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MR 29 rBEEE e x 2 ZDEREBEDHIE DV T

WA KR BRAEAN AHRE £A@BME BEHBE
(1992 4 8 7 10 B 32ff)

Vertical Distribution of Salmonidae Mainly Consisting of Hime Salmon
Oncorhynchus nerka in Chuzenji Lake

Mineo Okamoto,*! Naoto Okumoto,*2 Munehiko Iwata,*?
Kazumasa Ikuta,*? and Kunihiko Fukusho®3

Acoustic surveys were carried out to examine the diurnal-nocturnal behavior of Salmoni-
dae mainly consisting of Hime salmon Oncorhynchus nerka in Chuzenji Lake located around
139°28’ E, 37°45’ N, with an area of 11.3 km?, a maximum water depth of 172 m, and an
altitude of 1,271 m.

In summer and autumn, a remarkable level of themocline was shown between depths of
10 and 30m, and the water temperature range was more than 15°C at the top of this and
less than 5°C at the bottom. During the night many Salmonidae were dispersed in the sur-
face layer (summer: 10-40m, autumn: 20-30 m) of the whole lake area, and in the daytime
ascend to a shallower layer (summer: 3-20 m, autumn: 10-20r). But during the day, their
number was very small compared with the night-time. The reason for this was estimated as
-horizontal maldistribuion.

In winter, the water temperature was stabilized at 5.2~5.4°C in all layers, and Salmonidae
were dispersed in the bottom layer (100-172 m) around the deep area of the lake during the
day, and were dispersed in the surface layer (20-60 m) of the whole lake area at night.

RS CIR e A < A Oncorhynchus nerka % % {f
T, kv =A (€Y =A Oncorhynchus sp.), = v < A O.
mykiss 1o & r BHRBEOEEREITHIL T 5, L
LR B o b EEOSALTENICES 35 MR
A7e <, FIEPFZERT, Y Yoshihara er al.? Btk - C,
SRR H S W ISR E S TR TV B I T &
AR

g 1%, BRSO s HAEOTEREEL, £
N X - CTRERET 27 « = AROTHRBCEES
FTHC LEEEE R E, 1990 £ b AEHEMMEC LS
FEEIEDT, TORBER, WKOMET FOFEFE L1E
BN KT By r HREOBEOTEHCBENCE 35
BuHBoTHRET S,

e RARETIX, ~=¥4 (Oncorhynchus nerka) ® %
B, HREOWTHEERED SORETFE L 2 v A LIES
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LBELDWMTHED, LOERL 1,271 m, WL 11.3
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T, WHIHERSINORTE S, KANE%E:E 97m
DIFFLDOFEIT DTN o T BT, & OFITIRITESH X
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BB X 5 ERETIIEE 1712m Tk H, AECILe
DIEE Vi,
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AR HE D TRIE I ® 1963 Fiziirh s
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*L e B2 H 4 & — (Japan Marine Science and Technology Center, Natsushima, Yokosuka, Kanagawa

237, Japan).
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*8 N B FFSETERFZET B X7 (Nikko Branch, National Research Institute of Fishery, Chuguji, Nikko,

Tochigi 321-16, Japan).
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/ Shobugahama
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Fig. 1. Acoustic survey lines in Chuzenji Lake (Line Nos. 1~8).
Length of survey lines (m): No. 1, 2,700; No. 2, 3,200; No. 3, 1,500; No. 4, 1,800; No. 5,
1,700; No. 6, 1,900; No. 7, 1,200; No. 8, 3,800.

Table 1. List of acoustic surveys using SIMRAD EY-M*' and ES701%2

: Range of
Date su?\lgy ?ii;] e Instrument meas?%)ment
Gct., 1990
23rd-25th  Daytime 1-8 EY-M 0-97
25th Daytime 4, 6 EY-M 0-97, 73-170, 136-233
24th Nighttime 4, 6 EY-M 0-97
Aug., 1991
19th Daytime 2, 4 EY-M 0-97
” Nighttime 2, 4 EY-M 0-97
” Nighttime 2, 4 ES 7013 0-200
Jan., 1992
22nd Daytime 2, 4 ES 701J 0-200
o Nightfall 4 ES 701J 0-200
” Nighttime 2, 4 ES 701) 0-200
23rd Daytime 4 ES 701J 0-200

#1  70-24-F transducer. Beam width: 11°.
*2  ES 70 transducer. Beam width: 11°,

Tev 7 BERIE O SMEERIR S T, Zhic X b FEsE
OV 7 RHEERI R ST 5.0 BRIEE 6 H
oM, 1991 Fib#sEiEe 2 <A 130 R, &
v=2 30 TR, =v=A 20~30 FERMKK I,

R A B L 20 FE A 2 B0, D JED
T 2w ATRLE Lieyr r BHEETH B FHIEDF
ZEATHY 1985 4E b 1987 FEOMIT - 7o 13 HOE
REAREED I TS b, £gEN 3,448 Bt L, &
A=A 85.3% HFwic, Flokv~A 57%, 75 v
v < A Salmo trutta 5.2% FNCRE, L&D 99.5%

Chics 3,432 BX0 7 BHEUETH - oo
¥ *

WEFE  AREEMET X A3 8 & (Nos. 1~8) %
B RE AR L, (Fig. 1)

WAL 2 ERE O ER AT (SIMRAD #)
A, %EE SIMRAD EY-M ¢, {8 11° o
e e A TSRS (70-24-F, 70kHz) ZH4i LT
FE L, FHlv vy COHB DD, KED HIRARKE
D 172m ¥ TERRAMCH X —TE DT, I 0~97
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WATER TEMPERATURE (°C)
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Fig. 2. Temperature profiles at the deepest point of the lake,

m Vv oEHG, IO Tk 73~170 m, 136~
233m vV uANETID s T, 1991 4E 8 HALUREIZA S
Uy b E— 2B SIMRAD-ES-701) 1o % 72
Ay 0~200m OFHI vy OB BT B D, LER—
E DR THND & L TE I, okl TRkE (BS 70,
70kHz) OEEAL 11° THb,

FEAETIA © B E4 Table 1 155R Lco 1990 48 10
B, MEloREORE YR T5 70D, B 8
g (Nos. 1~8) % 0~97m v v U CHEL, LW
ORIRIAT IR 5 2 kg (Nos. 4, 6) T, vy
02T, KB E TN, ®RL, 2 @i (Nos.
4, 6) % 0~97Tm Vv OTHE LI, FORKE, HRD
B O T2 BRTHEE M5 E, BN
DPEBZETNE I EORELEE, Lok, 1991
8 L 1992 4 1 Ak, HWEHOCLEmAE L,
FROFECIESEES 2 JEE (Nos, 2, 4) #FE, B
ERMEOTERT > 1o Taks 1 Bicit, HERESBOHH
A 1 JWRERTT - Foo

SR OBE B HILEMA L AELEIIL, thFER
CONWTEE R R LI - TR LT,

& R

KBSRENT W OBERAE THI Lk
Fig. 2 Wi Lic, BEFE LHKFEOEEAE 17~23°C T,
B kBB A 7 Bt 5~20m 8, 10 Fwid 15~
25m Bk U, B S0 m DI 4.2~4.3°C Th - oo
ZFIFEFD HFEE T 5.2~5.4°C LBH—LL T T,
S B OETREROBBEREY & L ~FT5

1990 £ 10 f 23~25 HORE B LEEORES
AONE A Figs. 3, 4 1, F &M OBMARTEZED
HEA Table 2 1R LTne -

BHOBRIIAEYE UC# <, B (Fig. 3, (B))
Frk S e (Fig. 3, (A)) Ligo Tid, £
FEREBCRD, Lnd 10~20m Bie £ LT i
(Table 2), ¥ 7, 40m LIETU 2 Flnd\ o CREZILER
Db bhith i,

HHEORPIIER L D25k, HHESIAL
(Table 2), 3 Fhik Bt (Fig. 4), X b DK% 10m
TTORIICE, FE 3~5m 2 LK T ClRm
BEHTRD B, B BEER B IR S C 3~15 m BIes
#L, 200~300 m ¥ % CIAD - T (Fig. 4, (A))s =
DEBRYOFBES D 1%, KI O BHE 20~50
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Fig. 3. Typical fish echo of Salmonidae mainly consisting of Hime salmon Onchorhynchus

nerka in Chuzenji lake, during the daytime on 23rd October 1990.
(A) Fish school (B) Solitary fish.

200m

&

Fig. 4. Fish echo during the night-time on 24th October 1990.
(A) Small and dense echo at the surface layer around the shallow bottom area.
(B) Solitary echo beneath (A) close to the bottom. (C) Solitary echo scattered over the
whole survey line.
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Fig. 5. Fish echoes during the night-time on 19th August 1991.

Instrument: SIMRAD ES-701J.

(A) Small and dense echo at the surface layer around the shallow bottom area.
(B) Solitary echo scattered over the whole survey line.

m BIHA L O e (Fig. 4, (B)), # felf o4 L,
KE LB CEE 20~30m BoHdE L\ (Fig.
4, (C)o

1990 42 8 B 19 BOAE B E®HED 2 fifEoHE
B GEAHIR D $EE % Table 3 1wz Lz, 1990 4E 10 Ao
BRI, BRIoBBR I pikl, Kla T L1
TET < DR 3~20m BICAA LT\ oo BT ER
XY BEENLEL, KREA HaEKo 10~40m
BWHfE LT\ (Fig. 5), 7ekBEHE DO 3~15m BT
ST =B bR, BEE OKMTEEL L,
Table 3 OEAFICIIED by >0

1992 #£ 1 B 22~23 BOQOHAE WHORRM, BE,
®’E, L TRAOEMICOWTHEERT, BEES
LI FERA Table 4 12, 2 Al (Nos. 2, 4) DB
FBBESAE DL L% Figs. 6, T Wik L, & & CRENE
AERH L T % 0k, AWM SIBCETE - o0
HEHRTHS, '

BRAE 120m ol No. 2 (Fig. 6) ¢, B0
BEAIIKYE 100~120 m DB H 20m LB o#iF ¢
R bk, WHE, REIROEE 20~60m ik
BOREAR LR, Fic, EAOPBRLNERF YD
K S0m ¥ TORIKT, WE,HH 10m EEOHI
BN BEAL B, HEL T o o,

ki 160 m WL No. 4 (Fig. 7) @R\, B

Rl s e Ry 100m BaD 160m DORIE % Tk
bk, BBERCEZL S L CEFXEB®L, ®H
TR AR 20~60 m BICIAD 5T, ERCBHDRE
i, BB OEBWRE L% (Table 4), BOE AT O
EBCIEN TS v 7+ VBRI D LB LBNBTHWK
A m bR (Fig. 7), BRI 80~120m, L 120~
160 m BRBE L1,

KDY 120 m B 8E % 7o WEER No. 2 €, B, MK
ERCHETAEBIE b Th - o —F, mARKE
160 m D#F No. 4 Tix, &R 120m DEOHEFIC
SAEL, LashikiEE 150~160m T e iR L
Tteo TEMOBIE 2 JIE & L CEE R ke
R Biic,

BlEdS, BB EWT, eAvARELTEHy
BAEEE, BMRBECIToEBER L, KRR
C LA LU THEREH ST 5 BERPERTH LT > T5%
e o,

% =

BEOHrHEHOSHIKE AEOSHBORGE
b F D ThDB, BBITESE (191 £ 8 H), #F
(1990 48 10 B) & H B b TCRM S 2o 7,
BEFEOBMEL, REASPRECIEVWIO 3~20m B, ®
4R o 10~40 m B4 LC\ 7 (Table 3), &
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Table 2. Number of fish*! at each survey line in October, 1990

Daytime Nighttime

Depth

(m) No. of survey line

1 2 3 4 5 6 7 8 4 6 4 6

3-10 14 0o - 0 3 0+~ 1 1 0 0-+ 0 1012 932
10- 20 48+ 3 6 9+ 2+ 4 14+ 17 8+ 1 43 54
20- 30 11 1 3 1 1 1 2 0 0 1 73 80
30- 40 0 0 0 1 0 0 0 0 0 0 17 36
40- 50 0 0 0 0 0 0 0 0 0 0 4 2
50- 60 0 0 0 0 0 0 0 0 0 0 0 0
60- 70 0 0 0 1 0 0 0 0 0 0 (4] 0
70- 80 0 0 0 0 0 0 0 0 0 0 0 0
80- 90 0 0 0 0 0 0 0 0 1 0 0 0
90-172 — — — — — — — — 0 0 — —

*1  Number of fish is result of direct read out from echogram which shows fishes in 11° beam width. Numeral shows number of solitary
fish and a plus sign (+) shows one small fish school.
*2  Dense echo near shore.

Table 3. Number of fish at each survey line in Table 4. Number of fish at each survey line in
August, 1991 January, 1992
Daytime Nighttime Day- I\?g{]t- Night- Day-
Depth Depth time al time time
(m) No. of survey line () No. of survey line

2 4 2 4 2 4 4 2 4 4%t
3-10 2 0 0*t 0t 3- 10 0 0 O 0 0 0
10-20 12 3 229 81 10- 20 0 3 2 25%2 17 0
20-30 0 0 186 50 20- 30 0 1 12 125%2 46 0
30-40 0 0 53 16 30- 40 2 0 32 291%%2 43 2
40-50 0 0 0 0 40- 50 0 0 47 245 116 2
50-60 0 0 0 0 50- 60 2 0 70 186 56 0
60-70 0 0 0 0 60- 70 31 42 18 10 1
70-80 0 0 0 0 70- 80 1 1 53 10 1 0
80-90 0 0 0 0 80- 90 6 2 72 3 4] 0
*1  Dense echo near shore. 90-100 18 4 83 4 0 0
) 100-110 23 11 46 1 0 4
FEoKRME T, B 10~20m [Bicdidh L (Fig. 3), % 110-120 20 17 18 3 0o 7
LRI © 20~50m [& L {paifio 20~30m Bty 120-130 — 22 8 — 0 15
HLCt (Fig, 4o FREERG, B0 I~ism BOHD - — 482 -

. . 0-15 — —
CoNE . N - A

B/l (Fig. 4, (A)) 23 bivin, &2 (1992 4 1 150-160 59 1 _ 1 62

H, Figs. 6, 7) i3, KEE I HARERE LR ; .
*1  Next day of left five lines.
L, BB CEIoOEBCAE L, TEZ#LEO *2  Dense echo near shore.

20~60m JBICIEA o To, BEOERB ST 50 ER

BHBE, CORITHEOCRAKE 172m OB & AR &R L CARB, M OFEROMAY wIh

BT5 ¥ i, Coffl, #2& D OEFOD 52 ¥, 6~8 Aiz 10~30m, 9~10 AL . 15~30m i

TR N m S B bz, KEBEAEENS (Fig. 2)o & A~ALR, BEILE
IHRBLORED L, BEFIMFRBSIHEMO F1E B ERUREHHEL, WEIXSB L CEB O T
Birh oL, WHE, Mo fmTAL0, BIUXE FTELCWAR, Thi vBWERBRELZWE
O HESEBERIT 5 b ok, SRS omE ol s,

IO’ KIEREOER EREFHOEEREDBEN DLEn s, BBkt se 2 v A%Fhd Licy
b, bA=ALHM Lic, ILREL, RV =ART Iy Y 7 BHEE OB OSTRRILEY Fig. 8 VR Uice RAHE
< AR UATEEMR S H 5. 172 m OFFEFENCINT, BEROKEOKIREHT

CETeAA LY LECREOER «BEOHHE ik, e AR ARRELE Ly r AR ®BE & D
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Fig. 6. Diel echogram at line 2 on 22nd January 1992, 3,200 m in length.
Sho. shows the location of Shobugahama.

50

100

22nd. Jan. 1992

Fig. 7. Diel echogram at line 4 on 22nd January 1992, 1,800 m in length.
Sho. shows the location of Shobugahama.
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Fig. 8. Schematic diagram of diel vertical migration of Salmonidae mainly consisting of Hime

salmon Oncorhynchus nerka in Chuzenji

CREZ & 40m DIERoORBICHM L T, Fhok
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Wy

FIMEORM, RHEVT2EREORE IOBEANE
RHEECHML T s (Fig. 4, (A), (B), zhb
EWTER L O ey 7 BHEE & ORI BTHTH
o XEDRKME, B BRI a/ N f#ZI O
Th, BEYHFECEHERNIEL LV,
NZH OB BITE =% oftfus, #TIER
R, BREREE LGS AARERDRTS - AR
BT B2 Narver® 1, # 7 &£ @ Babine lake
DEEF A, BHGECE, BREIERVETHHT S
L, 2LC, BHoSMBIKRER X v T, B
BB L BE—H LT B2 R WE LB, B
DB DY DEETLL, 1 F £ D Quesnel lake T
1%, 8 Bic#y 100m EBEcEL,? » FED Ok’anag'an(
lake Tit, BE, IHEISBEEOES 2 TO 50~80m
B LT ic,”

Lake.

YBFE A [BIEAR 0O < = 7 o\ A FISRE BB R
HER T B Manzerl® o7 5 A » iEdevEisco
5~6 BORAE LT, =7 HER b L
BEECEL, "WERCBesmL, BEoO FRE
FEVIIRK 200 ft W32 2%, KRR CHIRE 2 S <
BELTS, L LAAEIR 10m < By F TOEL
HH 0BG b B D0

FHEEHO v 2 = 2L, £F O R FRE BT IR
BDTRECD, =Fr BT AEROHR & FE, B
RIS W . L, BEF - RBERITEIEL
BIIRE S E WO HDOHADD B o

EATZXOBATEH HAOv 2~=2DHBETED
WO AT &, IRKIKE 15m OEO#EE D i
KA 148 m DELIHOLSTITIZE A FTESh
T, BT, ™ BRREER YR L, &RET
SEFEETHC &, EFRBEBOHBIEEILISESC L -
Fien, 10 Brei by 80m @ T5 o LR &
RT3,

AR TSR, ORI AR T D B
Nibhics Lirisd, BHEREOTEHZE LA MhE
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