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ABSTRACT

Monitoring of the waters of the Middle Atlantic Bight and Gulf of Maine has been
conducted by the MARMAP Ships of Opportunity Program since the early 1970's. Pre
sented in this atlas are portrayals of the temporal and spatial patterns of surface and
bottom temperature and surface salinity for these areas during the period 1978-1990.
These patterns are shown in the form of time-space diagrams for single-year and multi
year (base period) time frames. Each base period figure shows thirteen-year (1978-1990)
mean conditions, sample variance in the form of standard deviations of the measured
values, and data locations. Each single-year figure displays annual conditions, sampling
locations, and departures of annual conditions from the thirteen-year means, expressed
as algebraic anomalies and standardized anomalies.

Introduction _

There has been a growing scientific concern about
the influence of climatic change on marine ecosys
tems. Oceanic factors, such as water temperature and
salinity, have been shown to be of prime importance
to resident and transient biota, because of direct and
indirect environmental influences upon physiological
processes such as metabolic rates and reproductive
cycles (Colton and Stoddard 19'73). Furthermore, it
has been suggested that a doubling of atmospheric
CO2 (Bolin et al. 1986) will occur sometime in the
next century, possibly resulting in an equilibrium
global surface air temperature rise of 30 C. Such a
rise is expected to be non-uniform, with the greatest
effects in higher latitudes, and with considerable re-

tMARMAP Atlas Monograph No.4

gional differences. Such change will have important
effects on the marine biota at scales ranging from
individual organisms to whole ecosystems (Frank et
al. 1988). The Northwest Atlantic has been suggested
as an area where the effects of major climatological
change may become significant owing to its proximity
to the boundary of the subpolar and subtropical
gyres, the fluctuations in major ocean currents, and
high fish productivity. The need for tfme-series of
fishery-relevant environmental data are critical to the
retrospective analyses that are being applied to these
problems (GLOBEC 1989, 1991a, 1991b; Meise
Munns et al. 1990).

The hydrographic properties of the Middle Atlan
tic Bight and Gulf of Maine are a complex array of
important transient phenomena (Bowman and
Wunderlich 1977). Seasonal cycles of water tempera
ture and salinity in these two &eographic regions are
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strongly affected by patterns of insolation, river dis
charge, evaporation, winds, and currents. Seasonal
cycles of temperature and salinity are modified fur
ther by intrusions of slope water and Gulf Stream
rings. Because of seasonal and interannual environ
mental variability, it is clear that long-term, systemz.tic
measurements of oceanographic conditions are es
sential to the detection and prediction of climaic
changes and their influence on living marine
resources.

The British have been conducting, since 1951,
monthly monitoring of 10-m depth plankton by
1) using merchant ships along the Scotian Shelf and
across the Gulf of Maine, and 2) using U.S. Coast
Guard cutters traveling to and from the North Atlantic
Ocean Stations Bravo and Delta (Glover 1967). The Na
tional Marine Fisheries Service (NMFS), beginning in
the late 1960's, established several interagency and in
ternational agreements that either started such moni
toring, or supported the continuation of already
existing ocean monitoring programs. Fostered by the
global expedition of the United States Coastal 2.nd
Geodetic Survey ship Oceanographer in 1967, a meeting
was held in Plymouth, England that led to a NMFSj
United Kingdom cooperative agreement for extension
of the Continuous Plankton Recorder (CPR) survey
into additional areas of the western orth Atlantic. In
mid-1970, another cooperative agreement was devel
oped between the NMFS and the U.S. Maritime Ad
ministration to collect surface water samples and
deploy expendable bathythermographs (XBT's) from
merchant ships operating along the East and Gulf
coasts of the United States. In 1972 a NMFSjU.S.
Coast Guard agreement was established to add neus
ton sampling and new CPR routes to their operations
on standard Coast Guard cruises, and to bring all the
ships of opportunity activities under the direction of
the NMFS Marine Resources Monitoring, Assessment,
and Prediction (MARMAP) Program (Sherman 1980).
As the program developed, routes were chosen across
areas of interest to fisheries research, where regular
water column and plankton sampling could be ex
pected. The goal was to obtain no less than one
transect per month in the transect area (Fig. 1). 'The
program has been known by several names over the
years, but now is called the MARMAP Ships of Oppor
tunity Program (SOOP). Reports on the collections
from this program have been prepared by Cook
(1979a, 1979b, 1984, and 1985); Cook and Hughes
(1980); Hughes and Cook (1981a, 1981b, and 1982);
Benway (1985, 1986, 1987, 1988, 1989, and 1992); and
Jossi and Benway (1985, 1988, 1990, and 1991).
MARMAP atlas series 1,2, and 3 were published be
tween 1984 and 1989 by Sibunka 1984, Morse et al.
1987, and Sibunka 1989.

Surface temperature and salinity, and bottom tem
perature conditions along two routes are presented
here for the years 1978 through 1990. The two routes
are (1) New York towards Bermuda and (2) Massa
chusetts to Cape Sable, Nova Scotia. Portrayals in
time and space are presented of 1) long-term sam
pling coverage, 2) long-term means and variances,
3) single-year conditions, 4) single-year anomalies,
and 5) single-year standardized anomalies.

Methods _

The track lines of the ships of opportunity varied by
monthly excursions. For consistency between sam
pling efforts, route polygons were developed for
analysis and portrayal of the data collected. These
polygons (Fig. 1, A and B) were established based on
composites of all sampling locations, such that
oceanographic features were assumed to vary along
the long axes of the polygons, but to vary insignifi
cantly normal to the long axes. Only data collected
within the polygons were included in analyses. Stan
dard reference positions were chosen for each route
from which the radial distance to each sample loca
tion was calculated. These positions were located at
such distances beyond the narrow ends of the poly
gons so that arcs passing through the sample location
had little curvature (see Figure 1). The calculation
also produced a reference distance which was positive
from North America seaward.

The Middle Atlantic Bight sampling (Fig. lA) oriii~
nated at Ambrose Tower (40° 27.5'N, 73° 49.6'W) and
extended offshore approximately 500 kilometers to
wards Bermuda. This was termed MARMAP Route
MB, and the corners of this polygon were defined by
the following geographic positions: 400 34'N, 74°00'W;
400 20'N, 74°00'W; 38°30'N, 69°00'W; and 36°44'N,
700 30'W. Sampling generally concluded within the
Gulf Stream. Because of the Gulf Stream's varying
position, not all sampling transects traversed the en
tire polygon length. A transect along this route typi
cally passed through shelf, slope, and Gulf Stream
water masses, and often crossed a portion of Deep
Water Dumpsite 106. The major hydrographic fea
tures of this region were summarized by Ingham
(1982).

The Gulf of Maine sampling extended from Bos
ton, Massachusetts, to Cape Sable, Nova Scotia
(Fig. IB), for a distance of approximately 452 km.
This is termed MARMAP Route MC, and the corners
of this polygon were defineri by these geographic po
sitions: 43°30'N, 71°00'W; 43°30'N, 65°37'W; 43°00'N,
65°37'W; 42°00'N, 71"00'W. This polygon included
the following geographic regions of the Gulf of
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Maine: Massachusetts Bay, Wilkinson Basin, the Cen
tral Gulf Ledges, southern Jordan Basin, Crowell Ba
sin, and the western Scotian Shelf.

Data Collection

The regimen at every station included the following:
deployment of an XBT probe, and concurrent collec
tion of a sea surface bucket sample for temperature
calibration and salinity determination. In both poly
gons, XBT's were used to measure water column
temperatures down to a maximum depth of 500 m
(Table 1). Stations were positioned on the basis of
time intervals rather than actual geographical loca
tions. Sampling was taken hourly in the Middle Atlan
tic Bight and every two hours in the Gulf of Maine on
average. Prior to 1981, all data were collected utiliz
ing Sippican analog recorders, and traces were digi
tized. Thereafter, data were recorded digitally on
magnetic tape or disk.

Ship position, time of XBT deployment, and water
column depth (taken from a depth chart or fathom
eter) also were recorded in the computer and on a
MARMAP log sheet. Full details on the MARMAP
Ships of OpportunitY' Program (SOOP) operational
procedures and theory are in preparation and are
available from the authors.

Temporal Scales of the Survey

Monitoring of water temperature and salinity in the
Middle Atlantic Bight and Gulf of Maine began in
mid-year 1970. However, data collected before 1978
were too incomplete for portrayal in this atlas. In the
Middle Atlantic Bight (see Table 2), one or two
sampling cruises were conducted per month, gener-

Table I
Equations for calculating depth during an expend
able bathythermograph deployment (Sippican Cor
poration 1970).

Probe Depth range
type (m) Equation a

T-4 0-460 D = [(6.472) * (T - 0.00215) * (T')]

T-6 0-460 D = [(6.472) * (T - 0.00216) * (T')]

T-7 0-760 D = [(6.472) * (T - 0.00216) * (T')]

no 0-200 D = [(6.301) * (T-0.00216) * (T2)]

aD is the depth of the voltage reading and T is the time of
descent.

ally during the first or second week of each month.
Beginning in April 1990, approximately four sam
pling cruises were performed per month, generally
one cruise per week (Figs. 2-4). By comparison, one
sampling cruise per month was carried out across
the Gulf of Maine (see Table 3), typically during
the first week of each month (Figs. 5-7). During
1986, no XBT's were deployed in the Gulf of Maine,
so no bottom temperature data were collected.
Surface temperature and salinity were measured in
1986.

Spatial Scales of the Survey

In the Middle Atlantic Bight, a typical transect began
with the first station at Ambrose Tower (40° 27.5'N,
73° 49.6'W; distance from reference point = 17 km),
(Fig. 1A). Generally, additional stations occurred
about every hour (every 25-35 km, depending on
vessel speed) until the North Wall of the Gulf
Stream was reached. Stations were spaced at fifteen
minute intervals (7 km) near the continental shelf
break. The first station, from Bermuda to New Jersey,
was at the Gulf Stream North Wall and sampling
proceeded at the same time intervals until Ambrose
Tower (Figs. 2-4). Surface water samples and water
column temperature profiles were collected at each
station (every 7-35 km, or 15-60 minutes depending
on vessel speed).

In the Gulf of Maine, sampling was initiated from
either end of the Route MC polygon (Fig. 1B). Sur
face water samples were collected every hour (every
20-30 km depending on vessel speed), and water col
umn temperature profiles were obtained no less than
every other hour (Figs. 5-7).

Data Processing

The depth of each XBT voltage reading was de
rived as a function of time alone, using XBT descent
equations shown in Table 1.

XBT voltage readings were converted to tempera
tures in several steps. First, a SA-810 XBT Controller
transmitted hexadecimal voltage values (representing
XBT thermistor measurements) to a shipboard
HP-85 or IBM personal computer. The voltage mea
surements, which ranged from 0 to 10 volts, were
digitized with 12-bit (4096) resolution, resulting in a
range of hexadecimal values from 000 to FFF. Sec
ondly, the XBT program in the HP-85 or IBM PC
converted those hexadecimal voltage equivalents to
resistance, and then into temperature (degrees Cel
sius) in the following manner:
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Table 2
List of all MARMAP Ships of Opportunity Program (SOaP) cruises through the Route MB polygon during the period
1978-1990. An "X" indicates collection of a particular data type (XBT = expendable bathythermograph drop; SST =
sea surface temperature (bucket) sample; SSS = sea surface salinity (bucket) sample.

Cruise Date XBT SST SSS Cruise Date XBT SST SSS

1978 MR8006 11 Oct 1980 X X X
TA7801 1Jan 1978 X X X TA8003 11 Oct 1980 X X X
AS7801 12Jan 1978 X X X TA8004 2 Dec 1980 X X X
MR7802 12 Feb 1978 X X X
TA7802 16 Feb 1978 X X 1981

MR7803 22 Mar 1978 X X OL8101 27 Mar 1981 X X

TA7803 23 Mar 1978 X 'X X OL8102 10 Apr 1981 X X X

PJ7803 28 Mar 1978 X X X OL8103 15 Apr 1981 X X X

TA7805 10 May 1978 X X X OL8104 9 May 1981 X X X

MR7805 IJun 1978 X X X OL8105 5Jun 1981 X X X

TA7806 8Jun 1978 X X X OL8106 10Jun 1981 X X X

MR7807 15Jul 1978 X X X OL8107 10Jul 1981 X X X

GL7807 27 Jul 1978 X X OL8108 15Jul 1981 X X X

MA7807 29Jul 1978 X X X OL8109 14 Aug 1981 X X X

MA7808 31 Aug 1978 X X OL8110 19 Aug 1981 X X X

MR7809 23 Sep 1978 X X X OL8111 18 Sep 1981 X X X

TA7811 7 Nov 1978 X X X OL8112 23 Sep 1981 X X X

GL7812 17 Dec 1978 X X OL8113 16 Oct 1981 X X X
OL8114 21 Oct 1981 X X

1979 OL8116 13 Nov 1981 X X X
TA7901 30Jan 1979 X X OL8117 19 Nov 1981 X X X
MA7901 25 Feb 1979 X X X OL8118 12 Dec 1981 X X X
MA7902 23 Mar 1979 X X X OL8119 17 Dec 1981 X X X
MR7902 5 May 1979 . X X X

1982
WH7901 8 May 1979 X X X
MA7904 28 May 1979 X X X

OL8201 15Jan 1982 X X X

MR7903 7Jun 1979 X X X
OL8202 20Jan 1982 X X X

MR7904 16Jun 1979 X X X
OL8203 19 Feb 1982 X X X

TA7904 18Jul 1979 X X X
OL8204 24 Feb 1982 X X X

MR7905 22Jul 1979 X X X
OL8205 12 Mar 1982 X X X

TA7905 23 Aug 1979 X X X
OL8206 17 Mar 1982 X X X

MR7906 23 Sep 1979 X X X
OL8207 17 Apr 1982 X X X

MR7907 4 Oct 1979 X X X
OL8208 21 Apr 1982 X X X

VG7901 5 Oct 1979 X X X
OL8209 14 May 1982 X X X

MA7908 3 Nov 1979 X X X
OL8210 19 May 1982 X X X

MR7909 1 Dec 1979 X X
OL8211 llJun 1982 X X X

MA7910 14 Dec 1979 X X X
OL8212 16Jun 1982 X X X
OL8213 16Jul 1982 X X X

1980 OL8214 21Jul 1982 X X X

MA8001 22Jan 1980 X X OL8216 13 Aug 1982 X X X

MR8001 3 Feb 1980 X X X OL8217 18 Aug 1982 X X X

GL8003 9 Mar 1980 X X X OL8218 11 Sep 1982 X X X

MR8003 6 Apr 1980 X X X OL8219 16 Sep 1982 X X X

GL8004 7 Apr 1980 X X X OL8220 15 Oct 1982 X X X

MA8005 2 May 1980 X X OL8221 20 Oct 1982 X X X

KE8002 16 May 1980 X X X OL8222 12 Nov 1982 X X X

MR8004 17 May 1980 X X X OL8223 17 Nov 1982 X X X

MA8006 2Jun 1980 X X X OL8224 10 Dec 1982 X X X
OL8225 16 Dec 1982 X X X

1980
1983

MA8007 12Jun 1980 X X X
MA8008 I Jul 1980 X X X

OL8301 15 Jan 1983 X X X

KE8028 9 Aug 1980 X X OL8302 28Jan 1983 X X X
OL8303 2 Feb 1983 X X X

1980 OL8304 18 Feb 1983 X X
MR8005 16 Aug. 1980 X X OL8305 II Mar 1983 X X X
2TA8002 16 Sep 1980 X X X OL8306 16 Mar 1983 X X X
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Table 2 (continued)

Cruise Date XBT SST SSS Cruise Date XBT SST SSS

01.8307 16 Apr 1983 X X X 01.8516 20 Sep 1985 X X X
01.8308 14 May 1983 X X X 01.8518 16 Oct 1985 X X X

01.8309 20 May 1983 X X X 01.8519 8 Nov 1985 X X X
01.8310 10Jun 1983 X X X 01.8520 14 Nov 1985 X X X
01.8311 15Jun 1983 X X X 01.8521 7 Dec 1985 X X
01.8312 29Jun 1983 X X
01.8313 8Jul 1983 X X X 1986

01.8314 5 Aug 1983 X X X 01.8601 10Jan 1986 X X X

01.8315 10 Aug 1983 X X X 01.8602 7 Feb 1986 X X X

01.8316 23 Sep 1983 X X X 01.8603 7 Mar 1986 X X X

01.8317 14 Oct 1983 X X X 01.8604 21 Mar 1986 X X

01.8318 19 Oct 1983 X X X 01.8605 4 Apr 1986 X X X

01.8319 18 ov 1983 X X X 01.8606 2 May 1986 X X X

01.8320 22 Nov 1983 X X X 01.8607 6Jun 1986 X X X

01.8321 2 Dec 1983 X X X 01.8608 4Jul 1986 X X X

01.8322 7 Dec 1983 X X X 01.8609 8 Aug 1986 X X X
01.8610 19 Sep 1986 X X X

1984 01.8611 10 Oct 1986 X X X
OL8401 6Jan 1984 X X X OL8612 15 Oct 1986 X X X
OL8402 12Jan 1984 X X X OL8613 7 Nov 1986 X X X
OL8403 3 Feb 1984 X X X OL8614 12 Nov 1986 X X X
OL8404 8 Feb 1984 X X X OL8615 5 Dec 1986 X X
OL8405 2 Mar 1984 X X X OL8616 10 Dec 1986 X X X
OL8406 7 Mar 1984 X X X
OL8407 6 Apr 1984 X X X 1987

OL8408 11 Apr 1984 X X X OL8701 9Jan 1987 X X X

OL8409 11 May 1984 X X X OL8702 6 Feb 1987 X X X

OL841O 17 May 1984 X X X 01.8703 6 Mar 1987 X X X

OL8411 8Jun 1984 X X X OL8704 10 Apr 1987 X X X

OL8412 13Jun 1984 X X X OL8705 8 May 1987 X X X

OL8413 7 Jul 1984 X X X OL8706 13 May 1987 X X X

OL8414 11 Jul 1984 X X X OL8707 5Jun 1987 X X X

OL8415 10 Aug 1984 X X X OL8708 9Jul 1987 X X X

OL8416 15 Aug 1984 X X X OL8709 15Jul 1987 X X X

OL8417 7 Sep 1984 X X X OL8710 25Jul 1987 X X

OL8418 12 Sep 1984 X X X OL8711 19 Aug 1987 X X X

OL8419 21 Oct 1984 X X X 1987
OL8420 25 Oct 1984 X X X OL8712 4 Sep 1987 X X X
01.8421 2 Nov 1984 X X X OL8713 2 Oct 1987 X X X
OL8422 9 Nov 1984 X X X OL8714 23 Oct 1987 X X X
01.8423 7 Dec 1984 X X X 01.8715 28 Oct 1987 X X X
01.8424 11 Dec 1984 X X X OL8716 13 Nov 1987 X X X

1985
01.8717 5 Dec 1987 X X X

OL8501 26Jan 1985 X X X OL8718 9 Dec 1987 X X X

OL8502 30Jan 1985 X X X 1988
OL8503 15 Feb 1985 X X X OL8801 8Jan 1988 X X X
01.8504 20 Feb 1985 X X X 01.8802 5 Feb 1988 X X X
OL8505 23 Mar 1985 X X X OL8803 18 Mar 1988 X X X
OL8506 26Apr 1985 X X X OL8804 8 Apr 1988 X X X
OL8507 1 May 1985 X X X OL8805 13 Apr 1988 X X X
01.8508 17 May 1985 X X X OL8806 6 May 1988 X X X
OL8509 7Jun 1985 X X X OL8807 10Jun 1988 X X X
OL851O 21Jun 1985 X X X OL8809 8Jul 1988 X X X
OL8511 12Jul 1985 X X X OL881O 19 Aug 1988 X X X
OL8512 9 Aug 1985 X X X OL8811 24 Aug 1988 X X
OL8513 14 Aug 1985 X X X 01.8812 9 Sep 1988 X X X
OL8514 6 Sep 1985 X X X OL8813 14 Oct 1988 X X X
OL8515 11 Sep 1985 X X X OL8814 19 Oct 1988 X X X
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Table 2 (continued)

Cruise Date XBT SST SSS Cruise Date XBT SST SSS

OL8815 4 Nov 1988 X X X OL9009 30 May 1990 X X X
OL8816 2 Dec 1988 X X X OL9010 8Jun 1990 X X X

1989 1990
OL8901 7Jan 1989 X X X OL9011 13Jun 1990 X X X
OL8902 3 Feb 1989 X X X OL9012 22Jun 1990 X X X
OL8903 3 Mar 1989 X X X OL9013 27Jun 1990 X X X
OL8904 7 Apr 1989 X X X OL9014 6Jul 1990 X X X
OL8905 13 Apr 1989 X X X OL9015 llJul 1990 X X X
OL8906 13 May 1989 X X X OL9016 20Jul 1990 X X X
OL8907 9Jun 1989 X X X OL9017 25Jul 1990 X X X
OL8908 7Jul 1989 X X X OL9018 3 Aug 1990 X X
OL8909 4 Aug 1989 X X X OL9019 8 Aug 1990 X X X
OL8910 1 Sep 1989 X X X OL9020 17 Aug 1990 X X X
OL8911 29 Sep 1989 X X X OL9021 22 Aug 1990 X X X
OL8912 11 Oct 1989 X X X OL9022 14 Sep 1990 X X X
OL8913 10 Nov 1989 X X X OL9023 19 Sep 1990 X X X
OL8914 15 Dec 1989 X X X OL9024 5 Oct 1990 X X X

OL9025 10 Oct 1990 X X X
1990

OL9026 26 Oct 1990 X X X
OL9001 5Jan 1990 X X X

OL9027 31 Oct 1990 X X X
OL9002 2 Feb 1990 X X X

OL9028 9 Nov 1990 X X X
OL9003 2 Mar 1990 X X X

OL9029 15 Nov 1990 X X X
OL9004 6 Apr 1990 X X X

OL9030 23 Nov 1990 X X X
OL9005 20 Apr 1990 X X X

OL9031 28 Nov 1990 X X X
OL9006 25 Apr 1990 X X X

OL9032 7 Dec 1990 X X
OL9007 4 May 1990 X X X

OL9033 13 Dec 1990 X X X
OL9008 9 May 1990 X X X

Table 3
List of all MARMAP soap cruises through the Route Me polygon during the period 1978-1990. An "X" indicates
collection of a particular data type (XBT = expendable bathythermograph drop; SST = sea surface temperature
(bucket) sample; SSS = sea surface salinity (bucket) sample.

Cruise Date XBT SST SSS Cruise Date XBT SST SSS

1978 CU7903 2Jul 1979 X X
CU7803 12 Mar 1978 X X X CU7904 3 Aug 1979 X X X
CU7804 13 Apr 1978 X X X CU7905 17 Aug 1979 X X X
CU7805 7 May 1978 X X X CU7906 16 Sep 1979 X X X
CU7855 22 May 1978 X X X CU7907 31 Oct 1979 X X X
CU7806 2Jun 1978 X X X CU7908 21 Nov 1979 X X X
CU7807 23Jul 1978 X X X CU7909 23 Dec 1979 X X
CU7808 16 Aug 1978 X X
CU7888 18 Aug 1978 X X 1980

CU7809 30 Sep 1978 X X X CU8001 1Jan 1980 X X X

CU7810 11 Oct 1978 X X X DE8001 9 Feb 1980 X X X

CU7811 10 Nov 1978 X X X CU8002 20 Mar 1980 X X X
CU8004 4 Apr 1980 X X X

1979 CU8005 5 May 1980 X X X
DE7901 23Jan 1979 X X X CU8006 4Jun 1980 X X
AC7901 1 Mar 1979 X X X CU8008 21Jul 1980 X X X
AC7902 1 Apr 1979 X X X CU8009 20 Aug 1980 X X X
CU7901 3 May 1979 X CU8010 2 Sep 1980 X X X
CU7902 3Jun 1979 X X CU8011 20 Oct 1980 X X X
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Table 3 (continued)

Cruise Date XBT SST SSS Cruise Date XBT SST SSS

CU8013 11 Nov 1980 X X 1984
CU8014 13 Nov 1980 X X X YC8401 7 Jan 1984 X X X
CU8015 14 Dec 1980 X X X YC8402 12 Feb 1984 X X X

YC8403 26 Feb 1984 X X X
1981 YC8404 10 Mar 1984 X X X
CU8103 24 Feb 1981 X X X
CU8104 9 Mar 1981 X X X 1984

CU8105 22 Mar 1981 X X X YC8406 21 Mar 1984 X X X
CU8106 8Apr 1981 X X X YC8407 7 Apr 1984 X X X
CU8107 30 May 1981 X X X YC8408 21 Apr 1984 X X X

CU8108 10Jun 1981 X X X YC8409 16 May 1984 X X X
YC8410 19'May 1984 X X X

1981 YC8411 9Jun 1984 X X X
CU8109 22Jul 1981 X X X YC8412 14Jul 1984 X X X
CU811 0 5 Aug 1981 X X X YC8413 3 Aug 1984 X X X
CU8111 22 Aug 1981 X X X YC8417 21 Sep 1984 X X X
CU8112 6 Sep 1981 X X X YC8418 12 Oct 1984 X X X
AC8103 11 Nov 1981 X X YC8419 3 ov 1984 X X X

1982 YC8420 8 Dec 1984 X X

DW8201 26 Mar 1982 X X X YC8421 15 Dec 1984 X X X

DE8201 25 Apr 1982 X X X 1985
YC8202 21 May 1982 X X X YC8501 5Jan 1985 X
YC8203 11Jun 1982 X X X YC8502 19Jan 1985 X X X
YC8206 16Jul 1982 X X X YC8503 2 Feb 1985 X X X
YC8207 13 Aug 1982 X X X YC8505 12 Mar 1985 X X X
YC8209 10 Sep 1982 X X X YC8506 16 Mar 1985 X X X
YC8210 19 Oct 1982 X X X YC8507 9 Apr 1985 X X X
YC8211 13 Nov 1982 X X YC8508 11 May 1985 X X X
YC8212 20 Nov 1982 X X X YC851 0 7 Jun 1985 X X X
YC8213 11 Dec 1982 X X X YC8512 19 Jul 1985 X X X

1983 YC8513 1"3 Aug 1985 X X X

YC8301 7 Jan 1983 X X YC8514 7 Sep 1985 X X X

YC8302 15Jan 1983 X YC8515 5 Oct 1985 X X X

YC8303 29Jan 1983 X X X YC8516 2 Nov 1985 X X

YC8304 19 Feb 1983 X X X YC8518 17 Dec 1985 X X X

YC8305 4 Mar 1983 X X X 1986
YC8306 15 Mar 1983 X X X YC8601 11 Jan 1986 X X
YC8307 5 Apr 1983 X X X YC8602 15 Feb 1986 X X
YC8308 12 Apr 1983 X X X YC8603 25 Feb 1986 X X
YC8309 6 May 1983 X X YC8604 11 Mar 1986 X X
YC831 0 9 May 1983 X X X YC8605 4 Apr 1986 X X
YC8311 13 May 1983 X YC8606 6 May 1986 X X
YC8312 25 May 1983 X X X YC8607 6Jun 1986 X X
YC8313 11 Jun 1983 X X X YC8608 9Jul 1986 X X
YC8314 20Jun 1983 X X X YC8609 8 Aug 1986 X X
YC8315 8Jul 1983 X X X YC8610 12 Sep 1986 X X
YC8316 23Jul 1983 X X X YC8620 13 Sep 1986 X X
YC8317 3 Aug 1983 X X X YC8611 18 Oct 1986 X X
YC8318 20 Aug 1983 X X X YC8612 8 Nov 1986 X X
YC8319 9 Sep 1983 X X X YC8613 13 Dec 1986 X X
YC8320 8 Oct 1983 X X X
YC8321 15 Oct 1983 X X X 1987

YC8322 26 Oct 1983 X X X YC8701 10Jan 1987 X X

YC8323 7 Nov 1983 X YC8702 21 Feb 1987 X X

YC8324 24 Nov 1983 X X X 1987
YC8325 9 Dec 1983 X X X YC8703 14 Mar 1987 X X X
YC8326 17 Dec 1983 X X X YC8704 11 Apr 1987 X X X
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Table 3 (continued)

Cruise Date XBT SST SSS Cruise Date XBT SST SSS

YC8705 9 May 1987 X X X YC8903 6 Mar 1989 X X X
YC8706 6Jun 1987 X X X YC8904 7 Apr 1989 X X X
YC8707 11Jul 1987 X X X YC8905 6 May 1989 X X X
YC8708 8 Aug 1987 X X X YC8906 17Jun 1989 X X X
YC8709 12 Sep 1987 X X X YC8907 8Jul 1989 X X X
YC8710 3 Oct 1987 X X X YC8908 5 Aug 1989 X X X
YC8711 14 Nov 1987 X X X YC8909 1 Sep 1989 X X X
YC.8712 12 Dec 1987 X X X YC891 0 7 Oct 1989 X X X

YC8911 4 Nov 1989 X X X
1988 YC8912 9 Dec 1989 X X X
YC8801 21 Jan 1988 X X X
YC8802 15 Feb 1988 X X X 1990
YC8803 19 Mar 1988 X X X YC9001 IJan 1990 X X X
YC8804 16 Apr 1988 X X X YC9002 12 Feb 1990 X X X
YC8805 10 May 1988 X X X YC9003 5 Mar 1990 X X X
YC8806 llJun 1988 X X X YC9004 20 Apr 1990 X X X
YC8807 8Jul 1988 X X X YC9005 11 May 1990 X X X
YC8808 12 Aug 1988 X X X YC9006 19 May 1990 X X
YC8809 9 Sep 1988 X X X YC9007 8Jun 1990 X X X
YC8810 24 Oct 1988 X X X YC9008 6Jul 1990 X X X
YC88ll 19 Nov 1988 X X X YC9009 4 Aug 1990 X X X
YC8812 10 Dec 1988 X X X YC9010 8 Sep 1990 X X X

YC90ll 5 Oct 1990 X X X
1989 YC9012 9 Nov 1990 X X X
YC8901 4Jan 1989 X X X YC9013 8 Dec 1990 X :x X
YC8902 4 Feb 1989 X X X

1) Convert hexadecimal value to decimal value.
2) Convert decimal value to (V) voltage:

V = 10.0 * Decimal value / 4096
3) Convert (V) voltage to (R) resistance (ohms):

R = (18094-1490.1) * V
4) Convert (R) resistance to (T) temperature (OC):

T = -273.15 + 11/ [A+(B*ln R)+(C*(ln R)3)]1
Where: A = 1.29502 * 10-3

B = 2.34546 * 10-4

C = 9.9434 * 10-8

This logarithmic equation was first presented by
Steinhart and Hart (1968). The constants for this tem
perature equation were determined empirically from
laboratory tests ofXBT thermistors (Georgi et al. 1980).

Quality control (QC) software was designed specifi
cally for the digital data format established in 1981.
For each sampling station of a given cruise, QC plots
of temperature versus depth were produced, and all
depth-temperature pairs were listed.

QC plots were used to determine water column
depth, surface temperature, and bottom tempera
ture, as well as to delete inaccurate XBT drops. Water
column depth was determined by comparing the log
sheet depth with any bottom impact marks on the
QC plot. Surface bucket temperatures were used to
calibrate probe values. Bottom temperatures were

chosen from corresponding probe bottom impact
marks located on the analog graph output.

Conductivity measurements of sea surface samples
were generated by use of a Guildline Model 8400
Autosal. Conductivities were converted to salinity val
ues using the UNESCO standard equations of state
(UNESCO 1981).

Time-distance checks were performed on all re
corded time and position data to eliminate errone
ous log entries of a ship's position.

Analyses of the data revealed considerable tempo
ral and spatial variability for surface temperature,
surface salinity, and bottom temperature along most
of the routes. As a result, a time-space mapping tech
nique was developed to portray the data in a form
that retained most of the original detail, to show
long-term means and variances, and to determine de
partures in individual years from the means. Further,
the technique permits extraction of a spatially coher
ent time series and analysis of relationships among
measured values.

Gridding

Grid dimensions and techniques were chosen by con
sidering (after several trial runs utilizing different pa-
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rameters) the following: (1) the average data coverage
in time and space; (2) the closeness of fit between the
actual data values and the interpolated grid values;
(3) the grid size; (4) the portrayed rates of change of
the scalar values; and (5) the desire to ease interpreta
tion and presentation of the final products. The limits
in precision and accuracy are reported in Table 4.
Distribution of the residuals from the base period
grids and of a composite of the residuals from the
single-year grids, showing near normal distributions,
are presented in Figure 8A and 8B. An inherent bias
in this gridding technique is the de-emphasis of ex
treme amplitudes in the raw data values. However, the
tails of the residual distributions (Fig. 8A) do not show
that this is a severe problem. The standard deviations
of the base period residuals are 2 to 3 times the corre
sponding standard deviations of the single year residu
als. The small size of these last residuals (0.29-0.79° C,
0.17-0.38 PSU) indicate that, taken together, the base
period grids and single year grids are a valid portrayal
of the data.

To overcome problems associated with irregular
sampling in both space and time, the data were sub
jected to a gridding procedure. The design of the
gridding method was developed in part with other
research at the NOAA Narragansett Laboratory
(Goulet 1990; Jossi et al. 1991; and Thomas 1992,).
For each irregular raw data matrix, the gridding tech
nique was used to calculate a curved planar surface
from interpolated data values at regular, spatial-

Table 4
Accuracy and precision of the gridding technique ex-

pressed as means and standard deviation of the re-

siduals.

Standard
Timespan Mean of deviation

and route Data type residuals of residuals

Single Year
MB Surface Temp. -0.00017 0.751

Bottom Temp. 0.025 0.785
Surface Sal. 0.0079 0.377

Base Period
MB Surface Temp. -0.023 1.865

Bottom Temp. -0.035 1.624
Surface Sal. 0.027 0.902

Single Year
Me Surface Temp. -0.0057 0.424

Bottom Temp. -0.0027 0.290
Surface Sal. -0.00041 0.165

Base Period
MC Surface Temp. -0.0031 1.129

Bottom Temp. -0.0387 0.8032
Surface Sal. -0.0209 0.4663

temporal grid points. Those gridded data values were
contoured, producing three-dimensional representa
tions of space by time by scalar (Figs. 9-91). Further
more, gridding was used to calculate mean values,
standard deviations over the thirteen year base pe
riod (1978-1990) (Figs. 9-14); and to compare indi
vidual-year data to base period mean values, via
algebraic anomalies and standardized anomalies
(Figs. 15-91).

Each grid was defined by polygon reference dis
tance (range: 0 to 452 kilometers) along the x-axis,
time (range: 0 to 365.25 days) along the y-axis, and
sample scalar values along the z-axis. All grids were
dimensioned such that grid points occurred at inter
vals of 17.38 kilometers and 15.22 days, i.e., there
were 27 grid columns (26 divisions in x) along each
polygon, and 25 grid rows (24 divisions in y) for ev
ery year or base period. At every grid point, a Z value
was calculated by performing an elliptical search in
time and space, weighting all observed values within
the ellipse, and by calculating a weighted mean. In
the event of fewer than four observations within the
search ellipse at a given grid point, that grid point
was assigned a missing value, resulting in a blank re
gion within the grid surface (Figs. 15-91). Search ra
dii and gridding techniques were dependent upon
data spacing and the type of grid matrix created
(Table 5).

The remainder of this section will detail the
gridding methodology applied to all data types.

The first step was to generate a (base period) mean
grid from all data collected during the thirteen-year
base period (Figs. 9-14, panel A). The mean grid for
each base period was then used to generate a corre
sponding grid of standard deviations.

The base period mean grid surface was subtracted
from observed values to produce a data set of base
period residuals (Fig. SA), thereby removing the two-

Table 5
Gridding methods and elliptical search radii for each
sampling route and grid type.

Route Grid type Gridding method Search radius

MB Single year Kriging 60 km x 70 days

MB Base period Inverse distance 30 km x 35 days
(1978-1990) squared weighting

MC Single year Kriging 50 km x 35 days

MC Base period Inverse distance 50 km x 35 days
(1978-1990) squared weighting
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dimensional annual signal. The residual technique
subtracted an interpolated grid surface value at the
actual spatial-temporal location of each observation.
A weighted variance was found by squaring all re
sidual values, and then gridding these squared re
siduals. Finally, a standard deviation grid (Figs. 9-14,
panel B) was created by taking the square root of the
variance grid (the calculation did not include the
number of observations, which exceeded 70 at all
grid points).

Two characteristics of the gridding technique are
worth noting. First, all grid matrices associated with
the base period mean were interpolated with the base
period parameters listed in Table 5. Second, all base
period mean and standard deviation grid values were
localized in time and space, because each grid value
was the weighted mean of all observations within the
search ellipse surrounding that grid value.

Single year grid maps of observed, anomaly, and
standardized anomaly values were generated for each
route and data type. See Table 5 for single year grid
methodology. Each annual raw data map was created
by gridding all observed data from that year (Figs. 15
91, panel A). For every observation in a given year,
algebraic anomalies (residuals) were calculated by sub
tracting the base period mean gridded value at that
point. Each annual anomaly map was created by
gridding these anomalies (Figs. 15-91, panel B). By
dividing the anomaly at each observation point by the
corresponding interpolated standard deviation (taken
from the base period standard deviation grid surface),
standardized anomalies were calculated for every ob
servation in a given year. Each annual standardized
anomaly map was generated by gridding these stan
dardized anomaly values (Figs. 15-91, panel C). For
portrayal of statistically significant events, standardized
anomaly map contour intervals were chosen by pick
ing the 15.2% and 84.8% percentile levels, as an ap
proximation of one standard deviation, and the 2.3%
and 97.7% percentile levels, as an approximation of
two standard deviations, from the thirteen-year data
set of standardized anomalies.

Results

The initial thirteen years of data collection (1978
1990) were chosen to serve as a base period for com
puting long-term mean conditions, and for
determining departures from mean conditions. Over
the thirteen years, a total of 294 cruises were con
ducted in the Middle Atlantic Bight, and 209 cruises
in the Gulf of Maine. Contoured, thirteen-year mean
portrayals of surface temperature, bottom tempera-

ture, and surface salinity values are shown for the
Middle Atlantic Bight (Figs. 9-11) and the Gulf of
Maine (Figs. 12-14). Figure 8 displays the average
relation between bottom depth and reference dis
tance along the two transects.

Each figure of thirteen-year mean conditions con
tains three panels: (A) weighted means of the obser
vations for that thirteen-year time frame; (B)
estimated standard deviations of the weighted mean
observed values; and (C) data location within the
thirteen-year base period.

Also presented are annual surface temperature,
bottom temperature, and surface salinity variations in
time and space for each year, 1978-1990, for the
Middle Atlantic Bight (Figs. 15-53) and the Gulf of
Maine (Figs. 54-91). Each annual figure contains
three panels: (A) observed conditions with the sam
pling locations; (B) departures of the observed con
ditions from the thirteen-year mean values expressed
as algebraic anomalies; and (C) departures of the ob
served conditions from the thirteen-year mean values
expressed as standardized anomalies. Note that the
Gulf of Maine 1986 surface temperature figure was
generated solely from bucket temperatures, and that
there are no Gulf of Maine 1986 bottom temperature
measurements or figures.

In the Middle Atlantic Bight (Fig. 92), the maxi
mum XBT sampling depth (500 m) occurred at a
reference distance of less than 225 km. This 500-m
depth maximum is 40 meters beyond the working
limit of the T-6 XBT probe. Because of slower cruis
ing speed, less than 15 kts, we were able to glean an
extra 40 meters of data. Hence, the bottom tempera
ture diagrams for that transect (Figs. 41-53) extend
only from the coast to that 225-km reference dis
tance.

Discussion

Baseline Conditions

Baseline conditions of surface temperature across the
Middle Atlantic Bight (Fig. 9A) show minimum an
nual values of less than 4° C in late February very
near shore, of 4-8° C during mid-March on the shelf,
and of 8-20° during mid-March southeastward
through the slope and Gulf Stream water masses. The
highest rate of vernal warming takes place along the
entire transect during late June, with peak annual
temperatures of greater than 22° C over the shelf and
greater than 26° C offshore achieved by late August.
From August to the end of the year temperatures
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decline fairly uniformly over the entire transect. The
periods of highest variability in these baseline condi
tions (Fig. 9B) occur on the shelf in early June when
standard deviations about the 1978-1990 means are
in excess of 2° C. These variations are largely due to
interannual differences in the timing of the vernal
warming of the surface waters of the Middle Atlantic
Bight. Variations in excess of 1° C occur over the in
ner shelf during the November and December pe
riod. The November variations can be partly
attributed to the interannual differences of timing of
the fall overturn. The December variations include
record-breaking, cold winter temperature values in
1978. Offshore, the standard deviations about the
baseline values generally range from 2° C to greater
than 3° C, with the highest values along the bound
ary between the slope and Gulf Stream water masses.
The baseline values for this region are the most vari
able along the transect due to the extensive migra
tions of both the shelf/slope front and the Gulf
Stream North Wall.

The dominant features of the time-space surface
salinity field across the shelf portion of the Middle
Atlantic Bight transect (Fig. lOA) are the meltwater
runoff from mid-March to late April, and the shorter
duration river discharge in mid-August, both concen
trated within 30 km of Ambrose Tower. The shelf
slope front, defined by 34.5 Practical Salinity Units
(PSU), shows considerable spatial variation through
the year, being just seaward of the shelf break from
January through April, then migrating over 100 km
further offshore by mid-June, and returning to the
area seaward of the shelf break by October. Beyond
the 300-km reference distance, salinities exceed 36
PSU in association with meanders of the Gulf Stream.
Variations about these baseline conditions (Fig. lOB)
are highest nearshore where standard deviations
from February through mid-June exceed 3 PSU, and
values in excess of 1 PSU occur throughout the year.
Variations in excess of 1 PSU occur across the shelf in
June and offshore in August and September. The in
fluence of upstream conditions on these values (par
ticularly outflow from the Gulf of Maine) is not easily
determined from this one transect but is expected to
be a contributing factor.

Baseline conditions of bottom temperatures across
the Middle Atlantic Bight shelf (Fig. llA) show mini
mum annual values of less than 2° C nearshore in
mid-February to less than 7° C at the shelf break in
mid-March. The cold pool is a major feature of the
bottom temperature regime along this transect. It oc
curs during the period between the onset of stratifi
cation (approximately late March inshore to late
April offshore) and fall overturn (early September

nearshore to early December offshore) (Cook 1985;
Benway et al.; In Press). Fall overturn produces maxi
mum bottom temperatures across the shelf reaching
in excess of 16° C nearshore and 13° C offshore to
the shelf/slope frontal boundary. Variations about
baseline values (Fig. lIB) show standard deviations
in excess of 3° C near shore in August, associated
with wind mixing of these shallow waters, and up
welling and downwelling events common to that
area. A large portion of the inner shelf during
September and October, and the outer shelf
during October and November have standard devia
tions of greater than 2° C coinciding with the fall
overturn. Beyond the 200-km reference distance, the
standard deviations exceed 2° C during most of the
year reflecting the influence of the migrating shelf/
slope front on the bottom. Midshelf deviations of
greater than 1° C occur during all but the winter
months and can be laqf~ly attributed to inter
annual variability in cold pool temperature and
boundaries:

Baseline conditions of surface temperature across
the Gulf of Maine transect (Fig. 12A) range from a
minimum of less than 3° C over the Scotian Shelf in
mid-March, and less than 4° C over Massachusetts Bay
in mid-February, to a maximum of 19° C for Massa
chusetts Bay and Wilkinson Basin, and near 14° C
over the eastern Gulf in August. The highest rate of
change due to vernal warming occurs during late
May through early July across the entire transect. M
ter August, surface temperatures, with the exception
of the mixed portions of the Scotian Shelf, decline
rapidly. Periods of highest variability occur during
June to late September over much of the transect
(Fig. 12B). Fall overturn generally occurs during late
October through early December leading to further
variability. The high variations over the eastern end
of the transect can be attributed to variation in the
Scotian Shelf Current.

Gulf of Maine surface salinity conditions vary less
than those in the Middle Atlantic Bight but still show
a wide range of values over the region (Fig. 13A).
Salinities range from a minimum 30 PSU during the
peak runoff into Massachusetts Bay in May, to a maxi
mum of 33.5 PSU over the Scotian Shelf in early No
vember. Unlike the nearshore waters of the New York
Bight during late summer and early fall, there is no
secondary pulse of river runoff. The standard devia
tion about the baseline conditions is less than 0.5
PSU for much of the time-space area (Fig. 13B).
However, deviations reaching 1 PSU occur from April
to June over Massachusetts Bay; between 0.5 and 0.7
PSU occur over Crowell Basin and extend to the east
ern end of the transect during January to April. In
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addition, standard deviations from 0.5 to 0.7 PSU oc
cur from August through December beginning over
the Scotian Shelf and progressing westward to in
clude Crowell Basin.

Bottom temperature conditions within the Gulf of
Maine range from a minimum of less than 3° Cover
the Scotian Shelf from February through late April,
and less than 4° C over Massachusetts Bay during the
same time period (Figure 14A). Mid-Gulf bottom
temperatures have average minima of between 6 and
7° C. Maximum temperatures of greater than 10° C
occurred over the eastern end of the transect from
late September through early November. Maximum
temperatures on the western end of the transect oc
curred during the same time period but reached only
slightly over 8° C. These times of maximum bottom
temperature coincide with fall overturn for these
shelf areas. These maxima are absent for the basin
areas which are commonly isolated from the overturn
event by the Maine Intermediate water. The largest
time-space standard deviations about the baseline
conditions appear to be associated with the shallower
portions of the transect, i.e., Massachusetts Bay, the
central Gulf ledges, and the Scotian Shelf (Fig. 14B),
amounting to greater than 1°C. These deviations are
most evident over the Scotian Shelf during late fall
and winter.

Time Series Approach

The transects along which these data were collected
initially were designed to provide information about
the cross shelf gradients through time. Although the
portrayals in this atlas illustrate such gradients, they
do not show the information in a convenient time
series format. What is clear in the portrayals is that in
the development of any time series, spatial non-ho
mogeneity must be considered. Analyses of the time
space results of this atlas have led to a technique that
is believed appropriate for extracting spatially coher
ent sections of the transects. The data from each sec
tion form the ingredien ts for reliable time-series
analyses. The method was first discussed by Jossi et al.
(1991), and more completely by Thomas (1992). It
involves examining the time-space changes in a de
parture of variables from a baseline condition, and,
through cluster analysis, determining sections of the
transect that depart from baseline conditions in a
spatially coherent manner. The raw data within these
clusters would then be used in time-series analyses.
Although such time-series were too voluminous to be
included in this atlas, an example from their ongoing
development are offered in Figure 93.

Acknowledgmen~ __

Appreciation is extended to the captains, officers and
crews of the Oleander; Bermuda Container Lines, and
Claus Spect, owner of the Yankee Clipper of Hamburg,
Germany, for generous cooperation for over a de
cade. The authors would like to thank those aboard
the many vessels of the U.S. Coast Guard, the Sea
Education Association, Falmouth MA, Caribou
Seafoods, Newfoundland, and Moore McCormack
Lines, who collected data in the early years of the
survey. Appreciation also is proffered to all the indi
viduals who volunteered to ride these ships, in par
ticular those riding the Oleander; and those from the
U.S. Maritime Academy at Kings Point, NY.
Special thanks are extended to the staff of the Na
tional Ocean Service, Office of Ocean Observations,
for their continued support, and to Captain Arthur
Finley of the U.S. Maritime Administration.

A good deal of the success of this program can be
credited to Steven K. Cook, National Ocean Service,
who managed it during the early years.

A special thanks also goes to Glenn Strout and
Daniel Smith who travel monthly on treacherous in
terstate 95 to train volunteers and retrieve data.

Lastly, to all the employees who have passed
through this office and to all the other participating
vessels over the last 20 years, too numerous to name,
thanks for ajob well done.

Citations _

Benway, R.L.
1985. Water column thermal structure across the shelf and

slope southeast of Sandy Hook, New Jersey in 1984. Ann.
bioI. No 41,11-13.

1986. Water column thermal structure across the shelf and
slope southeast of Sandy Hook, New Jersey in 1985. NAFO
SCR Doc. 86/76, Serial No. N1196, 6 p.

1987. Water column thermal structure across the shelf and
slope southeast of Sandy Hook, New Jersey in 1986. AFO
SCR Doc. 87/16, Serial o. N1296, 6 p.

1988. Water column thermal structure across the shelf and
slope southeast of Sandy Hook, New Jersey in 1987. NAFO
SCR Doc. 88/06, Serial No. 1441,7 p.

1989. Water column thermal structure across the shelf and
slope southeast of Sandy Hook, New Jersey in 1988. NAFO
SCR Doc. 89/65, Serial o. N1441, 11 p.

Benway, R.L., J. Jossi, and J. Prezioso.
1992. Surface and bottom temperatures, and surface salini

ties: Massachusetts to Cape Sable, N.S., and New York to the
Gulf Stream, 1991. NAFO SCR Doc. 92/16, Serial o.
'2061,14 p.

Benway, R.L., K. Thomas, andJ.Jossi.
1992. Water Column Thermal Structure in the Middle Atlan

tic Bight and Gulf of Maine from the MARMAPShip of



Benway et a1.: Temperature and Salinity in the Middle Atlantic Bight and Gulf of Maine 13

Opportunity Program, 1978 through 1991. NOAA Tech
Memo (In press).

Bolin, B., D.R. Doos,J.Jager, and R.A. Warrick (eds.).
1986. The greenhouse effect, climatic change, and ecosys

tems. Scientific Committee on Problems of the Environ
ment (SCOPE), 29. John Wiley, NY.

Bowman, M.J. and L.D. Wunderlich.
1977. Hydrographic Properties. New York Sea Grant Insti

tute, MESA New York Bight Atlas Monograph 1,78 p.
Colton,J.B.Jr. and R.R. Stoddard.

1973. Bottom-water temperatures on the continental shelf,
Nova Scotia to New Jersey. U.S. Dep. Commer., NOAA
Tech. Rep., NMFS Circ. 376, 55 p.

Cook, S.K.
1979a. Water column thermal structure across the shelf and

slope southeast of Sandy Hook, New Jersey in 1976. In
Ocean variability in the U. S. fishery conservation
zone, 1976 U.R. Goulet Jr., and E.D. Haynes, eds).
U. S. Dep. Commer., NOAA Tech. Rep., NMFS Circ.
427:231-257.

1979b. Water column thermal structure across the shelf and
slope southeast of Sandy Hook, New Jersey in 1977. Ann.
biol.,34:14-21.

1984. Water column thermal structure across the shelf and
slope southeast of Sandy Hook, New Jersey in 1983. NAFO
SCR Doc. 84/VI/16, 6 p.

1985. Water column thermal structure across the shelf and
slope southeast of Sandy Hook, New Jersey in 1982. Ann.
bioI., 39:14-16.

1985. Temperature Conditions in the Cold Pool 1977
1981: a Comparison Between Southern New England
and New York Transects. NOAA Technical Report NMFS
24.

Cook, S.K, and M. Hughes.
1980. Water column thermal structure across the shelf and

slope southeast of Sandy Hook, New Jersey in 1978. Ann.
biol.,35:14-25.

Frank, KT., R.I. Perry, KF. Drinkwater, and W.H. Lear.
1988. Changes in the fisheries of Atlan tic Canada associated

with global increases in atmospheric carbon dioxide: a pre
liminary report. Canadian Technical Report of Fisheries
and Aquatic Sciences No. 1652,52 p.

Georgi, D.T.,J.P. Dean, andJ.A. Chase.
1980. Temperature calibration of expendable bathythermo

graphs. Ocean Engineering 7:491-499.
GLOBEC.

1989. Report of a workshop on global ocean ecosystems dy
namics. Wintergreen, VA, May 1988. Joint Oceanographic
Institutions, Inc., Washington, D.C. (Available from Joint
Oceanographic Institutions, Inc., Washington, D.C.)

1991a. Report Number 1. Initial science plan. Febru<lry
1991. (Available from Joint Oceanographic Institutions Inc.
Washington, D.C.)

1991b. Report Number 2. GLOBEC: Northwest Atlantic Pro
gram, GLOBEC Canada/U.S. meeting on N.W. Atlantic
fisheries and climate, February, 1991. (Available from Joint
Oceanographic Institutions Inc., Washington, D.C.)

Glover, R.S.
1967. The continuous plankton recorder survey of the North

Atlantic. Symp. Zool. Soc. Lond. 19:189-210.
Goulet,J.R.Jr.

1990. Stochastic surfaces in Large Marine Ecosystems. Poster
presented at Ecological Society of America Annual Meeting.
Snow Bird VT. 29 Jul.- 2 Aug. 90.

Hughes, M., and S.K. Cook.
1981a. Water column thermal structure across the shelf and

slope southeast of Sandy Hook, New Jersey in 1979. Ann.
bioI. 36:15-25.

1981b. Water column thermal structure across the shelf and
slope southeast of Sandy Hook, New Jersey in 1980. NAFO
SCR Doc. 81/IX/93, Serial No. N391, 12 p.

1982. Water column thermal structure across the shelf and
slope southeast of Sandy Hook, New Jersey in 1981. NAFO
SCR Doc. 81/VI/ll, Serial No. N499, 6 p.

Ingham, M.e. (ed.).
1982. Summary of the physical oceanographic processes and

features pertinent to pollution distribution in the coastal
and offshore waters of the northeastern United States, Vir
ginia to Maine. U.S. Dep. Commer., NOAA Tech. Mem.,
NMFS-F/NEC-17, 166 p.

Jossi,J.W., and R.L. Benway.
1985. Surface and bottom temperatures, and surface salinities:

Massachusetts to Cape Sable, N.S., and ew York to the Gulf
Stream,1984. NAFO SCR Doc. 85/21. Serial No. N962, 7 p.

1988. Surface and bottom temperatures, and surface salini
ties: Massachusetts to Cape Sable, N.S., and ew York to the
Gulf Stream, 1988. NAFO SCR Doc. 90/26. Serial No.
N1743, 18 p.

1990. Surface and bottom temperatures, and surface salini
ties: Massachusetts to Cape Sable, N.S., and New York to the
Gulf Stream, 1989. NAFO SCR Doc. 90/26. Serial No.
NI744,17p.

1991. Surface and bottom temperatures, and surface salini
ties: Massachusetts to Cape Sable, N.S., and New York to the
Gulf Stream, 1990. NAFO SCR Doc. 91/91, Serial No.
N1975, 15 p.

Jossi,J.W.,J.R. Goulet, andJ. Green.
1991. 30 years of zooplankton variability in the Gulf of

Maine. Poster. COM Workshop, Woods Hole, MA. 8-IOJan. 91.
Meise-Munns, C.,J. Green, M. Ingham, and D. Mountain.

1990. Interannual variability in the copepod populations of
Georges Bank and the western Gulf of Maine. Mar. BioI.
Prog. Ser. 65:225-232.

Morse, W.W., Fahey, M.P., and W.G. Smith.
1987. MARMAP Surveys of the Continental Shelf from Cape

Hatteras, orth Carolina, to Cape Sable, Nova Scotia
(1977-1984). Atlas No.2, Annual Distribution Patterns of
Fish Larvae. NOAA Tech Memo NMFS-F/NEC-47.

Sherman, K
1980. MARMAP, a fisheries ecosystem study in the northwest

Atlantic: Fluctuations in ichthyoplankton-zooplankton com
ponents and their potential for impact on the system. In
Advanced Concepts in Ocean Measurements for Marine Bi
ology (F. P. Diemer, F. J. Vernberg, and D. Z. Mirkes, eds.)
572 p. Univ. South Carolina Press, Columbia, Se.

Sibunka,J.D., and MJ. Silverman.
1984. MARMAP Surveys of the Continental Shelf from Cape

Hatteras, North Carolina, to Cape Sable, Nova Scotia (1977
1983). Atlas No. I Summary of Operations. NOAA Tech
Memo NMFS-F/NEC-33.

1989. MARMAP Surveys of the Continental Shelf from Cape
Hatteras, North Carolina, to Cape Sable, Nova Scotia (1984
1987). Atlas No.3 Summary of Operations. NOAA Tech
Memo NMFS-F/NEC-68.

Sippican Corporation.
1970. XBT system linearity equation. Ocean Engineering

Bulletin, No.1. Sippican Corp., Oceanographic Systems Div.,
Marion, MA 02738.



14 NOAA Technical Report NMFS 112

Steinhart,j.S., and S.R. Hart.
1968. Calibration curves for thermistors. Deep Sea Res.

15:497-503.
Thomas, KP.

1992. Initiation and decline of Ceratium Tripos blooms in
the Gulf of Maine: Dependence upon water column struc
ture. M.S. thesis, Univ. of Rhode Island.

UNESCO.
1981. Background papers and supporting data on the practi

cal salinity scale 1978. UNESCO Technical Papers in Ma
rine Science, Vol. 37. UNESCO, Paris, 144 p.



Benway et al.: Temperature and Salinity in the Middle Atlantic Bight and Gulf of Maine 15

A

Route M:
Reference Position
(Uo23'N. 64 0 00'W)

Middle Atlantic Bight
Continental Shelf

Crowell
Basin

Central COM
Ledges

united
States

Massachuset ts Wilkinson
Bay Basin

Route HB
Reference Position
(41 0 23'N, 7~oOO'WI

_AQ

43° N

36° N

76° W 74° W now 70° W 68° W 66° W

B
45° N United

States ()

Figure 1
The (A) Middle Atlantic Bight (MAB)-Route MB, and (B) Gulf of Maine (GOM)-Route Me polygons, within
which monitoring transects occurred, showing reference positions and distances, location of the Deep Water
Dumpsite 106 (DWDS 106), location of Ambrose Tower, and major geographical features through which all
sampling took place,
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Spatial distribution of surface temperature mea'mrements along the Middle Atlantic Bight (Route MB), 1978

through 1990.
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Spatial distribution of surface salinity measurements along the Middle Atlantic Bight (Route MB), 1978

through 1990.
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Figure 5
Spatial distribution of surface temperature measurements along the Gulf of Maine (Route MC), 1978 through 1990.
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Spatial distribution of surface salinity measurements along the Gulf of Maine (Route MC), 1978 through 1990.
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Figure 7
Spatial distribution of bottom temperature measurements along the Gulf of Maine (Route MC), 1978 through

1990.
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Figure SA
Distribution of residuals from the base period grids. Panels A. B. and C refer to surface temperature, bottom
temperature, and surface salinity within the Middle Atlantic Bight respectively. Panels D, E, and F refer to surface
temperature, bottom temperature, and surface salinity within the Gulf of Maine respectively.
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Distribution of residuals from single year grids composited over all years, 1978 through 1990. Panels A, B, and C
refer to surface temperature, bottom temperature, and surface salinity within the Middle Atlantic Bight respec
tively. Panels D, E, and F refer to surface temperature, bottom temperature, and surface salinity within the Gulf
of Maine respectively.
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Figure 9
Mean surface temperature conditions along the Middle Atlantic Bight route during 1978 through 1990. (A) Means
of measured values (degrees Celsius). (B) Standard deviations of measured values (degrees Celsius). (C) Station
locations in time and space. In panels A and B, values decline on those sides of contour lines with hachures.
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Figure 10
Mean surface salinity conditions along the Middle Atlantic Bight route during 1978 through 1990. (A) Means of
measured values (practical salinity units). (B) Standard deviations of measured values (practical salinity units).
(C) Station locations in time and space. In panels A and B, values decline on those sides of contour lines with
hachures.
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Figure 11
Mean bottom temperature conditions along the Middle Atlantic Bight route during 1978 through 1990. (A) Means
of measured values (degrees Celsius). (B) Standard deviations of measured values (degrees Celsius). (C) Station
locations in time and space. In panels A and B, value~ decline on those sides of contour lines with hachures.
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Figure 12
Mean surface temperature conditions along the Gulf of Maine route during 1978 through 1990. (A) Means of
measured values (degrees Celsius). (B) Standard deviations of measured values (degrees Celsius). (C) Station
locations in time and space. In panels A and B, values decline on those sides of contour lines with hachures.
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Figure 13
Mean surface salinity conditions along the Gulf of Maine route during 1978 through 1990. (A) Means of measured
values (practical salinity units). (B) Standard deviations of measured values (practical salinity units). (C) Station
locations in time and space. In panels A and B, values decline on those sides of contour lines with hachures.
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Figure 14
Mean bottom temperature conditions along the Gulf of Maine route during 1978 through 1990, excluding 1986
(see text for explanation). (A) Means of measured values (degrees Celsius). (B) Standard deviations of measured
values (degrees Celsius). (C) Station locations in time and space. In panels A and B, values decline on those sides of
contour lines with hachures.
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Figure 15
Surface temperature conditions along the Middle Atlantic Bight route during 1990. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 16
Surface temperature conditions along the Middle Atlantic Bight route during 1989. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 17
Surface temperature conditions along the Middle Atlantic Bight route during 1988. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 18
Surface temperature conditions along the Middle Atlantic Bight route during 1987. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.



34 NOAA Technical Report NMFS 112

400350300200 250

KILOMETERS

15010050

a?Q~\~~~ ~J~ (? '---=~~~
~ ~ c---~ 0 (<:::> 0-----"11 OCT
~''''''''>~<0- ~a/~ 0"\ SEP

o ·~"".~o ---------- O~\
--------- ~ AUG

JUL

JUN

MAY

~ 1------>-~~~~~ '"-34 ::
,<G'~'~ /~'~~~='FEB

-- ~ -)" IV 0 ~~ JAN

DEC

NOV

OCT

SEP

AUG

JUL

JUN

MAY

APR

MAR

FEB

JAN
450o

B

A

c

Legend:

< -2

Figure 19
Surface temperature conditions along the Middle Atlantic Bight route during 1986. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of ton tour lines with hachures.
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Figure 20
Surface temperature conditions along the Middle Atlantic Bight route during 1985. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 21
Surface temperature conditions along the Middle Atlantic Bight route during 1984. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 22
Surface temperature conditions along the Middle Atlantic Bight route during 1983. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 23
Surface temperature conditions along the Middle Atlantic Bight route during 1982. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means,
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances, In
panels A and B, values decline on those sides of contour lines with hachures,
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Figure 24
Surface temperature conditions along the Middle Atlantic Bight route during 1981. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 25
Surface temperature conditions along the Middle Atlantic Bight route during 1980.(A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 26
Surface temperature conditions along the Middle Atlantic Bight route during 1979. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 27
Surface temperature conditions along the Midc.le Atlantic Bight route during 1978. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 28
Surface salinity conditions along the Middle Atlantic Bight route during 1990. (A) Measured values (practi
cal salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 29
Surface salinity conditions along the Middle Atlantic Bight route during 1989. (A) Measured values (practi
cal salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 30
Surface salinity conditions along the Middle Atlantic Bight route during 1988. (A) Measured values (practi
cal salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 31
Surface salinity conditions along the Middle Atlantic Bight route during 1987. (A) Measured values (practi
cal salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 32
Surface salinity conditions along the Middle Atlantic Bight route during 1986.(A) Measured values (practi
cal salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(e) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 33
Surface salinity conditions along the Middle Atlantic Bight route during 1985. (A) Measured values (practi
cal salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 34
Surface salinity conditions along the Middle Atlantic Bight route during 1984. (A) Measured values (practi
cal salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 35
Surface salinity conditions along the Middle Atlantic Bight route during 1983. (A) Measured values (practi
cal salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 36
Surface salinity conditions along the Middle Atlantic Bight route during 1982. (A) Measured values (practi
cal salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 37
Surface salinity conditions along the Middle Atlantic Bight route during 1981. (A) Measured values (practi
cal salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and. variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 38
Surface salinity conditions along the Middle Atlantic Bight route during 1980. (A) Measured values (practi
cal salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 39
Surface salinity conditions along the Middle Atlantic Bight route during 1979. (A) Measured values (practi
cal salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 40
Surface salinity conditions along the Middle Atlantic Bight route during 1978. (A) Measured values (practi
cal salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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I'igure 41
Bottom temperature conditions along the Middle Atlamic Bight route during 1990. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.



Benway et al.: Temperature and Salinity in the Middle Atlantic Bight and Gulf of Maine 57

AMBROSE
T UGHT

SHELF
BREAK T

:Dwn
: 106

NOT
SAMPLED

DEC

NOV
OCT

SEP
AUG

JUL

JUN
MAY

APR
MAR

FEB

JAN
200 ---2-5Lo---3,-o-o--------,--'----L----4~50

KILOMETERS
150

< -2

10050

Legend:

DEC

NOV
OCT

SEP
AUG

JUL
JUN

MAY
APR
MAR

FEB

JAN
~:::::::::=~~;:;::;;;:::~~~===========================~

o

A ~~@~~~:::=~~~----------~DEC
NOV
OCT

SEP
AUG

JUL

JUN

MAY
APR
MAR

FEB

JAN
~~====~~===:;~~~===========================~

c

B

Figure 42
Bottom temperature conditions along the Middle Atlantic Bight route during 1989. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 43
Bottom temperature conditions along the Middle Atlantic Bight route during 1988. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 44
Bottom temperature conditions along the Middle Atlantic Bight route during 1987. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.



60 NOAA Technical Report NMFS 112

AMBROSE
... UGHT

SHELF
BREAK ...

IDWD
I 106

NOT
SAMPLED

A

B

c

DEC
NOV
OCT
SEP
AUG

JUL
JUN
MAY
APR
MAR

FEB

~:=§=====::~~~~~~~====================~ JAN
DEC
NOV
OCT
SEP
AUG
JUL
JUN
MAY
APR
MAR

FEB

~;;::;:;:;:;:;:::;:~~;:;:::::::=;;;;;~~~======================~ JAN
DEC
NOV
OCT

SEP
AUG
JUL
JUN
MAY
APR
MAR

FEB

JAN__---,-.e,-__--:-'-,----__--,--L ----l.- --lJ

450

Legend:

< -2

Figure 45
Bottom temperature conditions along the Middle Atlantic Bight route during 1986. (A) Measured values
(degrees Celsius). Dots indicate sampling locnions. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 46
Bottom temperature conditions along the Middle Atlantic Bight route during 1985. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 47
Bottom temperature conditions along the Middle Atlantic Bight route during 1984. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 48
Bottom temperature conditions along the Middle Atlantic Bight route during 1983. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 49
Bottom temperature conditions along the Middle Atlantic Bight route during 1982. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 50
Bottom temperature conditions along the Middle Atlantic Bight route during 1981. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.



66 NOAA Technical Report NMFS 112

AMBROSE
... UGHT

SHELF
BREAK ...

i DWD
: 106

A

B

c

o 50 100 150 200

DEC

NOV

OCT

SEP

AUG

JUL

JUN

MAY
APR
MAR

FEB

_1'-----__---'-1 -'--1 "-----__---'J JAN
250 300 350 400 450

Legend:

< -2

KILOMETERS

Figure 51
Bottom temperature conditions along the Middle Atlantic Bight route during 1980. .(A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 52
Bottom temperature conditions along the Middle Atlantic Bight route during 1979. (A) Measured values
(degrees Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values decline on those sides of contour lines with hachures.
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Figure 53
Bottom temperature conditions along the Middle Atlantic Bight route during 1978. (A) Measured values
(degrees Celsius). Dots indicate sampling loca:ions. eB) Anomalies based on 1978 through 1990 means.
(C) Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In
panels A and B, values dec1ineon those sides of contour lines with hachures.
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Figure 54
Surface temperature conditions along the Gulf of Maine route during 1990. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 55
Surface temperature conditions along the Gulf of Maine route during 1989. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.



Benway et al.: Temperature and Salinity in the Middle Atlantic Bight and Gulf of Maine 71

SCOTIANCROWELL
BASIN

• 7 6

CENTRAL
LEDGES

-,-- .
WILK.
BASIN

MASS.
BAY

JUL
JUN
MAY

APR

MAR

FEB

~0L2ZIL- --==--=-==---==~~==--=';~=,=,=,============.2===~:::::::=:::::=::=--- __~ JAN
DEC
NOV

OCT

SEP
AUG

JUL

JUN
MAY

APR

MAR

FEB

A

B

c

KILOMETERS

Legend:

< ·2

Figure 56
Surface temperature conditions along the Gulf of Maine route during 1988. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In pands A
and B, values decline on those sides of contour lines with hachures.
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Figure 57
Surface temperature conditions along the Gulf of Maine route during 1987. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 58
Surface temperature conditions along the Gulf of Maine route during 1986. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 59
Surface temperature conditions along the Gulf of Maine route during 1985. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour I' neswith hachures.
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Figure 60
Surface temperature conditions along the Gulf of Maine route during 1984. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 61
Surface temperature conditions along the Gulf of Maine route during 1983. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 62
Surface temperature conditions along the Gulf of Maine route during 1982. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardizedanomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 63
Surface temperature conditions along the Gulf of Maine route during 1981. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means, (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 64
Surface temperature conditions along the Gulf of Maine route during 1980. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 65
Surface temperature conditions along the Gulf of Maine route during 1979. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 66
Surface temperature conditions along the Gulf of Maine route during 1978. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 67
Surface salinity conditions along the Gulf of Maine route during 1990. (A) \1easured values (practical
salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C)
Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels
A and B, values decline on those sides of contour lines with hachures.
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Figure 68
Surface salinity conditions along the Gulf of Maine route during 1989. (A) Measured values (practical
salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C)
Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels
A and B, values decline on those sides of contour lines with hachures.
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Figure 69
Surface salinity conditions along the Gulf of Maine route during 1988. (A) Measured values (practical
salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C)
Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels
A and B. values decline on those sides of contour lines with hachures.
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Figure 70
Surface salinity conditions along the Gulf of Maine route during 1987. (A) Measured values (practical
salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C)
Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels
A and B, values decline on those sides of contour lines with hachures.



86 NOAA Technical Report NMFS 112

JUL
JUN

MAY

APR

MAR

FEB

JAN
450400

SCOTIAN i
SHELF :

350300

CROWEll
BASIN

200 250

KlLOMETERS

CENlRAL
LEDGES

150

i?
j'(J • • • • S33 --.--....'" . ~.' "

.. ~~ ... '" ... Ii< • I. "'... ..
---33 '--33

WILK.
BASIN

10050

MASS.
BAY

:l2~~• / DEC

• • NOV

" "'"'" OCT

"I SEP
; AUG

'---:------, ' ,-;-
JUL

32
.~ JUN

C~~"_ . MAY
32 " APR

• • " " • MAR
: ~-3

FEB

=====~=======================~~===~~===-=====:==-=!====:=:; JAN
------0__- 0 -"--,

0 0

~o

~ a

o

A

c

Legend:~NODA'TA I-------pilli
< -2 -2TO-1

Figure 71
Surface salinity conditions along the Gulf of Maine route during 1986. (A) Measured values (practical
salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C)
Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels
A and B, values decline on those sides of contour lines with hachures.
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Figure 72
Surface salinity conditions along the Gulf of Maine route during 1985. (A) Measured values (practical
salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C)
Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels
A and B, values decline on those sides of contour lines with hachures.
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Figure 73
Surface salinity conditions along the Gulf of Maine route during 1984. (A) Measured values (practical
salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C)
Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels
A and B, values decline on those sides of contour lines with hachures.
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Figure 74
Surface salinity conditions along the Gulf of Maine route during 1983. (A) Measured values (practical
salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C)
Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels
A and B, values decline on those sides of contour lines with hachures.
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Figure 75
Surface salinity conditions along the Gulf of Maine route during 1982. (A) Measured values (practical
salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C)
Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels
A and B, values decline on those sides of contour lines with hachures.
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Figure 76
Surface salinity conditions along the Gulf of Maine route during 1981. (A) Measured values (practical
salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C)
Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels
A and B, values decline on those sides of contour lines with hachures.
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Figure 77
Surface salinity conditions along the Gulf of Maine route during 1980. (A) Measured values (practical
salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C)
Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels
A and B, values decline on those sides of contour lines with hachures.



Benway et a1.: Temperature and Salinity in the Middle Atlantic Bight and Gulf of Maine 93

MASS.
BAY

WILK.
BASIN

CENTRAL
LEDGES

CROWEll
BASIN

400350300200 250

KILOMETERS

15010050

~-~----.JV-~~-~~-===!::::::::~::::::::=====;3\'13:-=:):::!:::O:::::::*~--~\-~C-=:~~~1 DEC

.33~: * *. ~* *~. * NOV
~~33~" .:J. OCT

SEP

AUG

JUL
JUN

MAY
APR

MAR

FEB

JAN
~~~~===~=======:::::::::;::~;;;;:=~=~=::::J':'::~~~~~~DEC

~---JNOV

OCT

SEP

AUG

JUL

JUN

MAY
APR

MAR

FEB

JAN
DEC
NOV

OCT

SEP

AUG

JUL

JUN

MAY
APR

MAR

FEB

JAN
450o

B

A

c

Legend:

< -2

Figure 78
Surface salinity conditions along the Gulf of Maine route during 1979. (A) Measured values (practical
salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C)
Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels
A and B, values decline on those sides of contour lines with hachures.



94 NOAA Technical Report NMFS 112

r----------------------------------------------,

A

B

c

o

MASS.
BAY

50

WILK.
BASIN

100 150

CENTRAL
LEDGES

200 250

CROWELL
BASIN

300 350

SCOTIAN
SHELF

400

DEC

NOV

OCT

SEP

AUG

JUL

JUN

MAY

APR
MAR

FEB
JAN

DEC

NOV

OCT

SEP

AUG

JUL

JUN

MAY

APR
MAR

FEB
JAN

450

Legend:

< -2

KILOMETERS

Figure 79
Surface salinity conditions along the Gulf of Maine route during 1978. (A) Measured values (practical
salinity units). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C)
Standardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels
A and B, values decline on those sides of contour lines with hachures.
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Figure 80
Bottom temperature conditions along the Gulf of Maine route during 1990. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 81
. Bottom temperature conditions along the Gulf of Maine route during 1989. (A) Measured values (degrees

Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 82
Bottom temperature conditions along the Gulf of Maine route during 1988. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized .anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 83
Bottom temperature conditions along the Gulf of Maine route during 1987. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 84
Bottom temperature conditions along the Gulf of Maine route during 1985. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 85
Bottom temperature conditions along the Gulf of Maine route during 1984. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 86
Bottom temperature conditions along the Gulf of Maine route during 1983. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized 'anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 87
Bottom temperature conditions along the Gulf of Maine route during 1982. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.



____________ Benway et al.: Temperature and Salinity in the Middle Atlantic Bight and Gulf of Maine 103

MASS.
BAY

WILK.
BASIN

CENTRAL
LEDGES

CROWELL
BASIN

SCOTIAN
SHELF

A

JAN

B DEC
NOV
OCT
SEP

- AUG
JUL
JUN
MAY
APR
MAR

FEB
JAN

C DEC
NOV
OCT
SEP
AUG

JUL
JUN
MAY
APR
MAR

FEB
JAN

450

Legend:

Figure 88
Bottom temperature conditions along the Gulf of Maine route during 1981. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 89
Bottom temperature conditions along the Gulf of Maine route during 1980. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 90
Bottom temperature conditions along the Gulf of Maine route duririg 1979. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour lines with hachures.
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Figure 91
Bottom temperature conditions along the Gulf of Maine route during 1978. (A) Measured values (degrees
Celsius). Dots indicate sampling locations. (B) Anomalies based on 1978 through 1990 means. (C) Stan
dardized anomalies (standard deviations) based on 1978 through 1990 means and variances. In panels A
and B, values decline on those sides of contour li'1es with hachures.
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Figure 92
Mean bottom depth along the transects based on monitoring survey data, 1978 through 1990. (A) Middle Atlantic
Bight. (B) Gulf of Maine.
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Figure 93
Results of variable cluster analysis of standardized anomalies of sea surface temperatures and salini
ties along the Gulf of Maine transect 1978 through 1990 base period. Cluster region boundaries
were as follows: cluster I, 0-96 km; cluster II, 96-235 km; cluster III, 235-339 km; and cluster IV,
339-452 km. (From Thomas 1992.)
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