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Studies on the reproduction mechanisms of Japanese sandeel for the basis of
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Abstract

Several types of reproduction model were examined to reveal the mechanisms behind the
fluctuation in stock abundance of sandeel, Ammodytes personatus GIRARD in and around Ise
Bay. There were positive correlations between the abundances of adults {A) and eggs (E) and
between larval abundance (L) and recruits {IN) with 99% significant level, while there seemed
to be no correlation between the abundances of eggs and larvae. The reproduction curve of
Ricker type was more fittable for N-A relations than that of Beverton Holt type, and ex-
pressed by the following equation ;

N =28, 236A - g-001864
r’=0.621 (p<0,05)

Other types of the reproduction model were also examined considering environmental fac-
tors. There was a strong positive correlation between the ratio N/A and the abundance of
macroplankton (P) around spawning grounds as follows;

N/A =0, 019P—3. 767
r’=0.969 (p<0.01)

The ratio N/A decreased with the types of Kuroshio meander change; it was maximum for
type C, decreased in the order of type N, B, A and As. These suggest that the abundance of re-
cruits is influenced by two factors; abundance of macroplankton and adults, and that the Kuro-
shioc meander determines the abundance of macroplankton and the condition of larval transport
to the nursery grounds in Ise Bay and Mikawa Bay through changing the oceanographic condi-
tions in and around the mouth of Ise Bay. From a numerical analysis of these results,we pro-
posed a fisheries management plan to leave 14 to 37 hundred million juvenile before estivation
approximately for maintaining the good level of the spawning sandeel stock in the following
year.
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Table 1. Catches and stock parameters of sandeel used for analysis of the reproduction mechanisms.

(A) (B) (L) (N) ()]

Adults Egg index Larvae Recruits Catch Catchability

(x108%) (individs. /m*)  (x10%individs) (X10%ndivids.) (%)
1981 7.9 - - 87 83 95.1
1982 4.3 - - 15 13 86.7
1983 1.7 - - 185 163 83.1
1984 21.8 = - 395 385 97.5
1985 10.5 - - 249 234 94.0
1986 15.1 389 88.0 451 429 95.1
1987 22.5 491 74,5 361 337 93.4
1983 23.7 956 12.6 178 168 94.4
1989 9.7 271 29.0 174 169 97.1
1990 5.5 87 4.0 62 59 95.2
1991 2.9 212 25.0 227 203 89.4
1992 24.3 819 187.0 814 671 82.4
1993 142.8 1,956 62.2 299 283 94.6
1994 16.0 790 41.0 346 301 87.0
1995 45.0 - - 95 89 93.7
1996 6.0 - - 350 320 91.4
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Fig.2 Schematic diagram of life history of the sandeel in and around Ise Bay.
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Fig.4 Reproduction curve of Ricker type for sandeel.

OB ER L SEEELOBRE A S &, Paoracalanus
N =28, 236A - =008 ciiieiiiiiiiieieiceienis ® parvus & DRI, UIRE BRI B 2 o o b
(Fig.7), Acartia omorii: ORIz, WMEMICEEL

—%, /Ne1U/Aro—kEVRAOHBEIZ@ICTT & ffRb A L sz (Fig 8),

S L, ~ot— Ly - ha P BEEES (@) nHT
REDIIH BN, N/A=0, 080P 1, 682 ++++rerererereveeseeerarersrunnns
r’=9, 824 (p<0,01)

1/N=0, 003340, 0163/A everrerrrmrmmsraninnniina ®
r*=0, 145
N=A/0, 0033A 40, 0163++«crrerercrsrariirnrrnrnnss @ Larvas .40
Other (7.9%)
4) BBt LER L - BEERMR Sagitta (2.8%

(1) FaogEEresarS»o P8
BoEnws w77y 7 b i, Copepodads?s,
Z ot 7,9%, Larvae 5.4%, Sagitta 0.8% T, %47
13 Copepoda T H - = (Fig.5). & b iz Copepoda® M
Haadk, Acartia 32,0%, Calanus 31, 3%, Paraca-
lanus 24.2% 7T, Z0 3R TEENET. 5% % L8z
(Fig. 6) . = @ 3 bAcartian 13 & A ¥ i3 Acartia

Copepoda (86.0%)

omoris, Paracalanus D3 & A X3 Paracalanus  parvusT Fig.5 Composition of macroplankton in and around the
Haolz, spawning grounds of sandeel from Jan. to Feh.,,
1986-1994.

HFROFEEMEER (N/A) &, 198645 519944F ) i
Mzl 6~72. 4D KR E L EEHER LA, Zhb 28



16

Other (4,7%)

Coryoaeus (4.3%)
Centropages (3.4%)
Calanus (31.3%

Acartia (32.8%)

Paracalanus {24.2%)

Fig.6 Composition of copepods in and around the
spawning grounds of sandeel from Jan. to Feb.,,

1986-1994.
" Rectuits
Adults
100
J o
50—
992
| @t
- &7 [ 15]
[]
o
[+] b
0 500 1000 Cindivids./m*)

Paracalanus parvus

Fig.7 Relationship between abundance of Paracalanus
parvus in and around the spawning grounds of
sandeel and the ratio of recruits to adults, 1986~
1994,

A 71+ TIHFAOMIGENIC I Copepodat bl kR
TEMFEALENDLDOT, Kicelw 7327 v &&D
BER L BEFRLOBEE A5 &, HEHICEELS
LICHWIEOMBE A L H LR (Fig. 9),

N/A=0.019P 3, 76T r=r+errrvrrrrerarrorrersnaniarass )]
r’=0,969 (p<0.01)

2) FRL=2IQ7Sy I EDMBDELL0Y
19874E ~19924E12~ 1 Roffaé~su 73> 2 b >
BHmoZb#Fig, 101R L 72,
TFEBIFRIE, 19874E & 19904 & TR fAMMIC

Recruits
Aduits
N/A=0.080P+1.682
100 r’=0.824

(p<0.01)

50 -

0 500 1000 (individs./m®)
Acartia omorii

Fig.8 Relationship between abundance of Acartia
omorii in and around the spawning grounds of
sandeel and the ratio of recruits to adults, 1986-

1994. ’
Recruits
Adults
N/A=0.019P—3,767
100+ rr=0,969
{p<0.01)
50-
o/ -
96, 88
0 ‘4 r r T T T
0 2000 4000 (individs./m?®)

Macroplankton

Fig.9 Relationship between abundance of macroplank-
ton in and around the spawning grounds of san-
deel and the ratio of recruits to adults, 1986-
1994,

L, 19904E 74 519924\ 513 TIZMEMEY I RN L T v
b, HEN 1 ~ 2 AFABGREIT, 1980F T/
RIEREALERL 7205, 11 EAXDES, AL 1-o0
E— 7 RHERL T3,
FRE=IRT 7207 P ENBNOBRERENE— 7
i, 19874, 19894, 1992034, BBUh—HL T
v 34% 19904EIZi320B8 59, 19914839108 o F ¢
HHb,



17

1987 1988 1989 1950 1991 1992
(individs./ m2) (individs, / m2}
L Gl L 800 - s00
6000+
5 600
L 6oo L 500
z
c
= 4000 4000
5 o —p p
ad 1 -, [
o
g 400 E 400 ‘E :.' L400
= ] i. !
; i
2000 2000 1 2000 2000 ! 20001
'.'\‘ 200 L200 p i p 200 { -200 200
[ L, .
F N
H '\‘ P - .\ . 1 ; h a"
; L { y ] P
N / ; By
3 - L
ey —10 ¢l————r—r oS, 0 olmtr——mply —— r
30 10 20 30 10 ag 20 10 3 20 0 10 0 2 1 30 20 10 R R
Dec, Jdan,  Fab,
Month

Fig.10 Abundances of larval sandeel and macroplankton in and around the spawning grounds of sandeel
with special reference to a match and a mismatch of larval sandeel to their planktonic prey.
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Table 2. Relationship between the type of Kuroshio
meander at the spawning period of sandeel and
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Recruits/Adults Year Type of Kuroshio meander

December January
1-1516-31 1-1516-31

77.47 1991 C C c C
_____ 43.05 192 N N N D
29.95 1986 C D N N
23.73 1985 C C C C
21.41 1989 C B B C
13.15 1984 C B C C
16.01 1987 A As A A

7.5% 1988 As As C A
1.63 1990 As As As A
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Table 3. Relationship between the number of adults and
that of recruits of sandeel for the frequencies of
occurence of each types of Kuroshio meander
calculated from early December to late January,

1965-1995.
Type of Kuroshioc  Frequency Survival Formula

As 5(16.1%) Bad N=4,57A
(1988,1990)

A-type 2( 6.5%) Mean N=21.85A
Other 12(38.7%) (1984-1987,1989)

Total 45.2%
C, N 12(38.7%) Good N=60.26A

(1991~1992)

Wik, BERICE, BROREREIHREESEY
2B, BBUhIOEENICINE > Tw 3 (Tablel),
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Fig.12 Relationship between the recruits of sandeel and the abundance of adults,

1981-1995.
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Fig.13 Relationship between the recruits of sandeel
and the catchability , 1976-1995.
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