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Environmental Factors in Funka Bay, Hokkaido, Affecting the Year Class
Strength of Walleye Pollock, Theragra chalcogramma

Toshikuni Nakatant', Koichi SuGIMoTO, Tetsuya TAKATSU, and Toyomi TAKAHASHI

The 1995-year-class of walleye pollock Theragra chalcogramma was dominant in and around Funka Bay. To under-
stand the formation of dominant year classes of pollock in this area, annual changes in monthly fluctuation of density of
pollock larvae, prey concentration at the initial feeding stage, and hydrographic conditions were investigated from 1991
to 1998. Pollock larvae occurred mainly from January to February. Warm water temperatures at 10 m depth in the bay,
where pollock larvae were considered to be abundant, were observed from January to early February before the intru-
sion of the Oyashio Coastal Water (cold water). Thus the relatively warm water temperature in early winter appears to
be necessary to produce the dominant year class of pollock in Funka Bay. From 1991 to 1998, no cold water tempera-
ture affecting the survival of larval pollock was observed. The densities of copepod nauplii as a primary food for larval
pollock at the initial feeding stage were relatively high from January to February in 1991 (7.8-18.1inds. /"), 1994
(13.1-15.21inds.- 171, 1995 (12.3-15.5 inds.- /"), and 1996 (13.8-17.2inds. /"), but the dominant year class occurred
only in 1995. Therefore, the high density of copepod nauplii does not determine the year class strength of pollock in
this area. These results suggest that the abundance of food for pollock larvae at the first feeding stage were enough to
survival in early winter in this area. Pollock larvae and juveniles (7-30 mm in total length) mainly feed on small sized
copepodites of Pseudocalanus spp., whose density was high from March to April and then decreases in early June. At
that time, juveniles larger than 30 mm in total length initiate to feed on larger sized copepodites of Neocalanus plum-
chrus. It is considered that pollock larvae hatching in March do not grow enough to feed on N. plumchrus in June. From
this information, it is inferred that the spawning strategy of pollock in this area is concerned with the food conditions
for juveniles at a transition period of food organisms. In Funka Bay, water temperature in early winter and food condi-
tions for juvenile pollock might control the year class strength of pollock in and around Funka Bay.
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Position of sampling stations in and around Funka
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Table 1. Annual change in density (inds. ‘m~2) of walleye pollock larvae in and around Funka Bay from 1991 to

1998. N: number of sampling stations.

Larval density (inds.-m™2)

Year Month N
25 percentile Median 75 percentile
1991 January 14 45.6 72.3 183.9
February 8 0.0 9.4 26.7
March 19 0.0 6.3 12.6
1993 January 7 0.0 6.3 50.3
February 13 0.0 0.0 0.0
March 9 0.0 0.0 0.0
1994 January 12 4.7 15.7 77.0
February — No Data No Data No Data
March 11 6.3 252 53.4
1995 January 12 3.5 19.9 48.7
February 18 46.8 77.6 101.5
March 8 13.4 15.9 20.9
1996 January 7 1.0 6.0 12.9
February 13 21.9 27.9 55.7
March 27 0.0 4.0 9.0
1997 January 12 7.0 18.9 254
February 6 4.0 10.9 14.9
March 25 0.0 0.0 0.0
1998 January 6 11.4 249 41.3
February 19 0.0 2.0 5.0
March 19 0.0 0.0 0.0
Table 2. Densities of copepod nauplii collected at 15 m depth at Station 30 in Funka Bay in winter in 1991 and from
1993 to 1998.
Naupliar density (inds.- /")
Year Reference
January February March
1991 7.8% 18.1% 12.9* Nakatani (1995)
1993 39 59 7.7 Sugimoto, unpublished data
1994 13.1%%* 15.2 18.4-37.2 Sugimoto, unpublished data
1995 12.3 12.4-15.5 17.0-36.0 Sugimoto, unpublished data
1996 13.8%%* 17.2 22.4 Nakatani ef al., (2002)
1997 9.7 5.6 2.3 Nakatani et al., (2002)
1998 6.1 4.3 14.4 Nakatani et al., (2002)

*: data at Station 26, **: Station 27, ***: Station 17.
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Figure 2. Distribution of walleye pollock eggs (fertilization—
early blastula stage: A) and larvae (B) on 21-25 February
1988 in and around Funka Bay (from Nakatani and Maeda,
1989).
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Figure 3. Winter water temperature at a depth of 10m at Sta-
tion 30 (Station 27 on 24 January 1998; Station 31 on 31 Jan-
uary 1990) from 1991 to 1998 (from the Ushio Maru Data
Record of CTD Observations, Faculty of Fisheries, Hokkaido
University, 1991-1998).
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Table 3. Individual number per cubic meter of Pseudocalanus spp. and Neocalanus plumchrus collected by horizontal
hauls with MTD nets at Station 30 in 1982 (Nakatani, 1988).

Pseudocalanus spp.

Neocalanus plumchrus

Depth (m) Mar. Apr.* June July Depth (m) Mar. Apr.* June July
10 1146.0 432.1 0.8 153.4 10 0.0 4.6 0 0
20 374.9 666.2 0.5 61.9 20 39 4.0 0.0 0.1
30 278.1 807.0 14.8 7.7 30 46.0 51.6 0.5 10.8
40 118.3 246.9 2.1 140.0 40 29.2 57.2 1.2 29.5
60 211.0 352.4%%* 239.1 63.1 60 4.5 18.5%%* 20.1 5.9
80 188.3 1103.4%%%* 249.2 39.3 80 0.3 27 5% 90.0 25.8

*: Station 29, **: 50 m, ***: 70 m.
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