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Long-term Changes in the Reproductive Characteristics of Jack Mackerel
(Trachurus japonicus) in the East China Sea

Seiji OHsHIMO', Mari Yopa and Yoshiaki Hivama

The purpose of this study was to evaluate whether the reproductive characteristics of jack mackerel (Trachurus japoni-
cus) changed with the stock fluctuation. Overall, the annual catch of jack mackerel in the Sea of Japan and East China
Sea increased during the 1950s, peaked during the 1960s, decreased during the 1970s, and has increased since the
1980s. We used long-term data from the Seikai National Fisheries Research Institute to analyze changes in the repro-
ductive characteristics of jack mackerel. During the 1970s, jack mackerel stocks declined, and the fish began to spawn
at a smaller size than they did during the 1960s. The spawning period in the 1960s was shorter than that in the 1970s
and 1990s. The condition factor of jack mackerel was highest during the 1990s and higher during the 1970s than the

1960s.
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Figure 1. Annual catches of jack mackerel by Japanese fish-
eries in the Sea of Japan and East China Sea. In the East
China Sea, purse-seine fishing has developed rapidly since
the 1950s, and annual catches of jack mackerel have in-
creased since then. Overall, the size of the annual catch
peaked during the 1960s, decreased during the 1970s, and
has increased since the 1980s.
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Figure 2. Fork length of specimens caught each month during the 1960s (left panels), 1970s (center panels), and
1990s (right panels).
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Figure 3. Monthly variation in mean gonad somatic index (GSI) of male (left panels) and female (right panels) jack
mackerel. Circles, 1960s; triangles, 1970s; squares, [990s. “Large” indicates fish whose fork length was >25 cm;
“middle,” fork length 20.0 to 24.9 cm; “small,” fork length <19.9 cm. Because of the small sample size from July
to December, we pooled the data for July and August, September and October, and November and December. *#,
symbol was significantly different (p<<0.05) from all other values for the decade, which did not differ from each
other; **, all values differed significantly (p<<0.05) from each other; ***, largest and smallest values differed sig-

nificantly (p<<0.05).
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GSI values (meanzstandard deviation) of male jack mackerel in each size category. Because of the small

sample size from July to December, we pooled the data for July and August, September and October, and Novem-
ber and December.

Small Middle Large
Month
1960s 1970s 1990s 1960s 1970s 1990s 1960s 1970s 1990s
Jan. No data 1.08£0.86  0.26x0.16 0.31+0.27 0.75+0.82 3.66%x0.70 | 4.15%21.60 3.01x142 257+1.74
n=26 n=18 n=14 n=42 n=12 n=214 n=23 n=32
Feb. No data 0.82£0.68  0.29+0.17 0.670.35 2.44%+1.89 LO6£1.51 [5.06%*+1.86 4.18%¥*+£1.53 2.45%%*[.46
n=31 n=16 n=28 n=74 n=15 n=285 n=70 n=114
Mar. No data 0.86:0.46  0.12=0.09 | 1.43%%*+( Q9 3. (5%**+223 2462242 16.35%*% 2,74 526%%+1.57 4.24%*%2.63
n=20 n=14 n=20 n=27 n=14 n=131 n=37 n=32
Apr. 0.62*+0.49 1.27x1.0] 110+1.09 1.98+2.48 1.98+0.85 [1.761.22 5.84=1.91 5.85x1.78 4.18%*1.77
n=64 n=>52 n=38 n=>35 n=11 n=32 n=44 n=353 n=124
May 0.6020.60  0.40+0.34 1.19%*1.73 0.93*+1.24 1.49+0.81 1.47x1.19 2.86+1.92 391%£275  5.09x1.37
n=39 n1=49 n=28 n=351 n=49 n=31 n=14 n=13 n=12
Jun, 0.51%0.55 0.2220.09 No data 0.45+0.54 0.42=0.37 0.99¥=1.03 | 0.42*+0.33 1.86x1.42 2.24+1.56
n=3 n=28 n=39 n=064 n=18§ n=37 n=21 n=29
Jul. Aug. 0.34£0.20 0.13+0.06 No data 0.33x0.40 0.25x0.27 0.2620.14 0.39+0.35 0.2120.06 No data
n=23 n=53 n=78 n=352 n=12 n=10 n=15
Sep. Oct. 0.26=0.11 0.19%0.11 No data 0.21%0.25 0.20=0.16 0.19x0.11 091=1.22  055=1.16 0.28%0.07
n=26 n=38 n=44 n=107 n=13 n=3§ n=10 n=7
Nov. Dec. 0.42+0.30  0.20%£0.08 No data 0.33**%x(.25 0.39£0.67 0.57***£0.58 | 045%*x0.40 2.57*1.4] 2.59%+1.92
n=3 n=73 n=65 n=>53 n=58 n=97 n=75 n=89

*, symbol was significantly different (p<<0.05) from all other values for the decade, which did not differ from each other; **, all values differerd signifi-
cantly (p<<0.05) from each other; ***_ largest and smatllest values differd significantly (p<<0.05).

Table 2. GSI values (mean=standard deviation) of female jack mackerel in each size category. Because of the small
sample size from July to December, we pooled the data for July and August, September and October, and Novem-
ber and December.

Small Middle Large
Month
1960s 1970s 1990s 1960s 1970s 1990s 1960s 1970s 1990s
Jan. 0.24£0.09  0.69%0.62 0.30+0.13 0.53+0.27 0.77%£0.75  0.88*%x2.84 | 3.70%¥*x2.00 2.32+1.31 2.83%+2.02
n=4 n=14 n=15 n=45 n=37 n=11 n=181 n=22 n=39
Feb. 0.58£0.04 0.59+0.39 0.38%0.17 1212216 2.60*+236 1.06x1.30| 4.81%%3.36 336230 2.59%+1.99
n=3 n=19 n=31 n=26 n=79 n=19 n=256 n=63 n=118
Mar. 0.65£0.26 0.70=0.51 0.290.15 | 1.05%*#£(0.89 2.61****2 58 1.66%1.59 6.40+2.73 7.04=3.11 3.77*+1.98
n=4 n=21 n=16 n=45 n=29 n=41 n=126 n=25 n=42
Apr. 0.442+0.26 1.40%=1.12 0.67x1.24 1.41+£1.58 3.48%*+].83 1.88£1.32 | 6.98%*=1.91 0.79**+1.89 3.35%%x1.60
1=73 n=40 n=>54 n=68 n=18§ n=31 n=27 Sn=67 n=117
May 0.46***x0.35 0.52+£0.65 0.83***+] (7 1.08+1.22 1.49x1.12 1.28+1.08 498+232 3.83%3.16 391x0.72
n=52 n=>53 n=3] n=76 n=30 n=29 n=34 n=12 n=16
Jun. 0.35+0.44 0.34*0.25 0.32%0.25 | 0.52%%*+0.54 0.56%20.30 0.75%*%*+0.74 | 0.63**=0.53 1.90***+1.46 2.64¥**+1.93
n=12 n=31 n=17 n=065 n=57 n=51 n=53 n=28 n=21
Jul. Aug. 0.39+0.38 0.25%0.10 No data 0.45x0.56 0.41+0.19 0.28%0.18 045x0.14  0.57%0.11 0.15£0.14
n=46 n=47 n=155 n=53 n=38 n=9 n=15 n=5
Sep. Oct. 0.36x0.20 0.33x0.11 No data 0.39x0.23 0.40%0.13 0.35+0.18 0.56+0.36 0.70x1.16  0.72*0.38
n=67 n=34 n=140 n=97 n=49 n=68 n=28 n=22
Nov. Dec. 0.4820.19 0.30%0.14 No data 0.48+0.18 0.44%0.14 0.58%0.29 | 0.74**0.41 241%21.59 2.56%2.06
n=10 n=73 n=84 n=58§ n=108 n=155 n=>52 n=97

*, symbol was significantly different (p<<0.05) from all other values for the decade, which did not differ from cach other; **_ all values differerd signifi-

cantly (p<<0.05) from each other; *** largest and smallest values differd significantly (p<<0.05).
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Table 3. Percentage of maturation stages of female jack mackerel in each size category from February to May.

1960s 1970s 1990s
Stage

small middle large small middle large small middle large
Immature 97.75 81.86 9.18 84.38 47.44 7.78 94.85 65.57 24.32
Developing 1.50 13.49 32.96 14.84 3590 4491 294 31.15 55.48
Mature 0.75 4.65 57.87 0.78 16.67 47.31 2.21 3.28 20.21

Immature, GSI=1.6; developing, 1.6 <GSI=4.6; mature, 4.6<<GSI.
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Figure 5. Monthly variation in mean condition factor (CF) of
male (left panels) and female (right panels) jack mackerel.
Circles, 1960 s; triangles, 1970s; squares, 1990s. “Large” in-
dicates fish whose fork length was <25cm; “middle,” fork
length 20.0 to 24.9 cm; “small,” fork length <19.9cm. Be-
cause of the small sample size from July to December, we
pooled the data for July and August, September and October,
and November and December. *, symbol was significantly
different (p<<0.05) from all other values for the decade,
which did not differ from each other; **, all values differed
significantly (p<<0.05) from each other; *** largest and
smallest values differed significantly (p<<0.05).
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