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Occurrence of Japanese Flounder Paralichthys olivaceus in the Surf Zone
of a Sandy Beach at Doigahama, Yamaguchi Prefecture, Western Japan

Yusuke Suda!, Noboru Murase!, Tsuyoshi Fujita? and Tamio Takeuchi?

Abstract : The occurrence of Japanese flounder Paralichthys olivaceus and the characteristics of its
habitat in the surf zone of a sandy shore at Doigahama, Yamaguchi Prefecture, western Japan, were
described. Morphodynamic states of the beach were found reflective in the northern, intermediate in the
central and dissipative in the southern areas, respectively. A total of 453 individuals ranging from 12 mm
to 164 mm in total length except one of 222 mm were collected by beach seine hauls using the YS surf-
net from the surf zone of Doigahama from 1996 to 2008. The juveniles just after settlement occurred in
the surf zone firstly in April Thereafter, their total length reached about 100 mm in October, 120-150
mm in December. Significantly more individuals per haul was caught at low tide than high tide in both

day and night.

Key words : Paralichthys olivaceus, Sandy beach, Surf zone, Habitat, Morphodynamic states
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THRMRA RO, BENLRERSBRERE VTS
KEsTWRVOPFHEKRTH S, fEoT, F—7/—1C
B LEYERESHEIETAZ L IIBBEOREL VL5,
Z2THERIETIE, ERROABSEI L L ColiEs
APl B 7o DEFEN RMAEES I LEFEMELT, &
NETELLHROD R, BIEOY -7V — it 5
2, REBEHTHALI AOHBICE LT, BEICES
HEMEE, @R B EEEm S 223 5,

MR ERE

BEISFR & SRR

B LA, HARHEICTE L7 L TR F BT o0 H bR 1
fLET 5 EH 7 (34°170-175N, 130°530-535E) T
o7 (Fig1)e TRITTER I KERS 25 EHEHE 2 TR
S, FiA, IREMROBICHRE Nz B0 LD BN
BARWEERESEAT 5o T3 BROERERY Lkm, 1k
LG 6 kmil 2 BAME b Do O XD B
S, bR, BIEEREOR TS ASEI IR S
RETHHREES LB HREG Ry 4 79 IHES R
%o HEREFRIRERIC BT, 7K O ~ 10mAEHH O MR LI
$91/50CH 5 (LR AR O RME % 7T,
AKE10mi & RS OB O BEREE 2 5 5 HD)

FIMERIC I, TR AR L LT, B 5 150~300mift o
IKIES ~ 6 mAIBR OIS THRD 3EOANTY — 79,
T/, WBEROBALIEHICIIZENRBE SN TS (Fig 1)

PPV IL19964E O A 2 B0, 20004 & TldIEIZEA
TEIZESEIC D ) BERE Y ER L7225, F DH%20054E
2520084 6 B £ T, BEOBESZT % MHRMIZIT- 72
(Table1)o 20004E F Tk RO MBI T THER
T o7zh%, 20054 DIBIREREOIE L FE T 4T o 72,

REHFE CREEE

BHEOREIZE, BEOARBEERONEDLOIL, FE
D— NEHPHE L/ PAERLEHE (YS Surfnet) (B4
BHEAAR=FEY) 2HVWE (Fig2), FREE, wEE
12m, ##32m, SHEBAOH 2mx 2m, BITEZ5m, &
i (fish bag) OFHEF A O Y L4 X 4mmTH
5o 2006%E £ COATHE, M (wing) OHMHEE
EEILERER LA, MEEO BN vz, Bl
B HKOEIU &L Y EOEIIRE LB Edsdh o7
72¥, 20064ELARELE, HAEOMEHIZ T A O v 2 AL
BO/ (W19x19mm) AVWTHEEARELL, KK
PUT L B 00 2R S ¢, REAFEOEEE D%
T 5720, 20056E F TOMDLFHAIHAY OLTH%
flio 7208, 20064E LRGSO F = —  REDb Y, FED
BIZBLDPHEBETCEL LI L,

FlfE%, WEEH520~30mBEEMN (KiE0s~1m) F
THEY, ZTPSHRIAP> TANTHE L. 1ED
D OBMEEE, WEEOEMC, BRESY, BELGRE
Lo THELZ BP0 BETH - 720

WAEEGE, BHAM4E (EHIELS’E, TIFHiRE12

Submerged
breakwaters

SEA OF JAPAN

Tsuno-shima 1.

l

34°20' N

34°10°

34°00"

130°45’ 131°00' E

Fig. 1. Map of the research area showing three sampling sites (dotted rectangles) at
Doigahama, western Honshu Island, Japan.
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Table 1. Number of beach seine hauls, total number of Japanese flounder (N), number of Japanese flounder per haul (N/haul) and catch frequecy (hauls
with Japanese flounder/total number of hauls, F%)

R RYGUR B R G IS LT R

Day Night
Date High tide Ebb tide Low tide Flood tide High tide Ebb tide Low tide Flood tide
Haul N N/haul F% Haul N N/haulF % Haul N N/haul F % Haul N N/haulF % Haul N N/haul F% Haul N N/haul F% Haul N N/haul F% Haul N N/haul F %
Sept-9 2 0 000 O 2 0000 O 5 3 060 20 2 1 050 50 2 0 000 O
Oct-96 2 0 0.00 O 4 0 000 O 11 1 001 9 4 0000 O 6 1 017 17 2 0 000 O 5 2 040 20 2 0 000 O
Nov-96 4 0 000 O 2 1050 50 2 0 000 O 4 1 025 25
Dec-96 4 0000 0 2 0 000 o0 2 0000 0 4 0 000 O 2 0 000 0
Feb-97 4 0 000 O 2 0 000 O 2 0 000 O 2 0 000 O
Mar-97 4 0 000 O 2 0 000 O 2 0 000 O 2 0 000 O
Apr-97 8 0 000 O 4 0 000 O 4 0 000 O 4 0 000 O
May-97 6 2 033 17 4 4 100 50 2 0 000 O 2 4 200 100 4 4 100 50 4 2 050 25
June-9 6 3 050 33 2 2 100 50 2 1 050 50 4 2 050 50 4 7 175 75
Sept-9 4 1 025 25 4 3 075 25 4 1 025 25 4 1 025 25
Oct-97 4 0 0.00 O 4 0 000 O 4 2 050 25 4 2 050 50
Nov-97 2 0 000 O 2 0 000 O 2 1 050 50
Dec97 2 1 050 50 2 0 000 0 2 0 000 o0
Feb-98 4 0 000 O 2 0 000 O 2 0 000 O
Mar-98 2 0 000 O 2 0 000 O
Apr-88 2 0 0.00 O 2 1 0.00 50 2 0 000 O 2 0 000 O
May-98 8 34 425 50 4 9 225 50 2 0 000 O 4 23 575 75
June-9 4 4 1.00 100 6 13 217 67 4 7 175 75 2 6 300 100 4 31 775 75 4 20 500 75
July-98 2 0 000 O 2 0 000 O 2 3 150 50 2 2 100 50 2 5 250 100 2 1 050 50
Sept-9 2 1 050 50 4 1 025 25 4 1 025 25 4 7 175 75 4 8 2.00 100 2 5 250 100
Oct-98 2 0 000 O 2 1 050 50 2 2 100 100 2 2 100 50 2 0 000 O 2 1 050 50
Nov-98 4 0 0.00 O 2 0 000 O 2 0 000 O 2 2 1.00 50
Dec-98 4 0 000 0O 2 0 000 0 2 0 000 © 2 1 050 50
Jan-99 4 0 000 O 2 0 000 O 2 0 000 O 2 0 000 O
Feb-98 4 0 000 O 2 0 000 O 2 0 000 O 2 0 000 O
Mar-99 4 0 0.00 O 2 1 050 &0 2 0 000 O 2 0 000 O
Apr-99 4 1 025 25 2 0 000 O 2 0 000 O 2 0 000 O
May-99 4 2 050 25 2 6 3.00 100 2 1 050 50 2 2 100 50
June-9 4 4 100 75 2 19 950 100 2 3 150 50 2 4 200 100
July-99 2 2 1.00 50 4 4 100 75 2 6 3.00 100 2 10 5.00 100
Oct-99 4 0 000 O 4 1 025 25 2 1 050 50
Nov-98 4 0 0.00 O 2 0 000 O 2 0 000 O 2 0 000 O
Dec99 2 0 000 O 2 0 000 0O 2 0 000 0O
Feb-00 4 0 0.00 O 2 0 000 O 4 0 000 O
Apr-00 4 0 000 O 2 0 000 O 2 0 000 O 2 0 000 O
May-00 4 0 0.00 O 4 2 050 50 4 21 420 75
June-0 4 21 525 50 6 33 550 83 4 14 350 75 2 5 250 100
July-00 4 1 025 25 4 10 250 100 4 8 200 100 4 14 350 100
Sept-0 2 0 000 O 2 1 050 50 2 1 050 50 2 0 000 O
Nov-00 4 0 000 O 2 1 050 50 2 1 050 50 2 1 050 50
Oct-05 : 12 0 0.00 ©
Nov-0512 3 025 25
Dec-05 12 1 008 8
Jan-06 12 0 000 ©
Feb-06 12 0 000 O©
Jan-07 12 0 0.00 O
Apr-07 12 0 0.00 O
May-0712 0 000 O
June-07 12 1 008 8
Sept-07 12 0 000 O
Oct-07 12 0 000 ©
June-0 12 0 000 O 12 3 025 17 .
Total 188 80 12 1 130 116 104 5 92 56 14 21 97 144 22 30

ELRY

HH O £ AT LE TN A — L L — Lo WG
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Floats

Wi
Stretched mesh
38 mm

Bottom line
with iron
chain

Fig. 2. Diagram of the experimental beach seine ¥S
Surf-net.

T — 2 DH

1 BiH 7 ) OREREEE, BRLEML (F8 - K
#) L) 2EROMT, ZICEES SIS Bn T
WL 720 TREEBRIAT N2 o 721997457 5 20004F
TOSREGADT—%%, —DDF—Fty MIFed
7o LTHHT L. Wk, BR OO 2ERMICR SO
HREMFOEEDOEOFEL, 19984 6 B £ 20004 6 A
FNENDF -5 2 AT, TREESHSECL VR
I L 720

ol

HEH, 1T

WS IS B, Kolmogorov-SmirnoviEEC &
DIEREOWMET 21T o720 IERBUPHERTE 2o o126
BIEOF— & 2 HEER L2 T REBS AN EIT-
Joo FOBE, TOT—FE V) COFEENLHE, 1
Ezlog (Y+1) kL7227

PLEofgetairici, #Er7 17 J ASPSS Ver100 for
WindowshR & i\ 2720

NE Ry DY

o AL U T BT R 0BG B ORI EIEEO
WZIXISMBETH D, MEIC L B EEORSY
IR, 378480 E—F BIIE 2milT)
CRGEND, BERFE, BEOIE D SEEIC@mS >
TEAL T HTFPEES N, Thbb, HEAEIL
A BRI ), 20054 ~20084E 12T - 72 LVl

ZEOWE, TS SENEIC 2T TR, dbllA81/15

~1/29 (P35 1/24), Haess 1/14~1/74 (1/30), FEHA
1/33~1/83 (1/46) Tdh -7z (Fig3)o & HI, dufilH

4
34 North
E 2 Reflective
é 1 Step
©
>
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m —
-1
"2 1 i 1 1 1 1 i
-40 -30 -20 -10 10 20 30 40 50
4
3] Center
£ Runnel .
Z 9] Intermediate
c
2 1 / Bar
©
> [
[0}
m \
-1
"2 [ 1 i t ] j 1
-40 -30 -20 -10 10 20 30 40 50
4
— 37 South
E’ 2 Dissipative
g1 C
©
>
& 0-
i
-1
"2 i I 1 } i i 1
-40 -30 -20 -10 10 20 30 40 50

Distance from shore line (m)

Fig. 3. Beach profiles at three sampling sites at Doigahama showing the change
of morphodynamic conditions (reflective, intermediate and dissipative).
Leveling was cofiducted at high tide on 16 January 2006 (spring tide).
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HTRITHOT B ATy TEMEN B /NRZEDH
N, HIERTIIITHROMM R RLHEIRE 2D, 203 i
FAMENIBEM & 72 o T e Z DIREEIN ISR 2134
HECER L (Figd)o MMIE—HICIEFITHRVAR
AN T W72, -

ShortlZ & % HTLAGBIAEIZ 30 < HER O EICHE 1T,
THrEOIANI T, RO, BEANGR Y 2
KEEIZH Y, F—DWETH D %055 A R BEESMEA
B b2 EDbholz,

B XNDHE

SRAEYE CHMEFEOL T AP RESN, &R
222mm® 1 k% bk &, £@R#MIZ12mm2> 5164mmT
Ho7z (Fig.5). HEI6EIDEMD S B, & T X HiRE
SN7zDIF1B3ETH o 720 LFOREEE (F%) 13IEHE
W& 2o 7278, 5 ~10H OIREIEIEA50% L. = TH -
7z (Tablel ).

1 %720 o 7 X EREMEE (N/haul) & 0 B4
5, 19994F 6 A% SN /-95MEAEICE >7: (Tablel),
1E&»7:) O RMEFE IS L 24000 DT, T il
HALHEIED 72 ) D5 HEE % RO AUTHRATO.02ME &/ rd T
»%. AROFHE AL, 5 AA0004EE/nd, 6 A7
0.006& 1% /rd, 7 B 75000418 f&/nd, 9 A A%0.002{E 1%/ nd,
10H #%0.001 /8 fk/ni&, 6 AAS¥—2 &7 572 (Tablel),

REME A9 E H> - 7219974E > 5 20004 £ TD 5
AL6RODTF—%—2ilF LT, ZREBEDTEOHE
& o T 1 Rild ) OREMGEEE, B, W (Ei
B, (KIRE) BITLBLL 72 (Table2). DR, BK
OO ENERIZRD SN h o7z (P=0574). ¥
7, BEOBMTRAERLZENBOLN LD o At
(P=0.887), FEniii; L KHEEDR TIZ5%DERRTHE
BENROD LN (P=0013), bbb, BEMIZIT1IR
272 0 OFREMAEEIECIE R WA, B & b ke &
D ARG Z  OEEARES NS L) DA SN

PP o

LR

Low tide (June 12 2006)

N p—

Fig. 4. Photos of Doigahama at high water (above) and low water (below) showing

the coastal bar exposed at low tide.
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0 50 100 150
Total length (mm)

Fig. 5. Length-frequency distribution of Japanese
flounder collected in the sandy beach surf zone
at Doigahama from October 1996 to June 2008.

Table 2. Results of two-way ANOVA for the
differences of number of individuals
collected among two factors (day/night,
tides). The data in May and June from 1997
to 2000 were compiled to single data set

Source df MS F P
Day/Night 1 0.001 0.020 0.887
Tide 1 0489 7.020 0.013
DINxTide 1 0.022 0.323 0.574
Error 27 0.070
Total 30

7z (Fig.6),

Fig. 7 38RERA T L 0@ BB A BRINIE~ZH 0T
HY, BOBEHIOKREIPILL T ADOHRERREYED L
WTE, Tbh, 4 BiZe&RI0~20mmO A& A
L (BlziL, 19984E 4 B, 19999 4 A), ZOED6 A
132 E60~70mm, 108 12iZ100mmAT#, 128 1213130~
140mmE CTHREL, BEO 3 BIC150mmiEE (F 218
19994 3 H) 1E L 72

PREMBIARA LIS % %2 - 7219984E 6 H & 20004E 6 3 12
DWT, ZREBESESTEEBWT, B, Ei (EE
B, REIE) BICB I 2&RBOhB % To72 (Table3)o
MEESBEEHHYOBOXTEERITD O h o

(19984 P=0468, 20004 P=0879), L»L, B#HMH
BHBVEHUEOBCIZEIL L o TER o7, 199841,
BEH, BME OEEL2EPRO LN R 7 (BHEH
P=0616 : #%MP=0530), —J7, 20004Ei%, @GR Cix
BREGEVPRD SN h o757 (P=0800), BEETIZS
WBOERETHERENRD LN (P=0014), KHOHRE
BEOEEDOHVPEME D b k&P o7, (Fig8)

Fig. 6.

Frequency (%)

B, A

Number/haul
[an]
<

Day Night

. High Low

Means of the number of individuals of Japanese
flounder per haul in a two-way ANOVA showing
significant effect of factor Tide, non-significant
effect of factor Day/Night, and non-significant
interaction (May and June 1997 to 2000).

Mar-99
n=1

b5
Apr-99
n=1

May-99
n=11

June-97
n=15

June-99
n=30

Sept-97

July-99
n=6

n=22

Oct-99
n=2

May-00
n=23

June-00
n=73

Sept-00
n=2

Nov-00
n=3
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n=3

Dec-05
n=1

June-07
n=1
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n=3

50 100 150

Fig. 7.

T T

0 50 100 150

Total Length (mm)

Length-frequency distributions of Japanese
flounder from October 1996 showing an increase
in total lenght (TL) through time of young
fish occurred in the sandy beach surf zone at
Doigahama. Length of each ordinate shows 100%.
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Table 3. Results of two-way ANOVA {for the
differences of total length among two factors
(day/night, tides). The data in June of both
1998 and 2000 were analyzed

Source df MS F P
{1998)
Day/Night 1 27.077 0.254 0.616
Tide 1 42.572 0.400 0.530
D/N % Tide 1 57.037 0.536 0.468
Error 51 106.441
Total 54
¢2000)
Day/Night 1 1996.652 6.375 0.014
Tide 1 20.230 0.085 0.800
D/N x Tide 1 7.340 0.023 0.879
Error 69 313.177
Total 72
100
90
__ 80
£ o
<
S 50
2 40
g 30
20
10
0 1
High tide Low tide
Day . Night

Fig. 8. Means of total length of Japanese flounder in a
two-way ANOVA showing significant effect of
factor Day/Night, non-significant effect of factor
Tide, and non-significant interaction (June 2000).
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WEREOEIIIBIT S L I AQBBMEBEICOWTIES
NETRALEFE D o7, AHERIZL Y, BiREED
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ERMETOLI APHAT LI L AL, E R ol i
EhSHELNLTWD, FHRETHEICLLMEETHED
A VIRERE (B 212M7) Tl AR TS CHRES
N BV A ZOBPEOREIRETH D, ¥—7 —
OREEBEY LDFLMRT S LT, ABIETHEAL
7ok ) R RBMOMEREIZL AW ENLETH S,

SEHBROBRT Figé) i, MFEO3IAL
160mmBEOBEESHBEL T s b oo (19994), L
HrEDT— T = I T APEFEICHET 50134
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OEFTCBEL, 20RBEY -7V —-VIZEHZI L L,
WEOEBSTEAIUEOEFEERITLINOEELON
Too FRWICAT o 2B BMSATIZ LIS, =TV —
CHBHOE T AFEITLRICEREO T SEr EELRE L
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V- v R AR - BEARoE B s LTREL O
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WO RO 5 A OGMEEZIZE LT, BR
BOBERTIE, $—7 VDX RERTOT—4 13
s, JKEE S ~10mi OO0 EME/ ol & &EIZ, N
o THEL 2B T EDHBENTWEY, KifgEn L3t
OV —T7 )= RO T ADHEEIL RLEIRES
N7z 6 A OFHMETO006ME A/ nd (Hk TO.02ME M/ ni) T
HY, BRTHBIURRED 5 ~10mH O/ 10BETH -
Too F—RHETY — 7V — 0 D5l E TOFMERA A
LNBIA oo, BEIAKE 5 ~10miF i T
TH -7 = DF PR o L EEHRARHTH 5,
FERHOL I ALBIBY— T -V ERBBOBERR Y —
7V - HBEBUEO L S A OEEZHERTL ETL, &
%, BMAROSHEERICELHESLETH S,

REFGETE, TH 7 I\ X o CHIR 2 B 44
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BER B R FEY cik, BIES A7 (RETE, P/
R, REE) MTEERERENELRSZ ZEPMESINT
VBHE L — T, AR X AHEEDEN I, BiEY
A THTRBO SN Lo, A—54THTL I
(R I8 Y L 20 M o BN TR & LB ki)
CIREMMETRENRRONTT, oL IC, BHES
4 TDRESTHEBFIZE T 2 %213 LOMIEREOES
ERELGEDLYELoTWBEEZONDL, KIfETD,
T ADGMBEENER L S EEE L VEMEICE R
EVHEBED RSN, T L BENEGRA, B
L0 HEHEORIEL 2B EEBRLTVWE 2L LR
v, —F, REOREBHROKESOFIEM LY K E
Polzl EICOWTIE, HMBNLZEELY L, BRI
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LOTEZWHIEEZ BN,
WiRERICER SN SRR, BIR BRLCOwER
SIS L0 L QWEERE L5 TOT, FNHTW
EAOERBILED L) 2B RIEZTO»THTLI L
X, WEABSORELZRE LERREFEEDD ) 2/
REZDHLETEELRILTHE, TOLDITE, REEBO
— R R BB M TR O & e AKERKRESETT
7%, ABBOMBHNLERICOVWTLHAIEET 24
BErEHD ).

B

T4 = FREOERICHZY, LFH o B REEKE S
DEES 2 REMM R o&Em L LCHRL TS o7
B, BLUENEORE AR V2R
ATSER FALE GRILDRESER R EMASIAN 108
L#tEE R WEICHI I3 2K E KSR AR
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