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Method to forecast the catches of Japanese common squid
Todarodes pacificus in the Sea of Okhotsk off Hokkaido

Kenji SakacucHr' T and Norio YAMASHITA?
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A model to forecast the catches of the Japanese common squid, Todarodes pacificus, before the fishing season in the
Sea of Okhotsk off Hokkaido was examined using information about the abundance of the squid in the Pacific off east-
ern Hokkaido and the sea surface temperature (SST) off Kunashiri Island, northeast of Hokkaido. Catches of the squid
in the Sea of Okhotsk off Hokkaido by set nets during October to December, 1993 to 2011, with the exception of the
outlier 1996 which was regarded as the response variable of the model were accurately predicted using a generalized
linear model (GLM). Three explanatory variables used in the GLM were 1) catch per unit effort (CPUE) in the Pacific
east off Kushiro in late August by research vessels, 2) CPUE of commercial jigging vessels at Kushiro Port during July
to August and 3) SST in the southern area off Kunashiri Island in July. The correlation coefficient between the predict-
ed catches by the model and the observed catches was 0.853. It is suggested that most of the squid caught in the Sea of
Okhotsk off Hokkaido migrated from the Pacific Ocean rather than the Sea of Japan.
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Figure 1. Catches of Todarodes pacificus during October to

December in the Sea of Okhotsk off Hokkaido. Black, white,

and gray bars indicate the catches by set nets, jig, and others,

respectively.
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Figure 2. Migratory pattern of the autumn population (dotted
line and arrows), and winter population (solid line and ar-
rows) of Todarodes pacificus in the waters around Hokkaido.
(A) May to June, (B) July to September, (C) October to
December. Narrow lines indicate migration of the small
group. Dots in (C) indicate fishing ground of the squid in
the Sea of Okhotsk off Hokkaido. Figure modified from Sak-
aguchi (2010).
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Table 1. Explanatory variables used for GLM. See Fig. 3 for
the locations of the areas.

Variable Description

CPUE.WE Mean Catch (individuals) per hour by one jigging-
machine on the reseach vessels in the area W and
E in late August

CPUE.E  Mean Catch (individuals) per hour by one jigging-
machine on reseach vessels in the area E in late
August

Catch. K Catch (t) by commercial fishery at Kushiro during
July to August

CPUEK  Mean catch (t) per day by one commercial jigging

vessels at Kushiro during July to August
A.Jun Average SST (°C) in the area A in June

AJul Average SST (°C) in the area A in July
A.Aug Average SST (°C) in the area A in August
B.Jun Average SST (°C) in the area B in June
B.Jul Average SST (°C) in the area B in July
B.Aug Average SST (°C) in the area B in August
C.Jun Average SST (°C) in the area C in June
C.Jul Average SST (°C) in the area C in July

C.Aug Average SST (°C) in the area C in August
D.Jun Average SST (°C) in the area D in June
D.Jul Average SST (°C) in the area D in July
D.Aug Average SST (°C) in the area D in August
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Figure 3. A schematic map of the area around Hokkaido. W
and E indicate the areas for the jigging survey, and A, B, C,
and D indicate the areas for SST.
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Figure 4. Relationship between the catches of Todarodes paci-
ficus by set nets during October to December in the Sea of
Okhotsk off Hokkaido and each explanatory variable (see
Table 1).
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Table 2. Explanatory variables and AIC of the lowest AIC
model estimated from the data during 1993 to 2011 to predict
catches of the squid by set nets in the Sea of Okhotsk off
Hokkaido.

. Residual
Explanatory variables deviance df AIC
Null model 10.63 18
CPUE.E+CPUE.K+B.Jul 3.03 15 29.01*

* Data for 1996 was regarded as an outlier.

Table 3. Explanatory variables and AIC of the models estimat-
ed from the data during 1993 to 2011 with the exception of
the outlier 1996 to predict catches of the squid by sets net in
the Sea of Okhotsk off Hokkaido. Only 10 models from the
lowest AIC one are presented.

Explanatory variables Res.l dual AIC AAIC
deviance
Null model 9.20 17
CPUE.E+CPUE.K+B.Jul 1.73 14 18.90 0.00

CPUE.E+CPUE.K+B.Jul+D.Aug 1.69 132050 1.60
CPUE.E+CPUE.K+B.Jul+B.Aug 1.72 132084 1.94
CPUE.E+CPUE.K+D.Jul 1.94 14 2099 2.09
CPUE.E+CPUE.K+D.Jul+D.Aug 1.87 132232 342
CPUE.E+CPUE.K+D.Jul+B.Aug 1.88 13 2237 347
CPUE.E+CPUE.K+D.Jul+C.Aug 1.92 13 2284 394
CPUE.E+CPUE.K+D.Jul+A.Aug 1.94 13 2298 4.08
CPUE.E+CPUE.K+C.Jul 2.24 14 2356 4.66
CPUE.E+CPUE.K+C.Jul+D.Aug  2.01 13 23.62 4.72
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Table 4. Coefficient (c), standard errors (s.e.), ¢ value, p value,
and exp (c) for the lowest AIC model in Table 3.

Variable c s.c. tvalue pvalule exp (c)
Intercept  2.866 1.054 2.72 0.02* —
CPUE.E 0.168 2.660x107% 630  <0.001* 1.18
CPUE.K 0.705 0.1582 446  <0.001* 1.45
B.Jul 0.371 0.0841 441  <0.001* 2.02
*: Statistically significant (p<0.05)
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Figure 5. Changes of the three explanatory variables selected
for the lowest AIC model in Table 3.
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Figure 6. Observed catches of the squid by set nets and pre-
dicted catches by the lowest AIC model in Table 3. Vertical
bars indicate 95% confidence intervals.
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Figure 7. Relationship between observed catches of the squid
by set nets and predicted catches by the lowest AIC model in
Table 3.
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Figure 8. Observed catches of the squid by set nets and pre-
dicted catches from the retrospective analyses. Vertical bars
indicate 95% confidence intervals.
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by set nets and predicted catches by the model in Table 2.
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