INTERNATIONAL COMMISSION FOR

Serial No.2019

RESTRICTED

THE NORTHWEST ATLANTIC FISHERIES

ICNAF Res.Doc.68/39

{C.c.1)

ANNUAL MEETING - JUNE 1968

RECENT TRENDS IN SUBSURFACE TEM@ERATU&ES IN THE

GULF OF MAINE AND CONTIGUQOUS WATERS

John B. Colton, Jr.
Burcau of Commercial Fisheries Biological Laboratory

Woods Hole, 'Massachugetts 02543
ABSTRACT

A comparison was made of 1955-60 and 1961-66 monthly
mcan 200-meter temperatures in eight one—dogree' quadrangle
arcas in the Gulf of Méine and albng the Continental Slope between
Nova Scotia and Long Island, Temperatures were appreciably
colder in all areas during the latter period. The subsurface temp-
erature trends paralléled trends in surface tempefatures previously
documented, The distribution of temperature at 200 meters along
the: edge of the Continental Shelf during March, May-June, and Sep-
teinber 1965 and 1966 and the distribution of temperature, salinily,

and dissolved oxygen on sections made across the Conlinental Shelf

* in September 1954, 1965, and 1966 showed that the cooling and

warming trends are associated with changes in the composition of

the subsurface water, Cold years occur when Slope Water is dis-

pliced or modified by Coastal Water of Labrador origin, Warm

years occur when Slope Water borders upon the 200~meter isobath

and its conastituent ratio of Coastal to Central Atlantic Water is low,

INTRCDUCTION

There ds clear evidence of an alternation in sea surface
tc mperatures a]on%; the coast of New England and the Maritime
Provinces (Taylor, Bigelow, and Graham 14537, Lauzier 1063,
S.carnis 1965). .A warming trend began in the early 1940's und
reached a maximum during 1952-53. This has been followed by
a voolin irend which has continued with only minor checks through

167, Although less well documented, similafwarming and cooling
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trends have occurred offéhoré‘jahd wifhin water masses (Taylor,
Bigelow, and Graham 1957, Lauzier 1965 and 1967, Colton 1968).
Most of the published offshofe._observations have been confined to
the Continental Shelf and to depths of 100 meters or less, In this
Poaper an analysis is made of t_hé limited subsurface temperauire
data in the Gulf of Maine and along the edge of the Continental
Shelf from Nova Scotia to Long Island to determine if the trends
observed in the surface layers are reflected in the deeper strata,

The subsurface layer, the upper depth limit of which is

usually between 150 and 200 meters, is relatively isolated from
seasonal factors sucl':l as wind stirring and solar heating. Unlike
the surface layer which is characterized by pronounced seagsonal
variations and a complex and unstable temperature and salinity
siructure, the structure of the subsurface layer is relatively
stable and governed by the waters adj-acént to it.

Our interest in subsurface temperature trends stems from
the fact that 'if‘ these trends parallel those observed in the surface
layers, the faunal communities inhabiting the deeper waters of
the Gulf of Maine and the Ct.)ntinental Slope are subject to similar
long-term temp.eraturé variations as the fauna inhabiting relatively
sioal areas of the Continental Shelf. Furthermore, since the
temperature-salinity characteristics of subsurface water masses
can be used to define their component water types, it should be
possible to determine the sources of the subsurface water during
periods of warming and cooling and thus the direct cause of the

temperature change,

THE DATA

A tabulation of temperature data ffom the file of bathy-
thermograph and OGéanographic station observations at the Woods
Hole Oceanographic Institution revealed that during the warming

- period of 1945-53 there were an insufficient number of observa-
tions to determine valid average subsurface temperature values
for a.njr ,lo\cation within the area of concern. Since 1955 there
appears to be adequate data to determine monthly subsurface
tc mperattir-es if several years ob-ser{fations within one-degree

quadrangles are averaged, Monthly mean 200-meter tempera-
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tures were determined for the periods 1955-60 and 1961-66 within
the eight one-degree quadrangle areas shown in Figure 1, Areas
I-1II are over the three deep basins of the Gulf of Maine, Area

1V is at the mouth of the Northeast Channel which separates
Georges and Browns Banks, and Areas V-VIII are along the slope
of the Continental Shelf. There were relatively few observations
for any month within a given year in any quadrangle and these
observations were generally weighted in favor of certain days
(dates). To offset possible bias in determining mor;thly means, all
data for a given day were averaged and the six~year monthly means
based on the daily means rather than on the total number of cbserva-

tions,

The six-year monthly mean temperatures at 200 meters in
the eight areas are plotted in Figures 2 and 3. The months and
years in which there were temperature data are indicated by check
marks. The long-term annual mean 200-meter temperaturcs are
shown by a dashed line; These long-term values are rom
Schroeder (1963) and are based on one-degrec quadrangle averages
of all available temperatures in the Woods Hole Oceanographic Insti-
tution data collection through 1962, For Arcas 1V, V, and VI which
do not coincide with the whole degree latitude-longitude quadrangles
used by Schroeder, long-term 200-meter temperature values from
overlapping whole degree quadrangles were averaged,

With only a few exceptions (April - Areas II and IV, June -

rea II, September - Area V, October - Areas Iand V, and

November - Area II) the 1960-G6 monthly mean 200-meter tempera-
tures were coldoer than the corregponding monthly mean temperatu res
for the pectod 1955-60,  Six of these elght anomalies occurred in
months which included 1963 obse rvations. In this year a temporary
check in the downward trend of sea surface temperatures occurred
both inghore at Boothbay Harbor, Maine {Welch 1967) and offshore
over the Grand Banks and Georges Bank (Lee, Corkrum, and
Laevastu 1967), In addition the data of Schopf (1967, Fig. 2) show
that bottom temperatures on the Scotian Shelf, Georges Bank, Nantucket
Svoals, and in the Gulf of Maine were appreciably warmer in July,

Adiast, and December 1963 than in these montis during 1964 and 1953,
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There was no consistent seasonal trend in the 200-meter
monthly mean temperatures or in the magnitude of the monthly
mean temperature differences for the two time periods in any of
the areas, The monthly temperature variation and the magnitude
of the monthly temperature differences in the two time periods
were least in Area II and tended to be greater along the Continental
Slope than within the Gulf of Maine, With the exception of Area V,
yearly mean temperatures based on 1955-60 data closely paralleled
Schroeder's long-term means, In Area V the 1955~60 yearly mean
were appreciably lower (2. 3°C) than the long-term mean. With the
exception of Area II, the 1960-66 yearly mean temperatures were
well below Schroeder's long-term means. In Area II the 1961-66
yearly mean was only slightly lower (0, 3°C) than the long-term
mean,

Seasonal surface-temperature curves based on monthly mean
temperatures at Boothbay Harbor, Maine for the periods 1955-60
and 1961-66 are shown in Figure 4. These surface data show
temperature trends similar to those in the subsurface waters, but
in most months and areas the difference in the mean 200-meter
temperatures for the two six-year time periods were greater than
the difference in mean surface temperatures at Boothbay Harbor,
Cnly in Area II was the yearly mean difference at 200 meters be-
tween the two time periods (0, 6°C) less than at Boothbay Harbor
(C. 9°C).

In Figure 5 the digtribution of temperature at 200 meters
along the edge of the Continental Shelf and in the Northeast
Channel duting March, May-June, and September 19565 and 1966
is compared to the distribution of temperature in this area based
on long-term annual mean and minimum 200-meter values. The
1965 and 1966 temperature distiributions are based on in situ
bathythermograph observations obtained during quarterly environ-
mental surveys conducted by the Bureau of Commercial Fisheries
{Colton, et al. 1968), The long-term distributions are bascd on
average and minimum temperatures for one-degree quadrangles
given by Schroeder (1863), In both 1965 and 1966 the monthly

lemperatures adjacent to the 200-meter isobath were colder than
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the long-term mean temperatures. In most cases the 1965 and
1966 monthly temperatures were warmer than the long-term
minimum temperatures; However, in March 1966 the 200-meter
temperatures were colder than the long-term minimum tempera-
tures in sections adjacent to the 200-meter isobath off southern
New England, the southeast part of Georges Bank, and the Scotian
Shelf,

If we consider the contour of the §° isotherm at 200-meters
1o be the northern limit of Slope Water (Worthington 1964), the
long-term épnual mean 200-meter temperature distribution would
indicate that in general Slope Water borders upon tiiec 200-materp
isobath from Cape Hatteras east to approximately 64°00'W. 'The
distribution of temperature at 200-meters during 1965 and 1986
would indicate that in these Years the northern boundary of the
Slope Water was considerably south of its average position, Worth-
ington (1964) concluded that any water colder than 9° at 200-meters
could be traced to the Labrador Basin, It would appear that the
southerly shift in the normal position of the Slope Water in 1965
and 1966 was due to an abnormal influx of Coastal Water of Labra-
dor origin,

The available salinity data;. are not sufficient to establish sub-
surface salinity norms for the area as a whole or to compare the
1955-60 and 1961-66 mean salinity characteristics of the subsurface
water in any of the eight one-degree quadrangle areas either on a
monthly or Ycarly basis, However, there are a few oceanographic
section data suitable for a comparison of the inshore and ofishore
distribution of chemical and pPhysical properties at the end of the
warming trend and during the current cooling trend. In Figure 6
the distribution of temperature, salinity, and dissolved oxygen on

scections made along meridian 65°30'W by the Albatross IV in Sep-

tember 1565 and 1966 ig corapared to the disiribution of these prop-
eriics on a secuon made aloig meridian 65°06'W by the Ailuntis in

Scptember 1854,
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Subsurface temperatures and salinities were appreciably
higher in 1954 than in 1965 and 1966, At the southern most
stations, the 1954 temperature and salinity values were higher
in the surface layer as well. If we consider a temperature of
9°C and a salinity of 35 %, at 200-meters as roughly defining the
northern limit of Slope Water, in 1954 the Slope Water boundary
coincided with the 200-meter isobath while in 1965 and 1966 the
Slope Water boundary was south of latitude 41°00N, Dissolved
oxygen values at corresponding depths were appreciably higher
in 1965 and 1966 than in 1954, In 1954 the dissolved oxygen con-
centrations at depths of 100, 150, and 200 meters south of the
Continental Shelf corresponded closely to values typical of Slope
Water and those in 1965 and 1966 to values typical of Coastal
Water (McLellan 1957, Table II),

Temperature-salinity data at 150, 200, and 250 meters for
the five modt southerly Atlantis stations in September 1954 and

the four most southerly Albatross IV stations in September 1965

and 1966 are plotted in Figure 7. The Albatross IV data are

based on observed values at these depths while the Atlantis data

are based on interpolated values. The temperature-salinity curves
for Central Atlantic Water, Slope Water, and Coastal Water are

also shown. The approximate depths in meters at which waters of
various temperature-salinity characteristics are found are indicated
by numbers adjacent to the curves. The Central Atlantic Water
curve is from Iselin (1936) and is based on observations made in

the western Sargasso Sea. The Slope Water curve of Iselin (1936)

is for waters off the Scotian Shelf, The Coastial Water curve
(McLellan 1957) ia based on observations made in the Cabot Strait,

In describing this water Worthington (1964) used the term "Labrador-
Coastal" instead of "Coastal" to indicate that this water is formed by
a mixture of Labrador and Slope Water in the region immediately
woest of the Grand Banks and to distinguish this subsurface water
from the surface water over the Continental Shelf, An excellent sum-
mary of the temperature-galinity characteristics, composition, and

origin of these water masses is given by McLellan (1957).
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The temperature-salinity correlations confirm the conclu-
sions drawr'l from the section data, The subsurface water border-
ing the Continental Shelf south of Browns Bank in September 1954
wag Slope Water and that in September 1965 and 1966 was Coastal
V/ater, The temperature-salinity characteristics of the Slope
Water in 1954 coincide more closely with the Slope Water curve
of Iselin (1936) than that of McLellan (1957) and show a greater
constituent ratio of Central Atlantic Water than in areas to the
east, Indeed, a few of the Atlantis station plots fall to the right
of the Central Atlantic curve, but these possibly are a result of
errors in interpolation of salinity between the widely-spaced sample
depths, The majority of the 1965 and 1966 temperature-salinity
values lay between those of the characteristic Coastal Water curve
near its area of formation and those of the Coastal Water curve
near its western limit of occurrence (Grampus station 10352,
McLellan 1857, Fig. 6). The few values which fell in the prox-
imity of the Slope Water curve were based on data from the isolated

pools of relatively high temperature and salinity water at Albatross IV

stations 9 and 22,

DISCUSSION

It is evident that the cooling and warming of subsurface waters
along the Continental Slope between Nova Scotia and Long Island are
due to changes in the composition of these waters, Cold ycars occur
when Slope Water is displaced or modified by Coastal Water of Labra-
dor origin. Warm years occur when the Slope Waters borders upoil
the 200-meter igobath and its constituent ratio of Coastal to Central
Atlantic Waters is low, Bigelow (1927) pointed out that the relatively
Lhigh temperature and salinity of the bottom water in the deep basins
of the Gulf of Maine indicated itg offshore origin, He concluded that
this water, which enters the Gulf of Maine intermittently via the
Northeast Channel, has its source along the slope of the Scotian
Shelf and that the causge of the temperature and salinity variations
of the deep water in the Gulf of Maine were due to fluctuations in the
volume rather than in the temperature and salinity of this inflowing

drift. The more recent data Presented in this paper demonstrate that
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the temperature-salinity characteristics of the subsurface waters ad-
jacent to the mouth of the Northeast Channel vary, being colder and
less saline during periods of cooling than during periods of warming,
Thus, it would appear that trends in subsurface temperatures within
the Gulf of Maine can be traced to variations in the composition of
these offshore waters as well as to the volume of their indraft through
the Northeast Channel. That such is the case, ia substantiated by the
observations of Lauzler (MS, 1964) showing that in the deep waters
in the Bay of IFundy and Emerald Basin, warming and cooling periods
were accompanied by an increase and decrease in salinity respectively,
Further evidence that the subsurface temperature irends
observed within the Gulf of Maine are linked to variations in the
composition of the subsurface waters bordering the Continenial
Shelf is afforded by the fact that the magnitude of the 19855-60
and 1961-68 monthly mean temperature differences was least
in Area II, This area which includes Murry and Wilkinson Basins
is the most distant from the Northeast Channel, In addition, the
relatively shoal sill to the east of these basins further restricts
horizontal communication with the open sea,
These subsurface data support the conclusion drawn from
an analysis of temperature trends in the surface layers in the
same area (Colton 1968). That is, these temperature trends
depend in large measure on the relative position and the degree
of mixing of coastal and oceanic water masses. There is evidence
to the effect that the changes observed in the relative position and
degree of mixing of Coastal, Slope, and Central Atlantic Water
along the Continental Slope are due to variations in atmospheric
conditions resulting from changes in the position and relative
strength of the Icelandic Low. Iee, Corkrum, and Laevastu
(1967), have postulated that surface temperature anomalies and
their fluctuations over the Grand Banks and Georges Bank can be
explained by advection caused by surface winds, Worthington (1964)
has sugpgested that variations in barometric pressure as well as
surface winds could cause adveclive movements of subsurface
waters off the Scotian Shelf, It may be, however, that these ad-

vective movements of surface and subsurface water masses and
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The subsequent warming a.nd cooling trends are more directly re~
lated to fluctuations in the strength of the North Atlantic Gyre as
suggeasted i)y Iselin (1940) and Stommel (1958). In this connection,
an analysis of long-term trends in the voluine transport of {he
Florida Current would be most useful,

Existing hydrographic and meteorological data are too frag-
mentary for a detailed study of long-term fluctuations in the dis-~
tribution and degree of mixing of coastal and oceanic water
masses in the area between Nova Scotia and Long Island. It is
doubtful that adequate data for such an analysis will be available
in the forseeable future. With existing instrumentation it should
be possible, however, to monitor subsurface hydrographic con-
ditions in a critical area such as the Northeast Channel. Such
data, even if they consisted solely of time-series bottom tempera-
tures, would greatly increase our capability to measure and pre-
dict trends in both subsurface and surface temperatures in the

Gulf of Maine and contiguous waters.

ACKNOWLEDGEMENTS

1 wis‘h to thank Miss E, H. Schroeder for access to the
temperature data collection at the Woods Hole Qceanographic
Institution, Mr, W, R. Welch for use of the Boothbay Harbor
temperature data, and Mr, L. V. Worthington and Dr. L. M.

Lauzier for critical reading of the manuscript.

REFERENCES

BIGELOW, H, B, 1927, Physical Oceanography of the Gulf of
Maine, Bull. U,S. Bur. Fish,, 40: 511-1027,

COLTON, J. B., JR. 1968. A comparison of current and long-
term temperatures of Continental Shelf waters, Nova Scotia
to Long Island, ICNATF Res. Bull,, 5:

COLTON, J, B,, JR,, R, R MARAK, S, R, NICKERSON, and
R, R, STODDARD. 1968. Physical, chemical, and biologi-
cal observations on the Continental Shelf, Nova Scotia to
Long Island, 1964-1866, U,S. Fish Wildl, Serv., Data
Report 23: 180 p.

A 10



- 10 -~

ISELIN, C, O'D. 1838, A study of the circulation of the Western
North Atlantic, Papers in Phys, Oceanog. snd Meteor, ,

4(4): 101 p,

-------------- .+ 1940, Preliminary report on long-period var-
iations in the transport of the Gulf Stream system., Papers
in Phys. Oceanog, and Meteor,, 8(1);: 40 p.

LAUZIER, L. M, MS, 1964, Long-term variations of salinity,
Annual Report and Investigators' Summaries 1963-64, Fish,
Res, Bd. Canada, Biol, Sta,, St, Andrews, N. B.:
D-18-D-19,

--------------- . 1865, Long-term temperature variations in the
Scotian Shelf area, ICNAF Spec. Publ., 6: 807-816,

--------------- . 18687, Recent trends in temperature variations
in ICNAF Subarea 4. ICNAF Redbook 1967, 1V: 24-32.

LEE, A, J., R. CORKRUM, and T. LAEVASTU. 1967. Large-
scale sea surface temperature anomalies in the Northwest
Atlantic from February to July in relation to monthly mean
surface pressure. ICNAF Redbook 1967, IV: 48-68,

McLELLAN, H, J, 1957, On the distinctness and origin of the
Slope Water off the Scotian Shelf and its easterly flow south
of the Grand Banks, J. Fish. Res. Bd. Canada, 14(2): 213-~239,

SCHOPF, T. J. M. 1887, Bottom-water temperatures on the Con-
tinental Shelf off New England, U.S. Geol. Survey Prof,
Paper, 575-D: D182-D197,

- SCHROEDER, E, H, 1963. North Atlantic temperatures at a depth
of 200-meters. Am. Geog. Soc., Serial Atlag of the Marine
Environment, Folio 2,

STEARNS, F, 1965, Sea-surface temperature anomaly study of
records from Atlantic coast stations, J. Geophys. Res. ,
70(2): 283~-2986,

STOMMEL, H, 1958, The Gulf Stream: A physical and dynamical
description, University of California Press, Berkeley and
Los Angeles, 200 p,

TAYLOR, C, C,, H. B, BIGELOW, and H, W. GRAHAM. 1957,
Climatic trends and the distribution of marine animals in New

England, U.S8. Fish, Wildl, Serv., Fish, Bull., 57: 293-345.

A1l



- 11 ~

WELCH, W, R, 1967, Trends {n monthly sea water temperatures,
1950-1966, at Boothbay Harbor, Maine, ICNAF Redbook, IV: 33-38,
WORTHINGTON, I, V., 1964. Anomalous conditions in the Slope Water

area in 1959, J, Fish, Res, Bd, Canada, 21(2): 327-333.

GEORGES  BANK

{oNe NANTUCKET
SLAND SHOALS

-
72" 70° 1 66

Fig. 1. Orientation chart showing the location of the eight
one-degree quadrangle areas.

Al2



JFMAMJJASOND

- 12 -

v V4 I KV K4 KV4 R¥A RV

1985

¥l vV

57

58

i961

KIS

63

IS

65

K

< K] KK

<K

IS

SKIS

@
o
T
O

|

»n ~
o

T T
®

®

H O
T T

4N
<o
1=
o

1955

56

A KKK

< S
K K&

<&

57

58/

IS

RIS

59

IS KL KK

196l

o L

< EALIKSKL K

AN

S

SIS

<
<
IS KK KK

SIS

an
o
T

~
[-]
T
O

e — — —— ——

> %
L}

.

°
°

(]
T

O

8—e— —O-— .0 _ __ _ _ O

o o 8 8

-

SESISSSSSE.SN SN

SIS
SE) KRR RS
K,

KIS
< S
KIS
s

1 RKK

LK KRKRRES
<

S

S
| NN

SIS

1955

S -
K REKKD KIS

56

S

57

KA KK
AR KKK K

K SIS
Rk Ko K

58

59

NS SN

60

19611y

S

62

64| ./

LN LN LN

65

SIS

ST KIS

S

SR S

KIS

o NN N

SRS KIS
IS

AREATY

Fig. 2.

Monthly and annual mean temperatures at 200 m, Areas I-1IV.

The 1955-60

monthly means are shown by open circles, the 1961-66 monthly means by
The long-term annual means are indicated by a dashed

closed circles,
line.
ohservations.

A1l3

Check marks indicate the months and years in which there were



JFMAMJJASOND

- 13 -

Vi

Vi

vi ||o

Pl — — — — — —— iy e e — ——

iV

SIS

o

SIS

<

N
©
KRR
KK

KIS
SR

1955

S
IS

Y

AR ER
o N

SERKKK

[ k&

1961

S
<

SASKKRK

SIS

NS

N
NS

<.

SR KD RK

SERK BRRS

LSS

K

s

N KERKKD K

Kk

KK

SN ESE.S

ol

SR
LSRR

K,
K| KEKEKKEK

SIS KRERRKRKA

< IS

KOS

SIS

T — c— ev— S — — o — — —

S K

KOS
SNSRI
SIS
SIS

S KA

SIS
L

SOISK
SKIS

SIS K

SIS

Viv4

¥4
¥

NEKRKL KKK

V] IV Y
VANAVAVIV;

.
AREA T

Fig. 3.

Monthly and annual mean temperatures at 200 m, Areas V-VIII

Al4



- 14 -

soutey ‘loqimy Aeqyjoog ‘sasind aanjeiadwsl TRUOSEDIS UBSW 99-T96T PUP 09-GG6T

' *81a

T ] 1 | T T 1 1 ) L)

99- 196 ——— /
09-456| —

1
‘234

1 ] i 1 1 L 1 L L 1
‘AON 100 °'1d3S 9NV ANt 3NNM  AVN  "ddY  HVN 834

‘Nvr

Ol

2l

14

9l

JYN1IVHE3IdNEFL

oo

B1



- 15 -

*SUOTINGTIISIP WNEIUTH PUB UPaW [ENUUR Widl1-Juel YITA 9967 PuUE

96T 1dqueldeg pue ‘sunf-4BK ‘YDIBKY FUTANP W QO I® UOFINGTIIISTP sanjeaadwal ayl jo uwostaedwo) g *8IX

/-

.nv.!.u..\rn....,f R SRR - e

T R ey -
e S Thopai. S961 '1435
; yi . Sem e N Iy s / ;
-p iy - ey «2c

ANNP -AYN
/ !

996l

, [ et bt
F \
r

erw S

yuwn
ELTTFT )

~—
El]

/ n_:-e..r”-,_..n D

o

23, :
I
bRy [y
. . e o
Ry ]

h o By ; .
: i - P T lamoomety
/ _R. . A y \u& . - : S d
PR WANININ EA VA e anvaie NV3IN TYNNNY

LININIwYN - “Low — - iwrg - .
) M.V.a )] W,.F QZOM— m?f..ll ] m..r.(n_-..‘. R RS .u_.u.-_....ﬁ“-.. I/../.—‘KNFIOZQJ 4.9
i

o - ¥ - - £

B2



200 MERIDIAN €3°00'W

200-{MERIIAN 65'30'W

20-

Fig. 6.

NO &8+
OO MERIDIAN €5°30'W

TEMPERATURE, °C

YarLanTI3 CRUISE
NG 208

Jw-20 sept. mna

JALBATROSS N CRUISE
. ND @B-i2

- 16 -

SALINITY, ®/o0

o 3 um g3

DISSOLVED OXYGEN, ml/I

\

..........

ALBATROBS IV CRUISE
2

.14 SEPT, 1968

1965, and 1966,

SRR e TR

A

T T
KILOMETERS

Temperature, salinity, and dissolved oxygen profiles, September 1954,

T ¥ T T

T ¥ LI L) ¥ T T T T T T T T L} L}
15
SEPTEMBER ’;c;‘o
- | 1984 1965 1968 00 7 =7 T
- | o o & isom |2\./°,9’ .
i c b A 2008 ze:/ét’ ]
e W i 280M o _oga]
O 67000
s 10 Wby
A/ L,
w L “ 8%/ i
£ J}
- - /S 1
§ - A 'y a A‘ A | ,// i
w ﬁ B,"f /
; i i’?‘uoo i
s 5 o WY
" / 400 800
200 i
“— . —a.SLOPE WATER {McLELLAN, 1987}
— . — - SLOPE WATER {ISELIN, 1958} .
= — = GENTRAL ATLANTIC WATER
(ISELIN, 1938)
o SO S Y it - COAITAL WATER (MoL ELLAN, 1957}
i L e, L Il A A i i L. A l A i A L I
33.8 340 348 38.0 385 36.0
SALINITY %e
Fig. 7. Temperature-salinity correlations based on Atlantis

stations 5179-5183, September 1954 and Albatross IV

stations 9-12 and 19-22, September 1965 and 1966.

B3




