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Abstract

In Lake Toya, sockeye salmon Oncorhynchus nerka is heavily caught by recreational

angling and its population has widely fluctuated from year to year. Adaptive

framework virtual population analysis (ADAPT VPA) was conducted as a step

towards sound management of the stock. Surveys by mail, access point, and

questionnaire were carried out to collect data on fork length, wet body weight, species,

and catch number of sockeye salmon from anglers. Additionally, we carried out

gillnet sampling whose data included wet body weight, and fork length which was

used in age length key of sockeye salmon. The catch data of sockeye salmon from

Lake Toya Fisheries Cooperative Association (Lake Toya FCA) and anglers were

used to calculate total catch. Catch per unit effort (CPUE) from anglers was used as

an abundance index for the ADAPT VPA. The stock of sockeye salmon in the lake

was estimated to be 8.31 tons in 1998, but decreased noticeably to 4.13 tons in 2002.

This was followed by a considerable increase to 17.26 tons in 2009. In 2012, the

estimated stock weight was 7.77 tons.
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Figure Caption

Fig.1 Locations of Lake Toya, Toya Lake Station of Hokkaido University, gillnet

sampling positions, and fishing area of anglers in Lake Toya.

Fig.2 Shipment weight of the sockeye salmon caught by members of Lake Toya

Fishery Cooperative Association.

Fig.3 Total number of catch of the sockeye salmon caught by Lake Toya Fishery

Cooperative Association during 1998-2012.

Fig.4 Fork length frequency of the sockeye salmon caught by anglers during 1998-

2012.

Fig.5 Average number of catch of the sockeye salmon by one angler per day (CPUE)

during 1998-2012.

Fig.6 Total number of catch of the sockeye salmon by Toya Lake Station (gillnet

survey), Lake Toya Fishery Cooperative Association (FCA) and anglers during 1998-

2012.

Fig.7 Estimated stock weight of the sockeye salmon by using ADAPT VPA during

1998-2012.

Fig.8 Spawning stock biomass (SSB) and exploitation rate of the sockeye salmon

during 1998-2012.

Fig.9 Spawning stock biomass (SSB), recruitment (R) and recruit per spawning stock
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438

439

440

441

(RPS) of the sockeye salmon during 1998-2012.

Fig.10 Relationships between spawning stock biomass and recruitment of the sockeye

salmon in 1998-2010 year-classes.

Fig.11 Estimated stock size of the sockeye salmon by using VPA and ADAPT VPA.
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Table

Table 1 Fishing period at Lake Toya

Fishing period

Species Method Period Time
Rainbow trout . 1 Jun.-30 Jun.
Sockeye salmon boat fishing 1 Dec.-31 Mar.
Cherry salmon
Common carp fishing from land 1 Jun.~31 Aug.
Gin-buna 1 Dec.-31 Mar. 4:00-19:00
. . 1 Jun.-31 Aug.
Shrimp brail 1 Dec.-31 Mar.
fishing from land 1 May.-31 Aug.
Japanese smelt brail 1 Nov.-31 Mar.
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Table 2 License types and fees at Lake Toya

License type  Period Fees

Day One day ¥1,200
Season One month (Jun.) ¥10,000
Year One year (5 months: Jun., Dec., Jan., Feb., and Mar.) ¥20,000
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Table 3 Overview of survey methods for anglers

Survey Target Method Collection
: Distributed with | mail
Questionnaire Day license anglers day license Postal mal
Regular angler in Jun. Direct distribution Postal mail
Interview All anglers Direct interview —
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Table 4 Age composition and average body weight of sockeye salmon over 100
grams caught by Toya Lake Station

Year Age composition (%) Average body
1 2 3 4 5 weight ()
1999 1.82 16.36 56.36 23.64 1.82 522.01
2000 1.05 18.33 35.60 35.60 9.42 583.43
2001 1.64 32.24 40.44 22.40 3.28 489.56
2002 0.00 20.00 22.22 51.11 6.67 825.90
2003 0.00 62.77 27.74 7.30 2.19 537.81
2004 0.00 42.33 47.85 7.98 1.84 295.38
2005 0.00 18.92 50.45 27.03 3.60 398.80
2006 0.00 25.00 47.22 22.22 5.56 398.38
2007 0.00 28.69 55.33 13.11 2.87 284.08
2008 5.31 37.17 24.78 25.66 7.08 500.98
2009 0.00 26.00 60.60 11.60 1.80 247.69
2010 7.55 28.10 40.19 22.05 211 297.26
2011 0.00 22.68 69.12 6.26 1.94 231.71
2012 0.00 46.75 22.28 27.17 3.80 357.21
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Table 5 Symbols and definitions for the calculation of fishing effort, number of catch
by angler per day, and total number of catch by anglers

Symbol  Definition
h Number of interviewed anglers who had a license
k Number of anglers interviewed
r Ratio of anglers who had a license
ds Average days that the season license angler fished in the fishing season
dy Average days that the year license angler fished in the fishing season
d; Days that the angler who frequently fishing in June fished in the fishing season
I Number of anglers who answered the questionnaire who frequently fishing in June
S; Number of day licenses sold
S, Number of season licenses sold
Sy Number of year licenses sold
X Fishing effort (days)
Xi Fishing effort of day license anglers and anglers without license (days)
Xs Fishing effort of season license anglers (days)
Xy Fishing effort of year license anglers (days)
Vi Number of catch by an angler per day
m Number of anglers interviewed or who answered the questionnaire distributed with
day license
U Average number of catch by an angler per day (CPUE)
Y Total number of catch by anglers
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Table 6 Symbols and definitions for estimating stock size of sockeye salmon

Symbol  Definition

Stock size

Ratio of catchable stock number for anglers to stock number
Catchable stock number for anglers

Total number of catch

Natural mortality

Fishing mortality

Age

Year

Abundance index

Coefficient

o ——~2TMZ0ZINZ
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Table 7 Size frequency at age of sockeye salmon caught by the gillnet survey

Fork length Age N

(cm) 0 1 2 3 4 5

7-9 1.00 1
9-11 0.66 0.34 64
11-13 0.18 0.77 0.05 421
13-15 0.04 0.87 0.09 373
15-17 0.01 0.83 0.15 0.01 68
17-19 0.35 0.61 0.04 101
19-21 0.11 0.77 0.12 104
21-23 0.16 0.57 0.26 0.01 123
23-25 0.08 0.51 0.40 0.01 266
25-27 0.01 0.33 0.63 0.03 300
27-29 0.17 0.72 0.11 220
29-31 0.11 0.73 0.16 122
31-33 0.07 0.72 0.21 91
33-35 0.04 0.65 0.27 0.04 84
35-37 0.53 0.41 0.06 66
37-39 0.41 0.55 0.04 49
39-41 0.22 0.67 0.11 27
41-43 0.15 0.70 0.15 26
43-45 0.69 0.31 13
45-47 0.08 0.69 0.23 13
47-49 0.40 0.60 5
49-51 0.75 0.25 4
51-53 0.33 0.67 3
53-55 1.00 1
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Table 8 Fishing effort of anglers during 1998-2012

Fishing license

Dgy Iicen_se and Season license Year license Fishing
Year without license effort
S , d X; S ds Xs S dy Xy (days)
! (days) (days) ° (days) (days) Y (days) (days)
1998 307 0.63 1 486 — — — 3 2467 74 560
1999 415 0.87 1 478 — — — 36 20.64 742 1,220
2000 — — — — — — — — — — —
2001 632 0.51 1 1,244 — — — 37 16.00 592 1,836
2002 432 0.58 1 750 — — — 42 1725 727 1,477
2003 294 0.50 1 593 — — — 18 1544 277 870
2004 407 0.64 1 630 — — — 15 1544 231 861
2005 306 0.84 1 363 — — — 15 1544 231 594
2006 915 0.79 1 1,149 — — — 15 12.33 185 1,334
2007 757 0.63 1 1,198 — — — 12 17.17 206 1,404
2008 486 0.63 1 769 — — — 12 15.58 187 956
2009 380 0.63 1 601 30 1241 372 12 1241 149 1,122
2010 308 0.63 1 487 35 1167 410 11  11.67 129 1,024
2011 259 0.49 1 524 44 1238 546 10 12.38 124 1,193
2012 450 0.49 1 968 76 9.76 745 10 9.76 98 1,808
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Table 9 Average body weight at age of sockeye salmon during 1998-2012

Body weight (g)

Age

Minimum Maximum Average
0+ 4.4 30.3 9.9 135
1+ 4.5 210.1 22.2 816
2+ 9.2 461.1 110.5 574
3+ 27.8 1135.2 248.6 778
4+ 101.9 1966.8 550.0 212
5+ 413.0 1779.5 946.7 30
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Table 10 Results of ADAPT VPA assessment

(a) Total number of catch at age

Year
Age 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
0 12 12 2 12 13 0 11 10 8 4 63 7 22 15 3
1 630 190 40 311 184 107 648 68 87 1,356 656 2,299 422 771 226
2 4,754 982 35 3,506 727 944 3,900 1,186 1,152 7,759 1,742 13,814 2,590 5,002 1,770
3 7,165 3,897 68 7,632 1,294 678 3,138 3,838 3,261 7,741 1,833 17,416 8,844 7,884 5,440
4 2,151 2,596 68 2,699 1,935 493 747 1,678 2,025 1,884 953 4,643 3,149 1,546 1,538
5 257 423 18 391 376 143 238 206 378 415 210 797 261 348 233
Total 14,969 8,100 231 14,551 4,529 2,365 8,682 6,986 6,911 19,159 5,457 38,976 15,288 15,566 9,210
CPUE 16.76 3.39 0 7.15 2.20 1.36 9.16 5.77 3.76 12.09 3.80 31.75 11.59 13.43 4.97
(b) Stock number at age
Year
Age 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
0 68,094 30,817 19,200 46,521 64,676 50,495 71,689 87,017 146,789 121,330 84,013 85,039 45,006 25444 14,591
1 23,250 41,292 18,682 11,644 28,207 39,218 30,627 43,473 52,771 89,026 73,587 50,907 51,573 27,281 15,421
2 17,507 13,611 24,897 11,300 6,820 16,965 23,703 18,071 26,315 31,939 52,941 44,122 29,086 30,952 15,946
3 15530 6,916 7,491 15,073 4,123 3,570 9,555 11,340 10,037 15,063 13,329 30,754 16,003 15,625 14,878
4 3,793 3,840 1,160 4,490 3,199 1,493 1,638 3,351 3,889 3,548 3,108 6,657 5,089 2,819 3,337
5 453 626 307 651 622 433 522 411 726 782 685 1,143 422 634 506
Total 128,627 97,102 71,737 89,679 107,647 112,174 137,734 163,663 240,527 261,688 227,663 218,622 147,179 102,755 64,679
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(c) Fishing mortality at age

Year

Age 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.04 0.01 0.00 0.03 0.01 0.00 0.03 0.00 0.00 0.02 0.01 0.06 0.01 0.04 0.02

2 0.43 0.10 0.00 0.51 0.15 0.07 0.24 0.09 0.06 0.37 0.04 0.51 0.12 0.23 0.15

3 0.90 1.29 0.01 1.05 0.52 0.28 0.55 0.57 0.54 1.08 0.19 1.30 1.24 1.04 0.63

4 1.30 2.03 0.08 1.48 1.50 0.55 0.88 1.03 1.10 1.15 0.50 2.26 1.58 1.22 0.90

5 1.30 2.03 0.08 1.48 1.50 0.55 0.88 1.03 1.10 1.15 0.50 2.26 1.58 1.22 0.90
Average 0.66 0.91 0.03 0.76 0.61 0.24 0.43 0.45 0.47 0.63 0.21 1.07 0.76 0.63 0.43
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