdorfi) {1

GENGOROBUNA 0 0 0 ] 0 0
(C. a. cuvieri)

FUNA JUVENILE ¢ 0 0 0 -0 0
{C.a.spp.)

TAIRIKU-BARATANAGO 0 0 0 0 0 0
(R. 0. ocellatus)

AKAHIRETABIRA 0 0 [¢] 0 0 0
{A. tabira subsp.) . ‘

TANAGO 0 0 0 0 0 0
(A. moriokae}

KURUMESAYORI 0 ] 0 0 0 0
(H . kurumeus) ‘

RAIGYO 0 0 0 0 0 0
(C. arugus)

TILAPIA 0 0 0 0 0 - 0
(T. mossambica)

BORA 0 0 0 0 0 0
(M. cephatus}) )

TITIBU 0 ¢ 18.73 811 20.66 1.95
(7. obsculus) (79) (42) 5h - (6)

YOSHINOBORI 0 0 1.30 0 5.19 0.22
{ R. brunneus) (7) (A7) (D

ASHISHIROHAZE 0 0 0 0 0 0
(A. lactipes)

UPIGORI 0 o - 1072 0 0 0
(C. anmularis) (8)

JUZUKAKEHAZE [¢] 0 185.90 43.42 163.20 7.38
(R. laevis) : (302) (62) (191) (7)

BULLFROG TADPCLE 7.51 0 10.88 44.02 19.25 0
(R. caresbeiana) (1) . (1) (4) {2} :

TENAGAEBI 0 0.28 44.53 45.03 16.16 1.91
{ M. nipponense) (1 (255} (390) (296) 28)

[SAZAAMI 0 0 0 0 0 0
(N. intermedia)

TOTAL 10.95 51.24 776.58 445.15  1531.81 475.81
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Table 1 (continued)
1983
Species Name/Date Jan. 10 Fedb. 16 Mar. 26 Apr. 20 May 23

WAKASAGI 0 ¢ 0 0 0
(H. transpacificus)

SHIRAUO 1.34 5.96 2.61 3.64 0
(8. microdon) (2) (5) (M (3

OIKAWA [} ¢ 0 0.40 1]
(Z. platypus) n

HASU 0 0 0 0 0
(0. uncirostris)

HIGAI 0 0 0 0 2.44
{S. variegatus) N

MOTSUGO 6.04 0 10.72 154.15 100.70
(P. parva) (3) (3 (45) (136)

KO1 0 0 0 0 0
(C. carpio)

KINBUNA 0 0 294.86 0 67.94
(C. auratus subsp.) (4) (5)

GINBUNA 0 0 0 30.99 0
(C. a. langsdorfi} (2)

GENGOROBUNA 0 0 U] 0 0.22
(C. a. cuvieri) (20)

FUNA JUVENILE 0 0 0 0 0
(C. a.spp.)

TAIRIKU-BARATANAGO Q Q Q Q 382
(R. 0. ocellatus) (1)

AKAHIRETABIRA 1] 0 0 4.84 10.50
{ A. tabira subsp.) (1) (2)

TANAGO 0 0 0 2.34 0
(A. moriokae) (N

KURUMESAYORI 0 0 0 0 3497
(H. kurumeus) (3

RAIGYO 0 0 0 0 0
(C. arugus)

TILAPIA 0 0 0 0 0
(T. mossambica)

BORA 1] 0 0 ] 0
(M. cephalus)

TITIBU 3.18 0 .43 0 4]
(T. obsculus) (8} nm

YOSHINOBORI 0 0 0 0 0
(R. brunneus)

ASHISHIROHAZE 0 0 0 0.55 0
{A. lactipes) (n

UKIGORI 0 1] 0 0 71.40
(C. annularis) (204)

JUZUKAKEHAZE 8.47 0 0 1.66 72.95
(R. laevis) (6) {2) (483)

BULLFROG TADPCLE 0 0 10.58 16.35 0
(R. catesbeiana) ) (1

TENAGAEBI 2.29 0.38 0 0 0.88
(M. nipponense) (19) (5) (3

ISAZAAMI 0 1.79 1.95 .17 0.01
(N. intermedia) (117) (118) {10) (1)

TOTAL 21.31 9.13 328.15 184.10 365.83

w1
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Table 2 List of fishes caught by the seine at the littoral region in Takahamairi Bay
from May 1981 to May 1983

1981-1982 1982-1983

Species Name Number Wet Weight: g (%) Number Wet Weight: g (%)
WAKASAGI 1 016 (01 ) U] 0 ( 0
(H. transpacificus)
SHIRAUO 11 962 ( 0.1>) 29 2505 (02 )
(S. microdon)
OIKAWA [¢] d ( 0 ) 30 2139 (02 )
(Z. plaiypus)
HASU 5 335 (01>) 0 0 ( 0
(0. uncirestris)
HIGAIL 10 2969 (02 ) 3 037 (0.1>)
(5. variegatus)
MOTSUGO 6230 4665.77 (285 } 2830 2985.59 (249 )
{P. parva)
KOl 1 9032 (05 ) 3 287 (01>)
(C. carpio)
KINBUNA 223 S61.85 ( 3.4 ) 16 1354.66 (11.3 )
(C. auratus subsp.)
GINBUNA . 13 4576 (03 ) 2 90.79 (08 )
(C. a. langsdorft)
GENGOROBUNA 3 041 ( 0.1>) 2 022 (01>)
(C. a. cuvieri)
FUNA JUVENILE 10 093 ( 0.1>) 210 5011 (04 )
(C. a.spp.) ]
TAIRIKU-BARATANAGO 3 622 ( 0.1>) 2 759 (01>}
(R. 0. ocellatus)
AKAHIRETABIRA 68 16313 (10 ) 18 4267 (04 )
(A. labira subsp.)
TANAGO 1] 0 ( 0) 1 234 (01>)
{A. moriokae)
KURUMESAYORI 6 2895 (02 ) 12 4535 (04 )
(H. kurumeus)
RAIGYO 1 16940 ( 1.0 ) 0 o0 ( 0
(C. arugus)
TILAPIA 0 0 ( 0 3 2681 (02 )
(T. mossambica)
BORA ] 27731 (L7 ) : 0 o { 0
{M. cephalus)
TITIBU 1760 20145 (1.2 ) 1218 27328 (23 )
(T. ohsculus)
YOSHINOBOR! 2937 45172 (25 ) 2256 45383 ( 38 )
(R. brunneus)
ASHISHIROHAZE 3 LS50 ( 0.1>) 2 .95 (0.1>)
(A. lactipes)
UKIGOR1I 3409 153218 (94 ) 4411 2836.67 (237 )
(C. annularis)
JUZUKAKEHAZE 4381 143635 ( 88 ) 7547 315622 (264 )
(R. laevis)
BULLFROG TADPOLE 2063 355574 (218 ) 50 404.67 ( 34 )
(R. catesbeiana)
TENAGAEBI 2152 276.38 ( 1.7 ) 1740 179.10 (1.5 )
(M. nipponense)
ISAZAAMI 184900 287491 (176 ) 412 553 (0.1>)
(N . intermedia)
TOTAL 16347.10 11967.06
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# 3 HEWORLE 2HE (A, B) B0 S@RESY (1981568 9
H)

Table 3 List of fishes caught by the seine at the two different point (A and B) of the
littoral region in June 9, 1981 )

Point A Point B
Specis NUMBER (Wet Weight: g) NUMBER (Wet Weight: g)

HASU ‘ 0 1 ( 041
HIGAI ' 9 ( 1.94) 4 ( 0.66)
MOTSUGGO1* 87 (322.98) 70 (194.16)
MOTSUGO 0* 146 ( 14.85) 149 ( 15.13)
KINBUNA 2 ( 50.19) 2 ( 60.98)
GINBUNA 0 1 { 3.26)
GENGOROBUNA 3 (. 041) : 12 ( 3.8%)
AKAHIRETABIRA 25 ( 80.05) 10 27.83)
KURUMESAYORI 1 { 012) 0
YOSHINOBORI 8 ( 339 0
UKIGORI 454 (184.05) 376 (13477
JUZUKAKEHAZE 883 (167.81) 663 (121.81)
BULLFROG TADPOLE 5 (113.56) 9 (167.12)
TENAGAEBI . 9 ( 208) 2 (031
TOTAL . 1632 (941.95) 1300 (727.03)

F* 4 WEETOR—MEOBIVELCEHC L >mELM(1982449H 22
&)

Table 4 List of fishes caught repeatedly by the seine at the same point in September 22,
1982
I : first catch, [I - second catch, IIl : third catch,

CATCH

Species I 11 111

Number (wetweight: g  Number (wetweight: g) Number (wetweight: g)

OIKAWA 9 4.40 t 0.14 | 0.73
MOTSUGO n © 49512 ’ il 38.91 15 18.49
TITIBU 79 - 18.73 6 . 173 23 i 6.65
YOSHINOBORI 7 1.30 0 - 5 1.07
UKIGOR] 8 10.72 : i 1.13 7 13.97
JUZUKAKEHAZE 302 185.90 59 37.74 68 47.47
BULLFROG'TADPOLE 1 10.88 1 11,75 4 43.57
TENAGAEBI 255 49.53 9 1.52 126 21.40

TOTAL 776.58 92.92 153.30
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Fig. 4 Seasonal changes in the standing crops of fishes (g wet weight m ) and the

‘ species composition (%) at the littoral region in Takahamairi Bay
M=Motsugo P. parva : J=Juzukakehaze R, laevis ; U=Ukigori C. annularis ; F=
Funa Carasius auratus spp; Y=Yoshinobori R, brunneus; Ti=Titibu T.
obsculus ; S=S8hirave §. microdon ; B=Bullfrog tadpole R. cateshiana; Te=
Tenagaebi M. nipponense ; 1=1sazaami N. intermedia ; O=others.
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o (5.79gm™), S HWMAIMETLE 1egm 21T (K4@),
iMoo mlEHRE A5 L, 1981 5 A Ta» S 7 AhAc A THESEE Y TRARY
WFR, VXA T NBETR, TYHINA IS 2 VD AT & > T S0%ATHRE D ST
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YHINAZ T v 7 1R NKEL A GO, SATAIKEEY TOHSHE2Z 0% 128 L
Tro FOWT 2 XA N EOEGHBE A DT, 10 Ahaiziz 30%cnh, YaXsasr y, £
v IHEQESG MR HEEHERD 0% 2 hoi, HEROEA L 1L APAEBWT
Miﬁi’lﬂﬁ@i‘ﬂ&th‘(’b?tc B (1982 4F) 2 Apage s, 4 Hohin: T O AR, 4 ARl %

LB YT L 1M 0—9% 2 HEH Tk (B 4(a)),
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m 2 OHEICHY, T AhAREZE SCEFESHA 55lgmTKELL, TR TY5 5 8 Alq)
W T2 4gm T OMETER L -, 8 APaICABHEFRR 05gm T DT L, By
BERRYATAETE V. S ATARRBREEEEML, 11 Bdaic bllgm 2 imE L
WOLTwE, 19834 1 Bk U2 Ahaicik 01gm BT Thot, 0% 3 ATAHCPP
#inL (Llgm™), SATAETEElgm ? IEORFRETH -7 (H4(b)),

FEAR R AR T A Bk, 192 ES ATREVF TV BAFADL T HOX%MAEL 2507 (H
4N, 7*F TV R 6 ATHETH L7 H0—60%OEHE S Tz, ZOMMY 2 X0 rnEH
FREIE 0% ot 7 APEOEFEREIMCEY, ZOEEE 0% EL, 8 A%
THEALHSRHERL TV, CRIENLTEY T EH2EER, BENEREOEWSAT
s 8 BT T W0—20%0EBIc L 2 -Twiz, £, FIESHEEEEH T
TYHIAF IS 2 Vi OB UT Ch-ote, BEESEHTEMLL I ATAE, TV ITY
FRDO0%ULE S H, 10 A, 11 HPHIC b ZhEh 60%, 50%LBeBerEni,
%7, 11 A, 12 BEARBERZN 0%, 5% % 7 FRAEH Tz, 1983 F 1 AL
OBEEOECEIICE, FEXANLEDLVHRE—ERT, IEFSNEEHEER( TV 730
Bl ot,

LTEowsEc s s ABNEREUEHRO 2EMCBI 2R LY, ABNRE_DOR
%ot R ENNICROBELTWE Z titbinbd, Thbb, B10oMMIIARHORELENE
$, FIEMR L FBRTHENTELTWA S Avs 11H, 12 B2 T, 22 DM AEER
TEHA ¥ 7 SOERARECEES R, AEENPTEECANLEDLS 12/, X3 1An6
SAETO2MEMIcAG sl TASOMHEENCR2 L, B I OB R o Z21E3W %
TEHNTER, —DRE, SATE»S TATEH2R8ATHETOEY L, vTY, Y=
RATNE, TVHIANAT TV v 2 BT A, REEEBELLTA20OBRICED
WREOBRBRZNEL, ARRERNEL(BETL LR YYTINF IV v 27 v DHDE
4 2E0E FLTE10HMORLY S TEY I ENTIETH S, LELD, WE
BOAFBECBTABIELTE YD, 7Y, YaXAr N EQIBHIEEETHE L
oz,

¢) BESECLZERTOREEESHTE
WEPCBUATEMIBOLSTA, TabbEY T, v3T), YaXATrn¥iZonT,
BETLONFREVEGEOHB LD AER (EHEegm ™) 2EHL L, EEREHICE, Y
TUEFATIIIBIE6H 9,5 1982456 A 16 H, KU 198245 522 345 198345 A 23
EETOZhEND LEM, v+ 7)Y Fa T 1981E5F26H»69H260H, RUF1982F
SAVERGIBRAZTOEATAAGAR, YaXhr AESFTATE 198245726 0
5198285 522 A% T, RUTIMZESH 2826 1983FE5 A2 HETOENEN 1 M
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YT,

FHOUEREOBRE00m? Y- h o LEPHMOSEEER2 R L L. v TV SUFRC B TR
HEERISEH ORI, 1981 £713 6 B TH» & 7 BNV TOTFEMEED 0.417 25 0.554
gD r ET(0.015gm™2d™"), 1982 £ Tid 5 E T 5 6 H#E 5 TESEE 0,430 5 0,
640g DL E (0.08lgm=2d™!) THok, YaXHr " PUFTRRBW TR LEEENE EL
i, 1981 Tk 6 A TS 7 AFAC T TOFIEES 0225 25 0309g D = & T0015g
m 247, 1982 4573 6 HETAID & FANC & T O FERES 0220 205 0.320g D & & (0023 g
m3Ed ) THof, Y THFARBOW IR EEENF ORI, 1981 ETR7TATErLT
DT DEHEEH 0228 05 0391 g D & & T(0.051 gm™*d™"), 1982 £ T2 9 A TFM, e
10 Hio in i TOFEBES 1331 25 1880g D & 27 (0.023gm™d™") Thot, ik
B, vxdVLUFH, YaXhrn¥EFaLY, TATLOBREBORASER gm™d )%

#® 5 RRAHERCBT24YFAOLER (P) (g/300m?), W="T{E
(g), G=EBHR AN, B=RE&E (g/300 m*), N =8 (g/300 m?),
B =Y 7E (g/300 m?)
Talbe S5 Compution of production (P) (2/300 m?) of yearting fish at the linoral region in
Takahamairi Bay, W =mean body weight (g); G=instantaneous growth rate ;
B =stock biomass (g/300 m*); N =stock number (g/300 m?); B=mean bio-
mass (g/300 m?)

5-a Motsugo P. parva (June 9, 1981 to June 16, 1982)

Date W G N B B P

81 Jun. 9 0.101 147 14.99
0.058 23.28 1.35

Jun. 22 0.107 295 31.57
0.757 275.14 208.28

Jul. 7 0.228 2275 518.70
. 0.539 369.42 199,11

Jul. 20 0.391 563 220.13
0.630 443.67 279.51

Aug. 25 0.734 909 667.21
0.260 634.92 165.08

Sep. 26 0.952 633 602.02
0.190 414.69 78.79

Get. 14 i.151 97 226.75
0.372 118.39 44.04

Dec. 8 1.670 6 10.02
0.088 6.84 0.60

’82 Jan. 13 1.825 2 3.65
—-0.127 10.67 -1.35

Mar. 17 1.607 11 17.68
0.406 10168 4128

Apr. 7 2411 7 185,68
—0.]85 198.00 —34.97

Apr. 21 2.004 96 192.35
—0.037 158.07 —5.85

May 6 1.934 64 123.78
0.503 130.67 65.72

May 22 3199 43 137,55
0.160 126.95 203

Jun. 16 3.753 31 116.34
To1al 3068.42 1061.90
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Table 5 (continued)

5-b Motsugo P. parva (May 22, 1982 to May 23, 1983)

Date W G N B B P

82 May 22 0.042 4 0.17
1.239 17.27 21.40

Jun. 2 0.145 237 34.37
0.584 66.98 3912

Jun. 16 0.260 383 99.58
0.905 - 105.41 95.40

Jul. 15 0.643 173 111.24
0728 30318 220M2

Sep. 22 1.331 372 49512
0.345 ’ 391.38 135.03

Oct. 12 " 1.880 153 287.64
0.184 198.04 36.44

Dec. 8 2.259 48 108.43
0.416 131.30 54.62

83 Apr. 20 3426 45 154.17
0.187 122.52 2291

May 23 4130 22 90.86
Total 1381.58 625.64

$-¢  Ukigori C. annularis (May 26 to September 26 in 1981)

Date w G N B B P

‘81 May 26 0303 290 87.86
. 0.290 135.96 39.43

Jun. 9 0.405 454 18405
0.029 186.23 5.40

Jun. 23 0.417 ) 452 188.40
0.284 219.05 62.21

Il 7 0.554 451 24969
0.245 164.86 40.39

Jul. 20 0.708 113 80.03
' 0.840 59.68 50.13

Sep. 9 1.638 24 3932
—1.189 2041 —2427

Sep. 26 0.500 3 1.49
Total 830.84 173.29
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5-d  Ukigori C. annularis {May 22 to September 22 in 1982)

Date W o) N B B P

82 May 22 0430 1616 690.03
0.398 667.58  265.70

Jun. 2 0.640 1008 645,12
0.198 529.70  104.88

Jun. 16 0.780 537 414.28
0.086 516.46 44,42

Jun. 30 0.850 724 618.63
0.165 518.94 85.63

Jul. 15 1.002 419 419.24
0.053 22334 11.84

Jul. 29 1.057 26 27.44
—0.008 48.25 —0.39

Aug. 5 1.049 66 69.25
0.228 39.90 9.01
Sep. 22 1.318 8 10.45 .
Total 2894.44 521.09

5-e¢ Juzukakehaze R. laevis (May 26, 1981 to

*

May 22, 1982)

Date W G N B B P

'81 May 26  0Q.111 155 17.32
0.372 70.89 26.37

Jun. 6 0161 713 124.45
0.335 123.99 41.54

Jun, 23 0.225 549 123.53
0317 202.67 64.25

Jul. 7 0.309 912 281.81
i 0.208 127.67 48.34

Jul. 20 0.409 155 63,40
—0.074 34.85 ~2.56

Aug. 25 0.380 13 5.70
0.167 109.94 18.38

Sep. 9 0.449 477 214.17
0.031 161.72 501

Sep. 26 0.463 236 109.27
0.139 161.57 22.46

Oct. 14 0.532 402 213.86
0.334 112.88 37.70

Dec. 18 0.743 16 11.89
0.027 10.53 0.28

'82 Jan. 13 0.763 12 9.14
0.022 6.53 0.14

Feb. 17 0.780 5 390
0.085 3.23 0.27

May. 17 0.849 3 2.55
—0.105 534 —04]

Apr. 7 0.764 7 5.35
0,198 6.87 1.36

May 0.931 9 8.38
0.299 5.45 .63

May. 22 1.255 2 2351
Total 1197.25 264,74
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Table 5 (continued}

5-f Juzukakehaze R. laevis (May 22, 1982 to May 22, 1983)

Date W G N B B P

82 May 22 0.160 677 108.32
0.318 187.6%  59.6%

Jun. 2 0.220 763 267.05
0.375 25209  94.53

Jun. 16 0.320 741 23712
0.363 . 20550 7460

Jun 30 0.460 378 17388
Bl 48324 5364

ML 15 0514 1542 79259
0.066 550.84 3664

Jul.29  0.549 563 309.09
—0.024 469.61  ~11.25

Aug. 5 0.536 1193 630.13
0.177 417 7287

Sep.22  0.640 302 19328
0.090 11834 1065

Oct. 12 0.700 62 43.40
0.189 10250  19.37

Nov. 10 0.846 192 161.59
0.221 8449  18.67

Dec. 8 1.0SS 7 7.39
0.283 7.93 224

83 Jan. 10 1410 6 8.46
—0.700 598, —419

May.23  0.700 5 3.50
Total 2935.80 42746

5z 24694 X CFHER) 21, METREZBNAGNE,h o7, 7, 1Bl FxB»TH,
UEFTVYEFAL Y 2 XA NEEFAFRFNOBEHORALER (gm2d™") 25 2 551
i, TET—RLTED, A 1982 FicB\v=TiR, #ORBHNEETThTuL, TY THFR
EBLT, BEBORREER (gmd ) 252 38, 7FFVLEFARV Y 2XH ¥
LHFRENRFROBEEBOEER (gmd™ )Y 25 2 2B EEFEE b FhBo s ht, 28
L, 1982 By TUFRMEROBREER (gm™3d™") 2 525K, SATA»S10A
BRI E o0, EYVIOBEZEPEEL 22400 LOBRTHZ I,

EYTYFAD 1 FEOEESGRFNFALOET088gm™, 142gm™, V%I YFRAD4
PAMOEERZFNFROETIS8gm™, Ldgm™, YaXAr  EHFAD 1 FHDERE
B ZNZhOET088gm™, 142gm? THok (6. LlLLY, EHO(LZLyFTY
LFATi 4 AM) EERE, 1981 05 1982 £F TTR IBORTEY TUTFANRLFH S
354gm THD, 19825 1983 EETTHEY TUFTRIELE 216gm2 Tholeo %
fo, WAL EROEERR, 1981 £, 5 1982457, 1982 FE05 1983 F2TEREFNS.
00gm™, 525gm™ ThHH, WECKELROEAShEL o7 (F6),
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# 6 BEAMEWHCBUZTIEAIEOFHEER(@M™)
Table 6 Annual production (gm~?) of three dominant fishes at the littoral region in
Takahamairi Bay

Production {gm~%y™?)

Species
1981-1982  1982-1983 Average
MOTSUGO 3.54 2.09 2.82
UKIGORI 0.58* 1.74* 116"
JUZUKAKEHAZE 0.88 1.42 1.15
Total 5.00 5.25%

*4 months

1

(2) WHTOWLMAES HE
a) BEMASRFERUVAEEROEEHLL
RTWIBIESA29H»S 198345 2 HE TH AT o 7 - EFEDMEB L D

#F 7 BEANFCBIAESEICL ZEEEW (1981 H£5 A5 1983 F
58 %) |

Table 7 Data of the haul {g wet weight/180 m?) of fishes caughi by the beam trawl at the
offshone region in Takahamairi Bay'from May 1981 to May 1983

1981
Species Name/Date May 20 Jun. 26  Ml.? Jul 20 Aug. 3 Aug 25 Sep.9  Sep. 29 Ocll4
WAKASAGI 0 0 0 0 0 0 0 (] 0
(M. transpacificus)
MOTSUGO 0 4,52 0.09 0.77 0.69 0 0 1] 0
(P. parva) . (17) (2} {8) (2)
KINBUNA "o 14.19 0 G 109.86 0 0 0 0
(C. guratus subsp.) (1} 0]
FUNA JUVENILE 4] 0 0 0 0 0 0 0 0
_(C.aspp) _
TITIBU 0 1] 2.27 10.44 87.38 34.60 56.53 61.93 92.55
(T. obusculus)y (24) (109) (620) (320) (564) (535) (617)
YOSHINOBORI 0 2.78 0.12 0.14 139 048 1.04 0.46 0.10 .
(R. brunneus) (20) (48] (2) (10) (6} (19 4 (2) '
ASHISHIROHAZE 0 0 0 0 0.41 0.02 0.10 0.51 0.31
(A. lactipes} (7 (n (N (8) (3)
UKIGORI : .30 ] 0 0 D 0 0 0 0
(C. annularis) (2) -
JUZUKAKEHAZE - 0.44 1.62 3.00 5.56 81.73 32.11 16.15 12.32 16.24
(R. faevis) (e) (10) (14) 20) (205) (78) (41) (22) (23)
BULLFROG TADFOLE 0 0" o 0 0 0 o 0 0
(R. catesbeiana) )
TENAGAEBI 9.86 0 1] 2.65 23498 32.24 27.36 14809 18.00
(M. nipponense) (65) (26) (3284}  (347) (321} (1252)  (235)
ISAZAAMI ' 0.46 0 0 0 0 0.16 0.05 0 0
(N. intermedia} (53) (18) %
TOTAL (g) 11.06 2311 5.48 19.56 51644 99.61 10123 22331 137197
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Table 7 (continued)

1981 1982 -

Species Name/Date Nov.18 Dec 16 Jan. 13 Feb. 17 Mar.17  Apr.7 Apr. 20 Mayt6 May22

WAKASAGI \] 0 0 0 0 0 V] 0 0
{H. rranspacificus) '

MOTSUGO ] 0 0.89 0 0 ] 0.1 0 0.04
(P. parva) [8}] (3) n

KINBUNA : 0 1] 0 0 o 17.74 o] 1.45 (]
(C. auratus subsp.) (1 (n

FUNA JUVENILE 0 0 0 0 0 0 0 o 0
(C.a.spp.)

TITIBU 0.68 0.44 04 D 0 0 0 101 0
{T. obusculus) (4) » 3 2

YOSHINOBORI 0 0 0 (] 0 4] 1] 0 4]
(R. brunneus)

ASHISHIROHAZE 0 0 4] 0 0 0 0 0 0

- (A. faciipes) -

UKIGORI 0 0 0 0 0 0 0 0 0
(C. annularis)

JUZUKAKEHAZE 0.75 0 0 - 0 0 0 0. 0. 0
(R. laevis) n :

BULLFROG TADPOLE 0 0 0 0 0 11.99 0 0 0
(R. catesbeiana) - (D '

TENAGAEBI 1.37 1.33 496 ' 046 0.03 0.74 0.14 543 . 073
(M. nipponense) (19) ' (23) (84) (N (0 (12) (1) {24) (2)

1ISAZAAMI 0.04 16.16 12.80 75.76  529.42 59.04 18.53 1.37 436
(N. imtermedia) (3) (1309 (1122) (5784) {35531) (437TT) (1414) {165) (432)
TOTAL {g) 2.84 1793 19.06 76.22 52945 $9.Sl 18.68 9.26. 513

1682

Species Name/Date Jun.2  Jun. 16 Jun. 30 Jul 15 Jul2%  Aug 5  Aug. l1. Apg.25 Sep.§

WAKASAGI 0 0 0 o 0 0 o 0 0
(H. transpacificus)

MOTSUGO 013 - 0 0.02 ¢] 0 0 0.47 o 0
(P. parva) n . )

KINBUNA ' 0 0 0 0 0 0 0 9.76 37.69
(C. auratus subsp.) 3 (6)

FUNA JUVENILE o 0 0 1.29 0 438 54l 0 o
(C.a.spp) (2) (3 4)

TITIBU 0 0.32 0.39 1.36 4.51 10.17 13.6t 599 912
(T. obusculus) (4) 4) (3) (12) (59) (7 (42) (41)

YOSHINOBQRI 008 4] 017 0 0.36 0.14 0.50 0.09 0
{R. brunneus) (1) (1) {1} {2} (4) (1)

ASHISHIROHAZE 0 0 i} 0 0 v} 0 0.0} 0.7%
(A. lactipes) [ (11)

UKIGGRI 0.06 0 0 0 0 0 0 1.23 o}
{C. annularisy o ) (1)

WZUKAKEHAZE 0 0 0 38 8.9 313 19.44 35.97 7.64
(R. Izevis) 10y (18) 6 (61 (41 {14)

BULLFROG TADPOLE (] 0 0 0 0 0 0 0 0
(R. catesbeiana) . .

TENAGAEBI 1506 Q.76 ¢ 8.41 3.68 1.78 16.02 3968  333.05
(M. nipponense) 21) (1) () (25) (51) (346) (464) (4046)

ISAZAAMI 0.06 0.01 0 0.08 0.02 V] 0 0.10 0.01
{N. intermedia) (7N [¢)] (12} (2) @n - (1)
TOTAL (g) 15.39 1.09 058 1497 1696 1960 6545 9285 388.30
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Table 7 (continued)

1982 1983

Species Name/Date Sep.22 Oct.12 Nov.10 Dec8 Jan.10 Feb. 16 Mar.26 Apr.28 May23
WAKASAGE 0 0 Q 0 4] [} 0 ¢ 0.30
(H . transpacificus) )
MOTSUGO 0 0 0 0 0 i} (] \] 0.87
(P. parva) (i2)
KINBUNA 0 272 1695 1] 0 0 14.39 0 6.63
(C. auratus subsp.} (1) (3) (4) (2)
FUNA JUVENILE 0.69 0 0 0 0 4] 0 0 0
{C.a.5pp.} 1
TITIBU 202 2.68 0.36 0 0 0 0 2.64 0
(T. obusculus) (5) (8) (m (2)
YOQSHINOBORI 0 0.16\ 0.20 0 0 1] 0 1] 0
(R. brunneus) [&)] [§)]
ASHISHIROHAZE 0 0.50 0.36 1.05 0.50 ] 137 2.57 0
(4. lactipes) ' {2) W (e 4 (3
UKIBORI 0 0 0 0 0 0 4] 0 0.54
(C. annularis) . )]
JUZUKAKEHAZE 0 0.2¢9 1.35 0 0 0 1] 0 1.19
{R. laevis) (1y N 8]
BULLFROG TADPOLE 0 0 0 0 0 0 0 0 0
(R. caresbeiana) . .
TENAGAEBRI 32.35 2.6] 4.33 14.61 1.25 7.40 i 1.84 11.9%
{M. nipponense} {245) (54) (82}  (354) (4 (74) (80} (32) (44)
ISAZAAMI 0 0 0 0.26 .66 7.86 24.74 0.65 2.74
(N. intermedia) (23} (325) (631) {2096) (49) (211)
TOTAL (g) 35.06 8.96 18.55 1592 5.41 15.26 44,21 170 2426

FERSABINCT L., REYZAESHE, WHELE Fr{E28TH- 7,

$8.z 19814E5 H 29 A 198248 5 F 22 [, KUF19824:5 B 22 A4 & 1983485 H 23
FTERERA L EMOBS G L ERRER (BER g), MANER (ARERUEER, &
UHEAREES (BEROESE) 2Lz, 19814E5 s 1982455 A ¢0 1 RO RIER
Bit#19kg T, WEMIEETHE, MESIE Fo< H2ETH o, BEELBLREVD
DEFAYHFT7IT, BRERO VIR HD, ROTTFH Y 256%, #F7183%, Y=
AHTE AP BIY, ¥ 7T 8I%THY, o ETLED B6%ITELL, —F, 198245
At 198345 B CORBBRIIMH 08kg TH Y, RESHE, Fr{HI2BTH >, BER
DBLBFVLDRFTFHFIET, BHRED6LI%E HD, KT aXhrn¥113%,
TF103%, FFT68%THD, no ABTRED W0I%TELL,

E5(a)(b)i 1981 5 A 1982 £ 5 HE T, 19825 A5 1983 FE5H ToZh#h
DETOELAASEHGERELCEEROSMELERL 2. FHEMEO 18LFE5 ATYLS TAT
i TEFRIED TEL 013gm BT ThH-7:, BEVARFRN AR E D 287
gm 2 WE L. 0% 10 BhaE TOMRMRERIA 05 25 1.2gm™” ORMCH Y, 11 A
AiREP LT 00l gm ™ i o7, 12 A, FE1ATRALLREFEREHOIgm™ T
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Table 8 List of fishes caught by the beam trawl at the offshore region in Takahamairi Bay
from May 1981 to May 1983

1981-1982 - 1982-1983
Species Name
Number  Wet weight: g (%) Number  'Wet weight: g (%)

WAKASAGI 0 2 0.32 (0.1>)
[ H. transpacificus)

MOTSUGO 34 7.01 (0.4) 14 153 (0.2)
(P. parva)

KINBUNA 11 154.02 (8.t} 14 83.14 (10.3)
(C. quratus subsp.)

FUNA JUVENILE 0 12 22.85 (2.8)
(C. a.sppz)

TITIBU 2301 348.24 (18.3) 256 53.17 (6.6)
(T. obsculus)

YOSHINOBORI 64 6.51 (0.3) 12 1.70 (0.2)
{R. brunneus)

ASHISHIROHAZE 18 1.35 (0.12>) 27 7.17 (0.9)
(A. lactipes) ’

UKIGORI 2 0.32 (0.1>) 5 1.83 (0.2)
(C. annularis) . )

JUZUKAKEHAZE 420 169.92 (8.9} 163 91.23 (11.3) .
(R. laevis)y

BULLFROG TADPGLE 1 11.9% (0.6) 0
(R. catesbeianm

TENAGAEBRI 5747 488.37 (25.6) 59719 499.24 (61.9)
(M. nipponense}

ISAZAMI 50217 TI815 (30.7) 381 44.55 (4.9)
(N intermedia)
TOTAL (g) 1905.87 806.75

Hote, 2B PHEPREML (042gm™), 3BPAKEA YT 2 N8B ENL T 249
mlEELL, 20% 4 AN CEBEFREES L 05gm™), 5 BRiE 0lgm 2 UTiKR o
(E5@)eMEEn 1981 ES5 B, 5 19825 F 2T 1 El BT, EAARORTFRCI
SEVMEE ARG TO2EINAEY ¢ S E—7RE U I LbhoTs,

LRSI E AREER TA TR E, 198155 s 6 B FEE TOPHE 7 ALy, 74,
=Y IYUFALREBRANEDLDHEBEL, HREREETH >l T AP o TR T 2 X
AU EFRLFFIUTAIENS WK L, § AYIAE, TNETO6ETA»S
THER AP T—EHE L TW-7+ ¥ ERNFURR, Zhs SETBEAFRTFRO 80%
G, #0%11 BPAZ CLEIERBERO WXL EE 9, 3B L 2BHRIEE
LTwl, LinL 12 AGAIKIB I E TOEBRSEZEL, 1 4¥7 3 1EX0%UEE 5D, £
nLBZED S Ahaz T 5 AFAIRER ) L Twi (E5)), BLEL Y 198145 A
519825 HgTo 1 EMic, 11 Bo s 12 Az LTI L 2S5 1L 5FS~
EFEMBOR ® 2 E MR s, '
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(a) 198125 AHe 1982ESHET
(a) from May 1981 to May 1982

B 5 BEAFRRCBEYIEEAOHTE (BEgm™) RUREER (%) 08k
Fig. 5 Seasonal changes in the standing crops (g wet weight m~?) and the species composition
(%) on the botton at the offshore region in Takahamairi Bay
Te=Tenagabi M. nipponense ; J=Juzukakehaze R. laevis ; Ti=Titibu T. obsculus ; F=Funa
Carasius  auratus spp; Y =Yoshinoberi R. burunneus ; M=Motsugo P. parva; 1=
Isazaami N. intermedia ; O=others.

ABERBO 2FEE N2 1982 E5 Ar s 0ELABOEFRE, 8 EHEE THo TEL 0.
L1gm P LUTTh-7,8 A, TAIL®- < DEEFERIMIIL 9 AFEIC216gm™ £ 5 DH
GEHOC—27IELE S AMEER 09 gm? L L, 2OREESETEI AT 025
m ML ERFE, SAPEETCHTIAOASL 0.3 gm P UFTH -7 (E50), DIE
D 19824E5 Aze s 19835 H 2 T 1 EMic BT, BAREOBRGERICIE ) SN0 s
B0 2 SR~ RE LRI Ebbnot, \

LROWEOBRER Y S5 £, 198245 Ab & BASEOBEREA ¥ 7 I ho T+ 4T
ERBATL, 6 BTAC T 74 CEE L TREC AN b o 1, BUT + 4 £ E ot
37 HAMAE, FFTUFR, YaXhr B EFRRC T FEFAENA S 4 ic ko BT
BO %A Lx GO, TOFCBT3 L4 EOMBLEED TREETH Y, BERORM
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Standing Crop (gmi?)

100

(%)

Species Composition

1982 i 1983

(b) 1982458356 1983 F5HET
(b) from May 1982 to May 1983

5 (2J%)
Fig. 5 (continued)

BE—7ICETA9 H%ﬂ’@n:mf%ﬁz SR T H%LULEL, HEROBEL L IAT
Y ERERERTH -7, 10 AR, s 12 FEECT T7 FUF AR T AT Ea ARE
HOBELE, BE L Adiges 3ATEHETA #F7 IMEE L, 50%0 5 60% 0% 5
tro FNLIEES ArhacolilEE, 7, FFF, FHAIESMEL L, DLELD 198285
BHme 198345 BT 1EMeBWT, 1225 1 BRBEC L THEES» S 1EES~L
MEHERCKz2EIRo 50 ([50D), Ll Zo&EbiE, £FE04 447 3 0L HE
ECThhol gl LT 2 EHD 13 Thd ol

(3) BEHTCLIBEARMEALOREEEROERE

b BBEARBRAIC B 28R RELER) OFREER LA ATORRERS,
1956 4 5 1962 FEEIC AT THIINER I H D, 1962 0 5 1973 F 2 TOF 10 FRI T
WTH o, O 1974 HEL» SRR AL, 1976 FITRBERE Bt EL U — 2 B2
2, Lin L & LIS B i8R U, 1981 SF 103 R0 R 399t & e b, 1965 46 1973
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¥E AR

6 BREACHKRBEEGFESOWBROFERLL (1956 F405 1981 F 5 T)
Fig. 6 Annual variations of commercial fish catch of Taamari fisheries .co-operative
association in Takahamairi Bay from 1956 to 1981
Data from Annual Report of the Agriculture, Forestry and Fisheries Statistics in Ibaraki
Prefecture (1956—1981)

FuhBTOREBEREOEHC TR L (K6), 2, ALORARERLRRER -2 {[H
WOEETHERLTED, 1976 £ MMt ELREREO Y — 7 212, #DEEACED,
1981 i 6Lt iET L2 (H 7, ALK B 2RHER N T 2 RAREHOYSIES T
BT, AMINTOREDIFEACIRERELEZ NS, 2L, 1976 FLIEOBIRE
BOEL ST, COEEBMETLTWS I b 3,195 E»5 1981 5 TOBFEORER
EECHT 2 REREREDE SO F¥IFIE 848(+63SD)%TH D, 1981 Fiziz £ DEIEH 604
% F THA URBEERD ) b RMAEOR SN IREM THEECETLTwb 81 %,
ATHOAERORER DR 2R I TR Lz, T4 OREI 1968 FLREHML T D, 1959
e 1981 3 TOEHH 52.13{£48.25, 8Dt THLZ DML, 1981 FEiid MOt KFEL T
%, 7 FEOBEERIT 1959 0 5 1981 £ % TOFHH 131.09(£5052,S.D.) t T, 1981 425 126
tThHBOT, AMINTORBRHIIZELTWEETA 3, NEEOBWERIE, 1959 £, 5 1981
£33 TOEYH 46.09(£2659,SD) t T, 198l Fici2 33t THH, TOREM TR EEN
b3, T EEORERZ 1959 F 5 1981 £33 TOFHIH 90.13(£47.22,S.D) t T, 1981 Ui
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B 7 BHEAOHRBEBFMESOBBRER T 2 BHAEEOWE (%)
(1956 4£4~ % 1981 £ % T)

Fig. 7 Annual variations of rates (%) of the catch by Hariami trapnet to total catch in
Taamari fisheries co-operative association in Takahamairi Bay from 1956 to 1981
Data from Annual Report of the Agriculture, Forestry and Fisheries Statistics in Ibaraki
Prefecture (1956—1981)

WLITETL, COBFEMAERZEY LT3, 7+ THORBE L 1959 £4 5 1981 £3 70
T8 42.17(224.15,S.D.) € T, 1981 FiTi2 24 Th 0, BERHAERCH3, BELD,
RMEABEFRAT CREOEERBWT, a4 « 77 2R ELAYORERBVEG S 2
Zrnbhnd,

PAEE D, BEABRBFATOEMII4km® £ Lz L EOBAERELY: 0 OEMEER (gm™)
¥, 1981 EOWMER - 1959 o 198 £ 3 COVHRERTABI LIZAB L, 24 TRER
F 4459 gm 3y, 1660gm 3y, FFETRHEFNAR W03 gm ™y, 4175 gm iy, ¥
HTREhEh 1051 gm™y™), 46B8gm Ty !, TEETEFLFN1274gm%y"!, 28.70gm
iyt FFTHTRARFR IS4 gm ™y, 1343gm iyt L T,

4. ¥ =

BormOLEREE, BCASEEREN 1956 F£E L 0 28Tk L 2 L a3, BhokERKsT
L B MEBROELSEMEN X DS TS T & QRE < IEWE, 1973 SE - BE, 1976 &
H, 1978; FE®S, 1981; Toda ef al., 1981), ZOEBEEICMT 2 %612, BEOELSEI &
LHEBHE~DADEZ» T O, HEAENERECEELE 2L ETA00 (BF K
M, 1973; 0 - @R, 1976 K, 1978) », ARNSENC X 3 M08 88 ot c &
ERECHEEES AL ETAE AT (FES, 1981; Toda ef al.,198]) idbhd, EREH
ST 5 EHIENEEFREAFTL TSV ER L2, BEIERELOM#ET L EDRERED
bt OMOEREBFENHEL PIISATOHR Y, UL LB REE0HN, ThbbBIEE
P kD EREECEMES R o7 T BANBI ARSI GRIRKE, 1977,

ZORFBEMBEOE A LN ERE, ARAOBRFEREORBIBICEL D, BEDEEN
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Table 9 Annual variations of commercial fish catch of major species in the innermost area
of Takahamairi Bay from 1956 to 1981
Data from Annual Report of the Agriculiure, Forestry and Fisheries Statistics in
Ibaraki Prefecture (1956-1981})

Each fish catch (metricton) Total
Year -
Cruciap . catch
Carp carp  Gobies Prawn  Tanago Others
1956 — — - — — — 189
1957 - — - — — — 223
1958 — - - — — — 231
1959 41 97 1z - 10 48 50 2587
1960 3 73 33 35 51 36 321
1961 1 85 29 132 18 24 289
1962 1 118 66 113 50 25 373
1963 7 145 18 17 117 50 354
1964 7 144 44 92 23 26 336
1965 13 258 23 6 83 29 412
1966 9 14] 47 103 70 25 395
1967 7 105 47 136 55 26 379
1968 32 118 82 145 30 25 432
1969 22 112 48 79 60 26 347
1970 35 96 51 60 37 56 335
1971 45 96 36 84 33 44 338
1972 61 103 24 105 18 80 392
1973 61 87 a3 83 24 77 365
1974 62 116 24 95 27 104 428
1975 96 126 33 157 30 82 524
1976 123 279 131 159 52 210 954
1977 12 178 79 159 46 214 743
1978 - 132 155 77 120 a8 97 619
1979 77 102 40 62 18 86 385
1980 152 155 50 81 17 65 520
1981 140 126 33 40 24 36 399 i
Mean 52.13 131.09 46.09 90.13 42,17 65.04 402.15

+SD +48.25 +50.52 +2659 +47.22  £2415  £5293 +166.47

BEH DI HOREOERL (1965 ), B HOM—ORHOTH 2 HREFAR! D KPR
(1963 ££), METOMED Fick 2 a2 4 BREOFRKL (1965 ), BMAOERERLOET (1965
—1970 4F) k¥R HCRESEECER Y, BERABHEELIL T3,

Y IAT, ChETOBR-HAOREHEOTIE, RERFTEEOCLTE), EXLHEE
MTHs7HHF FFFS, 1956, I0# - bk « 8, 1973) %BvT, BRNOLEYHELHBT
WRTL2ETREE-2TESY, ZOMOPABI DL TIREEALBES SN TR,

SEE, BRABOBESR R BREMNEL LTEE s, ERAEMARCI 0B rBeNReL
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TR BRI ST &/ (B AEHIER, 1977 2 ), #0thT, HFHS (1978,
1979) 4, ARFE L IR AOFRE 5 2R L 5 BFHEOMEETL, BRECL I
BESED THEL, COMIERTZABOIE LA LD L EDNICHERERR L, FATES %
AL TwH ZEEHOAII L, FRLE0®, FH (1981) &, MHFCELTLRMLER 2T
T, Bor@BT 2B8WHEPFHENCEZ BoBEYEL, £FCRA ¥ 7 i8E85L, &
FBIRNYERAELT A EPEST o e 2oL, BrHCB s aEHEEF
EHEHL AT ARV RER LER T A2 AYHBOBCERBEIR I DREE R TWwA S L
BRBLL, 351, J0LDREHEGOE L EYBERER, HOSEIBECBSLTHR
FEPRHMAMIOEL S X > T EIOHAESKIRL, BipEsEMbI s -t THEI
FEESEEEELAERTHZ L (FH, 1981,

a7, SEOABECEWTLERTC ST 2 ABNEOSHELIE, HHS (1979 OFLE:
o R ELBO TV, ABARTE R Y ORVNE S, BRFETIR(ER, 1979
B0, WAEH LR, P {EIEsHAIATEY, —HSEORE TR AFE 208, WL
HIM, PHOF2ETHD, BLAYOEEHEEL T2, LETRES - nSERE S
TuhkwbDuyEaa, ¥+9, Fay, FAVAPIF=4bHD, HiSEOLEES
YDy TUE, R, XA DHD, £, WERTIZITES AL 198ESHETO
%ﬂﬁﬁ(ﬁﬁ,mm)?u.{j.7%,?%ﬁlﬁ@ﬁbéﬁéw@@fgmﬁ,g@mu
EMEETIEREY S, N, YYHINA STV e 2 OB BB, JRHOELR
WEBOEC L2 L IAREVEELIORE, ThbbRME I AhAERBEshTE D, BH
BOREWLOEERECEEIND, —HUEEZEREIFEETH LD, HEBHOH 2/
RREsntwbOub B2, L LSRIOHFE TR 2{HESRAh oy E DD, &)
I, FYavkEid, BRSO ROAETHL I Eh S IR QB COREAKETEIY T
Dlel ol Hrond,
SEDVEBABTIEME AR ENLEY T, 73T, YaXhr ¥ IEShEBR
Wiz, 198145 A oBE5 AT 19 EOEE, KU 1982 FE5 A o>THE5 A TD 190
DABETZTHAEFNT63430g, 897848 g(F£2 £ D) i), METKEREBEVEASARZ G, L
Ladts, TAfnOERO@RERICEHEICECYEA SN, 181 ELREY I2E, 7%
T, SaXhrAEED pIRL TR, 1982 I idBTEIC LTS, Y 70 8E
EHHO L FTY, Y2XHr E0ENL SEORERITERE Lo, O LI REE
TORVE, 3B DWTHER SN LAERE DO ITLEBTHY, BETEY S, 7+
UV, YaZXarnE3EGbEAERCIKEREVRAOANY, BILOLERICEHRD
DEGHB SN (B 6), TOMDEWRETI, 7o ¥ T AV ORBER A Y HT 2 ORBECH
FETHERDBOPASNE (XD, DLEGI i, REARRSALOBES CREMEE#E
DML CEEER N T, HESEOEREEE LTS R Eh,
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Table 10 Species composition (%) of the gobies caught by the seine (1981 to 1982, 1982 to
1983) and caught by Hariami trapnet (1977 to 1978) at the littoral region in
Takahamairi Bay

Species composition of the gobies (wet weight per cent.)

Species Name

by seine by Hariami trapnet
1981-1982 1982-1983 (1977-1978)"
Tridentiger obscurus 5.0 4.1 12.6
Rhinogobius brunneus 11.6 6.8 0.4
Acanthogobius lactipes 01> 01> 2.4
Chaenogobius annularis 42.7 422 389
Rhodoniichihys laevis 40.0 47.0 453
* Data from Kasuga ef al (1979)
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An Attempt for Modeling of the Ecosystem in Kasumigaura

——A Model of the Interrelation between Opossum Shrimp and Pend Smelt

He g

Syoiti TANAKA!

Abstract

Recently a hypothesis has been presented that the opossum shrimp is contributing to the
eutrophication of the Lake Kasumigaura. In this paper a model on the dynamics and
interrelation between the opossum shrimp and pond smelt is presented and feasibility of
controlling the prey biomass by management of the predator siock is examined. The
abundance of pond smelt, predator, is estimated from the catch data. Predation of the
opossum shrimp by pond smelt is calculated from the percentage of the shrimp in the
stomachs and the abundance and growth of the predator. The amount of predation is almost
proportional to the abundance of the pond smelt at the beginning of the fishing season. The
biomass of opossum shrimp shows a seasonal variation being high in spring and late autumn
and low in summer. Simulations of the seasonal variation are carried out applying various
values of abuncance and survival rates of the opossum shrimp. Some combinations of
parameter values simulate the seasonal variation well and these combinations are adopted as
possible sets of parameter values. For each of these sets effect of regulation of the pond smelt
fishing is examined. It is suggested that the increase in the recruitment of pond smelt
expected from reduced fishing would have a significant effect for reducing the opossum
shrimp biomass. Some discussions are presented for improvement of the model.
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Fig. 1 Dynamics and predation model of opassum shrimp and pond smelt
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ERORFTHEAERED, TONDPRELTNQ T3,

1955~1965 @ 11 FEMic DT, hgidk - &l (1973) oER+AY T LR k- THEL,
R HEC DT, K -l (1977) OHESER®ZDE 2 Hwi, N(T)DEHEER,
AUEEFK « BEMHS Delury AR k> TR LB EBERLCTH 3,
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(2) TAHFRLAZLHET IOEBAE
HEFERUERIIEARME (1977) wkok, TAYFERNEYYTO KBOERICL 258

&% F(T, K), KBOTH¥ ¥ 0T 2 B0EEE o(K) t 8L, A4 FT L0 TR K=

0ET5, THHEOEERP(T), RUAH¥7 SBARL(T) &

P(T) = Y(T)+ N(T+1)W(T+1)-N(T)W(T) (6)

| L(T) = PCTOR(T-0) ZalKOF(T, K) - (7)

ELTEET B, 1955~1965 EW2WT LIT) 2HE L 72, 95 EZ 2w T iRA-EHOE S
Huwi, FIT, K)OEEBEIIZWLDE LT,

(3) A¥¥7 :DBE

AR, H& (A) B0l B0 E(T, A), RUHRE w(T, A) %, F% (1964a,b) %22
FBRLTRIDIIEE, Hhix 1l 1L, MEROVHERESL SL, LEBEFA~DER
i SArt 2, BREORE (T, A) bl L&, (RBORERR

HKT0)={ECTI(T)+E(T2)(T,2))SL/2 (&)

L0, &9 B(T), RUHBIIOEAK LIT,A) 14

BWW:gyU;MHRA) (9)
AT, AY=L(T)(T, A)/B(T) - (10)

Thi, LizdioTAHF7 I DEBEHII

HTH+1LA+D) = {I(T,A)—-L{T,A)}54 ' (11)
ThHd, IFL
I(T+1,3)=0 ' (12)

LY, AT I0ORNORTERM(T), RULESR (TR

M(T) = BT, A= L(T+LAT (T, A) (13)
HT) = Bl T+LA+D=w(T,AN(T+1LA+1) (14)
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™ = gM(T)

Tp = 3 p(T)

By HEERE T EAD—2 DR~

(15)

Th2, ChoDER, A FF7 120> TOWEBBRO—DOBRE %3, LEOFER

i3, $ T 195 &L 2w TiTo2 7.

# 1 A¥FF20B(T)H, ABAR, JBIRKE(T, AV RUEEw(T, A-}
Table 1 Fecundity E (T, A) and weight w (T, 4) of opossum shrimp by month (T) and

age in month {4) used for simulation

E(T, A) . w(T, A) mg
Month T\ 4 0 1 2 0 1 2
April 0 5 30, 01 1.5 240
May 0 10 20 01 . 07 20
June [} 7 10 0.1 0.7 L5
July 0 7 160 01 07 1.5
August 0 7 10 01 07 1.5
September 0 7 10 01 07 LS5
October 0 12 18 01 07 1.5
November 0 0 18 01 07 1.5
December 0 0 0 0.1 0.7 1.5

(4) VAHYFOREELBE

1975 B0 7 4 - F BB ENE, 1955~1965 L th~T, FEEICEY, BB L - THFENE
LA U bThdedTws, LI THREZBO TV ERERREEs L&
KASF T IR TroL3hBErsRIITHERL IO, BEE FARV, 4 4B G

LU AYFIMAR N4 (B2 52TC, 4497 20LME B(T)0FMEl:

Y(T)= FA N(T)W(T)
N(T+1)= N(TX1-FA)

il

HH&TCQ

(16)
{17)

LA RETEOR BT B(T) %58 L, LIT) OB S-> Tk F(T,K)RELL
BuLDELE, FARS~12 BCoLTE—EE L, TRV TR FA/2 L LT
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3. HERR
(1) 7AVFWLLBAHHT IOMAR
1955~1965 Fiz DV T O FFIOMAR %, 1975 FOE L GHY TR 2R LT 1975 £0HE
EERLZD, 6 HZHAENBLEIRD, TRTL0tELIRNLEDFADCEWEEZ ST
Wi, VA YEEREOEEENIESTRE{, HREBOHEMED CRIKONTRESEHLT
Wi, 7T ADEHREY, FHRERUVERERZZ2TICRLY, VAV FOKRELIERER
2 TRELERER, Ld>T, T AORRERO EVoEfo AR EEACEL Ty
2bhTiREVY, R2TRS L, 4~11 ADBOKBRHRRE, 7 FORH & FE L FIBHR % R

e 2 UAVFREAAVFTIMREL(T) () RUVAYFHIRR
Table 2 Predation of opossum shrimp by pond smelt L (T} in tons and the stock
abundance of pond smelt

Month 1955 1956 1957 1958 1959 1960 196F 1962 1963 1964 1965 1975
April 0 0 0 0 0 0 0 0 0 0 0 0
May 290 311 199 242 239 184 116 199 398 419 608 56
June 2146 2418 1517 1793 1973 1518 S04 1480 2947 3191 4529 436
July 1044 249 369 451 293 218 70 449 448 298 475 582
August 3 10 1 14 16 8 2 14 28 14 26 1
September ‘ 1] 0 0 0 0 0 0 0 0 0 ¢] 0
October 248 61 30 0292 =2 225 132 163 489 226 629 47
November 121 —26 3 69 120 93 —13 —12 657 258 353 76
Total 3852 3023 2129 2861 2639 2246 1211 2293 4977 4406 6620 1198
Stock in July 10% 638 403 312 533 477 506 142 397 876 T09 1215 82
Mean weight in July g 09 16 13 09 11 08 L7 10 09 12 10 42
Stock in July tons 575 645 405  4BO 525 405 241 397 788 B85 1215 344

E ,

2 o]
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4l o

gl .

= 00

=] 00 o

8

| 0©
E
3 8 12

NUMBER OF FISH IN JUY 108

M 2 TROV»HFORBREE 4R~11 ROMOA 7 S HREORRF
Fig. 2 Relation between the number of pond smelts in July and the total amount of
predation of opossum shrimp from April to November
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ROBAT 5 EniliEsns, :
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AHFT I BROFHEHFCOOTHE, ok - M@ (1977), HH (198la,b), FH - &HH 1
£ (1982) WE-oTHBNSGNTVE, INGOR/BRE, HEEFICI > THTLHE—TRE W
B, BRI S A XELRICE <, BELITRL, 26 —HE T2, AV ¥ 7 20H AR
TOWDY, MECHENCRT7AHFFCLIMBERFZORPBEFELTHEEELZLATY
Lo VAVFWIZWBREE IS EDOKBLEEL, 4 BEBT 54397 1 0NBEERK
H{4.1), 1(4.2), RUEERESL, SADVAL A LA SVT, A FFFIEMAB(T)O
FEMAEEFRL TR 28 1(4,1)=1(4,2) e 807, 204T, FEHEML-EECERL,
BEBUHEMLTAEOKEL DB CEZ L0 BRIy — v 2BHRTELH 5 A -5 -0
SHEHERELL, BERIFE I RL,

STEERbeRD I EHE LS, SLRENSE, CnBEEaET SA2H Yol ae s
L, BEAYFRO B(T) OFEHZELESBONE, T4bb SL £ SA #HEBcRET 22813
HHETHB, [ 1) 2B, BOBRE LHEHTE 24, SLAVhaw e KOMALH
BHTELG, SLAAECTBY, I AhE0L E 3 ToHEORESHHC & CHETE 2,
Ay #HRE 2, BEOFPEERTETY, HPOBRET LS BB/BE)s/ha ks
T, BRSNS -tk HEELR Y, EHOESECH TM &, COEFVTE, 83X
DEV L 28R, RUREL*EATO 2 RERSEE 1000t ABA TH2RK»HT, TM
2000t IFTH2 &5 A RBRFERENTH S, L > T IAD AL TELRA
HD,

P EDERPSUTOZ00A ¢ 2B 2 L0 L LTRAK,

a) [(41)=100X10°, SL=04 SA=06
by 7(41)=200x10°, SL =026 SA =07
c) H{41)=300x10°, SL =036 SA=05

hE, Fligc) OBE, SL=028, SA=06LTbELALRUERBENLDT, SL,
SA ZNEFNOERERER LV, LEO3HITRS e, 6 AL 1l RO Y — 704 Y,
FREHN L000~2,000t, 1,500~2,000t i3, 7212 SO&EWEE, 1,000~1500t T, FH
(1981 b) DO#EE L LEZFEOEYR 90006 HET A EEL C/hEy,

—129 —



Hpg—

[ 104,40 =100x10°

™ Tp
tore

5067 6268

3425 4250
"2666 3613

1000tons

6488
6265

4356

BIOMASS

l ‘300.109.

Neomysis

]
3 [sooxie” fix

APR
JUN
JuL

3

< B

9305 9452

\ 7222 7050
“7749 7087

5488 5185

15510 14804

J
13620 11871
12253 11252

9639 4485

B 3 EROAYFT SHIME I(4A), WHERE SL, L% SA 2540k

EDAFHT L AEYEOEFEL

Fig. 3 Results of simulation for seasonal variation of opossum shrimp biomass applying

various values of initial abundance of opossum shrimp: f (4,4), survival rates in .,

early life stage SL and adult stage S4

TM : Total amount of mortality. Tp: Total production

(3) VHI¥EEROA T 7 S BAOHY

BEBAKZDONT A —DHBEDENFNIEZDOLT, VA ¥ X OREREEDBE,
RUT 4 #MARORALBEE, 497 L ENBOFHELHED LS L Eb 212
Rz EREH 4 R T E3 R LA 1975 FOREE E IR 815XI0 B, FA = 06 O

HEciL T3,

WHEE FA %06 55 04 L LIRS, 8 AURICA Y47 1 ROBI BRSO E, LHLZOD
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Fig. 4 Simulated seasonal variation of opossum shrimp biomass for various values of the
abundance of pond smelt in July N (7) and fishing rate FA

IR NS, THEHUTOERC L2, Sl cHRROBLRKEVIH6RICER, 74
FEOWBEBE > Tk nicy, BERZETSRIMEIE Wi ETHD, B2, &K
o THRERFC L U 7 A+ FEFEEEMICE k3 Ei, BrEL L Tdel iHd
LTLEST, MBOMERR/ NEWEaTHL, Lol, 1Rtk L, BUBMRENHEL, B
BEOKNMILZ 12 A~OTHREORZEIMEDRE(E>TWD,

A X OO ERBEORME, BEOMAROHAICTESH 2 LIARFEND  (IUHEH -
EHE, 1973), MAER 100X 10° B 2 &, TARZZOMELEECHcbIS, 150X10°
Biiadl, 41 ¥¥W7 10T A —QHEGE a) DFESAHF7 I@REL T3, b),
e) DBETTSH, FA=040k &1, icA P FT7 I8 EHLTLE I, A ¥ 7 TEMBOH
LrrbiZ, TM, To DELBELIEAL, A FV7 220> TOYWHOBEHRSNE (0D
EARENE, RFOBEA VT  BEXBECES T E, BEOVHRCLREL, 4 Y
¥7 IMERR S SCEEC RS, JITR, VAT TFEFRENAC L IREOETOZR
RERL Tk, Rk s, MABKSE-BRSRER->T»3EZ16N2 2
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IITAWREFLROERE SL, SA, HEAXEBENLEMIALIEHAZATL
%, SL G¥IHAROEMIC, EFLORTREMKCENEREBET 2 URFF->TVi, b
LERMREL 1 L 0Es L, —EOMoEREH» 2B L% TH, SLENASITEIE
Wk TRIETES, 72720 SLIEREMAZECTEELTWA20T, EMEEFHET S i
TERV,SAR7AHFLUMNC L 2MARVBRBORELGATHLLS, EREZECT—EL L
TWHOT, HRPREOHEOEFELARET I LRTERY, ITALOHRE, ROFOE
ErLTERANERETHS S,

BT T s b b ROROERE LTERTHZ LA DE L1, A FF7IRTAVFDL
X LTEETHIIEL, @ERINEZD > TESBRCHZ, WHEHERELEZ 2BSICHRX
PREVWERTLH D,
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Studies on chironomid midges in lakes of the Nikko National Park (1984}

Part I. Ecological studies on chironomids in lakes of the Nikko National Park.

Part II. Taxonomical and mophological studies on the chironomid species collected from lakes

in the Nilkko National Park.
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Report of Special Research Project the National Institute for Environmental Studies

No. 1* Man activity and aquatic environment — with special references to Lake Kasumigaura - Progress

teport in 1976. (1977}

No. 2* Studies on evaluation and emelioration of air pollution by plants - Progress report in 1976-1977.

(1978)

[Starting with Report No. 3, the new title for NIES Reports was changed to: ]

Research Report from the National Institute for Environmentsl Studies

No. 3 A comparative study of adults and immature stages of nine Japanese species of the genus Chironomus

No.

No.

No.

No.

No.

4*

slk

6%

B*

No.10*

No.l1
No.12

No.13

No.14*
No.15*

No.16*
No.17*

No.18

No.19+*

No.20*

(Diptera, Chironomidae). (1978)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1377, (1978)

Studies on the photooxidation products of the alkylbenzene-nitrogen oxides system, and on their
effects on Cultured Cells — Research report in 1976-1977. (1978)

Man activity and aquatic environment — with special references to Lake Kasumigaura — Progress
report in 1977-1878. (1979)

A morphological study of adults and immature stages of 20 Japanese species of the family Chirono-
midae (Diptera). (1979)

Studies on the biological effects of single and combined exposure of air pollutants — Research report
in 1977-1978. (1979)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1978. (1979}

Studies on evaluation and amelioration of air pollution by plants - Progress report in 1976-1978.
(1979)

Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (1980)
Multiclement analysis studies by flame and inductively coupled plasma spectroscopy utilizing com-
puter-controlled instrumentation. (1980}

Studies on chironomid midges of the Tama River. (1980)

Part 1. The distribution of chironomid species in a tributary in relation to the degree of pollution
with sewage water.

Part 2. Description of 20 species of Chironominae recovered from a tributary.

Studies on the effects of organic wastes on the soil ecosystem — Progress report in 1978-1979. (1980)
Studies on the biological effects of single and combined exposure of air pollutants — Research report
in 1977-1978. (1980}

Remote measurement of air pollution by a mobile laser radar. (1980)

Influence of buoyancy on fluid motions and transport processes - Meteorological characteristics and
atmospheric #ffusion phenomena in the coastal region — Progress report in 1978-1979. {1980)
Preparation, analysis and certification of PEPPERBUSH standard reference material. (1980)
Comprehensive studies on the eutrophication of fresh-water areas — Lake current of Kasumigaura
{(Nishiura) — 1978-1979. (1981).

Comprehensive studies on the eutrophication of fresh-water areas — Geomorphological and hydrome-
teorological characteristics of Kasumigaura watershed as related to the lake environment — 1978-1979.
(1981)
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No.21*

No.22*

No.23*

No.24*

No.25*

No,26*

Comprehensive ‘studies on the eutrophication of fresh-water areas — Variation of pollutant load by
influent rivers to Lake Kasumigaura - 1978-1979. (1981) ,

Comprehensive studies on the eutrophication of fresh-water areas — Structure of ecosystemn and
standing crops in Lake Kasumigaura — 1978- ‘_1‘979 (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Applicability of trophic state

indices for lakes — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Quantitative analysis of eutrophi-
cation effects on main utilization of lake water resources — 1978-1979. (1981) 7
Comprehensive studies on the eﬁtrophicétionﬁ'of fresh-wafer areas — Growth characteristics of Blue-
Gtreen Algae, Mycrocystis — 1978-1979. (1981) .
Comprehensive studies on the eutrophication of fresh-water areas — Determination of argal growth

. . potential by algal assay procedure — 1978-1979. (1981) s

No.27*

No.28*
No.,29

No.30*
No.31*

No.32*

No.33*
No.34*

No.35*
No.36*

No.37*

No.38

No.39*

No.40*

No.4 1*
No.42*

No.d3

Comprehensive studies on the eutrophication of fresh-water areas — Summary of researches — 1978-
1979, (1981) . .

Studies on effects of air pollutant mixtures on plants — Progress repot in 1979-1980: (1981) -

Studies on chironomid midges of the-Tama River. (1981) ..

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey and their distribution

. in relation to the pollution with sewage waters.

Part 4. Chironomidae recorded at a winter survey. ,

Eutrophication and red tides in the coastal marine environment — Progress report in 1979-1980.
(1982)

Studies on the bjologicai effects. of single and combined exposure of air pellutants — Research report
in 1980. (1981) ; :

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system -~ Progress -

report in 1979 — Research on the photochemical secondary pollutants formation mechanism in the
environmental atmosphere (Part 1), (1982) .
Meteorological characteristics and atmospheric'diffusion phenomena in the coastal region — Simulat-
ion of atmospheric motions and diffusion processes — Progress report in 1980. (1982) -

The development and evaluation of remote measurement methods for environmental pollution — Re-
search report in 1980, (1982) .

Comprehensive evaluation of environmental impacts of road and traffic. (1982)

Studies on the method for long term environmental monitoring — Progress report in 1980-1981.

{(1982)

Study on supporting technology for systems analysis of environmental policy — The evaluation labo-
ratory of Man-environment Systems. (1982) )

Preparatjon, analysis and certification of POND SEDIMENT certified reference material. (1982)

The development and evaluation of remote measurement methods for environmenta! pollution —
Research report in 1981. (1983}

Studies on the biclogical effects of single and combined exposure of air poilutants — Research report
in 1981. (1983) .

Statistical studies on methods of measurement and evaluation of chemical condition of soil. (1983)
Experlmentgl studies on the physical properties of mud and the characteristics of mud transportation.
(1983}

Studies on chironomid mldges of the Tama River. (1983)
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No.44*

No.45*
No.46*

No.47#

Part 5. An observation on the distribution of Chironominae along the main stream in June, with des-
cription of 15 new species. :

Part 6. Description of species of the subfamily Orthocladiinae recovered from the main stream in the
June survey. o

Part 7. Additional species collected in winter from the main stream.

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress

“report in ‘1979 - Research on the photochemical secondary pollutants formation mechanism in the

environmental atomosphere (Part 2). (1983)

Studies on-the effect of organic wastes on the soil ecosystem — Outlines of special research project -
1978-1980. (1983) 0 Lo

Studies-on the effect of organic wastes on the soil ecosystem — Research report in 1979-1980, Part 1.
(1983)

Studies on the effect of organic wastes on the:soil ecosystem — Research report in 19791980, Part 2.

* (1983)

No.48*
No.49*

No.50*

No.51*

No.52*

No.53*

No.54*

No.55%

No.56*

No.57*

No.58*

No.59*

No.60*

No.o1*

Study on optimal allocation of water quality monitoring points. (1983)

The development and evaluation of remote measurement method for environmental pollinion -~
Research report in 1982. (1934)

Comprehensive studies on the eutrophication control of freshwaters — Estimation of input loading of
Lake Kasumigaura. — 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — The function of the ecosystem
and the importance of sediment in national cycle in Lake Kasumigaura. — 1980-1982. (19%4)
Comprehensive studies on the eutrophication control of freshwaters — Enclosure experiments for
restoration of highly eutrophic shallow Lake Kasumigaura. — 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — Seasonal changes of the bio-
mass of fish and crustacia in Lake Kasumigaura and its relation to the eutrophication. — 1980-1982,
(1984)

Comprehensive studies on the eutrophication control of freshwaters — Modeling the eutrophication of
Lake Kasumigaura. — 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — Measures for eutrophication
control. — 1980-1982. (1984) '
Comprehensive studies on the eutrophication control of freshwaters — Eutrophication in Lake Yunoko.
— 1980-1982, (1984)

Comprehensive studies on the eutrophication control of freshwaters — Summary of researches. —
1980-1982. (1984)

Studies on the method for long term environmental monitoring — Outlines of special research project
in 1980-1982. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer oxides system — Photochemical
ozone formation studied by the evacuable smog chamber — Atomospheric photooxidation mecha-
nisms of selected organic compounds — Research report in 1980- 1982, Pant 1 (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer oxides system — Formation
mechanisms of photochemical aerozol — Research report in 1980- 1982, part 7 (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer oxides system — Research on the
photochemical secondary pollutants formation mechanism in the environmental atmosphere
(Prat 1}. —~ Research report in 1980 - 1982, Part3. (1984)



No.62* Effects of toxic substances on aquatic ecosystems — Progress report in 1980-1983. (1984)

No.63* Eutrophication and red tides in the coastal marine environment — Progress report in 1981. (1984)

No.64*, Studies on effects of air pollutant mixtures on plants - Final report in 1979-1981. (1984)

No.65 Studies on effects of air pollutant mixtures on plants — Part 1. (1284}

No.66 Studies on effects of air pollutant mixtures on plants — Part 2. (1984)

No.67* Studies on unfavourable effects on human body regarding to several toxic materials in the environ-

. .ment, using epidemiological and analytical techniques — Project research report in 1979-1981. (1984)

No.68* Studies on the environmental effects of the application of sewage sludge to soil — Research report in
1981-1983. (1984)

No.69* Fundamental studies on the eutrophication of Lake Chuzenji — Basic research report. (1984)

No.70 Studies on chironomid midges in lakes of the Nikko National Park — Part 1. Ecological studies on
chironomids in lakes of the Nikko National Park. — Part II. Taxonomical and morphological studies on
the chironomid species collected from lakes in the Nikko National Park. (1984)

No.71* Analysis on distributions of remnant snowpack and snow patch vegetation by remote sensing. (1984)

* in japanese
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