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Estimation of population dynamics and management of fishery
resources of pond-smelt, Hypomensus transpacificus nipponensis
in Lake Kitaura

Takashi NEMOTO

Abustract

Pond smelt, Hypomensus transpacificus nipponensis, are one of the most important fishery resources in
Lake Kitaura and Lake Kasumigaura.

In this report, number of annual recruitment and survival at the end of fishing season in 1984 1o 1992
are estimated. And the effect on catches of changes in fishing term is estimated, too.

From the results, number of recruitment were estimated as 32.8 X 10%lowest) to 149.2X 10%highest). And
Ricker's reproduction curve could be adapted. At present, first capture of trawl starts from Jul21 and ends
at Dec.10. If the first capture started and ended 10 days later(Aug.1-Dec.20) with the same amounts of effort
in each year, catch and number of servival are expected to increase 4.6% and 2.6% more than the present

in average.
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Fig. 1 A map of Lak Kitaura indicating the area of test trawl, I —1I
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Table.1 Annual variation in catch of pond-smelit with two kinds of gear for main fishing
season, Jul.—Dec.

Year Yield Trawl Set-net Others
(t) (t) (t) (t)
1984 277.0 201.7 (72.8) 67.7 (24.4) 7.6 (2.8)
1985 234.0 170.0 (72.6) 63.0 (26.9) 1.0 €0.5)
1986 336. 8 244.1 (72.5) 91.8 (27.3) 0.8 (0.2)
1987 139.7 100.2 (71.7) 38.0 (27.2) 1.5 (1. 1)
1988 92.6 75.2 (81.2) 13.7 (14. 8) 3.8 (4.0)
1989 149.9 114.8 (76.6) 30.2 (20.2) 4.9 (3.2)
1990 145. 0 113.8 (78.5) 29.5 (20.3) 1.8 (1.2)
1991 107.7 97.7 (90.7) 9.5 ( 8.8) 0.5 (0.5)
1992 71.2 64.9 (91.7) 5.4 ( 7.6) 0.8 (0.7

( ) shows the percentage for total.
Source : lbaraki statistics and information office of agriculture, forestry and fisheries

(3) BBRBOEBER
b= VIRER ORISR D AR EDOHER £ KD 72 (Table3) o b O — )V &IRABIC & 2
BEA b, ABNRERMECPUELHEE L7 (Tabled) » BEEMOMEE HESL Fu—VOBHEICE
VAL -2HHE IR (X) & PO—VTOREEELC —Tr, BEOKEES C —Sn, HEZHE
rERFRX—Tr, X—Sn& L2k %,
X=(X—-Tr) +kX (X—Sn) k :#ERK
k= (C—S$n/X—8n) / (C—Tr/X—Tr)
ik h ket '



Table.2 Monthly variation of catch and fishing effort with trawl and set—net for pond—smelt

Year Month C-Tr C-Sn X-Tr X-Sn Year Month C-Tr C-Sn X-Tr X-Sn

(t) t) (t) (t)
1984 Jul. 49.9 29.6 687 2462 1989 Jul. 24.8 8.6 726 1352
Aug. 78.9 14.8 2079 2594 Aug. 52.1 6.9 1912 1484
Sep. 30.3 3.6 1904 2484 Sep. 14.9 5.1 1250 1478
Oct. 20.9 8.8 1918 2303 Oct. 10. 1 4.0 1261 1055
Nov. 16. 4 7.1 1681 1768 Nov. 9.9 2.6 1168 940
Dec. 5.1 3.9 421 1193 Dec. 3.1 3.1 391 837
1985 Jul. 44.8 24.6 821 2653 1990 Jul. 29,1 6.2 867 1254
Aug. 65.3 14. 0 2106 2622 Aug. 34.0 5.1 22217 1105
Sep. 19.3 3.2 2001 2444 Sep, 31.4 5.6 2058 1258
Oct. 20.2 8.8 1907 2203 Oct. 7.0 2.4 1128 1005
Nov. 1.5 7.0 1696 1568 Nov. 9.8 6.1 833 798
Dec. 5.4 5.3 637 1114 Dec. 2.5 4.0 168 323
1986 Jul. 81.6 43.5 922 2164 1991 Jul, 35.9 1.7 698 972
Aug, 84.4 23.3 2074 2028 Aug, 36.4 1.6 1929 902
Sep. 37.5 7.7 2010 1927 Sep. 13.8 0.9 1306 825
Oct. 19.2 8.9 1850 1784 Oct. 6.0 1.8 999 798
Nov. 16. 4 5.4 1935 1330 Nov. 4.6 2.3 1203 820
Dec. 4.9 3.0 666 638 Dec. 1.1 1.2 444 705
1987 Jul. 18.1 7.9 748 1755 1992 Jul. 25.6 3.6 810 725
Aug. 29.2 12.7 1974 1814 Aug. 17.5 0.5 1502 646
Sep. 15.5 6.2 1768 1591 Sep. T2 0.4 1290 835
Oct, 19. 4 4.2 1774 1248 Oct. 8.5 0.4 1257 864
Nov. 14.0 4.0 1408 1180 Nov, 4.6 0.3 1164 889
Dec. 4.1 3.0 645 862 Dec. 1.5 0.3 491 747
1988 Jul. 22.6 4.7 868 1572
Aug. 24. 6 2.17 2034 1456
Sep. 12.2 2.0 1691 1328
Oct. 7.8 1.0 1149 1141
Nov. 5.5 1.8 931 981
Dec. 2.5 1.5 505 859
Source : Ibaraki statistics and information office of agriculture, forestly and fisheries
C—Tr . catch by trawl X—Tr . number of fishing effort in trawl
C—S8n . catch by set—net X—Sn . number of fishing effort in set—net
Table.3 Monthly growth in weight of pond-smelt
JUL. AUG. SEP. 0CT. NOV. DEC.
1984 1.73 2.25 ¥3.63 6.8 7.89 %¥10. 67
1985 2.26 3.08 +3.63 x7. 24 *9. 84 10. 36
1986 *2. 66 3.38 *3.63 x7. 24 *9. 84 x10. 67
1987 2572 2.99 *3.63 *7.24 %9. 84 *¥10. 67
1988 2,83 3. 46 x3. 63 5.4 12. 81 *¥12. 81
1989 3. 11 3::23 2.53 9.25 12.17 x¥12.17
1990 3.54 2. 87 ¥3.63 7. 24 10.75 ¥10.75
1991 2.85 2.95 4. 07 7.1 9.99 11.13
1992 2.56 2.14 3. 82 7.21 11. 84 12. 66
Average 2.66 3.07 3.63 7.24 9. 84 10. 67
in 1980-92
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Table4 Monthly variation of total number of catch and cpue for pond—smett

Year Month Catch X CPUE Year Month Catch X CPUE
(10°6 ind) (10°3/X) (1076 ind) (10°3/X)
1984 Jul. 46.0 1098 42.05 1989 Jul. 10.7 978 10.98
Aug. 41,7 2468 16. 88 Aug. 18.3 2167 8.43
Sep. 9.3 2129 4.39 Sep. 7.9 1676 4.70
Oct. 4.4 2721 1. 61 Oct. 1.5 1757 0.87
Nov. 3.0 2408 1. 24 Nov. 1.0 1469 0.67
Dec. 0.8 739 1. 14 Dec. 0.5 784 0.62
1985 Jul. 30. 7 1272 24.51 1990 Jul. 10.0 1051 9.50
Aug. 25.8 2559 10. 06 Aug. 13. 6 2563 8.31
Sep. 6.2 2337 2.66 Sep. 10. 2 2427 4.20
Oct. 4.0 2740 1. 46 Oct. 1.3 1512 0.86
Nov. 2.2 2489 0.90 Nov. 1.5 1355 1.09
Dec. 1.0 1261 0.81 Dec. 0.6 4317 1.39
1986 Jul. 47.0 1413 38.29 1991 Jul. 13. 2 731 18.02
Aug. 31.9 2646 12.05 Aug. 12. 9 2013 6.39
Sep. 12.5 2425 5.14 Sep. 3.6 1392 2.59
Oct. 3.9 2708 1.43 Oct. 1.1 1304 0.85
Nov. 2.2 2570 0.86 Nov. 0.7 1815 0.38
Dec. 0.7 1073 0.69 Dec. 0.2 896 0.23
1987 Jul, 9.6 1077 8.89 1992 Jul. 11. 4 925 12. 34
Aug. 14. 0 2835 4.94 Aug. 8.4 1542 5.45
Sep. 6.0 2466 2.42 Sep. 2.0 1355 1. 46
Oct. 3.3 2159 1.51 Oct. 1.2 1313 0.93
Nov, 1.8 1808 1.0] Nov. 0.4 1244 0.33
Dec. 0.7 1120 0.59 Dec. 0.1 581 0.24
1988 Jul. 9.6 1049 9.19
Aug. 7.9 2255 3.50
Sep. 3.9 1966 =99
Oct. 1.6 1296 1.26
Nov. 0.6 1242 0, 46
Dec. 0.3 1.5 n.38

X=total number of fishing effort converted by trawl
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Table.5 Estimation of number of recruitment (NR) and survival at the end
of fishing season (NP)

Year NR Np Catch Death M
(107°6) (107°6) (10°6) (10°6)
1984 136. 54 11.50 105. 20 19. 84 0.157
1985 86. 07 6.25 69. 96 9. 86 0.122
1986 149.18 4. 68 98. 24 46. 26 0.371
1987 41.97 3.60 35. 29 3.08 0.07s6
1988 45. 83 1. 11 23. 96 20.79 0.603
1989 48.19 1. 70 39. 86 6.63 0.148
1990 41.13 1.90 37.18 2. 05 0.051
1991 42. 55 0.69 31.65 10. 21 0.274
1992 32. 81 0.51 23.57 8.72 0.309

Catch =total number of catch
Death =total number by natural mortality, estimated from NR, NP and catch
M =natural mortality coefficient
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Fig. 5 Relationship between the estimated recruitment and annual yield of pond-smelt
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Table.6 Monthly variation of population characteristics of pond-smelt in Lake Kitaura

Z | F q Z | F q
¥10°(-4) $107(-4)
1984 Jan. 0.411 0 0.411 3.754 1989 Jan. 0.252 0 0.252 2.576
Aug. 1.233  0.039 1.193  4.838 Aug. 0.756 0.037 0.719 3.317
Sep. 1.233  0.033 1.193 5.608 Sep. 0.756 0.037 0.719 4.289
Oct. 0.644 0.039 0.605 2.225 Oct. 0.756 0.037 0.719 4.091
Nov. 0.211 0.039 0.172 0.715 Nov. 0.756 0.037 0.719 4.893
Dec. 0.070 0 0.070 0.953 Dec. 0.252 0 0.252 3.214
1985 Jan. 0.442 0 0.442 3.471 1990 Jan. 0.278 0 0.278 2.645
Aug. 1.825 0.030 1.294 5.057 Aug. 0.834 0.013 0.821 3.205
Sep. 1.325 0.030 1.294 5.538 Sep. 0.834 0.013 0.821 3.384
Oct. 0.244 0.030 0.213 0.778 Oct. 0.834 0.013 0.821 5.432
Nov. 0.456 0.030 0.426 1.711 Nov. 0.834 0.013 0.821 6.062
Dec. 0.152 0.000 0.152  1.206 Dec. 0.278 0 0.278 6.362
1986 Jan. 0.379 0 0.379 2.681 1991 Jan. 0.370 0 0.370 5.068
Aug. 1.136  0.093 1.044 3.944 Aug. 1111 0.069 1.043 5.181
Sep. 1.136 0,093 1.044 4.303 Sep. 1.111  0.069 1.043 7.482
Oct. 0.836 0.093 0.744 2.746 Oct. 0.927 0.069 0.858 6.583
Nov. 0.442 0.093 0.349 1.360 Nov. 0.783 0.069 0.714 3.934
Dec. 0. 147 0 0.147 1.374 Dec. 0.261 0 0.261 2.912
1987 Jan. 0.259 0 0.259 2.404 1992 Jan. 0.428 0 0.428 4.622
Aug. 0.777 0.019 0.758 2.672 Aug. 1.283 0.077 1.205 7.817
Sep. 0.777 0.019 0.758 3.072 Sep. 1.283 0.077 1.205 8.896
Oct. 0.324 0.019 0.305 1.411 Oct. 0.361 0.077 0.284 2.161
Nov. 0.507 0.019 0.488 2.700 Nov. 0.717 0.077 0,640 5.147
Dec. 0.169 0 0.169 1.510 Dec. 0.239 0 0,239 4.116
1988 Jan. 0.236 0 0.236 2.253
Aug. 0.709 0.151 0.356  2.475
Sep. 0.709 0.151 0.558  2.838
Oct. 0.662 0.151 0.511  3.945
Nov. 0.734 0.151 0.583 4.695
Dec. 0.245 0 0.245 3.047

Z =total mortality coefficient
M =natural mortality coefficient
F =fishing coefficient

q =catchability coefficient
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Table.7  Annual variation of number of pond-smelt caught by test trawl before fishing season.

Catch

Area I I I Total w NR

1073 1073 m? 1076
1984 21,3 19.9 4.6 55. 7 8. 46 52.27
1985 22.1 9.7 1.7 34..1 8.4 42.29
1986 24.3 25.6 13.0 62.9 7.48 80. 42
1987 10.6 5.9 5.9 22. 4 8.26 27.33
1988 3% 3 2.7 8.2 14.3 8. 26 16. 88
1989 2.5 10.0 7.3 19.8 8. 26 21.08
1990 7.5 8.9 8.2 24.17 8. 26 28. 38
1991 9.1 9.5 8.4 26. 9 8. 26 31.21
1992 7.3 9.4 3.9 20.5 7.98 24. 14

w =area of tow on (test trawl in each area
NR =number of recruitment estimated by test trawl
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Table. 8 - Annual variation of catch by set-net in spawning season for-pond- -
swelt, fishing effort of set-net, CPUE and biomass of survived
parent (Np)

Catch Effort CPUE Biomass of Np

(kg) sitexday (t)
1984 - - - 134. 16
1985 240. 7 12 20.05 70. 98
1986 204 12 17 54. 62
1987 425. 8 15 28. 39 42. 01
1988 405.5 16 25. 34 15. 32
1989 297 18 16.5 23.29
1990 187.4 18 10. 41 22.33
1991 75 22 3. 41 8.37
1992 58.5 30 1. 95 6.97

Biomass of Np=converted from Np in table 5
Source : Federation of Kitaura fisheries cooperatives
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Fig.7 Relationship between biomass of survival (Np) and CPUE by set-net in the
spawning season for pond-smelt
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Fig.8 Relationship between number of survival and reproduction rate in log.
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Fig. 9 Relationship between number of survival (Np) and recruitment (NR)
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Table 9

effort in each pattern at 1992's case

Monthly variation of number of trawl fishing

Pattern I il Jil}
X-Tr X-Tr X-Tr

1992 Jul. 810 0 0
Aug. 1502 1579 544

Sep. 1290 1356 1628

Oct. 1257 1322 1628

Nov. 1164 1224 1628

Dec. 491 1033 1086
Total-X 6514 6514 6514

I =present

IO, I =fishing season is shifted and reduced with same amount
of effort

Table10 Estimation of ratio of increase per present (I) in number

of survival (Np) and catch in weight (C)

Pattern 1| o
Np/Np- I C/C-1 Np/Np-1 C/C-1

1984 1.142 1.076 1.774 1.242
1985 1.164 1.077 1.757 1. 150
1986 1. 086 1.050 1.320 1. 080
1987 1. 061 1.059 1. 095 1.168
1988 0.927 1.055 0.705 1.134
1989 0.930 1.042 0.817 1.139
1990 0. 844 0.996 0.445 1.274
1991 1.093 1.048 1. 025 1.201
1992 0.988 1.015 1.297 1. 267

Average 1.026 1.046 1.137 1.184
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Fig.10 Monthly change of number of stock per recruitment in each pattern at 1992's case
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Fig.11  Monthly change of catch in weight for pénd-smelt in each patlern at 1992's case
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Fig.12 Monthly percentage of pond-smelt caught by trawl for 1984—1992
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Fig.13 Frecquency of annual yield for pond-smelt in Lake Kitaura, 1955—1992
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