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

JULIENR. GOULET, JR. and ELIZABETH D. HAYNES, EDITORSl 

ABSTRACf 
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 
f d at providing decision makers and resource 
~agers with a synopsis of the marine environment and 
potential influence on living marine resources. The 
I 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
rted to this report. It was produced by the Marine 
purces Monitoring, Assessment, and Prediction 
lliMAP) program of the NMFS. 
he MARMAP program is an NMFS national 
~am providing information needed for management 
I allocation of the nation's marine fisheries resources. 
I program encompasses the collection and analysis of 
i to provide information on the abundance, com­
ltion, location, and condition of the commercial and 
~ational marine fisheries resources of the United 
fes. It includes a consideration of the environment of 
te resources, not in the narrow sense of the habitat of 
ricular species, but in the broader sense of the in-

~
ce of ocean processes and changes in ocean proper­

on living marine resources. 
anges in physical and chemical properties of the 

~n (currents, temperatures, nutrients, etc.), and the 
~ciated modulation of biological processes, directly or 
lrectly affect not only long-term yields and annual 
rdances of fish stocks, but also their distribution and 
lIability. Fishery oceanography activities under 
RMAP include the analysis of physical, chemical, 

biological oceanographic data collected during 
MAP and other NMFS surveys and from oceano­

hic and meteorological operational and research ac­
ies of other agencies. 

isheries Assessment Division, National Marine Fisheries Service, 
~, Washington, DC 20235. 
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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 

SUMMAR Y 

Juli€nR. Goulet, Jr.l 

first approach to understanding the effects of ocean 
rariability 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 be considered in 
~onnection with the climatology OT the oceans, for the atmosphere 
las no flmemory." 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 atmosfheric circulation in 1975 was 
:he persistence of strong westerly winds over the Northern 
remisphere (Dickson and Namias, Section 3). This "high-index" 
:irculation, or increased strength of the lie ste rlie s, has 
~ersisted since 1971, and is chiefly a feature of the oceanic 
lreas. However, there was a basic differen ce in the conditions 
~ f this increased westerly circulation between 1975 and the 
previou.s four years. In 1974, th e in creased weste rlies were 
I 

:aused by a tandem intensification of the subtropical high 
~ressure . cells and the subpolar low pressure cells over both 
Dceans. In 1975 there was an intensification and a northward 
~ovement of the high pressure cells, but the low pressure anomaly 
Decame a single intense po lar low. The anoma lie s of the heigh t 
pf the 700 mb pressure surface changed radically from 1974 to 
1975. The 1974 position of the arctic front, the edge of the 
cold polar air mass, was typical of the previous four years. In 
contrast, the 1975 front appeared unstable, the zero anomaly 
contour wandering with no clear pattern instead of defining a 
:old polar air mass as with the high pressure ano'maly of 1974 
~Fig. 1.1). 

rhe sea surface temperatures in the Pacific associated with these 
~limatological regimes were similar in 1974 and 1975. A region 
Df abnormally cold water underlay the area of strongest 

-----

lPisheries Assessment Division, National 
;ervice, Washington, DC 2023:. 
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Section 1 

westerlies in the Pacific Ocean, while a reg ion of abnormally 
warm water underlay the subtropical high pr essure system. In 
1975 the cold-water band shifted to the northeast and the anom~IJ 
of temperature along the Canadian coast rea c hed . -1.5C. :rhe warm­
water pool also shifted to the northeast and Sllghtly l~creased 
in intensity, but decreased in areal ex~ent . The grad7ents 0 

temperature in the Transition Zone (approx l mat ely t wo-thlrds 0 

the distance from Hawaii to California; Saur , Section 7) ar 
therefore much reduced on an annual average. 

SEASON AL CYCLE S 

To understand the environmental conditions influencing the U.S. 
marine fishery resources, we must look at th e seasonal cycle 0 

oceanographic conditions existing in the Atlantic and Pacific, 
and at the climatological conditions existing o ver these oceans 
and th e Nort h America n c entinen t (F igs. 1. 2 and 1. 3) • 

During inter 1974 (December 1973-February 1974), the 700 mb 
pressuLe anomalies were typical of the increased westerly 
ci~culation that has persisted since 1971. The subpolar lows and 

he subtropical highs were anomalously intense and there was a 
slight lew trough over the North American continent. The entire 
western Atlantic was ano malously warm and there was a large pool 
of anomalously warm water underlying the Pac ific high pressure 
system, while the Pacific coast was anomalously c old. 

In spring 1974, the high-index circulation cont i nued, but the lo w 
pressure systems had intensified and broad e n ed to form on~ 
continuous tand across the northern reaches of the continent . 
The high pressure anomalies decreased in intensity, while the se 
surface temFeratures were still anomalously warm in the wester 
Atlantic. The warm peol in the Pacific r ema ined essentiall 
unchanged. 

The pressure anomaly patterns for summer 197 4 prese nted som 
puzzling ~€atures. While the anomalies did n ot dominate th e 
annual average, the anomalous features had all but disappeared. 
The subtropical highs and the subpolar lows we r e 'near the long 
term mean. The polar air mass was anomalously hig h and had 
extended southward, and the sea surface temperat u re s howed some 
warm anomalies in the Bering Sea and an eastward exte nsion 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 pressure anomalies were fo u nd f a r north, 
while the lew pressure anomalies did not exist excep t f or a cell 
ov r the northeast portion of the continent. The r e was a strong 
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Sec ion 1 

high pressure cell over the northwest coast of the United States. 
In resronse to these conditions, the warm anomalies of sea 
surface temFerature penetrated northwest into the Gulf of Alaska 
and warmed the northwestern coast of the United States. Cold 
anomalies extended southeastward from the northwest Pacific 
toward California. 

High-index circulation conditions returned in winter 1975, but 
with strong differences from the winter of 1974. The Atlantic 
nigh pressure cell was in approximately the same position as in 
the previous winter, tut extended significantly northwestward 
over the continent. The Pacific high pressure cell intensified 
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 retrograd€d and 
layover the Rockies in 1975, whereas in 1974 it layover 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 longer 
anomalous, and there was a strong high pressure anomaly over the 
north central portion of the continen t . The subpolar lows were 
much reduced, or shifted beyond the limits 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 
east war d towards t he American continent. The sea surface 
temFeratures ~ere cold throughout the western Atlantic except for 
the Gulf cf Mexico and small patches off the U.S. coast. The 
warm 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 subFolar 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 
pcrtien 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 temperature s 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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section 1 

anomaly water, and generally was much cooler than in s ummer 1974. 

In fall 1975 there was a return to high-index circulation 
conditions with a single su bpolar low. The subtropical high 
pres~ure systems lay in appro ximat e ly the same positio ns 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 th 
Middle Atlantic Bight. The Pacific ' s pool of warm anomaly wate r 
was even more reduced than in the previous season , and the winter 
of 1976 was approached with a far smaller supp ly of warm Pacifi 
surface water than had existed in the previous year (Saur, 
Section 7). 

Let us examine some possible consequences of these atmospheric 
and oceanic condition s. Whil e ""00 mb he igh ts a re no i m portan t 
for steering individual storms, it is probable that the total 
col l ection of storm tracks is influenced by mean atmospheric 
c on d itions. The Pacific summer storms of 1974 tracked so ut~ of 
t heir normal position and reached the American continent in the 
vic inity of Washington and Oregon. 2 Likewise , in fall 1974, 
s torms did not penetrate into the Gulf of Alaska. Instead of 
t racking southward, they backed and tracked intc the Be ring Sea . 
These backing conditions continued into winter 1975 . Possibly 
t he 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 spr ing and summer 
conditions of 1975 (Fig. 1.2), and we can conside r that the polar 
front went through a regrouping in 1975. Whether it will, in 
1S76, return to the conditions that existed since 1971 cr to 
conditions that prevailed prior to that remains to be seen . 

PA CIF IC 

The whole eastern North Pacific was colder in 1975 than in 1974 . 
The cold anomalies of sea surface tempera ture 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. In spring and summer 1975 the warm anomaly water lay 
n~rtheastwar~ of its position during the previous year. Whereas 
1J74 ended w1th a large pool of anomalously warm water occupying 

2 • 
Mar1ners Weather Log, smooth log, 

vols. 19 and 20 (1975, 1976). 
North Pacific weather, 
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Section 1 

:he central portions of the eastern North Pacific and extending 
to the Canadian coast and into the northern Gulf of Alaska, 1975 
:nded with a much diminished pool of anomalously warm water and 
Jroad expanses of anomalously cold water (Fig. 1.3). 

5everal data products in Section 2 portray aspects of the Pacific 
Dcean environment. Section 2.1 comprises time vs. distance 
:ontour~ of coastal temFeratures along the U.S. west coast and 
south coast of Alaska. Section 2.3 contains monthly sea surface 
:emperature anomalies in the Gulf of Alaska and in the eastern 
Jorth Pacific. Section 2.4 depicts vertical transects of 
salinity along 13'W30' in June of 1972, 1973, 1974, and 1975. 

rhe bulletin, !i~hing lnlQ~~~!iQn, published monthly by the 
~outhwest Fisheries Center, NMFS, La Jolla, CA 92038, presents 
surf ace at mospheric pres sure, sur face wind, sea surface 
:emferature, its anomaly, and its year to year change, as well as 
cemperature transects across the Transition Zone between the 
: alifornia Current water and the t;astern North Pacific water. 

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

Johnson, Mclain, and Nelson (Section 4), in an update to their 
:ontribution in the first volume of this series (Johnson, et ale 
1976), discussed the Pacific climatology as indicated by sea 
surface temferature at selected locations. The annual average 
tnomalies of sea surface temferature were dominated by the summer 
Inomalies. The data presented by Dickson and Namias (Section 3) 
;how that the annual average 700 mb height anomalies are 
lominated by the winter ancmalies. 

IcLain (Section 5) presented anomalies of coastal temperature 
llong the Pacific coast and discussed the persistence of these 
lnomalies. South of Washington, the negative anomalies of 
: oastal temperature were not as persistent since 1970 or 1971 as 
:hey were in the Gulf of Alaska. Part of the reason for this is 
:he station locations. 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 
;tations. 

Bakun (Section 6) discussed the upwelling along the Pacific 
:oast. In the early winter of 1975-76, the northern Gulf of 
laska had nearly normal vigorous downwelling in contrast to the 

.ower intensity of downwelling the previous winter. Upwelling 
as unusually strong and sustained during 1975 in the California 
urrent region as a whole. 
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Section 1 

Saur (Section 7) gave an interesting analysis of the heat content 
in the surface layers of the Pacific between the U. S . west coast. 
and the Hawaiian Islands. In time vs. distanc Flot~ of 
anomalies, the salinity anomalies tended to a~ign themselve~ 
along the time axis, while the temFera~ure anomal~e~ tended .tc 
align themselves along the distance ax~s~ The sa llnlty an~mall~: 
also migrate westward across the Transltlon Zon p from Callfornl 
Current waters to Eastern North Pacific wat rs. The surfac 
salinity anomalies were positive in the Transition Zone from Ma 
1974 through May 1975 in contrast to 1972 and 1973 when th 
anomalies were negative from January through July. The s urfac 
tem~erature anomalies in 1974 and 1975 were quite differe nt tha 
i n 1 972 and 1 97 3 • Wh ere a s the an 0 mal i e sin 1 97 2 and 1 9 7 3 w e r 
confused, they were warm in the last half of 1974. The beginnin 
of 1975 lias warm, but the last half was old . The result 
derived from an analysis of heat storage in the surface layer ar 
quite different. The anomalies of heat storage werE 
indeterminate in 1972 and 1973. In 1974 and 1975 the Transitior 
Zone heat storage anomalies were near zero except for he 197: 
winter which was warm. The Eastern North Pacific wat ers we re 
warm throughout most of 1974, while the heat storage anomalies 
were near zero throughout mest of 1975. 

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

Quinn (Section 9) presented an uFdate to his 
analysis in the earlier volume of this series 

excellen t El 
(Quinn 1976). 

ino 

Favorite (Section 10) presented an interesting review of sunspo 
activity vs. Pacific oceanic conditions and poten tial relation 
between oceanic conditions and survival of salmon and Dungenes 
crab. 

Hastings (Section 11) discussed his eastern Bering Se 
hydrodynamical-numerica l model that simulates tidal currents fo 
studies of larval transport and dispersion . 

A~though not a contributor to this report, Lasker (in Fress) ha 
glven an excellent review of ongoing research on biolcgica 
changes affected by variability in the ocean environ ment. Hi 
paper is. necessary reading for anyone who would gain an 
understand lng of the complex interactions between biolegical 
changes and the ocean envirenment. 

The climatic regime, both atmosFheric pressure and sea 
temperature, as presented by Dickson and Namias (Section 
starting point for examining the environmental conditions 
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Sect ion 1 

lreas of our Pacific fishery resources. The spring 1975 pressure 
lnomalies indicate that upwelling along the western coast of 
forth Aroerica should have been strong north of California. 
;ndeed, Bakun (Section 6) showed an upwelling index with 
lercentile values greater than 70 in March and April north of 
i9N. 

f

ormal vigorous downwelling in fall 1975 (Bakun, Section 6) in 
rhe Gulf of Alaska was associated with weaker cooling 
ISection 2.1). The rapid relaxation of winter conditions in 
larch and April 1975 mentioned by Bakun was reflected in colder 
~ anditions at Yakutat and Sitka, and in a slight extension of the 
[ooling seaEon (Section 2.1). The unusually strong and sustained 
pwelling throughout the California Current region (Eakun, 
ection 6) was reflected in the colder temFeratures at tidal 
itationE (Mclain, Section 5). 

o the data in the several contributions support the thesis that 
975 was a year for regrouping? Was 1975 a transition year 
Etween the regime which existed from 1971 to 1974 and a 
allowing 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 of upwelling index shifted southward in 1975, from 
etween 48N and 39N to between 39N and 30N (Bakun, Section 6; 
akun 1976). 

'he 'Transition Zone was \¥eak and dif fu se in 1974. It l:ecame 
'harp and definite again in 1975, but much broader than in 1972 
r 1973 (Section 2.4). Xi§hing lBi2~~~!i2n portrayed sea surf ace 
emFeratureE colder throughout 1975 over major areas of the 
astern North Pacific. 

hat does this disparate set of facts indica t e for the climatic­
ceanic regime of 1975? Was 1975 a transition year? It was a 
ear that repeated the previous four years in certain asp ects, 
uch as the above average strength of the westerlies. It was a 
ear that showed profound changes in other aspects, such as the 
;ize, location, and heat storage of the warm~water poo l in the 
acific. Xi§hiBg 19f2~~~1i2n portrayed above average strength of 
he westerlies during the early months of 1976. Sea surface 

.emperature in the Pacific continued a cooling trend i n 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 
nknown. 
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Section 1 

ATLANTIC 

The western Atlantic had colder sea surface temperatures in 1975 
than in 1974. positive temperature anomalies were found in the 
entire ~estern Atlantic in all four seasons of 1974. In 19?5, 
there were major areas with negativ~ tempera~u:e anomal1es 
(Fig. 1.3). positive temferature anoma l1es w:rE~ 11m1ted . to the 
coast in the winter 1975. In spring , the pos1t1ve anomal1es were 
limited to the Gulf of Mexico and to a narrow band extending 
seaward from the Cape Hatteras area. There were almost no 
positive anemalies in the summer of 1 975 , and the f~ll had only.a 
band of anemalies extending seaward from the M1ddle Atlant1c 
Bight. 

There are several data products concerned with the Atlantic 
Ocean. Section 2.1 comprises time vs. distance contours of 
coas t al t emperatures in the Gulf of ~aine , Long Is land Sound, the 
U.S. ea~t coast, and the Gulf of Mexico. section 2.2 contains 
profile~ 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 analys is of 
copepod species as an indicator of water types. 

Sections 12 through 
regarding various 
during 1975. 

20 are 
aspects 

contributions by 
of the A tla n tic 

se veral authors 
Ocea n e nvi ronmen t 

Gunn (Section 12) discussed the variations in the position of the 
front tetween Shelf Waters and Slope Waters off the .S. east 
coast. Two years of data were available and the details of the 
frontal po~itions differ between 1974 and 1975. Ho wever, the 
statistical profile of the frontal position was guite similar in 
the two years, as shown by the mean and the standard deviation of 
the frontal Fositions along transects . Noticeatle differences i 
mean and standard deviation were found at the Casco Bay transects 
offshore of t he coast of Maine, and in the mea n Fosi tion a t the 
Cape Remain transect in the South Atlantic Bight . The frontal 
position transgressed over Georges Bank and the Eank was ccvered 
partially by Slope Water to varying amounts througho ut 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 (Section 13) presented data on wind-driven transport along 
the U.S. east coast and in the Gulf o f Mexico. Off Cape Hatteras 
the wind-driven transport was not favorable to the survival of 
menhaden larvae during the menhaden spawning sea~on. 

Davis (Section 14) made a rather thorough analysis of the bottom 
temFeratures in the Gulf of Maine and on Georges Bank. There has 
been a warming trend since 1968 in both the Gu lf of Maine and on 
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Section 1 

;eorges Bank. The bottom temperatures reversed that trend from 
1974 to 1975, but 1975 remained warmer than the mean temperature 
)f the study period. 

~hamberlin et ale (Section 15) presented an analysis of standard 
section~ across the mouth of the Bay of Fundy from Bar Harbor, 
~E, to Yarmouth, N. S. 

~ hamberlin (Section 16) }:resented a review 
bottcm temperatures south of New England. 

of shelf and slope 

~ isagni (Section 17) analyzed the number of eddies, and their 
~ersistence, passing thrcugh the New York Bight. The number of 
eddy-days in the last half of 1975 was almost double the number 
In the last half of 1974. 

Barans and Roumillat (Section 18) presented an analysis of 
surface drift in the South Atlantic Bight as determined by drift 
oottle ~tudies. 

~ough (Section 19) gave an interesting discussion on the distri­
nution of herring larvae in the Georges Bank and Nantucket Shoals 
lreas. While the number of herring larvae in December 1975 was 
uch less than in December 1973 or 1974, mortality in the winter 
as so much less that the numbers were approximately equal in all 

:hree of the following Februaries. In addition, the growth rate 
lad increased so that the average size of the larvae was greater 
rn February 1976 than in either of the }:revious t~o years. 

ogers (Section 20) reported on a bl oom of siphonophones which 
~aused extensive fouling of fishing gear in the fall of 1975 in 
~ he coastal waters of New England. 

s with the Pacific, the climatic regime, both atmospheric and 
oceanic, serves as a starting point for examining the environ­
lental conditions in the areas of our fisheries resources. 

linter pressure anomalies were consistent with wind-driven 
ransport unfavorable to menhaden larvae (Fig. 1.2; Gunn, 

oection 13). By far the most interesting sequence of events took 
olace in summer and fall 1975 over the northeast sector of North 
merica. In the summer an anomalcus high pressure cell situated 

over northeastern Canada gave rise to an anomalous northeast 
tmospheric flow. This had two consequences: moist condi tions 
ere brought to the northeastern United States, and the Gulf 

Stream cast off an increased number of eddies (Section 2.2; 
Bisagni, Section 17). The northeast atmospheric flow possibly 
increased the inflow of cold water through Northeast Channel into 
the northern Gulf of Maine. This was not reflected in the Bar 
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Harber-Yarmouth sections (Chamberlin al. , S 
on the July 16th section. It wac r:~fl(lc f.!d l 

cooling in the fall (Davis, Section 14) 

~tion 1 5 ) xc p 
t hf' ho t. om 

u ~el] h d 
Atlartic ight . 

!ro v e 
Th i 

In fall 1975, the anomalous high pI:l'~S 
southeast and was situated OVf.!r th idd1_ 
brought anomalous atmospheric flow fr:om h 
situation to the north astern sta _s (S 

sOllth n v a rmi n 
ion 2 .1 ) . t did no 

decrease the runoff nor decreas h Gill t S t e m die 
(Section 2.2; Eisagni, ~ection 1--'). 

The summer climatic regime highligh s 
mechanism. 'Ihe increased r:unoff would 
:he Shelf water unless it w re com~_n 

with Slope Water. The increased nImh [ 
source of high salinity wat r 0 mix n 0 

mechanicm tends to stabilize he s· lini i_s of 
Slope Water, and makes thp reI t'v volumes 0 

categories the free variable. 

A consequence of the increased d y days in su Pr: 
would be an increase in Slop ~ volum. 
reflected in the posi ion of the Shelf Wa r/S10 
Along all bEaring lines from C sco Bay 1 0 
(Gunn, Section 12), the Shelf Wa e /Slop 
shoreward Gf its 1974 position, w' h avpra 

c s 
prov i 

t.er: . ':'hi 
Sh 1 t r . nd 

h : wa er 

a 
is wou 

r fro. t. 
1 

c 
12 km. In July and again in Seft_mber, Slo A at_r: covere 
of Georges Bank. The maximum coverag in 1 0 u wa"" 17 ~he 

spawning success of herring was appar:en ly much r ducl , a d by 
December the numb rs of larval herring were on s V'jl h of wha:' 
they had been in December: 1 S74 (Lough, Sec ion 19) . 

While fall Fressure distributions rought warm condi io seth 
New England states and warm sea surface temFera ur:es 0 h 
Middle Atlantic Bight, sea surface temperatures off .lew E gla n 
were colder than they had been in fall 19 4 (Figs . 1. 2 , 1. 3) 
The warm atmospheric conditicns did bring warmer temf ra u res t 
the sea surface very near to shore (Section 2 .1 ) . The wes e r 
reaches of the Gulf of Maine had fall bottom tempera ures a o u 
1.SC colder than in 1974 (Davis, Section 14) . The ide s a t i on 
nearby had fall temperatures about 2C warmer than in 1 7 
(Section 2.1). While the distance between these t wo measur emen t 
is about 50 km, there is an indication of increased laye r ing ( t he 
temperature difference changed from 5.SC in 1 974 t o 9 . CC in 
1975). This is associated with the anomalous h i g h pressu r e c ell 
over the Middle Atlantic Bight which helped supp r es s th e fall 
mixing that normally takes place. 

Associated ~ith these conditions were two biological phen o mena. 
There vas an extensive bloom of siphonophores i n t he Gulf of 
Maine-Georges Bank region (Pogers, Section 20). Th e s urvival of 
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arval herring over the win ter was far greater t ha n in the 
revious two years (lough, Section 19). The distributions of 
iphonofhores and of herring larvae were approximately the same. 
hE greatest concentrations were in the Nantucket Shoals ana the 
)rthern portions of Georges Bank. It is possible that the 
2latinous masses of siphcncfhore decrea se d the larval herring 
crtality cy either providing an alternate food to predators or 
y providing increased hiding places for the larvae. 
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Figure 1.1-Annual mean height anomaly of 700 mb pressure surface lor 1974 (left) and 1975 (right) . Contour Interval is 50 tt (15 m) Hatched shading is less than -50 ft (- 15m), 
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Figure 1.2a.-Quarterly mean height anomaly of 700 mb surface for 1974. Contour interval is 50 ft (15 m). Hatched shading is less than -50 ft (-15 m); stippled shading is greater 
than +50 ft (+15 m). Taken from Namias and Dickson (1976:fig . 3.3). 
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Figure 1.3b.-Quarterly sea surface temperature anomaly for 1975. Contour interval is 1 F (D .6C). Hatched shading is negative; stippled shading is positive. Taken from Dickson 
and Namias (Section 3, Fig. 3.4). 



of en iron.en al co d 0 
n resources is 0 proY1de d s lay a 

".c1t~t~ are tno n to have fisheries significanc 
repeatedly year after year. Du a 

ODS between living marine resoure s nd a. annual compendium of data produc s canno 
des' able information. This section con a1ns 

~ •• ~rtal data products, with the aia of prov·ding 
generally useful collection for studying h 

of living marine resources to their environment 

basic environmental variables of significance to 
those describing the large-scale atmospheric and 

lations. Atmospheric variables include h 
of surface barometric pressure and the height of 

pressure surfaces. Oceanic variables include the 
of hori20ntal and vertical currents and of 

transport. Observations of these variables, and of 
variables such as sea surface temFerature, ar 

to fisheries investigators because they are mad 
by merchant ships in support of weather forecasting. 

ght of the 700 mb surface are published in h 
R~Xi~! (American Meteorological Soci y, 

journal), and are not duplicated here. 

temperature (SST) is often used as an indica or 
fluctuations. It is affected by many atmosFh 

processes, including insolation, curren s, 
correlates with the distribution of marine orga . 

se~. and its anomaly patterns have coherence ove gr a 
and time periods. 

are found a~ong a variety of 
of the 7CO mb surface, SST, precipi 

teleconnections, or coherence 
processe~ over great distance and i 
resting possibility of rela ing 

1n different areas, or different spec1e , 
unrelated events. 

offers a a ans of ortraY1ng f u 
s, tu unfortuna ely 1S no a 

a he s a surface 



section 2 

Freshwater runoff into bays and s uari s is an 
variable. Excess runoff in spring im can af ec b spa D 
and larval survival of roany comm rci 11y impor an sppci s 
fishes and shellfishes by decrpasing h normal salini y of 
water, increasing turbidity, and ff c ing h fisbes' 
supply. Such runoff carri s fer i1i2 rs, h rbicid s, and orga 
matter which act to r duc h avail 1 oxyg n. ~h sil 
ca r r i esc a nco v e r t h, h a r d bot 0 m s n c s sa r y f 0 I 0 Y s 
other attached sh Ilfish, and su, p nn d par icula 
interferes with gill functioning in fi h. 

In this section are portrayal of co s a1 !If ratur c: 

u.s. National Oc an Surv y id 1 c a :ons (S cion 2.1) 
u.s. Geological Surv y ~d ay. Bay s rpaIDf 
(Section 2.2). Also includfO at m(:€ra ur 
data from shif ohserva ion_ (McL ir, Scion 2.3), s 1ini y 
from transect of the Eas rn or t P c"fic Transi ion Zan (L 
and laul's, Sect ion 2.4), a Ji di Iibu ien a Fhy 0 lank on 
zooplankton tetwen enp Hatt an S a ion Ho 1 c~mi h 
J 0 s s i, Sec t ion 2. t:) • 'I h 5 reo n tin u ida a 
which will t€ ep at d "n ach annu 1 SOE; e h 
bE added in the futur a~ tr y av ilab1 • 
build a cohesive colI c ha ca 
annually and that hav ic nc • 

Several data products and can ritu ions 
p€rcentiles, or Z-st tisti 5 of s 1 c d 
sets are usually time seri s at a Fain or over 
Following are definitions: 

nt ana ali 
s s. '!'h d 
a given ar 

!.!22.!!!~1:t - Depart ure from a d fin norm. Osua 11y , in 
aPFlications, thp norm is a monthly mea of he varia 
over scme ba se period. It is not a d viation, in 
statistical sense, which is d fin d as a departure from 
mean of the whole data set. 

~~r£~n1ilg - In this technique, the data set or subse is rah 
by value, and the ranking of a data point, divided by 1 
determines its percentile. This is a nonparamet 
statistic. It indicates, not the aagDi de of e 
point or its anomaly, but how significan 1} d1ff re 1 
from the median value. 
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Sect ion 2 

z-statistic - Also called a standardized anomaly, this is 
-----caIculated by dividing theancmaly by the standard deviation 

of the data set or subset. This is a parametric statistic, 
and for normally distributed data, is convertible to 
percentile using a table of cumulative standard normal 
distribution. 

For any measured or estimated e nvironmental element we can 
present the data in any of three fashions: 

a) the actual data, 
b) the anomaly, or 
c) t he percentile or z- sta tistic. 

The data set or derived data set can then be ~lotted or contoured 
~n any of several standard ways. The technique of presentation 
is chosen by the individual contributor to test portray the 
phenomenon under study. Thus presentation of an upwelling index 
can give us a picture of actual upwelling or downwelling 
conditions. Presentation of the anomaly can give us a picture of 
the magnitude of the departure s from normal conditions, while 
presentation of the percentile can give us a picture of the 
significance of the anomalies. For example, a small anomaly in a 
region with almost no varia tion is far more significant (very 
[arge or very small percentile) than a large anomaly in a region 
\oIith large variations (percentile near 50). 

Q.1 COASTAL TEMPERATURES 

Mean monthly SST's, from daily tem peratures observed at NOS tidal 
stations, as well as the differ ence between monthly means, were 
c cntoured on time versus distance (latitude or longitude) flots. 
~he available data were divided into six regions: 

Gulf of Maine 
Long Island Sound 
East Coast, Montauk to Key West 
Gulf of Mexicc 
West Coast 
Gulf of Alaska 

€cause the 1974 SOE presented these data in degrees Fahrenheit, 
they are repeated ~ere in degrees Celsius for comparison with the 
1975 data • 

.§ylf 2! fl~i!!.§ - The SST's in the Gulf of Maine (Fig. 2.1) were 
e~sentially the same in 1975 as in 1974. The coldest 
~ €mFeratures, about C.5C, occurred at Portland and Bar Harbor in 

ebruary of both years. The warm est temperatures both years were 
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about 20.5C at Boston in August. 

The changes in mean monthly t€mperatures also appear qui 
similar. 'Ihe change from cooling to warming occllrred in mi 
February and from warming to cooling in early August of be 
years. However, the time of maximum warming was nearly a mor 
earlier in 19ft; than in 1974. 

The ~hort-livEd rapid cooling 
october 1974 was not repeated 
of intensE cooling began in 
January 1976. 

at Bar Harbor and Eastport 
in 1975, bu+ a morp widpspread aI 
Novpmhpr 1975, presaging a c 

12!!g I~l~!lQ ~Q}!!!Q - In Long Island Sound (Fig. 2.2) summers 1 
and 1975 appear almost identical in terms of SST's, with 
maximum of about 25C occurring at Bridgeport in August. 
DeceP.1ber 197t;, the sea was some 2C warmer than December 1974, t 
the cocling trend towards the end of 1975 was streng 
especially in the west, forerunning the celd January of 19 
Though cooling began slightJy earlier in 1975, the maximum r 
was not reached until much later (November-Decem 
vs. September-October). '!'he same temperatures .ere reached ab 
half a month earlier in 1974 than in 1975. Both years reache 
low of 6C in December at the two ends of the Sound, w 
Bridgeport again the warmest area, as it was throughout the ye 

I~~i ~Q.~~i - I-_Iong the u.s. east coast (Fig. 2.3) SST's in 
first part of 1975 were about 2C cooler than in 1974, last 
into June in the northern areas. The month-to-month warming 
fairly similar in both years until late spring, when 1975 war 
6C/mo compared to 4C/mo in 1974, to bring the summer maxima 
nearly the same value fer both years, 1974 being just sligh 
warmer. The fall cooling was noticeably less rapid in 1975 t 
in 1574, ~ith the result that by November the sea was 
( s I i 9 h t 1 Y I e s sin the s cut h ) war mer t ha n i n 1 97 4 • T his was 
warmest November along the east coast on record. 

Fapid cooling was evident in December 1975, leading to a c 
January in 1976. 

§~1! 2f t1g!1.f2 - Around the u.S. Gulf Coast (Fig. 2.4) the fi 
quarter of 1974 was warmer than 1975 by up to 2C. But 1 
showed a more intense warrring trend in the spring, so that 
two summers were almost alike, reaching 30C at Key West 
Naples from June through September and at Cedar Key in August. 

Cooling extended into February 1974, while heating had stan 
already in January 1975. Maximum warming was reached 
April-May in both years, reaching 4C/mo between Cedar Key 
and Port Mansfield, TX. In 1975 there was a small cell of'S 
near Mobile (Dauphin Island). 'Ihe cooling from September thro 



~ecember was similar both years except in December in 
'a nhandle, where cooling approached OC/mo in 1974 and 
1975. 

Sec ion 2 

he Florida 
UC/mo in 

~~.§!: coast - The pattern of SST's during the past two years along 
~he U:S:-Pacific coast (Fig. 2.5) was virtual ly identical, bu 
1975 wa~ a degree or two cooler throughout. The cycle of warming 
nd cooling was essentially the same both years except for 
ctober at Astoria, OR, where cooling reached a maximum of 4C/mo 
n 1974. Cooling in southern California reached 2C/ITO in 
ecember 1975, about twice th e rate of cooling reached in 
ecember 1974. 

~!i 2:£ ~!~.§Js~ - Along the south coast of Alaska (Fig. 2.6) the 
~ ST's showed similar patterns in 1974 and 1975, with cold cells 
f 2C at Juneau, Kodiak, and Unalaska. It is impossible to 

, educe from the observations whether the Jast two are local 
rffects or a cold area spread all along the coast between these 
fWO stations, as there is no observation point in the 950 km 
tetween them. Juneau was at all times colder than other 
outheastern Alaska stations. It lies 1 3 0 km from open ocean and 
~ therefore not as representative of oceanic conditions. The 
armest spots both years were Sitka to Yakutat and Seward, which 
ere warmer than 12C in July and August both years. The maximum 
ate of summer warming reached 3C/mo from Juneau to Yakutat and 
t Seward in 19 7 4, while in 1975 the summer warming was not as 

' trong. Also, the summer of 1 974 ~as warm sorrewhat longer than 
97 5, although the maximum rate of fall cooling occurred a month 
arlier in 1974 than in 1975 • 

• 2 CHESAPEAKE BAY STREAMFLOW 

stimates of monthly streamflow into Chesapeake Bay are provided 
y the USGS in cooperation with the several States of the 
hesapeake Bay's Clrainage basin (Appendix 2.1). 

he streamf low in 1975 followed the average pattern fairly 
'losely through August. 'The extremely high flow in September was 
ue to a combination of the extensive rainfall system brought 
orthward ty the dying hurr icane Eloise and a stagnant fron al 
one. Rainfall amounted to 5 in ("'13 cm) or mere over eastern 
irginia, extreme eastern West Virginia, Maryland, New J rsey , 
astern Pennsylvania, and southern New York. Storm totals 
xceed ed 10 in (26 em) along some of the eastern mountain s10 es, 
riggering malor flooding on the Chemung , Susguehannah, Potomac, 
nd Shenandoah Fivers (Het ert 19 7 E). This excess flow con inue 
nto October, but volume returned to normal by the pnd of hI=' 
ea r. 
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2.3 SEA SURFACE TEMPERATURE ANOM~lIESl 

Ships of many nations, including u.s. lavy (flel m~ r::hi:1rt 
routinely make surface water tpmI ra U[ ob 
part of normal weathpr observations. X:S 
Environmental Group has acc~ss to th s r 
received by teletype by the U.S. !avy 1 ~ 
central. These w ather rpports ar p 

• v il I 
mag net i c tap e . '!' his s p c i c n pre s n n t s m 0 n h 1 Y rna P s 
values of SST and its anomaly rom long-
for three areas along the unit~d ~ a es coas s 
These areas include th e w( t rs r h_ 
ncrthwest Atlantic (20N-4 FN, rom co's e s 
Alaska (45N-63N, from th _ coas 0 180W) , 
Coast (20N-50N, from thE coast w S 0 15» ). 
monthly mean anomaly maps for h Ian i ar a were 
Mclain (1976) for 1974. 

The maps presented in App n ix 2.2 par ially dlplica 55 
anomaly maps availabl : lsewh r p : A Ian ic maps pub 's 
gYl!~!~~~! by the National Weat r 5 rvice, and Pacific 
published in Ii§hiDg _Bf2fm~!ign, Sou hwes 'sheries Cpn 
NMFS, La Jolla, C.~ 92038. These maps di fer fro hos 
here in various resppc s. Th g!.!..!i§'_f_~ _ a s give 
values of temperature and anomaly as'o re maps presen d 
but do not include the Gulf cf . xico . _yare rpfere ce 
against a lcng-term mean of a 1 availablp his~orical data . 
Ii§hing IntQrm~tiQg maps cover mos of he 'or h Pacific Ocea 
but do not include data for th Bering Se . ':'hese a s 
contoured and do not giv _ umeric valups . .h yare rp erenc 
against the same 1948-67 period as us~d hprei. 

The roaps presented here (Appendix 2.2) are an temp to 
data in a uniform format fer areas of fishery 1 por ance 
Atlantic and Pacific coasts. Thp maps are based on a a 
available at low cost within hours after collection , ar.d 
a possible system for near real-time monitoring of 
environmental conditions. 

The maps were constructed from cbservations of SST received ~ 
"real-time" from merchant , naval, and other vessels by FIe 
Numerical Weather Central. These reports were ef1ited by 

lprepared by D. R. McLain, Pacific Environ mental Group , Nation 
Marine Fisheries Service, NOAA, Monterey, CA 93940 . 
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two-Etage filter. In the first stage all observatior.) 1~'~).; than 
-2.0C or greater than 40.0C wer~ rejected to eliminate obviously 
prroneou~ valueE. In thE second stage, reports greater than q.OC 
[rom a mean of two or more observations were rejected. This mean 

l

uas that of the previous month for the first two reports of thp 
nth, and of the month itself for later reports. MonH ly me'lnC; 

If SST by one degree square of longitude and latitude wpre then 
omputed, as were anomalies from a long-term monthly mean which 

d been computed earlier as 20-yr means (1 g48-f.7) ot mcnthly 
eans by one degree squares. These long term means were 
alculated from SST reports archived at the National Climatic 
enter (Ta pe Dd ta Famil y-11) • 

he SST, the anomaly from the 1948-67 mean, and the nnmber of 
bservations for each one degree square were finally plott~d on 
n electros.dtic ~lotter for each month for ~dch of th~ three 
reas of interest. The convention followed by the gQ!f§t£g~~ and 
y McLain (1g76) was not to plot means or anomalies if there were 
.(JW~C than four observations per one degree sguare/mo. rhis 
rOCedU[f works well in the northwest Atlantic where ots~rvdtions 

lre atundant, but in the Pacific, and particularly in the Gulf of 
la~ka ap~ Bering Sea where observations are much ~caccpr, 
lotting only squares with four cr more observations results in 
arCle ar~ClS void of any data. I, therefore, plotted means for 

ill a[p~s if only two or more observations were available. This 
dy rf-c)ul t ir. d slightly ncisier data product than foun1 in 
!!\~:l~rclD ot McLain (1976), but it ,lOAf: providp usc..ble 
nfor!l1aticn in important fishery areas of th-' North Pacific. 

he SST n<)~l:dly maps presented in gu_J:.f§.t~~2l!! and by Mclair (1::)76) 
how an(lhld.lips if historical data are available tor any yec..I f)r 
cmbinlti0L of years in their respective ref0c a nce periods. In 
he pr:~S( nt maps, monthly mean SST's but not anomalips are 
lotted if thEre are fewer than 5 years represented in the 
(14R f:7 mean. The 1-degree squares are shdded for anum<tlie~; of 
.Or ur g[f2t~r and for -1.0C or lower to em~hasize rpgions of 
arge SST anomaly. 

her~ ar~ d number of potential sources of bias and ~rlor 
ssociatcd with these data. Seme of these errors are as follows: 

1. The observing ships tend to avoid areas of bad 
and thus the observations are biased towards areas 
weather. 

wea ".her 
a t -fair 

2. The observations are not randomly distributed ovpr the 
ocedns, but instead are concentrated along shipping lanFs. 
Thu~ ocservations are ITuch more dense off New York and Los 
Angeles than in the infrequently traveled portion~ af th~ 
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(,uIf of Mexico or Gulf of Alaska. Also the data 
~ ld.p~ due to varying distribution of observations 
aTJ.J f"pace within each ene degree square. 

may be 
in time 

~. 'ost of the el:;servations of SST are "injection 
tE mr0ratures ," that is, they are made with a thermometer i 
t h t' . i i P 's m a inc 0 0 1 i n g wa t e r in ta k e • T h u s the yare sub j e c 
~0 lL?trumen t calitration error and te warming of the intak 

'I tr.T in the engine room. Using data from 12 selE":cte 
Sf ips, ~aur (1963) studi ed these errors and found that th 
':'P1PC'tion temFeratures averaged about 1.2F (O.7C) highe 
t .rt n Eurface wa ter tern peratu res ta ken by a bucke 
i- h erma meter. 

') I ~p_ "rIFN NORTH PACIFIC TRANSITION ZONE 2 

rhp f( 11; seaEon distribution and relative abundance of North 
} at ~; cal bacore and the interannual v ari ations in these factors 
r' }--, '1': shown te be aSEociated with the Transition Zone (Laurs 
c..l!1 I Y '11, 1977 ) • The Transition Zone waters are found 
, ' F ''1 "od.ified subarctic waters to the north and subtropie 
~.+ ~ ~n the sout h. The subarctic and subtropic fronts form the 
1- ('11n 1;1. r ios of the Zone. 

~~ ~uD~rctic and 'subtropic fronts were strongly developed and 
t ru~~ di~tinctive boundaries of the Transition Zone in June 197 
i 

"tnl 
(1 r11 

1 7 • Tn 1 S74, the frental st ructure was poorly developed 
, boundaries of the Transition Zone waters were indistinct 

r; ,nd Lynn 1976; Saur 1976). In June 1975, the fronta 
cyst~~ WctS again strongly developed and appeared in much the sam 

erm a~ it had in 1972 and 1973. 

FJr thp fourth year in succession, the La Jolla Laboratory of th 
Nn"inn ~l t'1arine Fisheries Service, Southwest Fisheries Center ha 
C'cnduct~d a preseason albacore/oceanography survey across th 
1""1 d r ~"i t ion Zone in an offshore reg ion centered about 800 n 
(1iOO rm) w -st of central California. In each of these years 

P curvey was conducted in cooperation with commercial albacor 
Uf~~PLS on charter to the American Fishermen's Researc 
T ounc :1tion. In 1975, the survey operations were abbreviated i 
'("o .. 'e. Ihe NOS RV Townsend Cromwell sailed from Seattle t 
POJ.olulu, conduc ting--oceanograph"ic--stations enroute. A single 
~(Ith te south transect was made across the Transition Zone alon 
13 7 W10'. Three chartered fishing vessels scouted along the sam 

2rrflJdTPd by R. J. Lynn 
Cpnt~r, National Marine 
1 ~ 0 ':l ~. 

and R. M. Laurs, Southwest Fishe-ries 
Fisheries Service, NOAA, La Jolla, C 
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Section 2 

trac k; however, pa rtici pa tion by indep endent commercial fishing 
vessels, which had been so helpful in past years, did not 
aterialize bEcause of a late albacore price settlement. As a 
esult, the fishing effort was very limited and the catch 

jistribution was inconclusive as to association with 
ceancgraphic conditions. 

eur eceanographic sections of the vertical distribution of 
s alinity along 137W30' taken in June 19"'72-75 are given in 
igure 2.7. The low salinity subarctic waters are depicted by 
atched shading of salinities less than 33.8 0/00. The high 
alinity subtropic waters are depicted with dotted shading. For 
he first three years, the dotted shading is shown for salinities 
reater than 34.2 0/00. In June 1975, the salinities in the 
ransition Zone were generally 0.2 %e higher than in the 
arlier years, hence the lower limit for the dotted shading was 

jiven as 34.4 0/00. 'Ihe S8F (14.4C) and 62F (16.7C) isotherms 
re shown by heavy dashed lines. 

n each of these sections, the fronts are identified by sharp 
orizontal gradients of salinity that extend from the surface to 
50 m or more and by abrupt changes in depth of specific 

·sotherms. The subarctic front involves a change in depth of the 
8F <14.4C) isotherm and the vertical excursion of the 33.8 0/00 

~ sohaline. To the north, the surface waters are low in salinity 
nd the 33.8 0/00 isohaline is found in the halocline below 
50 m. The subtropic front involves a change in depth of the 62F 

(16.7C) isotherm and a vertical excursion of the 34.4 0/00 and/or 
4.6 0/00 isohalines. 'Io the south, the surface waters are high 

i n salinity and decrease abruptly below 180 m. 

I
n June 1975, the sUbtropic front, at 32N, and the subarctic 
ront, at 36N30', are :::een to be clearly reestabli:::hed from the 

r corly develope1 conditions found in June 1974. 'Ihis 
eestablishment lends support to the speculation that the 1974 

, oniiitions were atypical. However, there are seme differences 
'betwEen the 1975 section and the 1972 and 1973 sections. The low 
I ali nit y sub arc tic wa t e r iss hallow in 1 975 , s u g g est i n g t hat 
Islightly higher salinities prevailed in the deeper layers as well 

s in the Transition Zone. Alse, the Transition Zone is half 
gain as bread in 1975 as in 1972 and 1S73. The broad separation 
etween the subtropic and subarctic fronts was also found to the 
est in closely spaced expendable bathythermograph (XBT) 
bservations on a transect taken between Seattle and Honolulu 

(Saur, Section 7). 
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section 2 

2. 5 COFEPorA, NET PHYTOPLANKTON, AND T-S-COPEPOD 
RElATIONSHIPS IN THE MIDDLE ATLANTIC EIGHT3 

During 1974 and 1975 Hardy ccntinuous Pia nktcn Recor1ers (CPF; 
Hardy 1939) collected samples monthly while being to\.led h 
u.S. Coast Guard cutte~s between the mouth of Chpsapeake Pay ar 
Ocean T~eat her station HOTEL (38N, 71W). I n add i tion, XBT aT. 
surface bucket temperature and su~face salinity measurempnt[ wer 
made at 1-hour intervals along these routes. ~his is part of 
cooperative agreement between the MARMAP P~ogram of the Nation-
Marine Fisheries Service and 1) the U.S. Ccast Guarc1 for H. 
at-sea collection of data, and 2) the !nstitute for Marir. 
'Environmental Research (IMER) of the United Kingdom for 
southern extension of the long-term survey of plank+on ~ynamic 
in the No~th Atlantic by which IMER has been ~onitoring seasona 
and long-term changes since 1930. 

This section reports the seasonal abundance and varia ion 0 
copepods; seasonal variation of net phytoplankton in the Shelf 
Slope, and Gulf Stream Waters, at a 1C m depth along the Cf 
route; and copepod abundance in relation to surface te ppratur 
and sa lin i t y • 

Figures 2.8 and 2.9 show the various positions of the therma 
fronts and water masses according to the U. S. 11a vy ExpE'ri. enta 
Ocean Frontal Analysis (EOFA) for time periods as close a 
fossible to the times of CPR tows. ~he CPR transEcts ar 
superimposed to show thEir relationship to these oceani 
features. ~he oceanographic features have been dEsc~ited l 

detail by Cook et al. 4 

The EOYA needed to be modified slightly in March, Jun 
Septembe~, and November 1975 for either 1) conflict with the X 
d at a ,or 2 ) con f 1 i c t wit h s f e c i esc 0 m po sit ion d a t a . y/ a t 
masses moved extensively from month to month, and plan~t 
distribution reflected these changes. Slope Water was n 
sampled in June because it had moved north of the survey area. 

3prepared by D. E. Smith and J. W. Jossi, MARMAP Field Group 
NMYS, Narragansett, RI 02882. We thank the U.S. Coast Guar 
Marine Services Branch, Atlantic Area, and the cfficers and crew 
of the USCG cutters !~Qg1, T~~~£Q~, Iggh~ill' Qgi~~E, and Chase fo 
their assistance in conducting this survey. -----
4Cook, S. K., B. P. Collins, and C. Carty, 1977. Expendabl 

bathythermograph observations from the NMFS/MARAD ships 0 

opportunity program for 1975. MS. Atlantic Environmental Group 
NMFS, Narragansett, RI 02882. 
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Relative abundance of phytoplankton versus month in three water 
masses is shown in Figure 2.10. Abundance of copepods versus 
month in each water mass is shown in Figure 2.11. Please note 
that on the latter figure the abundance scale differs for the 
Gulf Stream Water mass. 

Shelf Water ----- -----

The mixed diatom and dincflagellate flora of October 1974 was 
replaced by an all dinoflagellate flora by November. These 
dinoflagellates were replaced by diatoms by January 1975. 
Phytoplankton did not cccur in February samFles. A 
dinoflagellate bloom appears to have begun in March, and it 
peaked in June. Dinoflagellates were observed in lower numbers 
in August. Phytoplanktor. was not observed in September 1975. An 
autumn bloom of both diatoms and dinoflagellates occurred in 
November 1975. This was one month later than in autumn 1974 and 
was followed by a decline cf both groups rather than by an 
increase of dinoflagellates as in 1974. 

The Shelf Water copepods were a mixture of cold- and warm-water 
species. ~§n1~2E~g§ tlEi££§, ~£lan£§ !inill££fhifg§, 1§~2~~ 
!2ngi£2!Bl§, and g§g£Q2££!£n~§ spp. were the abundant cold-water 
species. QB~£§£ spp., f2~Yf£§£§ spp., ~gn1~2I~g§E !g!ifi£~1£§, 
!§~Q!£ 1~~~1~£1£, f£l£ny§ mi~~!, E~~I£n~!~ gf~£ili§, and 
~§flB~f§!£ ~l£~§i were the abundant warm-water species. 

The maximum numbers of warm-water copepods occurred when sampling 
began in Octcber 1974 (Fig. 2.11). They had declined greatly by 
November and most were absent by January. A few reappeared in 
May and June. They increased through August and reached an 
autumn maximum in September and were depleted by November and 
absent in December. 

~§n1IQ£~9§§ tYEi£~§ (a ccld-water copepod) was absent in October 
but had a fall increase, after the fall maximum of the warm-water 
copepods, in both 1974 and 1975. ~gn1~QE~gg§ 11Ii£Y§ was absent 
again by January 1975. 

The cold-water--warm-water species made up the entire collections 
in January, had increased by February, and were gradually 
replaced through March and May by the cold-water species. These 
cold- and warm-water species were probably cold-water members of 
these three groups (shown in Fig. 2.11) rather than a mixture of 
cold- and warm-water species. 

The spring increase of the cold-water species began in February 
and peaked in May. A declining remnant of ~§n1~2E~gg§ 11Eb£Y§ 
was present in June, but, otherwise, the cold-water copepods did 
not appear again until ~. tlfi£~E reappeared in November. 
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The fall 1974 decline in diatom~ was coincident with a decline of 
warm-water copepods and an increase of dinoflagellates and the 

ccpepod ~. !lfi£Y~· 

Diatoms increased again in January when dinoflagellates were 
absent and copepods were at a minimum . The spring copepod 
increase followed the January diatom increase . The diatoms 
d isa ppeared by Fe br ua ry. Copepods cont in ued to increase. 
DinoflagEllates began to increa~e about two months later than 
diatoms an d cop epods. They pea ked wh i Ie the c ope pod s were in a 
June minimum. Dinoflagellates in August preceded the August to 
September copepod increase. Diatcms and dinoflage llate s bloomed 
in November 1975 while the copepods were at a relatively low 
abundance . Cope pods increased again after this fall 
phytoplankton bloom. 

Dinoflagellates in the Slope Water were less abundant than in 
Shelf Water, while diatoms were more abundant and much more 
diverse than in S helf Water. Silicoflagellates were found in 
Slope Water tut were absent in Shelf and Gulf Stream Water. 

~here was a fall bloom of phytoplankton from August to Novembe 
1 974 a nd a spring bloom from January to May. There was no fal ] 
bloom observed in 1975. Diatoms were always present when 
phytcplankton were found as opposed to their occurrence during 
only three months in Shelf Water. They were numerical ly dominan 
except in May 1975 . Silicoflagellates increased and decrease 
along with the diatoms. They were absent when diatom number 
were low in Augus t of both years and in January 1975. 

~gnt~2~~gg~ !y~i£Y§ was the first cold-water copepod to appear i 
February . It steadily increased until May when it dominated th 
plankton . It was absent frem the CPI< samples by August. Th 
celd-water ~~l~n~§ copepodites and Pseu docalanus spp. wer 
abundant in May but appeared neither before-nor-after~ 

The Aug ust- Octobe r 1974 decline in copepods occurred while ther 
was a n increase in dia toms. A Nove mber copepod increas 
coinci ded with a phytoplankton bloom made up mostly ' of diatoms 
The ~pring increase of copepods and phytop lankton began about th 
same time but the phytoplankton reached peak abundance two month. 
before the copepods. 8iatoms were reduced significantly fro 
their March peak by the time the copepods peaked in May. Th 
~inof lagellat e ~ maintained their numbers during the copepo 
lTICreaSe ~ut dld not occur after the May peak. The sprin ' 
cope pod lncrease coincided in time with that in Shelf Water an 
was ?ominat~d in both water masses by ~. tY£i~~§. The presenc 
of dlato ms ln August 1975 coincided with a copepod increase • . 
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Data show a diatom bloolll during January-March, which may have 
persisted--no April or May samples were obtained. They increased 
in February. The appearance of diatoms in August 1975 was 
followed by a copepod increase and a phytoplankton absence. 
Dinoflagellates which are large enough to be retained in the CPR 
silk were of low abundance. Gulf Stream diatoms were less 
abundant than Slope Water diatoms, but more abundant than Shelf 
Water diatoms. 

~~nt£gf~gg2 !1~i£~~ was the only cold-water copepod to appear in 
the Gulf Stream. It only appeared in samples taken close to the 
Shelf or Slope Water front, and mostly in winter. The Gulf 
Stream copepod population abundance was approximately one order 
of magnitude less than the Shelf or Slope Water population. 
Minima appeared in January and August 1975. There were maxima in 
February, June, and September 1975. 

T-S-copepod distributions of several species are shown in 
Figures 2.12 through 2.17. ~~n!~2£~g§§ ~~liii££!~2 occurred in 
Shelf and Slope Water only at temperatures above 19C and 
salinites of <35 0/00. ~~nt!2fEg~§ lYEi£~2 was limited to 
<36 0/00 and <24.SC. It was most numerous in nearshore Shelf 
Water. ~§nlIg£~g§§ Q~~gYi was found in Slope Water with 
salinities of 33-35 0/00, and it appears to be a good Slope Water 
indicator species. ~§!!idi2 lQ~~n§ occurred only cetween 
~3 and 36 0/00 salinity and <17C in mostly Slope Water with one 
relatively abundant occurrence in Shelf Water. El~Q~2ill2illill£ 
£Q1Qmin~li§ occurred only in Slope, Gulf Stream, and Sargasso Sea 
Water at salinities >34.5 0/00 and temperatures >22.SC. 
~lgQIQillE~mE g~~~ili§ was abundant in night samples in salinities 
between 34 and 36 0/00 and temperatures <26C. It was absent in 
daytime samples, indicating diel vertical migration greater than 
1C m in the daytime. It had a high occurrence in Slope Water but 
occurred in only one Shelf Water sample. ElgQIgm~illm~ I2Q~§~~ was 
f ound only in Slope Water, salinity 34-35.5 0/00 and temperature 
15-23C. This appears to be a good Slope water indicator species. 
E9£I~nYl~ EI~£ili§ was most numerous in Slope and Gulf Stream 
Waters at salinities >34.5 0/00 and temperatures >24.SC. The 
data show E. EI~~ili§ as a good indicator of warm water. ~~l£ng§ 
minQI occurred in all water masses from warmest Gulf stream Water 
to most saline Sargasso Sea Water, least saline Shelf Water, and 
nearly the coolest Shelf Water, but was most abundant in <35 0/00 

salinity and temperatures of 14-23C. Qn1ingl£ ~Qlg~Ii§ was most 
numerous in Slope and Gulf Stream Waters warmer than 23.5C, but 
oCcurred in Shelf Water at a lower temperature (19. S-21. 8C) . 
tgillQ£~ §tYlii§I~ had a high percentage occurrence in Slope Water 
where the temperature was >24C, but was present throughout the 

31 



c io 2 

1 S a a 510 "at rs a a lower percentage occurrence. 

Su rv --------
case vhich dia oms were numerous enough to be 

h the ccrerods were more numerous than usual or 
ithin a 0 h . 

a cope pod increase , the diatoms were 
fro he sa pIes cr had been reduced significantly. In 

cas s , dina I geliates ~i her increased along with diatoms 
i cr ased after he iatoms . Dinoflagellates were not 

e y copepo increases as much as diatoms vere. It 
as jf an increase in dinoflage llates is follo wed by a 

of h ia om porula ion , but this may result from the 
a s' being consumed ty the increased numbe rs of copepods and 
incfla ell est not eing grazed upon . 

s a in ica e hat severa l copepods are indicators of water 
rae r is ics: ~~_!I9l~.9'§~ ~i1i..ti~~!~§ wa s indica ti ve of warm 
If ter ; ~~D_I2B~g§§ Q~~Ql1, £1~~±2~~~~~ gI~£!l!§, and 

. £QQ~E!~ .prp "ndicators of Slope Water. 
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Figure 2.16.-Abundance of the copepod Ca/anus minor (filled circle) and Undinula 
vulgaris (open circle) in relation to temperature and salinity. 
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Figure 2.17.-Abundance of the copepod Temora stylifera in relation to tempera­
ture and salinitv . 
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J\pp ndix 2 .1 

UNITED STATES DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 

in Cooperation with 

STATES OF MARYLAND, PENNSYLVANIA, AND VIRGINIA 

ESTIMATED STREAMFLOW ENTERING CHESAPEAKE BAY 

A monthly summory of cumulative streamflow into the Chesapea e Boy 

designed to aid those concerned with studying and monaging the Bay's 

resources. For additional information, contact the District Chief, 

U.S. Gpological Survey, 8809 Satyr Hill Rood, Par ville, Moryland 21234, 

Phone 301 - 661 - 4664. 
ry 5, 19,6 
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.. EXPLANATION 

Monthly mean streamflow 

. into ~hesopeake Bay .. 197 --
1975 _ Average---

\0 Uns~aded area indicates range 
between highest and lowest 
values of the 24··ycar record 

5 
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Annual mean streamflow into Chesapeake Boy by calendar years 
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ESTIMATED CUMULATIVE STREAMFLOW ENTERING CBESAPEAKE BAY 
ABOVE INDICATED SECTIONS BY MONTHS, DURING 1975 
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CUMULATIVE INFLOW TO CHESAPEAKE BAY 
AT INDICATED CROSS SECTIONS 

A Mouth of Susquehanna R. 

B Above mouth of Potomac R. 

C Below mouth of Potomac R. 

o Above mouth of James R. 

E Mouth of Chesapeake Bay 



, 
ESTll1ATED CUMULATIVE STREAMFLOW ENTERING CHESAPEAKE BAY 

Cubic feet per second at section 

:: 
YEAR MONTH A B C D E 

, 
I,; 

I 

1974 January 74,300 85,300 117,200 130,800 153,900 
February 47,500 54,000 68,600 76,200 88,600 
March 61,500 70,800 85,600 94,500 109,000 
April 93,000 104,900 131,800 141,000 156,000 
May 40,500 46,000 59,800 67,900 81,000 
June 21,200 25,800 44,100 49,600 58,700 
July 21,600 26,200 33,200 35,600 40,100 
August 10,700 14,300 18,700 21,900 27,400 
September 20,000 24,600 30,400 36,600 46,800 
October 12,100 15,900 19,700 21,600 25,200 
November 24,200 29,000 33,000 35,000 38,500 
December 54,000 61,800 80,700 87,800 99,400 

Mean 39,900 46,400 60,100 66,400 76,900 

1975 January 53,000 60,600 76,400 85,000 97,600 
February 86,100 97,800 124,600 136,200 155,600 
March 83,000 94,500 132,000 151,300 185,000 
April 50,700 57,800 77,000 84,500 96,700 
May 59,000 67,800 93,500 104,100 121,800 
June 42,500 48,000 62,700 68,300 77,700 
July 19,500 24,000 36,000 43,600 56,100 
August 9,460 13,000 19,700 23,600 30,200 
September 86,100 97,800 128,600 138,600 155,100 
October 66,700 76,800 99,600 106,000 118,000 I 
November 42,500 48,000 63,000 68,400 77.400 ~ December 38,100 43,600 54,400 58,700 66,000 

m 

Mean 53,100 60,800 80,600 89,000 103,100 

50 



AFPENDIX 2.2 

The maps present by month and by one-degree square 
the mean monthly sea surface temperature, the 
departure from a 2G-yr (1948-67) mean, and the 
number of accepted cbservations. The temperatures 
~ere not plotted if there were two or fewer 
observations in that particular one-degree square. 
Also, anomalies were not plotted if there were 
fewer than five years represented in the 20-yr 
mean. Anomalies of magnitude greater than 1.0c are 
shaded. 

The rna ps cover the following reg ions: 

Gulf of Alaska 
and Eering Sea 45N- 63N 122W-180W 

East ern North Pacific 25N- 50N 110 W-150W 

Western North Atlan tic 20N-46N 60W- 99W 

51 
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TEMPERATURE ANOMALY 
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A8 N r ..... + • 1 ' ~' .. ~ tt' ~ .. 1 IQ Z 'e . s ' 'l "1 ,~\ PACIFIC ENVIRONMENTAL GROUP 
2.~ -.6 -.3 -.6 -.7>-1.~·".2 ".2>-1.1 ... 1~2.1. -.4 -.4"1.3 2.2 ... 9

1
1.4 -.8 -.4 2.2 -.1 '.5 -.8 ".5 -.2 '- r NOAH - NATIONAL MARINE FISHERIES SERVICE 

.' ... , ,·",'·'1'" ",' 1-'" t' "'t' 7. '5 .•. 9 •.• $ .• ,!, $.7' ' •• ~ /~t MONTEREY. CALIFORNIA 
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32 N ~3 3 S 2 2 3 5 ']~" :~. , ,. 9 5 3 6 
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IONA..~INE FISHERIES SERVICE 

PACIFIC ENVIRONMENTAL GROUP 
MONTEREY . CALIFORNIA 

TEMPERATURE ANOMALY 
AT n£ SEA SURfACE (OCGREES CEL S I US ) 

AUGUST 1975 
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NOAA NATIONAL MARINE FISHERIES SERVICE 
PACIFIC ENVIRONMENTAL GROUP 

MONTEREY. CALIFORNIA 

TEMPERATURE ANOMALY 
RT THE SEA SURFRCE (DEGREES CELSIUS) 

SEPTEMBER 1975 
NUM OBS 2155 

20.3 ':"\1. 1 ~.7 ~Lt ~,l' i k'U .?(1.e 1'~.9 I.(,a UJ.:! 18.l J., ~, e 7.1 ~16.8 til ... 1:3.7 I ... ~k 
1
-.0 +.4 +.5 .1,6-.4 +.3 +.7 -.14.6 1.51.1 +.3 -.6 -.6 - .9

1
1.1 1-2.0 1.3-.~ 

43 N 3 l ~," 1 ... I. ~a~ "" .~ . 1- 1 t1 t t ~ 
22.0 20.~ 20,'5 .:'~ . .a ..... i:u'! ~'.k' ... k'<,i'I a. 19, g ~. I~. 19.·~ ..:~.~ Ill.. . 1'7':1 Itl,l t l HUI 11l.:i! 15.i, l:a ti.t 

-.9 -.1 - .5 1.3 1.1 -.3 2.1 2.9 -.5 2.6 1.3 -.6 - . 1 1.5 
39 N ~.: ... _ ~ ~ . , t 
38 N 23.' 22.5 ' •. 6 22.2 ".... < 1 lLO _. ~~2 ~:2 1;:Si r'f'1i -: 4 r l?1-~ 6 ~:21~:e 1-~~3~'-i:~~1::S ~;l ~-:\ t 

... 

23.l l3.l 22.' 2Ll d.' 'I .." "J ., I'J:Ut' ~,... +-- 17, ....... '9. , •. •. 11.6. T , •. ,t ;,.)." .. 17' " t ,s:, t ".: ". ~~ , 
1.1 +.5 +.6 +.2 -.S - .7 \.1 1;6 ~.1 -;3 \.6-1;61~·8 1;0 -;5 . 1;0~1~.3f-; 7 -.~! 

-'-+-=-'+--'--+-:-:-:-+--",\).13 .:~.,1 t .. VI "1.5 ' .~~7,.~r 19,C+- i~T;;rlb.'''-''-'''+-1? ' lij"+".11 I~."+I 
1.4 1~31 -.4 3.7 3.2 1 +.2 - .6 -.8 -. 7 I+L~2'2 - .9 1.2~1.A·-.A 1.1 +.3 

-+--+-=--+- •. 1 ' 1, ~. _':.. J' +~. l.... --t ' II.,.' I < '.!- . t... 0 I- t t ~ + ~ T 
, "~' .. r. ! h • .'.' ,oj" , •.• '8 ••• , r 'l. '~.9 T ' •. 1 .... 'S .• ,.1> 

+.5 1.9 +.9 +.B +.0 +.1 +.3 2.1 r-1 .4 -.Br1. 0-2.91~ 1.3 -1.3~1.6-1.6 - .1
1 

35 N I---II---'-I~-+--+-"-~"': T " t" t" i + ~ , ~ "J.' .. " .• t;;: J' ,~. • 1" ,. ~ '~ +!. 

"'1 ,.a,. 1 ~.~ .:J.!l . '1 .J +'

s 
+.1 +; 5Tfvt •.• ~:':+-~':t~: ~~:~'~ . ;.6 

1 +.6 +.6 1.13 1.5 - .6 r- I.l 1.0 - .6 '"1.4 - .B - .9 +.1 

33 N 1---1---1-,<-;,-, .• .+-.:...3 .:~, --..;. ..; ,Tt, i. - ,k\ tu. 21 :'1;~!. l~ j5 ~:. .~ .. .. I: tJ ! .. Itt." • ,\, 16 16.8 Ig ... 
-.2 +.4 La 1.1 -. 6 -.7 - .0

t
- .S -. 6 2.1 -.6 I.A "- 1.3 f-2.0 +.6 LA -. 5 

32 N 1-::--71-'-,-;+:',:--:+ . 1 ' , ,. ~--t''':' • ~ .. !.~ 
Z. l~ .a .s 21.ft _·~.t, : .. I N \I I. ~ ,1\, ' I~,t. 111 .,1 

1 +.7 +.3 1.9 1.0 +.5 -.6 - .6 - .6 - .3 - .2 2. 1 1- .6 - .. - .6 1. 7 

31 N Z~.8 r,~ ,.a - ~t--:-=-.: , 'I.tl il t,,~ l • ,.. 1'J,e" I'J,J1 ' li.,; ....... l~," ~.,J .:.\.1'" d~t.· 
1
-·7 -.5 +.2 -.6 -. 4 +.0 - .5 3.3 1.0 - .9 , 1.2 2.1 r 2.s I.s~2.2 , -.7 - .5 +.3 

33 N _. .... • . _', '- t ,r · . 1-' l 
t~ta d.i.'! _4.S ~"" _ ] ,'".l,d l~.& ,'1.15 .1.4 i'1 .. t,lI,4 T .... 11 .. I" I'),' 
1.3 -.2 +.3 -.5 -.6 1. L -. 1 1.1 3.3 1.4 1.5 2.2 1- 1.0 I +.0 

29 N ~:3 I:~ f:s 1:3 1':9 ':. 9 t~ i":0 ..l ~ ~ i .. ~ ~ 8 ,6i:.~t . .! 
28 N _" r : 

".1 ~_I 'f J • .a , :.1 J °'1.' 1:1. + ~I ;-t' I~ ".1 r 
27 N -; 6 ~.l -.8 l;e[~.s ~.2 1.1 j j ': 3.5 -.9 I 
~
~:'5 t7 1.3 f:m 2':~ 2':2 il.A I-n t-j'lT T - 'f., , 

26 N '. ' :.~.; r", . '., _.i!,. '. l' !. ~ ~ ~. 
25 N l;l!i.e li l -;8 ~ \ I 

~ ~ ~ ~ ~ ~ ~ ~ ~ 3 3 

+ 

37 N 

36 N 
';~'l l ~: '9 

34 N 

.:s .:s :& -'S ~ ~ ~ ~ ::s ~ 



-, 
~ 

+'6 -=:-1" -=:- 3 1.3 ".8 2.1Il 1.1Il J.l -.6 

48N ~4-~--+--r-4--+--+--r-4-~--+--r--r-~-+--+--r-4--+--+--r-~-~--+--+~r-~~ 
11.7 13." 12.1 12.8 e. 9 u.~ 11.1 
-.9 ".9 -.2 1.6 4.9 ".6 2.6 

47 N 
II.IJ 13.B 11 .5 13. " 11.6 11.7 12.2 lZ.J 12.6 12.~ 12,5j 1;?5 12.7 14.1i! 13.21 11.8 1:3.U 12.7

1
' r13•S 1 15., 12.2 ~ 

1.9 ".3 1.7".6 U'l 1.3 -.9 2.2 -. 7 1.7 2.21-1.5 1. 7 -.5 1.8r3.7 2 . .4 2.6 1.3 ".7 1.3 
46 N ' 7 •• '3 19' '?> 

NOAA - NAT[ONAL MAR[HE F[SHERIES SERVICE 

PACIFIC ENVIRONMENTRL GROUP 
MONTEREY. CALIFORNIA 

TEMPERATURE ANOMALY 
AT THE SEA SURFACE (DEGREES CELS1USJ 
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-.5 ~2. 1Il 2.2 1.2 ·1.2 1.9 +.111 2.4 +.4 
43 N 1 1 1 2 11 " i 1 t j~ 1 ,~;JI' ,'i~ Ii 3 6/ 

\2. ' 11.3 11.7 Ig.~ 13.. Ii'!; 11.6 . I,t.> II .1 1 1 

1 

+.1 -.6 -.6 h6 -.::1 1~1i' 2'l2.11l 
42 N " '" , 1,2 " 'i'? iI ~ 

,g . 8 l . l l.~ . lLQ.! .... Ii.] 12.31 !,' p,~ 13.5 13.9 II;':! l3.J U.S tilL..!, 11.2 11.5 Q-J(I 
1 

,1,. a 1/3 , 1.i7ft2.!1- +.1 ' J~2 +.1 +.6 1.6 +.1 +.5 112~ .6 -.1Il -.5 
41 N -~~1 'r pi " _I, ~: ~T- 2. ~ll~ i~ I 's'rili 3 5 '\ l 

\3.6 12.6 !2;~1t l.~ IU I~,~ 9,~ 1".1 , 1;1;6 Ii,S ",3 '-\.. ' 

1 1 1 1 1
+·4 - .4 . 1.5 .1 .• ~ ".1 1.6 4.3 +.2 h4r2.3 -.( 

40 N 5 i IZ,., ~ ., ,'~, ' , ~,'I ~ ,. , 
6.3 5.8 U.S 15. 0 15.3 I!3i:A 14.6 .11.8 !.I.U \ 

1 1 1 1 1 
+.3 +.5.1. •. 3 -.2 :2,ft ! •. 9 i 

39 N 5 2 2 ' . ,' t~; ,I" 1 \ 

15 .. 3 \J.2 13.0 15.7 15.0 l~t\3 1'5.0 lil.~ \3.0 ~~~ 

1 

+.3 -.6 '1.2 -.4 r2~2 -.9 i l~$ 
38 N ~. d~ ,--j. 

u .s 16.5 16.7 lib;: 15.6 16.6 15.6 15.8 1.4 .5 16.2 16.kl IS. L:! "12 15.5 U.kl 13.7 ' 12;'.1 ' ,'(.s ' 1~'. ~1'. 1 
+.4 2 •. 9 -.4 +.5 -.3 -.5 1.4 +.2 +.2 +.3 1.5 +.4 -.5 -.7 1.6 1.7 I. f 

37 N z ~,' , 1'1 '" " 

iJ~ ;-r 17.5 ;ut2 17.0 17.2 ~H:L t I!).a 16.9 IS. 1ol 1 1.!i,1J ' IS.$ '!)~~ I~UJ 15.1 I~ . IJ . 15. 0 14..9 13.8 hl.6 {.? u 
1 ~~ 1Il +.8 J;'S +.4 +.1Il :1~5 l. 't +.3 1.6 '1.9 I.IIl 1.2, 1.2 -.7 ,1.6 -.3 +.1 -.8 2.3 .a 

36N '3" 3 fl!; 3 'J·t Z! .; )" !j~ 5 j It y~: 
17.1 17 • .4 17.6 lutr. 17." 'l~.a 17.3 ;IS , ~ 11:1.5 i ~.4: 17.1 17.2 IS .7 17.3 16.~ Hilll 16.7 16.7 It~.5 15.3 i~.~ ' li.S i2 ~'S : 
-.4 -.::1 +.3 :1., ~2 -.2 :1.9 -.6J~a +.9 ,,4.1Il -.3 -.2 I~, 4." -.1 -.1 2.1Il -.2 ".1 +.2 -.6 1,.7 -.4 rl.e., ~ 

-:~ -2 -t ~iH Ill ) $ !I; 2 .!:: Lt3\:; "'"\ 

IS.8 17,4 16.2 il g.? ' 16.3 17..D 17.7 17.1 18.0 16.9 I~ •. S I~:ij 17.k1 17.6 15.5 16.5 14. H . I , !~.a 1 2.~' I~~~ u.s
l· +.8 -.8 +.1Il ;1;. jl +.111 1.111 - . A -.3 +.1 -.8 4.1 1.1 -.5 +.3 1.5 -.3 1. , 1. ~-1.3 1.7, ~: .. .:::..B 

34 N 3 2 ,3,' ~. 5. 3.~ .. Z. .". , ', 
~.a 13.7 ..L...~ .Jl 13.1 19.5 :1.9=~ ';L~.{ __ ~19 • .a 16.0 ,19. 5- la.l 1!; ~ .I t 17.8 17.5 i:.l.5 t I ~.i.~ 1:d.3t ~J& 15 . .1 i ~~ .a lJd' lp. r;! .) 

);.;4 ".111 f-~ -.6 +.6 ;l;-~ ,1:-f ;I;r -.2 ; I :.~ -:2 2.7 -.7 +.4 2 .• 4 1,.4 1:6 1::<: -.1 ~ .• ~l.l ~,~6 ... . '" 
33 N ~.z. 9 i s , ti . i ·e; _I ... ; .2 ~ to ' i; i," ,,", to , 2 t. i ~, ~ ::jI .', \. 

19. 2 .~.~ 19. 'Il ::-~.6 .f! ! . ~ 16.7 19. j 19.a IS.7 16.5 18.2 18.15 18.6 17.3 17.3 16.7 15.7 17.3 IS . 1a 16.1 17.0 1:3>:, 

U.t! IS.5 

16 . ~ 15.5 

35 N 

-.3 '1, 3 -.4 ,1-22,22.6 +.2 -.1 +.5 -.7 -.7 -.2 +. 1 -.5 -.5 1.2 ., 1.9 +.1 1,.4 -.2 +.7 3.2 <.... ....... 

32 N • q .~ 3 ; ' 1 11: '1 3 ' • ' +r--+i'-..""::''''-l=---1--1-f---l 
21:1.2 Zl1.5 2l~.5 2~ .7 Zl'.6 19.9 1'3.0 ~. iI · 2~. ~ II?S IS.9 19.2 17.8 17.3 ' IS!l It~ .e 17.0 15. a u.t4 ltV" 1.6.a ~ .~ .,....... -l~ 
-.1 ".2 +.6 +.6 +.6 -.1 -.6 .1.0 +.7 1.2 11J.1lI +.2 -.6 -.9 1.5 -.6 -.3 1.1 2.1 2.7 1.2 '1.',(11 ( ,-, 

7 ~ 7' J &: -;';,..,:' \l--+1,-'+-'-...+_ 
2J.~~ ;.?J .• n 21.$ ':lJ., 21.3 ~J.e 21.1 .. ~~ .. za.7 19.5 1~~.$ 19.3 18.5 18.5 16.6 i7 • .5 IB.l 19.0 16.8 1'4.S :5 .• 7 \ 

1
+. 8 1;. ~ +.9 z.a +.7 ~ ;. ? +.6 -.2 +.A -.6 -.2 -.2 1.1 -.6 -.6 1.5 -.8 +.1 2.3 ". AI.., \ 

30 N 3 h. • ;.~ j 3 l3, , 3 'f· "t-,II""+-..... +-+-\-
21.£, 1~'~ 21.7 :'~.8 :.>e.j I ~.!i 121.. I .a.~ ~". 3 la .13 ~8.7 ~e.j ~f.6 ~~:o \. \ 

jl,3 +.4 .2 .4 1.6 J.1. 1.3 .3 1.111 .1Il .2 .7 1.6 , '-.,1' 
29 N ' e' 7 5 • ~ '1 ' • 3 0 \. " '\\ 

31 N 

2:!.3 :'.?.2 12.£1 21.6 ro.i! ~ t1.'3 ':l.j 21.3 21.3 ~\'.i 2kl.3 Z~.2 ;.>S .2 ]9.j 18. 1J , lS.~ 17:1 17,0 .. --.., " lb(7 """\ \..... U \ 
+.2 +.3 +.7 -.2 . 1.111 -.6 +.1 -.1Il +.2 -.5 -. 4 -.6 -.1 -. 6 1.9 -.7 L6 l.El '\ 

28 N 2~. 0 22.rj 22.1' 21.5 21.3 21.5 ~.3 I~.;, :~0.51 ~~.A 19.5 19 • .4 19.7 llil.2 19 . .2 18.3 18.7 IS.B 13.0 l~l./ [;:~9. -:> \. r :--Jl.l 
-.8 +.1 -.2 -.5 -.1 ".1 I.~ 1.6 -.4 l.3 1.2 1.3 ~.2 1.1 -.9 2 • .4 1.9 ~> \ 

27 N 7 l l ,1 , 7 5 
::':.8 22.~, ~:'.f: 23.2 22.9 .:'1.9 21.C: 21. j 18.9 18.a 17.!3 17.5 17.3 113.7 ~:/. \,.. 
- .3 -.5 -.2 +.6 +.5 -. Ii' -.1 1.3 1.3 1.9 2.1 1.5 -.~ , '\ 

26 N •• ,;, ~, ;:,z • '-, 
t,. 9 42.7 23. 8 23. 0 ,~j.~_.;::td; 21. 8 1::'9 19.3 F.3 20.'5 1'.5 19.0 2i!1 .7 22.9 'h 
loA - .4 -.1 +.1 3.6~1.11l +.1 2.2 -.6 +.9 
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46 N [~ - T ~ f T f ~ f r r J"t 'i.~ r- JP '\. I ) ~ --,,' ~f;;.-;,' .:- ;lP~ 
45 N I ~ r' - n" -- r. 1'-,---' /"\..... r' -~-r t«m - NATl~Fl. PRUNE FISHERIES SERVICE I/rtr - - ) r- 2> ".r' 7)- S.' 1"/ 3.1 oJ" _72 _2< _2." 

44 N L ' PAC I F I C ENV I RONMENTAL GROUP i / ' /-:: f .V"Lv.r-; , _ y' 59. :-,.6 ;,1 .1 
t t1OHITREY. CALIFORNIA _/ ~ f- 5.3 r~~~' ~.l - S.:, /'i.1 3 5 .. 'd 

43N I TEMPERATURE ANOMALY 1\ IU 1) L-----~/ ;; .tlt[f~~ +,',7 -; 8 +,; 7 ~:~ 
t- AT Tl-E SEA SURfACE (DEGREES CELSIUS) II I ,,--- Itp 6 ,,8.' 5.6,.~ rs.1 ~'~" :i.,.'.'~ 7 .• it 

II 1("1 rt---'/ I):1I~E +.3j+hl +.2~J.l +.5'7'~ ~ .1.9 +.6 .I.I! 
42 N f- 1--+-1 JANUARY 1975 r- ..J l'},i. 1\ j r ' 1,1 7 'w 11 j 6.~, 

NJt1 OBS 4769 ( ,,- -- ..Jl~'·~~IR' ; .~ 'J~ •. 6 u ' ~~!~ 1 II, ;~a~ ' I •• ' ~F- ",' ~ r--....... . _ ',I ~I ~I+:h~ +.III ~M~i~lilm~ u - .5 j~. ,I ., S 
____ -L i," !i,. 1.-\' 13 l~. ''111'' ,~. j~i ' I 

•. 5 ~ :t'f., .. : H ~~, H ,~,r. ' '·L ·,.·t ~:~ 11.8 :1~1 1S.2 ~'!L 16.8 r" "I~ -. T~J:lI !1~~ ~.~ ,~ 11 : j:1>~ l' PI +.2 ~~j: +. 8 I' +. 5 f! 
40N I 1 1 I 1 I I I I I I I I I I I I I I 121 I I /i. ·'~:~;/; '1.",, 1IPr'8 , J '~ "j 8 ,. I. !; 

~ i, ~.~ II.' 11~1 . . 1~H :'~:~ 12.3 l!.H ~5.1 1S.3 18 .• lilI l: 111I11a!1~1~~ ~.., 
~" 1-'1 +.5 ,1_5 .1.S~)!.lZ -.3 t'2~5 .4 -.3 -.8 ~nn.nrr; .111 

~q N 1 I I I I I I I I I I I I I I I I I I I I I ( 1 \" 1 11?!'1 22 "~flUjg'" t ~ 1 8 • 7 IIM!~IIII' 6 

. . I 9.7 1I.6i!,i··e A .. I: ".8 :i1··t, :i1-t 17.2 ~~~ 17.' 1 •. 1 ~,' " IS.6 I •. ' 
~,( +.9 +.6'~13 111'~ +.lIIitlll.!> 'l~8 -. 1 ~ -.7 +.4 ~\. -.7 +.111 

38 Nil L I I I I I I I I I I I I I I I I I I I I~" ( 18 7 :f~. 1~ j S55 (*:1 f~J 3 '7 ' ~ 5 , 

fJ' . ".i. -t I." 'IOt l~,II~, 18.9 2 • . 2 2 •. 2 2'. 3 2\1.8 2 •. 7 2\1.8 2 • . 2 '\U~ili' I •• ' 20 . • \ - 5 :lt2 a;.. 12:'8 M~ -.5 +.1 -.1 +. 3 +.7 +.3 +. 7 +.2 -:,2 ' -.4 +.1 
37 N I I I I I I I J I I I I I I I I I I I I I I I r j~1 1* j f.71 II~II. , 7 II 6 7 I. ' III 2 2 

I 
•. 2 ,1.3 r~· I lZr£'l.j6 2 • • 5 n·M 'ffi I 2 •. 1 21.1 2\1.' t~~ 2 • • 1 2\1.7 2\1.6 1 •. 71~ -.3 +.2 ~jl ' ~ +.1 I' ' -.2 +.6 +.3 I' +.111 +.7 +.7 -.4 

36 N r- J. 7 2l! I 1 ' 12 8 2 2 II; I , 7 7 3 

41 N ... 

~m ]~~'~ ·123.. 21.3 1 •. 7 2\1.1 2. . . 2\1."~. ;' r· ".7 L~:'r ".2 Z • • 3 'IQ lll l ""'-- I ~2~ +.4 -.6 +.2 -.1 +.IIl~:I~ -.2 It!!. -.9 +.6 
35 N J.. - '1m 15 7 2 , 5 Il~ ' 7 1~ 8 4 1 1 ~ 11I1 

~f' 21.7 22.3·~J "'.3 2 •. 8 .m,}· !IIiM: 2\1.5 1 • . 7 21.2 fi~~ 1 •• 6 ~f j:j. 

V 1 -.7 +.1 j+i]~ l/J -.3 +.3 ~jl .• ~~~\d +.5 -.5 +.9 r -. 7 ~ jl~ 
34 N ' ' 21 21 1J7 J~ 6 .. " 7 . II~ 5 5 5 ' 7 .j ~ , t, /"" ~ ~:!f! 22.5 2'3.2 :?l.B 29.8 21.5 21.1 20.7 2B •• ZiLA. 19.4 19.9 20 .& 2S.kl 19.9 19.5 hi.; 

) 
. ' -.6 +.3 +.6 -.2 +.8 +.7 +.3 -.1 +.2 -.9 -.4 +.1 -. 6 -.3 -.3 

33 N ,,' • 8 3 4 2 IS 7 2 5 5 3 6 5 3. 

23.5 ~'16 22.' 24. 2. ~I""~ 22.1 -I?l l'$ 29.5 21.' lB.3 21. 8 19.7 20 . 2 21. 0 29.2 lS .s 21. 9 2J.iJ 19.5 
I \"' +.5 -.7 +.5 +'I~jj +.3 -.7 +.5 -. 2 +.4 -.8 -.4 +.4 -.3 -.5 " +. 6 +. 3 - . 9 

32 N 2 1<' ' 8 9 1 ~ 1 '" ~ , 7 , 6 • 2 7 4 5 7 2 2 3 

j , .. 6 l!fl~ u.s m·t 1JJI ~'r 22.2 21.8 1~'r'l 2 • . 6 2 •. 7 2\1.7 2 • . ' 21. . ZO.6 ZI .Z ZO.5 2l!.' 
+.6 ,,2~!!, +.111 1';1 6) ,6 +.9 +.6 ~I~ -.4 -.3 -.4 -.5 -. 111 -.6 +.3 - .6 - .5 

31 N 7 II ia!ii 12 I J t :.. '. 1 I. I. i a, 5 5 ' 6 6 4 2 Z 5 

17.1 M~f.1t le.? 25.0 .fl:'F 22.8 22.s 22. ' 22.B ~~. ~~! 20.8 21.8 21.7 21.7 20.9 21.8 29.7 29.6 29.9 29.S 28.5 

CL/--'~I ./11-----> I -.3 +.2 uL +.1 -.2 +.4 +.1 I -.6 +.4 +.4 +.2 -.3 +.3 -.6 -.7 -.3 -. 9 -. 6 
30 N h ;;c, 3 '-'" I --.. 9 6 1i 8 3 9 3 1~liI. I. I. 6 3 5 , 2 6 5 2 

1""- +. 7 ~ +.1 " +.3 +.4 +.6 -.3 +.5 -.5~b., +.1 +. 7 -.6 -.6 +. 5 -. 9 +.6 +. 4 - .5 +. 1 n.'7:.!-~'~8' ,\6., ~ 19.' tW~I ! Zf\j.../ \. \ 22.1 25.5 23.7 22.6 23 .• 22 •• 'lil' 22.2 23.' 21.4 21. 4 22.8 22 .5 ~~ffi 21 •• ~~~~~ffl 22.6 22.2 21.3 22.' 

29 N 7 , ~ " f----I 3 I' 32 6 15 3 7 5 3 1lj , 5 3 3 6 ,1\ " III 4 6 6 3 

r[ 
17:1" 11~~~~ 2'Q ZO.8 21.8 2\1.5 22. 1 1,':'Ii! I ,,!.~ 22.7 il·. 25 .• ".1 23.5 23 . • 22.1 :),>1. 22.5 23.2 ;ll[ 22.3 22 .• 22.3 21.8 22. 6 23. 1 22 . 2 22.5 21.9 21.8 
~4 t-I]jo- ,.; ~ ~~ a +. 5 +. 7 -.1 +. 3 c l ~ 1 '&~ . 6 -.1 +.9 +.3 -.9 '1~ - .111 +.2 ~~~ - .2 - .5 -. 111 -. 7 -.1 +. 7 -. 3 +. 1 -.4 - .7 

28N I. " Tr ' , , , 5 ~ ' • 3 , I;,a" 1 ~ 1 3 I. \3 5 • , '1 d · Z 6 11 11, . 13 6 6 4 5 3 3 3 6 

\~~I~ ~!~i~ ' 121'& 22.' 21.2 22.' m" ~j~ 23.2 23.9 23.8 i" "'.9 Z~~8 "·.Ii'~·J; 23.1 23.3 23.3 ~~~ I II !1l I ~ 1 ~.·!.I -Jl1·!: 23.9 23 .• 22 .• 23.2 23 . • 22.7 22.5 I ~~~I I c~6 ~;tj. 0 +.4 - .5 +.7 ~ 9 ~S -. 1 +. 7 +. 4 lit +. +.U1~ i1J - . 4 -.3 -. 111 ~r~ l' Il.~i+'}p +.9 +.111 - .2 +.3 +.1 -.5 -.4 
27 N .. ..~ IIII Hoi r 5 8 15 · 16' · Ii.,. 6 8 6 T 2'5 2 22 " ff 5 2 8 lii illl lT! . Ii t ·, 9 -; 6 zo 5 5 7 6 3 

i 1~"~ '~ 21.7 21.8 21.5 23. . 22 .• 7rr .... Eil:1~ ~~ 24 .• ~f~· J1'4·f J1'? "\ .... ~ ".1 23 .• ~~ffl 23.7 23. . 23.2 23. 4 24.5 23.7 23. 5 23.8 23.6 23. 4 nt~ffi~~~ 23.9 23 •• 3 . - .1 -.7 -.6 +.7 +.2 1]. 1' +.6 ,]\.,} +.6'1 ']~ 2 ~I]~ -. 11-:> +.11. -.7 ] -.1 -.6 - . 3 -.3 +.9 +. 111 - .111 +.3 -.2 -.1iI " +.4 +.1 
26 N " 7 \I , 12 111 · • I'll I 1 9 1 13' '1 :1 - 31 8 iII 7 23 16 7 8 9 • 2\1 7 , 7 ' III 5 4 

23. . 23 . • i :/!' 22. 7 r.:.a ~~i. 2'5 .• 2'5.1 tJ"P ~.~~. .&l' ~ :S1.' 25.5 23.8 ... ~ 24.3 ... . 24.3 ~~~ 24 •• 2'5.2 24.3 ~~IM 23. 4 23.8 23. 4 24.2 24 •• 24.S ~~~I 

25 N 
,..,., +. 5 +. 3 ~ i3 -.5 ..1~ 9T~~ 1" +. 5 +.2 " +it1ti l'~H ;1' . +. 5 -. 6 +.4 +.2 -.1 +.4 +. 4 +.9 -.1 -.7 +.1 - . 9 +.2 +. 2 +.5 II 
I~ Z 2 I, . ~ 3 , 4 2 7 -1 1 ~J;l ~ ;l. ·la · 16 3 n 1,3. I. \3 3 2 8 I. i 5 6 6 3 3 3 

.Lr.g' 23.7 ~, ,e 2'5.8 2'5 .• 2'5.7 ,E," H'~~' 23 .• 2... 24.6 24.6 I 1\24 .1 q 2'5. 7 • ".6 ~' ~m , 24.3 24.8 23.9 24 •• fI~ffi 24.6 24.7 24. 9 

2
' N 1 . :I~~ -.2 .1 ~iJ +.3 +.6 +.6 lr 1~ +.1 +.2 +. 111 -. 7 "iJ_~ .... 8 1 -.2 -.4 -.111 -.9 -.6 I -.1 +. 2 -.111 
4- -1 Z i 7 .~ S T 4 U!I 316 ' - 21l 15 15 30 4 ; (jfj ;:J - 7 1)1 4 B 10 11 3 A 4 

II 

23.4 23.6 2'" ~~1~ ~~!ilI~ ~, ~1lI' 1 2'5 .• 25 .• • ~-t 25 . • ".1 ",.3 2'5.' rNl~~~ 24.' 2'5.' 24.3 ~.! 1~1~~ffil 2'-' ~~1~m 23.8 24 .• -.4 -.9 - .9 ' IU tJ -.1 +. B ~~0 -.6 \ -.3 1 -.4 +.4 - .9. . -.5 -.7 -.8 
23 N 2 • 9 1m . , 21 \4 9 2 17 , Illal 2 , 1\ ' I " 1 6 I n 3 ' 5 

2... 2'5 . 3 25.1 (1--",--- 2. ~.!~25 .• i I 22. 4 26 2'5.7 2'5 . • 2'5.6 ~~ffi' 25.3 y~1 24.S TI~~ 24 . 6 ".7 25.1 ~lt.· II I U .7 

22 N 
-.2 -.6 -.1 I /::> 1-....:1 ~l +. -.4 -.2 -.3 hi -.6 -.7 -.6 +.9 ' . -.3 

> 13 If""'" . 2 3 il:, • '5 Z1 ' 7 1111 1111' 12 5 7 6 ' 6 
_~ 23.9 V ~~I ;!Jll!: I ~ ! I"l'iljf"lIi'"~I) ,-~ , 25.8 25.7 ~;'m i ~~ltlJ 25~1' ".9 25 .• 25. ' ~t l~ 28. ' 25.1 wr'~ 25 . • U .• U., 

21 N;~ /1-> -V---~MiTIl , iTh' l~m~gMIi~Q~ > 1\ ?; I ~2 ~, •• 2 ~~,~ , fi ;~.Ml -; 8 -.1 - , •• 1 - , •• 5 TIMIll +:5 -.B mM~ -.3 ~.-6 -;9 
l;.'i'!-!. f 25.8 21.' 26.2 26.2lJ~l~ 26.8 26.2 26.7" JVP.ft1 26.6 ~.:~ ~~fW 25.7 25.6 25 .• WV1tnll 26. ' W~IW 25.7 2EI.1 25. 4 

20 N r;t·f 1'7;9 +.7 - ; 4 -;4 illMn! +; 2 -.4 +; 3 ~ IIMifil"'~ -.9 !L'lnm -.7 -.7 -;,1 IIIMml +: 1 II r~'m -;4 +.-8 m~Hml ff!H'I-·3 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 3 3 3 3 ~ 3 333 333 333 3 222 

---~~--~----= ~-~ m-...~~ _Hi S _ f)j ;;c; le __ 



44 N l 
43 N r 

42 N 

......... - ..... TlV!'fnL- l'1I1I'<lm:- .. l""=Il:;:)~Ylt.~- ) )-1", ,'>, i ~_/ 1 . '..J "f-I I ,...;0"1' .S 

PRCIFIC ENVIRONMENTRL GROUP ! i'--. 2~} l'-v.t . i • , !"~1-lk;IIj"~.31 

I. MONTEREY. CALIFORNIA I) I----',h/ <; .• . ..-:-i 

TEMPERATURE ANOMALY I, U \ ~~r--- /~ )1 -: 7 1 1;:shfT-I~8~1)~~::9r~~2,-~.iI 
t AT THE SER SURFACE (DEGREES CELSlUS) II b ./~rl--- I u ~ "1 U '.1 -tat~:;, T7.. t-~'I LH I I u 

1 FEBRUARY 1975 
I) II'/' ~.3 1.3 +.111 -.4 1.9;-2.4>-1.2r l . ... 3..5*1.9 

'-' / 1'16 . ~ I 3 II II I a.~1 J-- , j r :.: 
NUM OBS 42B4 < 1.,- 13.6 1 rl~~~ 5, ,.6 'J. I ~J 8~ '". 12.' 

1 I----V I -v -.1 +.1 1.1 ,. 1 •. 9;1.2 -.. 3 +.B +.2 / 
41 N 't I . .1. ___ , 2 ~-'----/, s· J.l j , I. ~ I "L ~ 

! . ~ 1.E> I,J 0." 1., 7'7 li.l~rJl~.J;~,8.4,8 ' •. ~ ':"l. t 16 .• r I t ~~ +.61+1.2 1~1 1 +·8 1.0 +.8 2.01+1.J;;>5.7 +.3 1.4+2.0 +.5 
40 N -t- t + _ _ h' II' .. ' 83 I" ....., Z7 'l' 'I a • ~.tt~ 7 

1 
7.5 ".6 ') ll:5 '. I ,!.6 12_9 1'3.6J tc., t~l~n~ LSi!t 1".4 16.' 
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Sec ion 3 

ATMOSPHERIC CLIMATOLOGY A D ITS EPFECT 
ON SEA SOFFACE TEMFEFATORE - 197 c 

F.obert F. Dickson 1 and Jerom e am ias 2 

uring 1975, stronger than normal westerly flow continu to 
ominate much of the Ncrthern Hemisphere at middl nd hi h 
atitudes, in keeping with the general circulation nn ncy 0 

he previous four years (Namias and Dickc:on 197 ). Ho v r, 
Ithough this general tendency may have bef.!n ma intain d, h r 
ere also marked differences in the strength, aXlal position, n 
easonal occurrences of these westerlies, ccmraI d wi h earll r 
ears. 

igure 3.1 illust~ates the mean annual districution of 700 mb 
eight and its anomaly during 1975. As in the previou high 
ndex years, the augmented westerlies are shown to b chi fly 
eature of the oceanic areas, with a relatively slack flow ov 
orth America and Asia. Unlike these earlier years, how VP, h 
rincipal strengthening of the westerlies tock pl c 
elatively high latitudes. Over th Nor h Pacific an ext n iv 
ut low amplitude anomaly ridge at mid-latitudes [+QO ft (2 7 m) 
n the annual mean] combined with a weak upper 1 vel trough ov 
he Beaufcrt and Bering Seas [-50 ft (-1t: m)] 0 dir c 
rengthened westerlies to the south of the Aleutians; 10 g h 

as t er n 1 i m b 0 f the mi d - 1 at i t u d e rid ge , t h se urn 
crthwesterlies flowing along the western s atoard of 
erica. In the Atlantic sector ex p-nsive ridging 
served at mid-latitudes but was ~plit intc t~o main c 11 

est Atlantic and northwest Europe. ~he as rn c 11 
intense [+110 ft (32 m) in the annual man] dnd 

a deep upper level trcugh over he Barents S 
m) J to induce vigorous westerli s from Sou h r 

ross the European subarctic seas to orw y and arc 
us in contrast to preceding years (amias and Die son 

strengthened westerlies w re not he resul a n in u 
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ATMOSPHERIC CLIMATOLOGY A 'D :TS EFFECT 
ON SEA SUFFACE TEMFEFA URE - 197~ 

Fobert F.. Dickson 1 and JE?rom e Jam ias 2 

During 1975, Etronger than normal wes erly flow con inu d to 
dominatp much of the Ncrthern Hemisphere at mi dIe nd h"gh 
latitude~, in keeping with the general circulation end ncy 0 

the pr vious four years (Namias and DicKson 1976). Ho v r, 
although this general tendency may have been aintain , her 
were al~o marked differences in the strength, axial posi ior., an 
seasonal occurr~nces of these westerlies, CCmFarE?d wi h earli r 
year~. 

FigurE? 3.1 illust~ates the mean annual distribution of 700 mb 
height and its anomaly during 1975. As in the previou~ high 
index years, the augmented westerlies are shown to be chie ly 
feature of the oceanic areas, with a relatively slack flow ov r 
North America and Asia. Unlike these earlier years, howev r, he 
principal strengthening of the westerlies tock plac 
relatively high latitudes. Over the North Pacific an ex nsive 
but low amplitude anomaly ridge at mi -latitudes [+90 ft (2 7 rn) 
in the annual mean] combined with a weak upper lAvel rough over 
the Beaufcrt and Bering Seas [-50 ft (-15 rn)] to direct 
strengthened westerlies to the south of the Aleutians; along the 
eastern I imb of the mid-Iati tude ridge, these turned 0 

ncrthwesterlies flowing along the western seaboard of or h 
America. In the Atlantic sector extensive ridging a~ also 
observed at mid-latitudes but was split intc t~o main cells over 

he ~e2t Atlantic and northwest Europe. he E?as ern cell h 
more intens€ [+110 ft (32 m) in the annual mean] and co ne 
with a deep upper level trcugh over the Barents Sea [-140 f 
(-41 m) = to induce vigorous westerlies from Sou h Gr nlan 
acro~s the European subarctic seas to orway and arc ic Russia. 

hus in contrast to preceding years (Namias and DiCKson 197), 
hese strengthened westerlies were not the result o~ n in Sl u 

-----

IVisiting Scientist frorr the inistry of Agricul ur , Fi~h 
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section 3 
tandem inten~ification of subpolar lows and subtropical 
anticyclones (the North Pacific and North Atlantic oscillations), 
but were the product of couFling between inten~ified ridging at 
mid-latitude~ and a single polar trough. 

1he ~ea~onal and latitudinal variations in westerly wind strength 
in 1975 are shown in Figure 3.2 in the form of zonal averages of 
the westerly component of the mean geostrophic wind (m/sec) over 
the Northern Hemisphere from 25N to 85N and from Ow to 180W (from 
Wagner 1976b). A comparison of this figure with the similar 
figure for 1974 (Wagner 1975a) confirms the general tendency for 
a shift in the westerly wind belt towards slightly higher 
latitudes in the later year. As in 1974 the westerlies were at 
t heir most intense in the wi nter sea son (+ 4 m/sec a t mid­
latitude~ during January and February) though this has not 
neceEsarily been a uniform feature of the five high-index years 
since 1971. Table 3.1 compares the mean westerly component of 
the geoEtTophic wind over the North Pacific sector (35-55N, 
130E-110W) in each season of the period 1971-75 with that 
observed during the relatively low-index years 1947-196E. As 
shown, although the vigor of the circulation increased in all 
seasons r the greatest westerly intensification tended to occur in 
spring within this sector with a progressively smaller mean 
increase in summer, winter, and fall. 

Table 3.1. Mean zonal component of the geostrophic 
wind at 700 mb level, 35-55N, 130E-110W, during 1947-66 
and 1971-75 (m/s). 

Winter 
SFring 
Summer 
Fall 

1.2~1:..§.§ 
9.83 
8.64 
6.00 
9.63 

1.211:.12 
10.13 

9.32 
6.45 
9 .70 

!21ff~.£~n£g 
+ 0.30 
+0.68 
+0.45 
+0.07 

'l'he mean annual distribution of Pacific sea surface temperature 
(SST) anomaly in 1975 (Fig. 3.3b) was once again .the eXFected 
reflection of the relatively high - index circulation in that 
sector. . Across the n?r~hern North Pacific from Japan, south of 
the Aleutlans to the Brltlsh Columbia coast, the track of the 
strengthened westerlies is marked by a zonal belt of abnormally 
cold water with cor~ anomalies of -1.6F (central ocean) and -2.5F 
(a t the North Amerlcan Coast). In fact this d ist ribu ti on shows 
a closer relationship to the circulation'of the winter season, 
when the we~terly ~irculation was most strongly developed, than 
to the mean clrculatlon of the year as a whole and it is 
envi~aged that these cool oceanic conditions w~re maintained 

90 



Sec tion 3 

primarily through the enhanced westerlies, cyclonicity, 
cold-frontal activity, and Ekman divergence (with open-ocean 
uFwelling) of the winter season. To the scuth a zonal pool of 
warm water was maintained across the central North Pacific with 
core anomalies exceeding +1.3F in the a nnual mean. Again this is 
the expected development under the light winds, clear skies, and 
horizontal cceanic convergence which would be associated with the 
high pressure anomaly cell at mid-latitudes. Throughout the 
year, northerlies runnin g along the easter n fla nk of this cell 
were responsible for the regeneration and maintenance cf cool 
surface temFeratures at the North American seaboard, presumably 
a::: a result of enhanced coastal upwelling and heat exchange 
(Bakun, Section 6) • 

The above discussion has purposely emphasized the "maintenance" 
or" reg en era tic n" 0 f sur fa c e tern per at u rea noma lie sin 1 97 5 rat her 
than the es~abli shment of these features. The circulation of the 
preceding year wa s one of even greater westerly vigor and as a 
result, the surface temperature ancmaly distribution of 1975 must 
reflect the antecedent condition of the ocean's thermal field as 
well as contemporary forcing. Comparing the mean annual SST 
anomaly distributions cf 1974 and 1975 (Fig. 3.3) it is clear 
that similar distribution s of surface temperature characterized 
these t.c high-index years with the northward displacement cf the 
SST anomaly pattern in 19 75 arising through the slight poleward 
shift of winds and pressur e belts in that year. 

Equivalent mean annual surface temperature data for the North 
Atlantic as a whole are not yet conveniently available; however, 
variations in surface t e mperatur e anomaly over the west Atlantic 
are described below in the discussion of seasonal changes. 

The seasonal changes of 700 mb height anomaly and surface 
temperature anomaly over the ccean areas flanking the United 
States are described in Figure 3.4. In general, over the eastern 
North Pacific, the seasonal changes in circulation abcut the 
annual mean were not responsible for any radical seasonal :::hifts 
in the "preconditioned'! surface temperature field. Some greater 
seasonal variability in SST anomaly was generated however over 
the western Atlantic. 

During ~i~!~~ (December 1974-February 1975) the westerlies of the 
Western Hemisphere attained a greater anomalous intensity than 
during any other season of 1975. In January, Wagner 1975b:360) 
noted that along the axis of the upper westerlies ". . speeds 
were around 5 mls stronger than normal over the Pacific and 
averaged nearly 10 mls above normal across the Atlantic. ." In 
that month the mid-latitude zonal index for the Western 
Hemisphere egualled that of February 1974 (13.3 m/s) which itself 
was the second strongest monthly index of record. Around the 
latitude of maximum zonality mild maritime influences penetrated 
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Section 3 
far into northern North AII1erica and Eurasia. At lower latitudes 
the northward expansion and intensification of,t.he suhtropi~al 
anticyclones led to a weakening of ~he subtroplc~l w

p
st8rll:s 

aloft, resulting in the mean wlndspe8d profIle sho wn In 
Figure 3.5 (from Wagner 1975b). During February, the fast zonal 
flow began to break down, but nevertheless over the eastern 
Pacific the seasonal mean of 700 mb height still indicated a 
sizeable anomaly gradient of over 290 ft (88 m) betwpen 30N ann 
60N at 170W (Fig. 3.4). 

As already described, the underlying zonal distribut.ion of SST 
anomaly is largely in keeping with this high-index cicculation 
and a similar basic pattern will be encountered in all seasens of 
1975. However certain differences of detail may bE described 
which are peculiar to each season. In winter our attention is 
drawn to the tongue of warm water which extends northeastward 
from the main warm center towards the Gulf of Alaska and which 
appears +0 be out of keeping with the northwestprly anomaly winn 
in this area. In fact this situation is a partial reflecticn of 
events in the antecedent season (fall 1974) when an anticyclonic 
anomaly cell centered over the American west coast had generated 
warm surface conditions throughout the Gulf of Alaska (Namias and 
Dickson 1976). Thus while the northerlies of the succee ing 
winter did not entirely eradicate these warIl1 conditions, they 
were responsible for a substantial weakening and south ward 
retraction of this warm-water tongue. 

In the western Atlantic the winter surface temperature 
distribution was dominated by the contrast between abnormally 
warm conditions (>+2F) off the southern U.S. seal:oard and cold 
conditions (>-2F) off the Canadian Maritimes . Again this is 
readily explicable in terms ef the prevailing circulation 
pattern; a localized upper-level ridge off the Atlantic seaboard 
brought enhanced southerlies and warm surface conditions to the 
former area, but coupled with a trough over southern Greenland , 
this cell was also responsible for directing a strong 
northwesterly flow from arctic Canada toward the Labrador Sea and 
northwestern Atlantic. 

Althcugh fast zonal flow continued over the western Hemisphere 
during March, the §B~ing season as a whole was characterized by a 
general weakening of the zonal flew and an amplification of the 
circulation into a more meridional pattern. In Mar.ch and April , 
the Pacific subtropical anticyclone moved east while retaining 
its former anomalous amplitude, resulting in a more direct 
northerly anomaly airflew over the western seaboard. In 
response, the weak upper-level trough which had persisted over 
the Bockies throughout the winter became strongly developed as 
cyclonic centers crossing the Pacific were driven south into this 
area, resulting in depressed westerlies across the southern 
United States, and encouraging the buildup of a further upper 
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trough off the Atlantic seaboard. By April, \iJagner (1975c) noted 
that mean 700 mb winds were at twice their normal strength east 
of Cape Hatteras. Record or near-record cold prevailed over much 
of the United States. 

In ~ay as the amplification of the circulation continued, strong 
ridges built over the eastern Atlantic and northeastern Asia. In 
the Atlantic this resulted in a further disruption of the 
westerly airflow, but the advection of cool air around the 
eastern flank of the Siberian ridge generated a strong thermal 
gradient between that area and the long-standing anomalous warmth 
prevailing in the ocean's surface layer across the lower 
latitudes of the North Pacific. Dickson 3 (1975) regarded this 
development as being responsible for enhancing the supply of 
zonal available potential energy and hence for a late-season 
acceleration of the westerlies cver the North Pacific (5 m/s 
above nermal from 170E to 1.30W in May). 

These successive events are indicated in the mean distribution of 
700 mb height_ anomaly for spring 1975 (Fig. 3.4) and are 
rEflected in the seasonal changes in surface temperature over the 
eastern Pacific and western Atlantic. In the eastern Pacific, 
enhanced heat exchange and coastal upwelling under the direct 
northerly anomaly wind completed the eradication of the 
warm-water tongue which had formerly extended to the Gulf of 
Alaska. Thus while the main area of warm surface temperature 
anomalies persisted to the southwest under the strong subtropical 
anticyclone, it suffered a marked trufi, ation along its eastern 
margin. In the west Atlantic the depressed westerlies and 
offshore trough brought a retraction of the preexisting warm SST 
anomalies to the coast while cool surface conditions intensified 
and spread offshore [)-4 F (>-2.2C) off Nova Scotia]. 

The §~m~g£ was characterized by ridging at relatively high 
latitudes over both the Pacific and Atlantic Oceans. The 
p€rSistEnt upper level ancmaly ridge over the North Pacific 
showed some weakening compared with the preceding season [+70 ft 
(+21 m) compared with +140 ft (+42 m)], but moved northeastward 
to b€come centered at 40-45N, 150W. Generally strong westerlies 
continued tc the north of the ridge throughout most of the 
summer. The underlying warm SST anomaly generated by this ridge 
also showed a corresponding northeastward shift, but along the 
western seabcard, northerly anomaly winds weakened drastically as 
the ridge itself weakened so that the strip of cool water at the 
coast narrowed markedly. 

-----

3No relaticn to present author. 
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"Farther east an upper-l vel m an ridg which hari progr ssed 
slowly eastward across Arctic Canaria hrouqh rch , April, and 
May finally merged with th pr .,xistinq idg _ OV_I:" th pas ern 
Atlantic to form a single zonal cell from fillrison Bay to pas ern 
Europe. To the north of his _11 int _os w,s ~rli s v re 
generated at high latitud s across h D vis S tr it , G eenland , 
the Norwegian-Greenland S anri nor h 'tn ~or way , nd were 
reflected in the extreme d partur_s 0 ~/.~ in th_ mean zonal 
wind at high latitudes ov r the es rn h_r (Fi g . .). 

Equally extreme developments took pl(c 
of this cell. The m rging of th two 
anomaly (over northeas rn rn Can a 
c3Jsed a rapid realignm n 0 th 
dis t r ib l] t ion. 1I s t hi Z 0 n a Ire a 
high latitudes, the Atlan ic s 
underwent a r markable '01_ k 
summel. season. At the c 
approximately), the followi 
height were recorded for summ r s son 
months: 
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Since the standard deviation 
than that for any comEon 
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than the monthly anomalies. 
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ans i<: less 
he se sonal 
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Coupled with the zonal ridge to the north , his troughing 
t:ndency at lower latitudes brought a nor heas erly anomaly 
alrflow to the western Atlantic, and thus con inu d h spread of 
abnormally cold surface water in this area (Fig. 3 . ). 

More generally, as Wagner (1976b) Fointed out , the subtropical 
high pressure belts were. sufficiently far nor h by the End of 
July to develop the subtrcflcal easterlies south of 30 with the 
result that several tropical storms formed over the western 
Atlantic and eastern Pacific. 
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certain general tendencies of the summer circulation continued 
into f£11. In September (Taub~nsee 1975), well-developed ridges 
continued to dominate the mean flow at mid-latitudes so that an 
intense cyclonic vortex prevailed ever much of the polar regions. 
As Taubensee pointed out, the polar westerlie s index for the 
western Hemisphere between 55N and 75N was at a record level for 
SeptembEr (6.7 m/s vs. a nermal of 4.0 m/s). However, although 
the mid-latitude high pressure belt remained present, adjustments 
in the position of individual high pressure centers within this 
belt took place, assisted by the normal progression of seasonal 
forcing. 

Over the North Pacific the strong subtrepical ridge remained 
centered at 45N but had intensified and moved westward cempared 
with its summer position. In the west this movement implied 
unusual weakness in the Asiatic coastal trough; in the east, 
northerly anomaly winds began to flow strongly once again along 
the western American seaboard, reviving the tendency for cooling 
in the surface waters along the coast. With SST anomalies of 
)-2F widely distributed throughout the Gulf of Alaska and 
southward te southern California, this coastal water was at its 
coolest during this season of 1975. On the other hand the 
persistent warm pool lying offshore to the southwest was eroding 
rapidly since the westwar d shift of the mid-Pacific ridge was now 
generating a northerly airflow over this offshore region also. 
In response to these developments in the Pacific, a full-latitude 
upper level trough remained (on average) over the Rockies fer the 
fourth successive seasen. (This feature was subsequently 
destroyed in the winter ef 1976.) 

In the area of eastern North Americ a and the west Atlantic, 
seasonal forcing operated to bring winds and pressure belts 
southward from their SUl\1mer positions. Progressively the broad 
Atlantic high pressure cell spread southward in the west 
Atlantic, weakening the preexisting block over northeastern 
C an a a a and rei n ten s i f yin g the B e r mud a Hi g h ( Fi g. 3. 4) . 
Accompanying this change, "'The record strong polar westerlies of 
September, ••. moved south during Octo ber as the middle 
latitUdE west erly index over the western half of the Northern 
Hemisphere increased from a below normal 7.0 m/s in September to 
an above normal 10.0 m/s in October." (Wagner 1976a-). 

With the strong reestablishment of the Bermuda High in October 
and NovembEr, unusually warm weather prevailed ever the eastern 
United States. Offshore the previous cooling trend was reversed 
as warm SST anomalies redeveloped along the southern and western 
flanks of this cell. However, owing to the small latitudinal 
extent of this isolated high pressure center, the cooling 
persisted south of Newfoundland, where a northwesterly airflow 
from the continent was directed across the coast. 
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Section 4 

CLIMATIC CHANGE IN THE PACIFIC OCEAN­
AN UP r AT E T H R OU G H 1 975 

James H. Johnson, Dcuglas R. McLain, and Craig S. Nelson 1 

INTRODUCTION 

An earlier article (Johnsen et ale 1976) presented time series of 
sea sur fa c e t e m pe rat u rea t 3 3 "i n d ex" s ta t ion s (F i g. 4. 1) (5 x 5 
degree blocks of lati tude and longitude) in the Pacific Ocean 
from 1948 to 1974. In addition, all 5x5 degree blocks in the 
Pacific Ocean, where adeguate data were available, were analyzed 
for long-term cooling or warming trends and charts were presented 
showing the trends for the Pacific overall. It is the purpose of 
this repcrt to update the time series through 1975 and to present 
data showing the magnitude of anomalies in terms of normalized 
standard deviations (Z-statistic). 

DATA SOURCE AND PROCESSING 

Source of data and methods used in deve l oping the time series and 
the charts of temperature trends over the Pacific were presented 
by Jehnson et al. (1976). Data for this upda te were obtained 
from Fleet Numerical Weather Central. 

Magnitudes of anomalies for the annual, winter, and summer time 
series were presented in terms of a standard ized variable 
(Z-statistic). The change ef variable was calculated by 

z = (x - X) Is 

where X is the 20-yr (1948-67) mean, (x - X) is the anomaly from 
the rrean, and s is the corresponding standard deviation. 

-----

IPacific Environmental Greup, National Marine Fisheries Service, 
NOAA, Monterey, CA 93940. 
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Time series sea surface te mp eratur e da ta and the z-statistic a r e 
presented for the 33 index stat io n s in Appendix 4.1 . 

DI SC US SION 

Northeastern Pacific Q£gEg 
-----------~ -------

At 21 index stations in the northeastern Pacific Ocean, 17 annual 
means remained colder in 1975 than the 20- yr (1 S48-67) average , 3 
warmer, and 1 showed no deviation from the a verage (Table 4.1) . 
This distribution was similar for the winte r (January-March) and 
summer (July-September) means, though there ap peared to be a 
slight tendency for cold anomalies to be more widespread in 
summer than in winter. Seventeen index stati ons in summer were 
colder than the 20-yr average in 1975 , wherea s 14 were colder in 
winter. Most significant deviations contin ueq to be in the 
general area of the Aleutian Islands and Gulf of Alaska and in 
the coastal region off ~exico and southern Ca lifornia. In the 
fermer region, normalized standard deviations at index stations 
1S5-3, 197-1, and 198-1 ranged from -2.2 to -2. 6 . This was a 
c ontinuation of very cold conditions that have c h a racterized this 
region since the start of 1971. The number of ye ar s wi th such 
high normalized standard deviation was unprecede nted in the time 
series of the pacific we have so far analyzed . This anomalous 
cold period in terms of normalized standard devi ation and time it 
had prevailed was even more proncunced than the a nomalou s ly warm 
pericd of 1957-58 in the eastern Pacific Ocean . In Section 5 of 
this report, ~cLain presenteds data on sea s u r fac e coastal tide 
gage staticns which alsc shew anomalous cool ing in recent years. 
The consequences to fisheries of this c limatic change were 
di~cussed in ~cLain and Favorite (1976). 

The other region of the northeastern Paci fic that showed a 
striking persistence in anomalcusly cold tem pe ratures was the 
regicn frcm Southern California to Cent r a l America (index 
stations 46-1 and 83-2). Cold anoma l ies ha ve persisted in 
general over the last decade. In fac t, i n 1975 the cold 
ancmalies appeared e ven more pronounced , t h e largest normalized 
standard deviation appearing in the summer a t index station 46-1. 

~~e northwestern Pacific Ocean did not sho w a pronounced trend to 
e~ther ccoler or warmer conditions . Cold a nd warm anomalies we r e 
~bout egual~y divided . An exception to t hi s , however , was at 
lndex statlon 130-3 vhere cold temperat ure s have prevailed f or 
SEveral years. The nor mal i zed standar d de v i ation reached - 3.5 i n 
1 c;7 5. 
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he "real-time" data available for the three index station~ off 
~outh America were not sufficient to detect any major shifts in 
~ea ~urface temperature trends. However, what were available 
~upported the findings of the projections by Quinn (1976) that a 
eak El Nino would occur in early 1975. The data available at 
he coastal stations off South America, 3C8-1 and 343-2, 

"ndicated that warmer than normal temperatures prevailed early in 
he year. The weak EI Nino was also verified by NORPAX surveys 

on the Eastern Tropical Pacific in early 1S75 (Quinn, Section 9). 
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Table 4.1. - -Sea surface temperatures, sea surface temperature 
anomalies, and z-statistics at 33 index stations in the 
Pacific Ocean, 1975. 

Annual Jan , Feb, Mar Jul, Aug, Sep 
Index Station Anomaly Z-stat Anomaly Z-stat Anomaly Z-Stat 

Northeast Pacific 

9 - 1 +0.1 +0.2 0. 0 +0.1 +0.6 +1.1 
46- 1 -0.6 -2. 2 -0 . 3 -0.7 -1.0 -3.5 
48- 4 -1. 0 -1.8 -1. 9 -1.7 -1. 2 -1. 9 
83 - 2 -1.1 -2.2 -1. 1 -1.5 -1. 2 -1.8 
87-3 -0.2 -0.7 +0.3 +0.9 -0.5 -1.0 
89··1 -0.4 -1.3 +0.2 +0 . 6 -0.6 -1. 4 
90-1 0.0 -0.1 +0.3 +0 .7 -0.4 -1.2 

120- 2 -1. 3 -1. 9 - 0.9 - 1.1 -1. 6 -1.8 
121- 3 -1.0 -1. 5 -0.7 - 1. 1 -0.9 -1.1 
122- 1 -0 . 3 -0.7 +0.3 +0 .6 -0.4 -0.7 
123-3 -0. 2 - 0 .4 -0.4 - 0 . 8 0.0 0.0 
124-1 +0.7 +1. 8 +0.3 +0 . 5 +0.9 +1.5 
125-2 +0. 3 +0.6 +0.1 +0.1 +0.1 +0.2 
157- 4 -0. 9 -1. 8 -0.6 -0 . 8 -0.8 -1.4 
159- 3 -0.9 -1.8 - 0 .2 -0.4 -1.6 -1. 9 
160-2 -0.3 -0.4 -0.9 -0 . 8 -0.4 -0.3 
160-3 -0 .8 -1.8 -0.4 - 0 . 7 -1. 5 -1. 6 
162-1 -1. 0 -1.4 -0.9 - 1 . 2 -1. 7 -1. 3 
195-3 - 1. 4 -2.2 -0.9 -1. 0 -1. 5 -1. 3 
197-1 -0.7 -2.6 -0.3 - 0 . 9 -1. 0 -2.0 
198-1 -0.7 -2.3 -0.5 -1. 3 -0.9 -2.3 

Northwest Pacific 

58-2 +0.1 +0.1 +0.1 +0. 2 -0.2 -0.4 
60-4 +0.3 +0.1 +0 . 3 +0.6 +0.1 +0.3 
91-3 +0.5 +1. 4 +0.6 +1. 1 0.0 -0.1 
95-3 +0.3 +0.8 +0.4 +0.9 -0.1 -0.2 

127-3 -0.7 -1. 0 -0.4 -0.5 -~.4 -1.8 
129-1 -0.7 0.0 0.0 -0.5 +0.5 +1. 0 
130-3 -2.8 -3.5 - 3.9 - 3 .2 -1. 3 -1.4 
163-3 -0.2 -0.4 -0.2 -0.3 -0.4 -0.5 
165-2 +0.1 +0.1 0.0 -0.1 +0.5 +0.4 

Southeast Paci f ic 

308-1 +0 .2 +0.3 +0.2 +0.2 309-1 -0.5 -0.7 -0.7 -1.4 -0.2 -0.2 
343-2 +1. 5 +1. 4 
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Figure 4.1.-lndex stations, Pacific Ocean. Numbering of quadrants within Marsden squares for the four quarters of the globe is shown in the inset. Note that numbering 
sequences change at the intersection of the equator and the prime meridian. 



APPENDIX 4.1 

Time series of sea surface temperature, sea surface mpera ture 
anomaly, normalized standard deviation (Z-s atis ic) , and number 
of observations at 33 index stations in he Pacific Ocean . The 
first set of numbers (1, 2, or 3 digit.s) d~no P'" the ,f'l rsden 
square number. The second number is hp guanrant (Sx5 dpgree 
blocks of latitude and lcngitude) within he Marsden sguar E. See 
Figure 4.1 and following tatle for locat.ion of c a ions . Thp mpan 
upon which anomalies were computed is the 20-yr eriod 1 48 - 6' . 

Marsden Square 

9-1 
46-1 
48-4 
58-2 
60-4 
83-2 
87-3 
89-1 
90-1 
91-3 
95-3 

120- 2 
121-3 
122-1 
123-3 
124-1 
125-2 
127-2 
129-1 
130- 3 
157-4 
159-3 
160-2 
160- 3 
1b2-1 
163-3 
165-2 
195- 3 
197-1 
198-1 
308-1 
309-1 
343-2 

Lati ude 

0- ~N 
10- 1 S 
1 5- 20 N 
10- 1 
15-20N 
20- 2:N 
25- 3C N 
20- 2 SN 
20 - 2 '; 
25- 30N 
25-30 N 
30- 3 5N 
35- 40 N 
30- 35N 
35-40N 
30-15N 
30-35N 
35- 40N 
30-35N 
35- 4 ON 
45- 50N 
45- 50N 
40-45N 
45- 5 ON 
40-45N 
45- 50N 
40-45N 
55- 60N 
50 -5 5N 
50- 55N 
0- 5S 
0- 5S 

10-15S 

108 

Longi u de 

80- 5'..! 
00 - 95 W 

11 5- 12 C w 
14 ~ -1 C:CE 

1 2 c, - 1 1 C :: 
10C,-110W 
1 0 - 1 u 5 
1f;0-1 65W 
170-17 5 W 
170-1' 5101 
1 30-1 35£ 
11 -1 20~ 

120-125101 
1 30 -1 35 101 
140-14 ~ 

1:('-1 5 
1 5- 17 C 101 
170-1'lSE 
150-155E 
1 40 -1 45 E 
125- 1 3 0 w 
1 40 -1u 5W 
1 55-1 6 OW 
1 50 -1 55101 
170-175101 
170-1'5£ 
1 55-1 60E 
140-145101 
160-1 65101 
170-17 5 101 

80 - 85101 
90- Q5 W 
75- 8 0W 



YEA~ 

1948 
1949 
1950 
191j1 
1952 
1953 
1954 
1955 
195& 
1957 
1958 
190;9 
19&0 
19&1 
19Ei2 
1.961 
19&4 
19& 5 
19&& 
1 'l6 7 
19&8 
1~69 
1970 
1 971 
1972 
1971 
1974 
1975 

YEAR 

1 '146 
1 S49 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1 SS& 
1959 
1960 
1961 
1%2 
19&3 
1964 
19&5 
19&6 
19&7 
19&~ 
1969 
1970 
197t 
1972 
197J 
1974 
1975 

ANNUAL 

~ALUE ANOMALY Z-STftT oes 

2E.S .1 
2E.3 -.2 
2E.l -.5 
21.0 .5 
2 E. 5 .0 
21.0 .5 
2C;.8 -.7 
25.7 -.8 
H Sl!F DATA 
21.2 .7 
21.3 • ~ 
2 E. ~ • "3 
~ E. Ii . 0 
2 E. '+ -.1 
2E.2 -.'+ 
2E.5 .3 
2E.3 -.3 
Z6.8 .3 
2E.7 .1 
26.1 -.5 
2E.3 -.2 
27.2 .7 
ZE.2 -. 3 
2E.2 -.4 
21.F. 1.1 
2E.7 .2 
2S.'3 -.6 
2 E. E .1 

.3 
-.4 

-1.0 
1.1 

.0 

-1.6 
-1.7 

1.E 
1.8 

.6 

.1 
-.3 
-. 8 

.0 
-.6 

.6 

.3 
-1. Q 

-.5 
1.6 
-.7 
-.6 
2.4 

.'+ 
-1.4 

.2 

ANNUAL 

317 
36'3 
45 .. 
ioU 
477 
350 
402 
3<;1 

352 
432 
784 
860 

1Z61 
1225 

Sl'3 
'3E3 
6S4 
746 
147 
7E5 
772 
899 
S28 
241 
224 
?30 
252 

V~LUE ANOMALY Z-STAT OES 

"e.5 
2 f .4 
2 e. 0 
"e.4 
2 e. 5 
2 e. 6 
"f. 4 
2e.2 
2e.3 
2~.0 

2 ~ .2 
26.8 
2f.6 
2t.6 
2e.7 
2f.7 
2e.4 
2e.4 
U.3 
Ze.2 
2 e. 0 
U.8 
2 e. 1 
2 e. a 
2a.8 
26.2 
2e.o 
21.'3 

-.0 -.1 
-.1 -.5 
-.5 -1.7 
-.1 -. 5 
-. 0 -.1 

.1 . 3 
- .1, -.4 
-. 3 -1.1 
-.2 -.8 
.5 1.8 
.7 2.4 
. 3 1.0 
.1 .4 
.1 .5 
.2 .8 
.2 .1 

-.1 -.5 
-.1 - ... 
-.2 -.7 
-.3 -1.1 
-.5 -1.'3 

.3 .9 
-.4 -1.5 
-.5 -1. '3 

• 3 1.1 
-. 3 -1. 2 
-.5 -2. a 
-.& - 2.2 

~9E 

1311 
1760 
le15 
,"21 
2554 
2'+62 
25e3 
2625 
3255 
3265 
3691 
4251 
414E 
3619 
34S3 
3750 
3&02 
3BS7 
4203 
4013 
4118 
36 46 
2 7E2 
2066 
1532 
1588 
1201 

MSO c: - 1 

VALUE A~CMALY Z-SlAT OPS 

2E .'3 
2E ... 
2E.O 
2E.3 
26.6 
27.6 
2f..5 
26.3 
27 .1 
2E.4 
27. 7 
21.1 
2E.9 
26.7 
2E.4 
2E .7 
26.9 
2E.8 
27.2 
26.5 
26.2 
27.4 
26.7 
26.3 
2f .'3 
27 .5 
26.5 
2E .8 

.2 
- ."3 -. ~ 
- . 3 
- • 1 · . 
-.:a' 
-.It 

-.4 
1. C 

.It 

.1 
-. J 
-.4 
- . 0 

• 1 
. 0 
.5 

-. 2 
-.E 

-. a 
-.5 

. 2 

· ~ 
- .! 

. 0 

/'IS Q 4 E - 1 

· ~ 
-.1 

-1.~ 
-1.1 
-.< 

-.~ 

• e ... c; 

• e 
.3 

-.1 
-.e: 
-. C 

• "3 
.0 

1 . C 
-.5 

-1. ~ 
1.4 
- .1 

-1. 1 

· " 1. P 
-.s 

.1 

E1 
~'3 

~1 
~Q 

123 
111 
102 
103 

<;E 
n 
'!7 

221 
2 0 ~ 
31S 
331 
211 
281 
22~ 

H4 
229 
21S 
217 
2EE 
244 

E5 
~C? 

77 
4~ 

VALUE AN C~ ~LY Z-ST AT CES 

27.7 
27 .5 
<'7.2 
26.7 
27.9 
27.1 
27.6 
27.0 
27 .1 
27 .8 
2~.3 

28.1 
27.6 
27.7 
27.9 
27.8 
27.7 
~7 .0 
27.7 
26.7 
26.7 
28.0 
21.2 
27.1 
27 .4 
21.7 
26.9 
27.2 

109 

. 2 
- • C 
- .3 
_. ! 

.4 
- .4 

.1 
-.t; 

-." 
.3 
.8 
.5 
• t 
.2 
.4 
.3 
.2 

-.'5 
.2 

- .11 -. ~ 
-.3 

-." 
- .1 

• 1 
-.f 
-.3 

.. 3 
- • c 
-.7 

-1.1 
1. ( 
-.e 
.2 

- 1 • 1 
-1.0 

.6 
1.7 
1.2 

.3 

.5 
1.0 

.E 

.5 
-1.2 

.It 
-l.p 
-1.7 

1 • 1 
-.7 
-.9 
-.1 

· ~ 
-1.4 
-.1 

EE 
30E 
~Cl 

442 
487 
687 
53'! 
see 
E2" 
7ES 
710 
846 

1015 
1021 

'360 
885 
1107 
7'lg 
S71 
880 

1013 
851 
76g 
670 
4~~ 

381 
427 
232 

JLLAl!GSEP 

VALUE A~C~ALY Z-STAT oes 

2 E. 5 • ~ 
26.1 -.1 
26.0 -.2 
27.2 1.0 
?t.O -.2 
21:.4 .2 
?5.1 -1.1 
25 .5 -.8 
INSUF etTA 
27.~ 101 
U .B .E 
2E.3 .1 
2E.2 -.0 
25.8 -.4 
25. c: - • ~ 
2E.3 .1 
2'5.8 -.4 
2E.3 .0 
2 f.:. ~ .1 
25.6 -.4 
26 .4 .2 
2E.7 .5 
25.5 -.7 
2C;. g - • ~ 
28 .2 2.0 
2E.~ .~ 

2F.l .C; 
2E.8 .1: 

.5 
-.2 
-.3 
1.'3 
-.3 

.4 
-2.1 
-1.4 

2.1 
1.1 

.2 
-.1 
-.7 
-.1: 

.2 

.1 

.2 
-.7 

.3 
1.0 

-1.3 
-.5 
3.7 

.5 

.'3 
1.1 

JLLAUGSEP 

8e 
111 
125 
108 
136 

12 
69 
69 

7€ 
102 
182 
221 
295 
260 
203 
22E 
18E 
190 
152 
175 
159 
1'll? 

88 
67 
41 
l4 
71 

V~LUE ANC~ALY Z-STAT OBS 

29.0 

2~.e 
2'3.2 
2e.'? 
29.6 
29.0 
2e.f 
2~ .e 

2S.E 
2'3.4 
2'l." 
2<;.1 
29.1 
29.3 
29.3 
28.~ 

28." 
21l.e: 
28.!! 
2R.5 
29.C 
28.E 
28.4 
2'3.! 
2 e. 5 
2e.5 
2 R.l 

- .1 
.1 -. ~ 
.1 -. { 

.5 
- .1 
-.5 
-.3 

.5 . ~ 

. 3 

.0 

.0 

.2 

. 2 
- .2 
-.1 
- .2 
-.2 
-.E 
-.1 
-.5 
- .7 . " 
-.E 
-.6 

-1.0 

-.2 
.3 

-1.2 
.5 

-.8 
1.8 
-.2 

-1.7 
-1.2 

2.0 
1.1 
1.0 

.1 

.1 

.7 

.7 
-.8 
-.5 
-.1 
-.9 

-2.2 
-.3 

-1.9 
-2.7 

.7 
-2.1 
-2.2 
-3. 5 

87 
2115 
522 
410 
6117 
656 
649 
105 
759 
634 
8Ee; 
974 

1012 
10.,2 

'310 
810 

1006 
1007 
10106 
1235 
1013 
1125 
10 .. ", 

632 
55 .. 
385 
.. 13 
326 



YEAR 

1946 
194'3 
1950 
1951 
1 '352 
1953 
1 '354 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1'l£>3 
1<)£>4 
1965 
1 '366 
1907 
1908 
1969 
1 'l70 
1971 
1 'l72 
1'l71 
1 '374 
1 '375 

YEAR 

1948 
1 '349 
1950 
1951 
1'l52 
1953 
1954 
195'5 
1956 
1957 
1958 
1959 
1960 
1961 
196<! 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1 '372 
1973 
1 '374 
1975 

ANNUAL 

VALUE ANOMA LY Z-SfAT res 

HSlJF OAf A 
H"Lf DAU 
, 5 • 1 
25.4 
25. E 
2';.4 
2E.G 
2~.8 

2 ~. 7 
2E.2 
2 E • } 
2~.~ 
2<.4 
2~.3 
2<;.E-
2L ~ 
2~.3 
2 ~ • ~ 
2~.f 
2<;.6 
2 ~. F; 

< • 2 
25.4 
2". ~ 
25.2 
2 ~ • 0 
2 < • a 
24.6 

-.10 
-.2 

• 1 
- • 1 

.<; 
-.7 

-.~ 
.6 
· ~ 

1.3 
- • 1 
-.1 

• 1 
- • 1 -. , 
-.2 

• 1 
.1 

• 1 
-. ' 
-.1 
-.1\ 
- • 1 
-.<; 

- .5 
-1. 0 

-.7 
- . J 

. 2 -. , 
• q 

-1 .4 
-1. (, 
1.2 
1.5 
2 . 5 
- . 1 
-.5 

. 2 
-.2 
- . 4 

-." 
• 2 
• 2 

-. ~ -. , 
-1. r; 

- .7 
-1. 0 
-1. G 
-1. ~ 

ANNUAL 

'01 
'47 
J~4 

Hlo 
'0 ~ 
2~2 

' 39 
523 
5J1 
531 
5JO 
Sf ~ 
~Io 1 
5 e 1 
c15 
feq 
c~7 

1422 
1<;2 
14~2 

1\ J9 
]E'l 
~~fl 

609 
<20 
'1~ 

VALUE ANO~AlY Z-Sf~f CE~ 

2e.2 -.? 
2e." -.0 
I~<;Lf "lATA 
2 e. 7 • , 
2e.7 .2 
2P..7 .3 
2L3 -.1 
2e.2 -.J 
2f.O -.5 
2e.3 -.2 
2e.~ -.5 
2e.c -.4 
?e.4 -.J 
2~.0 .r, 
2 c .2 .~ 
28.9 • <; 
2".3 -.1 
27.9 -.5 
2e.4 -.0 
2e.7 .1 
26.6 .2 
2 e. 6 .4 
2f.7 .3 
2 e. 6 .4 
28.1 -.3 
2 ~. 5 . 0 
2e.6 .1 
2e.5 .1 

-.6 
-.1 

• A ." 
.11 

-.2 
-.7 

-1. 2 
-.4 

-1. 2 
-1. 0 

- .1 
1.6 
2.1 
1.4 
-.~ 

-1. ,. 
-.1 

.7 

.5 
1.0 

.8 

• '3 
-.'3 

. 1 

. 4 

.1 

2C~ 

'2r, 
JJO 

9 ' 
4Jf 
524 
539 
7)5 

122E 
1445 

85'3 
3EJ 
404 

n35 
1122 
1 816 

E34 
803 
6H 
432 
638 

l H O 
14 37 
1 3 4 6 
Hg l 

4.4 
• 7 

"" .4 
710 • 
~ 4. b 

, . e 
' . z "c . J 

2 <; . 1 
< • C; 

2" • 1 
'4 . 1 
24 . 2 

" .2 ?" . 7 
24.2 
24. I 
2" . 2 

4.4 

?" . 1 
2~.9 

23. I 

2!. ' 
?" . 1 

J.e; 
2J.4 

21.5 
21 . 2 
r Str 
~1.~ 

21.7 
? . 7 

27. ~ 
71. ~ 

21 . 2 
2 7 . 4 
2~ • '3 
27 . 0 
21 . 3 
? . 1 
2e . 6 
26 . 5 
21.3 
27 . 2 
21 . J 
27, 9 
27 . 5 
21 . 8 
27 . '3 
26 . 2 
21.3 
2 7.10 
28 .0 
2 7. & 

.1 
- • 1 

. 1 
- .3 

~ 

- . ~ 
- 1 • 1 

110 

I.C 
1 • 
1 • 1 
- . ~ 
_ . ' 
- ." 
- • 1 

· " - • 1 

- • I 
.1 

- ." 
- • f 
- . ~ 
-.. 
- • q 

- 2 

- . ' 

. 7 
• ? 

- . I 

_ ., 
- . I 
- • < 
_ • c 

- . 2 
• S 

1 • r 
1 • ~ .... ( 

.... ~ 
- • f ... 

• 'J , 
· ] 
.7 

- • < 
- • 1 

• S 
. 1 

- . 10 

• l 

- \. 2 
· ( 

- • f 

· " - I .• 
- I . , 

1 . I 
1. 
Z • 0 
_ .' 
-.1; 

_ . ' 
- . l 

.' 
- . ? 

· r 
- . I 

. 2 

.' 
- .. 

-1 • ! 
-1.1 

- I . ~ 
-1 .7 

- . 1 
-.. 

. 4 
- . ! 

• f 
-. 7 

... 1 • 'l 

- 1 • 1 
- ... 
1. 0 
2 • ~ 
2 . I 
_ • c 

- • < 
- 1 . 2 · , 

· ( 
• F 
.7 

1 . < 

-. ': 
-. 2 
1.1 · ( 

. , 

1 4 I 
~2 

202 
(1, 
2 ~ 

~ 1 
a1 

10 1 
3~ 1 
.. ,~ 
478 
ue 
223 
to "" 
1 ~ 1 
11 ! 
:! 1 2 
~f2 

3 0 ' 
~ 77 

J Ll AUf';fP 

V'LL~ • C~'l' ]-STAT ~B< 

r w;u F CAf. 
, ~. 2 -.~ 

,< .0 -\. 2 
?T . O 
P. ' .\ 
i! '. ~ .4 ,7 . ~ . c. 
~ • 1 - • ' 
c ,. • ( .. c 

,1 .' . , 
C .1 .1 

2 ~.~ I. 
n . e 
2' . 1 - • ~ 
?7 . ~ 

- . ~ 
2 • ~ - • I 
(: to • ., •• ~ 

~ I • 1 • 1 
Z1 . . 2 
i! I • <J - • 1 

p . e 
c -. . ' 
t ~ . < - • c; 

? ' 
2 . ' - • C 
? . ' - I. 

... 1. ~ 
- 1.11 

- • 0 
.2 

." 
• 7 -. ~ -. ., 

1.2 
. '.1 

2 . 2 
- • I -. ~ 
\.1 
-.~ 
-.2 

-1. 2 
.1 

· . 
- • ? 

- \ . 2 
• J 

- 1 . 2 
-.. 

-I • Z 
.... J 

- \ • 'l 

~ll;'l ~ p 

Ll~ ~ ( . L' - r 

2 '. c ,,0 . 
; '. 7 
2 c • ~ 
tQ .t. 
2 q . ~ 
zo . ! 
2 '. e; 
- .. 
l c . 1 
2 • a 

l Q . I 
~ 0 • 1 
,~ . t 
2Q . E 
Z ~. ~ .. ~ 
2 0

." 

''l .S 
ZQ . 2 
ZO. f 
, c. O 
2 q . ~ 
le.1 
29 . ' 
2 0 .1 
2 c. O 

-. ' 
.1 

-. ~ ... 
... 
• 1 

- . 7 

- ." 
- • 1 
- • 1 

- .1 
. '3 
.F> 
.4 

.... :! 

.2 

· ~ 
. 0 ... 

- .1 

• 1 
- . 5 

.1 
- .1 
- . 2 

-. , 
• J 

- I • 1 

." 
1. 0 

• 2 
-1 .7 

.... ~ 
-.2 

...... 
-.2 
2 .1 
1. J 

.9 
- • t 

-1 .5 
.5 
.~ 

.1 

.S 
-.3 
.3 

-1 • 1 
.3 

-.3 

-." 

1~ ~ 

HZ 
lH 
1 II 
IH 
IH 
1~" 
27~ 

2H 
Cf 
81 
1~ 

I ' 1 
I J 

1C ~ 

" 

H 
11 7 

SC 
6 
~ 
q ~ 

< ~ 

qc 
I~ < 
2J~ 

16 .. 
JIf 
~72 

11 
102 



YEAR 

1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
195& 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
191ft 
1975 

YEAR 

1 'lite 
1'l4'! 
1'l50 
l'lSl 
1'l52 
1'l51 
19510 
1955 
1'l56 
1957 
1 'l58 
1959 
1'l60 
1961 
1962 
1963 
1964 
1965 
1'l66 
1967 
1968 
1969 
1'l70 
1971 
1972 
1971 
1'lr4 
l'l7S 

ANNUAL 

V.LUE A~OHALY Z-STAT ces 

HSlF DATA 
27. B .2 
27.6 -.G 
27.7 .0 
27.9 .2 
27.8 .2 
27.7 .1 
27.1 -.5 
26.9 -.7 
27.3 -.to 
21.5 -.1 
21.5 -.1 
27.7 .1 
27.6 .2 
2 e.l .5 
27.5 -.1 
21.7 ' .1 
27.5 -.? 
21.8 .2 
2e.2 .S 
21.8 .2 
28.2 .6 
2e.S .9 
2 e. 0 • to 
27.~ .2 
28.2 .6 
27.7 .1 
27. ~ .:'! 

.7 
-.1 

.1 

.6 

.5 

.2 
-1.7 
-2.3 
-1.1 
-.3 
-.3 

. 3 

.7 
1.6 
-.4 
.3 

-.5 
.5 

1.7 
.5 

2.0 
2.6 
1.1 

.6 
1.8 

.2 
1.0 

ANNUAl 

257 
175 
23~ 

2~0 

731 
CJ'3 

U62 
2205 
2~72 

10123 
54~1 

fSO~ 

23'l0 
1~7 

15'3 
U71, 
<;'37lj 
!:8n 

561 
5~3 
lj~! 

30e 
~45 

10153 
~'34 

~2'3 
'367 

V.LUE .~C~AlY Z-ST.T oes 

2~.7 
2~.5 

2'3.8 
2~.c! 
2 ~. '3 
ZE.O 
2~.C: 
24.7 
H.1 
ze. ! 
2€.9 
2Eo 7 
2'3.6 
2e.0 
2'3.9 
2E.~ 
25.1 
2'3.6 
25.6 
2'3.6 
2~.E 
25.5 
2~.3 

2'3.0 
26.1 
2'3.1 
2~.2 

2~.8 

-.1 
-.4 
-.1 
-.0 
.1 
• 1 
.0 

-1.1 
.2 
.5 

1.1 
.'3 

-.3 
.1 

-.0 
.5 

-.6 
-.3 
-.1 
-.3 
-.3 
-.4 
-.5 
-.6 

.3 
-.~ 
-.7 

-1.1 

-.o! 
-.7 
-.2 
-.0 

.1 
• ? 
• 0 

-2.2 
.5 
.'3 

2.2 
1.7 
-.5 

.3 
-.0 
1.1 

-1.5 
-.6 
-.2 
-.6 
-.6 
-.8 

-1.0 
-1.7 

.5 
-1.6 
-1.4 
-2.2 

271 
'337 

130r. 
In2 
1802 
Ina 
1830 
1'355 
2t,73 
2565 
2853 
3336 
~53E 

3254 
~3E3 
278<; 
3093 
2 ~31 
25'38 
25~6 

2750 
2771 
2565 
1'31 7 
lE'33 
1542 
1657 
11~3 

VALUE A~C~!lY 2-STAT ces 

INSUF nAH 
25.6 -.2 
26.3 .4 
21'.1 .2 
26 . 1 .5 
26. 7 • ~ 
25. '3 .1 
25.0 -.6 
24.'3 -.el 
2<;.4 -.5 
26.0 .i! 
25.6 -.~ 
26.3 .<; 
25.4 -.'5 
2E.2 .! 
2 ... 7 -1.2 
26.0 .2 
25.7 -.1 
2€o.3 .<; 
26.'3 1.G 
26.2 .3 
2E.3 .4 
26.6 .7 
21).0 .1 
26.1 . " 
26.5 .6 
26.1 .2 
26.2 .! 

MSQ 113-2 

-.4 
.7 

." 
• e 

1 • ~ 
.1 

-1.4 
-1. ~ 
-.e 

-.5 

· ~ -.e 
.E 

-1. <: 

· ~ 
-.2 

• e 1.e 
.E 
.7 

1.2 
.2 
.4 

1.1 

JANFEEt' AR 

5'l 
ljO 
8e 
57 
53 

242 
!02 
"12 
723 
7lj7 

j ~5 3 
1762 
1214 

42 
32 

1677 
13'3€o 
17~" 
1~2 
~e 

14'l 
8E 
45 

lSE 
258 
22E 
1e~ 

V~lU E A~C~tlY Z-SlAT CE~ 

22.6 
2~.O 

22.7 
2~.2 

2".0 
23.4 
23.6 
2 1.6 
22.5 
23.7 
24.8 
24.2 
23.0 
23.4 
22.'1 
23.2 
22.8 
22.3 
23.6 
22.7 
23." 
2~.5 

23.0 
2Z.0 
22.'1 
2".a 
21.7 
?2.1 

111 

- • E 
-.1 
-.'7 -. ~ 
." 
• 2 
.It 

-1.:! 
-.E 

.0; 

1.E 
1. D 
-.1 

.2 
- • .:! 

-.4 
- .9 

.4 
- .5 . 
.l 

-.2 
-1.1 
-.3 
.~ 

-1.!: 
-1.1 

-.~ 
-. 2 
-.1 
- • C 
1.2 · ~ 

• E 
-1.9 
-.~ 

• e 2." 
1 • ~ 
-.2 

· ~ 
-.4 

.1 
-.6 

- 1 .3 

• E 
-.7 
.~ 

.5 
-.~ 

-l.E 
-.4 
1.2 

-2.2 
-1.5 

47 
221 
2'3 7 
~2~ 

363 
4le 
.. OS 
.. 5S 
~1<: 
58~ 

5~~ 

600 
H8 
847 
e81 
f:~:! 

740 
E4~ 
70E 
513'3 
E<:e 
63~ 

€odd 
5E" 
360 

3"" 
~27 

217 

JLLA~GSEP 

VALUE A~C~ALY Z-STAT oe~ 

2~.O 

2'1.7 
2~.1 

28.4 
2<:.0 
,e.7 
2<;.3 
28.3 
2~.1 
2J!.E 
2~.7 
,g.o 
26.8 
2'3.4 
2~ .It 
2~.2 

28.9 
2~.E 

2<: .0 
2 <;.4 
2'l .3 
29.7 
29.5 
2~.5 
28 .6 
29.3 
28 .S 
2'l .0 

2 ~ ." 
2 ~.1 
2~ .t; 

26.3 
2~.1 
2 e • 7 
27. 4 
2<;.4 
'9.6 
2~.3 

2~ • .c. 
27.8 
2'3.0 
U.S 
2'3.4 
27. 9 
28.E 
2~.1 

28.0 
27.9 
28.0 
28.0 
21.7 
28.7 
27.1 
27.«3 
27.·5 

01 
.7 
.1 

-.5 
.1 ... ~ 

- .0 

-.8 
- .:! 
-. 2 
. n 

- .1 
.5 
.4 
.3 

- .1 
-.3 

.1 

.5 

.4 

.8 

. 6 

. E 
-.1 

.4 
- • C 

.1 

.3 
1.8 

.4 
-1.3 

.2 
-.E 
1.0 

-1.5 
-2.1 
-.7 
-.5 
.1 

-.4 
1 .1 
1.1 

.6 
-.1 
-.7 

.3 
1.1 

.9 
1.'3 
1." 
1.5 
-.3 

-.0 
.3 

JllAl:GSEP 

." -. 3 
-.6 

-. " 
-.3 

.5 
• C 

-1.2 
.8 

1.0 
.7 
.7 

- .8 . ~ 
.1 
.8 

- .8 
- • Q 
-. S 
- .1 
- .7 
-.7 
- .7 

-1.0 
.0 

-l.E 
- .8 

-1. 2 

.<: 
-.4 
-.s 
-.3 
-.5 

.7 
• 1 

-1.9 
1.2 
1.5 
1.1 
1.2 

-1.3 
.5 
.2 

1.2 
-1.2 
-.0 
-.8 

-1.0 
-1.1 
-1.1 
-1.1 
-1.5 

.0 
-2.4 
-1.2 
-1.8 

ze 
68 
29 
.. 4 
52 

211 
ao 
26'1 
631 
713 

1100 
1271 
13E4 

30 
41 
3<: 

15H 
153~ 

17 DE 
105 
B4 
143 
105 

8E 
365 
223 
2EE 
230 

eP 
220 
37 5 
324 
520 
421 
"eo 
516 
6<;1 
E93 
7 .. E 
833 
853 
862 
79E 
E3E 
750 
702 
632 
70'3 
6"2 
766 
682 
42<; 
.. 65 
3 ~o 
470 
3"0 



TEAR 

1 'l46 
1'l4'l 
1 'l50 
1 'l51 
1 'l52 
1'l53 
1'l54 
1'l55 
1'l56 
1 'l57 
1 'l58 
1 'l5'l 
1'l60 
1 'l61 
1 'l62 
1 ClF.] 

19b4 
1 'l65 
1'l66 
1'l67 
1968 
1 'l6'l 
1970 
1971 
1972 
1'l73 
1974 
1975 

YEAR 

1946 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1 '15'l 
1960 
1'161 
1962 
1'163 
1964 
1965 
1'166 
1'167 
1966 
1969 
1910 
1 ':171 
1'172 
1973 
1 ':174 
1975 

ANNUAL 

vtlUE ANO~AlY l-STtT oe~ 

HSLF OATA 
21.1 -.5 
21.9 .3 
21.6 -.0 
20.A -.a 
21.5 -.1 
2td; .0 
21.0 -.6 
21.5 -.2 
21.'3 .~ 

21.6 -.1 
22.0 .4 
21.6 -.0 
21. '! .2 
21.e .2 
21.~ .3 
21.6 -.1 
22. .4 
21.4 -.2 
22.0 ... 
22. '3 1.3 
• 1. '3 • ? 

21.7 .1 
21.6 .2 
2 1 ... -.2 
21.4 -.2 
21. ~ .1 
21." -.7 

-1 ... 
.7 

-.1 

-2." -... 
• 0 

-1.7 
-.5 

.8 
-.2 
1.2 
-.0 

.7 

.6 

.6 
- • 1 
1.1 
-.6 
1.2 
3.5 

.7 

.2 

.5 
-.7 
-.5 

• 'l 
-.7 

ANNUAL 

H .. 
~J2 

1 1 ~ 1 
11 ! 2 
152~ 
IJ .... 
1 .. Q 3 
155~ 

2033 
la'l'l 
16 77 
<ieJ 
Z 2J 1 
<tH 
< OJ? 
2116 
21oSC; 
2~02 

2658 
2 H6 
JOO~ 

1 .. 7 
czeE 
1e~E 

1507 
1217 
1124 

vtLUE ANOMALY Z-STAT ce 

HSLF rJATA 
2~.8 -.5 
2<.1 -.2 
2~.6 .~ 

25.0 -.3 
25... .1 
2<.3 -.t 
2~.7 -.6 
2~.J -.0 
2~." .1 
2~.0 -.3 
2~.1; .1 
2~... .1 
25.6 .~ 
25... .0 
2~.3 .0 
25.3 -.0 
2503 .0 
2~.6 .2 
2~. e .5 
ZEd .8 
2~.6 .3 
2~.3 .0 
2~." d 
2~.2 -.1 
2~.O -.3 
2~.7 .4 
2~.g -.4 

-1.'! 
-.7 
1.1 

-1. 1 
.2 

-.2 
-2.1 
-.1 

• J 
-1. 0 

.'3 

.5 
1.1 

.2 
• 0 

-.0 
.1 
.8 

1.8 
2. E 

.'! 

.1 

.2 
-.3 

-1.1 
1.3 

-1.3 

lOS'! 
1,41 
.. 17 
EE7 
7E5 
859 
qat 

1010 
121 .. 
12eE 
l"C'! 
1273 
159'l 
173~ 

HeE 
164':1 
21!7 
"40" 
2708 
~oe5 
2501 
"1072 
1715 
16 .. , 
lte2 
10ES 

745 

Hi(' "., _ "l 

VAlur n~C~~LY 1- fAI (f~ 

I ~ <; Uf C1 A 1 A 
1 ':I . .. - • I 
2 u • 1 - •• 
?G.2 • I 
1':1.~ 

1 q. S - • " 
Ic.q -.l 
I Q. 7 - • ~ 
, 0 • J - • , 
'0.0 - . I 

... r) - • ~ 

ZC. ~ .1 
20.2 .2 
70.2 
2 C. 1 
2C .5 .' 
20.6 
20." ... 
1 c. 6 - . " 
'0. 
2~. 7 • ~ 
2 C .0; .' 
ZG.O - • 1 
2 ( .0 - • 1 
I 'l. ~ -.5 
q.6 - • C; 

2C. .2 
" 0 . I, • 1 

2 J. 7 
23. 
23.S 
2!.7 
23.'l 
2 .. .1 
23.8 
n.5 
24.3 
2 J. ':I 
2~.5 

23.7 
2~.6 

24.5 
2".1 
24.0 
24.2 
23. ~ 
24.~ 

24.2 
24.1 
24.2 
24.0 
23.8 
23." 
2~.4 
2 ..... 
2" . 1 

112 

- . ~ 
- . ~ 
-. ~ 
- • I 

- . ' 

- • .! 
• 4 

-. ( 
-.4 
- • 1 
- . ( 

.7 
. 2 
.1 ... 

- • 1 
. 1 
.3 

.10 

.1 
- • I 
- . 3 
- .to 

. E . , 

- 1 • ~ 
-.0 

-. , 
- I . ~ 

-. " 
- I • 1 
-. ; 
-. ' 
-. ? 
I. C 

.10 

.10 

1.1 
1.4 
1.0 

.. t • '1 

I . f 
1.1 
-.( 

- . I 
- 1 .10 
_ I . 1 

.7 
c 

- 1 • C; 
-I. 2 

- .10 

- . 1 

• f 
- . I 

-I. 1 
1.10 
- • 1 

-1. ' 
-.< 
- • 1 
2 . 1 

.7 

.10 

1 • 1 
-... 

.4 
1 • 1 

• 1 
1.2 

• J 
-.~ 
-.0 

-1.4 
1. t 

• e 

fO] 
<;11 
~ If 
'PI 
f ! G 
771 
7 1 

2 Z 
C. 1 , 

IOC 
11 C 

17 
22< 

"H 
215 
240 
!O .. 
312 
2e 5 
~24 

.. 33 
I, C; 

~'1f 
I. e .. 
515 
6e4 
16 10 
~Ot 
7 27 
e 33 

q 
3£4 
H7 
2110 

( '. ~ 
2 . 1 

( , . ~ 
<2 . 
21 . , 
( 1. J 

, 1 • 

Z' . 

, • C 

'.1 
, .10 

, . 0; 

2! . ) 
t .! • J 

" . 2 
2 ' . ] 
(7 •• . , 
< • 
• c; • 1 

2 ' • I 
2 "l • C 

2 . ( 
2'.2 
2 • 
C • 1 
2' . 

2 . , 
<~ . O ,to . ; 
Z7 . C 
2 ~ . J 
2 ... 
? • t 
2< . 
~ ' . 
(~ . , 
2' . J 
27. 1 

" • t 
"~ .I\ 
H.7 
H ... 
26 . t 
21j . ~ 

27 . 0 
27 . ~ 

2 7. t 
2L'! 
26 ... 

'e. e 
26 .7 
2~.~ 

26 .a 
26 .0 

... 
-. ' 

- 1 • ~ 
- . 1 
- .1 
- . '1 
- • Z ... 
- . ~ 
... 
. 2 
. 2 
.1 

• I 

c .. ( 

. 1 

. 2 

.f 
- • C; 

.7 
-. q 

• 7 -. ~ 
-, • f 

- . 2 

-I . 
- • S 
· ~ 

. 2 
1.2 -.. 
1 . 7 
10 • t 

. 1 

1 . ' 
• 2 
.10 

1 . ? 
-1. C 

( "l~ 1_ Tar 

. 2 

-.' 
. ~ 

- . ' 
- • <. 

-. ' 
- I . " 

- • C 
. 2 

-. ~ 
· s · , 
.2 
. 1 

- . ; 
. 0 

· ~ ... 
.7 

lo C 

- . 2 
· , 
.1 

- . ~ 
. 2 

- .f 

• f 
- I • F 

-1 . I 
1 . 0 

-.5 
-. I 

-7.5 

.10 
-. 7 
1.2 ... 

. 6 

.1 
- . 5 

• 1 
.7 

1.1 
2.10 
.~ -... 
. 5 
.2 

-.1 ... 
-1 .4 

J ! 

r2~ 

1071 
10 ' 
2 11 

f 

22 1 

121 
lH 
1 7 



1 'lit 8 
191t9 
11l5? 
1951 
1952 
1953 
1951t 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1961t 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1 '373 
1971t 
1975 

YEAR 

191t8 
1 '3 It 9 
1 '350 
1 '351 
1 '352 
1953 
1'351t 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1'164 
1965 
B66 
1 '167 
1968 
1969 
1970 
1'171 
1972 
1971 
t 974 
1975 

~NNUAL 

V~LUE DNO~ALY Z-STAT ces 

HSliF DAB 
2~.2 -.5 
2~.E -.1 
25.7 -.0 
2 S. 8 .1 
2~.9 .3 
2~.S -.2 
?~.2 -.It 
2~.5 -.2 
2~.7 .1 
2~.2 -.5 
2~.7 -.~ 

2E.0 .It 
2 E. a .3 
2E.1 .It 
2E.0 .3 
2~.8 .1 
2~.3 -.4 
2~.7 .0 
2E.l .4 
2E.1 .4 
2~.7 .1 
?~. c; .2 
2~.6 -.1 
2~.5 -. 2 
2~.~ -.4 
?Eo1 .4 
2 ~. €: -. a 

-1.5 
-.? 
-.0 

.4 

.9 
-.6 

-1.5 
-.8 

• 2 
-1.6 
-.0 
1.2 
1.0 
1.3 
1.1 

.3 
-1.? 

.2 
1.4 
1."3 

• 2 
.7 

-.4 
-.7 

-1.2 
1.1t 
-.1 

A NNU AL 

613 
?~9 

31 4 
4~9 
~<;7 

5g1 
')59 
ESE 
7g6 
8~,) 

772 
e23 
<;<; 0 
857 
~,,~ 

1234 
1492 
1~30 

16~2 

2134 
1507 
1~34 

1001 
1130 

g20 
914 
~g4 

V~lUE ANOMALV Z-ST~T oes 

HSUF OATa 
;>~.6 .5 
?~.1 -.0 
24.3 .2 
24.9 . .7 
24.~ .4 
2~.4 . 2 
24.5 .3 
2~.8 -.3 
2~.8 -.3 
24.3 .1 
24.1 -.0 
24.1 -.1 
24.2 .0 
2~.g -.3 
2~.g -.2 
24.;> .0 
2~.3 -.R 
2".0 -.2 
?4.1 -.1 
?".2 .1 
2 4. E .5 
24.2 .1 
24.6 .4 
2~.5 -.6 
24.7 .6 
24.2 .1 
24.6 .5 

1.4 
-.1 

.6 
2.0 
1.1 

.7 

.'! 
-.9 
-.9 
.~ 

-.1 
-.2 

.1 
-.8 
-.7 

.1 
-2.4 
-.5 
-.? 

• 2 
1.3 

.3 
1.2 

-1.8 
1.7 

• ? 
1.~ 

359 
303 
"33 
440 
ROO 
fE6 
524 
5~7 

E35 
~~? 
7S3 
752 
8 .. 3 
761 
e26 

1322 
155~ 
2281 
22~3 

2~5,! 

181'! 
13e 1 
109E 
1010 

,!gl 
1000 

731 

MSO '! a - 1 

VALUE ANC~~LV I-STAT OES 

23.3 
23.6 
23.6 
2:3.8 
24.2 
24.1 
23.7 
23.8 
24.0 
23.9 
23.6 
23.1 
2".2 
24.7 
24. 7 
24.4 
21t.7 
23.6 
23.7 
24.2 
23.6 
23.8 
24.3 
23.8 
23 .7 
23 ... 
2 4. ? 
24.3 

-.E 
-.If 
-.4 
- .1 

.3 

.:1 
-.2 
- • 1 

.1 
-. G 
-." 
-.9 
.~ 

.7 

.7 

.8 
- ... 
-.3 

-." 
-.1 

-.2 
-.3 
-. f: 

MSQ 91 - 3 

-1.~ 

-.~ 
-. g 
-.~ 

.E . ~ 
-.5 
-.~ 

-.0 
-.P. 

-1. " 
.10 

1.f: 
1.E 
1.1 
1.7 
-. <: 
-.E 

.E 
-.6 
-.2 

• e -. ~ 
-.6 

-1. ~ 
.E 
.7 

14 '3 
172 

8'3 
.,3 

125 
ta~ 
175 
13E 
H~ 

21" 
253 
1<;4 
222 
323 
27 5 
2eC 
3E~ 

4C O 
537 
51~ 

6" 1 

4"" 
54" 
300 
2g7 
2"~ 
~5Q 

21~ 

VALU~ ANCM~l Y l-STAT OES 

nSUF onA 
21.6 .10 
i' 1." .• 
21.2 . , 
21.0 -.( 
21.5 .~ 
21 .6 . E 
21.7 .7 
2Co4 -.r; 
1'3.'! -1.1 
2~.8 -.1 
21.2 . 2 
21.1 • j 
21.2 .3 
20.3 -.7 
20.7 -.~ 
21.2 .£ 

1<;.9 -1.1 
20.'! -.1 
21.2 .2 
20.8 -.2 
21. " ." 
21.2 .< 
21.3 .3 
20.4 -.~ 
21.3 .3 
21.3 .3 
21.E .f 

113 

1.1 
.7 
.4 

-. 0 
1.e 
1.2 
1." 

-1.( 
-2.1 

.... 3 
.4 
. 2 

· ~ 
- 2. G 
-.2 · .. 
-.4 

• p 
.4 
.5 

-1.1 
.5 

• F 
1.1 

6g 
124 
128 
lSE 
2~4 
154 
171 
157 
145 
2EE 

2" " 
275 
3310 
26'3 
239 
.. 37 
432 
7E5 
7g 0 
572 
501 
E02 
333 
34e 
391 
434 
~1~ 

JLLA~GSEP 

V~LUE ~~C~ALV Z-SlAT O~~ 

27.C; 
26.8 

27 ." 
27.4 
27 .4 
27.E 
27.3 
2E.g 
<7.1 
2 7 .5 
H.B 
27.7 
27.7 
27.E 
27.8 
27.4 
27.0 
27.1 
27 .5 
27.<; 
28.1 
27.6 
27.1 
21.15 
27.2 
26.~ 

27 .6 
27.0 

. 5 
-.6 

• C 
.Q 
.1 
.2 

-.1 
-.5 
-.3 

.1 
-.E 

.3 

.3 

.2 

.4 
-.0 
-.4 
-. 3 

.1 

.5 

.7 

.3 
- .3 

.1 
-.2 
- .5 
.2 

- .4 

-1.7 
• a 
.1 
.2 
.5 

-.~ 

." 
-1.8 

1 • a 
.'! 
.5 

1.2 
-.1 

-1.0 
-.e 
." 1.5 

2.0 
.7 

-.8 

-.7 
-1.5 

.6 
-1.2 

~LLAlJGSEP 

EE 
22E 

73 
100 
1<7 
133 

83 
163 
216 
U3 
177 
145 
190 
152 
191 
266 
3"4 
37E 
3 .. 4 
348 
295 
287 
275 
27<; 
HE 
156 
10"' 

V~LU~ ~~(~~LY Z-STAT oes 

INSUF CAH 
26.<; -.5 
<~." -1.0 
2 7.9 • S 
28.2 .8 
27. E: .2 
27.5 .1 
27.E .2 
27.4 .G 
27.7 .2 
27.4 -.0 
27.7 .3 
27.6 .1 
27 .10 .2 
21.4 -.1 
27.E .1 
27.7 .2 
2E.6 -.6 
27.7 .3 
26.<; -.~ 

28 .1 .1 
27.7 .3 
27.2 -.2 
27.6 .4 
27.~ -.1 
27.E .2 
27.3 -.1 
27." -.0 

-1.2 
-2.4 
1.2 
1.8 

." 

.2 

.4 

.0 

.5 
-.1 

.6 

.3 

.4 
-.2 

.3 

.6 
-1.5 

.7 
-1.3 
1.6 

.6 
-." 
.9 

-.2 
.4 

-.3 
- .1 

6E 
S" 
5E 
E8 

121 
168 

73 
'il 

15" 
172 
131 
123 
1110 
12'i 
146 
2EO 
278 
:n5 
384 
1t24 
301 
193 
192 
1e:! 
141 
13" 
101 



YEAR 

1 'l4~ 
194'l 
1 'l50 
1 'l51 
1 'l52 
1953 
1954 
1 'l55 
1 'l56 
1 'l57 
1 'l5& 
1'35'l 
1 'l6~ 
1 'l61 
1'l62 
1 'lfd 
1 gr,4 
1 '365 
1 '366 
1 '367 
1968 
196'3 
1 '170 
1971 
1 '372 
1 'l73 
1 '374 
1<;75 

1 'l48 
1 'l4 '3 
1 '35r. 
1 '351 
1'352 
1 '353 
1 '3';4 
1 '355 
1 '356 
1 '357 
1958 
195'l 
1960 
1 'l61 
1962 
19& 
1964 
1 'l65 
1 '1&6 
1967 
196 
1 'l69 
1CJ70 
1 CJl1 
lq12 
197 
197 .. 
1975 

ANNUAL 

V~LUf ANO~ALY 2-STAT OES 

HSUF DATA 
21,.0 -.2 
24.0 -.1 
2~.D -.1 
24.6 .4 
24.3 .1 
24.3 . 1 
24.1 -.1 
24.2 -.0 
23.5 -.7 
2~.8 -.4 
24 .1 -.0 
2~ . '3 -.1 
24.5 . 3 
24.8 .6 
24.7 .5 
24.4 .2 
2~.~ -.4 
24.1 -.1 
21,.7 .5 
24.3 .1 
24.8 . 6 
24 . E .4 
24.5 .3 
24.1 -.1 
2'.3 .1 
24.3 . 1 
24.5 .3 

-.5 
-.4 
-.4 
1.3 

.3 

. 3 
-. 3 
-.1 

-2.0 
-1.1 
-.1 
-.'3 
.8 

1.6 
1.5 

.7 
-1.1 
-.2 
1.5 

.4 
1.7 
1.1 
1.0 
-.2 

. 3 

.2 

.8 

ANNUAL 

E48 
781 
745 
'l8e 

HID 
20e'3 
30~1 

4402 
547'l 
"90a 
7753 
8'l07 
~q7~ 

12~4 
1267 
n07 
7279 
7'35'3 
2213 
1949 
1532 
1338 
12S2 
28e5 
24S7 
26E9 
2E9E 

V~LUE ANOMALY Z-STAT OBS 

lLl 
tE. E 
tE.3 
1E.7 
H.c 
H.'3 
17.0 
H.5 
lE. 3 
17.7 
1 e. 5 
H.5 
17. j 

17.0 
ILl 
11.5 
a.5 
H.'l 
17.1 
17.3 
lEeC 
11.0 
17.0 
if. ] 
IL~ 

1 e. 2 
1 E. 2 
is.7 

-.'3 
-. 3 
-.7 
-.3 
-.4 
-.1 

• C 
-.4 
-.7 

.8 
1.5 
1.5 

.4 
• C 

-.8 
.6 

-.5 
- .1 

.1 

.3 
-.0 

.0 

. 1 
-.6 
-.1 
-.7 
-.8 

-1 • ~ 

-1.3 
-. 5 

-1. 0 
-.4 
-.6 
-.1 

.0 
-.6 

-1. 0 
1.1 
2.2 
2.2 

.6 

.0 
-1.2 

.8 
-.7 
-.1 

.2 

.4 
-.0 

.0 

.1 
-.9 
-.1 

-1.1 
-1.1 
-1.'3 

3El'3 
4115 
4'E9 
28 14 
2'33'3 
H85 
452~ 

530 7 
4578 
4557 
3'3 85 
4'355 
5871 
5EI0 
522'3 
547~ 

5254 
H,5 7 
72E4 
7002 
1:7 14 
5813 
4'325 
4705 
4118 
2 lE1 
26ES 
'l~ 4 

Hsa '35 - 3 

JA~FfE"AR 

INSUF DATA 
21.0 .5 
21.1 ~ 

20.4 -.~ 

2C. '3 ... 
20.8 ... 
21.0 
20.5 -. fj 

1~.7 -.ft 
1'3.6 - • ., 
2C.3 -.~ 
20.7 .2 
2u.5 • r 
19.7 -.8 
20 .6 .1 
20.3 -.2 
20.8 .4 
19.8 -.f 
20. '3 .4 
20.8 .J 
20.6 .1 
2 1.7 1.2 
20.7 .2 
20.6 .1 
20.8 .~ 
21.4 • ., 
20.4 - 01 
20. '3 .4 

~${l 12 a - 2 

1. C 
1.t 
-.1 

• e · ~ 
1. C 
-.1 

-l.E 
-1.<; 
-.~ 

.5 

.1 
-l.E 

.2 -. ~ 

.7 

• g 
.7 
.2 

2. : 

.2 

.7 
1. c: 
-.2 · ~ 

JA"FEH' ~R 

14.1 
1 3.7 
1 3.6 
15.0 
15.1 
15.0 
1 4 .6 
14.4 
13 .8 
15.5 
16.7 
16.3 
15.3 
15.'3 
14.4 
14.'3 
15.R 
14.6 
1".8 
15.6 
1S.o; 
15.0 
15.3 
1~.~ 

13.3 
15.4 
13.7 
14.0 

-.C! 
-1. 2 
-1.4 

• C 
.'l 
.1 

- .4 
- .5 

-1. 2 
.5 

1.7 
1.~ 

.4 

· ~ 
-.f' 

-.1 . ., 
-.4 
-.1 

.1 

.6 · ( · ~ 
-1. 2 
-1. 7 

.5 
-1 .2 -. ~ 

114 

-1. C 
-1.4 
-1. E 

• 1 
.2 
.1 

-.4 
-.E 

-1.4 

• f 
2.0 
1.E 

.4 
1 • 1 
-.7 
-.1 
1.0 
-.5 -., 

.8 

.7 

• 1 
.4 

-1.4 
- 2. C 

• E 
-1. 5 
-1.1 

114 
217 
17~ 

252 
31:! 
544 
6Ee 
e75 

1281 
1111 
1822 
221E 
1651 

33f: 
2'34 

Hel 
1101 S 
1122 

590 
420 

271 
170 
474 
.. EE 
426 
517 

2'lf. 
98S 

166 e 
g78 
582 
gn 
942 

HE ~ 
1338 
1 .. E8 

871 
1279 
15H 
1"3g 
1760 
U81 
1324 
1882 
14 4~ 

1515 
17'37 
alE 
lH O 
1325 
107~ 

E42 
721 
274 

Jt:LAUGSEP 

VALU E A~C~~LY Z-STAT oe~ 

28.0 
27.e 
27.4 
27. '3 
2e.8 
28.6 
28.2 
2e.0 
28.~ 

2 ~. 0 
27 . e 
28 .3 
28 .1 
28 .S 
2'3 .1 
28 .8 
28 .~ 

a .4 
28 .1 
2e.<] 
2R .2 
28.~ 

2e .5 
2~ .7 

27. e 
21.<? 
2~ . 0 

l '3 . 2 

-.3 
-.5 
-.g 
- .4 

.f: 

.3 
-.1 
-.~ 

.1 
-.3 
- .13 

.0 
- .2 

.7 

.e 

.5 

.r 

.1 
-.2 

.E 
- .1 

.6 

-.~ 
-.4 
-.3 
- .1 

-.6 
-1.1 
-i.g 
-1.0 
1.2 

.6 
-.~ 
-.7 

.1 
-.7 

-1.1 
.0 

-.5 
1.5 
1.8 
1.2 

.1 

. 2 

.6 

.9 
-1.1 

-.<? 
-.6 
-.2 

JULAUGSEP 

57 
1113 
183 
1 ee 
22e 
Je9 
59E 
630 

13SE 
1462 
170e 
<12" 
23/te 

375 
310 
412 

20S"3 
201'14 
2311l 

681 
54<] 
Ste 
.. 40 
2110 

101S 
e1S 
'lee; 
ee7 

V~LUE AN(~AlY Z-ST~T oe~ 

17.5 -l.E 
1 g . 2 . 0 
18.5 -.E 
18." -.8 
1 8 .1 -1. 0 
18.'3 -.2 
Ig.7 .5 
1'3.1 -.1 
1'3.2 . 0 
20 .3 1.2 
2 0.:! 1.2 
20.'3 1.7 
20 .0 .'3 
1<;.5 .4 
18.2 , -.9 
l'3.E .5 
18.3 -.8 
18.6 -.5 
1<].1 -.0 
1'3.5 .3 
1'3.0 -.2 
1'3.2 .0 
1<;.1 -.0 
20 .2 1.1 
1'3.8 .7 
17.'3 -1.3 
lR.E -.5 
17.E -l.E 

-l.g 1401 
.0 1756 

-.7 783 
-.'3 201 

-1.2 '391 
-.:! 777 

.6 1508 
-.1 11Ee 
.0 920 

1.4 '3SI1 
1.1t 996 
2.0 1037 
1.0 1300 

.4 tlt2! 
-1.1 1222 

.5 1262 
-.9 13"0 
-.6 2178 
-.0 1775 
.4 16q~ 

-.2 1380 
.0 1728 

-.0 1919 
1.2 1217 

• /I II 07 
-1.5 6'35 
-.f: HJ 

-1.8 1711 



P 

SHT aBS 

<j 125 
6 5E 

. 4 "" . 2 '3'3 
. 2 1"0 

6 H2 
6 98 
II 112 
2 12" 
4 154 
5 125 
2 191 
1 204 
5 199 
0 193 
5 15E 
0 222 
1 444 
1 551 

" 63, 
5 431 
0 4O, 
I! 264 
7 leO 
3 184 
4 193 
2 120 

TH OB ~ 

121 
~I!e 

15 5 
9 7 

138 
172 
176 
199 
250 
221 
216 
193 
212 
1'37 
248 
191 
3'l0 
472 
533 
382 
388 
388 
323 
19~ 
3'+5 
HZ 
300 
272 



YEAR 

1946 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1956 
195'3 
1960 
1961 
196 2 
1963 
1904 
1965 
1966 
1957 
1966 
19&9 
1970 
1971 
1972 
1973 
1974 
1975 

YEAR 

1946 
1949 
1950 
1951 
1952 
1953 
1'354 
1955 
1956 
1957 
1'356 
1959 
1960 
1'361 
1962 
1963 
1964 
1965 
1966 
1967 
1966 
1969 
1970 
1971 
1912 
1913 
1914 
1975 

ANNUAL 

V~lUE ANOMALY Z-STAT oes 

nSLF OATA 
te.O .2 
16.5 .7 
it.2 .4 
11.! -.5 
17.1 -.6 
17.0 -.1 
11.8 .0 
17.fl .0 
ie.4 .6 
17.6 -.0 
if.2 .4 
17.9 .1 
17.0 -.6 
H.1 .,. 
17.6 -.2 
11.5 -.2 
te. ~ .5 
11.3 -.4 
18.1 .3 
1 e. 3 .5 
H.1 -.7 
17.6 -.1 
17.7 -.1 
1 7.6 -.2 
17.1 -.7 
17.2 -.6 
17.6 -.2 

.4 
1.5 

.'3 
-1.1 
-1.4 
-1.6 

.0 

.1 
1.4 
-.0 

.'3 

.2 
-1. 6 

.11 -.,. 
-.5 
1.1 

-1.0 
.6 

1.1 
-l.S 
-.3 
-.2 
-.5 

-1.5 
-1. 2 
-.4 

ANNUAL 

416 
364 
4S6 
5E,. 
581 
572 
506 
6~6 

810 
6'30 
H5 
'lE2 

luB 
101E 

'321 
,!~5 

1237 
1451 
15eo 
150 
1403 
1~46 

1243 
1400 
12eE 
1H4 
1146 

V~lUE ANOMALY Z-STAT 08S 

nSUF 
2 (.7 
21.0 
20.6 
20.0 
2C.5 
20.0 
20.9 
2(.6 
20.4 
lS.6 
2e.4 
20.0 
1".7 
20. ~ 
20.0 
20.7 
2e.7 
20.3 
2 C. 8 
21.0 
lS.6 
20.4 
20.6 
20.7 
20.1 
Z (.4 
21.1 

DATA 
.3 
. 6 
. 2 

-.4 
.1 

-.4 
.5· 
.2 

-.0 
-.1 
-.J 
-.4 
-.7 

.5 
-.4 

.3 

.3 
-.1 

.4 

.6 
-.7 
-.0 

.3 
-.3 

.0 

.7 

.7 
1.6 

.6 
-1.0 

.1 
-1.1 
1.3 

.4 
-.0 

-1.6 
-.0 

-1.0 
-1.7 
1.2 
-.'3 

.7 

.7 
-.3 
1.0 
1.5 

-1. 6 
-.1 
1.0 

.6 
-.8 

.0 
1.6 

457 
420 
76e 
806 

1204 
83~ 

tl13 
'l79 

10E7 
q:n 

10~6 

1223 
12qll 
1284 
1000 
1JEq 
1382 
;: 220 
2304 
,2"1 
2187 
170 p 
15E7 
lH8 
1168 
1190 

q43 

MSQ 123 - 3 

VAlU, A~C~~lY 1- l~T OF~ 

INSUF nnA 
15.1'> . 5 
15.3 .2 
14.8 - . ~ 

15.1 -.~ 

14.5 -.6 
15.1 .0 
14.6 -. 5 
14.4 -.7 

16.2 1.1 
14.6 -.~ 

15.0 - • I 
15.2 .1 
14.7 -.4 
1 ~. 5 .4 
15.6 
15.1 - • 1 
If.O c 
14.2 _.0 
15.1 • ( 
15.2 • I 
14.6 _.c 
14.0 -1.1 
15.0 -.1 
15.2 .1 
14.4 -.7 
14.0 -1.1 
14.7 -." 

Msn 124 - 1 

1 • 0 

-.f 
- • 1 

-1. 2 

• C 
-1.0 
-1.2 
2. G 
_.C 
- • 1 

-. ~ 
.7 

-.0 
1 .7 

-1. 7 

• 0 

-.~ 

- 2.1 
-. ( 

-1 • ' 
- " • 1 
-.P 

128 
93 

1,4 
1~~ 

181 
159 
112 
124 
20~ 

lE6 
1'7 
267 
2'32 
2!~ 

21E 
22 .. 
22 c 

314 
31':~ 

27£ 
2°" 
231 
ZlC 
171 
25' 
25 c 

2t:E 

VALUE ANC~~LY 2-~lAT C~5 

INSUF 
18.6 
18.2 
17.2 
111.3 
17.7 
17.5 
17 .5 
17.7 
18 . 2 

if." 
17.0 
17 .1 
H.5 
18.2 
H.8 
16." 
18.2 
17.1 
17.'3 
le.2 
H.9 
lL4 
17.8 
18 .4 
17.It 
17.8 
17. '3 

t'JA TA 
1.( 

- .4 

.7 

.1 -. , 
-.1 

• 1 
• E 

-1 • 1 
- • E 
-. ~ 

-1.t 
.~ -. ~ 
· ~ 
.f 

-.5 
.:-
.E 

-. 7 
-1.2 

.2 
• 

-. 2 
.2 
.3 

116 

i.f 

-.f 
1.1 

• 1 -. , 
- .2 

• 1 · ~ 
-1 . 7 
-. c: 
-. e 

-1. E 

• c 
-1. 2 
1.2 

-.7 
.4 

· ~ 
-1. 0 
-1. ~ 

1.3 
-.3 

. 3 

143 
15~ 
27 .. 
30~ 

39 .. 
271t 
2e7 
34~ 

.. 14 
2'l~ 
37' 
.. n 
52E 
4 E7 
323 
32E 
3 .. C 
e2E 
H6 
5710 
.. q3 
50~ 

4 '3 4 
324 
JE5 
3S0 
2<;2 

Jl L Al:GSEP 

ThSUF OtT ~ 
2n .7 -. 5 
22 . ~ 1. 0 
22 . E 1.4 
2~ . 2 -1.1 
<D .E -.f 
1~.7 -1. 5 

" 1 • J • ° 
' 1. ~ . 0 
C? 1 • ~ . ! 
22 .1 • '1 
,1 .1 - .1 
21 .4 . 2 
21.C -1. 3 
,La . 5 
2 1.Z -. 0 
2') . ~ .... :! 
21 .7 . 5 
2~ . 6 -. 6 
2<'.7 1.~ 

"2.~ 1. 2 
20.'1 
"2 . C • ~ 
'1.:! .1 
20 . 6 -. 7 
,0 .7 -. 5 
20.7 -. 5 ,,1. Z 

-.6 
1. Z 
1.7 

-1.3 
-.7 

-1. e 
.1 
• C ... 

1. 0 
- • 1 

. 2 
-1.5 

.f 
-.1 
-.It 

. E 
-.7 
1 . , 
1 .~ 

-.It . ~ 
.1 

-. e 
-. f 
-. E 
-. 0 

lLHCSE P 

121 
~1 

111 
126 
11'1 
,.,0 
13'l 
H3 
lea, 
1107 
177 
le" 
222 
217 
telt 
2ltl 
321 
ItOZ 
418 
4107 
373 
1,23 
2e~ 

"~1 
331 
417 
28~ 

VALUE A~ C ~AlY Z-ST'T O~ 

Z~ . l 

23 . 2 
Z" . 7 
, :3 • e 
'Z . E 
2".0 
23 .1 

''' .1 
;: 4. C 
2~ . 5 
2 ... 1 
21t.l 
2:! .7 
23 .0 
2".5 
23 .3 
2".0 
2 4.~ 
23 . E 
24.6 
,".7 
23 .2 
24.5 
'c..~ 
2 ~. 5 
23 .1 

- . 7 
- • E 
1.0 

.1 
- 1 .2 

· " - • E 
. 3 

• Z 
- • Z 

... 
- .1 
- .7 

. 8 
- . 5 

.5 
- .2 
.~ · ~ 

-.5 
.7 
.f 

-.2 
-.f 

. 2 · ~ 

-1.2 
-1.0 
1.7 

.1 
-z.r 

.4 
-1.1 

.5 

.4 
-.4 

.5 

.7 
- • 1 

-1.3 
1. :! 
-.q 

.5 

-.3 
1.4 
1.5 
-.9 
1.2 
1.0 
-.It 

-1.1 
.3 

1.5 

20 
H 
5"' 
e7 
~ ~ 

1 'l~ 
1~ ' 
n 

1 .. .. 
13 0; 
lit 
11 E 
13 3 
157 
17<: 
125 
lH 
1 e c 
386 
1025 
55" 
loa .. 
3~e 

221 
193 
taft 
253 
162 



YEAR 

1 'l"" 
1 'lit 9 
1'l5D 
1'l51 
1 '152 
1953 
1 '15" 
1 '155 
1'156 
1957 
1 '1511 
1959 
1960 
1961 
1962 
1963 
196" 
1965 
1966 
1'167 
19611 
1969 
1970 
1971 
1972 
1973 
197" 
1975 

TEAR 

1 9"~ 
19"'! 
1950 
1 951 
1952 
1 953 
1954 
1955 
1 956 
1 957 
1 958 
1959 
1960 
1 '161 
1962 
1'16J 
1964 
1'165 
1966 
1'16 7 
1 '168 
191i'! 
1970 
1 '171 
1 'l7 2 
197 " 
1'174 
1 '175 

ANNUAL 

V'LUE AN OM ALY Z-STAT oes 

HSlF 
21. " 
21 ... 
20.3 
20.8 
2(.8 
20. 1 
20.'3 
20.'3 
2C.l 
1".8 
1 ~ . ~ 
1<;.£: 
2 t. 0 
20." 
20.6 
21.0 
2C.2 
20." 
20." 
20.5 
20.2 
20.£: 
21.0 
20.3 
20.7 
20.3 
2 C.8 

DATA 
.'3 

• '3 
-. 2 

.3 

.3 

-." ... 
.5 -... 

-.7 
-.6 
-.9 
-.5 
- .1 

.1 

.5 
-. 2 
-.1 

· .. 
-. 0 
-.3 

.1 

.'5 
-.2 

. 2 
-. 2 

. 3 

1.7 
1.8 

-." 
• 5 
.6 

-.11 

• 7 
.'3 

-.8 
-1.3 
-1.1 
-1.7 
-1.0 
-.1 

.3 
1.1 
-.5 
-.1 

.'3 
-.1 
-.5 

.2 

.9 
-.3 

. 3 
- ... 

• E 

ANNUAL 

552 
3<;0 
H2 
831 

lU2 
'45 
'35" 

1 013 
11, .. 
1030 
1305 
12"6 
1521 
1"27 
1231 
12ES 
1510 
2432 
2611 
250E 
2H7 
H,E 
1663 
1JE1 
1C70 
1001 

.,50 

VALUE ANOMALY Z- STAT oes 

H SUF DATA 
H.O .1 
1 <;.2 
!e.5 
U.S 
17.7 
17.8 
H.6 
18.8 
lE. E 
17.2 
17.4 
17. E 
18.1 
H ... 
17.S 
17.2 
lE. '3 
17.7 
H.2 
17. 7 
17.9 
11. 'l 
17. 9 
17. ~ 
H.l 
17.2 
17.t 

1 ... 
.7 
.6 

-.1 
-.0, 

. 7 

.'! 
-1. 3 
-.6 
-. 5 
-.2 

. 2 

.5 
-.~ 
-.7 

-1.0 
-.2 

· ~ 
-.2 

. 0 

.0 
- .0 
-. 6 

. 2 
-.~ 
-.7 

. 2 
2.0 
1.0 

.'3 
-. 2 
-.0 
1.0 
1.4 

-1.'3 
-.'3 
-.7 
-.3 

.3 

.7 
-.5 

-1.0 
-1. 5 
-.~ 

.5 
-.2 

.1 

.1 
-. a 
-.6 

. 3 
-. '3 

-1: a 

1122 
417 
486 
53~ 

622 
6'30 
633 
811 
.,16 
'!65 

1007 
lryE7 
1057 

711 e 
eOl 

16 .. 0 
111!3 

21 " .. 
1070 
1134 

'360 
'311 
872 

1161 
1203 
132'3 
1338 

MSO 125 - 2 

HSUF 
16 .8 
le.l 

17. " 
1 ~. 2 
17.1 
1E.7 
17.1 
17.'3 
17.2 
15.~ 

iE.5 
15.7 
15.6 
17.1 
lLl 
17.5 
17.1 
17. J 
17." 
17. 0 
H . 6 
lLl 
17.4 
17.5 
H.6 
17 ... 
17. 2 

IHH 
1 • e 
1.1 

.4 
1. 2 

.1 
-. ~ 

• 1 · ~ 
.1 

-1. 2 
-.5 

-1. 3 
-1.5 

.1 
-1 • ~ 

.2 ... 
- • 1 
-.4 

- 1 • C ... 
· ~ -... ... 
.1 

MSQ 127 - 3 

LC 
1. 2 

.It 

1. ' 
.1 

-. ~ 

• 1 
1.( 

• 1 
-1. .. 
-. E 

-1. " 
-1. 7 

.1 
- 1.1 

• e 
.1 
. 3 

-.1 
-. 5 

-1.1 
.4 
.E 

-.~ . .. 
.1 

151 
13 .. 
2~1t 

~2'j 

.. 22 
2ec 
333 
:!~p 

47 .. 
15f: 
Itc;e 
.. SF 
597 
"~2 
31of: 
41 e 

3E5 
EEC; 
717 
468 
5'3", 
SCS 
"lIf: 
28'3 
310 
30f: 
320 

VALU E ANCMJLY Z-~TAT ce~ 

INSUF 
14.3 
15.3 
1=.7 
1".'3 
15.0 
13. q 
14.8 
15.4 
1 ... 1 
1 ~. 4 
1".2 
1".2 
13.6 
1".6 
1 ~ • '3 
13.2 
12 . '3 
14.1 

1"," 
H.2 
1'5.1 
13.4 
1" . 7 
13.6 
1".4 
1 ... & 
1!.'3 

IlHA 
-.0 
1. : 
1 ... 

.1 

.7 -... 

. 5 
1.1 
-. 2 
-.<'! 
- .1 
-. 0 
-.7 

-." 
- 1. 1 
-1. .. 

-. " 
.1 

- .1 
o 

-.6 
. S 

-.It 
.1 

· ~ 
- .4 

117 

-. 0 
1. .. 
1.e 

· ~ 
-.5 

. 7 
1.4 
-.:! 

-1. 2 
- • 1 
-. 1 
-.'3 

.It 
-.C; 

-t. e 

- 1 • ~ 
-. 2 

. 1 -., 
1 • 1 

-1. 1 

• E 
-.E 

.1 

· " -. 5 

LLAIJG ..-p 

!"SCF cnt 
24.4 -.4 
,," ... • f: 
'!.~ -1.( 
2" . 3 -.5 
2S .3 . 5 
2 ... 5 - . 1 
?5 . a .2 
25 . 1 
,4.7 -.1 
2".£: -. 2 
2 e. a . 2 
," .7 -.1 
24 . e -. 0 
"'i . 4 • f: "4. ~ . r 
,5. It . 6 
2 ... E - • C 
24 .7 -.e 
2 ... ~ .1 
,Sol, .~ 

24. E - .2 
l ~. l • ~ 
25.t 
2".5 - . 3 
24. <J .1 
2" . 2 - • E 
,4.'3 .1 

-.'3 
i.e 

-2.4 
-1.2 

1.2 
-.f: 

.f: . ~ 
-.2 
-.4 

.5 

-. " 
-.1 
1 .5 
• a 

1 • ~ 
-. 0 
-.1 

. 1 
1.4 
- . Ci 

1 • a 
.6 

-.7 
.3 

-1.4 
. 2 

JllHG~EP 

c 
oq 

leo 
HZ 

G! 
112 
lZIt 
lSI, 
12~ 

191 
20 .. 
1'lC; 
1 'l3 
l~E 

222 

" .. " 551 
63, 
.. 31 
100, 
2£:4 
He 
1~" 
1~3 

120 

V~LUE A~C~ALY Z-ST~T oe~ 

27.<; 
2' • 1 
23.E 
23 .0 
22.7 
22.0 
22.f: 
'J.~ 
"3 .6 
20.E 
22 .t 
"2.~ 
2<.1 
23.2 
22 . e 
,2.0 
22 . 1 ,1. ~ 
22.2 
<~.2 

(2 ." 
22.E 
23.6 
22 . E 
21.'3 

21.2 
21 . 1 

- • 0 
• E 

1 • 1 

.2 
- • e 

.1 

1.2 
- t. 0 
-.5 
· ~ 

- . 5 

• f 

_. c 

-." 
-1.3 -. ~ 

· ~ 
- • 1 

.1 
1 • C 

.1 
- • F · ~ 

- 1 .4 

- 1 • It 

-.0 
.7 

1.4 
. 6 
.2 

-.7 
.1 

· ~ 
1 . 5 

- 2 • 5 
-.f: 
.5 

-.f: 

· ~ 
.4 

-.7 
-.f, 

-I.E 
-.It 

.6 
-.1 

• 1 

1. • 
.1 

· ~ 
- 1 •• 
- 1 • ~ 

121 
!6~ 

155 
'17 

13 
172 
11E 
19'1 
250 
221 
21b 
l'lJ 
212 
1~7 

210 
1"1 
3 0 e 
472 
5~ 
J~2 

:!8~ 

.' ~ 
32' 
1~~ 

.,S 
'ci 
3 
272 



YEAR 

1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1955 
1959 
1960 
1961 
1962 
1963 
1904 
1965 
1966 
19&7 
1968 
1 'l6'l 
1970 
1971 
1972 
1973 
1971t 
1 975 

YEAR 

1948 
194'l 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1 'l58 
195'l 
1 'l60 
1 %1 
l'l62 
l'l63 
1964 
1 'l65 
l'l66 
l'l67 
l'l6a 
196'l 
1 'l70 
l'l71 
1972 
l'ln 
1974 
1 'l75 

ANNUAL 

V~LUE ANOMALY 2-STAT OES 

INSl:F DATA 
21.~ -.1 
22.3 .8 
2,.0 .6 
21.7 .2 
21.1 -.It 
21.2 -.3 
21.~ .3 
21. E .1 
20.7 -.7 
21.2 -.3 
2U.'3 -.6 
21.0 -.It 
21.7 .3 
21.7 .2 
21." -.1 
21.3 -.2 
21.2 -.3 
21.7 .2 
22.2 .7 
21.6 .1 
?1. c:! .4 
21.4 -.1 
21... -.1 
21.7 .2 
21.5 -.D 
21.2 -.3 
21.5 .0 

-.3 
1 . g 
1.3 

. 4 
-.8 
-.7 

.11 

.2 
-1.8 
-.6 

-1. 3 
-1.0 

.6 

.5 
-.3 
-.5 
-.7 
." 

1.6 

• 3 
.9 

-.2 
-.2 

• 6 
-.0 
-.7 

• 0 

ANNUAL 

55U 
618 

11~~ 

10"3 
1410 
1155 
1344 
1<;(" 
2006 
1'337 
2258 
2537 
2185 
1387 
l?E'3 
2 '3"g 
3173 
"3 a 1 
2~El 

2071 
20JE 
1582 
15"" 
22~E 

<132 
2100 
22~3 

V~LUE ANOMALY Z-STAT ces 

H!"LF 
2e.7 
2C.1t 
20.1 
1~.7 

1~.7 

1 ~.1 
1 S. 5 
20." 
lS.'l 
1~.3 

1~.5 
lS.'3 
20.7 
2 O. 7 
1 ~.1 
lS.l 
11.6 
1 S. 2 
2(.8 
2 G. 3 
20.8 
2 0.2 
143.7 
lE.O 
17.8 
17. It 
17.0 

OAT A 
• '3 
.7 

." 
- .1 
-./) 

- .5. 
-.2 

.1 

.1 
-.5 
-.3 

.2 

.9 

.'l 
-.6 
-.6 

-2.2 
-.6 
1.1 

.5 
1.0 

.4 
-.1 

-1.7 
-?O 
-2.3 
-2.8 

1.2 
.'3 
• 5 

-.1 
-.1 
-.6 
-.3 

.9 

.2 
-.6 
-.3 

.3 
1.2 
1.2 
-.6 
-.8 

-2.7 
-.7 
1.1t 

.7 
1.3 

.6 
-.1 

-2.2 
-2.5 
- 2.9 
-3. <; 

5"2 
11543 
32J6 
1275 
10H 
1102 
1377 
1456 
1957 
2007 
190" 
2135 
136" 
gz~ 

geo 
22Ee 
1439] 
2235 

TEO 
7&3 
E72 
620 
gOO 

3218 
5336 
E7 00 
772E 

"1S () 1 2 0 - 1 

INSUF DAB 
18 . 3 . 7 
17.11 . 2 
le . 8 1.3 
17." - . 2 
17.3 - . 2 
17.11 . 2 
17.5 - . C 
17 . '3 • J 
16 . a -.7 
17 . 0 -.~ 

17.2 -.~ 
17 . 3 -.] 
17.2 -.3 
17.9 ." 
17.1 -.<; 
17.3 -.~ 

17.3 -.~ 
17.3 -.2 
1 ~. 5 • q 
1e.2 .7 
18.1 .F 
17.7 .1 
17.5 -.1 
17.7 .1 
1 e. a c 

17.2 -." 
17.6 -.C 

~s C 13 - 3 

HSUF 
16.6 
15.5 
16.7 
15.3 
14.'3 
H.] 
12.8 
15 . 8 
15.5 
15 . 3 
14.] 
15.2 
1~.2 

16 . 2 
13.5 
1~.8 

12 . 3 
15 . 0 
16.0 
15 . 7 
1 7 .3 
15 . 5 
16 . 5 
13 . 5 
1 2 . a 
12 . 9 
11 . 2 

['AlA 
1.1; 

. 4 
l.E 

. 2 
- • 1 
1 . 2 

- 2.:! 

. 4 

.2 
- . @ 

. 1 

.1 
1.2 

-1.f 
-1. ~ 
-2 .~ 

-. ( 
. 0; 

• E 
'-2 

. 5 
1.~ 

-l. E 
- 3 . 1 
- 2 . 2 
-3." 

118 

2 . ~ 

-. " 
- . 4 

.4 
-.1 

• E 
- 1.4 
-1 . C 
-.7 

-. F 

• 7 
_.C 
_.C 
-.F 

-. " 
1 • a 
1 • ' 
1 .1 

-.2 
.3 

• c 
- • 7 -. ~ 

1 . 3 

1 . ' 
. 2 

- • 1 
i. e 

-1. S 

• E 
.3 
.2 

-. E 
. 1 

• 1 · ~ 
- 1 . ~ 

-1. G 
- 2 . 2 
-.( 

• e 
. 5 

I. e 

." 
1. 1 

-1. ~ 

- 2 . 5 
-1. 8 
- 3 . 2 

te 7 
15~ 
4 E7 
32 P 
" '3 P 
~~,. 

4E7 
5~1 
751 
656 
83f 
'3eo 

1021 
]'37 
31E 

10'3F 
~gO 

1171l 
sel 
477 
4~3 

UO 
327 
6'F 
802 
711 
cSt 

95 
131 

1225 
271 
17 2 
163 
33~ 

24C 
302 
4" 
io U 
" 55 
32 ~ 

17 0 
24 G 
522 

"" 2 
" s~ 
10" 
H7 

9S 
'l'l 

103 
E53 

2424 
28el 
2':':7 

JllALG SEP 

vaLU E ANC~aL' 2-STAT oes 

IN SUF O ~la 

25.5 -.~ 

2 7.1 • ~ 
H . E: .3 
2E .5 • ~ 
" ~.1 -. 2 
2 5 . ~ - . " 
26 .7 . 5 
a . l -. 2 
26 .1 -. 2 
25 . '3 -.4 
25 . 2 -1.1 
2 c; . '3 - ... 
27 . 0 • e 
26 . 3 • C 
2 E: . • • a 
2E .4 .1 
2E: . . 0 
2L ~ . 6 
2L5 . 2 
25 . 8 -. 5 
26 . 7 ." 
2~.2 - . 1 
2€oS . 2 
7f ." • 2 
2c . c: -. 4 
2E . 0 -. ~ 

"1i . 7 • 5 

-I.E 
I. E 

.7 

. 6 
-." 
-.'3 
1. a 
-.It 
-.It 
-.~ 

- 2 . 2 
-.8 
1. 6 

.1 

.0 

• 2 
• a 

1. 2 
.5 

-. 'l 
. ': 

-. 2 

." 
• 3 -. a 

-. 5 
1. 0 

JLL AUGSC P 

100 
10c) 
11<; 
164 
25~ 

209 
1<j6 
2E2 
28'l 
~ftft 

303 
'!Io~ 
26e 
285 
254 
41o~ 

785 
101ft 
7t2 
HE 
567 
Je6 
260 
3!3 
332 
392 
32e 

va LUE a~ C ~al Y Z- SlaT ces 

I SLF c n~ 

2 ". 7 - • ' 
2 E. 7 1 . 7 
2 5. Q . 1 
25 ." • 4 
2". <; - . 5 
23 . 5 - 1 .4 
25 . 9 . S 
25. 2 . 2 
20; .0 . 0 
2 4.1 -. f 
2". 3 - • E 
2".8 -. 2 
H . 5 t . E 
2 5.5 . E 
2".6 - . "3 
2 4.~ -.1 
2 3." -1.6 
24. E - .It 
2 E.5 1.~ 

25.2 .3 
2 ".~ -.1 
25.0 .0 
24.E -." 
2 3. 'l - j • a 
2".4 -.5 
23.7 -1.3 
2:3.7 ·1.~ 

-.'! 
1.9 

.1 

.4 
-.5 

- 1 . 6 
1.0 

. 2 

• a 
-.9 
-.7 
-. 2 
1.7 

• E 
-.It 
-.1 

-1.7 
-.It 
1.6 
.3 

-.1 

• a -." 
-1.1 
-.6 
-1.~ 

-1.1, 

18/0 
2110 
2e6 
35~ 

3/00 
1026 
316 
427 
HO 
SE2 
570 
6100 
27 .. 
282 
2 ee 
625 
58! 
6'!! 
2Et 
221 
2E! 
222 
12" 
613 
502 

7"" 632 



YEAR 

19/08 
19/09 
1950 
1951 
1952 
1953 
195/0 
1955 
1956 
1 '357 
1 '158 
1'35'1 
1'160 
1 '1&1 
1'162 
1 '163 
1'16/0 
1'165 
1966 
1'1& 7 
1'1& 8 
1 '1&'1 
1'170 
1'171 
1 '172 
1973 
1'174 
1975 

'YEAR 

1'346 
1949 
1950 
1 '151 
1952 
1953 
195/0 
1955 
195& 
1957 
1958 
1959 
11160 
1961 
1962 
11163 
1964 
1965 
1966 

'1&7 
968 
%9 

1970 
1 971 

972 
973 
974 
975 

ANNUAL 

V~LUE ANOMALY Z-ST~T oes 

11.5 
11. 3 
10.9 
11.3 
11.2 
11.7 
11.7 
10.9 
11.5 
1<.0 
12.7 
1,.3 
1,.3 
1,.2 
11.8 
If'lSt:F 
INSUF 
H SUF 
11.3 
11.9 
11.4 
11.6 
11.6 
10.8 
10.5 
11.1 
11.2 
10.8 

-.2 
-.4 
-.8 -... 
-.5 

.0 
-.0 
-.~ 

-.2 . ~ 
1.0 

.& 

.& 

. 5 

.1 
DATA 
DATA 
I)~TA -... 

.2 
-.3 
-.1 
-.1 
-.13 

-1. 2 
-.& 
-. 5 
-.9 

-.It 
-.7 

-1.5 
-.8 

-1.0 
.1 

-.0 
-1.5 
-.It 

.5 
1.9 
1.3 
1.2 
1.0 

.1 

-.8 

-.& 
-.2 
-.2 

-1.7 
-2.It 
-1.1 
-1.0 
-1. ~ 

ANNUAL 

511< 
Eg9 
539 
941< 
677 
&71 
E99 

1175 
l11E 
1341 
1260 
111,1 
2122 
114& 
1 0 1 13 

11<10 
2858 
:: 850 
1731 
1&13 
1557 
2700 
UTE 
1'113 
1425 

V~LUE ~NOMALY Z-ST~T oes 

HSl'F DATA 
10.1 .2 
~.J -loa 

10.2 .3 
~. 8 -.1 
<;.<3 -.0 
~.e -.1 
C;.5 -.4 
<;.5 -.4-

11.0 1.1 
10.E .7 
10.2 .3 

C:.E -. 3 
1001 . 2 
1C.3 ... 
10. It .5 

g.3 -.& 
10.0 .1 

<:.7 -.2 
<:.E -. 3 
C:.5 -.t.. 
C3.1 -.8 
~.5 -.5 
C:.2 -.6 

10.5 .& 
c:.l.t -. 5 
«;.3 -.f. 
':.0 -."1 

... 
-2. a 

.7 
-.2 
-.1 
-.2 
-.8 
-.9 
2.2 
1.5 

.6 
-.6 

.3 

.8 

.9 
-1.3 

.3 
-.4 
-.6 
-.9 

-1.7 
-1.0 
-1.6 
1.2 

-1.0 
-1.2 
-1.8 

It~6 

.. 09 
It23 
.. 7& 
<;13 
610 
5'32 
751 
879 
'155 
785 
871 
819 
932 

100& 
10Z4 
1134 
1350 
1557 
1674 
1311 
12H 
1209 

79 .. 
10 It a 

g77 
1117 

,", SO 157 - It 

VALUE AN C M~LY 2-~TAT ces 

8.1< 
7.5 
7.3 
8.3 
7.13 
8.9 
8.9 
8.8 
7.9 
7.9 
9.13 
9 .5 
9.7 
'l.8 
~.D 
9.& 
8.8 

INSUF 
8.8 
8.6 
P..3 
7.8 
9.5 
8.1 
7.5 
e.I< 
7.8 
8.1 

-. ~ 
-1. < 
-1 • ~ 
-.4 
-.9 

. 2 

.1 

. 0 
- .8 -. ~ 
101 . ~ 
1. 0 
1.1 

.3 

.'3 

.1 
n~H 

.1 

.0 -... 
-.~ 

.6 
-.1 

-1. 2 
-.3 
-.~ 
-.E 

,",sa 15 ~ - :3 

-.4 
-l.E 
-1. p 

-.E 
-1., 

· ~ · , 
• 1 

-1. 1 
-1.1 
1.4 
1. C 
1. :: 
1.4 

.4 
1.2 

.1 

.1 

• 1 -." 
-1.1 

1.0 
-.~ 

-l.E 
-.4 

-1. 1 
-. e 

Itl 
118 
19:: 
21E 
1~ ~ 

15 ': 
15 2 
lElt 
220 
267 
332 
~~4 

~"8 
338 
2E~ 

259 
58 

207 
5~7 

587 
371 
389 
367 
223 
39 e 
274 
303 

VALUE A~CM~LY 2-SlAT ce5 

HSUF 'J AH 
E:.8 -.2 
7.0 -. ~ 
5.8 -1.2 
E.1 -.~ 

7.0 .1 
6.9 -.1 
7.1 ." 
£0.2 -.1 
7.5 .E 
7.9 l. e 
7.4 ... 
7.0 .r 
6.6 -.~ 
e.o 1., 
8. a 1.0 
E:.6 -.4 
7.1 .1 
6.7 -.2 
6.7 -.3 
E.5 _.4 

&.1 -."1 
7.1 .1 
7.1 .1 
7.1 .1 
7. «. .'5 
E:.& -.4 
6.7 -.2 

119 

-.3 
-. C 

-2.e 
-1. 5 

.1 
-. 2 

· ~ 
-1. 2 · ~ 

1. E 
.E: 
• c 

-.E 
1.7 
1.~ 

-.f 
.2 

-.1< 
-.5 
-.7 

-1.4 
. 2 
.1 
.2 

• P 
-.f 
-.4 

te7 
102 

82 
lH 

12" 
118 
1'<7 
I1t~ 

16~ 

175 
160 
185 
20~ 
252 
2Ec; 
2""' 
357 
29E 
434 
327 
2~~ 

2e4 
Hl 
22E 
222 
2C:S 

JI1LAl:GSEP 

~AlLE ANC~~LY Z-STAT oes 

is.:! 
15 .2 
15.0 
14.E: 
14.2 
lS.1 
14.~ 

14.8 
15.3 
15.8 
1~.1 

1" " 
15 .4 
16.2 
15 .2 
INSUf' 
14.1 
INSUF 
I1t.S 
1<;.9 
14.8 
15.5 
14.S 
15.0 
13 . 8 
14.E: 
11<.5 
14 .4 

.1 
- .0 
- .2 
-. & 

- 1 .0 
-.1 
-.3 
- • I< 

.1 
• s 
• e 
.3 
.1 

1.0 
- . 0 

C!~H 

-1.2 
CATt 

- .7 
.6 

- .4 
.2 

-.8 

-. ' 
-1 .4 

- .7 
- .7 
- • 'I 

.2 
-.1 
-.1< 

- 1.0 
-1.7 
-.2 
-.5 
-.7 

• Z 
. 9 

1.4 
.5 

1.7 
-.0 

-2.0 

-1.2 
1.1 
-.7 

.4 
-1.3 
-.4 

- 2 .3 
-1.1 
-1.2 
-1.4 

JUlIIUGSEP 

7 C 

257 
111 
208 
1~3 

lH 
lre 
421 
It02 
3g~ 

319 
25E 
518 
297 
2EO 

25 

6EO 
843 

l'lOE 
513 
486 
~22 

11'< 2 
338 
53€ 
4H 

VALUf ~~C~AlY Z-ST~T oe5 

aSLF 
14.0 
12.2 
15." 
14.1 
14.5 
14.0 
13 .1 
14.3 
14.3 
11<.7 
13.2 
1~.7 

11<.8 
11<.6 
15.1 
13.0 
14.3 
13.7 
14.0 
1~.5 

13. a 
12.4 
12.2 
14.<: 
13.0 
n.2 
12.5 

C~H 

-.0 
-1. 8 
1. P 
- • C 

.1< 
- .1 

-1. 0 
.2 
.2 
• E 

- .8 

-." 
.7 
.5 

1 • 0 
-1.1 

.2 
- .3 
-.1 
-.6 

-1.0 
-1.7 
-1. ~ 

.8 
-1 .1 

- .8 
-1.1; 

-.0 
-2.2 

2.2 
-.C 

.5 
-.1 

-1. 2 
.3 
.3 
.7 

-1.0 
-.5 

.'3 

.6 
1.2 

-1.3 
.3 

-.4 
-.1 
-.7 

-1.2 
-Z.O 
-2.3 
1.0 

-1.3 
-1.0 
-1.'3 

112 
IH 

130 
142 
13'3 
170 
184 
204 
29E 
22~ 

211 
257 
210 
?4~ 

213 
2 .... 
285 
297 
It02 
4H 
370 
:15" 
22f 
17" 
23<: 
25f 
2117 



YEAR 

1 '146 
1 '14'1 
1 '150 
1 '151 
1 '152 
1 '153 
1 '154 
1 '155 
1 '156 
1 '157 
1 '156 
1'15'1 
1 '160 
1961 
1962 
1'163 
1964 
1 '165 
1966 
1967 
19611 
1969 
1970 
1971 
1 '172 
1973 
1974 
1 '175 

YEAR 

1946 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
195'1 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1.'167 
1966 
1969 
1970 
1971 
1972 
1913 
1974 
1975 

ANNUAL 

V~lUE ~NOHAlY Z-STnT oes 

HSl.F OAT A 
1~.1 1.3 
12.6 -.2 
12.1 -.1 
1~.5 .7 
12.2 -.6 
12.4 -.4 
12.7 -.1 
12.1 -.6 
1~.4 .6 
11.6 -1.2 
12.2 -.6 
11.7 -1.1 
12.4 -.4 
1~. 4 .6 
1:.6 .8 
1~.5 .7 
1 '1, 3 .5 
12.7 -.1 
1'.C; .2 
12.7 -.0 
1£.1 -.7 
12.1 -.7 
1:.1 . 3 
U.3 .5 
12.0 -.8 
12.2 -.6 
12.5 -.3 

1.9 
-.3 
-.1 
1.0 
-.9 
-.6 
-.1 
-.9 

.9 
-1.1 
-.6 

-1.7 
-.6 

.8 
1.2 
1.0 

.1 
-.1 

.2 
-.1 

-1.0 
-1.0 

.4 

.8 
-1.2 
-.9 
-.4 

ANNUAL 

~37 
225 
417 
403 
~1:4 
387 
3S1 
5311 
1:59 
742 
e1G 
HI! 
951 
g60 

1119 
~E3 

1018 
1139 
B12 
1319 
1337 
l1el 

'lES 
E~5 

660 
732 
ES1 

V~lUE ANO~AlY Z-STAT ces 

nSlF OATA 
1(.1 1.0 

e.8 -.4 
~.1 -.0 
~.I: .4 
e." -.3 
".1 -.0 
~.o -.? 
8.8 -.4 

10.1 .'l 
e.7 -.4 
6.8 -.3 
e.7 -.5 
".1 -.0 
~.5 .3 
<;.7 .5 
e.7 -.4 
C:.6 .4 
~.~ -.4 
~.o -01 
e.6 -.6 
e.l -1.1 
8.3 -.'l 
e.4 -.~ 
".3 • 2 
6.1 -1.0 
e.E -.5 
8.3 -.8 

2.1 
-.8 
-.1 

.9 
-.6 
-.0 
-.4 
-.9 
1.'l 
-.9 
-.8 

-1.1 
-.1 

.7 
1.2 

-1.0 
.9 

-.8 
-.3 

-1.2 
-2.3 
-2.0 
-1.7 

.4 
-2.3 
-1.2 
-1.6 

302 
2E5 
540 
51D 
E07 
556 
Ee3 
879 
'le6 

l1E 6 
1164 
1311 
10S~ 

1219 
1325 
1123 
1257 
1266 
1492 
1114 
1229 
1119 
1083 

641 
634 
746 
633 

HSQ 16) - 2 

INSUF 
12.4 
10.1 

'1.8 
10.9 

6.6 
«.3 
'3.8 
g.7 

11.6 
<3.3 
6.8 
8.6 
8.3 

10.6 
1G .3 

'l.5 
iQ.'l 
10.0 

9.9 
10.6 

C3.6 
8.4 

10.2 
11.0 

9.1 
'l.6 
g.o 

onu 
2 .e; 

.2 
- .1 

.'l 
-1.3 
-.1 
-.1 
-.2 
1. I: 
-.E 

-1.J 
-1. :! 
-1.E 

.7 

.4 
-.4 
1. C 

.1 -. ~ 

.7 
-.~ 

.3 
1. G 
-.e 
-.3 -. ~ 

,",sa 16~ - 3 

2.~ 

.2 
-.1 

• g 
-1.2 
-. E 
-.1 
-. e 
1.E 
-.6 

-1 • 0 
-1.3 
-1. E 

.7 

.4 
-.4 
1.e 

.1 
- • C 

.7 
-.~ 

-1 .4 · ~ 
1. 0 
-.~ 
-.3 
-.e 

EO 
43 
70 
g l 
54 
e5 
E7 

114 
14'3 
13" 
2S0 
20E 
te3 
22E 
267 
187 
te7 
231 
2EO 
204 
247 
l S;] 
200 
11~ 

12C 
13E 
111 

VALUE ANCH'LY Z-STAT ces 

INSUF 0 AT A 
7.1 .1 
7.0 .6 
5.0 -1." 
c.6 .:: 
5.9 -.4 
6.1 -.! 
6.5 .1 
c.2 -.? 
7.5 1.1 
6.5 .1 
5.9 -.5 
5.9 -.5 
5.6 -.1: 
7.1 .7 
7.1 .1' 

6.0 -." 
6.1 .~ 

E.4 -.0 
6.1 -.3 
E.2 -.2 
5.4 -.t; 
5.1 -.7 
6.4 -. c 
E.6 .2 
E.3 -.1 
5.8 -.E 
5.9 -.4 

120 

1.2 
1.G 

-2.~ 

· ~ 
-. 7 
-.4 

.1 
-.4 
1.8 

.2 
-. e 
-.e 

-1. 0 
1.2 
1.2 
-.7 

.5 
-.0 
-.5 
-.3 

-l.E 
-1.1 
- • e · ~ 
-.1 
-.e: 
-.7 

1 ~:: 

~e 
~g 

11 <; 
130 
174 
HI' 
210 
258 
2eo 
24 3 
301 
251 
234 
30 ~ 
218 
43S 
US 
217 
267 
123 
15<; 
HI, 
212 

JLLAU~S"EP 

V8LUF 8~(~~LY Z-STAT oe~ 

HSUF 
18.6 
17. E 
1<;.9 
19.0 
17 .4 
17.3 
11.4 
15.5 
17." 
15.1 
17.2 
17.0 
11.2 
18.6 
1'1.5 
l'l.E 
17.1 
17.0 
17. ~ 
16. 5 
17.4 

H." 
17.7 
17 .5 
1 E. E 
16 .1 
17.2 

O~H 

1.1 
.0 

-.7 
1.4 
-.2 
- .:3 
- .2 -,.0 

-2.5 
-.4 
- .1: 
- .4 
1 .2 
1.<; 
, • 0 

.1 
-.5 
- .:3 

-1.1 
- .2 
- • E 

.1 
- • 1 

-1 • C 
-1.~ 

- .4 

.'3 

.0 
-.6 
1.2 
-.2 
-.2 
-.2 

-1.1 
.3 

-2.2 
-.4 
-.5 
-.3 
1 .0 
1.7 
1.7 

.1 
-.5 
-.2 
- . 9 
-.2 
-.5 

.1 
-.0 
-. e; 

-1.3 
-.3 

JULALGSEP 

64 
87 

153 
103 
122 
128 

99 
13'3 
156 
226 
204 
228 
315 
27S 
310 
31,9 
321 
33~ 

456 
492 
484 
365 
231, 
220 
18" 
217 
2210 

VA LU E ANC~8LY Z-ST~T oes 

INSt:F O~H 
15.0 1.E 
12.1 -1. 2 
14.3 1.0 
14.3 1.0 
13 . '3 • E 
1 ~ . E 
12 .« 
12.4 
13.6 
11.9 
12.4 
12.<; 
13.5 
14.2 
1~.<; 

12.6 
13.5 
12.5 
1 3 .0 
11.<; 
12.3 
11.4 
11.8 
1~.2 

11.2 
12.7 
11.9 

.2 
- . 5 -. ~ 

. 3 
-1.4 
-1 .• 0 

- .5 
.2 
.9 

1 • ~ 
-. E 

.1 
-.9 
-.3 

-1.4 
- 1 .0 
-1.9 
-1.6 
-.1 

-, .1 
-.7 

-1 • ~ 

1.6 
-1.3 
1.1 

.6 

.2 

-1.0 
.3 

-1.5 
~ 1.1 

-.5 
.2 

1.0 
1.1 
-.6 
.2 

-1.0 

-." 
-1.5 
-1.1 
-2.1 
-1.7 
-.2 

-2.3 
-.8 

-l.E 

104 
H 

2te 
167 
2H 
175 
230 
2~2 
3H 
331 
354 
4f2 
358 
361 
3D~ 
28~ 
]99 
32E 
38" 
1t3! 
363 
311 
H~ 
167 
19" 
172 
ziE 



YEAR 

19108 
19109 
1950 
1951 
1952 
195] 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
11l6] 
1964 
1965 
1'166 
1967 
l'l6e 
1969 
1970 
1911 
1912 
1'173 
1974 
1975 

YHR 

194~ 

1 '149 
1950 
1951 
1952 
1953 
1954 
1'155 
1 '156 
1957 
1956 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1'167 
196e 
1 '169 
1 '170 
1'171 
1'!7Z 
1973 
1974 
1975 

ANNUAL 

Y'lUE ANOMALY Z-SlAT CBS 

nSLF OATA 
1,.6 .0 
1~.1 .5 
12.0 .0 
12.0 .0 
1,.0 -.5 
11.8 -.8 
12.8 . 2 
1~.1 .5 
1 •• 4 -.2 
11.5 -1.1 
12.2 -.4 
11.7 -.~ 
12.5 -.1 
11.<; -.7 
14.2 1.6 
13. '3 1.3 
12.2 -.4 
12.2 -.4 
n.7 1.1 
1". '3 .3 
13.1 .5 
1,.9 .:3 
1~.0 .4 
12.3 -. 3 
11.8 -. 8 
11.8 -.R 
11.5 -1.0 

.0 

.7 

.1 

.1 
-.7 

-1.1 
.3 
.0 

-.2 
-1.5 
-.5 

-1.2 
-.1 
-.9 
2.2 
1.7 
-.5 
-.5 
1.5 

.4 

.6 

.4 

.6 
-.4 

-1.1 
-1.0 
-1.4 

ANIIIUAl 

2611 
207 
336 
365 
-'41t 
345 
373 
576 
Ef2 
690 

181t2 
2041 
1<;89 
1'315 
1459 
2197 
1419 
11EO 

482 
516 
408 
It Itt 
33'3 
!i32 
65'3 
714 
749 

VALUE ANOMALY Z-STAT aBS 

HSUF DATA 
E.3 -.4 
Eo 8 .1 
E.5 -.2 
E.4 -.3 
E.l -.6 
E.l - '.6 
E.7 -.0 
7. E .9 
E. a .1 
E.4 -.3 
7.0 .3 
E.2 -.<; 
E.7 -.0 
1.4 .7 
1.3 .6 
E.3 -.4 
E.1o -.3 
7.4 .7 
1.0 .3 
1.1 .4 
7.2 .5 
7.1 .10 
7.4 .7 
E.6 -.0 
E.5 -.2 
E.5 -.1 
E.5 -.2 

-.8 
.2 

-.4 
-.7 

-1.3 
-1.3 
-.0 
2.0 

.2 
-.6 

.6 
-1.0 
-.0 
1.4 
1.3 
-.9 
-.6 
1.4 

.7 

.8 
1.0 

.9 
1.5 
-.1 
-.4 
-.3 
-.4 

1t04 
102'3 
B7 
775 
1171 
912 

1471 
HEO 
2033 
2631 
2'313 
27107 
14e1 

617 
578 

36110 
3228 

605 
318 
<;08 
318 
22E 
521; 

12E7 
1622 
13'l9 
1582 

HSQ 162 - 1 

VALUE A~C~'lY 1-S1AT OP5 

INSUF 
10.2 
9.7 

iC.6 
10.6 

8.9 
9.5 
9.6 

10.7 
10.6 
9.6 

10.r; 
7.8 
8.6 
9.3 
~.8 

9.6 
10.0 
9.9 

10.7 
10.5 
10.7 

9 .0 
10.7 
~.8 

'l.0 
<;.4 
8.9 

DAH 
.4 

- .1 
.1 

• e 
-.~ 
-.~ 
-. 3 

• e 
-.2 

.7 
- 2. (j 
-1.2 
-.5 
-.~ 
-.3 

• < 
.1 
.'1 
.7 
.~ 

-.! 

• ! 
-.D 
-.8 
-.4 
-.~ 

M5C H13 - 3 

• E 
- .1 

.C: 
1. [ 

-1.2 
-.4 
-.~ 
1.2 
1. ( 
-.~ 

.« 
-2.E 
-1.5 

-.E 
-.r 
-.3 

· ~ 
.1 

1.2 

• e 
1.1 

-l.r 
1.1 
-. 0 

-1.0 
-.5" 

38 
43 
43 
82 
51 
7e 
57 

124 
12~ 

HO 
4eE 
5E5 
326 
3EE 
~e2 

517 
1t4E 
204 

66 
e e 
E3 
4E 
loP 
87 

1['l 
12E 
lE? 

VALUE ANC~~tY 7-~TAT oes 

INSUF DAB 
3.10 - ... 
~.6 -.2 
3.6 -.1 J... -.It 
3.J -.5 
3.5 -.2 
3.10 -.J 
4.9 1.t 
4.6 .~ 

3.6 -.2 
3.8 .0 
3.2 -.E 
3.1 -.7 
4.10 .6 
4.4 .7 
~.9 .1 
3.7 -.1 
4.5 .7 
3.6 -.2 
~. 9 .1 
4.2 .5 3... -." 
5... 1.6 
4.0 .2 
~.7 -.1 
4.1 .3 
3.6 -.2 

121 

-.7 
-.4 
-. :! 
-.7 
-.c:! 
-.4 
-.E 
;;.1 
1.E 
-.4 

.1 
-1. 1 
-1.3 

1.2 
1. :! 

. 2 
- • 1 
1.~ 

-. :! 

-.1 
3.1 
." 

-.2 

-.~ 

57 
71 

100 
l~E 

'34 
123 
210 
241 
2'n 
261 
102E 
434 
3SC 
102 
13E 
622 
E'5C 
201 
Io~ 

8'3 
40 
34 
29 

211 
32C 
2~3 
284 

JLLAt:GSEP 

VALU~ A~C~ALl Z-STAT oes 

INSLF CHI 
11. e .6 
H.6 1.1: 
lE.I: -.1 
16.E -.7 
tE.E -.1 
lE.9 -.3 
17.1 .4 
11.1 -.? 
lE." -.e 
14.e -2.4 
H.e -.4 
1E. e - • '5 
17.6 .10 
iE.e; -. ~ 

l~.E ,.4 
1'l.5 ;:.3 
1E.3 -.~ 
15.5 -1.7 
19.1 1.9 
lE.3 -l.e 
16.2 1.0 
17.8 .6 
16.2 1.0 
lE.3 -.'3 
115.7 -1.: 
1 F. 3 - ." 
1 '5 • '5 -1 .7 

.10 
1.2 
-.5 
-.5 
-.5 
-.3 
.3 

-.1 
-.E 

-1.9 
-.3 
-.4 

.3 
-.~ 
1.8 
1 .8 
-.7 

-1.3 
1. '5 
-.7 

.8 

.5 

.8 
-.r 

-1.2 
-.7 

-1.3 

JLlAt:GSEP 

62 
gl 

12'5 
'30 

115 
IH 
110 
15E 
H5 
161 
458 
SCE 
44e 
46g 
1026 
528 
38" 
3"7 
204 
151 
15" 
171t 

E4 
205 
116 
202 
210 

VALUE A~C~ALY Z-STAT oes 

INSUF DHA 
10.3 -.15 
11.5 .7 
10.9 .1 
10.5 -.3 

9.1 -1.2 
g.E -1.2 

11.1 .3 
12.0 1.2 
10.2 - .E 
10.6 -.2 
11. 7 .~ 
1 ry. 9 .1 
10.7 -.1 
11.8 1.0 
10.8 -.0 

g.4 -1.4 
10.0 -.8 
11.10 • E 
12.1 1.2 
10. g .1 
11.7 .'l 
11.0 .2 
10.8 -.0 
10.3 -.5 
9.8 -l. n 

10.1 -.7 
1".4 -.4 

-.7 
.g 
.1 

-.4 
-1.4 
-1.4 

.4 
1 .5 
-.7 
-.2 
1.1 

.1 
-.2 
1.3 
-.0 

-1.7 
-.9 

.7 
1.5 
.1 

1.2 
.3 

-.0 
-.6 

-1.3 
-.~ 
-.5 

15e 
g7 

2e9 
2104 
315 
305 
415 
EJe 
73E 
633 
973 
99~ 

221 
198 
tE5 

l1E:! 
967 
210 
14;: 
123 
110" 

62 
42 

~5E 
397 
1007 
1047 



YEAR 

1946 
1949 
1950 
1951 
1952 
1953 
1'354 
1955 
1956 
1957 
1956 
1959 
1'36 0 
1961 
1962 
196~ 

1964 
1965 
1966 
1967 
1 '368 
1%9 
1970 
1971 
1972 
1973 
1974 
1975 

1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1956 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
19611 
1969 
1970 
1971 
1972 
1973 
1974 
1975 

ANNUAL 

V~LUE ANOMALY Z-STAT oe~ 

HSl:F DATA 
11.3 .3 
11.7 .7 
11.1 .1 
11.2 .2 
10.7 -.2 
11.0 .0 
11.4 .5 
11.6 .6 
10.7 -.2 
H.e -.2 
10.4 -.6 
10.6 -.4 
11.5 .5 
11.5 .6 
11.2 .? 
~.P -1.2 
'l.6 -1.3 

10.3 -.6 
11.9 .9 
12.4 1.4 

j .4 .4 
11.,3 .4 
11.4 .5 
10.5 -.5 
11.1 .1 
lC.3 -.7 
11.0 .1 

.5 
1.1 

.2 

.3 
-.3 

.1 

.7 
1.2 
-.4 
-.3 

-1.0 
-.6 

.6 

.9 

.4 
-1.8 
-2.1 
-1.0 
1.5 
2.3 

.7 

.6 

.7 
-.6 

.2 
- 1.1 

.1 

ANNUAL 

'+80 
'+e2 
823 
820 
'lE2 
920 

1406 
2030 
2755 
3E38 
35 4 '5 
40e4 
2145 

832 
838 

5254 
'5363 
49H 

411 
637 
~34 
3E3 
730 

1959 
2291 
221'5 
2341 

VALUE ANOMALY Z-STAT OES 

HSLF OATA 
nSUF DATA 
U.SUF OAT A 
nSlF DATA 
HSUF DATA 
nSUF DATA . 
~.2 .4 
S.2 -.5 
~. e • C 
~.7 1.0 
~.9 1.2 
S. ~ .6 
e.7 -. 0 
~. 1 .4 
C!.2 .5 
~.5 .7 
e.7 -.v 
7.7 -1.0 
1\. 0 -.11 
~.~ -.2 
8.5 -.3 
7.8 -1.0 
6.1 -.6 
1.0 -l.r 
7.1 -1.7 
7.2 -1.5 
7.9 -.8 
1.3 -1.4 

.7 
-.8 

.0 
1.6 
1.8 

. 9 
-.1 

.6 

.7 
1.2 
-.0 

-1.6 
-1. 2 

- . 3 
- .4 

-1.5 
-.9 

-2.6 
-2.6 
-2.3 
-1.3 
-2.2 

tE7 
195 
274 
26 4 
360 
2E7 
347 
'+90 
70 9 
761 
728 
621 
933 

12EE 
1100 

773 
9~2 

666 
767 
508 
632 

20 16 

"sa 11',5 - 2 

J AHFfH AR 

VALUE ANO~ A LY 2-STAT ces 

INSUF D ATA 
6.2 -.' 
6.1 -.4 
6.0 -.4 
6.7 . 2 
6.5 .1 
7.2 .1\ 
6.7 .2 
7.1\ 1. £ 

7.2 .7 
6.7 . ;: 
10 .1 -. 3 
6.2 -. :' 
5 . q -.5 
7.1 .7 
6.9 .4 
5 .6 -.'! 
5. 7 -.7 
5.8 -.E 
E.l - ... 
1.5 1.0 
6.1\ .:! 
5.3 -1.1 
e.5 2.G 
5.9 -.f 
E.5 . 1 
5.q -. 5 
6 .4 -. r 

H~a 195 - 3 

-.4 
-.E 
-.7 

. " 

. 1 
1.3 

.4 
2.3 
1. 2 

.4 
-.5 
-.5 
-.-;-
1.2 

.7 
-1. r; 
-1. 2 
- 1.0 
-.E 
1.7 

. 5 
-1.~ 

3 .4 
-.<: 

.1 
-.~ 
-.1 

JHFEE~8P 

67 
109 
111 
175 
1 4 g 
159 
242 
2'! 2 
442 
438 
630 
72 e 
U4 
15'3 
tep. 
'342 

1046 
1030 

57 
10E 

38 
5S 
28 

371 
.. 23 
" OC; 
435 

VALUE A~CH~LY 2-STAT ces 

INSUF 
2.B 

INSUF 
INSUF 
I ~SUF 
INSUF 

5 . 7 
6.3 
~.8 
5.0 
Eo5 
E.O 
5.7 
5 .9 
5.6 
6.5 
E.3 
~.6 

4.9 
5 .1 
5.3 
3.9 
5.5 
10.7 
3.4 
".It 
4.3 
".5 

O ~TA 

-2.7 
D ATA 
D ~TA 
D ~TA 

Dnn 
.2 
.Il . ~ 

-.~ 

.<; 

. 2 ... 

.1 
1.r . ., 
-.'e 
-.E -... 
-.2 

-1.E 
.1 

-.~ 
-2.e 
-1.1 
-1 . 2 

-.C: 

122 

-2.1' 

. 2 

.8 

-.5 
1.1 

.5 

.2 

.1 
1.1 

.C: 
-.S 
-.6 
-.4 
-.2 

-1.7 
.1 

-.e 
-2.1 
-1. 2 
-1.3 
-l.r 

32 

2 e 
37 
41 
65 
e~ 

f:7 
7 0 

e.~ 

1 4 10 
175 
1 2S 
1 7E 
18 7 
25~ 

2 H 
167 
1'3 10 
2 30 
110 .. 
110 2 
l iE 
HE 

JlLAt: GS £P 

~~LU E t~C~~lY Z-STAT oes 

IN S LF 
17.5 
20 .0 
17 .3 
1&; . '3 
16. Q 

17. 0 
11 .3 
16 .4 
H.l 
16.2 
11;.2 
H . 6 
17. 7 
11' .1 
1E . 2 
14 . .. 
14." 
15.8 
1~ . 3 

11 . 1\ 
16.7 
1~.0 

15.S 
tE.7 
H.E 
16.5 
11. 2 

t:~u 

• e 
~ .4 

. 7 

. 3 
- .7 

. 3 
• E 

- • 2 
-. E 
- .4 

-." 
- • 0 
1.( 
-. 5 
- . 5 

- 2 . 3 
- 2 . 2 
-.8 
1 • E 
1 .2 

.1 
1 .3 
- • e 

. 1 
-.0 
- .2 

.'5 

.7 
2. 6 
.5 
.2 

-. 5 
. 2 
.5 

- . 2 

-." 
-.~ 
- . "3 
- . 0 

. 8 
-.4 
- .4 

-1 . 8 
- 1 .7 

- .7 
1 . 3 

.'3 

. 1 
1 .0 
-. 6 

.1 
- .0 

. 4 

JLlAUGSE P 

163 
HE 
305 
25t 
375 
338 
1t'!2 
708 
'!2E 

teGe 
1254 
1392 

28 8 
290 
2510 

1466 
1672 
1380 

te8 
tee 
20 0 
133 

54 
621 
5 91 
E5'l 
731 

~~LUE ~ ~C ~~ LY Z- STA T 0 9~ 

INSUF 
11 .7 
I NSUF 
INStJF 
1 ~ . 0 
13 . 1 
14. 2 
1 1 .7 
13 . ~ 

15 . 9 
14.7 
13 . 3 
1 3 . 0 
13 . 4 
1 4 . 0 
1 ~ .7 

1 2 .5 
11. 7 
1 2 . 4 
13 .1 
1 ~ . 7 
12.1 
11. E 
11.1 
1 2.2 
11.1 
1 2 .8 
1 1 . 8 

[) ~H 

- 1 . 5 
o n~ 
~ nA 

-.2 
- . 1 
1 . 0 

-1. 5 
.1 

2 . 7 
1. S 

.1 
-. 2 

. 2 

. 7 

.4 
-. 7 

-1.~ 

-. 8 
-.1 

.5 
-1.1 
- 1 • ~ 
-2.1 
-1 .0 
- , • 1 

- .10 
-1 • ~ 

- 1 .4 

-.1 . ., 
-1.4 

.1 
2.5 
1.4 

.1 
-.2 

.2 

.7 

." -.7 
-1. " 
-.7 
-.1 

.It 
-1.0 
-1.5 
-1.9 

-.'3 
-2.0 
-.It 

-1.3 

20 
It, 
It7 
48 

111 
73 
1E 
57 
97 

13! 
213 
230 
18E 
223 
245 
:!GO 
270 
224 
2~~ 
1't8 
21tt 
HO 
119 
543 



YEAR 

1'348 
1 '34'3 
1'350 
1 '351 
1'352 
1'l53 
1 '35ft 
1 'l55 
1 '356 
1 '35 7 
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1 'l60 
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1'l&a 
19&1 
19&2 
1'3&3 
1'3&4 
1'3&5 
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19&7 
19&8 
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1'370 
1'l71 
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1'374 
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ANNUAL 

V~LUE ANOMALY Z-ST~T oes 

nSl!F DATA 
E.7 -.0 
E.E: -.1 
E.'1 .1 
E.4 -.3 
E.e; .1 
E. g .2 
E.4 -.3 
E.4 -.3 
7.5 .7 
E.7 -.1 
E.'3 .1 
E.E -.1 
E. '3 .2 
E.7 -.1 
7.1 .3 
E.6 -01 
6.6 -.1 
E.2 -.5 
7.0 .3 
E.5 -.3 
E,7 -.1 
E.7 -.0 
5.7 -1.1 

.5.8 -1.0 
S.9 -.8 
E.S -.2 
E.O -.7 

-.1 
-.3 

.It 
-1.2 

.4 

.7 
-1.1 
-1.2 
2.5 
-.2 

.4 
-.4 
.6 

-.2 
1.1 
-.4 
-.4 

-1.8 
1.0 

-1.0 
-.2 
-.1 

-3.8 
-3.4 
-3.0 
-.6 

-2.6 

ANNU ~L 

272 
2El 
414 
356 
425 
504 
SEE: 
712 
re9 

11&2 
67'0 
'32'1 
~30 

1077 
1 H7 
1527 
1545 
2218 
3100 
H20 
lIS47 
1 '!16 
13Eg 
1103 
14E4 
1543 
1633 

V~LUE ANOMALY Z-ST~T ces 

HSl:F DATA 
~.9 -.3 
E.l -.1 
E.3 .0 
5. '3 -.3 
E.3 .0 
Eo 2 .0 
E.2 -.1 
E.3 .0 
6.6 .5 
E.4 .2 
E.3 .1 
s.c; -.3 
~. 3 .1 
E.2 -01 
E.1 .1 
S.'? -.ft 
e.l -.2 
e.2 -.0 
7.1 .8 
E.4 .1 
e • ., .4 

e.1I • & 
5.8 -.4 
5.5 -.8 5... -.'3 
E.l -.2 
5.6 -.7 

-1. 0 
-.5 

.1 
-1.1 

.0 

.0 
-.2 

.1 
1.8 

.5 

.3 
-1.2 

.2 
-.3 

.2 
-1.2 
-.6 
-.0 
2.9 
.5 

1.5 
2.1 

-1.4 
-2.7 
-2.'3 
-.& 

-2.3 

201 
168 
3E:7 
272 
31'3 
~70 

J71 
636 
na 
7E2 
H6 
'320 
451 
413 
422 

1737 
17~0 

331t 
:!E8 
~n 

317 
"!74 
546 
<;38 

1260 
1257 
13E9 

Hsa 1'37 - 1 

INSUF DHP 
3.3 -.6 
4.3 .It 
3.6 -.3 
3.9 -.1 
3.7 -.~ 
3.6 -.3 
10.1 .1 
3.6 -.3 
It.5 .5 
4.1 .2 
4.1 .2 
3.6 -.3 
3.~ -.1 
3.<3 -. n 
4.4 .5 
4.2 .3 
4.1 .2 
3.9 -.0 
3.<3 -.1 
3.9 -.0 
3.5 -.4 
4.2 .3 
3.8 -.2 
3.4 -.5 
3.7 -.3 
3.10 -.5 
3.7 -.~ 

M ~fl 198 - 1 

-2.0 
1.2 

-1.0 
-.2 
- • e 

-1.0 

• L 
-l.e 
1.6 

.7 

• E 
-1. Q 

-.4 
-.1 
1.~ · ~ 
.5 

-.0 
-.2 
-.1 

-1. 5 
.'3 

-.E 
-1. e 

-.C; 
-1.7 -. ~ 

JANFEEI'~C 

35 
44 
'07 
El 
7~ 

n 
83 

117 
8<; 

113 
275 
168 
1E:~ 

20E 
2El 
2E<; 
3n 
47<; 
5e4 
502 
330 
3'35 
29~ 

163 
2'30 
24'! 
3'iD 

VALU E ANCM~LY Z- 5TAT 0 8 S 

INSUF onA 
3.6 -.4 
4.4 .4 
3.6 -.4 

3.7 -.J 
1.8 -.1 
3.4 -.5 
4.1 .< 
4.1 .1 
4.3 .3 
4.3 .3 
3.7 -.3 
3.6 -03 
3.A -.2 
" • 1 • 1 
4.0 .0 
Lt.2 .:! 
3.q -.1 
3.9 -.1 
4.9 • c 
4.5 .5 
10.3 .3 
10.6 .f 
5.2 1." 
~.6 -.ft 
3.3 -.7 
3.8 -.1 
3.5 -.5 
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-1.1 
1.2 

-1.1 
-.e 
-.4 

-1.5 
.It 
.4 

1 • ~ 

· ~ -.e 
-.9 
-.4 

.4 

.0 

.7 
-.::! 
-.< 
Z.E 
1.4 · ~ 
1.7 
3.4 

-l.e 
- 2. 0 
-.~ 

-1.3 

43 
30 
102 
41 
42 
51 
6E 
92 
e7 
83 

102 
171 
123 

71 
12~ 

270 
2SC; 
101 

E3 
81 
51 
61 
57 

17S 
238 
217 
272 

JULAUGSEP 

VALUE A~C~AL~ z-sl~r oes 

INSUF on~ 
10.8 .2 
10.7 .1 
11.1 .5 
10.0 -.6 
11.1 .5 
11.1 .5 
lC.2 -.4 
10.1 -.E 
11.0 .4 
s.t; -.7 

H.7 .1 
10.13 . 3 
10.~ . 2 
11.0 .4 
11.0 .4 
10.1 -.5 
10.E .n 
~.3 -1.:! 

11.2 • E 
10.1 -.5 
11.1 .4 
~.7 -.e; 
8.6 -1.11 
~.5 -1.1 
'1.2 -1.~ 

10.8 . 2 
9.6 -1.0 

.3 

.2 
1.0 

-1.2 
1 .0 

-.7 
-1.1 

.8 
-1.3 

.2 

.5 

.3 

.7 

.7 
-1.0 

.0 
-2.5 
1.1 
-.9 

.6 
-l.E 
-3.4 
-2.1 
-2.7 

.3 
-2.0 

J lLAUG SEP 

11" 
611 
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10E 
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203 
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2SE 
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280 
33E 
326 
32e; 
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450 
"83 
672 
6114 
666 
530 
5"2 
3E4 
303 
3'12 
426 
480 

VALU E ANC~AlY Z-STAT OB S 

INSUF O~"A 
9.0 -.4 -1.0 
9.4 .C .1 
~.q .5 1.3 
9.1 -. 3 -.7 
'1.6 .2 .4 
~.5 .1 .~ 
9.3 -.1 -. 3 
q.2 -.c -.6 
~.7 .3 .7 
~.4 .0 .0 
q.9 .5 1.2 
Q.3 -.0 -.1 
9.2 -. 2 -.4 
~.~ .1 .1 
9.5 .1 .2 
8.3 -1.1 -2.7 
q.2 -.2 -.5 
9.~ -.0 -.1 

10.2 .8 2.1 
".2 -.2 -.6 
9.6 .4 .9 
~.~ .0 .0 
7.9 -l.S -:!.6 
~.5 -.9 -2.3 
8.0 -1.4 -3.4 
9.3 -.1 -.2 
~.5 -.~ -2.3 

6€ 
It9 

111'1 
75 

124 
1&0 
132 
251 
270 
274 
3311 
302 

'33 
HO 
hO 
611 
560 
105 
117 
107 
122 
120 

611 
223 
352 
413 
453 
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19"9 
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1 '15~ 
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195 7 
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1 '1& 
19&2 
1°&3 
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1 '165 
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1 qr, 7 
1 ':!Edl 
10;1&'1 
19H 
1971 
10;172 
10;173 
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1 0;17 5 

YEAP 

I SI..F CATA 
2 ~ .,. - .1 
2~ . ~ -. 2 
2~ . 4 

2~. 1 

24 . & 
2<" 
21 . Q 

?! . I, 

2 4 . ~ 
2 4. 2 
2~ . g 

n . 4 
2! .1 
22."! 
2! . 2 
2, • 7 
2 4. S 
?! .4 
22 . 0 

22.6 
' ''. 0 
2<'6 
2 ~ . ~ 
, S . 1 
H<:LF 
H~L r 

I su r 

1 . 0 
-.4 
1. 2 

-1. ? 

-1. 6 
-. 1 
1 . .. 

.7 

.4 
-. 1 
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-. 6 
-. 2 
- . 7 
1. 1 

. 0 
-. 5 
-. '3 
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-. 7 
-. 7 

1 . 7 
OAT A 
DATA 
DAT4 

- . 1 
-. '2 
1.2 
- . 5 
1.5 

-1.5 
-2. e 

- .1 
1.7 

. '3 

.6 
-.1 
-.4 
-.7 

-.' 
-.'! 
1.3 

• 0 
-.6 

-1.1 
. 6 

-. 8 
- . 2 
2.1 

A NNU AL 
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lE8 
2E5 
305 
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267 
2 ~! 

!12 
170 
578 
718 
755 

1002 
106'3 

719 
630 
IllS 
'lC2 
646 
"7~ 
573 
'5 25 
55 7 
5 22 

YILUE ANa~ ALY 1- STAT aes 

2 ~. 3 
2 ~ . 0 
2 ( • 7 
24.'1 
2~.6 
Z • ~ 
22 . " 
I eLF 
I 'iUF 
I lJF 
H'il..F 

2' .1-
Z'. '1 

Z~ . C 
Z~.o 

2t.~ .. . 
ZLl 
~ . 0 

2! . 
4 . 7 

ZJ. 
Z'.2 
zo. 
I~'iLr 

2'. 
'.0 

-. '? 
-. !> 

- .~ 

1." 
.1 

1.0 
- 1. 1 

'14TA 
DATA 
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. 1 

- . ' 
-.c; ... 
-.c; 
1.1 

-." 
- • c; 

- . 2 
1-
-.5 

-. ' 
-. 5 

-. 3 
-.7 

-1.1 
1 . 9 

.1 

1." 
- 1 . 5 

. 1 
-.4 
-. 2 
-. 6 

. 5 
-1. 2 

1. 5 
- . 1) 
-. 7 
-. 2 
1. 6 
-.7 
-. 5 
2 . 2 

-." 
-.7 

.. 7 ~ 

!E3 
" ~3 
.. .. 5 
.... 6 
6 71 
505 
5 19 
.... 5 
5 1 5 
<;30 
55& 
! '!1 
110 2 

1 1 1 
17 

~sa 3G 8 - 1 

J AH ~ E"AR 

VAL UF A~ O ~AL Y Z- STAT CE5 

H SUF DHA 
2 5. 8 .7 
25 . 1 -. 0 
25 . 5 ... 
2 4.7 -.4 
26 .6 1. 5 
23 . 5 - 1 . 6 
2! . '1 -1. 2 
2 ... 8 -.' 
25 . 3 . 2 
25 . 9 .6 
25 . 5 .r. 
2" . 9 -. 1 
25 . 2 .1 
2 ... 0 - 1.1 
2 4. 8 -. 3 
2 ..... - .7 
25 . 7 .6 
25 .4 . ! 
25 . 1 .1 
23 .3 - l . ft 
24.5 -. f: 
24.1 -. ~ 

2" . 1t -. 7 
2 Eo6 1 . 5 
HSUF 'H T4 
2 5 .0 -.1 
2<;.3 . 2 

Hsa 309 - 1 

.C: 
-.r 

• E 
- . '5 
2 . 0 

- 2.1 
-l. E 

-.4 

1.1 
. 5 

-. it 
. 2 

-1.4 -... 
• P .-: 
.1 

- 2 .4 
-. ~ 

- 1. 2 
-. ~ 
2 . C 

-.1 
. 3 

JANFE P~AP 

6f 
41 
E3 
H 
4<; 
57 
38 
63 
El 

I1t, 
207 
1 77 
211 
2 7 5 
lSI, 
l c e 
171 
203 
13 2 
180 
lEE 
161 
144 
1 0 ~ 

VALU E ONC~~ LY 2- S TAT ce s 

25.6 
2 5 . 4 
2".6 
26.2 
2f. 5 
2Eoe; 
2 5.5 
2 ~ . 6 

25 .2 
2 <" . 9 
27. 0 
;> 5.5 
;>5.5 
2&.1 
2 5.8 
2<;.5 
25 . 6 
25 .'! 
2 EoO 
25 ... 
7 ..... 
2 c . II 
26 . 1 
25.1 
2 6. 1 
21.2 
213.4 
<' 5.0 

- . 2 
- .1. 

- 1 . 2 ... 
.7 
. 7 
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- . 5 

.1 
1 . 2 
-. 2 
- .2 ... 
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-. 2 
- .1 

.1 

.2 -.... 
- 1 • to 
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. 1 

. 3 
- .7 

.4 
1 . OJ 

- . 4 
- . 7 

-... 
-. 8 

• P 
1. .. 
1 • ~ -... -... 

-1.1 
· ;: 

2 • ~ 
-.4 -... 

. 7 

• C -... 
-. 2 

. 3 

." 
-.7 

- 2 . 7 

• 1 
• E 

- 1. J 

• 7 
2 . e 
- • 7 

-1. .. 

H 
&8 
~E 

5 2 
80 

115 
7 2 
e7 
16 
17 
17 

13 .. 
1 03 
H2 
111 
10e 
!OO 
13 2 
13 5 
153 
15 e 
16 2 
I lt 5 
147 

3 fJ 
.. 3 
.. 2 
H 

J LLAUGS1:P 

VALU E 8~C~AlY Z-STAT oe5 

I NSU F OA1~ 
2 1.6 -. 7 
23 . 0 .7 
23 .9 i. E 
'2 . :! -.0 
23 . E 1.~ 
21. E -. 7 
2], 4 -1. " 
2 2 .7 ... 
23 . e 1. 5 
22 .4 .1 
22 . E . ~ 
22 . 0 -. 3 
21 . 3 -1.( 
21. 8 -. 5 
22 . 1 -. ' 
2 1 . 5 -. e 
2 3 . 0 . 7 
2 2 .4 . 1 
2 1 . 7 -. 6 
,1 . 8 -. ~ 
,2 .10 . 1 
2~ . 4 -. 9 
2 '. 4 . 1 
2 ... 7 2.4 
21 . 0 -1. 2 
22 . 5 . 2 
INSUF {) n~ 

-.8 
.7 

1.e 
-.0 
1.5 
_. 7 

.It 
1.6 

• 1 
.It 

-.4 
-1.1 
-.5 
-. i 
-. 9 

. 8 

.1 
-.7 
-.5 

. 1 
- 1 .0 

.1 
2 .6 

-1." 
.2 

JUL AUGSE P 

41 
itO 
90 
75 
31 
.. 7 
3~ 

~< 
67 

13~ 

191 
231 
a~ 
322 
1SE 
119 
137 
2~3 
159 
136 
122 
110 
10e 
171 

22 
,~ 

VALUE A~(~ALY 2-S1AT ce 5 

2 0.7 
20 . 3 
,0 ." 
23 .7 
20 . '3 
22 .4 
19 . 9 
2~ . E 

I NSUF 
23 . E 
I "S UF 
21 . ! 
21 . 3 
20 . 6 
2 1. 0 ' 
22 . 4 
20 . .. 
22 . 8 
20 . ~ 

2n . 7 
22 . 2 
22 . 9 
2 0 . 3 
2 1. 2 
2" .0 
20 . 1t 
21 .1 
21 . 2 

-. 6 
-1.1 

- . 5 
1. 0 

-1. 5 
- • e 

DATA 
2 . 2 

r ATA 
- . 1 
- .1 
- .8 
-. 4 
1 .1 
- . ~ 
1.4 
-. 6 
- .7 

. 8 
1 • < 

- 1.1 
- . 2 
LE ... ~ 
- . 3 
.. . 2 

-.6 
-1.0 
-.5 
2 .0 
-.4 

.9 
-1.4 
-.7 

-.1 
-.0 
-.7 
-.4 

.9 
-.8 
1. 2 
-.5 
-.f 

.7 
1. 3 

- 1 .0 
- • 2 
2 .3 
-.11 
-.1 
-. 2 

64 
67 

105 
90 
e& 
92 
III 
flo 

30 
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AN~IU ~L J ItNFF F ~ ~R ,LL ALCSEF 

YE~R V ~L UE ANOMALY Z-STH Ce5 VALU E HCHHY 7-SlAT Ce5 VAlu' AH~~l V Z-STAT ()e~ 

t g4R H"UF (lATA I~ "UF O~ lA H SU F nnt 
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1 g5 7 2 C. ~ 2 . a 1.9 28 4 22 .1 · . .7 74 IS.3 2 • ~ 2 • 1 43 
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1 %1 1 S . 0 . 2 .2 ESO 22.0 . 1 • f lEE 16 . 7 - . 0 -.il 165 
1 %? 1e.6 -. 2 -. 2 117 2D.9 -. c -. S- 207 lE.7 - .1 -.1 1S2 
1 ~53 lS.~ .4 .It 5 1 5 21. 4 · . · ( 14c 17.5 . 7 .6 111 
190:' 1e.4 -. 5 -. S 42~ 21.1 -. 2 -. 2 144 lS.8 _.0 -.8 'l~ 
1 %5 2(.3 1 .4 1.4 4E 6 21.9 • F • E 1 D 7 H.2 1.4 1.1 IlL 
196& 1 S. Q . 2 . 2 414 22 . 0 .7 . 7 910 lE .4 - .4 -."3 124 
19& 7 17.6 -t. ~ -1.3 2 lt~ 2 D.4 - • G -.~ 7 0 15.5 -1. ~ -1.0 &4 
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1 q7 4 nSUF DATA 20 .7 - . 1 -. F 25 H.B . ( .0 21 

q75 H SUF DATA 22.8 1 • ~ 1.4 18 INSUF D ~H 
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Section 5 

ANOMALIES OF COASTAL SEA SURFACE TE MPEPATURES 
ALONG THE WEST COAST OF NORTH AME RIC A 

Douglas R. McLain 1 

n their 1976 report, McLain and Favorite presented data on h lo w 
ormal temFeratures in the southeastern Bering Sea from 1 97 1 to 
ay 1975 and effects on sockeye salmon and ha l ib u t resources . 
his article will update that report throu gh December 1 975 and 
rovide updated time series of coastal s e a s ur face tempera ure 

(SST) anomalies from the Aleutian Islands to Cal ifornia . 

DATA SOURCES AND PROCESSIN G 

wo sources of SST data and one source of ai r temperature data 
ere used for this refcrt. The fir s t s ource of data is the 
onthly means of SST observations in 5 d egree blocKs of longitu e 
y latitude ("index stations") in th e No rth Pac i f i c describ d by 
ohnson et ale (1976). The ind e x s tat ions chcsen were those 
long the coast from California (120-2) to the Pacific orthwest 
157-3), the Gulf cf Alaska (19 5- 39), and the Aleutian Chain 
197-1 and 198-1). As stated by John s o n e t al. ( 1 97 F), thes ar 
eans of edited SST observations from me r c han t and naval ships. 
ach mean was based on at least 12 t e mp erature observations . 

he second source of data is th e monthly means of daily surface 
empErature cbservations at cca s tal t ide gage stations opera d 
y the U.S. National Ocean Survey (NOS) and at light stations 
perated by the Canadian Mini s try o f T r ansport. ~he s ations 
resented were chosen for their Froximity to t h e open coas. T e 
.S. historical data were keypunch ed fr om NOS forms whereas 1975 
ata were punched from special mont h ly summary cards provided by 
as. Data from British Colu mbia s t at i ons were ta en from 

----
IPacific Environmental Group, Na tiona l a ri ne FisheriEs S~rvic I 

AA, Monterey, CA 93940. 
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Section 5 

The cold anomalies appear mcst intense in the Gulf of Alaska at 
station 195-3. This, however, may be a result of the varying 
distribution of data in time. The reference period used, 
1948-67, was characterized by generally warm temFeratures, 
dominated by the very warm temperatures from 1957-59. Therefore 
the temperatures since 1967--particularly since 1971--appear as 
strong, persistent negative anomalies. If the reference Feriod 
had been of longer duration the recent years might not appear as 
anomalously cold as in Figure 5.1. 

The recent period of negative anomalies appears to have started 
in summer 1964 in the Gulf of Alaska (station 195-3) but not 
until mid-1971 at the other stations. This again may be a result 
of the sparse sampling from 1948 to 1955 and intense positive 
anomalies in 1957-59. 

COASTAL SEA SUP FACE TEM PERATURE S 

~he SST data available from U.S. coastal tide gage stations 
(Figs. :.2-5.4) are monthly means of 12 or more daily temperature 
observations at docks in Frotected harbors. The values thus are 
net as typical of open ocean conditions as are the 
"index stat ion" data because of Frocesses occ urring in the 
harbors such as local river runoff and local heating and ccoling 
on shallow waters. The time coverage of the data is generally 

cod although significant gaps occur in the records. 

he SST data from the British Columbia s t ations were taken at 
ight stations on exposed Foints and thus are not as subject to 
ocal heating and cooling processes as are the u.S. tide gage 
bservations. Each mean is the mean of at least 13 daily 
bservat ions. 

r he coastal temperature data from the Alaskan stations show a 
period cf negative SST anomalies from early 1 971 to mid-1973 with 
~ he winters of 19 7 3-74 and 1 974 - 75 above normal. Temperatures 
uring 1975 were near normal at Gulf of Alaska stations (Yakutat 

a.nd Seward) whi Ie tern pe ra t ures in the Aleut ians were sl ightly 
elow normal. 

ff southeastern Alaska and British Columbia (Fig. 5.3), there 
ave been persistent, negative anomalies since mid-1970, 

oarticularly at Sitka, AK . Data from the British Cclumbia 
~ tations for 1975 were, hcwever, not available in time for this 
report. Exceptions to the trend of negative anomalies occurred 
t the British Columbia stations in fall 1974 and to a lesser 

~ xtent ~n summers of 1971-7 3. 
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'I her e 
early 
(Fig. 
City, 

have been persistent, negat ive temperature anomalies since 
1970 at Neah Bay, WA, but not at stations farther south 

5.4). Strong, positive anomalies occurred at Crescent 
San Francisco, and Avila Eeach, CA, during 1972 and 1973. 

There is significant 5taticn-to-station coherence of th e 
temperature data 1n cases where there are no data gaps. Note , 
for examfle, the negative anomalies during late 1955, 1956, an d 
early 1957 at coastal stations from Unalaska, AK, to Avila Eeach, 
CA. other examples are: 1) positive anomalies during 1957 an 
1958 from Unalaska to Crescent city, and extending into 1959 an I 

1960 at Avila Beach and la Jolla, CA; 2) positive anomalie s 
during 1940 and 1941 at all stations having data from these 
years; and 3) positive anomalies during 1963 from Kodiak, AK, to 
~a Jolla, CA. Robinson (1960) described such coherence usin 
data from 24 coastal staticns frcm Yakutat to La Jolla. 

The coherence of negative temperature ano malies during 1971 and 
1972 at stations from Adak, AK, to Crescent City or San Francisco 
is striking. The anomaly afpear5 most intense at Yakutat but 
unfortunately data are missing frcm that station during the last 
half of 1972 and most of 1973. 

NATIONAL WEA~HEP SERVICE AIR TEM PERATURES 

Air temFerature data from the Bering Sea region are included her e 
because of the lack of available SST records from the region . 
Air temFeratures are closely related to sea surface temperature s 
in open ocean areas but near land may be only remotely related t o 
sea temferatures. Lacking suitable SST records, air temperature 
records provide continuous monitoring data for coastal areas . 
Air temFerature data are also included here partially to updat E! 
through 1975 the data frovided by McLain and Favorite (1976) . 
Air temFerature observations normally have a greater variabilit )' 
than SST observa tions and thus anomalies of air temperature were: 
plotted at one-half the scale of sea temperature anomaly data . 
Air temFeratures were most variable at King Salmon, AK, and leas . 
variable a Shemya, AK, reflecting the more continental climat . 
at King Salmon and maritime climate at Shemya. 

The air temperature records show relative ly persi5tent, negative 
anomalies at all five Alaskan stations since early 1971, 
particularly at St. Paul Island, Cold Bay, and Kodiak. 
Exceptions are the winters of 1972-73 and 1973-74. Air 
temperatures at all five stations were colder than normal during 
most months of 1975 and were similar to the cold years of 197 1 
and 19"72. 
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RELATION OF DATA SETS 

The marked rersistence of the cold anomalies since 1971 obEerved 
at the oceanic "index staticns" in the Gulf of Alaska and eastern 
Aleutian Island areas was not well reflected in the coastal sea 
and air temrerature records. Whereas the index station data 
showed extreme persistence of negative anomalies, the ccastal 
station data were more variable. Thus it afFearE that the index 
station data are indicative of a large scale, oceanic fluctuation 
while the coastal sea and air temperature records reflect the 
oceanic fluctuation but contain significant diEtcrtions due to 
land or to Emaller scale processes. 

The air temFerature anomaly data (Fig. 5.5) provide some 
verification of this hYfothesis. To quantify the persistence of 
anomalies, the ratio of the number of months with positive 
anomalies to the number of months with negative anomalies was 
computed for the five air temperature stations for the years 
1971-75. Months with missing data were ignored. The ratio would 
be 0.0 for completely persiEtent negative anomalies and 1.0 for 
random anomalies. The ccmputed ratios for the Alaska stations 
are as follcws: 

Shemya 
St. Paul Island 
Cold Bay 
King Salmcn 
Kodiak 

O. 60 
0.28 
0.4 6 
O. 82 
0.1 8 

Thus the negative anomalies of air temper a t ure in southeastern 
Alaska were most persistent at St. Paul Island and Kodiak. Both 
a re island stations and have tYFical maritime climates. In 
c ontrast King Salmon, at the head of Bristol Bay, has a more 
c ontinental climate and the least persistent negative anomalies. 

old Bay, on the Alaska Peninsula, has a climate interm'ediate 
etween maritime and ccntinental and had anomalies of 

i ntermediate persistence . Sh emy a also had anomalies of 
i ntermediate persistence . 

t he well-kncwn period of warm temferatures along the west coast 
d uring 1957- 59 can be seen at all five index stations but it is 
nteresting that in Alaskan areas the negative anomalies since 
971 are of greater rragnitude and duration than the pOEitive 

a nomalies of 1 957-59. The positive anomalies appear first in 
ate 1956 at station 198-1 and lat er in early or middle 1957 in 
he Gulf of Alaska (195-3). The positive anomalies Fersist later 

on 1959, 19 60, and even 1961 at the southern stations than at the 
orthern stations. This 'fias noted by Robinson (1961) from four 
oastal - stations (Ketchikan, AK, Departure Bay, B. C., an1 Pacific 
rove ,and La Jolla, CA). 'Ihis is in agreement with the 
uggesticn of Favorite and Mclain (1973) that SST anomalies may 
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drift with ocean c urrents , but it is no t we ll ve rifie d by dat 
from the 15 coastal stations presented hprein. 

EFFECTS ON FISHEFIES 

Air temperatures in the south astern Bring S a r eg ion (a t 
st. Paul Island and King Salmon) during 1 97 we r p anoma l o us ly 10 
and !3imilar to the years 1971 and 1972 . I has n hypo the s ize 
that in 1971 and 1972 growth a d survival of soc ke yE' sa l mon an 
halibut in the region werE 1::elo w nor!l'al (ca ch s a is tic s hay 
not been analyzed by the authors) and on migh t hypo t h si z e agai 
that growth would be below normal in 1 975 beca u se o f col 
temperatures. 

Water temperatures in lakes in th Bristol Bay regio were lowel; 
in 1S75 than in the warmer y ar 1Q74 . For exampl , scien ti !3 t s of 
the NMFS FishEries Laboratory at Auke Bay , AK , found h a t h _ 
heat cent nt in Lake Nunavangaluk, near Dilli gham , a ribu ar y 
to Bri!3tol Bay, was significan ly less than 1n 1 97 4. 3 
!3cie ntists speculated that biolegical producti v i y and g r o wth o f 
juvenilE sockeye salmon wculd be affec ed by the 10 
temferatures. 

3Northwest Fisheries Center Monthly Repor , Dece be r 1975, 
Natienal Marine Fisheries Service, Seattle , WA 98 11 2 . 
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Table 5.1.--P1ean te_perature for 1948-67 (degre s C) 
at various stations in the northeast Pacific. 

Jan Feb Mar Apr ay Jun Ju1 Aug Sep Oct OV Dec 

Index st?t -tons (5 deqree b leeks of la ti tude i\ nd longi ude) (Pig 5.1) 

1 98- 1 4 . 3 3 . 9 3 . 7 4 . 1 5 .0 6 . 3 8. 3 1 0 . 1 9 . 8 8.0 6 . 4 5 . 

197-1 4.3 3.8 3.8 4.1 5.3 7.2 9.611.210.9 8.8 6.7 S. 
195-3 5.8 5.7 S.3 5. 7.4 1 .5 12.6 14.3 13.0 10.5 8.3 6. 

157-3 9.0 8.6 8.4 9.1 10.712 . 8 14.4 15.815.6 14.0 11.8 10. 

120-2 15.1 14.9 14.9 15.4 16.0 16.8 18.3 19.6 19.5 19.0 17.6 16. 

NOS Coastal Sea Surface Temperature Stations (Figs. 5.2-5. 11). 

Adak, AK 2.0 2.6 3.2 3.6 .8 6.3 7.4 7.7 7.5 5.9 4.5 3. 

Unalaska, AK 

Kodi ak, AK 

-eward, AK 

Yakutat, AK 

Sitka, AK 

Langara Is., B.C. 

Cape St. James, B.C. 

Kains Is., B.C. 

Amphitrite Pt., B.C. 

Neah Bay, WA 

Crescent City, CA 

San Francisco, CA 

Avila Beach, CA 

La Jo 11 a, CA 

NWS Air Temperature 

Shemya, AK 

St. Paul Is., AK 

Col d Bay, AK 

King Salmon, AK 

Kodiak, AK 

2.4 2.1 2.6 3.9 5.S 7.6 9.4 9.8 8.6 6.0 4.5 2. 

0.4 0.7 1.2 3.7 6.6 9.111.712.210.1 6.7 3.6 1. 
3.3 3.0 3.1 4.2 7.2 10.2 12.0 12.1 10.4 8.2 6.1 4. 

3.5 3.2 3.6 5.2 7.8 10.7 12 .8 12.8 11.4 8.7 6.5 4. 

4.7 4.3 4.5 6.0 8.811. 13.614.212.3 9.3 7.2 5. 

6.1 6.0 6.0 6.8 8.2 9.5 10.8 11 .5 11.6 10. 8.5 7. 

7.3 7.0 6.8 7.3 8.5 10.1 11.8 12.6 11.8 9.9 8.6 7. 

7.6 7.5 7.6 8.5 10.0 11.3 12 .4 13.2 13.0 11.4 9.6 8. 

7.5 7.7 8 .0 9.010.311 .412.413.112.811.510.1 8 

7.2 7.4 7.7 9 . 1 10.6 1 .7 11.9 11.9 11.6 10.9 9.5 8 

9.6 10.1 10 .2 11.0 11.7 12.6 13.S 14.4 14.0 12.6 11.3 10 

10.210.711.212.212.7 D.S 14.2 lS.1 15.414.712.710 

12.2 12.3 12.1 12.6 13.0 13.9 lS.2 15.8 15.6 14.9 13.9 12 

13.9 1 3.9 14.2 1 S. 4 16.7 18.0 19.7 20.8 19.3 17.9 16.3 14 

Stations (F ig. 5. 5) • 

0.1 -0.4 0.3 1.8 3.9 S.6 8.0 9.6 8.6 S.5 2.1 O. 
-3.2 -S.2 -4.1 -2.0 1.6 4.9 7.6 8.6 6.8 2.9 0.6 -2. 

-1.9 -2.2 -1.S 0.6 4.1 7 3 9.9 10.5 8.4 4.0 1.2 -1. 

-10.4-10.2 -7.0 -0.7 5.6 10.2 12.4 12.1 8.6 0.6 -5.4-11. 

-0.6 -0.7 -0.2 2.6 6. 1 9.8 12.3 12.7 10.1 4.7 1 .8 -1. 



Table 5.2.--Number of years represented in 
1948-67 means shown in Table 5.1. 

Index Stations 

198-1 

197 -1 

195-3 
157-3 

120-2 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

16 16 18 19 

18 18 19 19 

13 12 16 15 

19 19 19 19 

20 20 20 20 

18 19 

19 19 

16 14 

18 19 

20 20 

19 19 19 19 

19 20 19 19 

16 14 13 13 

18 17 19 17 

20 20 20 20 

17 18 

18 19 

14 12 

17 19 

20 20 

NOS Coastal Sea Surface Temperature Stations 

Adak, AK 1 3 12 1 5 16 17 19 19 1 8 1 7 1 8 1 7 1 7 
Unalaska, AK 
Kodiak, AK 
Seward, AK 

Yakutat, AK 
Sitka, AK 

Langara : ls., B.C. 

Cape St. James, B.C. 

Ka ins Is., B. C . 

Amphitrite Pt., B.C. 
Neah Bay, WA 

Crescent City, CA 

San Francisco, CA 

Avila Beach, CA 
La Joll a, CA 

10 

15 
17 

20 

20 
20 

18 

20 

18 

20 

17 

17 

20 

20 

NWS Air Temperature Stations 

10 

14 
15 

20 

20 
20 

19 

20 

19 

19 

1 7 

18 

19 

20 

9 

14 
16 

20 

20 
20 

19 

20 

19 

19 

17 
18 

18 

20 

9 

14 
15 

20 

20 
20 

18 

20 

20 

19 

16 

19 

16 

20 

12 
1 5 

17 
19 

20 
20 

19 

20 

20 

19 

16 

20 
16 

20 

12 
16 
19 

20 

20 
18 

19 

19 

20 

17 

17 

20 
16 

20 

12 12 12 12 

16 15 15 15 
18 18 19 19 

20 20 20 20 

20 20 20 20 
20 20 19 19 

19 19 19 19 

20 20 20 20 

19 20 20 20 

19 19 19 20 

16 17 18 17 

20 20 20 19 

18 19 18 18 

20 20 20 20 

11 11 
16 16 
18 17 

20 20 

20 20 
19 20 

18 18 

20 19 

20 20 
20 19 

17 18 

19 19 

19 17 

20 20 

Shemya, AK 19 19 19 19 19 19 19 19 19 19 19 19 

St. Paul Is., AK 
Col d Bay, AK 
King Salmon, AK 
Kodi ak, AK 

20 20 

20 20 

20 20 
19 19 

20 20 20 20 20 

20 20 20 19 20 

20 20 20 20 20 
19 19 19 19 19 
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20 

20 

20 
19 

20 

20 

20 
19 

20 20 

20 19 

20 20 
19 19 

20 

19 

20 
19 
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Figure 5.2.-Anomalies of sea surface temoerature (deQrees C) at selected National Ocean Survey coastal tide gage stations In southwestern and south 
central Alaska. 



....... 
W 
C1J 

gJ 

'" ...J 

I'i ' 

~ 
~- -, 
...J 
<T 
z: -2 o z 
a: 

tfl 

Vi 
...J 

!:l 
'" ~ . 
>-
ct 
R '2 

ff 

tfl 
=> 

"" ~ I 

cO 

I~ 

~J 

~ -2 
0 

'" a: 

'!J 
u, 
...J 

!:l 
'" w 
'" ;t - I 

5 -2 

~ 

If) 
=> 

'" ~ , 
~ . 
~ :: 
a: 

SITKA. AI< 5783N13528W 

LANGARA IS. B.C. 5415N1330.4W 
31 32 33 34 l5 36 Y1 36 i9 li! 'I 4.2 n u .IS .(6 41 48 .9 51 5 1 0;2 ')3 S' 55 56 57 sa 59 61 6J 62 63 6. 65 66 67 68 69 71 11 72 73 7. 75 

CAPE ST JAMES. B.C. 5156N13101W 
u ~ ~I. ~ ~ _I ~I ~ nl"!G 0,« d 01 n ~!~I·IM u UI~IH ~ ul~ ~I~ hl ~ ~I ~ ~ ~ ~ ~ ~INln n n " ~ 

I I L. ~ U 1.llj r '" I II/III ~II Illl II .. I ., \ ' I I t l ) IfilL ' r,IIUI ~ ttl 1/ ~lljll~ ,l ld" uJ ,)L ~ J jJ II . . "'I r . r " III • r 'll~1" ~'1' ,- (dr' I" 'f 'fl '~'"I W'r ! I q J,IJ--
I I I ; I I 1 ,I I I I I . I I I . ,I I 

KAINS 15. B.C. 5~27N 12B0 21-J 
31 :J,;:. '" 

AMPHITRITE PT. B.C . .4B55N125321-J 
31 32 33 3" JS ~ 37 +=te ~ 40 1.1 4':' '8 ' 9 ':,j! 51 SZ '53 s. 55 56 51 sa 5.9 6i!I 61 6~ 63 6. 65 66 67 68 69 721 11 7Z 73 U 7'5 

.,1 # I'rrH ~ 
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Figure S.4.-Anomalies of sea surface temperature (degrees C) at selected National Ocean Survey coastal tide gage stations in Washington and Cali­
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Section 6 

COASTAL UPWELLING OFF WESTERN NORTH AMERICA, 1975 

Andrew Bakun 1 

Coastal upwelling and dcwnwelling processes are a dcminant 
influence on the biological environments in regions of important 
fisheries off western North America. In order to provide fishery 
scientists a means for accounting for major fluctuations in these 
r;rocesses, Eakun (1973) comr;uted monthly indices using surface 
atmospheric pressure fields to estimate the field of sea surface 
wind stress. The stress field determines an Ekman transport 
field, the offshore-directed component of which is considered an 
indication of the amount of upwelling required to replace water 
carried offshore in the wind-transported surface layer. Negative 
values indicate . onshore surface transport and resulting 
dcwnwelling. Time series of monthly values for the period 1946 
through 1971 were presented for 15 near-coastal intersections of 
a 3-degree computation grid (Fig. 6.1). The series were updated 
through 1974 (Bakun 1976) . 

. 
The monthly upwelling indices for 1975 are given in Table 6.1; 
corresponding monthly anomalies from long -term mean monthly 
values are given in Table 6.2. The indices are displayed in 
Figure 6.2 in terms of the percentile occupied ty a monthly value 
within the frequency distribution made up of the 30 values for 
each month and location 'Within the 30-yr (1946-75) series. 

NORTHERN GULF OF ALASKA 

The index values at the t'Wo locations in the northern Gulf of 
Alaska tend to be less negative than normal through the first 
fcur months of 1975. This continues the trend of less intense 
than normal downwelling begun during the final months of 1974 
(Bakun 1976). A likely result is a lower level of baroclinicity 
built up during the winter by the coupled "pumping" between the 
divergent interior of the Gulf and the convergent boundary region 

1Pacific Environmental Group, National Marine Fisheries Service, 
NOAA, Monterey, CA 93940. 
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(Bakun 1975a). 
clockwise flow 
experienced lE'SS 
wint er season. 

It might be hypothesized that the 
around the boundary of the Gulf 

than normal acceleration during this 

counter­
may have 

part icular 

The months of ay throu-1h ~ept('mber were very relaxed (index 
valuE's near zero) as is usual for this region. The only 
si~nificant summer coastal upwelling, in terms of a monthly 
average, aprEars to have cccurred in June. The indicaticns of 
larq€ percentile variations a~ong the indices for these rr.onths 
(Fiq. 6.2) ~IE' quite inconsequential because of the very small 
guanti~ies o~ upwelling or downwelling 

uring October and November the indices are more negative Duri ng 
Cctoher and November tee indices are more negative than normal , 
irdicating morE' intense than normal downwelling at the coast , 
particularly during Novrmber. mhe December values correspond tc 
a n~a ly normal situation of vigorous winter downwelling. Thus 
the ~arly portion of wintpr 1975-76 contrasts with the markedly 
~~c ·rt~n~E' corresponding portion of the previous winter, 

1 c 74-75. 

FASTE&N G~LF OF ALASKA 

·p,s intense than normal downwelling is indicated during January 
1Q7t; dt the pastern Gulf locations (57N, 54N, and 51N). However , 

r F~bIuaIY the downwelling at the coast appears to have bee n 
u h nore inten.::;p than normal. '!'he indices for February are the 
( + strongly n gative of the entire 1974-7S season in contrast 

t h~ long-tprm mrar seasonal progression where February is less 
intprce tran either necerober or January. During March ano April 
thf indices are :=J.nomalously positive (less negative) indicating a 
[ piQ relaxation of winter conditions; at 51N the indices are 
liqhtly positivl:::, imrlying commencecent of upwelling. In Ma y 

th ~ituation rt>v(':::-srs; negative anomalies cccur at all three 
1 at·(ln_. Sliqhtly positive ano:'alies appear in June, whereas 

n July dnd August they tend to be slightly negative. ~he 
inili(""" fOL thE=- firal mcnths of 197t:; indicate a fairly norma l 
r gH,c!:ion to conditions of energetic winter coastal 

nwrllinq, most inten~e in the northern part of the rpgion and 
1 in ns€' towdrd thr scutt .. 

VA~COU VER IS LA ND .,.. C CE NT Ii' AL OREGON 

rn ("f posit ivp anol1'a.li~s (less vigorous than normal 
'lownw lling) during January , and negati ve anomalies (very 

v u ownwpllinq) during February noted in the prr:vio us 
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secticn continue to be apparent in the region from Vancouver 
Island to t he central 0 regon coa:::t (i. e., series at 48N and 45N). 
positive anomalies during March and April likewise reflect an 
early transition to summer upwelling conditions. Upwelli~g 
during May appears to have been slightly less vigorous than 
normal. However, strong Fositive ancmalies aFpear in June, 
indicating an early peaking of the upwelling season in this 
regior, where normally maximum values of the indices occur during 
July. The June value at 48N, in fact, reaches the 95th 
percentile {Fig. 6.2), i.e., the second largest June value at 
that location in the 30-yr series. Index values indicating 
generally nermal upwelling intensities characterize the Feriod 
July through September. During October an early shift to 
downwelling conditions again reflects the situation in the area 
to the north. During November anomalously intense downwelling 
continues to be indicated. Hcwever, a switch to strong positive 
anomalies, i.e., an al:ruFt relaxation of the level of coastal 
cenvergence and resultant downwelling, appears during December 
1975. 

CAPE BLANCO TO POINT CONCEPTION 

The :::tretch of coastline from Cape Blanco to Point Conception 
encompasses the core of the Califcrnia Current coastal upwelling 
region (Ba kun et al. 1 974) . The winter season is generally 
characterized _ by nearly slack conditions, a result of a nearly 
equal mix of strong positive and negative events, while the 
summer seascn appears a::: a steady succession of energetic bursts 
of u pw elling-producing acti vi ty (B akun 1975b). The se short scale 
features are of course averaged out in the monthly indices 
presented here. 

The early part of 1975 is marked by the positive anomalies in 
January and negative anomalies in February noted in the regions 
to the north. March values are near normal at 42N and below 
normal at 39N and 36N. However, the month of April begins a 
remarkal:le series of streng positive upwelling index anomalies 
lasting through the month of September at all three locations. 
This series includes the highest June index values at 42N and 39N 
i n the 30-yr record at each location. The tendency for positive 
anomalies continues, althcugh less markedly, through the 
remainder cf the year; significant upwelling appears to have 
occurred in the southern pertion of the region even in December. 
Thus, 1975 appears to have been, in total, a year of unusually 
strong and :::ustained upwelling in this primary upwelling region 
of the California Current. 
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The two previous years, 197 3 and 1Q74, w _ r~ als y .ar5 of notably 
strong upwelling in thic: r: gion (Bakun 1976 ); thu ~ w app~ar 0 

have had a ~tring of thr e con5P('utiv y i'lrs of unusu lly st ong 
uFwelling. In the absenc of offs t 'ng facto!: , hi ~jitUd ion 
would seem to be strongly fa vor bl 0 fis h ry ock wh ich 
depend on uFwelling-bas d primary production . For 8xample , 
Peterson (197 ~ ) and Botsford nd wi ~ kham (197 .) t,a v indi a pd a 
relationship betwe n po~itive pwellin i d~x anomali 5 and 
subseguent increased Dung n ss cr catch_ . 

E A ,] A C A I 0 i I A 

The area off Eaja Cali ornia is a 
upwelling within he Californi- r 
upwelling appears to be 1 _5s n rge ic , much 
the "I re a to the north. mh indication in a 
equivalent ab~olute value~ of h in ic 5 in th 
be a tributed to the spa ial distor ion 
whereby the numerical values n_ar 331 ar 
relative to other loca ions. 

zo ~ 0 

10n . 

st d li 
1 f, • 1 

coastal 
H.r he 
r ha.n in 
of _a rly 

ons y 
ur (1973) 

pI' ie 

~ajor fea ures during include posi ivp pw l "n ir~ex 
anomalies during ~arch an pril, ne ative nc lie 1 ay , n 
~trongly po~itive anomalies uring he fall mon hs . -h values 
at 30N , 11 9W, near: the normal posi ion 0 5 rong.5 upwellin in 
the region (Eakun and Iso 197) s rp S~ fP qc h il. i. 
each of the months of S_ptem r, Oc ob r , an 'O V . r. In 
general, the northern pcrtion of the Ba 'a Calitor ia r gio n 
appears to have par iciFa e i h_ c: m er a all or 10 of 
the anomalou~ly strong uFwelling note for: he Califor ia coas t 
to the north. 
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Table 6.1.--Monthly coastal upwelling indices (cu m/s-100 m) for 1975. Negative 
values indicate onshore transport of su rface wat ers an1 res ul tant downwelling. 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

60N 149W -85 -66 -20 -3 -6 8 2 0 3 - 36 - 119 -97 
-

60N 146\4 -109 - 11 7 -26 -3 -4 10 3 0 -2 -40 -128 -131 

57N 137W -104 - 239 -38 -17 -18 -5 -3 - 34 -62 - 105 -158 

54N 1 34~~ -69 -122 -13 -7 -17 3 -7 -4 - 16 -49 -58 - 87 

51N 131W -9 -72 2 1 7 - 1 38 6 7 7 -24 - 35 -30 

48N 125W -24 -90 -4 17 15 S9 45 14 10 - 60 -1 O-i - 48 
...... 
*" 0'> 

45N 125W -33 -1 35 26 98 68 40 3.8 - 48 - 79 -77 

42N 125\·/ -11 -65 6 89 101 220 133 123 ..,? -11 - 17 -12 1,-

39N 125W 20 -20 21 150 254 355 230 247 165 24 19 5 

36N 122W 27 10 55 156 271 287 266 201 152 71 57 23 

33N 119W 10 45 123 197 282 352 322 251 166 100 5S 1 -

30N 119W 50 62. 127 174 187 197 192 194 180 146 1 ... " ..l " 58 

27N 116W 43 84 127 183 165 '161 99 115 117 133 '~ g 40 

24N 113vl 45 85 133 185 130 9 3 37 46 50 96 ~'-~O 35 

21N 107W 19 47 41 75 100 28 2 -1 -6 6 28 26 



Table 6.2.--Monthly coastal upwelling index anomalies (cu m/s-100 m) for 1975 
relative to the 20-yr (1948-67) mean value for each month and location. 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

60N 149W 53 20 26 8 -7 1 -3 -6 6 -10 -46 12 

60N 146W 71 - 15 22 9 -2 4 -2 -3 7 -6 -34 -2 

57N 1 37\~ 108 -121 14 6 -8 2 -6 2 -5 25 36 5 

54N 134W 28 -55 15 13 -8 2 -10 -3 7 33 41 5 

51N 131W 55 -36 14 22 -4 23 -9 -6 10 16 23 27 

48N 125W 66 -43 16 17 -2 34 11 -9 6 -21 -17 52 
...... 

"'"' 45N 125W -.J 61 -29 14 26 -8 49 -6 -10 21 -28 -6 49 

42N 125W 56 -37 3 55 22 117 2 32 37 -11 26 46 

39N 125\1J 33 -29 -15 8l 130 188 49 109 102 4 26 17 

36N 122W 17 -25 -25 36 68 49 67 18 58 21 45 16 

33N 119W -9 -4 3 19 -0 50 91 38 2'::1 24 33 7 

30N 119\t1 -6 -15 11 33 -12 -1 49 52 51 43 69 4 

27N 116W -28 -9 8 35 -37 -33 -15 10 7 27 25 -23 

24N 113\O[ -5 10 41 69 -13 -36 -11 2 1 27 3 -4 

21N 107vJ 2 7 -56 -25 13 -11 -1 -6 8 20 20 18 
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Figure 6.1.-Computation grid. Intersections at which upwelling indices are computed are marked with large dots. 
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PERCENTILIZED MONTHLY MERN UPWELLING INDICES 
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Figure 6.2.-Percentilized upwelling index values for 1975. Numbers indicate the percentile occu­
pied by each monthly value within the frequency distribution of the 30 values for each respective 
month and location in the 30-yr series, 1946-75. The contour interval is 10 percentile units. Values 
below the median (50th percentile) are shaded. 
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Section 7 

OCEANIC CONDITIONS BETWEEN THE 
HAWAIIAN ISLANDS AND THE U.S. WEST COAST 

AS MONITORED BY SHIPS CF OPPORTUNITY - 1975 

J. F. T. Saur 1 

INTRODUCTION 

During 1975 cooperating merchant ships regularly dropped 
expendable bathythermographs (XBT's) for obtaining subsurface 

emperatures and took surface salinity and temperature ctserv­
ations along three shipping routes between Hawaii and the U.S. 
west coast (Fig. 7.1). The sections of observaticns represent a 
f requency of one every 1-2 weeks on the route from San Francisco 
ito Hawaii, and every 2 weeks and every 3-4 weeks on the routes 
from Los Angeles and Seattle to Hawaii, respectively. 

he three routes from Hawaii to west coast ports cross a 
['ransi t ion Z one, show n schem at ically in Figure 7. 1, wh ich lie s 
b etween the cooler, lower salinity, modifie d subarctic waters of 
the Californja Current and the warmer , higher salinity central 
waters of the eastern North Pacific (ENP ). Laurs and Lynn have 
~ndicated that the character and pcsition of the Transition Zone, 
irectly or indirectly, influence the offshore distribution and 
igration routes of albacore moving from the central North 

Pacific intc the summer fishery off the ccntinental west coast. 

he Transiticn Zone is a complex region and not yet fully 
nderstood. In the regicn between California and Hawaii, it is 
cunded on the south and southwest by the subtropical front 

(Foden 1971,1975). On the north and northeast, respectively, it 
L S bounaed by the subarctic front and some type of southeastward 
extension of this feature, which LaFond and LaFond (1971) named 

he California front. These bounaaries are not static. The 
sharpness and location of the associated oceanic fronts change 
ith time; large waves and eddies occur in them; and within the 

r ransition Zone surface fronts separated from subsurface 

IScripps Institution of oceanography, La Jolla, CA 92037. 
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boundaries arE found in dEtai l ed observaticn~2 , 3 , 4 by re~earch 
ve~sels (R ode n 1975). 

Ob~ervation~ from merchant vessels can provide a quasi-continuou~ 
monitoring of oceanic fEatures frequently thrcughout the year as 
ccmpared to less frequent but more detailed surveys by research 
vessels. Monitoring of cceanic features on the San Francisco 
rcute about every 18-21 days was started in June 1966 using a 
~ingle vessel. Observations began on the Los Angeles route in 
OctobEr 1973 and on the Seattle rcute in April 1 974. Therefore, 
cnly for the San Francisco route is the record of obse rvations 
long encugh to establish significant means and describe events of 
a given year in terms of derarture~ from a long-te rm mean. 

This report is divided into two parts. Part I describes the 
general oceanic features on each route at thE End of the cooling 
and warming seasons in 1975. In Part II the mean seasonal 
distribution~ of surfacE salinity, surface temperature, and heat 
storage in the upper 100-m layer on the San Francisco route are 
given . ThE anomalies of the~e variables for the period 1972 
through 1975 are discussed to show the characteristics of 197 5 . 

OBSERVATIONS 

Ship~' mate~ routinely take XBT observations . Original rEcords 
are digitized ashore by the Pacific Environment al Group (PEG) of 
NMFS, Monterey, CA, using facilities and prccedure~ of the Fleet 
Numerical Weather Facility. The "surface" temperatures are 
subjective extrapolations of the near-surface gradient, so are 
probably representative cf tempEratures around 3-5 m. 

2Laurs , R. M., R. J. Lynn and R. N. Nishimoto • • 1975. Rer. of 
joint NMFS-Am. Fishermen's Res. Found. albacore studies con-
d ~ ct e d d uri n g 1 S 7 5. S W F CAd min. REp. L J - 75- 8 4, 49 p'. 

Lynn, R. J., and R. M. Laurs. 1972. Study of the offshore 
di~tribution and availability of albacore and the migration 
routes followed by albaccre tuna into North American Waters. 
I!! Rep. of joint NMFS-Am. Fishermen 's Res. Found. albacore 
studies conducted during 1972. (Unpub. rep.) 

Lynn, R. J. 1973. Further examination of the offshore distri­
bution and availability cf albaccre and migration routes followed 
by albacore i~to North American waters. !U . Rep . of joint 
NMFS-Am. Flshermen' s Res. Found . albacore studies conducted 
during 1973. (Unpub. rep . ) 
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To obtain surface salinites, wat e r samples are drawn from th 
seawater intake system by ships' engineers , and salinity later 
determined ashore by laboratory salinometer. Seawater intakes of 
the various ships range in depth between 3 and 7 m below the 
surface. 

Observations are scheduled every four hours. Depending upon the 
speed of the ship, distance between observations varies from 
120 km (65 nm) to 165 km (90 nm) . The distances used in the 
figures are great circle distances to the observation from a 
reference point, 21N21', 157';142', which lies in the ocean channel 
directly south of Makapuu Point, Oahu. This is the approximate 
departure point for the great circle track cf the vessels going 
from Honolulu to the west coast ports. 

PART I. SUBSURFACE TEMPERATURE STFUCTURE 

vertical sections of the distribution of temperature along the 
three routes in 1975 near the end of the cooling season, herein 
termed 1~!~ ~iD!~~, and near the end of the warming season, 
termed 1~!~ §~illill~L, are shown in Figures 7.2-7.4. The figures 
also ccntain horizontal profiles of surface salinity and 
temperature along each route. The figures 5 show some typical 
features of the distributicn of t e mperatur e in the northeast 
Pacific Ocean. 

The surface mixed layers and thermocline s reach their maximum 
depths in late winter. Depths of the mi xed la yers are generally 
at least 100 m. They are deepest, at taining depths of greater 
than 150 m, in the central parts of the San Francisco and 
los Angeles sections in the Transition Zone. 

The warming which occurs during spring and summer is generally 
confined to the upper 75-100 m. The temperatures below 100 m in 
late summer remain essentially the same as in late winter. In 
late summer the sharpest and shallowest thermoclines are found in 
the subarctic waters of the Cali fo rnia Current where salinities 
of the upper layers are low and downward mixing of heat is 
inhibited by the stability associate d with the increase in 
salinity with depth. This effect is particularly noticeable on 

-----
5Selected sections have been published monthly in fishing 

InfQIID~!iQn, NMFS's environmental data publication distributed 
onthly by the Southwest fisheries Center, la Jolla, CA 92038, 
ince "March 1972. Interpretations of features in the sections 
ere included through March 197 5 (Saur 1972-75). 
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the Seattle section where a rout one half of the route lies in 
subarctic waters (surface salinities below 33.5 0/00). 

Slopes of the isotherms in and b e low the permanent thermocline 
rEflect the geographic orientation of the individual routes. The 
Seattle secticns, having the greatest change in latitude, show a 
consistent Gcwnward trend ef the deeper isotherms from the coast 
a lmost to Haw ai i. However, on th e Lo s A nge Ie s route, wi th a 
lesser change in latitude, the down ward slope towards Hawaii of 
the 10C-15C isotherms occurs in the Califernia Current region, 
i.e., arout the eastern ene-third of the section. 

In late summer on the San Francisco and Los Angeles sections 
thermosta d regions (nearly isothermal layers between the surface 
t .ermocline and the permanent thermocline ) are present in the 
Transition Zone. On the late summer San Francisco section 
(Fig. 7.3) this layer can be recognized in the vertical profiles 
at ohservations 7-14, ar.d en the Los Angeles section these occur 
at obser vations 14-23. These thermostad regions are found near 
the outer portion of the California Current and the Transition 
Zone whEre higher salinity ENP water lies belcw California 
Curre nt waters of about the same temperature. In the spring and 
early summer temperature inversions often appear in this region. 

On all horizontal profiles of surface salinity the lower 
salin ities are observed near the continental west coast. The 
salinities r e ach a maximum northeast of Ha waii at 27N-30N, where 
evapor ation (minus preciFitation) is greatest the year round. 
The salinit y then decreases somewhat towards Hawaii. The steeper 
gradients and fronts which occur in the Transition Zone and the 
front appearing in the late summer sections about 200-400 nm 
(370-740 km) northeast of Hawaii will be discussed in Part II 
which deals with longer time-series cbservations on the 
San Franciscc route. 

PAPT II . SURFACE SALINITY, SURFACE TEMPERATURE, AND HEAT 
S~OBAGE ALONG THE S~N FRANCIS CO TO HONOLULU ROUTE 

Surface salinity and XBT ebservations have been made, on the route 
between San Francisco and Honolulu since June 1966. Sampling 
intensity has been much greater since March 1972 than in earlier 
years. Table 7.1 summarizes by year the number of transects and 
the tota~ number of observations through 1975. This part of the 
paper dlscusses long term ~eans and monthly anomalies of surface 
salinity, surface temperature , and heat storage. 
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Table 7.1.--Summary of observations, 
San Francisco-Honolulu route 

1966 1 

1967 
1968 
1969 
1970 
1971 2 

1972 
1973 
1974 
1975 

Totals 

Surface salinity 
1££n§1!§ I2i~1 2Q§~ 

10 151 
15 299 
20 452 
15 360 
1 8 522 

9 16S 
18 385 
28 E2 = 
43 1147 
43 .1.1~.2 

5309 

Temperature (XBT's) 
l£~n§i!§ !2i£1 2Q§~ 

10 
16 
19 
15 
19 
12 
18 
28 
44 
47 

192 
342 
549 
433 
562 
252 
381 
635 

1259 
1£12 

5880 

I, months, June-December. 
2Fro ject inactive several months during 1971 due to 

prolonged shipping strikes. 

Because of the variability of locations of observations between 
sections and of the time intervals betwee n transects, the various 
time series of observatiens were computer analyzed year by year 
to obtain values on a time-space grid of 24 intervals/yr by 
92.5 km (50 nm). 

ThE year 1971 was delEtEd from the analysis because of 
insufficient data (Table 7.1). Gridded values were thus ccmputed 
for eight years of data, June 1966-December 1970 and January 
1972-June 1975. The mean fields shewn are based on this 8-yr 
period. The full year of 1975 was analyzed when all observations 
had been received, but the means were not recomputed. 

The annual means and the anomalies presented here have been 
smoothed by a centered =x3 Foint [2 mo by 100 nm (193 km)] 
weighted smoother to emphasize the time continuity of the 
features without greatly sUFFressing important horizontal 
gradients. Neighboring grid values were weighted by the inverse 
square of their distance, d, from the grid Faint being smoothed: 

w = [ (1-d/d*) ]squared 

where a* was 1.1 times the distance to the farthest point used in 
~ach smoothing calculation. The smoothing had little effect on 
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the means. Fcr a nomal y fi e l ds th e s moothin g 
scale variability wh ic h pr o cably r es ult ed 
variability and observational error . 

s uppressed 
from both 

small 
real 

Mean annual cycles are sho wn for 
temperature in Figure 7.5, and 
average temperature in the layer 
Figure 7.6. 

surface sali n ity a nd ~ urface 
for heat storage (rep r ese nted by 
from the ~ u rface t o 100 m) In 

The mean surface salinities are primari l y re l a t ed to 
along the route and cnly seccndarily to time d ur i ng 
Salinities below 33.0 0/00 occur throughout the yea r i n 
salinity core of the California Current . Those above 
occur in the region of the ~NP centra l wate r s . 
horizcntal gradients occur between salinities of 33 .7 5 
34.75 0/00 and are indicative of the Transition Zone . 

pc s ition 
th e year. 

t he low 
35 .0 0/00 

t ronge st 
0 / 0 0 and 

The mean surface temperature ha~ a strong seasonal cycle . The 
heat storage has a sirrilar but more subdued seas ona l cy c l e du e 
mainly to flattening of the summer maximum . The f l a tt e nin g i s 
greatest in the eastern half of the section , whe r e i t wa s ~een in 
Part I that the summer thermoclines are shall o w a n d st ro ng . Here 
the 0-100 m average temFerature is about 3-4C l o we r t han th e 
surface temperature, but tcward~ Hawaii the diffe r ence i s ab o ut 
1c. 

Between-year standard deviaticns of salini ty a nd te mperature 
(Fig. 7.7) indicate that lowest year t o yea r variability of 
salinity occurs in the salinity maximum of ENP wate r s and, 
secondarily, in the low salinity core of t he Ca lifcrnia Current. 
Highest variability occurs in the Trans i t i on Zon e (13 3 W-1?9W) 
where horizontal gradi ents are largest . Tempe rature variatility 
is more related to ti me than to posi tio n a lcn g the route. lowest 
variability of temperature occ urs in Ma rch-April when 
temFerature~ are at a min imum and mixe d layers dee pest, whil e 
highest variability occur~ in Au g us t-S e ptembe r when ~urface 
temFeratures are hig hes t and mixed l a y e r~ sh a llowest or 
nonexi~tent. 

Anomalies of surface salinity, sur f ace temperature, and heat 
storage (0-100 m) e xhibit larg e cohe rent patterns, but of 
differing natures . Salinity anomali e s (Fig. 7.8) exist as 
relatively narrow b ands with lon g time persistence. Surface 
temperature anomalies (Fig. 7.9) occur over greate.r distances 
along the route, but are of shorter duration. Heat storage 
anomalies ( F ig. 7 .10) appear generally similar to the surface 
temperature anomalies . However, in the eastern half of the route 
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heat storage anomalies appear to hav a superimpos d 
time persistence similar tc the salinity anemalips. 

a o 

The most striking feature of the ime-series ano alips i 
salinity data, where there are coherent patterns _as 
whose axes appear to progress along the route a a s d 0 

2.5 cm/sec. They appear first in the Califer ia Cur n 
through the Transition Zone where they reach maximum i 
and disappear into the ENP waters. A major anomaly r gime 
about once a year. The wavelength ~12ng 1hg ~2g1_ is 
enough that the two anomaly regim es may exist at the sam 

, ov 
sHy , 

aris s 
shor 

Seme other characteristics of the ancmaly pat erns for 
~urface variables are: 

h o 

1. When strong salinity anomalies were ebserv d in 10 2 , 
1973, and 1974, between 135W and 140W, the anemali s n _ar 
Hawaii wpre of opposite sign. 

2. When strongly negative salinity anomalies occurr d in 
the Transition Zone from January 1 972 through Jun e 1 Q73 , 
below normal temperature occurred along mo~t of h rout. 

3. Conversely, strongly positive salinity anomali s rom 
March 1974 to June 1975 wer e associated with abeve normal 
temferatures during fall and winter of 1974-75. 

4. The near-normal fall and winter of 1973-74 
period of reversal in sign of the anomalies . 

wa s he 

5. About June 1975, below normal t emFerature anomali s 
appeared over most cf the route at the ime nega iv 
salinity anomalies appeared in the California Curr nt. 

Heat storage is a measure of subsurface the rmal structur , w ich 
can be analyzed in the same manner as surface salinity an 
surface temFerature. It indicates the longer t rm availa ili y 
of heat energy for exchange with the atmosphere, wh r as c:u 
temferature anomalies might be superficial and mic:l a ing. Also 
the changes in average ocean current are relat d to horizo 
changes in thermal structure. I have chosen te use he r 
average temperature of a designa ed layer as h e easur 0 h a+ 
storage. 

Thus far, I have computed means and tim e seri s of ano ali~s 
heat storage for only the surface- to-100- lay r (Fig. 
These show a complex pattern but generally corr sod w 11 
surface te~peratures , especially in th as _r hal of 
section, i.e., east of 140W. CcuFled with th e fI vi o usly 
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S tin 7 

ti n f ~ ur f s Iini y nd s urf t mt ra t ur , th s rel 
inJi t th t th mc-lor n m li - in th s v ri bi s r caused 

l' y hanq s in adv ti n. This gr s wi h h onclusion by 
Tabata (1 q7 h t dve tiv h n (11 n ~ l' h F1'i m ry ~ uses of 

an mali 5 in 'c st rn bo un o ry urr n s . 

~~~~~~y i_~ J_l~ 

Thy a r 1 7 b g an w it h a rIa t i v ·- 1 Y d P l a y l' of w rm w e r 1. n 
the c ntral p rti n of th o san Fr nei so -H o nolulu rou nd 
sliqhtly n gativ t mleratur an mali s n r h as . Surfac 
salinit y n mali s w r F -itiv , sp illy s ron in th 

uter p rt 0 th Calif rnia urr nt th Transi i n 
Positiv salinity and t wr ratur an s m to ass 
w~th a diffus Transiti r Z n h Yin w .k nd variab l e fronts , 
S u h 5 - U r r 0 in 1 Q 4 ( Sa u r 1 7 h) • 

At th nd of wint r 1 75 , blow n rm 1 s liniti s 
siqn ricant - 10 an m li 5 aFP ar d in th cor of th C lifornia 

urrent (Fi ~. 7.'.. ( 7.Q). This l' sult 0 in th form ion of a 
strony salinity an] temp ratur front w1 i h w ~ 0 S rv d tween 
1311 and 132W in 1 t arch (Fig. 7.) . Alth ugh h mp ra ure 
-r unt ui 1. at d during th summ r warming, the sa lini y front 
r-main d fairly str ny and moved slowly s u hwes w rd along he 
r ut~. By lat Se t mt r (Fig. ',"1) it wa- b 'III en 1 3 W nd 13 W 
and h d m ved b ut ~50 nm (450 km) , ith his movemen the 
n q tiv ~alinity anomali scam widespr ad b we n the 

r nand th- west - a t. Th lar neq tiv nomaly was 
-0.25 0/ o. C Id anomali's apr ared in h Ca lif or nia Current 
a - ana the Ha waii area in arly sprin nd spr ad across th 
ntire rou in lat umm r (August-Oc ob r) . How ver, by the 

end t th 1e r he 1d t m ratur s nd 10 salinity anoma lies 
w re waninq and ndition~ had r turned t n ar normal. 
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Section 8 

~HE TUNA FISHERY IN THE EASTERN TROPICAL PACIFIC AND 
ITS RELATIONSHIP TO SEA SURFACE TEMFERATURES DURING 1975 

Fo rrest F. Miller 1 

INTRODUCTION 

During 1975 tunas in the eastern tropica I Pacific (ETP) were 
fished by 334 vessels in the international fleet with an 
aggregate capacity of 169,000 short tons. 2 Vessels frem 15 
nations captured in excess ef 175,000 tens of yellowfin and 
134,000 tons of skipjack tunas as well as over 30,000 tons of 
other tunas. The yellowfin tuna catch in 1975 was exceeded only 
by the 1974 catch, and the skipjack tuna catch was one of th e two 
largest on record. Aleng the coast of Peru about 3.1 million 
tens of anchoveta were landed in 1975 according to The 
El§1:!~.!:.!!l~l!~§ ]~~§, May 1976. The anchoveta catch in 1975 was 
smaller than usual, but the combined tuna and Peruvian anchove ta 
catches constituted the world's largest for the size of the area 
fished ~oseph and Klawe 1974). 

The atmospheric and oceanic circulations in the ETP generate in 
the surface and subsurface layers win d mixing, upwelling, and 
diverging or converging currents. These circulations, cembined 
with solar heating and nutrient rich water, perpetuate an d 
concentrate the forage supply needed to maintain a high 
sustainable yield of pelagic fish each year. The surface wind s 
and ocean currents also cause changes in the sea s urface 
temperature (SST) which either provides a suitable envirenme n t 
for fish or an adverse one depending on the type of fishery. For 
examrle, the large catches of Peruvian anchoveta occur when SS T's 
are markedly below normal in the Peru Current. In contrast, 
yellowfin tuna catches are generally higher in areas whe re SST's 
are near or slightly above normal. The larger catches of 
skipjack tuna have been made during periods when there have been 

-----
lInter-American Tropical Tuna Commission, Scripps Institution of 

Oceanography, La Jolla, CA 92037. 
2Annual Report of the Inter-American Tropical Tuna Commission 

for 1'975 (in English and Spanish). Inter-Amer. Trop. Tuna Comm. 
(IATTC), La Jolla, CA, 176 p. 
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large areas with upwelling and below normal SST's along the 
equator and to the west of Baja California for several months 
prior to and during the skipjack's appearance. This occurred in 
the last part of 1975 off the coast of Ecuador. Forsbergh (1969) 
found that zooplankton concentrations and tuna abundance are 
greatest 3 months following periods of upwelling which usually 
occur in February and March. During winter periods of upwelling 
and northerly winds in the Gulf of Panama, SST's are often below 
normal. By April or May the SSl's warm considerably . 

The geographical range of the several species of tropical tunas 
in terms of oceanograFhic and biological FroFerties has been 
described bj Uda (1957), Broadhead and Barrett (1964), Blackburn 
(1965), and Williams (1970). These authors noted that tropical 
tunas are found in commercial quantities in waters bounded on the 
north and south by the 68F (20C) isot herms. In the ETP the c8F 
(20C) isotherm is found at the surface along the southe rn 
boundary of the California Current and along the cold side of the 
equatorial ocean front which delimits the northern boundaries of 
the Peru Current and equatorial upwelling. The Ii erature also 
suggests that the subsurface thermal structure influences the 
vertical distributions of tuna. Hester (1961) and Green (1967) 
pointed out that the tuna's swimming layer may be restricted 
vertically by strong temFerature gradients in the thermocline. 
Green also suggested that variations in the depth of the 
thermocline may result in measurable differences in the tuna 
catches by purse seining depending on whether the net hangs 
through the thermocline. Brock (1959) observed that surface 
fishing for tuna is usually confined to those regions with 
shallow mixed layers or where there is a ridging of the 
thermocline. Brandhorst (1958) and Blackburn (1962) showed that 
there is a close relationship between the temferature structure 
in the thermocline and zooplankton standing crops in the ETP. 

Surface wind stress is the prime modifier of the ocean's vertical 
thermal structure. An increase in surface wind stress results in 
both vertical (upward or downward) and horizontal movements i 
the water column. The upward motion brings cold subsurface water 
rich in nutrients to the surface layers. lhe upwelled water 
supports primary production, and converging wind-driven surface 
currents concentrate the forage. 

APPLICATION OF DATA FROM FISHERMEN 

In January 1971, the Tuna Oceanography Gr oup at the Southwest 
Fisheries Center (SWFC) implemented a program (FAX) designed to 
exchange data with fishermen purse seining for tuna in the ETP. 
Surplus radio facsimile recorders, obtained from the u.S. Navy, 
were installed on cooperating purse seiners. Summaries and 
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predictions of weather and sea state on the fishing groun s were 
prepared and transmitted via radio facsimile to fishing v ssels 
on a regular schedule. The fishermen, in turn, sent in wea her 
and expendable bathythermograph (X BT) observations to he SWPC 
via radio station WWD at la Jolla, CA. In the period frcm 1971 
through 1975 as many as 77 seiners (25 equipped with XE'I 
recorders) participating in the FAX program recorded more han 
20,000 lfteather and over 5,000 XBT observations. 'Ihese data came 
from areas where environmental data traditionally had been 
sparse, and they were routed into the data collection systems of 
the u.s. Navy Fleet Numerical Weather Central (FNWC), Monterey, 
and the National Weather Service , Bedwood City, CA. The data 
were used also at the SWFC as input into the environmental 
products prepared routinely and were added to the environmental 
data bases for fishery oceancgraphy research. 

Recent statistical studies completed at the SWPC3 revealed that 
during four fishing seasons (1 97 1-74) catches of yellowfin and 
skipjack tunas in the ETP were greater in those areas where the 
depth of the thermocline was 1 50 ft (46 m) or less both inside 
and outside the Inter-American Tropical Tuna Commission 
Regulatory Area (CYRA). These studies also established the fact 
that the most successful tropical tuna fishing was done in waters 
with temperatures ranging from 79F (26.1C) to 83F (28.3C) from 
the surface to the thermocline. 

Apprcximately 73% of all successful purse seining sets in 1975 
occurred in water with surface temperatures between 79F (26.1C) 
and 84F (28.9C). Less than 20 % of the sets were made where 
temperatures were less than 79F (26.1C); and only about 71, of 
the sets were made in warm wat er of 85F (29. 4C) or greater off 
Mexico. Eased on the tuna boat SST cbservations, the 
distribution of successful sets on tuna, as a function of SST 
(Fig. 8.1), was similar in all areas and fishing seasons from 
1970 through 1975 in the ETP. 

The Inter-American Tropical Tuna Commission publishes in its 
a nnual report the distribution of the total yellowfin and 
s kiplack catches by 1 degree quadrangles. Figure 8.2 shows the 
d istribution of yellowfin captured by the international tuna 
f leet in 1975. The composite positions of the 68F (20C) and 79F 
(26.1C) isotherms have teen superimposed also on the yellowfin 
c atch in Figure 8.2. The pcsition of each isotherm represents 
t he annual, composite position determined from surface 
temperatures published in fi§hing IniQ~~~1igB (SWFC, La Jolla, CA 
92038) and observed by tuna boats and commercial ships. In order 

-----

3 Miller, F. F., and R. 
e astern tropical Pacific 
La Jolla, ClI 92038 . 

Evans 1976. The ocean environment cf the 
as related to purse seining . MS. SWFC, 
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to ottain properly the mest representative composite location of 
each isotherm, maximum weight was given to SST's observed by tuna 
boats in areas of most active fishing. After yellowfin tuna 
fishing became regulatEa east of 120W, in March 1975, the tuna 
fleet expanded its fishing 'fiest'fiard to 145W. 'Ihe positions of 
the 79F (26.1C) isotherms 'fiest of 120W, for example, were based 
primarily on data from May through November 1975. Figure 8.2 
~how~ that the 79F isotherms enveloped those areas where most of 
the yellewfin were captured in 1975. The areas from 5N to 10N 
between 115W and 120W and to the west of 145W all had surface 
temperatures greater than 79F, but these were areas of limited 
fishing effert. Of cour~e, there may have been tunas in fishable 
abunaance to the north or south of these areas , but ocean 
conditions 'fiere not suitatle for purse seining. 

In other year~ studied (1970-74), av e rage aistributions of annual 
yellowfin tuna catch and the 79F (26.1C) isotherms were similar. 
However, the distributien~ of catch and temferature were 
aifferent from year to year, especially south of 10N, in the 
CYRA. Surface temperatures in 1975 were below 79F in the Gulf of 
Pan a ma and ar eu nd the Costa Rica dome (ce nte red nea r 9N , 90W). 
The s e areas were associated with vertical ocean mixing and 
uFwe lling. 

TUNA CATCH AND TEMPERATURE 

Alon g the southwest coast of Baja California the 68F isotherm 
mark ed the northern limit of yellowfin tuna catches (Fig. 8.2), 
an d there was considerable fishing effort in the central an d 
n orthern areas west of Baja California. In the Gulf o f 
California the best catches were south of 23N in 1975, but i 
1 974 yellowfin fishing was good to 25N in the Gulf where SST' ~ 
were slightly above normal. Some yellowfin tuna were captured i 
and nerth of the Gulf of Guayaquil during periods whe n 
te mreratures 'fiere above 79F (26.1C). Skipjack tuna fishing wa 
p articularly good along the coast of Ecuador during November an 
Dec e mber 1975 when SST's 'fiere belo'fi normal. However, fro 
February to June SST's were above normal between the Galafago 
I slands and Ecuador. During this period large catches 0 

ye llo'fifin tuna were made in this area which usually experience 
celder SST's associated 'fiith upwelling in the equatoria 
extension of the Peru Current. Along the coast of souther 
Equador and Peru south of 6S, SST' ~ remained below 68F (20C) al 
year. During 1974 and 1975 the anchoveta fishery was recoverin 
from a recora low catch of 1.96 million t in 1973 following the 
devastating 1972-73 El Nino (lh~ Ii§h~£~en~E Eg~§, May 1976). 
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Figure 8.3 shows the annual, ccmposited patterns ef positive and 
negative SST anomalies. The .anomaly patterns were obtained by 
graphically compositing the anomaly charts published monthly in 
fi§hlBg lBlg~~~!igB· Other areas where temperatures remained 
belew nermal during 1975 were south and west of Baja California 
and from 8N to 10N near 90W. Apparently (Fig. 8.2) fishing in 
these areas was not good in 1975. 

A compaIison of Figures 8.2 and 8.3 reveals that the most 
productive yellowfin fishing areas in 1975 had SST's greater than 
79F whieh were near or slightly atove normal. In the Gulf of 
Panama and near the Costa Rica dome, strong northeast trade winds 
increased ocean mixing and kept surface temperatures below normal 
during the most active yellowfin tuna fishing period. Along the 
coast of Peru temperatures were also low, but this condition in 
1575 helped to restore the anchoveta fishery. Eetween 5N and 5S 
from BOW to 90W yellowfin tuna catches were very good in the 
first half of 1975 when SST's were above normal (Fig. 8.3). This 
was the period of most active yellowfin tuna fishing in the E~P. 

Research has not revealed any significant relatienships tetween 
SST's and apparent abundance of yellowfin tuna in specific areas 
of the ETP. However, SST's and their deviations from the long­
term means (anomalies) provide good indicators of large-scale 
ocean-atmosphEre changes which occurred during the fishing 
season. The most active yellowfin tuna fishery is found where 
seasonal temperatures remain in the 79F (26.1C) to 84F (28.9C) 
range. The largest year to year changes in SST occur on the 
periphery of the traditional fishing grounds and occasionally 
inshore along Central America. Theref ore, monitoring ocean 
surface temperature on a continuous b asi s can provide useful 
infoImation about tropical ocean conditions and where fishing 
could be successful. Conventional surface and subsurface 
t emperature data combined with the high resolution (thermal 
in frared) satellite temperature data 4 which are now available, 
provide an improved data base for monitoring the ocean SST's over 
the entire fishing ground of the ETP. 

-----
4Stevenson, M. R., and F. R. Miller. 1975. Applica tion of 

satellite data in fishery cceanography. Inter-Am. Trop. Tuna 
C omm. Final Report for SFOC, NOAA Grant No. 04-4-158-28, 98 p. 
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EQUATORIAL PACIFIC ANOMALIES AND EL NINO 

William H. Quinnl 

INTFODUCTION 

In a previous paper, the author (Quinn 1976) described progress 
in predicting anomalous conditions in the eastern egua orial 
Pacific Ocean, and in particular the phenomenon known as El Nino. 
These conditions are anomalously warm sea surface temperatures 
(SST's) in the region with abnormally heavy precipitation and at 
times, El Nino, a disastrous invasion of unusually warm surface 
water along the coast of Peru which leads to failure of he 
anchoveta fishery due to slackening of upwelling activity and 
decreased primary production. 

Development of these conditions is brought about by a relaxation 
of the normally strong southeast trade winds. The timing and 
extent of this ~elaxation appears to determine whether or not 
El Nino occurs along the Peruvian coast. 

Prediction of these conditions uses several Sou thern Oscillation 
(S.O~ indices, comparisons of sea Ie el pres s ures in the western 
and eastern tropical Pacific. These are measures of the South 
Pacific subtropical high pressure cell, which is conS1S ent with 
trade wind strength, and they lead El Nino cy 6 to 12 mon hs, 
allowin g their use as p~edictive tools. In this paper, running 
mean plots for the various s.o. indices have been exten ed 0 

include the 1975 data, and their relationships to the weak 197 
El Nino development are discussed. 

Statistical analyses were performed to dete~mine lag correIa ion 
coefficients pertaining to the relationships betw en in ex 
components and between indices and rainfall amounts at w s t ern 
equatorial Pacific locations, and some of h r Isul c ar _ 
presented here. The applicability and value of his im - s ries 
analytical approach for monitoring and predicting equa ori 1 

ISchool of Oceanography, Oregon Sta e niversity, Cor vall" S , OP 
9733 1. 
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Pacific changes are discu~~ d in 
mo~t recent tr nds in the -ndi 
expected developmpnts. 

h light of th s r suIts . hp 
s ar. ,onsid_r d with rp.gard to 

RESUME FOR THE EAFLY 1 975 EL o EVE T 

In the previous refort, r ~ul s om 1.9S 1 and 2 0 

Watch cruise of 11 February-31 Marc;h 1975 v . ri 
of a weak early 1975 El Nine d v lopm~ t 
months earlier by the author (Quinn 1 9 F). 
(Wyrtki et ale 1976) repor ed mas. ve 
(>27C), low salinity « 23 0/00) wa _r 
Galafagos. The Galapago~ oGPl.nic ron '.las f10t 

500 km to the south; v rtie 1 profiles 0 

salinity showed this ov rlying laypr 0 e only 
~€ak upwelling wa s sill pr s nt along hp coas 0 

to the south of Pun a Farinas (45), bu 0 cool 
advected northwestward from his upw lli g ar _a 
years. Stroup (Wyrtki et a1. 19 7 ), a ter corr.ple ing 
4 of the El Nlno Watch cru'se e w_pn 1 ril a 
reported that nearly all the evi ence of south w r 
of warm, low salinity surface er , no uri g 1 

e £1 

had vanished and that the col~ al u wellin co ion~ 

lino 

been reestablished. Also , as in normal years , a w. ll - ev lope 
tongue of cold water ex ended from he nor h . P ruvian coas a1 
area north-northwest to the qu tor e s 0 ala 
Islands. Temferatures along he equator and in he 
upwelling zone were some 4C lower h n 0 serve d ri l~ s 
2, approximately 2 month ~ ea rlier. he 1 C iso her ha 

¥les 
returned toward its normal shallow posi ion 
equatorial region and in the coastal upw lling zone . 
Galapagos Islands the isotherm dep hs indica e 
development of the equatorial undercurrent than was 
leg 1. This shift between conditio ns found in he 
data for cruise legs 1 and 2 in Fe ruary-~arch 1975 

much weaker 
no ed uring 

hie 
or 

legs 3 and 4 in April-May was surprising ly large an rap 

with regard to pressure indices, pre-El Nino peaks in the 1~ -mo 
running mean plots occurred about the end of 1973 (Fig . 9 . 1) , 
indicating that peaks in the annual and interannual fluctuations 
were in phase. (Note the resulting unusually high 3 - mo running 
mean peak for January 1974 in Fig. 9.2.) This meant that the 5 . 0 . 
period would have to be near 3 years if troughs of he t wo 
fluctuations were to be in phase about 18 month!: la ter . ( We us t 
remember that the regular annual fluctuation ha!: its lo west index 
near the middle of the year since the Easter Island pressure is 
on the average lowest in May and the Darwin pressure highest ne ar 
the middle of the year.) However , in this case the S. o . pe riod 
turned out to be significantly shorter than it was fo r t he 
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situation leading up to the strong 1972 EI Nino event; this was 
evidenced by the shallow 12-mo running mean trough occurring near 
the end of 1974 for indices involving ccmponents from the 
westernmost sites along the ridge (Totegegie-Darwin, Rapa-Darwin) 
and in early 1975 for indices involving components from the two 
easternmost sites (Fig. 9.1). Therefore, in this case the 
Southern Oscillation period shortened to near 2 years, the 
troughs of the two fluctuations were not in phase, and the 
resulting El Nino event was weak. The tip-off for this 
developmental change was the rapid rise from the previous trough 
to the preevent peak which took place over about a 12-mo period 
and thereby indicated that the s.o. period was shortening. 

The weak early 1975 El Nino event occurred about as forecast with 
respect to time of occurrence and intensity in the region between 
the Galapagos Islands ana ncrthwestern South Aroerica; however, 
associated activity in the western equatorial Pacific was much 
weaker and occurred much earlier than expectea. Nevertheless, 
index trends appear to represent what actually happened. Note 
how the shallow index trough ccrrelates with the small peak in 
Tarawa rainfall (Fig. 9.3). This case was quite unusual since 
the small Tarawa rainfall feak preceded the EI Nino, and the 
small ~arwin component feak preceded the Rapa component trough 
(Fig. 9.4). 

STATISTICAL EVIDENCE 

In the past the largest s.o. index variation s (considering 12-mo 
running mean values) nave usually been noted when using the 
Easter-~arwin index. In general, this one appears to be the best 
(Quinn and Zopf 1976), not only for monitoring what is occurring, 
but also for ~nticipating what will occur in the eastern 
equatorial Pacific, At times the Juan Fernandez-Darwin index is 
also cf great value for these purposes. For activity in the 
western equatorial Pacific, the other in dices are particularly 
useful. 

Statistical analyses were performed to obtain correlation 
coefficients, at various lags, between index components and 
between the indices and rainfall for various sites in the western 
equatorial Pacific (considering 12-mo running mean values). 
Table 9.1 shows the highest negative correlations when the 
equatorial lcw component (Darwin) lags the subtropical high 
ccmpcnents (Juan Fernandez, Easter, Totegegie, and Rapa) of the 
indices by 2-5 months. These figures also reflect the high 
degree of correlation between changes taking place in the two 
core areas. Table 9.2 shows highest negative correlations when 
rainfall peaks and troughs at Tarawa (1 N21', 172E56') lag about 
2-3 months behind index troughs and peaks respectively. 
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Table 9.3 shows the same general relationship between the 
Washington !sl and (4N43', 160W2=') rainfall and the various 
indices. Similar r e lationships have been noted between the 
indices and rainfal l data for oth e r western equatorial Pacific 
sites. statistical evaluations show that the Bapa-Darwin index 
usually gives the earliest indication for equatorial activity 
since the highest negat ive ccrrelations between it and the 
associated rainfall feat ures occur when rainfall lags 3-4 months 
behind the index. Likewi se , changes in the Rapa comfonent 
usually show up further in advance of the corrplementary Darwin 
changes (5 months) than do the other ridge component changes (2-4 
months) • 

rISCUSS ION 

The remarkatle consistency tEtwe e n trends of the various indices 
(F ig . 9.1), the high negative correlati on c oefficients between 
1 2-mo running mean values cf indices and rainfall amounts a~ 
west ern equatorial Pacific sites (Tables 9.2, 9.3), and the 
favorable lag indications between index and rainfall trends, 
ind i c ate that this time-series analytical approach can be very 
usefu l for monitoring and predicting large-scale changes in the 
equa torial Pacific and certain associated changes in neighborin~ 
regions (e. g., El Nino invasions). It appea rs that the approach 
is c cmpatible with the type, quality, and guantity of the data 
available over the poorly sampled equatorial and South Pacific, 
since it makes full use cf the higher quality time-series data 
which is very s carce over all oceanic regions. When one uses 
this a pproach in conjunction with the routinely prepared synopti 
weather analyses, SST analyses, and satellite cloud cover photos, 
one ca n realize more fully not only what is currently taking 
place in the atmospheric and oceanic tropospheres over this 
~parsely sampled region, rut can also anticipate the changes in 
thermal, circulation, and weather patterns that are likely t 
take place in the future. The use of additional indices in this 
time- serie s analytical method increases one's insight into the 
sequenc e a nd intensity of changes taking place in the eguatorial 
Paci fic and a dds confidence to the outlook when there is genera] 
agreement b e tween the index trends. Darwin and Broome 
Australia, have been found particularly eifective fo~ 
representing t he equatorial low core of the Southern Oscillation~ 
however, Djakarta, Indonesia, and other sites in the genera] 
vicinity have been noted (as expected) to show similar 12-m 
runn ing mean trends in their pressure values. The islands Juan 
Ferna ndez, Easter, Totegegie, Rapa, and Tahiti have been foune 
h ighly effective for registering the pressure changes in the 
South Pacific subtropical high core of the Southern Oscillation 
Ship N (30N, 140W) data (Quinn and Zopf, in press) and data take 
from analyses for the fermer position of Ship N (Ship N ceased 
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operation in June 1974) have been used to reflect S.O. effects on 
the northea~t Pacific subtropical high. 

THE FORECAST METHOD 

The forecast method applie~ primarily to the nature of the 
initial El Nino event following relaxation from a high 12-mo 
running mean peak and not te the occurrence or recurrence of a 
later EI Nino-type event when running means of the indices remain 
low or return to a low value after a short excursion upward into 
a smaller secondary peak (Quinn and Zopf, in press). In cases of 
the latter nature, outlooks must be of a much shorter duration, 
or the alternative is a much more speculative long-range outlook 
which must reach beyond the indications of the existing trend and 
depend heavily on experience gained from case history studies of 
analogou~ developments, along with an assumed or projected S.O. 
period. (Here it must be realized that the time involved in 
relaxation from the high ~reevent peak to the projected trough 
determines to a large extent how far in advance of an event 
occurrence a fairly firm outlook can be given.) 

If conditions are such that a large interannual fluctuation is 
underway and all signs [e.g., the 12-month running mean peak 
value for the index is 13 mb or more, the Easter component of 
this peak is 1C22 mb or roere, the rise to the preevent peak takes 
near 18 month~ or more, the falling trend from the peak reaches a 
rate near 0.33 mb/mo, the preevent 3-mo runnin g mean trend is 
similar to that for the rre-1957 and pre-19 72 cases (Fig. 9.2) ] 
indicate the likelihood that the i nterannual trough will occur 
near the midpart of the following year (and thereby be in phase 
with a regular annual treugh), then it is likely that a strong EI 
Nino invasion will occur. If the fluctuation~ are out of phase 
(i.e., the interannual trough occurs near the beginning ef the 
following year), the EI Nine event will be a weak one. 

RECENT INBEX TRENDS AND INDICATIONS 

By mid-1975 a change from the falling or level trend near the 
beginning of 1975 in the 12-mo running mBan trends of the indices 
(considering that these running mear. points fall 6 months tehind 
the latest month of data) was indicated, and an outlook was 
prepared which called for the plots to rise to a secondary peak 
by middle te late 1975 and then to start falling off in late 1975 
to a trough in 1976 with a likelihood of heavy western equatorial 
Pacific precipitation in the latter half of the 1976-early 1977 
period. The outlook for the secondary peak was quite firm; it 
was based primarily on the immediate trends of the indices and 
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their components ( Figs. 9.1 , 9.4), bu also on an assum d ~.O. 
pericd of a little less than 2 years , and an ssum d analcgy to 
the 1963-64 index trends (Fig. 9.1). The fall to the trough in 
1976 was more speculative and based on hp assumed short S .O. 
feriod and an assumed analogy to th 1 9 4-6S ind x trends 
(Fig. 9.1). The outlook did not change and was pres nted as such 
on 2 October 1975 at the Eastern Pacific Oceanic Conference . The 
rise tc seccndary peaks in the indices has pro p ded pretty much 
as expected s o far and accompanying Peruv'an coastal and 
equatorial sea t e mferatur e s have a s o rea t d a s xpec ed . 

CONCLUDIN G REMAFK S 

The time-series analytical approach, a s applied to +he S .D. 
indices and their components, appear s t o be quite e fec ive for 
monitoring large-scale metecrolcgical and oceanographic changes 
in the eguatcrial Pacific and certain closely associat d changes 
that occur in neighboring regions (e .g., El inc). I also shows 
c ons i derable promise fer us in fores hadowi g hese chang s in 
c i r c u I a t ion and we a th e ra c t i vi t y 1 - 6 m 0 n h sin a d van c e . I sus 
was predicated on the e xceptionally poor synoptic sur ace ata 
c overage over the southeast Pacific. The methcd seems to be 
pa rt icularly suited to coping with he severe surface data 
limi t ation over this large and importa n t oceanic region , since 
t he 12-mo running means of the indic es bring out quite learl 
the more subtle long-term trends which appear 0 every closel 
associated with large-scale changes in southeast trade win 
stre ngth and their effects on equatorial Pacific me eorolcgica 
and oceanographic conditions. It is believe that this approacn 
can add much to the value cf the routinely prepared snapsho -type 
products, e.g., synoptic weather analyses (which have a poor an 
hig hly variable coverage over this region), satellite wea her, 
and sea temperature analyses, by providing developmenta 
continuity and an indication of the direction and magnitude 0 

the long-term changes taking place over this region . 
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9.1.--Lag correlation coefficients between 12-mo running mean pressure at ridge 
Table 
sites (Juan Fernandez, Easter, Totegegie, Rapa) and at Darwin. 

Juan Fernandez Easter and Totegegie Rapa and 
Lag in Darwin 
Months and Darwin Darwin and Darwin 

-1 (Darwin ahead -0. 463 -0.593 -0.613 -0.495 

of ridge site) 
.656 -.586 

-0 (no lag) .478 - .65 3 -

(ridge site .494 . 703 - .686 -.663 

ahead of Darwin' 
-.730 

2 . 504 - .741 - .701 

3 .508 - . 758 - .699 -.778 

4 . 504 - . 759 - .682 -.809 

5 .493 - .744 - .652 -.825 

6 .473 - .713 - .604 -.819 

-.795 

Period of record 1911-75 1948-75 1952-75 1951-75 

Table 9.2.--Lag correlation coefficients between 12-mo running mean pressure indices 
(Juan Fernandez-Darwin, Easter-Darwin, Totegegie-Darwin, Rapa- Darwin) and Tarawa 
rainfall. 

Lag in JF-D Index and 
Months Tarawa Rainfall 

E-D Index and T-D Index and R-D Index and 
Tarawa Rainfall Tarawa Rainfall Tarawa Rainfall 

-1 (rain ahead -0.664 -0.682 - 0 . 675 -0.550 
of pressure) 

0 (no lag) - .702 - .731 - .722 - .619 

(pressure ahead - .722 - .765 - . 752 - .676 
of rain) 

2 - .723 - .780 - .762 - .714 

3 - .707 - .776 - .751 - .733 

4 - .674 - .754 - . 720 - .732 

5 - .626 - .670 

6 - . 566 - . 655 - . 605 - .677 

Period of record 1948-75 1948-75 1952-75 1951-75 

Table 9.3.--Lag correlation coefficients between 12-mo running mean pressure indices 
(Juan Fernandez-Darwin, Easter-Darwin, Totegegie-Darwin , Rapa-Darwin) and washington 
Island rainfall. 

Lag in JF- D Index and E-D Index and T-D Index and R-D Index and 
Months Wash. Rainfall Wash. Rainfall Wash. Rainfall Wash. Rainfall 

-1 (rain ahead -0.627 -0.663 -0.671 -0.601 
of pressure) 

0 (no lag) - .651 - . 708 . 714 .667 

(pressure ahead - .660 - . 740 .742 .725 
of rain) 

2 - .655 - . 754 .752 .764 

3 - .631 - .751 .741 .784 

4 - .593 - .733 .713 .783 

5 - .545 .673 .771 

6 - .504 - . 658 .618 .739 

Period of record 1946~73 1948-73 1952-73 1951-73 
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Section 10 

SUNSPOT ACTIVITY AND OCEANIC CONDITIONS 
IN THE NOFTHERN NORTH PACIFIC OCEAN1 

Felix Favorite and W. James Ingraham, Jr.2 

During periods of sunspot maxima (approximately every 11 years) 
thE mean winter position of the center of the Aleutian low 
FresEure system shifts from the Gulf of Alaska to the western 
Aleutian Islands, and the mean, cyclonic, wind-stress transport 
of warm Pacific surface waters into the Gulf of Alaska is reduced 
by roughly 20%. Coastal sea level data in the Gulf do not 
reflect an 11-yr cycle, but spectral energy densities indicate an 
approximate 6-yr periodicity also present in trans-Pacific annual 
mean sea surface temperatures that, in the last one or two 
decades, parallels large year classes of Pacific ~erring in 
southeastern Alaska, large escaFements of sockeye salmon fry in 
the Bristol Bay area, and maxima in the January catch of 
Dungeness crab in Alaska. 

Because of the wide geograFhical distribution of individual fish 
stocks and the limited facilities ava ilable for assessment 
purposes, it has been necessary to rely o n various statistical 
methods to ascertain estimates of distribution and abundance. 
However, there are still large year-to-year differences in 
patterns that in many instances may be related to short- or 
long-term changes in environmental conditions and processes. 
Knowledge of such phenomena could result in improved estimates of 
stock condition and sustainable yields, and forecasts of these 
conditions could result in better samp l ing techniques and 
resource management measures. One periodic phenomenon that might 
influence oceanic conditions is sunspot activity. The literature 
on this subject is extensive, identifying also a double sunspot 
cycle of 22-23 years, and an a cycle of alternating 80- and 
100-year periods. Apparent relations to biological (Gilhousen 
1960) and weather (Newman 1965; Mitchell 1965) phenomena are 
becoming more frequent. However, few investigations have 

1 Sum mar i zed fro m : J. 0 c e an 0 gr. S oc. J a pa n 3 2: 10 7 - 11 5 . 
2Northwest Fisheries Center, National Marine Fisheries Service, 

NOAA, 2725 Montlake Blvd., East, Seattle, WA 98112. 
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considered possible effects of s un spo t ac tivity 
conditiens. 

on ocean 

Mean pressure data from the win t er half - years (O c t o b e r-M a rch) o fi 
3-yr periods centered areund the sunspot ma x ima , a nd 3 -yr pe riod 
centered areund the minima , indicate a pronounced westw a r d s hif t 
in the mean position of the Aleutian lo w press u re s ystem f ro m th 
Gulf of Alaska to the western Aleutian Islands during yea r s 0 

sunspot maxima (Fig. 10.1). Wind-stress transport calculation 
indicate a 20% reduction in northward transport into the Gul 
during periods of sunspot maxima compared to that during s u nspo 
minima, but there are no direct current measurements a vailab l e t o 
permit showing any actual changes in flow patterns . Nor is ther 
any indication in coastal sea level data 0 suggest a domi na n 
1 1-yr periodicity, but this is net considered proof hat c h ang e 
in circulation and up~ e lling do not occur . There is a 
approximate 5- to 6-yr fluctuation in trans- Pacific sea sur fac 
temperature maxima that is largely in phase not only with me a 
sea level maxima in the Gulf of Alaska (most clearly evident a 
Prince Rupert auring 19 50-74), but also ~ ith solar phenomena 
Although deviations of about 5 cm in sea level can be accoun te 
fer as a result of changes in specific volume of the sur f a c 
layer due to seasonal heating and cooling frcw winter to summe 
(temFerature range of 5-10C), the observed deviations in exces 
of 10 cm cannot be attributed sole ly to the 1- 2C changes i 
temperature associated with the 5- to E-yr temperature cycle . 

The 5- to 6-yr cycle does have subtle, if not direct , re l ation 
to living marine resources. Reid (in press ) has sho wn tha 
dominant year classes of Pacific herring in southeastern Alask 
from 1950 to 1958 occurred in 1~2] and 1~~~, years of tempe r a tur 
maxima in that area (Favorite and McLain 1973 ). Hoopes (1 973 
has shown that the Alaskan Dungeness crab landings in Janu a r 
reached maxima in l~§J. and 1~§'~, and again in 1 968 that we r 
nearly 3 times the minirra in 1961, 1966 , and 1971::~oughly 12-1 
vs. 4-5 million pounds (Favorite, in press ). Finally , th 
5- to 6-yr temperature cycle appears to hav a paral lel i 
sockeye salmon abundance in river and lake systems in Bristo 
Eay. The annual pack of canned sockeye salmon in western Alask 
for 1950-74 (Fig. 10.2) shows maxima in 1 952 , 1 956 , 1 96 1, 1 965 
and 197C that are obviously out of ph ase with the tempe r a tur 
cycle, but if one considers the critical ear l y li f e stages i 
lake and river systems 2 to 4 years earl i e r, a paral l e l i 
evident. Considering only the three recent maxima , 83% o f th 
sockeye salmen returning to Bristol Bay in 1960 gre w in fres 
water from spring 1957 to spring 1~2~; 88% of those re turning i 
1965, from spring 1961 to spring 1~~] ; and 82% of thos 
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qh n 
on 

returning in 1970, from spring 196 t o sp r i n 
terms of nu~bers, s pawning S UCC ESS is cer. ai ly 
number of spawning adult s an d o th e r fac t ors , hi 
returns suggests that the se a s urface emp ra ur 
the recent and prolonged tr ans- Pacific cycle 
salutary effect on s pawning s urv i val. 

0 ~ish 

axima hac: 0 

coul ha v 

Unfortunately, any teleconnec tions or ser vomechanisms w~en 
sunspot activity and Fhy s ic a l o r b i o l ogical phenom na on ac h 
are not clear at this time. It s hould be 0 vious tha h s arc 
for cause and effect rel a tion s cetw een env ironmental con i ions 
and fluctuations i n fi s he ry data is exceer1ingly orop1 x, 
requiring not only e xte ns ive data , but mul i isciplin ry 
app~oaches as well, be for e a cc ur ate forecasts will e .osci 1 . 
Forecasts of conditions ba sed en trends indicated in his pel 
would be imFrudent b e cau se the end o f t he 10 C- y ar sunspo cycl 
will occur in th e mid-1970' s . This should resul in +wo 
consecutive negative maxima, and deviations rom esta lishe 
cenditions may occur. 

3percentage data obtain e d 
the sockeye salmon run 
University of Washington 
Res. Inst. Circ. No. 73-1, 

fr o m: Dona l d E. Rogers . FOD2cas of 
to Brist ol Bay In 1973 and 1q7 • 

Co llege of Fisheries , Fishr>ci 
3 3 p ., and Circ . No. 73-3 , 45 p. 
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Figure 10.1 .-Mean sea level pressure distributions (mb - 1000) for winter half-years (October-March) of 
3-yr periods centered around sunspot maxima (A) and sunspot minima (9). and locations of centers of the 
Aleutian low for individual periods (e). 1899-1974. 
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Section 11 

A SINGLE-LAYER HyrRODYNAMICAL-NUMERICAI MODEL 
OF THE EASTERN BERING SEA SHELF 

James R. Hastings 1 

INTRODUCTION 

A single-layer vertically integrated hydrodynamical-numerical 
(HN) mcdel has been adopted for study of the characteristic flow 
of the eastern Bering Sea shelf. This model is similar in 
function and scope to that developed by Hansen,2 and currently 
used by the Environmental Prediction Research Facility (U.S. Navy 
1974). Vertically integrated equations of motion and an equation 
of continuity, utilizing wind ~tress and bottom friction terms, 
are solved using an explicit time dependent finite difference 
approach. Results of these calculations are given as sea surface 
var.iaticn and instantaneou~ components of integrated velocity 
over the computational arEa. 

PHYSICAL CHARACTERISTICS OF THE AREA 

The unique physical characteristics of the Bering Sea shoreward 
of the continental shelf are shown by the extreme delineation 
between summer and winter ccnditions, the great expanse of 
ccntinental shelf, and the extremely shallow bathymetry. 
!lthough the Bering Sea is generally considered an extensicn of 
the North Pacific Ocean, it doe~ exhibit unique characteristics 
which must be addressed when attempting to simulate this 
environment. The entire continental shelf area of the Bering Sea 
i~ covered with ice apprcximately six months of the year. This 
ice is of local formation and tends to melt entirely by late 
spring/early summer. For this rEason, the efforts to model tidal 
manife~taticns of the Bering Sea continental shelf surface waters 

1Northwest Fisheries Center, National Marine Fisheries Service, 
NOAA, 2725 Montlake Blvd., East, Seattle, Wa 98112. 

2Hansen, W., Institut fur Meereskunde, University of Hamburg, 
Hamburg, Federal Republic cf Germany. 
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were concentrated o n those condi tions which are indicative of the 
summer months. Along the southeaster n Siberian coast the tides 
are diurnal, becoming mixed at about 60 N; northward of 62N 
simidiurnal tide s occur. Mixed tides occur al ong t he Alaskan 
coa st f r om Beri ng Strait to the Alaska Peninsula. Except in the 
major embay ments around the margins of the Be r i n g Se a t he tidal 
amplitudes are generally small, with most tides bei ng less than 
1 m. 

GRID SYSTEM 

The grid system used f o r t he solution of these finite differenc e 
equations is staggered i n both time and space (Fig. 11.1). Ther e 
are three different sets c f grid points in this system. The 
z-points (water e levat ions) are at the intersecticns of the gri d, 
the u-points (u-compone nts of horizo ntal velocity) are to t he 
right of the z-poin ts, a nd the v-points (v-components of 
herizontal velocity) are below the correspending z-points. The se 
peints are used to provide the comFutational matrix and r eal 
depth inputs to the model . 

The computational network i mFosed over the continental shelf o f 
the Bering Sea consists of 1, 204 units , each 38 km square. Thi s 
28x43 array has a horizontal e xtent gre ater than 1,500 km in an 
e ast-west direction, and exte nds from Amaknak Island in t he 
southeast through the Bering St r ait (F i g. 11.2). Land areas are 
separated from water by a straight line boundary ~a shed line, 
Fig. 11.2) which pa sse s th ro ugh e it her the u- points , in a 
north-south direction , cr the v-points, in an east-west 
directien. The southern b oun dary, extending from Amaknak Island 
tc Cape Navarin, is the tidal i np ut boundary. 

PARAMETERIZATIC N AND I NITIALIZATION OF INPUTS 

Precision is built into the mod e l in the form of t he 
forward-looking fin i te di ffere nce scheme, but accuracy i s 
dependent upon the se l ec tion an d interpretation of the natura l 
phenomena which make up t he boundary conditions. At th e 
inceptien of this model , several assu mptions and simplification s 
of the boundary condi t ions we r e made; but as our knowledge of 
t~e Eering Sea environment i nc r eases, it will be possible, a nd 
mdndatory, to make further ref ine me nts in these boundar y 
('"orc. i tians. 

mhe most imfortant single i n pu t parameter which the HN model 
pmploy~ in shallow water i s the tidal input. The tidal amplit ude 
and Fhase sFeed variance a r e two of the driving impetuses i n t he 
numerical computation s cheme. Also, the geostrophic wind 
cemponent may be represen ted by prescribing a longitudinal and/or 
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~ansverse slope to the sea surface at each time step. Data from 
wo tidal stations are usually required; and, because of the 
~undary conditions at the shelf edge, these should be located at 
ili e extremities of the shelf. Amaknak Island data are available 
~ the southeast edge of the shelf, but data from Port Sibir and 
~a dyr Bay were interpolated to derive data at Cape Navarin in 
l1e west. A lag time of 8 hours exists between high tides at the 
last and west boundaries (Fig. 11.3). 'Ihis variation was assumed 
I) be linear over the extremely long (1,500 km) lateral extent of 
he input boundary, as few oFen ocean tidal cbservations have 
sen reported which could provide greater control across this 
rea. Therefore, the initial tidal inputs to this model consist 

an interFolation between Cape Navarin in the west 
) 2 N 30 " 1 7 7 E) and A rna k n a k I s I and in the e a s t ( 5 4 N 3 0 " 16 6 w ~ 0 ') . 

IMUlATED TIDAL HEIGHT AND CURRENT DATA 

l? plying this particular mcdel over such a large area should and 
bes show considerable spatial variations in sea surface heights 
md tidal currents that should be substantiated by additional 
i dal data. After computational stability has been achieved, 
Jstantaneous sea surface height and tidal current variation may 
~ studied. Three particular instances are examined: variation 
~ the entire system approximately 4 hours before low tide at the 
astern input boundary; approximately 4 hours before the 
nbsequent high tide; and 4 hours before low tide with boundary 
cn diticns changed to simulate a typical summer southerly wind of 
~m/s blowing steadily over the entire area fo r 2 days. This 
:o vides an indication of the temporal and spatial variation of 
J€ system while under the influence of an additional 
E7i ronmental variable. 

111 r hours before low tide at the eastern boundary, sea surface 
19ht variations show several interesting features (Fig. 11.4). 

~ r the open portion of the Bering Sea shelf there appears to be 
j mooth, even variation in sea surface perturbation due to tidal 
~ El uence; with no land masses to impose horizontal flow 
lptrictions and a minimum of frictional resistance due to the 

lH luence of bottom topography, the tidal height variation is an 
~ erly transition between the influences of the tidal inputs. 
I ivak Island, northwest of Bristol Bay in the north central 

Jrticn of the system, indicates major tidal height differences 
lou nd the island, with maximum elevations at the northeast 
Qrn er of the island. The influences of land boundaries, bottom 
tiction, and tidal confluence cause a tidal difference around 
1e island of greater than 60 cm. This is in contrast to 
(\nd itions at St. Matthew Island in the south central portion of 
~ grid, where spatially the absolute variation is small, but 
1e temporal variation is considerable. Tidal height variations 
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were concentrated on those conditions which are indicative of the 
summer months. Along the southeastern Siber ian coast the tide s 
are diurnal, becoming mixed at about 60N; nort hw ar d o f 62N 
simidiurnal tides occur. Mixed tides occur along the Alaskan 
coast from Bering Strait to the Alaska Peninsula. Except in the 
major embayments around the margins of the Bering Sea the tidal 
amplitudes are generally small, with most tides being less than 
1 m. 

GRID S YST EM 

The grid system used for the solution of these finite difference 
equations is staggered in both time and space (Fig. 11.1). There 
are three different sets cf grid points in this system. The 
z-points (water elevations) are at the intersecticns of the grid, 
the u-points (u-components of horizontal velocity) are to the 
right of the z-points, and the v-points (v-components of 
horizontal velocity) are telow the cor:responding z-points. These 
points are used to provide the com~utational matrix and real 
depth inputs to the model. 

The computational network imrosed over the continental shelf of 
the Bering Sea consists cf 1,204 units, each 38 km square. This 
28x43 array has a horizontal extent greater than 1,500 km in an 
east-west direction, and extends from Amaknak Island in the 
southeast through the Bering Strait (Fig. 11.2). Land areas are 
separated from water by a straight line boundary ~ashed line, 
Fig. 11. 2) w hi c h pa sse s t h r 0 ugh e i t her t he u - points , in a 
north-south direction, cr the v-points, in an east-west 
direction. The southern boundary, extending from Amaknak Island 
tc Cape Navarin, is the tidal input boundary. 

PARAMETERIZATICN AND INITIALIZATION OF INPUTS 

Precision is built into the model in the form of the 
forward-looking finite difference scheme, but accuracy is 
dependent upon the selection and interpretation of the natural 
phenomena which make up the boundary conditions. At the 
incepticn of this model, several assumptions and s~mplifications 
of the boundary conditions were made; tut as our knowledge of 
the Eering Sea environmert increases, it will be possible, and 
mandatory, to make further refinements in these boundary 
condi ti«ns. 

The most important single input parameter which the HN model 
employs in shallow water is the tidal input. The tidal amplitude 
and phase speed variance are two of the driving impetuses in the 
numerical computation scheme. Also, the geostrophic wind 
component may be represented by prescribing a longitudinal and/or 
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transverse slope to the ~ea surface at each time step. Data from 
two tidal stations are usually required; and, because of the 
boundary conditions at the shelf edge, these should be located at 
the extremities of the shelf. Amaknak Island data are available 
at the ~outheast edge of the shelf, but data from Port Sibir and 
Anadyr Bay were interpolated to derive data at Cape Navarin in 
the west. A lag time of 8 hours exists between high tid e s at the 
east and west boundaries (Fig. 11.3). This variation was assumed 
~o be linear over the extremely long (1,500 km) lateral extent of 
the input boundary, as few of en ocean tidal cbservations have 
been reported which could provide greater control across this 
area. Therefore, the initial tidal inputs to this model consist 
of an interfolation between Cape Navarin in the west 
( 6 2 N 30 " 1 7 7 E) and A m a k n a k I s I and in the e a s t ( 5 4 N 30 " 16 6 W ~ 0 ') • 

IMULATED T~DAL HEIGHT AND CURRENT DATA 

pplying this particular mcdel over such a large area should and 
does show considerable spatial variations in sea surface heights 

nd tidal currents that should be substantiated by additional 
tidal data. After computational stability has been achieved, 
instantaneous sea surface height and tidal current variation may 
be studied. Three particular instances are examined~ variation 
of the entire system approximately 4 hours before low tide at the 
eastern input boundary; approximately 4 hours before the 
subsequent high tide; and 4 hours before low tide with boundary 
conditicns changed to simulate a typical summer southerly wind of 
5 m/s blowing steadily over the entire area for 2 days. This 
provide~ an indication of the tempora l a nd s patial vari ation of 
the system while under the influence of an a dditio nal 
~nvironmental variable. 

Pour hours before low tide at the eastern boundary, sea surface 
height variations show several interesting features (Fig. 11.4). 
) ver the open portion of the Bering Sea shelf there appears to be 
~ smooth, even variation in sea surface perturbation due to tidal 
influence; with no land masses to - impose horizontal flow 
restrictions and a minimum of frictional resistance due to the 
Lnfluence of bottom topography, the tidal height variation is an 
)rderly transition between the influences of the tidal inputs. 
qunivak Island, northwest of Bristol Bay in the north central 
~crticn of the system, indicates major tidal height differ e nces 
tround the island, with waximum elevations at the northeast 
:orner of the island. The influences of land boundaries, bottom 
:riction, and tidal confluence cause a tidal difference around 
:he island of greater than 60 cm. This is in contrast to 
:onditions at st. Matthew Island in the south central portion of 
the grid, where spatially the absolute variation is small, but 
"he temporal variation is considerable. Tidal height variations 
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north of St. Lawrence Island are small, generally less than 
20 cm. An instantaneous view o f the tidal currents associated 
with these tidal heigh ts (Fig. 11.5) indicates a genera 
north westwa r d flow over the sh elf in the southern portion of th 
area- cross shelf flow e x ists in the ar ea between Nunivak Island 
and ·St. Matthe w Island. Hig her velocities are exhibite 
northwestward around St. Matth ew I sland and southwestward in the 
area northeast of Nunivak Is lan d. This cross shelf flow is als 
arrarent in the western por t ion of the sHelf, whereas th 
currents flow in a ge ne ral south westw ard dir e ction out of th 
Gul'f of Anadyr. North and east o f St. La wrence Island a genera] 
northeastward f low exists, with cu r r ents funneling into Norto 
Sound. Current s flow nor t heast ward into Eristol Bay, 
divergence fr om th e general north wes twa r d flew ever the shelf 
Over the oren p ortion of the Bering Sea s h e lf, average currents 
are less than 2 0 cm/s; this approximates s pee ds determined b 
Goodman et al. (1942) and Arsen ' ev (1 96 7) . 

Four hours befor e the subseguent hig h tid e at the easter 
b c u n Cl a r i' , t ida I e I e va t ion s are g e n er a l l y r ever sed ( Fig. 11. 6 ) 
Maximum elevat i ons a t Nunivak Island oc cur at t he southwester 
end of the i sland . At St. Matthe w I sland surface height is 
maximum, where a s a mi nimum was manifest ea rlier. Minimum height 
are observed i n nort hern Bristol Bay . Ti dal currents show a 
almost comrlete rev er sal in direction but similar speed 
(Fig. 11 . 7) . The southern portion of t h e area shows a genera 
southeastwarCl flow o ver the she lf; c ros s shelf flow in 
northeastwar d direction exists in the area b e twee n Nunivak Islan 
and St. Matthe w Isl and . Flow ov e r the wes tern area of the she ]! 
is generally northw a rd . Tidal currents be twe e n Nunivak Islan 
and the Alaskan mainla n Cl exhibi t a tota l r e ve rsal of flow, as d 
the currents in northernmost Bristo l Bay. Although current 
between St. lawrenc e I s land and souther n Norton Sound now fl 
southward, flow into Norten Sound is still indicated. 

Although in winter mo st of t he area is covered with ice, 
summer wind stress play s an important role in the formation 
current patterns. After the model r eac he d stability a me 
southerly wind of 5 mls was imposed on t he system. 'Ihis was do 
in an attempt to simulat e more accurate l y the actual conditio 
during this period . Wh e n ccmparing the change in t~e circulati 
pattern due to the in f lue nc e of the wind, several importa 
manifestations are obse rved. General l y sp e aking, t 'he flow ne 
the land masses s hows a s ignificant inc rease in velocity, 
shown by the curren t s near Nunivak Isl an d and the northe 
portion of the area b etwee n Norton So und and Beting Stra 
(Fig. 11.8). A re versal in flow is obse rve d through th e Beri 
Strait and adjacent to the contin e ntal l and ma s s s outh of Nort 
Sound. The influence of the wind has se rve d to set up t 
anticyclonic gyres in t he circulation syste m, on e south e ast 
the Gulf of Anady r in the west a n d a noth e r in the southe 
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pcrtion of Bristol Bay in the east. 

Figure 11.9 indicates the predominant tidal current field in the 
northeast portion of Bristol Bay over a 44-h time period. The 
more intense flow occurs as maximum flood and maximum ebb stages 
of the tide are approached. The less intense, more confused flow 
corresponds to high and low slack water. This flow is 
characteristic of that reported by Dodimead et ale (1963) from 
drift stick observations in northeastern Bristol Bay. 

In an attempt to equate data generated by the HN model with 
conditicns which exist in the natural environment, grid point 
28x16 (MxN) north of St~ lawrence Island was analyzed over a 60-h 
time period. Records indicate that the tide in this area has a 
mean range cf approximately 30 cm. Data from the model show a 
variation of approximately 27 cm and variation over time 
corresponds closely to actual tidal data (Fig. 11.10). 

Apparently the most pressing problem concerning the use of this 
mcdel involves the northern boundary conditions through the 
Bering Strait. The initial assumption of zero flow through 
Bering Strait yields unrealistic current values in this portion 
of the model. Coachman and Aagaard (1966) suggest a permanent 
northward flew of approximately 50 cmls through Bering Strait. 
This prescription of flow was not applied in this model; thus 
the results with reference to currents near Bering Strait are not 
entirely realistic. 

CONCLUSION S 

This study has shown temporal variations of flow over a large 
area by simplifying the inputs and by making certain initial 
assumrtions about the system. Results of this model indicate 
that it could be a useful tool in studying and predicting tidal 
variations, even considering the scale limitations inherent in a 
model cf this size. NOlNhere else are even gross patterns of 
oceanic tidal currents of this area presented. These results may 
be used to determine critical areas where current meter studies 
should be conducted, and to verify unusual features (e.g., the 
cross shelf flow between Nunivak Island and St. Matthew Island) ; 
they may also serve in their present form for initial studies of 
fish larvae transport and dispersion. Further advances in model 
simulation will be made as additional boundary conditions, i.e., 
river runoff, permanent currents, variable wind fields, and 
verifications by direct current measurements, are incorporated 
into the model. A more definitive study of this area will 
require a more comprehensive solution to the complex tidal inputs 
of the system and the evolution from this existing single-layer 
model into a multi-layer model. 
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Figure 11 .1.-Computational grid for the finite difference scheme of the hydrodynamical­
numerical model. M coordinates are in the x-direction; N coordinates are in the y-direc­
tion ; z = water elevation; u = x-component of horizontal velocity, on right of z; v = y-com­
ponent of horizontal velocity, below the corresponding z. 
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Section 1 2 

VARIATIONS IN THE FOSITION O~ THE SHELF 
WATER FRONT OFF THE ATLAN~IC COAST EE W E 

CAPE ROMAIN AND GEORGES BA K IN 1Q7 

Jehn T. Gunn 1 

INTRODUCTION 

Mcnitoring ef the t emporal variations of the Shelf Water fron 
position provides important in formation for understandi 9 h 
concentration of fish s teck s , because of the accumula ion of 
lo"er food chain organi sm~ associated wi th the conv rg nce zone:> 
of the front. Since the frent may ex ten d to the bottom o v r the 
continental shelf, as revealed by expendable ba hythprrrograp 
(XBT) transects, its variation s may affect the distribution, an 

thus the harvesting, of benthic and demersal organisms. Also, 
the frontal position may contribute to variation in recrui men 
and year class strength of species wh ose spawning an nurs ry 
areas are affected by the different water mass characteristic or. 
either side of the front. 

An analysis of the posit ion of the She l f Water front for the 
period from June 197 3 , when appropriate satellite data firs 
became available, through 1974 wa s presented previously by Ingham 
(1976). The present analysis for 1 975 is similar, bu in Iud s a 
cemFarison of the trends in the frontal position hetween 197 4 drl 

1975. 

S OUBCE OF DAT A 

The tasis of this study is a we e kly series of frontal char ~ 
(Fig. 12.1). 2 These charts are drawn from the best infr l" _d lOA A 
satellite image of the week or a composite of sev ral Fartial 

lAtlantic Environmental Group, National 
Service, NOAA, Narragansett, RI 02882. 

2Experimental Gulf Stream Analysis Charts , 
Grour, National Environmental Satellite 
ington, DC 20 233 . 

ar in 

Environm· 
c:: • _ rVlce, 

Pis ri 

al St::i ncf' 
'OAA , \ol 



Section 12 

satellite images. The charts show the positicn of the follo wing 
the r l!l a 1 f eat ur e sat the sur f ace: She If Wa t e r , S lope Wa t e r, G ul f 
Stream, and warm and cold core Gulf Stream eddies ("rings"). The 
satellite imagery is recorded by an infrared radiometer, sensing 
in the 10.5-12.5 micron range, with a resolution at the sea 
surface of approximately 1 km at nadir. 

PRIMARY rATA ANALYSIS 

Tc pcrtray the variation of the shelf water frontal position , 
distances were measured to the front along standard bearing lines 
from selected coastal points (Fig. 12.2). The distances measured 
(in mm) from each sa telli te chart are converted to Km and 
corrected for scale variaticn (~~ + or - 5%) from chart to chart . 
These distances are then diminished by the distance along each 
bearing line to the 200- m i scba th. The re suI ting val ues 
represent the distance from the shelf edge to the front; 
positive values are seaward and negative values shoreward from 
this isobath. 

TRENDS IN WEEKLY FRCNTAL POSITIONS 

The graphs of weekly values for each bearing line 
(Figs. 12.3-12.14) reveal both spatial and temporal trends in the 
frontal position. By comparing adjacent graphs, events which 
occur at more than one position can be identified, and by 
consulting the original satellite charts, possitle causes can be 
discerned. In general, there is fair agreement between adjacent 
bearing linEs regarding the onshore or offshore direction of 
excursicns and general trends, although the magni~udes are 
sometimes quite different. 

1!g~ ~ng.!~lL9~ Along the bearing lines out of Casco Ba y 
(Figs. 12.3-12.5) two major events occurred on all three lines . 
In July there was a 25-60 km shoreward intrusion of the fron t 
from the 200-m isobath. Nc anticyclonic eddies were detected in 
the area during this time, and the only noteworthy feature was a 
large Gulf Stream meander to the southeast. The distance of thi s 
mEander from the front (186 km), however, reduces the likelihood 
that it caused the July intrusion. In September, anothe r 
shoreward intrusion appears on all three Casco Bay bearings . 
Considerable Gulf Stream meandering and eddy activity at th is 
time could have produced the intrusion. 

tli111g !!l~~!i£: The middle Atlantic coast region, frcm off 
Nantucket to Cape Henry, was affected by streng fluctuations of 
the front in April and August. The excursion in April reached a 
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axiwum cf 140 km sea ward on some bearing 
Figs. 12.6-12.10) resulting in a considerable decr se ill 
rea of Slope water. No eddies were detected in th immpdia 
rea at this time. The shoreward intrusion in Augus (u P 
15 km) was mainly due to an intrusion from the Gulf Str am 
shed th e Shelf Water front closer to the coast and considerably 
·~rupted its shape . South of the Sandy Hook bearing line th 
ontal position could net be detected during Augu st because of 
oud cover. 

e magnitude of variation in frontal position during 197 5 
igs. 12.3-1 2.10) generally increased progressively north of he 
bewarle Scund bearing line to the Casco Bay 120 bp.aring line , 
milar to 1974. There wa s , however , some wh at less va riabili y 
ong th e Ca s co Bay lines in 197 5 compared wit h 1974. 

MONTHLY MEAN FRONTAL POSI~IONS 

clear picture of the temporal nature of the Shelf Water front 
given ty graphs ef the monthly mean positions versus time 

ig. 12.15). Note that the baseline for excur~ions is changed 
am the 200-m isobath used in the time series to the 2-yr mean 
lu-e. This offsets the time series (Figs. 12.3-12.14) for each 
aring differ e ntly and eaSES compariscn of guasi-periodic 
riatiens. 

ere i s a basic seasonality in the change of frontal position 
ong the tearing linEs from Sa nd y Hook 130 to Casco Bay 140. 
though the magnitude of the variation varies between the two 
ars and among the bearing lines, seaward excursions prevail in 
e first part of each year, January to April, and shoreward 
cursions during the rest of the year, May to December. There 
e some exce pt ions to this, however, such as in 197 5 for Casco 
y 140 wher p. almost no variation occurred during the entire 
are Also, in late 1974, on the Montauk 150 bearing line, the 
ont is shoreward during October and November. Casco Bay 120 

o shows this type of seasonality in 1974, but only a sligh 
dication of it in 197 5 , wh en the changes in frontal po~i ion 
em to haVE been aperiodic. 

the bearing lines south of Sandy Hook 130, the lar ge gaFs in 
€ observations r esulting from clouds , the wea kness of the 
ermal gradient, and the limits to the area covered by the 
ellite are a problem in the analysis. The actual nu er of 

e s ega p s no rt h 0 f Cap e L 00 k 0 uti s not 1 a r g e , but d uri n 9 he 
mer, cloud cover elirrinated ebservations for weeks at a i e 

om Cate May south. Despite these gaps , a seasonal pa ern in 
e 5helf Wat r frontal position may be detected in the Ca ay , 
pe Henry, and AlbemarlE Seund bearing lines, as evi ence ":'n 
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Sect ion 12 

the graphs of monthly me an valu es (Fig . 12.16), which is opposite 
to tna t in the area to the nort h. Her t h fr ont tends to be 
shoreward in the first part of th y ar , January to March or 
April, and seaward in the latt er part of h year. This 
seascnality is guite e vident off Albpmarle Sound , bu le~ s so for 
the ether t'«o tearing lines, due to th l ack of 0 se rvatlons. 1 
large shoreward event , o n the San y Hoo k beari ng , in August 1975, 
when a Gulf Stream warm core eddy was passing t hro ugh the area, 
al~c seems to affect Cape May and Cape Henry , but lack of data 
blurs definition on these last two bearings (see Pigs . 12. <3 and 
12. 1 C f or wee kl y da ta) . 

On tne three most southerly bearings , Cape Lookout , Cape Fear , 
and Cape Romain , the lack of observa ions in the warm season 
prevents determination of whether th re is seasona lity in the 
frontal position or mainly ap riodic movem nts . Despi phis, 
the disflacements along these three bearing lin _s do parallel 
·each other . 

YEARLY ~EAN FRONTAL POSITIONS 

The yearly mean position cf the Shelf Wat~r frcn relative 0 the 
200-m isobath and the standard deviation of these valu s along 
each of the bearing lines indica e that he Shelf Wate r fron wa s 
far the r ins h 0 re i n 1 9 75 t han in 1 974 (T a b I e 1 2 . 1 and fig. 1 2 . 1 6) . 
The cnly exception was the northernmost earing lin . Al houg h 
the differences (on the crder of 10-15 km) in the mean positions 
between 1974 and 197 5 are less than one s andard devia tion, th 
ccnsistently more shoreward positions in 1975 and th e similarit 
of the yearly trends in rrean fcsi ions for the '010 years indicat 
that this ~horeward displacement has some signif icance. Th e tw 
years show parallelism in the relative positions of the fron t 
along each tearing line , with neticea ble sea wa rd disp lacemen ts a 
the Montauk and Cape Henry bearing lines from the genera l 
north-south trend. The variability of the Shelf Water front ' 
position , a~ indicated by the standard dev iation, is s hown to b 
fairly high, but relatively consistent for the two years , excep 
on the tear ing lines out of Casco Bay . In fact, the two lowes 
standard deviations in the two years occur at opposite ends of 
the coa~t, Casco Bay 140 in 1 975 and Cape Lookout 13 in 1 974 . 

INTRUSION OF SLCFE WATER OVER GEORGES EANK 

In the Gecrges Bank r eg ion, another repres e ntation of the 
excursions of the Shelf Water frcnt was produced by measuring the 
percentage of Georges Bank covered by Slope Water as a function 
of time. These . measurements substantiate this seasonality of the 
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le !f Wat r fron as d~monstra pr vio sly 1y 
ig. 12.16). As shown in Fi g ur 1 2.1 7 h 
trusicns cf he Sh If Wa I fron on 0 G 
nuary through May, h larges n 
74-75 covering only 7. ~ of h e 0 al 
cpmber, the fron is concid erab ly mor 

and 17% coverag in 1 974 and 34% an 
though 197 5 had lar.ger in rusions 
trusion in each year cccurr d in rouohly 
np-July and September-Oc oh r . How only 0 5 ' 
rth of data i is impossihle to i hi 
gnificant pattern. 

lITERAT URE CTTED 

GH AM, M. C. 
1976. variation in the Sh If Water front of th 

coast b tween Cape Hatt ras and G org~s ank . _n 
J. R., Jr. (com piler) , Th en vir onm nt of h InOt 
living r.!arine resources - 1974, p . 17-1--1 7 - 21 . . 5 . 
Commer., Na 1. Ocean. Atmos. Admin., la 1. ar e Fi h . 5 rv ., 
MAR MAP (M a r. Res 0 u r. [v1 en it. Ass s s . P ric. P r og .) Co i b . 
104. 



Table 12.1 .--Yearly mean and standard deviation 
of Shelf Water front position. 

Sample size 2 
M an 
separation 3 

Standard 
deviation 

BEARING LINE 1 1974 1975 1974 1975 1974 1975 

Casco Bay 120 0 30 38 45.4 72.2 70 .9 59.0 

Casco Bay 140 0 31 38 35.4 0 . 4 64.0 22 .6 

Casco Bay 160 0 36 41 6.1 -2.9 39 . 3 26.1 

Nantucket 180 0 37 35 -0.6 -5.6 38.5 37 . 8 

Montauk Pt. 150 0 34 35 19.8 8 .8 36.7 38 . 3 

Sandy Hook 130 0 36 35 1.2 -4.4 46.8 45.0 

Cape May 130 0 38 34 4.1 -7 . 3 31. 8 34 .8 

Cape Henry 95° 40 32 17.4 7 . 3 36 .4 39.5 

Albemarle Sd 90 0 40 31 -11.5 -16.7 24 .6 32 .5 

Cape Lookout 135 0 24 31 -18 . 2 -24 . 5 20 .1 28 .9 

Cape Fear 140 0 19 28 -20.2 -35.8 40.5 38.4 

Cape Romain 140 0 21 22 -9.9 -40.2 43.4 33.3 

1 See Figure 12.2 

2 Number of weekly positions of front. 

3 Distance (km) of front from 200-m isobath ; positive is seaward. 
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Figure 12.1 :-Example of weekly Frontal Analysis Chart produced by the National Environmental Satellite Service, NOAA. 
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Figure 12.3.-Shelf Water front position relative to the 200-m isobath along a 120-degree bearing line from Casco Bay, 
Maine; positive is seaward. 
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Figure 12.4.-Shelf Water front position relative to the 200-m Isobath along a 140-degree bearing line from 
Casco Bay, Maine; positive is seaward. 
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Figure 12.5.-S:1elf Water front position relative to the 200-m isobath along a 160-degree bearing line from Casco Bay, 
Maine; positive is seaward 
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Figure 12.6.-Shelf Water front position relative to the 200-m isobath along a 180-degree bearing line from Nan­
tucket Island, Mass.; positive is seaward. 
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Figure 12.7.-Shelf Water front position relative to the 200-m Isobath along a 1S0-degree bearing line from Montauk 
Point, N.Y. ; positive is seaward. 
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Figure 12.B.-Shelf Water front position relative to the 200-m isobath along a 130-degree bearing line from Sandy 
Hook, N.J.; positive is seaward . 
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Figure 12.9.-Shelf Water front posit ion relative to the 200-m isobath along a 130-degree bearing line from Cape May, 
N.J.; positive is seaward . 
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Figure 12.10.-Shelf Water front position relative to the 200-m isobath along a 95-degree bearing line from Cape Henry, 
Va.; positive is seaward . 
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Figure 12.11 .-Shelf Water front position relative to the 200-m isobath along a gO-degree bearing line from Albemarle 
Sound , N.C.; positive is seaward. 

300 

200 

e 100 
~ 

0 

-100 

300 

200 

e 100 
~ 

o 

CAPE 

.--.--. . . 
\/' ..................... ........- '. ..... / 

JAN 

CAPE 

LOOKOUT 135· - 1974 

. ~. .-' ~.-. ''----/ ........ _..".-. 

LOOKOUT 135· - 1975 

-100 1------r----.------r-----r----~----~----~r-----._----._----,_----,_----, 
JAN 

225 



CAPE FEAR 140· - 1914 
300 

200 

~ 
100 

0 . .---\ ._-' ./\ /.--./ ./ / . ' - .- ./ 

-100 

JAN 

CAPE FEAR 140· - 1915 
300 

200 

e 100 

x: 

/'-'/ 0 

/". '/-' .-.-.-' 
/ -.-' . ~-. -_.-....... -. "/" ' -100 

JAN 

CAPE ROMAIN 140· - 1914 
300 

200 

e 100 x: 
/ '/\Ll / //\ 0 \ 

".- . 
'-'-'--./ 

-100 

JAN 

CAPE ROMAI N 140· - 1915 
300 

200 

E 100 
x: 

0 /\ .-' . / 
._/-.-./ .......... ,., ... ~ ',,/' ;'-. ,.- ...... 

-100 

JAN 

Figure 12.14.-Shelf Water front position relative to the 200-m Isobath along a 140-degree bearing line from Cape 
Romain, S.C.; positive Is seaward . 
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Section 13 

WIND-DRIVEN TRANSPORT IN 1975, 
ATLANTIC COAST AND GULF OF MEXICO 

Jehn T. Gunn l 

~nowledge of the transport of thE ocean's surface layer has 
s pecial significance for fisheries scientists because the 
Dlanktonic stages ef most resource species concentrate within the 
surface layer and are transported along with it, often into 
t hanging environments which may be either favorable or 
nfavorable to their survival. The strength and direction of 

seasonal drift patterns can strongly influ~nce larval survival 
nd recruitment of many resource species. An example of this is 

"he role aPFarently played ty wind-driven transport (Sverdrup et 
1. 1942:492) of the surface layer in transporting larvae of 
tlantic menhadEn from their offshore spawning sites south of 
ape Hatteras to estuarine nursery areas along the coasts of the 
arolinas (Nelson et ala 1977). In the period 1955-70, strong 
ear classes occurred when there was strong westward transport 
uring the spawning months, and weak year classes were associated 
ith weak wEstward transpert er eastwa rd transport. 

ind-driven transport dan also play an important role in 
etermining the nearshore circulation, as described by Armstrong 2 
or the northwestern Gulf of Mexico. In that area the seasonal 
1uctuations in the direction and strength of the wind-driven 
ransport changes the direction of nearshore flow over the 
ontinental shelf of Texas, with possible imp0rt to shrimp 
urvival. 

t is expected that variations in wind-driven (Ekman) transport 
re a significant influence on the larval survival, recruitment, 
nd year class strength cf resourCE species other than Atlantic 
enhaden, and on the physical oceanography of areas other than 
he northwestern Gulf of Mexico. 

lAt1antic Environmental Group, National Marine Fisheries 
ervice~ NOAA, Narragansett, RI 02882. 
2Armstrong, R. S. 1976. Historical physical oceanography 
easenal cycle of temperature, salinity and circulation. MS. 
tlantic Environmental Group, NMFS, Narragansett, RI 02882. 
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section 13 

Estimates of wind driven (Ekman) transports in the upper layer of 
the North Atlantic Ocean and Gulf of Mexico a re a mong the suite 
of parameters computed from monthly a verage atmosp heric pre~sure 
charts by the Pacific Environmental Group. The computat~onal 
method emplcyed i s descr ibed by Bakun (1 (73 ) . The monthly 
transports and related paramete r s are availacle ack to 1 9u6 . 3 

WIND DRIVEN ~RANSPORT IN 1975 

Monthly Ekman transport values for 1 975 are prese t d in 
Table 13.1 and Figures 13.1 and 1 3. 3 for three locations off the 
Atlantic coast and three locaticns in th e nor hern Gulf of 
Mexico . Ten-year monthly mean values for thp. period 19h4-73 are 
a 1 sop res e n ted for co !l1 Far i so n ( Fig s . 1 3 . 2 and 1 3 . 4) . a j 0 r 
variations of the 1975 transport valu es from the 10-yr mean 
values are summarized in the following paragraphs . 

At 40N, 70W: In the first t wo months 0 1975 , he estimated 
Ekman transport was wEaker than the 10-yr mean an ha a mo re 
southerly ccmFonent . By April , however , t he tra sport ppaked at 
a value almost four times that of he mo nthly mean and shifted 
more to the southwest. ~his ancmaly coincided wi h a seaward 
excursion of the Shelf Water front in the de " Yorr. Bight area 
(Section 12). The transFort dropped well telo w the mean for the 
May-JunE period, but increased again in July to a maximum 
little greatEr than the mean . This July incr ase coinci ed with 
an excursion of the Shelf water front on 0 Georges Bank , a 
effect opposite to what might be expectE from the Ekma 
transport. The strength of the transport ccincide ra he 
closely with the mean values for the remainder of the year, 
exce?t for a lower magnitune in December. ~he usual ra nsitio 
from a soutbEasterly to a south westerly d irecti on occurred i t 
August, apFroximately a month earli er than in the 10-yr mean 
Because the spring transjtion f r om southwest er ly to southeaste rl 
flow occurred later than normal, the summer Feriod of southea s t 
flow was shorter than what would be expected from the mea 
values. 

At 35N, 75W: 
driven transport 

The magnitudes and directions of the wind­
at this location are generally correlated wit 

3Por further information regarding these data, contact Chief, 
Pacific Environmental Group, National Marine Fisheries Service, 
c/o Fleet Numerical Weatber Central, Monterey, CA 93940. 
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those at 40N, 70W, with Feaks in magnitude in AFril and July. 
The earlier peak is not Fresent in the mean data, but the later 
i s. In the first two months the transport was weaker than the 
mean and more towards the southeast, which may have had an 
adverse effect on the survival of the Atlantic menhaden larvae 
SFawned south of Cape Hatteras. Good years for larval transport 
lave had westward zonal transport values of over 500 t/s-km 
metric tons per second Fer kilometer) for January and February, 

Ihereas in 1975 the values for these months were §~~t~£IQ at 
'7 5-200 t/s-km. By April, a small westward zonal comFonent 
Cl eveloped, but this was probably too late to provide the reguired 
t ransport for the bulk of the menhaden larvae. The transport for 
1: he rest of the year was fairly consistent with the ten-year 
l ean, although generally less in magnitud e and lacking a zonal 
(~ omponent in August. 

At 30N, 80W: The ten- year mean values of estimated 
t ran~port for this position are weak «150 t/s-km) from January 
to August, with their directions swinging around from northwest 
to east by March, and staying in the E-NE octant through August. 
The direction swings back around to the N-NW octant for the last 
t our months of the year, with a peak transport of 450 t/s-km to 
the north-northwest in October. 

I n 1975, the wind-driven transport for the first seven months was 
approximately the sarre magnitude as the 10-yr mean, but 
consistently in the ENE-ESE octant. It then increased in 
~ agnitude and turned toward the NNW-NNE oct ant for the remainder 
:.> f the year, similar to the 10-yr mean. The estimated transport 
"id reach a maximum in October, like the 10-yr mean, but its 
nl agnitude was only 300 t/s-km. The transport values for 
~ i eptember and November 1975, however, were both higher than the 
Fean value. 

At 27N, 84W: The 10-yr mean values of the Ekman transport 
f or this position show a general decrease from 610 t/s-km in 
. anuary to a low of 128 t/s-km in July. The transport then 
Lncreases to a yearly high in October of 870 t/s-km,. and then 
:Iecreases the rest of the year. The direction of the transport 
i. n the 10-yr mean is in the N-NE octant in all months except 
~' anuary, October, and Novemter, when it is in the N-NW octant. 

he fluctuations of the transport in 1975 were fairly similar in 
nagnitude to the 1C-yr mean values, but not in direction. 
;enerally, the transport values were slightly smaller than the 
~ ean values, except in March and April, when they were close to 
the means. The transport maximum, 1300 t/s-km, was in November, 

month later than the yearly maximum in the 10-yr mean data. 
~r ansport direction was generally more towards the east than the 
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mean directions during the 
in April, when it was clos 
was the most eastward, but 
transport magnitude was a. 

firs sevpn onths of 
to the 10 - yr mean . 
his occurred uri 

h Y a r , 
The uly 

a p.rio wber 
a minimum. 

At 27N, 90W: The pat rn of -
this pc~ition shows maximum valu 
year, April and Oc c t Er. he 
(70e t/s-km) occurs just af er a 

northwest to northeast . ~hereafter , 

to the northwest by Oc ober , w pn 
occurs (1,000 t/s-km) . 

n 'II in 
s a 

ri 1 

he 

- drivp ran s or_ 
~o p.rio s duri ~ 

. ranspor: 
ir c"ion fr 
chang_s a 

n . anspo 

The 1975 estimated transpor valu larger in 
(1,420 t/s-km) and fall (1, 20 he 
values, but the fall peak occurrp 
was the case a 2', 84W. ""he irec ions 0 

fol~owed thE mean values, bu he sh'f s occur re a.o on 
earlier than in the mean pa ern and direc 'on s ·or 
throQgh August were far her 0 the nor heas . 

At 27N, 96~: A hi~ Fcsitio , hp 10 - yr ea 
seac:o a ~hi s i 

i Ja uary 
ear y do 

val ues 
wind-driven transport exhihi s arp 
and rragni ude. The magni ude of ~.O 

slowly through Marc~, and hen 
annual maxi UIT', 1800 t/c:-km. For 
magnitude decreases until the las 

cf he year, +h 
hen levels c : a' 

5eO-600 t/s-km. The direction of ranspor. oves 
just east of north in January and Fe ruary o. cr heas y 
remaining there until Sep ember hen i swings o a 
northerly direction for he balance of e year . 

The wind-driven transport in 1975 followe he general 
fluctuations of the 1C-yr ean , bu he ag .it-ude 
consistently less and the direction ore owar s he north . 
spring-summer magni udes, however, were especially di:fere 
the 10-yr means, not reachin g as high a pea i .pril , re aini 
distinctly lcwer in ~ay and June, and diminishing to fall -w in E 

levels so e two months earlier, in ly . Further ore , tt 
spring-summer wind dirEcticns 1. 1975 (Pig . 13 . 5) did no 
fully a round to typical southeasterlies excep i r. Ju e . Fe ur 
tc the easterly wind condition of fall - winter occurred a ou or 
month earlier than the IDEan. 
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APFIICATION OF WINt DRIVEN TRANSPORT ESTIMATES 
TC ANALYSIS OF CIRCUlATION ON THE TEXAS SHELF 

Section 13 

I 
~rmstrong (see footnote 2) concluded tha t the Shelf Water 
drculation of the northwestern Gulf of Mexico is principally 
governed by wind-driven transport. Based on the methods of that 
study, the inference is that the wind-driven circulation during 

975 induced longshore currents over the Texas shelf 1) toward 
he we~t ana south from January into March and again from 

, id-September through December; 2) toward the north and east, 
eeompanied by upwelling over the outer shelf, from April through 
uly; and 3) with transitional periods in March and August. 
'cmfari~on with 10-yr means indicates that the directicns of flow 
n the Texas shelf were typical in 1975, except that the reversal 

:rom summer to fall teak place about a month earlier than the 
verage. In ether words, the transition from the spring-summer 

' low toward the north and east to fall and winter flow toward the 
est and south was in August rather than September. Based on 
.nterpretaticns of monthly mean winds, the spring-summer flow was 
enerally weaker than average, and upwelling over the outer shelf 

.ess pronounced, whereas the fall-winter flew was perhaps 
;trcnger than average in November and December. 
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Table 13.1.--Monthly average Ekman transports for selecred points off the U.S. 
east coast and in the Gulf of Mexico, 1975, in t/s-km. Positive is eastward 
(zonal) and northward (meridional). 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

40oN, 700W 

Zonal -10 -40 -90 -260 00 20 230 30 00 -30 00 - 3 i 

Meridional -200 -180 -220 -330 -10 -40 -220 -80 -10 -30 -140 -1 ' 

35~, 750W 

Zonal 50 20 10 -130 20 20 150 10 10 -30 -20 -30 

Meridional -200 -70 -210 -290 -00 -10 -90 -60 60 30 -20 -30 

30~, 800W 

Zonal 40 50 70 0 60 40 140 20 30 -100 -80 -5C 

Meridional 20 10 -40 -00 10 10 -10 30 260 290 270 9C 

27°N, 840W 

Zonal 90 100 230 130 70 60 140 100 70 -160 -30 -3~ 

Meridional 430 160 260 350 70 60 40 330 480 740 1300 65 

27~, 900W 

Zonal 00 40 420 420 410 160 20 140 -390 -420 -260 -36 

Meridional 560 270 730 1360 730 480 80 640 780 1000 1300 88 

27°N, 960W 

Zonal 100 30 350 820 560 790 370 240 -130 00 90 -1 

Meridional 370 360 710 1410 850 740 480 620 590 570 540 41 1 
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Table 13.1.--Monthly average Ekman transports for selecred points off the U.S. 
east coast and in the Gulf of Mexico, 1975, in t/s-km. Positive is eastward 
( zonal ) and northward (meridional). 

... 
Jan Feb Mar Apr May J1m Jul Aug Sep Oct Nov 3 

40oN, 700W 

Zonal -10 -40 -90 -260 00 20 230 30 00 -30 00 

Meridional - 200 -180 -220 -330 -10 -40 -220 -80 -10 -30 -140 

35~, 750W 

Zonal 50 20 10 -130 20 20 150 10 10 -30 -20 

Meridional - 200 -70 - 210 -290 -00 -10 -90 -60 60 30 -20 

30~, 800W 

Z1nal 40 50 70 0 60 40 140 20 30 -100 -80 

Meridional 20 10 -40 -00 10 10 -10 30 260 290 270 

27~. 840W 

Zonal 90 100 230 130 70 60 140 100 70 -160 -30 

Meridional 430 160 260 350 70 60 40 330 480 740 1300 

27~, 900W 

Zonal 00 40 420 420 410 160 20 140 -390 -420 -260 -
Meridional 560 270 730 1360 730 480 80 640 780 1000 1300 

27°N, 960W 

Zonal 100 30 350 820 560 790 370 240 -130 00 90 

Meridional 370 360 710 1410 850 740 480 620 590 570 540 
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Figure 13.1.-Monthly Ekman (wind-driven) transports for three pOints off the Atlantic Coast for 1975. 

235 



80° 

80° 

JAN DEC 1771 \~' '1/ 

JAN ~c 
//1 \ --...-'-.. ... ~ 

MONTHLY EKMAN TRANSPORT 

10 YEAR MEAN 
1964-1973 

Figure 13.2.-Mean monthly Ekman (wind-driven) transports for three points off the Atlantic Coast for 
the 10-yr period, 1964-73. 
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Figure 13.4.-Mean monthly Ekman (wind-driven) transports for three paints In the northern Gulf of Mexico for the 10-yr period, 
1964-73 

238 



..... 
a:: 
0 a.. 
(J) 

Z 
<t a:: ..... 
Z 
<t 
~ 
~ 
UJ 

-E 
~ 

....... 
0 
Q) 
f/) 

....... 
(J) 

c: 
0 -
0 
~ -Q) 

E -

-~ 
o 
a:: 
LL -a Z 

zQ 
- ..... 
3:0 

w 
a:: -a 

3000~-----------------------------------------r 

® 

2000 

/0 YR MEAN I (/964 -/973) 

-1000 - \ 
\ 
\ 

180°-r------------------------------------------~~900 

® 

J 

MONTH 

/0 YR MEAN 
/ (/964-/973) 

o 
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Section 14 

SPRING AND AUTUMN BOTTOM-WATER TEMPEFATURES 
IN THE GULF OF MAINE AND GEORGES BANK, 1968-75 1 

Clarence W. Davis 2 

INTFODUCTION 

This parer summarizes variations in bottom-water temperatures in 
the Gulf of Maine-Georges Bank area (Fig. 14.1) during spring and 
autumn 1968-75. Unusually high temperatures ~ere observed in 
1973 and 1974 during several cruises in the Gulf of Maine-Georges 
Bank area. These observaticns ccincided with recent changes in 
the distribution and/or timing of spawning of certain fish and 
shellfish. Notable changes during this Feriod included: 
extended distribution of green crabs, bluefish, and menhaden 
along the coast of Maine; mackerel overwintering northeast of 
their usual grounds; delayed inshore movement of silver hake; 
and delayed spawning and change ' in availability of the inshore 
stock of sea herring in the Gulf cf Maine. 3 According to several 
authers, as cited by Colton and Stoddard (1973), the distribution 
of benthic organisms in continental shelf waters in temFerate 
latitudes is controlled largely by seasonal temperature 
conditions. Further, Colton (1968 a ) attri buted a delay in the 
timing of maximum haddock srawning on Georges Eank, and vernal 
augmentation of the Gulf cf Maine stock of ~£l£n~§ finill~~£hi£~~, 
to decreasing temperatures. 

The question was raised whether there had been a significant 
upward trend in average temperatures or simply a couple of 
anomalous years since 1968. Although bottom temFeratures alone 
represent cnly a partial Ficture of the temperature structure of 
the region, they are sufficient to show major changes and are 

1Summarized from ICNAF Res. Doc. 76/VI/85. 
2Northeast Fisheries Center, National Marine Fisheries Service, 

NPAA, Narragansett, RI 02882. 
3Anderson, E. D. 1975. The effects of a combined assessment for 

mackerel in ICNAF Subareas 3, 4, and 5, and Statistical Area 6. 
ICNAF ' Res. toc. 75/14, 14 p. Also, personal ccmmunication from 
V. Anthcny, Northeast Fisheries Center, NMFS, Woods Hole, MA 
02543. 
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Section 14 

Figure 14.3 illustrates the changes in percentage of temperature 
class intervals (TCI's) for the . entire Gulf. The general warming 
trend i~ characterized by a rather progressive decrease in water 
<4C with a corresponding increase in water >SC (solid bars in 
histogram). Although soree yearE had the same or nearly the same 
mean temperature, the TCI's were usually of quite different 
magnitude. For example, during the spring cruises of 1970 and 
1972, the means varied by only 0.1C but the coldest and warmest 
TCI'E varied by factors of abcut 2 and 13, respectively. The 
6C-SC TCI dominated in all years, while the 4C-6C TCl remained 
the most consistent during the Etudy period. 

Figure 14.4 summarizes the annual mean spring temperatureE for 
the Gulf by Eubareas of one degree longitude (Fig. 14.1). 
sutareas I and IV had the lewest and highest values respectively 
in each of the years investigated as expected, since I has the 
mest sheal water and nearly all of IV is deeper than 200 m. The 
relative shoalness of I is also reflected in the large 
temperature variability tetween years, especially the increases 
between 1969 and 1970 (+1.5C) and between 1973 and 1974 (+1.0C), 
and the decreases between 1970 and 1971 (-0.6C) and between 1971 
and 1972 (-0. 7C) . A tem peratu re increa se wa s noted bet lHeen years 
in all Euba. reas from 1968 to 1970 and from 1972 to 1973 I but no 
year produced a decrease in every subarea. The 8-yr mear.s and 
yearly anomalies are sumroarized . in Table 14. 1 and show that all 
subareas had negative values in 1968 and 1969 and positive values 
in 1974 and 1975, but a mixture of values in the intervening 
years. 

CempariEon of the Gulf by subarea again s h ews how years of 
sirrilar mean temperatures can ha e vast l y different TCI's 
(Fig. 14.5). In subarea I the means were a ll 5C in 1 970, 1974, 
and 1975, cut the TCI's in 1970 were about 20% each of 2C-4C and 
6C-8C, and 60% of 4C-6C, lHhile 1974 and 1975 were both nearly 
1 ·00~ of 4C-EC. Conversely, a deep, stable subarea like IV had 
very similar TC J percentagEs when the spri ng mean E were similar, 
and clearly showed the decrease of cold est and increase of 
warmest TCI's as the warming trend progressed . 

Autumn bottom-water temperatures in the entire Gulf of Maine 
increased steadily from 1968 to 1974 and decreased quite abruptly 
in 1975 (Fig. 14.5). 'The total 7-yr increase was 1.3C 
(7.3C-8.6C), while the single decrease was 0.6C. The 8-yrmean 
of 7.9C was 0.9C warmer than observed by Karaulovsky and Sigaev 
(see feetnote 5) for the years 1962-72, and about 2C warmer than 
the seasonal mean indicated for this area by Schopf (1967). 
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Temper atur e class intervals in the Gulf showed a consistent 
change ann uall y eve n though the mean temperatures varied only 
slight l y f r om yea r t o year (F ig. 14.3). Gene rally, water (6C in 
colder years was " rep laced" by >10C water, and dominance of the 
6C-8C TCI shifted to the 8C-10C TCI as a result of the warming 
tren d. 

TemFeratures fluct ua t ed wi de ly be tween years and generally did 
not sho~ a consistent pattern between subareas. However, the 
easternmost subarea (V) was usually the warmest, and subarea II 
the' coldest, and in 1975 a l l subareas decreased (Fig. 14.6). The 
largest fluctuations occ urred i n th e coastal subareas I and V 
which had annual difference s a s much as 1.5C-1.8C. Although 
subarea I is the sma ll est of the Gulf divisions, its 
exceFtionally large negative anomaly of 1.6C (Table 14.1) 
accounted for most of the 1975 dec lin e in mean bottom water 
temperature for the entire Gulf (Fig. 14.2). Subarea II, which 
c omprises most of the Western Basin of the Gulf of Maine, had the 
lowest mean bottom-water temperature (7. 3C), whereas subarea V, 
influenced by its large area o f s hoa l water and the inflow 
through the Northeast Channel , had t he highes t me an (9.1C). 

The subarea TCI's are shown in Fi gure 14.7, and unlike the 
histogr am for the entire Gulf, indicate tbat similar mean 
tempera tures usually had similar TCI per c entages. The best 
examples of this relationship occurred in 19 69 be tween subareas I 
and V; in 1972 between IV a n d V; and in 197 3 among I, II, and 
III. The relatively large amounts of 4C- 6C wate r in subareas II 
and III in 1968 and in subarea I in 1975 wer e chiefly responsible 
for the lowest annual mean and si ngle annual decrease. The 
absence of this TCI in 1974 coinci ded with the highest mean 
temfera tures observed for the entir e Gulf of Maine but not 
nece~sarily for the individual subarea s . 

Preliminary analysis of spring data f or 
highs since 1968 for all subareas of t he 
mean 7.1C}. A relatively large amo unt o f 
in the Gulf was probably of sloFe ori g i n 
Nor theast Channel. 

1 97 6 indicates record 
Gulf of Maine (observed 
8C-10C water observed 
and entered through the 

Spring b ottcm-water temperatures o n Georges Bank were character­
ized by a low in 1971 of 4C follo wed b y rather large year to year 
increases tc a peak of 6 . 5C i n 1974, a nd then a s harp decline of 
1.1C in 1975 (Fig. 14.8). The 8-yr me a n of 5 .2C is 1c lower than 
reported by Karaulovsky and Sigae v (see f ootnot e 5) for 1962-72, 
but their coverage in clu ded wa t ers dee per than 100 m. Schopf 
(1967) calculated a mean botto m-wa t er te mp e rature of approxi-
mately 4.8C for Geo r ges Eank d ur ing th is season in the periods 
1955 - 56 an d 1 9 E 5- 66. 
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Georges Bank is usually deminated by the 4C-6C TCI in the Epring 
which in 1969 accounted for 90% of the area within the 100-m 
isobath (Fig. 14.9). The coldest (1971) and warmest (1974) years 
are marked by a displacement of this TCl with 2C-4C and 6C-8C 
water, respectively. Since the Bank waters are well mixed, these 
cbanges in TCI percentages reflect broad-scale habitat 
differences in 1971 and 1974 from average conditions. 

Unlike the Gulf of Maine, year-to-year changes in spring tempera­
tureE were similar in all the subareas of Georges Bank, which 
again points out the homogeneity of these shoal waters 
(Fig. 14.10). Central Gecrges Bank was usually the coldest of 
tbe three subareas, and reached a minimum of 3.6C in 1971. 
Western and eastern Georges Bank had very similar mean 
temperatures except in 19E8 when the latter Eubarea had an 
anomaly of -1.7C ('l'able 14.2). 

Subarea TCl's for both spring and autumn are shown in 
Figure 14.11. ~t is interesting to ncte that the quite warm 
years of 1973 and 1975 were substantially influenced by water >8C 
in all three subareas, but that the warmest year, 1974, had none 
of this water. The rather low mean for the entire Bank in 1968 
was mainly the result cf a 2C-4C TCl of 75% in the eastern 
Eubarea. 

Mean bottom-~ater temperatures on Georges bank in the autumn 
increased from a low cf 10.6C to a high of 13.4C in 1973 
(Fig. 14-.12). The largest year-to-year variations were -1.5C 
(1968-69), -1.1C (1974-75), +1.3C (1970-71), and +1.2C (1972- 7 3). 
The 8-yr mean of 12.1C was recorded in both 1968 and 1975; this 
value was about 1C war~er than tbat reported by Karaulovsky and 
Sigaev (Eee footnote 5) for 1962-72. 

The two coldest years, 1969 and 1970, are characterized by 
relatively large amountE of water <10C and small amounts >14C, 
while the t~o warmest years, 1973 and 1974, had no water <8C 
(Fig. 14.9) • Years of similar mean temperatures did not 
necessarily have similar TCl percentages; 1973 and 1974 were 
alike, but 1968 and 1975 were quite different. 

Figure 14.13 and Table 14.2 summarize the mean temperatures and 
variations for the three subareas of the Bank. Especially 
notable are the consistently low temperatures en eaEtern Georges 
Bank during all years of the study. The warmest part of the Bank 
alternated nearly every year between the western and central 
subar~as, and each had the same 8-yr mean (12.9C). Despite the 
large annual fluctuationE, each subarea was in phase with the 
general trend depicted for the entire Bank. 
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The influence of the eastern subarea on autumn m_an t mp p alur s 
for the whole of Georges Bank i~ vid nt in h 1'CI ni. rjbu ions 
shown in Figure 14.11. Relatively largo mounts of C-8C water 
and small amounts of 14C-16C wat r in the _ast rn c u~arEa are 
prevalent in cold and warm years, r sp tively. Th modal TCl 
percentages are consistently low r by one intprval than hos in 
the ~estern and central subareas . 

rISCUSSION 

Year to year changes in spring an autum bot om-wa er 
temperatures in the Gulf of Main and Georg Bany. are obviously 
related to the volume of unusually col cr warm water which 
denotes changes in composition of thes wa rs . Bigelow (1927) 
and Colton (1968b) concluded tha i is h volum. and 
composition of offshore waters entering the Gulf cf .a inp via th_ 
Northeast Channel that principally de ermine hes varia ions, at 
least in the deeper basins of th Gulf. P.I hough salini y 
observations were not deterrrined in his study , i can reasonably 
be assumed that Slope Water n er in t Gulf t rough the 
Northeast Channel was mainly rpsponsihle for he general 
temperature trend observed in muc of he Gulf , a d ulti a ely 
effected changes in Georges Bank . Examina ion of th Flo e 
isotherms (Figs. 14.14 and 14.15), e!:ppcially for he spring 
cruises, clearly supports this assumption . Schlitz , s spected , 
from the above examination , tha th high sprin temp ratures 
observed in 1972-74 were either the resul of a reppated inflow 
through the Northeast Channel each year , as indicate by he 8e 
isotherm (Fig. 14.14), or that a single major pulse occurred i 
1972, perhaps followed ty lesser intrusions, and this warm water 
persisted in the deep basins until natural decay resul ed i the 
observed 1975 decline in mean bottom emp rature. Another 
hypothesis is that a similar sequence wa s initia ed in t e autumn 
of 1971 and that the warrr spring con itions were he result of 
"overwintering" Slope Water. Regardless of the hYFothesis, it 
seems clear that anomalous conditions occurred commencing in 
autumn 1971 and spring 1972 and persisted through 1974 . In order 
to understand the dynamics of such changes, it will be necessary 
to carry out continuous monitoring of temperature, salinity, and 
currents in the very irrportant Northeast Channel and contiguous 
waters. As stated by Bigelow (1927), this channel is the most 
striking feature of the Gulf of Maine affecting the hydrography 
of the region. Also, an examination of available data on the 
volume and temperature of adjacent Slope Waters in the past 

7Personal communication from R. Schlitz, 
Center, NMFS, Woods Hole, MA G2543. 
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Section 14 

prov ide a better understanding of the ob ~erved 
in the Gulf of Maine and on Georges Bank during this 

The trend of increasing temperatures since 1968 was much smoother 
in the Gulf of Maine than on Georges Bank when each area is 
analyzed as an entire unit (Figs. 14.2, 14.8), but on Georges 
Bank the :::utareas are much more alike within a gi ven year 
(F i g ::: • 1 4 • 4, 1 4 . 9). T hi::: is to bee x pe c ted as the en t ire 'Wa t e r s 
of Georges Bank are often well mixed by tides and winds as 
indicated by the homogeneity of TCI's in years of very comparable 
mean temJ:eratures such as in spring 1969 and 1972 (Fig. 14.11). 
This phenomenon was not ob:::ervable in the autumn because eastern 
Georges Bank was consistently twc er more degrees colder than the 
rest of the area. This can be explained in part by the fact that 
eastern Georges Bank contains the smallest area of shoals of the 
three subareas, and the effect of the indraft through the 
Northeast Channel would terd te cool eastern Georges Bank in the 
autumn (Colton 1968b). 

With respect to biological changes, it is perhaps more imJ:ortant 
to note the fluctuaticns in volumes of certain temperature 
intervals rather than variations in temperature means or 
extremes. For example, the TCI's might be considered estimates 
of suitable habitat area fer any given species rroviding its 
temJ:erature tolerances or preferences are known; if spawning and 
survival of species "X" on Georges Bank is mo:::t successful in 
6C-8C water, then the 1974 year class might be stronger than the 
other seven year classes for which dat a are presented, as no 
other year had l~rge guantities of thi s water in this area 
(Fig. 14.11). A close examination o f such relationships with 
real species in the entire water column appears warranted as a 
follow-up to this report. It is perhaps unlikely that a simple 
linear relationship between year class success and temperature 
will be found for any species; however, temperature trends of 
the magnitude shown in this paper undoubtedly influence certain 
biolegical phenomena in significant ways, e.g., changes in time 
of spawning of sea herring and haddock, and distributional 
Fattern::: of mackerel and silver hake. A more cOffplete 
understanding of the net effects of temperature on spawning, 
hatching success, growth, predation, etc. is reguired, but 
nevertheles::: other gro:::s effects such as those stated might be 
evident if available biolegical data for the last decade were 
closely scrutini'Zed. Certainly there would be significant value 
in correlation analyses of time-series data, especially after we 
have better mea:::ures of the dynamics invelved in temperature 
variations in the Gulf of Maine and on Georges Bank. 
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Table 14.1.--Eight-year means and yearly anomalies for subareas of 
the Gulf of Maine, spring and autumn, 1968-75. 

Subarea x 1968 1969 1970 1971 1972 1973 1974 1975 

SPRING 

I 4.2 -1. 5 -0.7 +0.8 +0.2 -0.5 -0.2 +0.8 +0.8 
II 5 . 9 -1. 0 - · 8 + .6 + .3 - · 1 + · 1 + .3 + .4 

III 6.2 -1.1 - .5 + · 5 + · 3 - · 1 + · 2 + . 3 + .3 
IV 7.0 -0.7 - · 5 - · 1 - · 2 + · 4 + .6 + . 7 + .2 

V 6.0 -1. 0 -1. 0 - · 3 0 0 + .8 + .5 + . 5 

AUTUMN 

I 8. 1 +0.3 +0.2 +1.2 0 +0.3 -0.3 -0. 1 -1.6 
II 7 . 3 -1. 2 - · 5 0 +1. 1 + · 1 + .6 + . 1 -0.2 

III 7.5 -1. 2 . .4 -0.3 +0.1 + .2 + . 2 + .8 + .5 -
IV 8.2 - · 4 - .9 -1.0 - .5 + · 6 + .4 +1.1 + . 5 

V 9. 1 - · 2 - · 7 -1. 3 - · 6 + · 3 + · 9 +1.7 - . 1 

Table 14.2.--Mean bottom-water temperatures an d anomalies by sub­
areas of Georges Bank, spring and autumn, 196 8-75. 

Subarea x 1968 1969 1970 1971 1972 1973 1974 1975 

SPRING 

Western 5.3 -0.7 - O. 1 -0.3 -1.1 0 +0 .9 +1. 4 +0.2 
Central 5. 1 0 + . 1 -1.0 -1. 5 +0.1 + . 7 +1. 4 + · 4 
Eastern 5.2 -1. 7 0 - .4 -1. 0 0 +1. 0 +1.2 + · 6 

AUTUMN 

Western 12. 9 0 -1.8 -1.1 +1. 0 +0.4 +0.6 +1. 3 -0.3 
Central 12. 9 -0.4 -1.2 -0.7 +0.3 - . 2 +1.2 +1. 1 - · 1 
Eastern 10.3 - · 2 -1.6 -1.3 - . 3 0 +1.5 +1.5 + · 4 
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Figure 14.1.-Gulf of Maine-Georges Bank and sub­
area boundaries used in data analysis (solid circles 
represent typical distribution of bathythermograph 
stations). 
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Figure 14.2.-Spring and autumn mean bottom-water tempera­
tures in the Gulf of Maine, 1968-75. 

Figure 14.3.-Percentages of temperature class inter­
vals (Tel 's) in the Gulf of Maine, spring and autu mn 
1968-75. 
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Figure 14.5.-Percentages of temperature class intervals (Tel's) In the Gulf 0 Maine by Subareas I-V 
spring 1968-75. 

Figure 14.6.-Mean bottom-water temperatures In the 
Gulf of Maine by Subareas I-V, autumn 1968-75 
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Figure 14.8.-Mean bottom-water temperatures on Georges 
Bank, spring 1968-75. 

Figure 14.9.-Percentages of temperature class in­
tervals (TCI 's) on Georges Bank, spring and autumn, 
1968-75. 
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Figure 14.10.-Mean bottom-water temperatures on Georges Bank 
by subareas, spring 1968-75. 

~r---------.---------'----------.---------r--------~---------'--------~~------~ 
AUTUMN 

I 7, 
... 50 

§ 25 

~ 75 

Iii 50 

r 25 

o~~~~ __ ~~-UUU~~~-LLL~J-~ __ ~JL-L~~~~-L~~dC~~~~-C~~~~~~~ 
~ 24"~Q~~ 246'~Q~~ 246 . ~~~ . 24" ~2~ ~~ 24"~12~. Z4"~U~~ Z46'~U~K~ Z4"~Q~. 

'J, 
SPRING 

'1 • Il 
~ 

75 

B 
50 

25 

0 

h ~ 
75 

50 .., 
v 25 

0 

i: 
25 

o I • -c2.'. '012''''11 Z.','IO IZ Io4. 1.6 8 '1OU )4. 
me 1969 1910 

~ .. rl 
L .. 

11. • ~--
Z .. 6 . )012""" I .. '. DU)oll .. '. (flt:Jll~. 

~71 19n 1973 

r 

r 

r 
Z .. ' .lO tz .... 

1914 

II 

~ 

Figure 14.11 .-Percentages OT temperature class intervals (Te l's) on Georges Bank by sub­
areas, spring and autumn 1968-75. 

253 



14 

AUTUMN 

lr' 
w 13 
0:: 
::::> 
~ 
0:: w 
0.. 12 ::! 
w 
I-

::! 
0 

6 11 
CD 

0 
' 968 1969 1970 1971 1972 1973 1974 1975 

Figure 14.12.-Mean bottom-water temperatures on Georges BanK, 
autumn 1968-75. 
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Figure 14.13.-Mean bottom-water temperatures on Georges 
Bank by subareas, 1968-75. 
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Figure 14.14.-Distribution of spring bottom-water temperatures, 1968-75. Dotted shad ing is < 4C 
on Georges Bank. Gridded shading is> 8C in Gulf of Maine. 

255 



Autum" 1968 

1l 
~ 10 

Autumn 1970 

12'" 

~ -------------------------

/ 

" 1l~ 
"I~ 10 

10 

Figure 14.15.- Distribution of autumn bottom-water temperatures. 1968-75. Dotted shading is >14C 
on Georges Bank . Gridded shading is> 8C in Gulf of Maine. 
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Section 15 

INITIATION OF MCNTHLY TEMPERATURE TRANSECTS 
ACROSS THE NORTHERN GULF OF MAINE 

J. Lockwood Chamberlin, Jchn J. rosmark, and Steven K. Cook 1 

Monthly tem~erature transects acro~s the Gulf of Maine, between 
Bar Harbor, ME, and Yarmouth, N.S. (Fig. 1 5. 1), were initiated 
by the National Marine Fisheries Service (NMF S) in June 1975, as 
a joint effort of th e Northeast Fisheries Center and the Atlantic 
Environmental Group. Obtaining these sections on a regular 
schedule and at reasonatle cost has been possible because of the 
ccoperation of the Canadian National Railways, which operates the 
car ferry, ]lggnQ~g, from which the observations have been wade. 

A particular incentive for obtaining the sections has been 
evidence during recent years that the waters of the Gulf of Maine 
have been warmer than in earlier years (Davis, Section 14). It 
was concluded that this apparent trend or any other overall 
temperature trends that wight occur in the Gulf could be 
adequately documented only by observations at regular intervals 
throughout the year along standard section lines. Bar Harbor to 
Yarmouth was chosen for the first line because the necessary 
field observations could be obtained quick ly and at low cost from 
the ]lQ~nQE~ during its freguent scheduled runs between these 
port~. 

The location cf the transect line is oceanographically favorable 
for temperature monitoring cf the Gulf of Maine for the following 
reasons: 

1. It is fairly near the principal ~ortals through which 
oceanic and Shelf waters enter the Gulf (Northeast and 
Northern Channels, Fig. 15.1), yet is far enough within the 
Gulf to reveal the effect of these waters on the temperature 
regime where they jcir into the general cyclonic circulation 
of the Gulf (Bigelow 1 S27) • 

lAtlantic Environmental Grcup and Northeast Fisheries Center, 
National Marine Fisheries Service, NOAA, Narragansett, 11 02882. 
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2. Water in the vicinity cf the transect can b expected 
to move more or less southwestward along the western side of 
the Gulf off the ceasts of Maine, New Hampshire, and 
Massachusetts. Monitoring variations in t~mFpratulo along 
the transect should, therefore, provide some of thf 
necessary basis fer forecasting water temperaturps in the 
western Gulf. 

3. Previous oceanegraphic studies (summarized by Bumpu 
1973) have shown that in the spring and summer then> is a III 

t urn" type 0 f sur f ace c i r cuI a t ion in t h p Bay 0 f Fun d y , wit 
water from the Scotian Shelf and eastern Gulf of Main 
entering the Bay off the ceast of western 'o va Sco ia an 
leaving off the coast of northern Maine. B cause the Ba 
Harbor-Yarmouth transect crosses the mouth of the Bay, th 
temperature sections ~hould rpveal both tho inflow an 
outfloli, and provide information on whether or not the II 

turn" circulation also occurs in the subsurface wat ers . 

SOURCE OF DATA 

Half-hourly temperature data wer e obtained with expondabl 
bathythermographs (XBT' s) during the six -h our crossing of th 
~l'!!~ !!Q§§. Eecause of the depth limit of the T-10 XB7 probe 
(200 m at 1C knots) and the speed of the vessel (1 0 knots), 

tempera ture s usually we re not recorded dee per t ha n ab 0 ut 180 m, 
thus not reaching all the way to the bottom in the deepest part. 
of the section. 

At each XBT station, surface bucket temperatures wer recorde 
and surface water samples were obtained fer later det rmina ion 
of salinity with a Beckman inductive salinometer calibrated wit ~ 
standard (Copenhagen) seawater at least once every 30 samples 
The Fosition of each station is based on radio navigation. 

In preparing the temFerature sections frem the ~l~gnQ§ 
(Figs. 15.2-15.4), digitizatiens of the XBT traces, as well a 
plotting and contouring of the data, have been by hand. 
preliminary version of each section, starting with August, ha~ 
been mailed to interested parties at New England and Canadia 
fishing ports. 

A standard bcttom profile has been used in all the sections fo 
production purposes. ~his profile, based on tathymetric char 
data and echo sounder traCES from two transects, follows th 
regular path of the ]l~~ng§~. The relief has been moderatel 
simplified, appropriate to the scale of the sections, and i 
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comrletely smoothed at the extreme shoreward ends. Isolated 
frominences and depressions are drawn with subdued relief. Minor 
discrepancies have been found bet~een the depths recorded at the 
XBT stations and the depths of the standard bottcm profile. 

To provide a basis for oemrarison with the temperature sections 
from the ]l~g.D.2§g (Figs. 15.1-15.4), similar sections ~ere 
prepared based on long-term average monthly temferatIJres. The 
data for these sections have been derived from manuscript 
charts. 2 These charts were originally compiled for two atlases 
of average monthly seawater temperatures, each of which includes 
the Gulf of Maine region (Colton and Stoddard 1972, 1573). The 
charts for the first atlas include contours of average monthly 
temperatures by 1/4 degree quadrangles of latitude and longitude 
for the period 1940-59. For each month there are maps for the 
surface and for depths of 10, 20, 30, 40, 50, 75, and 100 m. On 
each of these charts a transect line was drawn, corresponding to 
the course taken by the ]1Qg~Q§g. The positions of isopleth 
intercepts along this line were recorded for each depth and each 
month of the year. These intercept values were flotted on graphs 
(one graph for each depth) using a time scale of one year as one 
axis and the length of the transect as the other axis. All 
intercept valUES were plctted along midmonth lines. The plotted 
values ~ere then contoured in 1/2C intervals. By folding the 
plots so that December was brought adjacent to January, the 
contouring was completed as a continuous loop. 

Incoherence in the data in these diagram s led to numerous 
modifications of the contouring on the manuscript charts and 
concommitant changes in the isepleth positions flotted on the 
diagrams. Because some incoherencies persisted in the diagrams, 
subjective liberties were taken in the final contouring to 
eliminate small irregularities. 

To produce a long-term average vertical temperature section for 
any day when a ~1QgQ2§g section was made, isopleth positions 
along the transect for that day were read from each contoured 
diagram and plotted in the standard temperature section format. 

Additional long-term average monthly temperature values, espe­
cially for depths greater than 100 m, were derived from the manu­
script maps for Colton and Stoddard (1973), a bottom temperature 
atlas. The average monthly values on these maps are by 1/4 

2Pers~nal communication frem J. B. Colton, Jr., Northeast Fish­
eries "Center, NMFS, Narragansett, FI 02882. 
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degree quadrangles of latitude and longi tu de , furth e r s ubdivided 
into 20-m depth bands for depths less than 100 m, a nd 50- m band s 
for depths of 100-250 m. All such values as were f oun d o n t he 
maps in the immediate vicinity of the transect line we r e pl otted 
in the ::otandard section format. 

contouring of the average ver~ical temperature sections 
themselves required considerable subjectivity to deal wi t h data 
incoherencie::o, especially between data deriv ed from the tw o 
different atlas compilations. Part of the reason for these 
incoherencie::o is the difference in the years ef data that we r e 
averaged for the two atlases: 1940-59 for the first and 1 Q4 0- 66 
for the second. l>. warming trend during this century , found i n 
surface temperature records frem shore stations in the Gulf o f 
Maine (Stearne: 1965; Chamberlin and Kosmark 1 976) could ccntri ­
bute to discrepancies between averages based on data from these 
two sets of years. 

Undoubtedly, however, the main cause of the incoherencies in the 
data u::oed in the average sections is the paucity of historical 
data available for the vicinity of the ~lg~~~~g sections . In the 
bottom temperature atlas (Celton and Stoddard 1973) , ased on 2 7 
years of data, the malority cf the averages for any month are 
based en data from only one year. Lack of coherence ef data 
within any section, as well as b tween sections for ad 'acent 
months, is, therefore, te be Expecte". Nevertheless , it ::ohould 
be mentioned that Colton and Stoddard, in each of their atlases , 
r€duced much of the data bias by using "corrected values '1 of 
monthly mean temperatures. ~hese "corrected valu sIt were read 
from smoothed seasonal temperature curves drawn on the data , or 
determined from 3-mo moving averages. 

We conclude that the average sections are a basis for only very 
general comrarison with the ~lg§B~~~ sections for 1975 . 

~he average bottom temrerature diagrams and those for 1975 
(Figs. 15.5, 15.6) were prepared in the same way . Smoothed 
bcttcm profiles, which eliminate depth inversions , were 
superimposed on each section, from the shore to deep water , at 
both the Bar Harbor and Yarmouth ends. Each of these smoothed 
profiles stops short of the high ridges in the center of the 
sections. ThE values of the isetherms were then pletted against 

1) their depths of intersect with the smoothed bottom prefile s 
and 2) time of year, and then contoured in 1C intervals. 
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TEMPEFATURE TRENDS I~ 1975 

Until monthly temperature secticns from Bar Harbor to Yarmouth 
have been obtained for at least two years, detailed analysis of 
temperature trends will bE premature. For thE present, serre of 
the principal trends during the seven months ef record in 1975 
(June-December) can be briefly summarized: 

1. During the summer, three principal processes appear to 
havE influenced the section: 

a. Local solar heating produced a well-developed warm 
surface layer in the center of the section and near thE 
coast of Maine, as well as l?rogressive warming to 
depths of about 100 m off the coasts of both Maine and 
Nova Scotia. ~he lack of development of a warm surface 
laYEr off Nova Scotia was accompanied by more ra pid 
warming at depth than off Maine. Presumably this 
resulted from strenger vertical mixing by tidal 
currents in the former area. Weak development of a 
warm surface layer about 25-40 nm (45-75 km) from Bar 
Harbor was alse, presumably, the result of strong tidal 
currents. The highest surface temp3ratures from the 
Maine coast to the center of the section occurred in 
August, but they eccurred in Septemher off Nova Scotia. 

b. There were cores of relatively cold water at 
middepth off both coasts. ~hese cold cores may be 
analogous to the summer occurrence of cold core bottom 
water on the Middle Atlantic c ontinental shelf, which 
Ketch urn and Corwin (1946) de scr ibed as pers istent 
"winter" water. Alternatively, if the mid depth 
circulation parallels the surface circulation, as 
described by Bumpus and Lauzier (1965), the cold cores 
may represent flow into the Bay of Fundy off Nova 
Scotia and outflcw off the Maine coast. These cold 
cores shifted: 1) to greater depths from June to 
July, 2) closer to the center of the section in 
August, and 3) to the \l/estward in September. During 
this time the minimum temperature in these cores rose 
2C off the Maine coast and 3C off the Nova Scotia 
coast. The ccld core off Nova Scotia was about 1C 
warmer than off Maine in June, remained colder in July, 
but became about 1C warmer during August and Septemrer. 

c. Temperature inversions near bottom in the deepest 
parts of the section suggest inflow of modified Slope 
Water during some months. 
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2 • D uri n g the aut u m nth e p r inc i p a I fT oc sSP sin fl u e n c i n g 
the section were: 

a. Surface cooling was accompanied by increasea 
vertical mixing a5 the water column lest stabili y. At 
depths around 100 m, off both coasts , the v rtica) 
mixing produced the maximum temppratures of th~ year 
(10C off Maine and 9.5C off Nova Scotia). The middept 
cores of cold water disappeared in Oc 0 er , and b 
mid-December, the water column was complp ely mixe 
near Yarmouth and nearly so near Bar Harbor. 

b. Warm water with a rraximum temFpraturp abov 9 
flowed in along the ottom in thE dp p chann 1 6C n 
(110 km) off Yarmouth in December. 

Comparison of the temFeratures in 1975 with thp long - er 
averages from June to Decemter r veals that: 

1. The surface temperatures are qui e similar with maximu 
differences of no more than about 1C. 

2 • The co I d c or e sin the sum mrs ec t ion s for 1 9 7 5 arE n 0 

in evidence in the aVErage sections. 

3. The subsurface temFeratures during the summer mon hs 
about 1C warmer than the averages, with the exception cf 
cold cores. 

4. The subsurface temperature differences during the autum 
are somewhat greater (1C-2C) than in the summer . 

5. The temperature inversion in the Decem er 
is abSEnt in the Decemter average section. 

AC KNO W LED GME ~1 T S 

1975 sectio 

John B. Colton, Jr. and Reed S. Armstrong, National Marine Fish­
eries Service, provided helFful advice and criticism . 
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Section 16 

TEMFEBATURE STRUCTURE ON THE CONTINENTAL SHELF 
ANC SLOPE SOUTH OF NEW ENGLAND DURING 1975 

J. Lockwood Chamberlinl 

INTRODUCTION 

An analy~is of bottom temperatures on the continental shelf and 
slope south of New England has been prepared for a second year 
(1975) in a manner similar to that used in th e analysis for 1974 
(Chamberlin 1976). The temperature data are from 18 cruises of 
seven different vessels. Whereas the data used for 1974 were 
largely from vessels of private oceanographic institutions and 
entirely from U.S. vessels, the majority of the data for 1975 is 
from fishery research vEssels, three of which are foreign. The 
analysi~ ha~ again depended on the generous cooperation of the 
several scientists who made the data available. 

PREPARATION OF VERTICAl TEMPERATURE SECTIONS 

~he locations of the vertical temFerature s ec tions are plotted in 
Fig u re 16. 1 • 

A contoured diagram was drawn at uniform distance and depth 
cales for each section, with the exception cf section 12, for 

which only bcttom temperature values were available. The first 
ection is based on reversing thermometer data, sections 5 and 7 
n data supplied from mechani cal bathythermographs, and the 

remainder on expendable bathythermograph (XBT) data plotted 
irectly from the traces. 

lAtlantic Environmental Group, National Marine Fisheries Ser­
vice, NOAA, Narragansett, RI 02882. 
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CO NSTFUCT ION OF BOTTOM TEMPERA~UPE DIAGRA~ FOB 1975 

A contoured diagram of bottom temperatures (Fig . 1(, . 2 ) was 
prepared in three steps, similar to the method used in Ch a rrc erli n 
(1976) : 

1. The values of the isotherms on vertical temperat ur e 
sections and the dEFths where these intersect the botto m 
were tabulated . In parts of sections where localized ridges 
ana deFressions in the bottom profile produced inversions in 
the bottcm temperatures , a smooth profile was drawn through 
the irregularities and the temFeratures recorded at the 
deFths of isotherm intersects with the smoothed profile. 

2. The tabuled values were plotted at the depths of the 
bottom and at the ti~es cf year when the cbservations we r e 
made. Bottom temperature values from section 12, which were 
the only data available, were plotted in the same way. To 
avoid excessive crowding of the contocrs in two cases where 
sec tions we re made within a few days of one another, the 
data were combined before plotting (section 3 with 
section 4, and thE offshore portion of section 5 with 
section 6) by averaging the bottom depths of each 
temFerature value. As can be seen in Appendix 16.1, the 
sections for which data were combined are similar, except 
that in sections 3 and 4 the depth ranges of 12C bottom 
temperatures are distinct. 

3. The plotted values were contoured at 1C intervals. The 
process of the contcuring itself led to minor 
re-interpretations of some vertical sections and the 
concomitant changes in the depths at which bottom 
temperature values were plotted, as well as the addition of 
a few values. 

Although the diagram is designed to show only the gross pattern 
of bottom temFerature change in the region south of New England 
(exclusive of the Nantucket Shoals area), it has, because of the 
manner of its construction, a characteristic that could be 
misleading unless explained. The temperat ure sections used for 
the diagram all run in a more or less north-south oirection 
across the shelf and slope, but are from various longitudes 
between 70W13' and 71 W46', a width of about 100 km (Fig. 16.1) . I 

In the diagram, however, they are treated essentially as though 
all were from a single line or narrow band. An advErse result of 
this treatment is possible ambiguity in the timing of the 
"temperature events" as displayed , because the apparent timing , 
although largely a product of the actual timing of temperature 
changes, is partly a Froduct of the different locations of the 
successive sections. Because the shelf and slope region south of 
New England Extends generally east-west and the main direction of 
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the circulation is westward (Bumpus 1973), the diagram has been 
drawn on the assumption that the temperature regime in the region 
covered is reasonably homcgeneous. This assumption is also 
supported by the previous studies of this region, such as those 
of Bigelow (1933), Walford and Wicklund (1968), and Colton and 
Stoddard (1973). 

The bottom temperature diagram for 1974 (Fig. 16.3) was prepared 
by the same method as used for 1975, except that the vertical 
temperature sections on which it is based were not all drawn to 
the same scale, several of them having been provided by 
ccoperating oceanographers (see Chamberlin 1976). 

CCNSTBUCTION OF A lONG-TERM MONTHLY MEAN 
BOTTOM TEMFEBATURE tIAGBAM - 1940-66 

The long-term monthly mean bottom temperature diagram (Fig. 16.4) 
is based en values computed by Colton and Stoddard 2 for 
preparation of an atlas cf bottom temperatures on the continental 
shelf from Nova Scotia to New Jersey (Colton and Stoddard 1S73). 
These mean values were computed for the period 1940-66 from data 
extracted from the bathythermograph file of the Woods Hole 
Oceanographic Institution. The particular mean values used in 
preparing Figure 16.4 are those for the 1/4 degree squares 
between 70W30' and 71WOO'. 

OCCURRENCE OF WARM COR~ GUlF STREAM EDDI ES SOUTH OF NEW ENGLAND 

Because of the possible influence cf anticyclonic warm core Gulf 
Stream eddies ("rings") on the shelf and slope bottom 
temperatures (Chamberlin 1976), the times cf occurrence of these 
features in the Slope Water south of New England are shown as 
duration lines at the bottom of the bottom t emperature diagrams 
for 1975 (Fig. 16.2) and 1974 (Fig. 16.3). During 1975, four 
anticyclonic eddies (l>.CE) rassed westward through the Slope Water 
regicn south of Ne w E ngland. 3 In Figure 16.2 these eddies are 
labeled ACE 5, 6, 8, and 10, the numbers applied to them by 
Bisagni. Four eddies alsc passed south of New England in 1974, 
and are labeled ACE 1, 2, 3, and 5 in Figure 16.3. 

2Personal communication frcm J. B. Colton, Jr., Northeast Fish­
eries Center, NMFS, Narragansett, RI 02882. 

3Bisagni, J. J., 1976. Fassage of anticyclonic Gulf Stream 
eddiES' through I:eepwater Dumpsite 106 during 1974 and 1975. NOAA 
Dumpsite Evaluation Report, 76-1, 39 p. 
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The eddy duration lines in Figures 16.2 and 16.3 are derived from 
the weekly EXFerimental Ocean Frontal Analysis distributed by the 
u.S. Naval Oceanographic Office. Because the eddies move more or 
less westward into the Southern New England area, but pass out of 
the region in a more southwestward direction, the following 
criteria were used to develop the duration lines. The beginning 
of each line is on the approximate day when the western surface 
boundary of the eddy reached 70W15' and the end of each line is 
when the entire eddy at the surface had passed south of 30N 30'. 

The 197~ ACE's 5, 6, an1 10 each extended about the same distance 
northward ~hile in southern New England waters, but ACE 6 was by 
far the largest (Cheney 1975). ACE 8, on the other hand, was 
only moderate in size and fassed too far te the seuth to have had 
effects on the shelf and slope bottom temperatures comparable to 
thos e of the other eddies. None of the 1975 eddies, however, 
appears to have corne in as close contact with the continental 
s lepe, er remained in southern New England waters nearly as long, 
as ~C E 2 in 1q74 (Fig. 16.3; Chamberlin 1976), whereas none of 
the four eddies that passed south of lew England during 1974 was 
of such great size as ACE 6 in 1975. 

HIGHLIGHTS CF THE TEMPERATURE SECTIONS 

The following sections are illustrated in Appendix 16.1. 

Se ct ion 1. USCGC £y§~gI§§n SAR 75-1, 22 January. 
The margin of Eddy 5 is afparent at the offshore XBT station. 

S lope Water invading the outer shelf contains an isolated body of 
14C water, Frobably derived from this eddy. Mixed Shelf Water 
occupying the inshore end of the section has cooled below 5C 
where the bottom depth is less than about 40 m. 

Section 2. NOAA RV ~lQ~!I2§§ 1~ 75-2, 27 February. 
The Slope Water invading the outer shelf contains an isolated 

c ere of 15C-17C water which was presumably injected from Eddy 5 
when it passed through the area of the section during the first 
three weeks of February. Bottom water with a temperature of 17C 
on the outer shelf is warmer than seen in any previous section in 
this region. This anomaly, which is evident in only one XBT, may 
therefore be the product of a faulty XBT probe. Isothermal shelf 
water colder than 5C has extended offshore to about the 65 m 
isobath, but contains an isolated body of 5C water that 
presumably originated frem a Slope Water incursion. 

Section 3. NOAA RV !lQ~!I2§§ 11 75-3-1, 4-6 March. 
Slope Water is invading the outer continental shelf in a 

similar pattern to that of section 2, but contains a more usual 
maximum temFerature of 12C. Nearly isolated 6C water, presumably 
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derived from the Slope Water incursion, occupies the bottom 
toward the shoreward end of the section where a major part of the 
surrounding shelf has warmed to above 5C. 

Section 4. WH01 BV !S!!.9.];;]; 48, 9 March. 
Slope Water with a maximum temperature of 12C is contacting 

bottom on the outer shelf and upper slope over a depth range of 
about 70 m. Toward the shoreward end of the section, a "bubble" 
of 6C water, presumably derived from a Slope Water intrusion, 
liES near the bottom, surrcunded by isothermal 5C shelf water. 

section 5. Polish RV lii~~~l!2 75-1,10-11,16,19 March. 
Th is sec tion, con structEd from mecha nica 1 ba th ythe rmogram s 

obtained during a 10-day period, resembles the previous one made 
2-10 days earlier; althcugh the maximum bottom temperature 
rroduced by contact of warm Slope Water is apparently 11C rather 
than 12C, the Slope Water front is farther offshore, and the 
Shelf Water shoreward cf the 70-m isobath is about 1C colder, 
having reached the annual minimum. 

Section 6. NCAA FV !lQ~!];Q§§ IY 75-3-1I, 22 and 26 March. 
The warmest Slope Water contacting the bottcm on the outer 

shelf remains, as in the previous section, at the observed annual 
minimum of 11C. This 11C water, however, extends farther onto 
the shelf at the bottom, as an isolated or nearly isolated 
injecticn. 'The isothermal Shelf Water occupying the shoreward 
half of the section is essentially unchanged. 

Section 7. Polish RV ~i§.f~l!2 75-2, 20-21 April. 
This short section which occupies only the outer shelf is based 

on mechanical bathythermograph data. Alt hough 12C Slope Water is 
again contacting the bottom on the outer shelf, the Slope Water 
front is farther offshore than in the previous sections, and the 
5C Shelf Water apparently contacts the bottom to a depth of over 
100 m. 

Section 8. NOAA RV ~lQ£1!:Q§§ I! 75-5, 2 May. 
In this short section confined to shelf depths,. spring 

stratificaticn aprears and the bottom water is 1C-4C warmer than 
in the previous section. 

Section 9. University of Rhode ~sland RV ~fiQgB1 168, 10 June. 
Only the shoreward end of a much longer XBT section is 

presented here. "One of the most proncunced warm rings ever 
observed" apFears in the full section (Cheney 1975), whereas only 
its northern margin is seen in the portion presented here. The 
isolated body of 13C water which contacts the bottom in depths of 
about 115-140 m is likely derived from this eddy. On the shelf 
stratification is pronounced and the cold core bottom water, with 
minimum temperatures bElcw 6.5C, occupies roost of the water 
cclumn but is strangely divided into two parts by 8C water. 
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Section 10. Un iversity of Phode Island RV 1£lg~nl Cruise 169, 11 
July. 

In this short section, confined to the shelf depths, 
stratification remains strong, but the shallow position of the 
cold core bcttom water, its diminution in cross sectional area, 
and its rise in temperature (ccmpare with section 7) indicate a 
strong invasion of Slope Water cnto the shelf. This apparent 
invasion may have been associated with the presence of an 
unusually prominent warm core eday in the Slcte Water area to the 
south (Fig. 16.2). When this section is further compared to the 
fo1lcwing one, section 11, in which the cross sectional area of 
the cold core bottom water is three times greater and the minimum 
temperature about 1C lower, it may be concludea that the cold 
core was temporarily divided into eastern and western segments 
during July. 

Section 11. NOAA RV !lQ~lfQ~2 I~ 5-8, August 7. 
The maximum temperature of Slope Water contacting the bottom is 

below 12C, and cross frontal exchange of Slope and Shelf Waters 
is apparent at middepths. The incursion of Slo~e Water as well 
as the shoaling and partial interruption cf the cold core bottom 
water that are apparent in the previous section have abated in 
the present section. Stratification of the Shelf Water is at 
maximum development. 

Section 12. Soviet RV ]~!2g2f~~ 75-1, 23 August. 
No diagram of this section has been prepared because only 

bcttom temFerature values have been obtained. These few values 
which have been used in the bottcm temperature diagram 
(Fig. 16.2) indicate offshore d isplacement and warming of the 
cold core bottom water relative to the previous section . 

Section 13. Soviet RV ~§l~g.2.I~~ 75-2, Septe .mber 25-26. 
The maximum temperature of slepe water contacting the bottcm is 

apparently warmer than 12C. The surface layer on the shelf is 
5C-6C cooler than in early August (section 11). In contrast, the 
minimum temperature of the cold c ore bottom water has warmed to 
above 10C, resulting in a weak tem~erature front with the Slope 
Water (Wright 1976). The main body of the cold core water is off 
the bottom. 

Section 14. NOAA RV Albatross IV 75-12 , 7-8 Octeber~ --------- --
The maximum temperature Slope Water contacting the bottom is 

warmer than 12C. Cross frontal exchange of Shelf and Slope 
Waters is apparent in the 60-100 m dep th range. Temperatures at 
the surfacE over the shelf and in the co ld cere bottom water are 
lit t Ie cha n ged from the end of S eptem ber (s ect ion 13), al though 
an advance in vertical wixing is shown by the 1C rise in tottom 
temFeratures at the inshcre end of the section. 
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Section 15. Soviet RV !2~l.Qg.Q'!:'§~ 75-3, 29-30 October. 
Slope Water warmer than 12C contacts bottom on the outer shelf. 

A final remnant of the cold core water, with its minimum 
temperature elevated to nearly 12C, contacts the bottom in the 
vicinity of 80-m depth. Nearly complete vertical mixing on the 
shelf has produced maximum annual bottom temperatures: above 13C 
shoreward of the 60-m isobath and above 14C shoreward of the 40 m 
isobath. 

Section 16. Federal Reputlic of Germany RV !n1~n ]~h.!:n 75-1, 15 
November. 

Slope Water warmer than 12C contacts bottom on the outer shelf, 
and the rerenant of cold core water in the previous section is no 
longer evident. Penetraticn of the Shelf Water at middepth by 
warm Slope water (>14C) !fay be as soc iated with the presence of a 
Gulf Stream warm core eddy (ACE 1C, in Fig. 16.2) off the seaward 
end of the section. The 14C water contacting the bottcm at 
depths of 60-70 m appears to be either a product of the Slope 
water penetration or a remnant of the 14C Shelf water that 
occupied the whole water column in late October in depths between 
40 and 65 m (section 1c;). In the shcreward portion of the 
section, the isothermal Shelf Water is about 1C colder than in 
the previous section when it was at the annual maximum. 

Section 17. University ef Phode Island RV 1.!:ig~n1 175, 10 recem­
ber. 

A Gulf Stream warm core eddy (ACE 10, Fig. 16.2), passing south 
of New England when this section was made, provides a reasonable 
explanation for the isolated body of 16C water that lies at 
middepth over the outer shelf. The 15C bottom temperatures 
associated ~ith this warm intrusion on the outer shelf were the 
maximum temreratures during the year, except for the questionable 
17C in section 2. At the shoreward end of the section, the 
essentially isothermal Shelf Water is 2C colder than in the 
previous section (Sectio'n 16), made almost a month earlier. 

Section 18. NOAA RV ~lQ~t£Q§§ lY 74-14, 16-17 December. 
The north ern edge of a Gulf Stream warm core eddy (ACE 10, 

Fig . 16.2) appears in this section, and intrusion of water from 
this eddy onto the shelf is further advanced than in the previous 
section madE a week earlier. (These two sections cross each 
ether at a bottom depth of about 72 m). Toward the shoreward end 
of the section, the shelf water temperatures are about 1C colder 
t han in the previous section. 
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BOTTC~ TE~PEBATURES IN 1q7 5 

~£Ill§I th~D 1QDg-T§Ill ~Y§I~g§§ tg1 ~221§~ 1h£~ 1974 

Ccmfari~on of Figures 16.~, 16.4, and 16.5 reveals that cottom 
temferatures on the ccntinental shelf and ufFer s lope south of 
New England in 1975 were, as in 1974, 1C-3C warmer than the 
averages for 19 uO-66, and yet tended to be cooler than in 1974. 
On the outer shelf , so far as the data sho w, warm Slope water 
contacted the bottom continuously over varying depth ranges, 
maintaining maximum temferatures above 11C, and for most of the 
year, above 12C. 

In some earlier years, as shown, for e xample, in 1965 and 19 6f by 
Cclton et al. (1968) and Colton (196A), westward penetration of 
Labrador Coastal Water along the southern edge of Georges Bank 
and outer shelf off southern Ne w Fng land completely displaced the 
warm SlOfe Water from the bottom and depressed the maximum bottom 
temperature, at depths greater than 100 m, to as low as 4C. No 
sign of this cold water off southern New England affear~ in the 
data for 19 74 or 1975. Nevertheless, the bottom temperatures in 
1975 were moderately cooler than in 1974. 

In t he zone of warm Slofe Water contact on the oute r shelf , the 
cooler conditions are sho wn by the lesser depth range of water 
warmer than 12C. FurthermorE, thp maximum temperature in this 
zone fell below 12C in March and August 1975, wh ereas during all 
of 1974 the temferature ~eems to have remained abo ve 12C . The 
March 1975 temperature depression, however, would appear to have 
been a normal phenomenon, March l::eing the time when temperatures 
on the cuter shelf generally reach their annual minimum 
(Fig. 16.4). The anomalous event was, in fact, the absence of a 
temperature depression in March 1974 when a Gulf Stream warm core 
eddy was in prolonged proximity to the continental slope south of 
New England (Chamberlin 1976). 

A nan 0 malo u sly war m bod y of w ate r (> 1 6C ) (F i g u r e 1 6 . 2), a t 1 00 m 
in February , can only be explained as an injection of warm eddy 
water (ACE 5) or as erroneous XBT data (see discussion of 
section 2 in the previous part of this report). 

In the cold core bottom water on the shoreward side of the Slope 
Water zone, the minimum temperature in 1975 was about 1C colder 
t han in 1974 duri ng e ac h month from March, whe n the cold core 
formed, until late October, when it was dissipated by vertical 
rrixing. 
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Fluctuation in the depth of the cold core water at the bottom 
over a range of about 60 m is apparent in the bottom temperature 
diagrams for both 1974, 1975 (Figs. 16.2 and 16.3). These fluc­
tuations, which, of cour~e, represent inshcre-cffshore excursions 
of the cold ccre, are associated with, and perhaps partly driven 
by, near bottom intrusions and withdrawals of Slope Water on the 
outer shelf. An apparent treaking of the cold core by a strong 
Slope Water intrusion in July 1975 can be seen in Figure 16.2 
where the minimum temperature of the core rises above and then 
falls below 8C. Synoptic water temperature surveys of the shelf 
off southern New England and the Middle Atlantic States have 
charactEristically shown the cold core water to be a continuous 
band from south of Cape Cod to the offing of Chesapeake Bay (see 
fig. 87 in Whitcomb 1970). The rise and fall of temperatures in 
the cold core during July 1975 south of New England can, 
therefore, bE interpreted as a temporary division of the core 
into eastern and western segments which, presumably, rejoined as 
the Slope Water intrusion abated. It is also reasonable to infer 
fro m the i n t err up t ion and " r e c 0 v e r y" 0 f the col d core t hat the 
as~ociated Slcpe Water intrusion was localized. 

Boicourt and Hacker {1976}, from studies on the shelf in the 
southern part of the Middle Atlantic Bight, described how 
southerly win ds "can drive offshore motion in the upper Ekman 
layer, requiring subsurface return flow . of high salinity 
Slope Water. ." Westerly winds would create the analagous 
e ffect eff southern New England. Chase (1959), using serial data 

reID Atlantic Coast lightships, demonstr at ed that the cold core 
water at some stations could be drive n cffshore by the inshore 
a ccumulation of warm surface layer water t during periods of 
onshore wind. Beardsley and Flagg (1976) reviewed wind stress as 
ell as other possible oceanographic mechanism~ that may force 
~ub~urface flow of Slope Water onto the shelf . An additional 

echanism net considered by them, but consistent with data 
p resented here, is that ~ubsurface inshore flew of Slope Water 
ma y cccur in the wake of warm core eddies as a comrensation for 
offshore surface entrainment of Shelf Water by these eddies. 
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Figure 16.1.-Locations of vertical temperature sections included in this report. Sections numbered chronologically. See Appendix 
16.1 for identification of sections. 
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APP EN DIX 16.1 

VERTICAL TEMPER ATURE SECTIONS IN THE CONTINENTAL 
SHELF -REGION SOUTH OF NEW ENGLAND DURING 1975 

Solid line isotherms are a t 1C in tervals. 
iEotherms, which appear oc c as ionally, are 
Hatched areas represent isoth e rm a l wat e r. 
for locations of sections. 

The dashed line 
at O. 5 C in te r v al s. 

See Figure 16.1 

Section 1 . 

Sect ion 2. 
Sect ion 3. 
Section 4. 

Section 5. 

Section 6. 

Section 7. 
Section 8. 
Section 9. 

Sect ion 10. 

Section 11 • 
Section 12. 

Section 13. 
Sect ion 14. 
Section 15. 
Section 16. 

Section 17. 

Section 18. 

USCGC ]yg~gI§§~ Search and P.e scue Cruise 75-1, 22 
January. 
NOAA RV ~lf~1!f2§ IY Cruise 
NOAA RV ~lQ£lff§§ lY Cruise 
Woods Hole Oceanograph 1c 
Cruise 48, 9 March. 

75-2, 27 February. 
7 5- 3-1, 4-6 March. 
Institution RV Kn2I! 

Polish RV ~i~f~~2 Cruise 7 5-1, 10-11, 1 6 , and 19 
~arch. 

NOAA RV - ~lQ£1f2§2 IV Cruise 75- 3- 11, 22 and 
~la rch. -
Folish RV ~!g£~~Q Cruise 75- 2 , 20- 2 1 April. 
NOAA RV ~1~~1f2sS IY Cr u ise 75- 5 , 2 May. 
University of Rhode Island RV 1£i~gn1 Cruise 
10 June. 

26 

168, 

Un iversity cf Rhode Island RV 1£iggB1 Cruise 169, 
11 July. 
NOAA RV ~lR~!I22§ 11 Cr uis e 75- 8 , 7 August. 
Soviet RV ]g12gQ£§~ Cru ise 75-1, 23 August 
drawn, see text). 

(not 

Soviet RV ~glQgQ~§t Cr uise 7 5-2, 25-26 September. 
NOAA BV ~lQ~1£2§§ II Cr uise 75-12, 7-8 October. 
Soviet RV ~glfgQ£§t Cruise 7 5-3, 29-30 October. 
German Federal Republic RV !n12B ~2hIn Cruise 
75-1, 15 Novemcer . 
Un iversity cf Rhode Island RV 1£iggB1 C,ruise 175, 
10 December. 
NOAA RV ~lR~1Lf§§ 11 Cruis e 75-14, 16-17 December. 
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Section 17 

PASSAGE OF ANTICYCLONIC GULF STREAM EDDIES THROUGH 
DEEPWATER DUMPSITE 106 DURING 1974 AN~ 1975 1 

James J. Bisagni 2 

Tc determine the potential impact of anticyclonic Gulf stream 
eddies on ocean dumping at Deepwater Dumpsite (DWD) 106 
(38NtlO' to 39NOO', 72WOO' to 72W30'), we must know how often they 
affect the dumpsite and their residence times within the 
dumpsite. This informaticn was obtained by plotting trajectories 
that showed the westward movement of anticyclonic eddies located 
north of the Gulf Stream during 1974 and 1975. Several criteria 
were established for this task. 

1. The mean radi us of an "average" ant icyclonic eddy was 
determined to be 30 n mi (55 km) based on observations 
obtained by subsurface surveys. Diameters described by 
VHRR-IR satellite imagery can be erroneous owing to surface 
spreading of warm or cold water, and hence were not used. 
Gotthardt (1973) found that the diameters of anticyclonic 
eddies decreased as they moved westwar d. Gotthardt also 
reportEd highly ellir:tical eddies when they were newly 
ser:ara ted from the Gulf Stream. Later, howev er, their 
ellipticity decreased considerably. I n this report the 
"average" eddy is assumed tc be circular. 

2. A critical sector was defined around Deepwater 
Dumr:site 106 (Fig. 17.1) such that its area was defined by 
one mean radius of an "average" anticyclonic eddy. If the 
center of an anticyclonic eddy was plotted within the 
critical sector for the dumpsit~, the eddy was considered to 
be either wholly or r:artially within the geographic confines 
of the dumpsite, based on the "average" eddy radius. 

~Summarized from NOAA DumFsite Evaluation ReFort 76-1. 
2Atlantic Environmental Group, National Marine Fisheries 

Service, NOAA, Narragansett, PI 02882. 
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3. The portion of the anticyclonic eddy trajectory within 
the critical sector was used to determine the period of time 
that the dumpsite was either wholly or partially occupied by 
the eddy. 

The above criteria made it possible to compute the amount of time 
individual eddies affected DWD 106, the total amount of time the 
dumpsite was affected by anticyclcnic eddies Guring 1974 and 
1975, and the average residence time of anticyclonic eddies 
within the dumpsite. 

Us in g the mea nan t icy c 1 c n ice d d Y r a diu s 0 f 30 n m ( 5 5 k m), a n are a 
within the generalized anticyclonic eddy trajectcry envelope may 
te delinea ted (dark shaded portion of Fig. 17.1) about DWD 106. 
This area was used to calculate the amount of time each of the 13 
anticyclcnic eddies spent within DWD 106. Since the "average" 
anticyclonic eddy possessed a mean radius of 30 nm, the center of 
an eddy plotted within the critical sector would indicate that 
tWD 106 was wholly or partially occupied by that eddy. Using 
these spatial criteria, the period each of the 13 eddies spent 
within DWD 106 was determined (Fig. 17.2). Lifetimes of 
anticyclonic eddies vary by an order of magnitude from 22 days to 
283 days and generally agree with Saunders' (1971) calculated 
lifetime of six months to one year based on heat loss and 
dissipation of kinetic energy considerations. The amount of time 
spent by an anticyclonic eddy within DWD 106 varied between 
55 days and 0 days for eddies which either dissipated or were 
entrained into the Gulf stream before reaching the DWD 106 
sector. 

The following calculaticns and results are summarized in 
Table 17.1. Of the total 1,683 eddy days (one eddy day is 
equivalent to one anticyclonic eddy existing for one day) shown 
in Table 17.1, 7.9% (133 days) were within DWD 106 as defined 
above. Viewed another way, during 1974 an anticyclonic eddy (as 
defined by the 15C isotherm at 200 m) was located within DWD 106 
about 21.6% of the time. From 1 January through 31 October 1975, 
an anticyc lonic eddy was located within DWD 106 approximately 
17.8% of the time. The mean residence time for an anticyclonic 
eddy at DW D 106 during 1974 and part of 1975 was found to be on 
the order of 22 days. 
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Table 17.1.--Summary of calculations. 

Total eddy days considered for 1974 
and partial 1975: 

Total eddy days spent in DWD 106 
for 1974 and partial 1975: 

Percentage of tctal eddy days spent 
in DWD 106 for 1974 and partial 1975: 

Percent of time in 1974 for which an 
anticyclonic eddy was wholly or 
partially within rWD 106: 

Percent of time in partial 1975 for 
which an anticyclcnic eddy was 
wholly or partially within DWD 106: 

Mean residence time for an anti­
cyclonic eddy at DWD 106: 

CONC LUS IONS 

S€Oction 17 

1 ,683 

11J 

21.60/. 

17.8% 

22 days 

This analysis should be interfreted as only preliminary b~cause 
only 22 months of data were used. However, the calculatinns 
suggest that: 

1. ThrEe anticyclonic eddies may be expected to affect the 
dumpsite each year; 

2. The average residence time for an eddy within the 
dumpsite is approximately 22 days; and 

3. The dumpsite can be wholly or partially occupied by 
anticyclonic eddies about 20% of the time or about 70 days 
each year. 

Although one or two years of data analysis represent only a 
b eginning at characterizing the water mass types and circnlation 
at Deepwater Dumpsite 106, it is clear that anticyclonic ~ddies 
have been a significant aspect of the physical environmp~t a 
DWD 106 for the past two years. 
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Editors' note: There were 771 eddy days in 1974 and 1,004 eddy 
days in 1975. A comparison of eddy days by guarter shows a sig­
nificant increase in eddy days in the last half and especially in 
the last quarter of 1975. ~he total does not agree with that in 
Table 17.1 (1,775 vs. 1,683 eddy days) because the end of the 
counting period is different (17 December 1975 vs. 31 October 
1975) • 

Table 17.2.--Comparison of eddy days in 1974 and 1975 . 

Jan-Mar Apr-Jun Jul-Sep Oct-Dec Total 

1974 190 229 233 119 771 

1975 160 247 305 292 1004 
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Fig ure 17.1 .-Envelope for anticyclonic eddy trajectories (light shaded area) and critical sector about DWD 106 (dark shaded area). 

297 



October 31 
t---i ACE Lifetimes , - Time spent within DWD 106 I 

I 
13~ 

I 
12~ 

I 
III I 

101 I • 
91 

I 
Anticyclonic , 
Eddy Number 81 • 

71 
, 
, 

61 
" 

51 - 1 , 
41 I - ,3 , 

12 

• 1 I 

J o 
1974 1975 

Figure 17.2.-Llfetimes for anticyclonic eddies 1-13 

298 



Section 18 

SURFACE WATER DRIFT SOUTH OF CAPE LOOKOUT, NORTH CAROLINA 

C. A. Barans and W. A. Roumillat 1 

INTRODUCTION 

The patterns of surface water movements directly influence the 
distribution of many near-surface phytcplankton, zooplankton, 
nutrients, and pollutants. The most comprehensive review of 
information to date on circulation of waters over tHe continental 
shelf south of Cape Hatteras (Bumpus 1973) concluded that this 
area is a complex and variable system of interacting forces 
greatly affected by the shifting Florida Current. 

The Marine Resources Research Institute (MRRI) of the South 
Carolina Wildlife and Marine Resources Department has joined with 
the National Marine Fisheries Service (NMFS) to investigate 
factors controlling marine fish distributions between Cape Fear, 
NC, and Cape Canaveral, FL, as part of the Marine Resources 
Monitoring, Assessment, and Prediction (MARMAP) Program. To 
accomplish this objective, MRRI has initiated s everal studies of 
the physical and chemical cceancgraphic condi ticns of this region 
in conjunction with major studies of i chthyoplankton and 
groundfish. The objective of this study was to further descri be 
surface water movements south of Cape Lookout, NC. 

METHODS 

Drift bottles containing preaddressed return cards of the type 
d escribed by Norcross and Stanley (1967) were released at a total 
of 272 stations (5 bottles per station). Primary releases 
(213 stations) were made between Cape Lookout, NC, and 
Charleston, SC, during four cruises of the RV ]21Enin (September 
and November 1974; January and April 1975). Stations were 
located at 18.5-km intervals along 4 to 6 transects parallel to 
degrees of latitude. Drift bottles were also released at 51 

lMarine Resources Research Institute, South Carolina Wildlife 
and Marine Resources Department, P.O. Box 12559, Charleston, SC 
29412. 
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groundfish trawling staticns betw en Cape Fear an~ Cape Canaveral 
during a cruise in Septemcer 1975. Bottles were dropped at eight 
station~ on a single north-south transect through Onslo w Bay 
during a cruise of the RV ~~l~mng in March 1975, in cooppration 
with the NMFS's Atlantic Estu rine Fisheries C nter , Beaufort , 
NC. 

An attempt was made to limit releases to surface wa ers inshore 
of the Florida Current, which was identified by its seasonal 
temperature and salinity characteristics. However , during the 
September 1975 cruise, some bottles were released in the Florida 
Current. Recoveries from mest cruises were calculated o~ the 
basis ef the total number of bottles releas d during the cruise ; 
recoveries from the Septemb e r 197 5 cruise were calculatefl on the 
b as is of releases inshore of the F lorida Current. 

At each station of each crui se , with the exception 
cruise, a water temperature p rofile was made wi h 
or mechanical bathythermograFh, and surface wa er 
and salinities were taken. 

RESULTS 

of the March 
an ex pe dable 

t m pe rat u re s 

Total sard recovery was 13.8% of the number of drift bettles 
r e leased; the greatest Fart of the recovery (12.1%) was from 
b ottles released in September, both in 1 0 74 and 1975. The fewest 
returns were from releases during November 1974. 

During Septemcer 19 7 4 and 1975, many cards were recovered in 
northern Florida (Figs. 18.1, 18.2) from bottles released south 
of Frying Pan Shoals (the submarine projection of Cape Fear) . 
Release sites during 1975 ranged over a greater shelf area and 
corresponded to recoveries over a large segment of the 
southeastern coastline (Fig. 18.2), while a release area north of 
Charleston in September 1974 resulted in recoveries concentrated 
only in northern Flori da (Fig. 18.1). ::: n Se Fte mber 1974, there 
were no returns from bottles released north of Frying Pan Shoals, 
while in September 1975, two returns were obtained north of the 
Shoals (Table 18.1). During September 1975, bottles released 
north ef Frying Pan Shoals generally were recovered northeast of 
the release point, while these released immediately south of this 
physiographic feature were recovered tc the northwest 
(Fig. 18.2). 

Return lccations from the few bottles released in or at the edge 
of the Florida Current during September 1975, were variable in 
direction. From one statien apFroximately 115 km due east of 
Charleston at the edge of the Florida Current, two bottles were 
recovered in opposite directions. One bottle was recovered just 

300 



south of Cape Hatteras in 23 days an th 0 h ius 
Jac~sonville in 64 days at approximately g il I 
(376-384 km) from the release poin si g l co v 
release about 59 km due east of the above s a on (co 
under the influence of the Florida Curr n ) also was 
north of Cape Canaveral. A nearshcre release wi h i n hI':> 
of the Florida Current just north of Cape Can a v ra l suI 
northward mcvement (98 km) and recovery of two 0 I s . 

o 

In November, there were no returns from bottles r eI as d sou h 0 

Frying Pan Shoals, and cnly a single return nor h 0 a r as 
position north of the Shoals. In January, r e turns w r s i mi 
to those in November. In March, releases wer e co n f in d 0 nslo 
Bay, a cody of water insulated by Capes Fear aDd Loo ou , Ii h 
returns limited to only north of release sites . In r il , c r 
returns from releases north of Frying Pan Sh oa l s w r e pr " rr ari l y 
northeast of release pcsitions, while releases so u h of Fry"n 
Pan Shoals ~ere recovered northwest of releas e pos i i ons . 

Current speeds were calculated using the fir s t r cov ery da fro 
each release station (Table 18.1). Calc ulate r a es 0 sur ce 
w ate r move me n t sou tho f Fry i n g Pan S h oa I s ran g e d fr o m 1. m/ a Y 
in April to 11.3 km/day in September, while inf rr ed r a t s nor h 
of the Shoals ranged from 2.4 km/day in Novemb e r t o 1 2 . 7 km/ y 
in April. Pronounced differences existed i n c ard r eco veries an 
monthly calculated current speeds (Table 18.1) f or dri ft b I s 
released north and south of Frying Pan Shoal s . 

:CIS CUS S ION 

The relatively shorL duration between r e l ease and r cov y 
(1-134 days) cf bottles during this study s ugges s t r nspor a ion 
by waters inshore of the influenc e of t he Fl orida 
Complete lack of returns within a s hcr t Feriod in ica 
entrainment of bottles and surface wat e r s by he no h rly 
current and removal frcm the nearsho r e sys em or , l~ss Ii ly , 
total loss of bottles stranded in mar s hla nds along he coas . 
Bumpus (195 5) reported returns from bot tles trans or ed ro 
waters off North Carolina ty the Gulf Str eam ranging rc 21 
days (from the Azores) tc 891 days (fr om B gl nd ). ur.ing 11 

inn 
or 

months except September 1975 recovery of bot t l es suggests 
boundary between the waters of the Flor ida Cu r ren an 
shelf. Several returns from releases in S ep embe r 1Q 7C, in 
the edge of the Florida Current wer e r eco vered at uc 
dates than releases further inshore and, th e r fo r , app ar 0 

1 

been temporarily transFcrted within the nor herly curr p ~o 
tc release within the southerly surface system 0 h 
shelf. 
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Inferre~ water movements indica the importan~e of Frying Pan 
Shoals, which extend almost across he whol shelf , for the 
circulation patterns of this area . The influ ~nc~ of thp Shoals 
area appears esppcially pronounc 0 d uring Se rtpmher (Fi . 18.7), 
when the southerly coun er- curren dominrttes th inshore water 
circulation. Card returns from Sept..mb;r r l_ases sugfjest hat. 
the southerly surfac water movemen S m( y ini iat just outh of 
Cape Fear and dissipate north uf C(p ~ Canaver~l . .tkinson and 
Jaffe 2 have d monstra e tho r_latio ship r_twe.n th_ presence of 
a strong geostrophic ferce and the tro g south fly drift 
observed inshore during S_ptpmh r in his s u y nd prpviously by 
Bumpus (1955) and Bumpus an Chao p (1964). Bumpus (1973) sta e 
that the highly variable nature of h snr. c rift in the South 
Atlantic Bigh is due to he int~rpl y of g.ostrop ic current 
with southerly influence an th Florida Curr n wit.h nor herly 
influence. 

limited returns during lov [Ill. r, Janu ry , an ril appo:ar to 
indicate a weak northerly surface wa pr men nparshore, 
especially in Onslow Bay, and suggps en r inm.n of surface 
waters over most of the sh _lf with the nor herly -m ovin Flo ida 
Current syst m. The ohs rved r.if direc ions 0 bettles 
released south of the Sho l~ in prol concur wi .h r_cent fin ings 
(see footnote 2) for reI as s south of harles cn, SC . We found 
no correlation between es ima s 0 mon hly average E an 
transport values (Gunn, Scion 13; ngh m 197) and he 
directien of inferre surface wa ~r rif. or herly re urns 
within Onslow Bay coul r flec slew nor herly ovement wi hin 
nearshore surface waters (Eumpus 19 '); Bumpus and L uzi r 1965 ; 
Stefansson et al. 1971) or mor r pid tr nsport wi hin he 
counterclockwise eddy indicate by rpsul s of Stefansson and 
Atkipson (1967). 

The average calculated sfeed for th nor h rly surface drift in 
Onslow Eay during April (12.7 km/day) was significan ly greater 
than that previously reported by Bumpus (1973) uring this time 
of year (5.6-7.4 km/day). The average curren speeds calculated 
for northerly and southerly drift uring 0 her months agree with 
Bumfus (1973). 

Additional surface and midwater current studies are in progress 
in Onslow Bay by NMFS at Beaufort, NC, and south of Charleston by 
Skidaway Institute of Oceanography and the University of ~iarni. 
These shoula increase eur understanding of the circulation 
patterns over the continental shelf south of CaFe Hatteras. 

2Atk inson, 1. F., and L. Jaffee. Drift bottle returns frem four 
cruises in the Georgia Eight and relationship to the density and 
w in d fie 1 d • Ski d a way Ins t. 0 c e a n 0 gr., Sa va n n a h I G A 31 406 • MS. 

302 



Sect ion 18 

ACKNOWLEDGME NT S 

We thank V. G. Eurrell, Jr., P. A. Sandifer, and F. W. Stapor for 
critically reviewing the manuscript; George Miller and the NMFS 
Southeast Fisheries Center for supplying and forwarding the 
return caras; Larry Atkinson cf Skidaway Institute in Georgia 
for ~uggestions and assistance at the initiation of the study; 
Atlantic Estuarine Fisheries Center, NMFS, for releasing bottles 
in On:::lcw Bay during March; Sue Broadbent, Bill Leland, Ann 
Leonard, Dan Lesesne, Oleg Pashuk, and Terry Read of the 
shipboard staff, and vessel captain John Causby and crew for 
their sUFPorting effort; Lexa Ford and Kathleen Meuli for 
typing, and Allene Barans and Evelyn Myatt for illustrations. 

lITERATURE CITED 

BUMPUS, D. F. 
1955. The circulation over the continental shelf south of 

Cape Hatteras. Trans. Am. Geophys. Union 36:601-611-
1973. A description of the circulation on the continental 

shelf off the east coast of the United States. Prog. 
Oceanog. 6:111-157. 

BUM EU S, D. F., and J. C HAS E • 
1964. Changes in the hydrography 

coast of the United States. 
Fish., Spec. Publ. 6: E47-853. 

BUMPUS, D. F., and L. M. lAUZIER. 

observed along the east 
Int. Comm. Northwest Atl. 

1S65. Surface circulation on the cont inental shelf off 
eastern North America between Maryland and Florida. Am. 
Gecgr. Soc., Sere Atlas Mar. Environ. Folio 7. 

INGHAM, M. C. 
1976. Wind-driven transport Atlantic Coast and Gulf of 

Mexico. In Goulet, J. R., Jr. (compi l er), The environment 
of the United States living marine resources - 1974, p. 
14-1--14 - 9. U.S. Dep. Commer., Natl. Ocean. Atmos . Admin., 
Natl. Mar. Fish. Serv., MARMAP (Mar. Res our. Manit. Assess. 
Pr e d i c. Pro g • ) Con t rib. 1 0 4. 

NORCROSS, J. J., and E. M. STANLEY. 
1967. Circulation of shelf waters off the Chesapeake Bight. 

II. Inferred surface and bottom drift, June 1963 through 
October 1964. Environ. Sci. Servo Admin., Prof. Fap. 
3:11-42. 

303 



Section 18 

S'IEFANSSON, U., and 1. F. ATKINSON. 
1967. Physical and chemical rroperties 

waters off North Carolina. Duke 
Rep., 230 p. 

of the shelf and slope 
Univ. Mar. lab., Tech. 

STEFANSSON, U., L. P. ATKINSON, and D. P. BUMPUS. 
1971. Hydrographic propertie~ and circulaticn of the North 

Carolina shelf and slope waters. Deep-Sea Pes. 18:383-420. 

304 



w 
o 
<:)1 

Table 18.1.--Drift bottle recovery relative to release north or south of Frying 
Pan Shoals. 

No Releasesj NR = No Recoveries 

Average Direction Average Distance Average Speed Recovery as 
From Release From Release (Km) Km/day % of Total Release 

Each Cruise 
North South North South North South North South 

September 74 NR 210
0 

NR 489 NR 11.4 NR 18.1 

November 74 063
0 

NR 100 NR 2.4 NR 0.3 NR 

January 75 068
0 

NR 46 NR 3.1 NR 1.1 NR 

MarchI 75 005
0 - 14 - 2.9 - 22.5 -

April 75 060
0 

350
0 

102 33 12.7 1.5 0.7 3.3 

September 75 024
0 

201 02 
77 204 2 3.3 6.6 2 0.0+ 43.1 

1 Releases only in Onslow Bay; 8 stations. 

2 Calculation does not include returns from 2 stations directly south of Frying Pan Shoals, bottles 
of which were recovered northwest of release positions. 
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Sectio n 19 

THE DISTRIBUTION ANr:: Af UNDA NCE , GPOW':!.'H , AN r:: 0 TALI Y OF 
GEORGES EANK-NANTUCK ET SHOALS HERRI G I AF. VA E 

DURING THE 197 5 - 76 WINTER PE RIO Dl 

R. Gr egor y Lo ugh 2 

INT ROIjUCTION 

The NOAA research vessel ~l~~!I~~~ 1~ cond uc t d wo an 
hydrography cruises during Dece mber 1 975 and Feb r ua r y 1 9 in 
Georges Bank-Nantuck e t Shoals a r ea as part o f h Ie F 
cooperative surv e ys to monitor l a rval herring fr od uc ion , qrow 
mortality, and disper s al. The s urveys were init ia t ed in 1 71 
gain a better underst a ndin g of the v a riou s physic 1 
biological factors affecting l ar val surviva l and rpla iv 
strength ef recruitm e nt. Herring typically spa wn in h 
northeast part of Georges Bank and Nantuck e t Shoa l s . The bulk 0 

the larvae hatch in l a t e September - Oct ober , disp rsin in 
southweste rly direction at t he rate of 1- 1:; m/ ay (Boy 
et al. 1973, Bumpus 1 976 ). Ma x imum di s persion ef h la 
eccurs by December when th ey a r e usually found 
entire Georges Bank-Nantucket Shoals a r 1 
contour. Larvae grow a b out 5 mm per Mont h from ini t ial 
at 6-mm length in Se ptem be r to pest-larva e of c; O- SS mm 
One of th e leading hypothe ses being inv es ti gated is 
number of recruit s a vail ab l e in the third sp r ing is most stro 
dependent uFon s urviva l through the fir st winter P liod wh 
planktonic food organi s ms a r e sparse . Resul c: of h 1975-7 
winter surveys are p r ese nt ed in thi s pape r and cern are i h h 
two t=revious winte r s . 3 

lSummarized f r o m INCAF Res . Doc . 76/VI/ 123 . 
2North eas t F i s heries Cente r, _ ationa l . ari ne Fish rips S Vl 

NOAA, Narra ganse t t , RI 0 2882 . 
3 Lo ugh, R. G., and M. D. G r 0 s s 1 e i n . 1 9 7. ! in r 0 r 1 y 

Ge orge s Ba nk he r ring 1 a r v a e . I C. . F ? e s . o . 7 / 11 3 : 39 
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RESULTS 

Sampling on Georges Bank-Nantucket Shoals proce~ded from past to 
west fer both cruises. The December plots of hprring l ar vae pe r 
10 sg m (Figs. 19.1-19.3) show most catches of herring lar vae 
within the 10C-m contour ar a but oistributed more en t h e 
central-northern edge of Gecrges Bank and Nantucket Shoals . The 
westernmost distribution of larvae was not delimi t ed b y t his 
cruise. Densities of larvae typically were 10-100 /1 0 sg m 
{Fig. 19.3). Highest densities eccurred along the northern pa r t 
of Georges Pank and the nerthern Nantucket Shoals ar a . Some 
recently hatched larvae «10 mm) were obs€rved on a fe w s atio n s 
in the northpast Georges Eank and Great South Channel area . 
Smaller size larvae of 10-1 S mm (Fig . 1 9.2) w re dis t ributed more 
in the Nantucket Shoals area than on Georges Bank . 

Larval catches hy February 1976 (Fig . 1 9.4) app ared 0 be 
consoliaated into three main areas within the 100 - m con our : 1) 
northeast central part of Georges Bank, 2) sou hwest central 
Georges Bank-Great South Channel, and 3) a small pocket so uth of 
Martha's Vineyard. ::'ew larvae appeared outside the 100- m 
contour. The western distributicn of larvae was clearly defined 
by the February survey. rensities of larvae generally were lowe r 
than in Decemher; however, two stations in the northeast part of 
Georges Bank had 203 and 507 larvae/10 sg m. 

The ~ecember 1975 and February 1976 larval length - freguency 
distributions for Nantucket Shoals and Georges Eank are she wn in 
Figures 19.5 and 19.6. Two length modes a ppeared d uring December 
in the Nantucket Shoals area, 9- 15 mm and 1 6- 22 mm , wh ereas t h e 
Georges Bank FOFulation had one dominant length mod e of 1 3- 2 4 mm . 
Mean lengtr.s for the Nantucket Shoals and Georges Ban k l ar val 
populations were 16.2 mm and 17.4 mm respectively . By Feb ruary 
1976 the larval length means had increased to 3 0. 5 mm fe r th e 
Nantucket Shoals populatien and to 3 1. 3 mm for the Geo r ges Ban k 
population. A single tread modal lengt h wa~ obse rved f o r th e 
larval Fopulaticn in each area. The three subpopu l a ti o n s of 
larvae observed during February 1 976 were ana l yzed furt he r for 
nifferences among their length- freguency di~tributi on s . Th e 
small numbers of larvae in the Nantucket Shoa l s popula ti on had a 
mean length of 1-2 mm greater than the pop ulat i ons in southwest 
Georges Bank-Great South Channe l and no r t heas t Geo r g es Bank. 
There was ne significant difference bet ween t he l e ngth- f reguency 
pefulations for northeast Georges Bank and sou t hwe st Georges 
Bank-Great South Channel. A significant diffe r enc e at the 10% 
probability level was ca l culated b etwee n the northeast Georges 
Bank and the Nantucket Shoals populat i o n len g th freguencies, and 
a significant diffe r ence a t the 1% l e ve l was found cetween 
southwest Georges Ban k- Grea t So u th Chan ne l and Nantucket Shoals 
length freguencies . The small nu mb e r of lar ge larvae just south 
of Martha's Vineyard may in dicate a s hor e wa rd migration of older 
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larvae in the Nantucket Shoals area. 

Larval abunoance, mortality, and growth estimates for Gorges 
Bank and Nantucket Shoals areas during December 1975 and Fe ruary 
1S76 and the two previous winters are given in Ta Ie 19.1. 
Georges Bank larval abundance in December 1975 was considerably 
lower (1,120) than for the previous two years (7,410 and 5,076 in 
1974 and 1973, respectively), however, the Pebruary abundance 
estimates were similar for all three years (ran ge 406-506). A 
corresponding change wa s ebserved for estimates of mortality, 
growth, and mean length. Mortality rat e decreased from 
3.93%/day, December 197 3-February 1974, to 1. 27%/day, December 
1975-February 1976. Larval mean length was greater for each 
successive December with a considerable increase in mean length 
by February each year. The same trends in larval mortality and 
growth rates wer e shown for th e Georges Bank and Nantucket Shoals 
total; when mortality was low, growth was high, and the 
cenverse. The Nantucket Shoals area mortality and growth 
estimates were somewhat more inconsistent, refiective of the 
fewer numbers of larvae collected. For instance, the December 
1973-February 1 974 mortality and growth rates are at variance 
with the same estimates from the Georges Bank and combined ar as. 
Very few larvae were collected in the Nantucket Shoals area 
during February 1974. 

Water temperatures of 9-11C predominated over the G_orges 
"t ank-Nantucket Shoals area during December 1975 (Figs. 19.7-19.9) 
and S-6C during February 1976 (Figs. 19.10-19.12). ean 
temferatures and other statistics at various levels on Georges 
Bank and Nantucket Shoals during December 197 5 and February 1976 
are given in Table 19.2. Temperattres generally increase with 
depth and seaward of the 100-m depth contour along the sou hern 
part of the bank in the area of the warm Slope Water fron . 
Georges Ba nk mean temperature s (O- SO m) during Dpcember and 
February 1975-76 were the same as the previous year, 1974-7~; 
however, temperatures during the same months in 1973-74 were 
about O. SC warmer ('Table 1 9.1). Nantucket Shoals mean 
temFeratures (C-SO m) were similar to those of Georg s Bank 
except that they were a bou t 1C warmer during Decenb r. Iso, no 
significant trends were afparent in the mean tew.pera u es fro 
September through December of 1975 compared with he pr vious 
year, 1974. On the other han d , Davis (Section 14) fou d m an 
October bottom temperatures on Georges Bank to be similarly hi h 
for 1973 and 1974 (K = 13.4 and 13.2C, respectively), but or 
than a degree lower (~ = 12.1) for 1975. It is in ere_ inq 
note from Davis's study that the eastern part of Georg s P nk i 
always several degrees celder during the fall ~an he c n ra 
and western parts even though the yearly tempera ure r ds [ 
similar for all three parts. 
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I:ISCUSSION 

The distribution of larvae on Georges Bank a nd 'a n t uc ke t Shoal s 
was very similar during December 19 ' ) and 1974 (s e footnotp. 3) . 
Uniformly high catches of larvae wer e obs rv d within the 100-m 
bottom contour. Larval abundance also was simila r for both 
yearE. During December 1975, how ver, th~ distribution of larvae 
was markedly dif,ferent; the population wa s c n pred in the 
northern part of the Great South Channel and along the northern 
half of Georges Bank. Also, abundance of larvae wa s reduced 
compared to the previouE two Decemb rs. No larvae werp. fcund 
beyond the southern 100-rn contour in De p.rober 1975 as were 
observed during 1973 and 1974. Larvae observer'! along the 
southern bcundary would indicate some offshor disperEal of 
larvae into Slope Waters. 

Larval abundance and distritution during Fe ruary was broadly 
silPilar for all three years, 1974-76; h bulk of the larval 
populations usually is located in a more r stric ed arp.a in the 
central part of southwest GEorgEs Bank ext nding across he Great 
Scuth Channel into Nantucket Shoals. How v~r, th F bruary 197 
distribution was unusual in that three separa e conCEn rations of 
larvae were otserved; high densities of larvae were collecteo in 
the northeast part of Georges Bank in addi ion 0 the central 
part. It appears that the center of the larval popula ion in 
December 1975 moved to a more south rly position by Fe ruary 
1976. ~he limited hydrographic data on temp rature for these two 
surveys does not show any evidence for a southerly current 
tranEport. A southerly flow of surface waters is sugges ed for 
the Georges Bank area during the wint r mcnths with a westerly 
component across the Great South Channel (Bumpus and lauzier 
1965). Surface drift during the fall and winter months is 
different from the clockwisE circulation obEerved for the other 
seasons and may respond more to short -t erm wind effects . esults 
from past ICNAF Larval Herring Surveys show that advection of 
larvae is principally southwest and that the larvae are retained 
in the Georges Bank-Nantucket Shoals area (Bumpus 197 6). ~ecent 
observations of interest this past season arE he occurrence in 
Georges Bank-Nantucket Shoals of large numbers of the colonial 
siphonophore, B~ngilli~ g2r2' a cold-water form found in the Gu lf 
of Maine, but rarely below Cape Cod . (Rogers, Section 20) . Their 
southerly occurrence on Georges Bank during fall 1975 corresponds 
with the more southerly movement of herring larvae. These 
changes in the distribution of animal popUlations suggest changes 
in circulaticn patterns in the study area that may result in 
potentially different prey-predator interactions. Their impact 
on the larval herring popUlation still needs to be assessed. 
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Section 1 

Size and growth r ate s o f the Georges Bank-Nantucket Shoals 
herring larvae are in di c ators of the population's physiolcgical 
condition and are clo s e l y l inked to mortality rates . According 
to recent theoret i cal mcdels by Jones and Hall (19 7 4), Cushing 
{1973, 1974, 1975), an d War e (1 975), mortality and growth during 
larval life are beli e ved to be a density-dependent process 
regulated by the availabi li t y o f food. If food is abundant, 
larvae are able t o gr ow rapidly through a succession of 
decreasing predatory fi e l ds , thereby reducing their mortality. 
The three winters of Georges Bank - Nantucket Shoals larval herring 
data presented here also suggest that density-dependent growth 
and mortality ha ve occurred. A decrease in larval abundance was 
associated with an increase in growth rate and a decrease in 
mcrtality rate. According to Ware's (1975) theoretical model 
based on larval studies of plaice, haddock, and mackerel, larval 
growth exceeds mor tality (M = O.7G) under average conditions. 
Only the 1975-76 winter growth rate exceeded the mortality rate 
for Georges Bank-Nantucket Shcals herring larvae. More refined 
estimates of grow t h and mortality will be made in the future, but 
the following considerations must be taken into account when one 
attempts to r e lat e field estimates of populaticn rarameters with 
theoretical mode ls: 

1. Wint er gr owth and mortality rates for Georges 
Bank-Nantucket Shoals herring larvae are estimated for a 
relatively short period and may well vary at other periods 
or from t he average condition for the entire larval life. 
Growth was a ssumed to be an exponential curve but this may 
not necessarily be true during the winter period. Also, the 
length to weight regression was based on samples combined 
over four years; this relationship vari es from year to year 
depending on condition of the larvae. 

2. The low mortality estimate (1.27%jday) for Georges Bank 
larvae during the 1975-76 winter compared to the previous 
two wi n t ers (about 3.9%jday) might have been due to a 
greater westward dispersal of the Georges Bank larval 
popula t icn into the Nantucket Shoals area. That is, 
dispers a l may have been responsible for a high loss rate and 
not mort a lity per see Based on the separate and combined 
estimate s of mortality and growth for both areas, it appears 
that dis per sal of larvae from Georges Bank into Nantucket 
Shoals i s small at this time in their life and does not 
si gnifican t ly alter the dominant trends in mortality and 
growt h. 

3. Growth rate of late larvae may be underestimated due to 
a v o idanc e of the sampling gear, particularly if larvae are 
of great e r size in the same time period frcm one year to the 
n e xt. Perhaps growth rates of late larvae should be 
e stimat e d from larvae collected during night tows only. 
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Section 1'9 

per tow of 3-yr-old herring in the Georges Bank- Nan tucket Shoals 
area. No estimate could ce made for the 1975 initia l abundance 
of larvae as all the data are not available y e t. The time series 
of data is still too short to permit firm conclusions, but 
several points seem to ccrrcborate past thi nki ng . The initial 
Froduction of larvae does not appear to be d i rectly related to 
the size of tbe subsequent recruited year class, and in fact, 
there may be an inverse relationship at t he extremes of 
abundance--a density-dependent function. Al s o, the relative 
abundance of larvae as late as December st i ll appears to be 
proportional to the initial production of la r vae i n the fall. 
However, differential winter mortality occ urs b etween December 
and February, and by February (Table 19.1) it does appear t~at 
the size of the recruited year class may be set. We believe, 
therefore, that for herring in the Georges Bank- Nantucket Shoals 
area, the winter period is critical in establishing the year 
class. We still need to study th e entire larval period to 
understand the processes which may influence survival through the 
winter period and more ur.usual events that oc c ur in early larval 
life. 
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Table 19.1.--Mortality and growth estimates for Georges Bank-Nantucket Shoals herring larvae and mean water temperature 
during three winter periods. See text for qetails. 

Sampling period Larval Instantaneous Instantaneous Mean Specifi c Instantaneous Mean 
midpoint abundance morta 1 Hy rate morta 1 i ty rate length growth (L) rate growth (wt) rate temperature(oC) 

(n x 10- 8 ) (-z) (% per day) (mm) (% per day) (% per day) (0-50 m) 

GEORGES BANK 

Dec . 13, 1973 5076 15.1 10.4 
Feb. 14, 1974 406 0.040 3.93 22 .9 0.661 3.08 6.3 

Dec. 13, 1974 7410 16.5 9.9 
Feb. 14, 1975 506 0.040 3.87 26.7 0.708 3.30 5.7 

Dec. 9, 1975 1120 17.4 9.9 
Feb. 16, 1976 457 0.013 1. 27 31.1 0.830 3.87 5.7 

w 
NANTUCKET SHOALS ...... 

-.J 

Dec. 13, 1973 2801 15.5 11.6 
Feb. 14, 1974 57 0.062 6.00 27.6 0.916 4.27 6.1 

Dec. 13, 1974 2944 14.2 11.0 
Feb. 14, 1975 103 0.049 4.81 27.1 0.950 4.43 5.9 

Dec. 9, 1975 647 16.4 11.6 
Feb. 16, 1976 149 0.021 2.08 30.5 0.886 4.13 5.9 

GEORG ES BANK & NANTUCKET SHOALS TOTAL 

Dec. 13, 1973 7877 16.7 11. 0 
Feb. 14, 1974 463 0.044 4.40 23.5 0.542 2.53 6.2 

Dec. 1-3, 1974 10354 15.8 10.5 
Feb. 14, 1975 609 0.042 4.08 26.7 0.772 3.60 5.8 

Dec. 9, 1975 1767 17.1 10.8 
Feb. 16, 1976 606 0.015 1.52 31. 0 0.850 3.96 5.8 
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Table 19.3.--A comparison of product ion of early herring 
larvae «10 mm standard leng t h), abundance of December 
larvae (>15 mm), and an index of ab undance at age 3 from 
the juvenile herring surveys in the Georges Bank­
Nantucket Shoals area. 

Initial Larva l December Larval Index of Ahundance 
Produ ction Production (age 3) 

Year-Class <10 mm l en?th >15 mm length (no. per 
(n x 10- 1 ) (n x 10- 9 ) 30 min. tow) 

GEORGES BANK 

1971 150 180 924 
1972 49 47 42 
1973 1200 550 10 
1974 1300 650 
1975 89 

NANTUCKET SHOALS 

1971 13 50 608 
1972 180 36 5 
1973 850 180 33 
1974 230 130 
1975 42 

GEORGES BANK & NANTUCKET SHOALS TOTAL 

1971 160 230 1532 
1972 230 80 47 
1973 2100 730 43 
1974 1600 780 
1975 131 
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Figure 19.5 -Percentage length frequency for Nantucket Shoals and Georges Bank herring larvae collected 5-17 December 1975, 
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Section 20 

IMPACT OF AUTUMN-~IN1ER SWA RMING OF A SIFHONOPHOEE 
("LIPO") ON FISHING IN COASTAL WATERS OF NEW ENGLANDI 

Carolyn A. Rogers 

PROEL EM 

Early in August 1975, fishermen from Gloucester, filA, and 
Portland, ME, began te ol:serv e some fouling ef their nets by a 
pink gelatinous material which wa s referred to as "lipo," the 
Sicilian word for slime. There was a gradual increase in the 
amount encountered, reaching a 3-me maximum between October and 
December. A reduction was observed in middle to late December 
with some lipo still observed in January 1976. 

Fishing nets dragged threugh this mass became clogged so that 
water cculd no longer readily pass through the mesh es, decreasing 
the fishing efficiency of the nets. Fish wer e seldom caught in 
an area where lipc concentration s were high. Frem the 
informat~on available, it is not clear whether this was due to 
decreased fishing efficiency of the nets or avoidance of the mass 
by fish. 

IMFACT 

Early reports caused no cencern, but as more and more vessels 
l ost fishing time because of having to clean gear, or not fishing 
f or a day at a time in order to avoid the possibility of getting 
hung up in the lipo, interest in the phencrrenen grew. 

Rardest hit were the inshore trawlers, especially the whiting 
fishermen and the shrimpers who used small meshed nets. These 
fleets are concentrated primarily at Gloucester and Portland. 

lSummarized from Environmental Impact Report 1-76, MAPMAP 
Contribution No. 112, and En vironmental Impact Report 2-76, 
MABMAP 'Contribution No. 120. 

2Northeast Fisheries Center, National Marine Fisheries Service, 
NOAA, Narragansett, FI 02882. 
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Boston and Irovinceto wn, MA, port agents indicated that there was 
no ~roblem, but these fleets fished offshore and used larger 
meshed nets. 

Robert Morrill, NMFS port agent at Portland, indicated that all 
of the 75 vessels there encountered a problerr with the lipo at 
lea st once during the 3- mo period (October-December 1975). He 
estimated an overall 20% loss of fishing time to the shrimp 
trawlers. Similar reports were received by James Thomas, State 
of Maine biologist at Boothbay Harbor, and Peter Marckoon, NMFS 
Po r tAg e n tat Roc k 1 and, ME. 

Arv Foshkus , NMFS port agent in Gloucester, reported that, by a 
conservative estimate, 60 inshore trawlers were involved and that 
up tc 201: of fishing time was lost either in cleaning gear or by 
not fishing. 

In a recent (26 December 1975) letter to Williaro Gordon, Regional 
Director cf NMFS Northeast Region, Salvatore J. Favazza, 
Executive Secretary of the Gloucester Fisheries Commission stated 
that" • it (lipo) has caused an economic loss to Gloucester 
fishermen of at least $1CO,COO in 1975 and possibly as much as 
$300,000 ." Although no figures were made available for lcss to 
the ~aine shrimp industry, it is probable the losses were 
c cm pa ra b le. 

tISTRIEUTION 

The siphonophore li~n2Ei~ ~~~~ was observed during the Helgoland 
underwater habitat mission (5 August-21 November 1975) on 
Jeffries Ledge (Rogers et al., in press). Personnel on surface 
vessels noted its presence near the surface and H. Wes Pratt, a 
diver for the mission, reported that siphonophores were most 
numerous during August and September, but were scarce in October 
and November. He estimated a density of about one per cubic 
meter in the area cf the Helgoland habitat (Location X, 
Fig. 20.1) during the high density periods. ~he length of a 
total colony was approximately 30 cm. In situ, most of the 
animal was transparent except for the gonophores which were pink 
to salmon. The siphonophores appeared very fragile. They were 
densest in the top 2-3 m; below 15 m few were observed. Pratt 
stat~d that their daytime distribution was patchy in both space 
and time in the vicinity of the Helgoland habitat. Kevin 
~cCarthy, a support diver for the mission, corroborated these 
observations. 
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According to reports fro~ the fishermen, the siphonephore masses 
occurred at depths of 40-100 m and were record ed on depth 
sounding equipment as being up to 50 m thick. They reported 
traces at the bottom during thE daylight and off the bottom in 
the dark, indicating the ability of the siphonophores to migrate 
vertically. Fishermen Encountered siphonoFhores from Stellwagen 
Bank off Massachusetts Bay to Rocklan d, ME. 

Plankton samples were taken in the Gulf of Maine on four 
~!Q£1I.Q'§'§ lY cruises (75-12 II, 75-12 III, 75-13, 75-14) as part 
of the MARMAF survey and monitoring program of the Northeast 
Fisheries Center (NEFC). The cruises included the period 
7 October-17 December, 1975. A Q~l~~£I.~ II cruise (75-17) 15 
October-7 November 1975, also p art of the MARMAP program, sampled 
thE area from Cape Cod, MA, to Cape Hatteras, NC. A ~h~ll~ng~ 
cruise (75-1), part of NEFC's Biome Survey, sampled the coastal 
waters ef Maine 4-9 September 1975. All samples were collected 
with paired bongo samplers fitted with 0.333-mm and 0.505-mm mesh 
nets. Oblique tows, at 1.5-3.5 kn, were made through the water 
column from the surface to within 10 m of the bottom or to 100 m 
maximum depth. The bonges were set out at 50 m/min and retrived 
at 20 m/min, the maximum time of a plankton tow being 
approxi~ately 23 min. Because of the fragile nature of li~ £~~~, 
only fragments were available in the samples for examination. A 
total of 422 samples was examined at a magnification of 10X by 
t he NEFC Plankton Sorting Group at Narragansett, R!. A summary 
e f B~ £~~~ occurrence, as well as the occurrence of another 
siFhonoFhorE tentatively identified as ~£li.§1g~~~ sp., was given 
i n the IDore complete version of this r eport. The distribution 
over the centinental shelf and area plots showing relative 
abundance and size are giver. in Figures 20.2-20.9. Although no 
s iFhenoFhor es of the species li. £~£~ were found in samples taken 
o n the Q~l£~£~g II cruise, Figures 20.6 and 20.7 were included to 
s how more clearly that the normal range of B~ ~£~£ does not 
e xtend very far south of Cape Cod. I recognize the subjective 
nature of relative size and abundance information, but felt that 
h orizontal projections of area distributions would be a useful 
means for lccating areas of maximal swarming. The samples are 
a vailable for further examination and analysis should more 
p rEcise data te required. 

A Septembe r survey of coastal fish stocks in New England waters 
made during Biome operations yielded B~ £~£~ only in the offshore 
s tations [15-20 mi (24-32 km) from the coast] and onl:y in 
s tations north of Penobscot Bay (Figs. 20.1, 20.8,20.9). This 
coincides with the inshore distribution of siphonophores found on 
~lQ£t£Q'§'§ lY cruises 75-12 II and III, 7 October-18 November 
(Figs. ' 20.4,20. 5). 
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During this period the distribution of B~ ~~~~ xtended intc thp 
Bay cf Fundy and occurred in almost all samples taken in thA Gulf 
of Maine and eastward around the periphery of Georges and Ero wns 
Ban k s • The I ate r c r u i s e ( 2 - 1 7 Dec e m b r) sa m r led the sou t. her n 
portion of the Gulf of Maine, Georges Bank , and h rpgion south 
of Cape Cod (Figs. 20.1,20.4 , 20.t:.) . 

Plankton samFles from th Qgl~~~£~ 11 crui. p (15 Octocer-
7 November) had few siFhonophor s (Fig s . 20 ., 20 .7). Four 
stations off the New Jersey and Long Island coa~ts and fi ve 
stations scmewhat clustered just north of Cape Ha teras w rp he 
only areas in which they were fcund. All s tation s werp within 
the 15-fathom line. On first examinaticn th y appeared to be 
N. ~~.!:~, but when D. C. Eiggs, sirhonophor ex ert from woods 
Hole Oceanographic Institution, xamined th m h _ _n tatively 
identified them as B~li§!~~~~ sf . The sppcips within this genus 
are tYI=ically tropic to temperate so th€ir pr_sence in these 
a reas is not surprising. 

The Gulf of Maine samples showed that in October and €arly 
November the individual colonies of N~ ~~I~ were ge erally small 
and constituted only a s~all pcrtion of th zoeplankt.on iomass . 
The December samples shewed a grea~er range of small tc large 
individ uals and they often made up a more substa tial portien of 
the zooplankton bioma ss . In gen ral, in the lOla rlipr months the 
greatest mass of siphonorhcres wa s fou d within 15 mi (24 km) of 
the coast, but by December the conc n ration was cen pr d farther 
offshore. 

The colonies of !!~ £~I£ also had a high density cf lipids, 
probably as a result of feeding on overwintering populations of 
oil-rich calanoid copepods.3 Biggs feels that he swarmir.g of 
B. ~EI~ may be behavioral, that because of heavy concentrations 
of copepods, the siphonophores may be altering their swimming 
behavior to stay in areas of high food density. An effort will 
b€ made to determine if corepod abundance was greater during the 
fall and winter months of 1975 than in previous years. 

Larry Davis, NEFC, Narragansett, RI, has been studying long-term 
temperature trends of the Gulf of Maine. According to his data , 
there has been a net warming trend in the autumn from 1968 
through 1974. In 1975 the average temperature of an 8 -year mean 
for the entire Gulf of Maine dropped 0.6C (Davis, Section 14). 
Ed Cohen,4 in cooperation with the Atlantic Ervironmental Group 

3personal communication from D. C. Biggs, 
Oceanographic Institution, Woods Hole, MA 02543. 

4Monthly temFerature transect for the Gulf of 
through December (unpub. doc.), NEFC, Woods Hole, 
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at Narragansett, RI, has n co 
tranEect s from Bar Harbor 0 Ya r ou h 
to Colton and S oddard's (1973) 
monthly data (Jun ecemt r) i 
of the Bay of Fundy is warmer h 
(Chamberlin et al., S ction 15 ). 

Data from ~n~l!§gg~ 75-1 an ~1_2-!Q~~ V 
siphonophores occurring in wat r s wi h sur c 
high as 18.SC and bot tow t Fe ratur s as hi h 
respective temperature l o ws for he comb'n d c 
and S.SC. Maximum numb e r ~ of s i pho nop hor s w r 
temperatures of 6.0C and abo v. Fish rm n 
sirhonophores diminished in th e coast a l wa r~ 

dropped from autumn to wint r. 

SU MM ARY 

The lipo descrited by thE fi s he rrr en is identi 
siphonoFhore B~nQ~i~ £~I~ which h as a maximum 
fall wh en surface temperatures range f r om 10C 
observations (Rogers et al., in pr ss) 
colonieE were approximately 30 cm long and 
1/cu ffi. There is some indica tion tha as n 
the num bers diminish, althou gh i t is ne 
siphonoFhoreE move offsho re or i f many of th 

The reasons for the e xplosi ve gro wth in h 11 0 

yet fully underst oo d , t u t the warm r han 
temperatures possibly le adi ng to a igh 
autumn-winter density ef food organism~ may hav 
s warmi ng. 

An attempt will b e made thr ough th AR P 
follow the seasonal d i s tri buticn of 
presenc and abunda nce with t emp a ur 
may appear i~portant. Thr cu h his oni ring 

e possible to ale rt t he i n shore fishin 
siphonophore swarmi ng . 
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Editors' note: Fig ures 20.10 through 2 0.12 are contours of 
abundance and size of siphonophore colonies for the data 
presented in Figures 20 .2 through 20.5. In October-November the 
distribution of siphonophores apparently followed the mean 
circulation Fatterns in the Gulf of Maine-Georges Bank region 
(Eumpus 1976) with possible origins in the coastal regions. In 
December the apparent origin of the siphono~hore distributions 
had moved south and again the distribution seemed to follcw the 
mean circulation patterns. 
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Figure 20.1.-Area in which bongo and neuston net tows were made to sample for the presence of siphonophores. 
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Figure 20.2.-Relative abundance of Nanomia cara in bongo samples for each station location. No siphonophores were found 
in sam ples designated by a pOint. 
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Figure 20.3.-Relative size of Nanomia cara in bongo samples for each station location. No siphonophores were found in samples 
designated by a point. 
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R/V ALBATROSS 
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DEC 2-17 1975 
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Figure 20.4.-Relative abundance of Nanomia cara In bongo samples for each station location No siphonophores 
were found in samples designated by a pOint 
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R/ V ALBATROSS 
LARVAL HERRING 
DEC 2-17 1975 

Figure 20.5.-Relative size of Nanomia cara in bongo samples for each station location. No siphonophores were 
found in samples designated by a point. 
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Figure 20.S.-Relative abundance of an unidentified siphonophore in bongo samples for each station 
location . No siphonophores were found in samples designated by a point. 
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Figure 20.7.-Relative size of an unidentified siphonophore in bongo samples for each station location . 
No siphonophores were found in samples designated by a point. 
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Figure 20.B.-Relative abundance of Nanomia cara in bongo samples for each station location. 
No siphonophores were found in designated by a point. 
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Figure 20.9.-Relative size of Nanomia cara in bongo samples for each station location. No sipho­
nophores were found in samples designated by a pOint. 
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Figure 20.11.-Lipo: medium/large (shaded areas) RV Albatross IV 75-12, 7 October-18 November 1975. 
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