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INTRODUCTION(}'

. I'

In 1978, a major drift giltn"et fisliery . for f neon- flying
squid, Ommastrephes bartrami, was' developed by Japan in,response
to decreasing commercial catches of Todarodes pacificus and to
reductions in Japan's annual high-seas salmon quota.
Because
intense competition with the established jigging industry quickly
ensued,- in 1979, the Fisheries Agency of Japan restricted squid
gillnet vessels to waters east of 170°E.
Although virtually
unregulated at first, in August 1981 a form of limited entry and
time and area closures was invoked by Japan.
These regulations
established a fishing season extending from June through
December, and a fishing area north of 20 °N, between 145 0W and
170 °E longitude with a northern boundary that changes monthly
(Figure l; Fisheries Agency of Japan 1985).
The Government of Japan established these regulatory
measures mainly to avoid the incidental catch of salmonids.
By
prohibiting fishing in areas where salmon and trout are
distributed, the impact of this fishery on salmonid stocks would
be minimal. According to Japan, the northern boundary was set to
approximately coincide with the 15°C isotherm, a conservative
restriction as salmon are seldom caught in waters warmer than
15°C (Takagi 1983).
Because the location of the mean value of
the 15°C isotherm is seasonally dependent, the northern boundary
of the fishery was set to change monthly, insuring that the squid
fishery operated in waters to the south of salmonid habitat.
Oceanographic conditions in the central North Pacific Ocean
from 1986-87 are presented in the following report and related to
factors causing interannual variability.
Monthly SST anomaly
plots, indicating the difference between the monthly mean sea
surface temperature and the climatological monthly mean value,
are presented for September 1985, August 1986, and July 1987. To
assess the relationship between the northern boundary of the
Japanese squid driftnet fishing area {JSDFA) and surface water
temperatures, satellite-derived SST contour charts of the North
Pacific Ocean are presented.
Produced weekly by the National
Environmental Satellite Data · and Information Service (NESDIS),
National Oceanic and Atmospheric Administration (NOAA) , these
charts provide accurate and timely SST data for the North Pacific
Ocean.
(Recent SST comparisons indicate that root mean square
differences between buoys and satellite observations range
between 0.5-0.7°C (Banks et al. 1986, NOAA/NESDIS
memo)).
Finally, sea level pressure plots are shown indicating the wind
patterns during the winters of 1985-86 and 1986-87.
Limitations with Using Climatological Data
Use of climatological data, such as long term monthly means,
provides only a gross indication of the sea surface temperature
(SST) in the squid fishing area. A finer scale of measure may be
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Location and configuration of the Japanese squid driftnet fishing area (JSFDA)
as published by the Fisheries Agency of Japan.
Note the northern boundary
changes 2° latitude each month, ranging from 40" during June and December and
46° during September.

more important in depicting the actual oceanographic conditions
encountered by the driftnet fishery during a particular year.
Because SST isotherms can move several degrees latitude north or
south during one month, monthly means will underestimate (or
overestimate) SST's near the beginning or end of a month.
For
example, if the average SST at the northern boundary of the
fishing area was 15°C for a particular month, we would conclude
that no salmon were encountered during this time period.
However, it's quite likely that SST's were 13.5-14°C during a
portion of that month; if so, then the possibility of salmon
being caught becomes much more likely.
More importantly, the subarctic front, when inspected in
detail, is characterized by multiple fronts within a general
frontal zone ranging from 35° and 47°N (Roden 1977).
At times,
these mesoscale fronts become unstable, forming eddies and
meanders which move eastward across the Pacific.
Such effects
are most pronounced in the western portion of the squid fishing
area, between 180° and 170°E (Roden et al. 1982), and result in
sharp temperature and salinity gradients.
For example, over the
course of several dozen miles, SST' s can vary over 3 ° c as a
result of these features.
Interannual variability is a third and probably the most
important factor causing sea surface temperatures to deviate from
climatological means with the (JSDFA).
An empirical orthogonal
function description of SST's in the Pacific Ocean showed that
the region identified as the northern portion of the squid
regulatory area exhibited the greatest interannual SST
variability (Davis 1976). Here, the seasonally adjusted standard
deviation of SST's about the long term mean ranged from 0.75°C in
the central North Pacific to about 1 ° C in the western North
Pacific, with maximum values in November.
RESULTS
For most of the past two years, a mass of unusually cold
surface water has persisted to a varying degree in the central
North Pacific Ocean.
Although SST's in the central to eastern
portion of the JSDFA were higher than normal in 1985 (Figure 2),
beginning in January 1986, surface waters in the northern area of
the Japanese squid regulatory area cooled to a level below the
long term mean.
For the first half of 1986, widespread cold
water occupied the northern portion of the fishing area.
However, by August, a warm SST anomaly developed in the
northeastern portion (Figure 3), that increased in intensity by
November to over 2.5°C above the long term mean. By the start of
the 1987 fishing season, surface water temperatures throughout
most of the entire fishing area were once again below the long
term mean.
This tendency increased in July with SST' s in the
eastern region more than 3°C below the long term mean (Figure 4).
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North Pacific Ocean sea surface temperatures--monthly anomaly ( • C) data,
September, 1985 (Oceanographic Monthly, 1987).
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North Pacific Ocean sea surface temperatures--monthly anomaly
data, July, 1987 (Oceanographic Monthly, 1987).
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North Pacific Ocean sea surface temperatures--monthly anomaly
August, 1986 (Oceanographic Monthly, 1987).
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Examinations of three years of SST anomaly plots suggest
that SST anomalies persist for a number of months and that
widespread water masses with unusual temperatures may persist
within a region for even longer (Table 1).
This observation is
confirmed through an empirical orthogonal analysis, indicating
that anomaly patterns often persist, causing SST' s to be
reasonably predictable for up to 4 months (Davis 1976).
Thus
although the magnitude and extent of the unusually cold surface
water in the north Pacific Ocean has changed monthly, in general,
surf ace water temperatures which are colder than normal have
persisted for the past two fishing seasons, ranging up to 3 ° C
below the mean (Figure 4).
Table 1.

Sign of the sea surface temperature anomaly at three
locations on the northern boundary of the Japanese
squid regulation area--145°W,
172°W
and
170°E
longitude--1985-1987.
* = SST's within ±0.5°C of the
long term agerage; +=positive anomaly; - = negative
anomaly.
Data from NOAA Oceanographic Monthly.
Month

Year

Longitude

1985

145°W
172 °W
170°E

1986

1987

June

*
*
*

145°W
172 °W
170°E
145°W
112°w
170°E

July

Aug.

Sept.

Oct.

Nov.

Dec.

*

+

+

+

*

*

+
+

+

+

*
*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

An analysis of SST charts suggests that considerable
portions of the JSDFA can be inundated with surface water
temperatures of l0°C or less (Figure 5). Often the cold water is
confined to west of 175°W longitude where mesoscale frontal
meanders and eddies have a significant influence on the
oceanography.
During such periods, surface water temperatures
along the northern boundary of the JSDFA can vary widely, from 8l60C in August 1987 (Figure 5) or from 12-19° in October 1986.
At other times, mesoscale effects are reduced causing more
uniform surface water conditions along the northern boundary
(Figure 6).
Note, that although Figure 6 shows relatively
constant SST's along the northern boundary, SST's are still cool,
near 11 °c, corresponding to a large widespread anomaly of cold
water during that time period.
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Satellite-derived contour plots of mean sea surface temperatures (SST's) in the
North Pacific Ocean, August 11-18, 1987. The plots are produced weekly by the
National Environmental Satellite, Data and Information Service, National
Oceanic and Atmospheric Administration .
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Satellite-derived contour plots of mean sea surface temperatures (SST's} in the
North Pacific Ocean, september 22-29, 1987.
The plots are produced weekly by
the National Environmental Satellite, Data and Information Service, National
Oceanic and Atmospheric Administration.

Examinations of sea level pressure charts indicate stronger
than average low pressure systems during the past two winters.
In January, 1986, the Aleutian Low (Emery and Hamil ton 1985) ,
which is normally centered southeast of the Kamchatka Peninsula
with a weak secondary center in the Gulf of Alaska, was centered
in the Gulf of Alaska.
Sea level pressure was 21 mb below the
long term mean in the Gulf and 4 mb below the long term mean in
its normal position.
Towards February, the Aleutian Low
continued to gain in strength and by shifting southwest it
dominated the weather from Japan to the West Coast of the United
States extending to south of 30°N latitude (Figure 7).
The
following winter, the Aleutian Low once again dominated weather
patterns in the North Pacific. Again stronger than normal--18 rob
below the long term average at its center, which was slightly
northeast of its normal position--it produced intense storm
systems across the Pacific (Figure 7).
DISCUSSION
Surface Waters of the North Pacific Ocean
An understanding of the relationship of various pelagic
species to the oceanographic features of the North Pacific Ocean
usually begins with the climatological mean surface circulation
(as determined from the geopotential topography) of this region.
A balance between the pressure gradient force (primarily wind
driven) and the deflecting force of the earth's rotation gives
the familiar large-scale features of the North Pacific nearsurface circulation patterns.
The Oyashio, and Subarctic
Currents and the Alaskan Stream, the principal currents of
geostrophic flow, form two large cyclonic gyres in subarctic
waters, the Alaska Gyre in the Gulf of Alaska and the Western
Subarctic Gyre in the northwestern Pacific Ocean. Just south of
the eastward flowing Subarctic Current is the Subarctic Front
which forms the boundary between subarctic and subtropical
waters.
The boundary occurs at an almost-vertical isohaline of
34.0 °;oo (Dodimead et al. 1963); waters north of the front are
characterized by a surface salinity minimum (net excess of
precipitation) and waters south of the front have a surface
salinity maximum (net excess evaporation).
Major Causes of Deviations from Climatological Means
Recently, considerable effort has been devoted to understanding the causes of departures from the long term oceanic
conditions.
Such departures are believed to profoundly impact
species distributions and ultimately, recruitment.
Cal led
interannual variability, short-term changes in ocean temperature,
salinity and currents can arise from a number of processes.
Wind-driven advection (Ekman Transport) is probably the most
important process in the central North Pacific Ocean creating
anomalous oceanic conditions (Davis 1976; Emery and Hamilton
1985). Wind stress also affects SST's by affecting the vertical
10

Figure
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Mean sea-level pressure plots for January and
February, 1986 (Anon. 1986) and January 1987 (Anon.

1987} .
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turbulent mixing in the ocean. Here, anomalous storm activity is
an important mechanism for causing changes in SST anomalies
(Haney et al. 1983). The importance of mixing is dependent upon
the vertical salinity and, to a lesser extent, temperature
structure. In lower latitudes near the subarctic front the mixed
layer is shallower than in higher latitudes, and increases the
importance of the effect (Roden and Reid 1961). Two other causes
of interannual variability are radiation and wind stress curl
(Ekman pumping).
Insight into advection in the central North Pacific Ocean is
gained by examining the North Pacific atmospheric pressure
pattern.
During the winter months, a strong Aleutian Low will
intensify cyclonic winds resulting in increased water transport.
The direction of this transport depends upon sea level pressure
patterns.
Although it's generally believed that surface winds
move to the left of geostrophic wind, the Ekman transport moves
to the right of the wind, causing net flow to be in the direction
of sea-level atmospheric contours (Emery et al. 1985) .
Thus,
increased low pressure during the winter will not only cause
advection of cold water from northern waters into the western
portion of the SOFA but also transport the cold water anomaly
eastward.
Near the North American coast, warm water from more
southerly waters will be transported northward, causing higher
than average SST's along the coast.
Of special interest is the impact of El Nino events on this
variation.
El Nino events usually result in widespread warming
of water along the Pacific Coast of North America.
This warming
causes drastic ecological changes throughout a broad region of
the Pacific Ocean--e.g., from salmon fisheries in the North
Pacific (Hayes and Henry 1985) to anchoveta fisheries off Peru
(Cushing 1982).
The El Nino/Southern Oscillation event is also associated
with cold SST anomalies in the North Pacific.
An empirical
orthogonal analysis of Pacific sea surface temperatures revealed
that temperatures in the central North Pacific were negatively
correlated with temperatures in the equatorial Pacific (Weare et
al. 1976).
Recent studies have shown that El Nino/Southern
Oscillation episodes are generally coincident with strong North
Pacific atmospheric sea level pressure patterns and sea surface
temperatures along the North American coast (Emery and Hamilton
1985). Therefore, it is quite probable that the tropical Pacific
Ocean interacts with the North Pacific Ocean through an
atmospheric link (Horel and Wallace 1981), causing oceanographic
conditions in the northern Pacific to be associated with events
in the tropical Pacific.
Atmospheric Forcing of SST Anomalies, 1986-87
The generally lower than normal SST's observed in 1986 are
probably associated with a shift in atmospheric conditions which
first began in the spring of 1976 and have since continued
12

(McLain 1984).
After a minor El Nino event in 1976, southeast
trade winds over the eastern and central tropical Pacific
weakened, resulting in above normal SST' s along the equator.
Associated with this was a persistent shift in the pattern of SST
anomalies and atmospheric conditions in the mid-latitude region
of the Pacific Ocean.
For example, in the winters since 1976-77
a ridge of upper air circulation which is usually over the midPacific has often shifted to over western North America, bringing
southerly upper air winds to coastal waters (McLain 1984).
Surface water temperature, responding to these anomalous
atmospheric states have been cooler than average in the central
North Pacific Ocean and warmer than average in coastal waters.
Venrick et al. (1987) reported that recent SST's in the
central North Pacific Ocean have been cooler than long term
averages and that this decrease in ocean temperatures is due to
increased winter wind.
By associating these environmental
changes with a significant increase in total chlorophyll£ in the
water column, they suggest that long-period atmospheric
fluctuations have changed the carrying capacity of the central
North Pacific Ocean epipelagic ecosystem.
The intense 1987 SST anomalies in the northern portion of
the JSDFA are also likely atmospherically forced.
Beginning in
1987, a mild El Nino event has been observed in the tropical
Pacific Ocean (Doug McLain, NOAA/NOS, personal communication) .
Although the effects of this event have not been noticed in more
northern, coastal latitudes, it is probable that the mid-latitude
cold water anomaly is associated with this phenomenon.
If so, I
would expect the 2-3 • C cold water anomaly currently present in
the North Pacific to moderate in 1988, returning SST conditions
to recent, but still cooler than normal, levels.
CONCLUSIONS

1. Interannual SST variability in the central North Pacific Ocean
is probably atmospherically forced, being heavily influenced
by the strength of the Aleutian Low during the winter.
Maximum SST variability occurs between 40-45°N latitude,
increasing towards the western portion of the ocean.
2. During the past two years, unusually cold water has persisted,
to a varying degree, in the northern portion of the Japanese
squid regulation area (JSDFA) .
Cold water, up to 3 ° c below
normal, has resulted in SST's of less than 10°c within the
squid driftnet fishing area.
3. Sea surface conditions along the northern boundary of the
JSDFA exhibit widely differing patterns. At times, SST's vary
little (<2°C) along the entire northern boundary; however, at
other times, they may vary considerably (;;:a °C) along this
boundary.
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4. Because SST anomalies in the North Pacific Ocean can persist
for 3-4 months, and because timely, accurate SST charts are
available on a weekly basis, inseason management of the
northern boundary of the JSDFA is feasable.
5. The intense 1987 anomaly may be associated with a El Nino
event now occurring in the tropical Pacific.
If so, SST's
should increase in 1988 to recent averages.

RECOMMENDATIONS
1.

The nature and causes of interannual variability of North
Pacific oceanic conditions should be further examined to
assess the continued usefulness of using climatological values
in the establishment of fishery boundaries. Such examinations
should compare the present regulations of the JSDFA with an
inseason management approach or multiple managment areas.

2. Mesoscale features strongly influence temporal circulation
patterns in the western portion of the JSDFA.
The importance
of these features with respect to the meridional overlap
between salmon and flying squid should be further explored.
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