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Fig. 14. Bottom Temperature conditions along the Gulf of Maine transect during 1996. (A ) measured values
(degrees centigrade) in time and space, (B) anomalies in time and space based on 1978 through
1992 means and  (C) standardized anomalies (standard deviations) in time and space based on 1978
through 1992 means and variances; scale given in legend. In panels A and B values decline on those
sides of contour lines with hachures.
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Fig. 15. Mean bottom depth along the transects based on monitoring survey data, 1978 through 1992. (A ) Middle
Atlantic Bight and (B) Gulf of Maine.
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siduals, and then gridding these residuals (Fig. 10–
14, panel B). By dividing the anomaly at each ob-
servation point by the corresponding interpolated
standard deviation (taken from the base period stan-
dard deviation grid surface), standardized anoma-
lies were calculated for every observation in a given
year. Each annual standardized anomaly map was
generated by gridding these standardized anomaly
values (Fig. 10–14, panel C). For portrayal of sta-
tistically significant events, standardized anomaly
map contour intervals were chosen by picking the
15.2% and 84.8% percentile levels, as an approxi-
mation of one standard deviation, and the 2.3% and
97.7% percentile levels, as an approximation of two
standard deviations, from the fifteen-year data set
of standardized anomalies.

Results

The init ial f ifteen years of data collection
(1978–92) were chosen to serve as a base period
for computing long-term mean conditions, and for
determining departures from mean conditions. Over
the fifteen years, a total of 428 cruises were con-
ducted in the Middle Atlantic Bight, and 313 cruises
in the Gulf of Maine. Contoured, fifteen-year mean
portrayals of surface temperature, bottom tempera-
ture, and surface salinity values are shown for the
Middle Atlantic Bight (Fig. 4–6) and the Gulf of
Maine (Fig. 7–9).

Each figure of fifteen-year mean conditions
contains three panels: (A) contoured, gridded
means of the observations for the base period; (B)
estimated standard deviations of the gridded mean
values; and (C) observed data locations during the
base period.

Each single year contains three panels: (A)
gridded, observed conditions with sampling loca-
tions; (B) departures of the observed conditions
from the mean values expressed as algebraic anoma-
lies; and (C) departures of the observed conditions
from the mean values expressed as standardized
anomalies.

Surface temperature and salinity, and bottom
temperature data for the Middle Atlantic Bight and
surface and bottom temperature data for the Gulf
of Maine transects are presented as contoured time-
space plots (Figures 10–14). Figure 15 illustrates
the mean bottom depth at 5 km intervals of refer-
ence distance along each transect.

Annual means and departures of these variables
along the transects are presented in Tables 3 and 4.
Bottom temperatures in the Middle Atlantic Bight
(Table 3) are averaged only over the continental
shelf to a limit of approximately 197 km reference
distance, because bottom depths further offshore
exceed sampling depth of the expendable bathyther-
mographs employed.

Discussion

Middle Atlantic Bight – baseline conditions

Baseline conditions of surface temperature
across the Middle Atlantic Bight (Fig. 4A) show
minimum annual values of less than 3°C in late
February very nearshore, of 4–8°C during mid-
March on the shelf, and of 8–20° during mid-March
progressing seaward of the shelf-break through the
Slope and Gulf Stream water masses. The highest
rate of vernal warming took place along the entire
transect during late June, with peak annual tempera-
tures 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 declined
fairly uniformly over the entire shelf, and a bit more
slowly offshore. The periods of highest variability
in these baseline conditions (Fig. 4B) occurred on
the shelf in early June when standard deviations
about the 1978–92 means were in excess of 2°C.
These variations are largely due to interannual dif-
ferences in the timing of vernal warming of the sur-
face waters of the Middle Atlantic Bight. Standard
deviations in excess of 1°C occurred over the inner
shelf during the November and December period.
The November variations can be partly attributed
to the interannual differences of timing of the au-
tumn overturn. The December variations were
partly due to the inclusion in the base period of
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 variable along the transect due to the exten-
sive migrations of both the Shelf/Slope Front and
the Gulf Stream North Wall.

The dominant features of the time-space sur-
face salinity field across the shelf portion of the
Middle Atlantic Bight transect (Fig. 5A) were the
meltwater runoff from mid-March to late April, and



82 J. Northw. Atl. Fish. Sci., Vol. 24, 1998

TABLE 3. Water temperatures (°C) and surface salinities (PSU) for the
Middle Atlantic Bight transect.

1996 Mean 1978–92 Mean 1996 Anomaly

Surface temperature
(entire transect) 15.2 17.1 -1.9

Surface temperature
(Cont. Shelf portion) 12.0 13.4 -1.4

Bottom temperature1 8.5 9.3 -0.8

Surface salinity
(entire transect) 32.86 34.03 -1.17

Surface salinity
(Cont. Shelf portion) 30.74 32.20 -1.46

1 footnote needed.

TABLE 4. Water temperatures (°C) and surface salinities (PSU) for the Gulf of
Maine transect.

1996 Mean 1978–92 Mean 1996 Anomaly

Surface temperature 8.0 9.1 -1.1
(entire transect)

Bottom temperature 6.9 6.7 0.2
(entire transect)

the shorter duration river discharge in mid-August,
both concentrated within 30 km of Ambrose Tower.
The Shelf-Slope Front, defined by 34.5 PSU,
showed 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 exceeded
36 PSU in association with meanders of the Gulf
Stream. Variations about these baseline conditions
(Fig. 10B) were highest nearshore where standard
deviations from February through mid-June exceed
3 PSU, corresponding to the inter-annual differ-
ences in timing and magnitude of meltwater run-
off. Values in excess of 1 PSU occurred throughout
the year. Variations in excess of 1 PSU also occurred
across the shelf in June and offshore in August and
September. The influence of upstream conditions
on these values (particularly outflow from the Gulf
of Maine) was not easily determined from this one
transect, but is thought to be a  contributing factor.

Baseline conditions of bottom temperatures
across the Middle Atlantic Bight shelf (Fig. 6A)
showed minimum annual values of less than 2°C
nearshore in mid-February to less than 7°C extend-
ing to 156 km reference distance in mid-March. The
cold pool was a major feature of the bottom tem-
perature regime along this transect. It occurred dur-
ing the period between the onset of stratification
(approximately late-March inshore, to late-April
offshore) and autumn overturn (early-September
nearshore to early-December offshore) (Cook,
1985; Benway et al., 1993). Autumn overturn pro-
duced maximum bottom temperatures across the
shelf reaching in excess of 16°C nearshore and 13°C
over most of the shelf. Variations about baseline
values (Fig. 6B) showed standard deviations in ex-
cess of 3°C nearshore in August associated with
wind mixing of these shallow waters, and upwelling
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 had standard deviations of greater than
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2°C coinciding with inter-annual variations in the
timing of autumn overturn. Beyond the 200 km ref-
erence distance the standard deviations exceeded
2°C during most of the year reflecting the influ-
ence of the migrating Shelf/Slope Front on the bot-
tom. Midshelf deviations of greater than 1°C oc-
curred during all but the winter months, and can be
largely attributed to interannual variability in cold
pool temperature, and boundaries.

Gulf of Maine – Base line conditions

Surface temperature across the Gulf of Maine
transect (Fig. 7A) ranged from a minimum of less
than 3°C over the Scotian Shelf from February to
mid-April, and less than 4°C over Massachusetts
Bay in mid-February, to a maximum of 19°C for
Massachusetts Bay and Wilkinson Basin, and de-
creasing eastward to an annual maximum of 11°C
over the Scotian Shelf in August. The highest rate
of change due to vernal warming occurred during
late-May through early-July across the entire
transect. After August surface temperatures, with
the exception of the mixed portions of the Scotian
Shelf, declined rapidly. Periods of highest variabil-
ity (>1 standard deviation) occurred during June to
late September over much of the transect and over
the Western half of the transect during much of the
year (Fig. 7B). Autumn overturn generally occurred
during late October through early December lead-
ing to Gulf wide variability during that period. The
high variations over the eastern end of the transect
can be attributed to variation in the Scotian Shelf
Current.

Gulf of Maine surface salinities varied less than
those in the Middle Atlantic Bight, but still showed
a wide range of values over the region (Fig. 8A).
Salinities ranged from a minimum 30 PSU during
the peak runoff into Massachusetts Bay in June, to
a maximum greater than 33 PSU from Wilkinson
Basin to the western Scotian Shelf between Novem-
ber and May. Unlike the nearshore waters of the
New York Bight during late summer-early autumn,
there was no secondary pulse of river runoff. The
standard deviation about the baseline conditions
was less than 0.5 PSU for much of the time-space
area (Fig. 8B). However, deviations reaching 1 PSU
occurred in April over Massachusetts Bay; between
0.5 and 0.7 PSU occurred over Crowell Basin and
extended to the eastern end of the transect during
January to April. In addition, standard deviations
from 0.5–0.7 PSU occurred from August through
December beginning over the Scotian Shelf and pro-
gressing westward to include Crowell Basin.

Bottom temperature conditions within the Gulf
of Maine ranged from a minimum of less than 3°C
over the Scotian Shelf from February through late-
April, and less than 4°C over Massachusetts Bay
during the same time period (Fig. 9A). Mid-Gulf
bottom temperatures had average minima of be-
tween 6 and 7°C. Maximum temperatures of greater
than 10°C occurred over the eastern end of the
transect from late September through early Novem-
ber reaching greater than 11°C. Maximum tempera-
tures on the western end of the transect occurred
during the same time period but only reach slightly
over 8°C. These times of maximum bottom tempera-
ture coincided with autumn overturn for these shelf
areas. These maxima were absent in the basin ar-
eas which are commonly isolated from the overturn
event by the Maine Intermediate Water. The largest
time-space standard variations about the baseline
conditions were more common over the shallower
portions of the transect, i.e., Massachusetts Bay, the
central Gulf ledges, and the Scotian Shelf (Fig. 9B),
and amounted to greater than 1°C. These deviations
were most evident over the Scotian Shelf during late
autumn and winter.

Middle Atlantic Bight – 1996 conditions

Surface and bottom temperature, and surface
salinity conditions along the Middle Atlantic Bight
transect during 1996 were record breaking when
compared to the 1978–92 baseline. This was true
for the absolute values measured and/or for the
time-space extent over which they occurred.

Surface Temperature. Surface temperatures
during 1996 (Fig. 10A) ranged from less than 2°C
in the near-shore waters in February to greater than
26°C at the extreme off-shore end of the transect
during late-August and into October. Annual mini-
mum temperatures occurred over the entire transect
in February, somewhat earlier than the 15-year base
period. Particularly inshore, 1996 began with 2°C
colder than average temperatures (Fig. 10B), a
carryover from 1995s colder than average Decem-
ber. Much of the shelf area during the period of
January through late-April exhibited surface tem-
peratures in excess of 2°C, and isolated cases ex-
ceeded 3°C below average. Cold surface water was
observed from February through the rest of the year
in the shelf/slope region. Record breaking snow-
fall, increased cloud cover and reduced solar radia-
tion (National Climatic Data Center, 1996), all con-
tributed to the anomalous condition observed. Sur-
face temperatures averaged for the year were 1.9°C
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cooler for the transect as a whole, and 1.4°C cooler
for the shelf portion than the 1978–92 means (Table
3). This represents one of the largest negative de-
partures in the Middle Atlantic Bight transect re-
corded by this project to date.

Surface Salinity. Surface salinities along the
MAB transect during 1996 (Fig. 11) were by far
lower than those of any year since monitoring be-
gan in 1978. Surface water over the inshore 35 km
of the transect was more than 2 PSU below the
1978–92 baseline during January, and more than 3.5
PSU lower during March through early November
(Fig. 11B). In May salinities off Ambrose Light
declined to <17.5 PSU, over 12 PSU below aver-
age. The entire shelf was 0.5 PSU below average
with a major portion of its area more than 1.4 PSU
below average. Low salinity water spread to the
offshore end of the transect, reaching a minimum
of <33 PSU in late October. Some comparisons of
1996 to 1984 (the second most fresh condition year
in the series) are noteworthy. Lowest salinities in
both years occurred in May off Ambrose Light; in
1984 they declined to 22.5 PSU – in 1996 to <17.5
PSU. In both years low salinity water spread to-
wards the offshore end of the transect in the latter
half of the year; in 1984 it declined to just under
34 PSU on two brief occasions (generally 35–36
PSU) – in 1996 34 PSU water was present over the
outer end of the transect most of the time after June,
and in October declined to <32.5 PSU.

Bottom temperature. The relationship be-
tween bathymetry and reference distance is shown
in Fig. 15A. Bottom temperatures ranged from less
than 4°C from late January to mid-March on the
inner shelf to greater than 15°C over the inner shelf
during September (Fig. 12A). Based on water col-
umn data, the annual autumn overturn began dur-
ing mid-September and was nearly completed on
the shelf by mid-November. The "Cold Pool", de-
scribed by Cook (1985) as bottom water less than
10°C, which normally is confined to the inner 160
km of the transect, was present  over the entire
sampled area between  March and September, pro-
ducing significantly negative anomalies in July
(Fig. 12B). Significantly negative departures oc-
curred over the mid-shelf from February through
March and over much of the shelf in April. These
coincided with an increase in coastal storms, mix-
ing winds, and colder than normal air temperatures
beginning in December 1995 (National Climatic
Data Center, MS 1996). Annual means of bottom

temperature on the continental shelf averaged
-0.8°C below the 1978–92 baseline (Table 3).

Gulf of Maine – 1996 conditions

Surface temperature. Surface temperatures
ranged from less than 2°C in Massachusetts Bay
during mid-February to greater than 17°C in the
western region of the transect during the July pe-
riod (Fig. 13A). Significant negative anomalies
occurred from Massachusetts Bay out to Crowell
Basin during January through February, dropping
over 2°C below the 1978–92 means (Fig. 13B and
13C). Highly significant positive anomalies were
observed during the same period on the Scotian
Shelf end of the transect. These positive anomalies
exceeded the baseline by over 3°C. During July and
continuing through September significant negative
anomalies in the middle and eastern end of the
transect were observed. These follow the lower than
normal air temperature weather pattern for the New
England area mentioned above (National Climatic
Data Center, MS 1996). For the transect as a whole,
surface temperatures averaged 8.0°C, or -1.1°C
colder than 1978–92 means (Table 4).

Bottom Temperatures. The relationship be-
tween bathymetry and reference distance is shown
in Fig. 15B. Annual minimum bottom temperatures
for the transect of less than 3°C occurred in Mas-
sachusetts Bay during the February–March period
(Fig. 14A). Equally low temperatures also were
observed in January at the Scotian Shelf or eastern
end of the transect. Maximum bottom temperatures
occurred in the Crowell Basin region during Janu-
ary and again for a more extended period in May.
Positive anomalies, reaching in excess of 3°C, oc-
curred over the Scotian Shelf beginning in late-
April and continued through late May (Fig. 14B).
This warmer-than-normal condition continued and
expanded westward to include the central Gulf
ledges during the June through October period. For
the transect as a whole, bottom temperatures in the
Gulf of Maine exceeded the base line temperatures
of 6.7°C by only 0.2°C.

Conclusions

Middle Atlantic Bight surface temperatures and
salinities and bottom temperatures during 1996
were lower than any period since 1978, averaging
1.9°C, 1.17 PSU, and 0.8°C below the 1978–92
baselines, respectively. The negative departure of
the surface features are part of a fairly persistent
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pattern beginning in December 1995 and continu-
ing through May 1998 (Jossi, 1998), our current
data collection period.

Gulf of Maine surface temperatues averaged
1.1°C below the 1978–92 baseline during 1996,
while bottom temperature averaged 0.2°C warmer.
Unlike the Middle Atlantic Bight these 1996 con-
ditions do not appear to be part of a longer scale
pattern.
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