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Reproductive Cycle, Growth and Migration of Red Mullet,
Upeneus bensasi in Tosa Bay, South-Western Japan

Hiroshi HorRiIKAWA and Shuzo KISHIDA

The red mullet, Upeneus bensasi (TEMMINCK et SCHLEGEL) is one of the subdominant demersal
fishes on the continental shelf in Tosa Bay. Its bathymetrical distribution and suitable
sampling gear were studied during 1973-1983. The results indicated the mullet to be
mainly distributed at depths from 20 to 100m, and the otter-trawl to be suitable for
sampling.

With these aspects, research was also carried out on the reproductive cycle, growth
and migration of the mullet during 1983-1984. Relationship between size and gonad
index showed that the minimum size at which females start to sexually mature was
110mm in total length. Seasonal changes in gonad index indicated the mullet to spawn
from June to September. Monthly changes in size frequency distributions at various
depths suggested that recruits in 1983 appeared at shallower in summer and early winter,
and expanded their habitat to deeper as they grew larger. At the end of a year, habitat
of the recruits was expanded to 100 m, and then most of the population was occupied
by them. In following spawning season, the recruits in 1983 grew up to about 120mm
at which size nearly all the females were capable of spawning. The relative density
within the research area increased from August to December because of the recruitment,
and then decreased rapidly due to death and emigration.
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Table 1 Summary of the information about month and depth of otter-trawls towed
by R/V Kotaka-maru in Tosa Bay from May 1983 to May 1984. Available
trawls are marked with a cross. Reproductive cycle, grwoth and bathyme-
trical migration of U. bensasi are estimated with the data obtained by these

trawls
Depth
Month
30m 45m 60m 75m 90m 105m
‘83 May + + + + + +
Jun + + + + + +
Jul. + + +
Aug + + + + +
Sep. + + + + +
Oct. + + + + + +
Nov + + + + + +
Dec. + + + +
84 Jan. + + + + + +
Feb. + + + + + +
Mar —+ + + + + +
Apr. + + + + + +
May + + + + + +
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Fig. 1 Map showing research area in Tosa
Bay. Otter-trawls were towed at six
different depths monthly from May
1983 to May 1984,

Table 2 Number of trawls at each depth.
Bathymetrical distribution of U.
bensasi and sampling efficiencies of
each net are estimated with the
data obtained by these trawls
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#1 otter-trawl towed by R/V Kotaka-maru from
January 1973 to March 1983

#2 beam-trawl towed by R/V Kotaka-maru from
January 1973 to March 1983

%} beam-trawl towed by fishing boat Ginyo-maru
from November 1972 to March 1973
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ERY EIHoRETCHL->TX, & Table 3 Number of samples examined for gonad

index
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MBMEIES GD ki s okor, ooy 8 A
Jun. 43 37 - 80
GI=GW/TL*x 10" Jul. 15 13 - 28
Aug. 21 19 11 51
GW: mipERE (g) Sep. 18 15 13 46
TL: A5 (m) Oct. 19 20 46 85
o Nov. 23 15 62 100
X Dec. 35 14 31 80

N D iz -~ T,

HREK *hEAROEITZHI - T '8 Jan, o 20 2 120
Al 2k@EcoeE (TL) oREL Feb. 63 36 30 129
FaaitL, Cassie (1954) OFa L. Mar. 63 47 o 12

Apr, 45 68 — 113
TR 24T - 725 May. 62 57 1 120
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R . - R the materials fished by different three
B LI MATEOREB B 2R L7, nets at each depth

i, H :’&c/:é7kf%f~@§m%%%{:} +, present; —, absent
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] # 30m~ + + +
40m~ + + +
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LIHE IR T o, Fh, BRUOWFICHE 350m~ _ _
400m
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R, BfEO L 2 215 WM RE & T Table 5 Comparison of sampling effici-

encies (No./1000m? of trawl-

Hicd, WEADORMKE (Table 2, Table 4) @ ing) for U. bensasi among

BT, KE20—80m P ¢ 8 #85E B AT three nets. These efficiencies

are computed with the data

e ZOEBHORMBERYEH L, AEIITREA obtained by trawls towed at

_ B ~ R . N depths from 20 to 80m shown
Mm% 1,000m" ¥ b o 2 2 ORERERER LD in Table 2
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o & -t e - ABTRLELEGL, DY

Otter 1 (Kotaka-maru)  3.18
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Fe—L B ECE, FhIEE KERELL Beam 2 (Ginyo-maru) 0.77
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TaE TP RE,

HREAR ACrovsvofkERRY Fig 4 wrid, chickse, 19835 5 TiiFE
TL 110me> 1 BV MES iz, 6 S Z OV FY TL 120mé /b |, b Fanleais TL 90
mfA F OGS B LT %, 7 Az oA EE TL 124mt 7c b, 6 AR TL 90mplF
OEESHE LT3, F7, 8 it TL40mWs o/ NEIEEDOHB AL bhTwb, 9 Ak
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NI OIARE (¥ TL67m) AHUED bitt, Zh H1983EMARE % LT HIC IARE L IF .4
LT B,

12?2 L AR FH TL7 mo 1 B ULrsBE IR, oS cEs TL 138mic &£
LIcKREIRG, DBHBESOE T LD 2HEREL it otce BHE1 A2S 3 AT, MAR
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HF TL 110m & /e - 72,

Net No./1000m?
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Fig. 2 Relationship between size and gonad index (GI) on each month. GW, gonad

weight (g); TL, total length (mm).
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Fig. 3 Monthly means of gonad indices of females not smaller than
biological minimum size (7L 110mm) inferred from Fig. 3. Ver-
tical bars give standard deviations.

Table 6 Size ranges (u#+2s) of recruiment group and large size group, and criteria
for recruits. x4 and ¢ are estimated monthly from size frequencies by
Cassie’s method

unit mm
Month Recruitment Group Large Size Group fos ri;g'ilaits
n—20~p+20 n—20~p+20
83 May. 90 ~ 130 TL <87
Jun. 97 ~ 143 <87
Jul. 106 ~ 142 <87
Aug. 108 ~ 140 <87
Sep. 59 ~ 87 93 ~ 153 <87
Oct. 58 ~ 98 98 ~ 150 <98
Nov. 76 ~ 106 109 ~ 151 <106
(49 ~ 8)
Dec. 78 ~ 116 121 ~ 155 =116
84 Jan. 74 ~ 128 =128
Feb. 76 ~ 129 <129
Mar. 74 ~ 134 <134
Apr. 78 ~ 134 =134
May. 87 ~ 133 <133
#: mean value of total lengh ¢: standard deviation
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Fig. 4 Size frequency distribution of all samples measured on each month,
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Fig. 5 Monthly means of total length of the size groups separated by
Cassie’s method with probability paper.
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Fig. 6 Monthly chang of number per 1000m? of trawling as relative density
(circles) and ratios of recruitment group (white) at six depths.
The ratios are computed at each depth with the criteria for recruits
estimated monthly. The criteria are shown in Table 6.

HAEISmIZHbhTw5b, T LTEED L Bicit, TXTOKET B TEDORES N
A L > THDOBRZ X 5125,
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ELTHEBR, NACFES TLIImZKE L Tv5%, Lavl, 118y, Lo/ EomARE CGE
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DRS04 AT, TOM30m TOFBEFEIIAXE > THA L, 4 HiTies t BUOBEHS
HiE s (Fig. 6),

FE KA E o EES BYE(L4d Fig. 7 wind, chiCLBL, 1983 ESHMBTA
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Fig. 7 Monthly change of relative density (No./1000m? of trawling).
®, relative density estimated by amout of all six depths;
©, relative density estimated by amount of five depths; O,
relative density estimated by amount of depths less than five.
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m) - #EBF (100—165m) - EHEREHR (165—400m) KXH I THY, < ORIBERC
BOLEBEECHH e 22 GRIU- B 1984) b, BBILZORBPIEHSILDEEL R
%o

b2 S OERBBORKEE A LM T 515, SEKBES30- 45+ 60 75+ 90 - 105m T F4H




W o-x H
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ED = 4 b 2y Upeneus tragula RICHARDSON D% (THOMAS 1969) Ti3, D440
e TL 120mé Xh, b2 oL @EFABEOEIREINT5, i, HEOBRS, THMEEG
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T, A+ o@T6 HiCk L EORSAGIERE IR T5 (CALDWELL 1962), Zi, 1 v
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GEERK T TL op oL o (Fig. 5) %25 L, 1983F 5 A 0 XB#F o TL ik 110
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BTRXMAFEL2HED LR TV 5, AHIMARRTTICG6 - 7 3B bh, 9 R WIRARH
WL, BMARBGIIACHE TS, LaL, 1230 Fig. 4 oEARL, D, - #

-— 50 —




kX COER - i - BE)
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ek 5, ARFIBEF e A COENHRKELMEL Tk b, FEKE L OBRBuL, KFH
EBBAYENRTS, Lirl, TOHES LCHCEL TETHTte S,

] ®

+EBoREMRET BEAREOSLOBBEMTHS, A OEN - KK - BECETS
WERIT - 100 Fho, FEKFEEHE - BERLEV o7, RAEFEOZYUKICHETHRHLADL
T, BT oMmBxE 1,
1. +#EBEToL 2 2oESHETKE20—100m I HH, FREIBIEFEIREPEEL TV,
2. WAEWMALLUL, F¥—atbte—Aflodtyx—tr - ABONTHPHLRCER T,
3. v 2 o ofMiE e TL 110m & #5%E Xhons, BETRARBEIIEET /ML,
RFHRBERE T, AHFEORINEEB LML TS L TE ot




e X VOEN - Bk - BE

4. THEETOERMLIE6—9ATH, TOBEMIE6 - TRIHEIRT,
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