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SURFACE TEMPERATURES AND SALMON DISTRIBUTION RELATIVE TO
THE BOUNDARIES OF THE JAPANESE DRIFT GILLNET FISHERY
FOR FLYING SQUID (Ommastrephes bartrami)

by

Robert L. Burgner and Walter G. Meyer

INTRODUCTION

Burgner, Mercer and Major (1982) presented information on surface
temperatures and salmon distribution relative to the monthly northern
boundaries of the Japanese drift gillnet fishery for flying squid. This
information was presented in an attempt to evaluate the likelihood that
Japanese vessels fishing legally for flying squid within the monthly
fishing areas designated by Japan would intercept salmon of Asian or
North American origin. Conclusions from that analysis were, briefly,
that (1) squid vessels may at times be fishing legally in waters well
below ISOC, (2) past research data do not adequately define the monthly
southern boundary of salmon distribution, and (3) further analyses are
needed to define better the expected frequency of high seas capture of
salmon and steelhead trout at temperatures encountered in the vicinity

of the squid fishery.

The purpose of this document is to follow up on recommendations
(1) and (2) of the Burgner et al. (1982) report. These were: (1) That
joint agency efforts be made to analyze and summarize available data on
seasonal distribution of salmon an steelhead on the high seas with
regpect to statistical area and temperature, and (2) that further

analyses of existing data or sea temperatures be made for the area of



the squid fishery. Data on steelhead distribution with respect to ocean

temperature were not available for analysis.

METHODS AND DATA SOURCES

In order to provide more detail on salmon distribution by species
with respect to sea surface temperature, data on salmon catches by Japan-
ese research vessels 1972-81 and recorded sea surface temperatures for
the years 1972-80 were analyzed further. The number of research vessel
daily operations and catch per tan in the drift gillnets of commercial-
size mesh were summarized by salmon species and month, stratified by 1°¢c
intervals of recorded sea surface temperature. The data were obtained

from the annual data records provided by the Japan Fisheries Agency.

To provide better analyses of monthly sea surface temperatures like-
ly to be encountered in the northern area of the squid fishery, 1972-80
sea surface temperatures were analyzed to provide the monthly means and
extremes of the position of the 12° and 15°C isotherms for the Japanese
squid fishery season, June-December. The means and extremes of latitude
position of these temperatures were determined for the 9-year period for
each 1 degree of longitude between 170°E and 1450W, the western and east-
ern boundaries of the squid fishery area. Sources of temperature data
for this analysis were the monthly issues of FISHING INFORMATION, pub-
lished by U.S. NCAA National Marine Fisheries Service, La Jolla,

California.



RESULTS

Appendix Tables 1-7 present the monthly averages of Japanese re-
search vessel gillnet catches per tan by species by 1% temperature
intervals for sampling conducted in the North Pacific, divided into two
areas, 157°E to 170°E south of 54°N, and east of 170°E south of 52°W,
for the months March through September. Since more sampling effort tend-
ed to be directed in the areas of higher salmon abundance, the combined
multi~-year data probably indicate quite accurately the temperatures at
which highest concentrations of each species of salmon are found

seasonally.

Sampling in March was less extensive and restricted to waters of
temperatures ranging between 2 to 6°C so that the March sampling
probably does not give a reliable indication of species distribution
with respect to temperature. The number of operations in September was
also limited. Data for these months are included because they are
reasonably consistent with the seasonal trends of distribution reflected
by the data for the other months, April-—August. The patterns of salmon
distribution with respect to temperature east of 17OOE, the western
boundary of the flying squid fishery, appear to be similar to those west

of 17OOE, so that the data could well have been combined.

The research vessel sampling effort was less extensive at ocean
temperatures where salmon were less abundant. Consequently, the catch
per tan data do not reflect as accurately the abundance of salmon spe-

cies to be expected at the higher ranges of temperature. The consistent



pattern, however, is for very marked drops in CPUE as sampling deviates
from the temperatures where highest CPUE’s are obtained. Average catch-
es per tan at the upper ranges of temperatures where a salmon species
was encountered are quite consistently at least an order of magnitude

lower than at the temperatures of highest abundance.

Temperatures at which highest catches per tan were made in each
month west and east of 170°E and summarized in Table 1. Generally, for
sockeye, chum, pink and chinook salmon the seasonal trend was for high~-
est catches per tan to occur in warmer waters as the year progressed
from March through September, and trends were similar west and east of
170°E. This seasonal trend was particularly evident for sockeye salmon.
For coho salmon there was essentially no indication of a seasonal in-
crease in water temperatures at which highest CPUE’s were made. Highest
coho catches were made in warmer waters than for the other four species
through June. Highest CPUE’s for sockeye, chum and pink salmon were
made in waters less than 9°C through July, and more commonly, in waters
less than 7°C. Highest CPUE’s for coho and chinook salmon were encoun-—
tered in waters below 10°C through July. In August and September,
highest CPUE’s of salmon were made in warmer water, ranging from 7-8° to

o
12-13°C, with most values between 8-9° @nd 11-127C.

Maximum temperatures at which catches of salmon were made by Japan-
ese research vessels are summarized by species in Table 2. Underlined
values indicate that no sampling was conducted in waters warmer than

where the species was encountered. Except for sockeye, seasonal trends



are little in evidence. Sockeye were not encountered in waters warmer
than 10°C during the months March-June, but were encountered at temper-—
atures warmer than 11°C in the months July-September. 1In September,
sockeye were encountered to 14OC, the maximum temperatures fished.
During the months June—~September, when the squid fishery is open, chum
salmon were encountered in waters above 11°C and ranging to 15-16°C.
East of 17OOE, the range was to 13—140C, the maximum temperature fished
in September. Pink salmon were found in waters ranging to 15-16°¢C
during June—September, coho were encountered in waters from 12°C to

15~16OC, and chinook, in waters to 12-13%.

To examine the likelihood of salmon encounter in the northern part
of the squid fishery zone, the 15°C and 12°C temperature mean and range
positions were plotted. Figures 1 and 2 show these plots for June rela-
tive to the northern boundary of the squid fishery at 40°N. Figure 1
indicates that generally, the 15°C isotherm can be expected to fall with-
in the squid fishery zone south of 40°N during the month of June. Fig-
ure 2 indicates that June monthly mean temperatures as low as 12°C would
not occur within the squid fishery area. Table 2 suggests that under
these conditions, sockeye and chinook salmon would not be encountered
within the squid fishery in June, chum and pink salmon might be encount-
ered, and coho salmon probably would be encountered in low numbers.
Catches of coho would probably be less than 0.1 fish per tan along the
northern border of the squid fishing zone. (A squid vessel normally
fishes 600-700 tans per night (Japan Fisheries Agency 1982).) Because

. o
water temperatures are warmer at the same latitude east of about 160°W



longitude, there is less likelihood that coho would be encountered in

this area.

Figures 3 and 4 present the expected location of the 15°C and 12°C
isotherms with respect to the 42°N squid fishery boundary in July.
Table 2 indicates that all five salmon species might be encountered, but
that expected CPUE’s would be low, on the order of 0.1 fish per tan or

less, along the northern border of the July fishery.

Figure 5 indicates that for August, temperatures below 15°C would
be encountered in about 50% of the years south of the August 445N
fishery boundary, particularly west of 170%w longitude. Table 2 and
Figures 5-6 suggest that salmon are unlikely to be encountered in the

August squid fishery zone east of 170°E.

The data on September salmon distribution with respect to tempera-
ture are more limited and do not define the upper extremes of tempera-
ture in which salmon may be found. Some fairly high CPUE’s were encoun-
tered at the upper temperatures samples (12—140C). Figures 7 and 8
indicate that the 15°C température isotherm will fall consistently
within the squid zone south of 46ON, and that the 12°C isotherm will
often extend into the zone west of 160°W. Therefore the possibility of
encountering all five species of salmon in numbers cannot be discounted

in this analysis.



Figures 9-14 present the 15°C and 12°C temperature distributions
for the months October-December, in which data on salmon distributions
are lacking. The 15°C isotherm falls consistently within the squid
fishery zone in all three months and the 12°C isotherm extends into the
zone in all three months in cooler years. Lacking CPUE data, we can
only speculate that it is quite possible that salmon may be encountered.
Sometime during the winter, however, the salmon tend to shift to waters
of cooler temperature, so that by early spring they are unlikely to be
encountered in waters above 13°C. This is particularly true for
sockeye, which were not caught in waters warmer than 10°¢ during spring

months.

DISCUSSION

The analyses herein concerning salmon distribution with respect to
ocean temperature provide detail on monthly distributions not included
in Burgner et al. (1982) and more accurate information on monthly mean
sea surface temperatures to be expected within the Japanese squid fish-
ery zone. It is indicated that salmon may be encountered in low dens-
ities along the northern border of the squid fishery zone in June and
July, that they are unlikely to be encountered in August, and that there
is the potential for significant interceptions in September. October-
December temperatures do not preclude the presence of salmon in the
squid fishery area, but distribution of salmon with respect to tem-—

peratures is unknown for these months.



The only direct observer data available to the United States on the
Japanese squid fishery was for a limited period in September=-October
1982 (Cary and Burgner 1983). Fishing was conducted during 11 days in
waters of 12.4-14.8°C. No salmon were observed in the catches of the
commercial squid vessel. While these observations were informative,

they were restricted in time and space.
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Table 1.

11

Temperatures at which highest catches per tan were made by

Japanese research vessels fishing west and east of 170°E
longitude. (Lower temperature boundary inclusive).

Month Sockeye Chum Pink Coho Chinook
W of 1709FE
Mar 2= 3% 5- 6%* 5- 6%*%* - 3- 4
Apr 3- 4 5- 6 5- 6 7- 8 8- 9
May 3= 4 8- 9 5- 6 8- 9 7- 8
June 4= 5 5- 6 6- 7 9-10 6—- 7
July 5= 6% 5- 6% 6~ 7 5~ 6% 5- 6%
Aug 11-12 9-10 9-10 9-10 10-11
Sept 12-13%%* 11-12 10-11 9-10 9-10
E of 170CE
Mar 3= 4% b 5% 4— 5%%E - 4 HE%
Apr 3- 4 7- 8 5- 6 9-10 8- 9
May 5~ 6 6~ 7 6~ 7 8- 9 5~ 6
June 5- 6 6— 7 5=~ 6 8- 9 7- 8
July 8- 9 5- 6% 6 7 9-10 9-10
Aug 7- 8* 9-10 8- 9 §-10 9-10
Sept 11-12 8- 9% 8- 9% 8-10 -

*Coldest temperature interval sampled
*%*Warmest temperature interval sampled
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Table 2. Maximum temperatures at which catches of salmon were made by
Japanese research vessels fishing gillnets west and east of
170°E longitude. (Lower temperature boundary inclusive.)

Month Sockeye Chum Pink Coho Chinook
W of 170°E
Mar 5~ 6 5- 6 5- 6 - 5- 6
Apr 6~ 7 12-13 9-10 10-11 12-13
May 7- 8 12-13 11-12 11-12 11-12
June 9-10 14-15 12-13 13-14 11-12
July 11-12 15-16 14~15 15-16 11-12
Aug 12-13 14-15 13~14 14-15 12-13
Sept 12-13 12-13 11-12 12-13 12-13
E of 1709E
Mar 4— 5 4 5 4 5 - 4— 5
Apr 8- 9 12-13 12-13 12-13 11-12
May 8- 9 10-11 10-11 10-11 10-11
June 9-10 11-12 11-12 14-15 9-10
July 13~14 13-14 15-16 13-14 12-13
Aug 12-13 13-14 11-12 13~14 12-13
Sept 13-14 13-14 9-10 12-13 -

Underlined values indicate salmon were encountered at the maximum
temperature fished.
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