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Gill net selectivity and the effectiveness of resource management for Pacific herring (Clupea pallasii) in Ishikari
Bay

Nosoru HOSHINO*
Central Fisheries Research Institute, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555, Japan

Experimental gill net fishing was performed at the end of the fishing seasons in 2015-2017 to ascertain the characteristics
of Pacific herring (Clupea pallasii) stocks in the coastal waters of Ishikari Bay. Samples collected using gill nets with
different mesh sizes were mostly composed of 2- and 3-year-old mature fish. Gill net selectivity was estimated based on
direct estimation and the SELECT method. Using Akaike information criterion, a log-normal model was selected as the best-
fitted selectivity curve. The modes of the selectivity curves were estimated to be 243, 269, 296, and 323 mm fork lengths for
the popular mesh sizes, 55, 61, 67, and 73 mm, respectively.

Catching efficiencies of gill nets with a 61 mm mesh size, which is the lower limit for mesh size as per recent fishing
regulations, were estimated to be 5% and 65% for the 2- and 3-year-old fish, respectively. These results suggest that the

recent fishing regulations have considerably enhanced the spawning biomass of Pacific herring.
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Fig.2 Location of the study area in Ishikari Bay.
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Table 1 The mean fork length and standard deviations of
Pacific herring caught by trawl surveys off Cape
Ofuyu every year at the end of October. However,

the values in 2012 were substituted by estimates
from offshore fishing samples.

Mean value and (standard deviation) in fork length (mm)
age 6<

Year
age 3 age 4 age 5

2008 244.6 (11.5)
2009 256.1 (21.1)
2010 246.4(17.7)
2011 248.8 (14.1)
2012 245.0 (12.9 )*
2013 232.2(20.2)

Unused data in this study

2014 237.6(114)  263.6(152)  286.7(13.4)  303.5(9.5)
2015 258.1(7.9)  277.6(10.1) 292.7(9.4)  315.8(9.6)
2016 254.5(13.3)  282.4(10.4)  293.7(11.0)  309.3 (12.6)
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Table 2 Number of Pacific herring in Ishikari Bay caught using gill nets at the end of the fishing seasons in 2015-2017.

Mesh size G Sampling date 10 Apr. 2015 23 Mar. 2016 z;; Z;arr.'zzoollj
£ numoboer
sun® - mm Age 2 3 4 5 6 2 3 4 5 6 2 3 4 5 6=
6 435 | 1 790 133 48 37 60 7 5
2 804 973 211 85 42 445 40 10 20 49 4 1
8 a5 | 231 332 81 30 233 115 31 4 107 6 6 3
2 70 2 5 1 0 58 5 2
1 5 2 1 4 53 61 5 89 16 13
2 606 2 125 134 134 9 61 61 6 1 38 14 8
3 53 583 124 106
22 667 1 1 4 11 6 83 21 28 24 1
23 697 |1 25 71 50 13
Unidentified 1 73 341 41 8 8

*Japanese traditional unit of length (I1sun=3030mm)



Catch in number

Catch in number

200 220 240 260 280 300 320

600 T- m2.3
22
82.1
o2
@1.8
000 4o B1.6 .

400 1-

Catchin number

2000 220 240 260 280 300 320
Fork length class (mm)

Fig.3 Length frequency distributions of Pacific herring for
each mesh size in the gillnetting experiments.
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Fig.4 Estimated annual length/age compositions of Pacific
herring stock at the end of the fishing season.
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5 Relationships between fork length and body girth of

(a) male and (b) female Pacific herrings. Opened and
closed circles show pre- and post-spawning individuals,
respectively. Bold lines show each GLM model.
G1 and G2 lines show the relationships between fork
length and girth across the vertical eye diameter and
girth behind the gill-cover (estimated based on other
samples).
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Table 3 Estimates of the selectivity curve parameters for each mesh size. The upper and lower values show the estimates from

normal and log-normal distribution models, respectively.

Sampling 28 Mar. 2017
i 2 10 L2015 23 Mar. 2016
Mesh size Gear date Apr. ar 4 Apr.2017
Estimat Devi- Devi- Devi-
sun* mm number ST, o MLL AIC T p a lo o MLL AlC W a Iy o MLL AIC O
S ance ance ance
1 #1 228189 229.0 14.78 -158 355 28 098 w0
16 485 232554 2284 0.1 -154 3438 21 099
2 #1 #2 #1
1 74639 2482 2333 -25.0 540 253 0.00 9661.9 237.7 1395 -185 4l1.1 74 0.69 2763.2 236.5 2198 -17.1 382 93 0.51
8 sas 74104 2464 0. -252 544 257 0.00 _9873.0 2368 0. -177 395 58 083 _2837.7 2367 0. -169 37.8 89 054
2 #1 #1 #1
1 #1 25499 264.3 16.84 -19.7 435 79 0.64 2372.0 268.8 15.54 -13.8 31.5 57 0.84
2513.5 263.1 0.1 -19.9 437 8.1 0.62 23453 267.8 0.1 -13.6 31.2 54 0.86
P 60.6 2 16887.9 278.0 13.99 -15.7 353 75 0.68 28554 271.2 16.15 -184 40.8 75 0.68 1034.8 265.0 13.50 -11.8 27.6 47 091
. 16637.8 277.1 0.1 -153 34.7 6.8 0.75 2818.8 270.2 0.1 -17.7 393 6.0 0.82 1028.2 264.1 0.1 -11.7 274 45 092
3 18472.1 2739 1545 -16.7 374 9.7 047
178980 2732 04 -17.1 382 105 040
103558 2946 23.63 23.1 502 126 025
22 667 1 10032.8 2048 0.1 226 492 115 032 #
s 07 1 111862 3175 2192 174 388 130 022
i i 13048.7 327.3 0.1 -178 396 139 0.18

*Japanese traditional unit of length (1sun=30.30mm)

Table 4 The relative efficiency of fork lengths estimated by a log-normal master curve.

S(l/m) = exp(—(Inl — InRy)?/20%) R,=44.47,6=0.07

Mesh size ! =Fork length (mm)

sun*  mm 205 215 225 235 245 255 265 275 285 295 305 315 325 335 345
1.6 485 0.786 0.999 0.840 0.493 0.211 0.068 0.017 0.004 0.001 0.000 0.000 0.000 0.000 0.000 0.000
1.8 545 0.068 0.251 0.585 0.910 0.990 0.787 0.474 0.223 0.084 0.026 0.007 0.001 0.000 0.000 0.000
2 60.6 0.001 0.008 0.045 0.168 0.422 0.748 0.974 0.962 0.742 0.459 0.232 0.098 0.035 0.011 0.003
2.1 63.6 0.000 0.001 0.007 0.038 0.139 0.357 0.664 0.926 0.995 0.847 0.585 0.334 0.161 0.066 0.024
22 66.7 0.000 0.000 0.001 0.006 0.032 0.116 0.302 0.585 0.863 0.998 0.926 0.704 0.447 0.241 0.112
23 69.7 0.000 0.000 0.000 0.001 0.005 0.027 0.097 0.257 0.513 0.794 0.976 0.975 0.806 0.561 0.334
2.4 727 0.000 0.000 0.000 0.000 0.001 0.005 0.023 0.082 0.219 0.448 0.722 0.937 0.998 0.888 0.671

*Japanese traditional unit of length (1sun=30.30mm)
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Fig.8 Annual changes in the fork length of the 3-year-old
mature fish (a) and the catching efficiency of the 61
mm mesh size gill net for the 3-year-old fish (b). The
vertical lines show the standard deviations.
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