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Ocean Variability:
Effects on U.S. Marine Fishery Resources - 1975

JULIEN R. GOULET, JR. and ELIZABETH D. HAYNES, EDITORS'

ABSTRACT

Ocean variability, and its effects on U.S. marine fishery resources in 1975, is summarized. Also in-
cluded is a collection of data products and contributed papers focusing on the impacts on fisheries
resources of ocean variability. The emphasis is on large scale, both in time and space, environmental
processes, the variations of index properties, and the consequent modulations of fisheries responses.

INTRODUCTION

cean Variability: Effects on U.S. Marine Fishery
ources - 1975 is the second report in an evolving series
ed at providing decision makers and resource
1agers with a synopsis of the marine environment and
potential influence on living marine resources. The
. report was titled The Environment of the United
es Living Marine Resources - 1974, and was released
' as a review copy. Oceanographers, meteorologists,
resource biologists both inside and outside of the
ional Marine Fisheries Service (NMFS) have con-
uted to this report. It was produced by the Marine
ources Monitoring, Assessment, and Prediction
ARMAP) program of the NMFS.
he MARMAP program is an NMFS national
ram providing information needed for management
allocation of the nation’s marine fisheries resources.
program encompasses the collection and analysis of
1 to provide information on the abundance, com-
tion, location, and condition of the commercial and
eational marine fisheries resources of the United
tes. It includes a consideration of the environment of
ie resources, not in the narrow sense of the habitat of
icular species, but in the broader sense of the in-
nce of ocean processes and changes in ocean proper-
on living marine resources.
hanges in physical and chemical properties of the
in (currents, temperatures, nutrients, etc.), and the
iciated modulation of biological processes, directly or
rectly affect not only long-term yields and annual
ndances of fish stocks, but also their distribution and
ilability. Fishery oceanography activities under
RMAP include the analysis of physical, chemical,
biological oceanographic data collected during
RMAP and other NMFS surveys and from oceano-
>hic and meteorological operational and research ac-
ties of other agencies.

isheries Assessment Division, National Marine Fisheries Service,

AA, Washington, DC 20235,

It is hoped that this report will contribute to the under-
standing necessary for optimal development, allocation,
management, and control of our fisheries resources. As a
communications medium it seeks to provide infor-
mation in a usable manner to those involved in fisheries
problems.

In Section 1, Goulet presented an overview of aspects
of the environment of the living marine resources of the
United States in 1975. It was based on the analyses
presented in the several contributions to this volume.
This section also includes an interpretation of some
potential effects of the environment on marine fisheries
resources. This interpretation is to be considered just
that—not a statement of fact nor of policy, but merely a
presentation of interesting possibilities.

Section 2 is a compendium of data products. The pre-
sent selection was based on product availability. In
future reports, we hope to select data products on a more
logical basis—a consideration of their significance to the
fisheries environment and their repeatability.

The remaining sections are contributions on various
aspects of the environment of the United States living
marine resources.
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Section 1

SUMMARY

Julien R. Goulet, Jr.!

first approach to understanding the effects of ocean
ariability on ©U.S. marine fishery resources can be made by
onsidering the broad-scale conditions of the atmosphere, for it
s the atmosphere that provides the most important boundary of
he oceans. The atmospheric circulation must ©te considered in
onnection with the climatology of the oceans, for the atmosphere
as no "memory." It must depend on the oceans, in particular the
road expanse of the Pacific Ocean, to provide the "flywheel" or
memory" which controls the persistence of phenomena.

'he salient feature of the atmosrheric circulation in 1975 was
he persistence of strong westerly winds over the Northern
emisphere (Dickson and Namias, Section 3). This "high=-index™
irculation, or increased strength of the westerlies, has
ersisted since 1971, and is chiefly a feature of the oceanic
reas. However, there was a basic difference in the conditionmns
f this increased westerly circulation between 1975 and the
)revious four vyears. In 1974, the increased westerlies were
aused by a tandem intensification of the subtropical high
)ressure cells and the subpolar 1low pressure cells over both
)ceans. In 1975 there was an intensification and a northward
iovement of the high pressure cells, but the low pressure ancmaly
)ecame a single intense polar low. The anomalies of +the height
)f the 700 mb pressure surface changed radically from 1974 to
|975. The 1974 position of the arctic front, the edge of the
>0ld polar air mass, was typical of the previous four years. In
ontrast, the 1975 front appeared unstable, the zero anomaly
ontour wandering with no clear pattern instead of defining a
>0ld polar air mass as with the high pressure anomaly of 1974
(PFig. 1.1).

'he sea surface temperatures in the Pacific associated with these
2limatological regimes were similar in 1974 and 1975. 1A region
>f abnormally cold water underlay the area of strongest

lrisheries Assessment Division, National Marine Fisheries
’ervice, Washington, DC 2023°E,



Section 1

westerlies in the Pacific Ocean, while a region of abnormally
warm water underlay the subtropical high pressure system. In|
1975 the cold-water band shifted to the northeast and the anomaly
of temperature along the Canadian coast reached -1.5C. The warm-|
water pool also shifted to the northeast and slightly 1pcreased}
in intensity, but decreased in areal exFent. The grad}ents of
temperature in the Transition Zone (approximately two-?hlrds of
the distance from Hawaii to California; Saur, Section 7) are|
therefore much reduced on an annual average.

SEASONAL CYCLES

To understand the environmental conditions influencing the U.S.
marine fishery resources, we must look at the seasonal cycle of
oceanographic conditions existing in the Atlantic and Pacific,
and at the climatological conditions existing over these oceans
and the North American ccntinent (Figs. 1.2 and 1.3).

puring winter 1974 (December 1973-February 1974), the 700 mb
pressure anomalies were typical of the increased westerly
circulation that has persisted since 1971. The subpolar lows and
the subtropical highs were anomalously intense and there was a
slight lcw trough over the North American continent. The entire
western Atlantic was anomalously warm and there was a large pool
of anomalously warm water underlying the Pacific high pressure
system, while the Pacific coast was anomalously cold.

In spring 1974, the high-index circulation continued, but the low
pressure systems had 1intensified and broadened to form one
continuous tand across the northern reaches of the continent.
The high pressure anomalies decreased in intensity, while the sea
surface temperatures were still anomalously warm in the western

Atlantic. The warm ©pcol in the Pacific remained essentially
unchanged.

The pressure anomaly patterns for summer 1974 presented some
puzzling features. While the anomalies did not dominate the
annual average, the anomalous features had all but disappeared.
The subtropical highs and the subpolar lows were near the long-
term mean. The polar air mass was anomalously high and had
extended southward, and the sea surface temperature showed some
warm anomalies in the Bering Sea and an eastward extension of the

warm Pacific pool. The Atlantic remained essentially unchanged
from the previous season.

In fall 1974, the pressure anomalies did not indicate high-index
conditions, The high fpressure anomalies were found far north,
while the lcw pressure anomalies did not exist except for a cell
over the northeast portion of the continent. There was a strong
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high pressure cell over the northwest coast of the United States,
In response to these <conditions, the warm anomalies of sea
surface temperature penetrated northwest into the Gulf of BRlaska
and warmed the northwestern coast of the United States. Cold
anomalies extended southeastward from the northwest Pacific
toward Califcrnia.

High-index circulation conditicons returned in winter 1975, but
with strong differences from the winter of 1974. The Atlantic
high pressure cell was in approximately the same position as in
the previous winter, rut extended significantly northwestward
over the continent. The Pacific high pressure <cell 1intensified
in comparison to 1974 and moved significantly northwestward. The
subpolar lows intensified and formed a band across the northern
limits of the continent. The western center of the subpolar low
was over the Bering Sea, whereas in 1974 it was over the Gulf of
Alaska. The trough centered on the continent had retrograded and
lay cver the Ekockies in 1975, whereas in 1974 it 1lay over the
Mississippi valley. The sea surface temperature anomalies were
cold throughout most of the western Atlantic with a remnant pool
of warm ancmaly water lying close to the coast. In the Pacific,
the warm pool had been much reduced and the cold anomaly water
extended south from the Gulf of Alaska as well as lying in an
unbroken band along the coast.

There were scme interesting developments in spring 1975. The
continental trough remained over the Rockies and had intensified.
The subtropical high pressure cell in the Atlantic was no 1longer
anomalous, and there was a strong high pressure anomaly over the
north central portion of the continent. The subpolar 1lows were
much reduced, or shifted beyond the 1limits of the maps in
Figure 1.2 which cover only the American sector of the Northern

Hemisphere. The subtropical high pressure cell in the Pacific
remained in the southern Gulf of Alaska, but its center shifted
eastward towards the American continent. The sea surface

temfperatures were cold throughout the western Atlantic except for
the Gulf c¢f Mexico and small patches off the U.S. coast. The
wvarm anomaly pool in the Pacific shifted northward to lie <closer
to the center of the high pressure anomaly. It also was reduced
in size, and cool anomalies were found in a broad band
surrounding this warm pocl.

The subrolar low pressure anomaly regrouped, in summer 1975, into
a single intense anomaly north of the center of the American
continent. The high pressure cell that overlay the north central
pcrticn of the continent in the previous season had shifted
eastward, and there was a low pressure anomaly to the east of
that. The Pacific had a very small high pressure anomaly lying
quite close to the continent. The sea surface temperatures were
cold throughout the western Atlantic except for a small patch in
the New York Bight. The Pacific had a much reduced pool of warm
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anomaly water, and generally was much cooler than in summer 1974.

In fall 1975 there was a return to high-index circulation

conditions with a single subpolar 1low. The subtroyigal high |
pressure systems lay in approximately the same positions as

during the previous winter. The trough of low pressure remained

over the Rockies. The Atlantic had some warm sea surface
temperature anomalies extending east and northeast from the

Middle Atlantic Bight. The Pacific's pool of warm anomaly water |

was even more reduced than in the previous season, and the winter |

of 1976 was approached with a far smaller supply gf warm Pacific
surface water than had existed in the previous year (Saur,
Section 7).

Let us examine some possible consequences of these atmospheric
and oceanic conditions. While 700 mb heights are not important
for steering individual storms, it is probable that the total
collection of storm tracks is influenced by mean atmospheric
conditions. The Pacific summer storms of 1974 tracked south of
their normal position and reached the American continent in the
vicinity of Washington and Oregon.?2 Likewise, in fall 1974,
stormns did not penetrate into the Gulf of Alaska. Instead of
tracking southward, they backed and tracked intc the Bering Sea.
These Dbacking conditions continued into winter 1975. Possibly
the winter storms' tracking into the polar regions instead of
over the continent produced the instabilities of the arctic front
that were mirrored in the annual average (Fig. 1.1). These
instabilities are also reflected in the spring and summer
conditions of 1975 (Fig. 1.2), and we can consider that the polar
front went through a regrouping in 1975. Whether it will, in
176, return to the conditions that existed since 1971 cr to
conditions that prevailed prior to that remains to be seen.

PACIFIC

The whole eastern North Pacific was colder in 1975 than in 1974.
The cold anomalies of sea surface temperature extended farther
offshore and farther south from the Gulf of Alaska. The central
patch of warm anomaly water was much reduced in area compared to
1974. 1In spring and summer 1975 the warm anomaly water lay
northeastward of its position during the previous year. Whereas
1974 ended with a large fpool of anomalously warm water occupying

Mariners Weather Log, smooth 1log, North Pacific weather,
vols. 119 ;and 20. (1975 241976 .
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he central portions of the eastern North Pacific and extending
o the Canadian coast anrd into the northern Gulf of Alaska, 1975
nded with a much diminished pool of anomalously warm water and
road expanses of anomalously cold water (Fig. 1.3).

everal data products in Section 2 portray aspects of the Pacific
cean environment. Section 2.1 comprises time vs. distance
ontours of coastal temreratures along the U.S. west <coast and
outh coast of Alaska. Section 2.3 contains monthly sea surface
emperature anomalies in the Gulf of Alaska and in the eastern
orth Pacific. Section 2.4 depicts vertical +transects of
alinity along 137W30' in June of 1972, 1973, 1974, and 1975.

'he bulletin, Fishing Information, published monthly by the
outhwest Fisheries Center, NMFS, La Jolla, CA 92038, presents
urface atmospheric pressure, sur face wind, sea surface
emperature, its anomaly, and its year to year change, as well as
emperature transects across the Transition Zone between the
'alifornia Current water and the Eastern North Pacific water.

everal contributors discussed various aspects of the Pacific
icean environment during 1975 in Sections 4 through 11.

lohnson, Mclain, and Nelson (Section 4), in an update to their
ontribution in the first volume of this series (Johnson, et al.
976), discussed the Pacific <climatology as indicated by sea
surface temperature at selected locations. The annual average
nomalies of sea surface temperature were dominated by the summer
inomalies. The data presented by Dickson and Namias (Section 3)
show that the annual average 7080 mb height anomalies are
lominated by the winter ancmalies.

lcLlain (Section 5) presented anomalies of coastal temperature
t1long the Pacific coast and discussed the persistence of these
imomalies. South of Washington, the negative anomalies of
:oastal temperature were not as persistent since 197C or 1971 as
.hey were in the Gulf of Alaska. Part of the reason for this 1is
-he station 1locations. In the Gulf of Alaska, index stations
(Jchnson et al., Section 4) were used. Along the Canadian coast
:he data were collected at exposed light stations, while along
:he U.S. coast the data were collected at more protected tidal
stations.

Jakun (Section 6) discussed the upwelling along the Pacific
roast. In the early winter of 1975-76, the northern Gulf of
tlaska had nearly normal vigorous downwelling in contrast to the
owver intensity of downwelling the previcus winter. Upwelling
"as unusually strong and sustained during 1975 in the California
‘urrent region as a whole.
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ion 7 ave an interesting analysis of the heat conten
?:urtézegﬁrface)lgyers of the Pacific between Fhe U.S. west coas
and the Hawaiian Islands. In time vs. distance Flots of
anomalies, the salinity anomalies tended to a}lgn themselve
along the time axis, while the tempera?ure anomal%e§ tended ,tQ
align themselves along the distance axis. The salinity anqnalleu%
also migrate westward across the Transition Zone from Californi:
current waters to Eastern North Pacific waters. The surface
salinity ancmalies were positive in the Transition Zone from Maj
1974 through May 1975 in contrast to 1972 and 1973 when the
anomalies were negative from January through July. The surfacse
tenperature anomalies in 1974 and 1975 were quite different thar
in 1972 and 1973. Whereas the anomalies in 1972 and 1973 wers
confused, they were warm in the last half of 1974. The beginning
of 1975 was warm, but the 1last half was cold. The results
derived from an analysis of heat storage in the surface layer are
quite different. The anomalies of heat storage were
indeterminate in 1972 and 1973. In 1974 and 1975 the Transition
Zone heat storage anomalies were near zero except for the 1975
winter which was warm. The Eastern North Pacific waters were
warm throughout most of 1974, while the heat storage anomalies
were near zerc throughout mecst of 1975.

Miller (Section 8) discussed the distributions of yellowfin and
skipjack tunas and Peruvian anchoveta in relation to sea surface
temperature in the eastern tropical Pacific.

Quinn (Section 9) presented an update to his excellent E1 Nino
analysis in the earlier volume of this series (Quinn 1976).

Favorite (Section 10) presented an interesting review of sunspot
activity vs. Pacific oceanic conditions and potential relations

between oceanic conditions and survival of salmon and Dungeness
crab.

Hastings (Section 11) discussed his eastern Bering Sea
hydrodynamical-numerical model that simulates tidal currents for
studies of larval transport and dispersion.

Although not a contributor to this report, lLasker (in press) has
given an excellent review of ongoing research on biolcgical
changes affected by variability in the ocean environment. His
paper is necessary reading for anyone who would gain an

understanding of the complex interactions between biolcgical
changes and the ocean envircnment.

The climatic regime, both atmostheric pressure and sea surface
temperature, as presented by Dickson and Namias (Section 3) is a
starting point for examining the environmental conditions in the
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reas of our Pacific fishery resources. The spring 1975 pressure
nomalies indicate that upwelling along the western coast of
orth America should have been strong north of California.
ndeed, Bakun (Section 6) showed an upwelling index with
ercentile values greater than 70 in March and April north of
9N.

ormal vigorous downwelling in fall 1975 (Bakun, Section 6) 1in
he Gulf of Alaska was associated with weaker cooling
Section 2.1). The rapid relaxation of winter <conditions 1in
arch and April 1975 mentioned by Bakun was reflected in colder
cnditions at Yakutat and Sitka, and in a slight extension of the
ooling season (Section 2.1). The unusually strong and sustained
pwelling throughout the California <Current region (Bakun,
ection 6) was reflected in the <colder temperatures at tidal
tations (Mclain, Section 5).

o the data in the several contributions support the thesis that
975 was a year for regrourping? Was 1975 a transition year
etween the regime which existed from 1971 to 1974 and a
cllcwing regime?

he anomalies presented by Saur (Section 7) showed that changes
egan in 1974. Quinn (Section 9) found a shortening of the
cuthern oscillation period beginning in 1974. The maximum
ercentile o¢f upwelling index shifted southward in 1975, from
etween 48N and 39N to tetween 39N and 30N (Bakun, Section 6;
akun 1976) .

he Transition Zone was weak and diffuse in 1974. It tecame
harp and definite again in 1975, but much broader than in 1972
r 1973 (Section 2.4). Fishing Information portrayed sea surface
emferatures colder throughout 1975 over major areas of the
astern North Pacific.

hat does this disparate set of facts indicate for the climatic-
ceanic regime of 1975? Was 1975 a transition year? It was a
ear that repeated the previous four years 1in «certain asgects,
mch as the above average strength of the westerlies. It was a
ear that showed profound changes in other aspects, such as the
:ize, lccation, and heat storage of the warm-water pool in the
‘acific. Fishing Information portrayed above average strength of
he westerlies during the early months of 1976. Sea surface
.emperature in the Pacific continued a cooling trend in the
'inter of 1976. If 1975 was a year in transition, it was only
)art of a multi-year transition whose final disposition is still
iInknown.
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ATLANTIC

The western Atlantic had colder sea surface temperatures in 1975

than in 1974. Positive temperature anomalies were found in the

entire western Atlantic in all four seasons of 1974. In 19?5,
there were major areas with negativg tempera?u;e anomalies
(Fig. 1.3). Positive temperature anomalies were limited .to the
coast in the winter 1975. 1In spring, the positive anomalies were
limited to the Gulf of Mexico and to a narrow band extending
seaward from the Cape Hatteras area. There were almost no
positive ancmalies in the summer of 1975, and the fall had only.a
band of ancmalies extending seaward from the Middle Atlantic
Bight.

There are several data products concerned with the Atlantic
Ocean. Section 2.1 comprises time vs. distance contours of
coastal temperatures in the Gulf of Maine, Llong Island Sound, the
U.S. east coast, and the Gulf of Mexico. Section 2.2 contains
rrofiles of Chesapeake Bay runoff. Section 2.3 (McLain) contains
monthly plots of sea surface temperature anomalies in the western
North Atlantic. Section 2.5 (Smith and Jossi) is an analysis of
copepod species as an indicator of water types.

Sections 12 through 20 are contributions by several authors
regarding various aspects of the Atlantic Ocean environment
during 1975.

Gunn (Section 12) discussed the variations in the position of the
front tetween Shelf Waters and Slope Waters off the U.S. east
coast. Two years of data were available and the details of the
frontal positions differ between 1974 and 1975. However, the
statistical profile of the frontal position was quite similar in
the two years, as shown by the mean and the standard deviation of
the frontal rositions along transects. Noticealle differences in
mean and standard deviation were found at the Casco Pay transects
offshore of the coast of Maine, and in the mean pcsition at the
Cape Rcmain transect in the South Atlantic Bight. The frontal
position transgressed over Georges Bank and the Pank was ccvered
partially by Slope Water to varying amounts throughout the two
years. The peaks in coverage by Slope Water were in August-
September 1974, with a maximum of about 17% coverage, and July
and September 1975, with maxima of about 40% coverage.

Gunn (Secticn 13) presented data on wind-driven transport along
the U.S5. east coast and in the Gulf of Mexico. Off Cape Hatteras
the wind-driven transport was not favorable to the survival of
menhaden larvae during the menhaden spawning season.

Davis (Section 14) made a rather thorough analysis of the botton

temperatures in the Gulf of Maine and on Georges Bank. There has
been a warming trend since 1968 in both the Gulf of Maine and on
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,eorges Bank. The bottom temperatures reversed that trend from
974 to 1975, but 1975 remained warmer than the mean temperature
f the study period.

‘hamberlin et al. (Section 15) presented an analysis of standard
sections across the mouth of the Bay of Fundy from Bar Harbor,
|E, to Yarmouth, N.S.

‘hamberlin (Section 16) rresented a review of shelf and slope
ottcm temperatures south of New England.

)isagni (Section 17) analyzed the n