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, Abstract 

Oceanographic observations from 42 surveys during 1977-1985 on the Northeast 
Continental Shelf are reported. Surface and bottom distributions and cross-shelf vertical 
distributions of both temperature and salinity are presented in the form of contour maps. 
Average values for specific regions. of the shelf and layers of the water column are 
presented in the form of time series plots. ' 

Introductjon 

In an attempt to mOnitor the seasonal and 
inter-annual variability of the physical envi
ronment on the Northeast Continental Shelf, 
the National Marine Fisheries Service occu
pied 184 standard stations from Cape Hat
teras, North Carolina to Cape Sable, Nova 
SCotia as part of the Marine Resources Moni-' 
toring, Assessment, and Prediction (MAR
MAP) program (Sherman 1980). 

Observations from July 1977 to December 
1985, a total of 42 surveys, are reported gra
phically (see Table 1). Although portions of 
these data have been portrayed elsewhere 
(patanjo 1980; Nickerson and Mountain 1983), 
they are included in this volume in order to 
make it a complete report. Observ'ations 
from 1986 and 1987, the final two years of 
MARMAP cruises, are reported elsewhere in 
Manning and Lierheimer (1988) and 
Ho~warth and Manning (1989), respectively; 
Intrepretations and analyses of MARMAP 
data are given in Mountain and Jessen (1987) , 
and Manning (unpublished). 

The data portrayals are organized sequen
tially by cruise in atlas form. No attempt IS 

made to analyze the data or even to discuss 
individual observations. Except for the case 
of surface and bottom temperature anomaly 
plots, actual observations (i.e. the raw data) 
are input to the contouring software. 

Methods 

Niskin bottles made ,of PVC with revers
ible thermometers were used to sample tem
perature and salinity at standard water depths 

(1,5,10,15, 20, 2~, 30,35, 50, 75,100, 150,200, 
250,300 m) for each station occupied. Surface 
temperatures were checked with a concur
rEmt bucket sample. Bottom observations were 
taken from the deepest bottle within 1 ° m of 
the bottom to a maximum of 300 m, except in 
water less than 75 m. There, a special bottom
tripped bottle was used to obtain a salinity 
sample from within 1 m of the bottom. Salin
ity samples were analyzed with a Guildline 
Autosal salinometer. Details of the proce
dures at sea may be found in Kirschner (1980) 
and Patanjo, Nickerson, and Steimle (1982). 

Several other parameters such as nutri
ents, ichthyoplankton, zooplankton, oxygen, 
and chlorophyll were measured concurrently 
with the hydrographic work (see Sibunka 
and Silverman 1984; Morse, Fahay, and Smith 
1987; Zetlinand O'Reilly, unpublished; Wald
hauer, unpublished). OccaSionally, in order 
to investigate a particular feature, extra sta
tions were occupied in addition to the stan
dard set. These extra stations, typically less 
than 10 per cruise, are indicated on the indi
vidual station plots by numbers greater than 

'199. 
A set of cross-shelf transects, labeled A 

through G in Figure 2, are part of the stan
dard grid. Each transect consists of clllsely 
spaced stations designed to sample the ,truc
lure of the Shelf Water synoptically I",ne to 
three days per transect). The typical dl'lance 
between these stations was 20 kID. The ,ea
ward limit of the transects was typic,111\, near 
the shelf break, often far enough seaward to 
capture the features of the shelf / sl(lpe \\' ater 
interface. 

Temperature anomalies were c,1iculated 
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Table 1. MARMAP transect coverage, 1977-1985. 

Cruise Date A B C D E F G 

YU7702 31 JUL-3 SEP • • • 
AR7701 15 OCT-ll NOV • • • • 
MT7711 12-19 NOV 
KE7711 25 NOV-4 DEC 

DE7802 14 FEB-13 MAR • 
AR7804 13 APR-24 MAY • • • 
AL7807 22 JUN-l JUL • 
BE7801 9 AUG-SSEP --
BE7803 SOCT-2 NOV 
BE7804 15-30 NOV • • 

DE7903 23 FEB-IS MAR • • • • • 
DE790S 4-29 MAY 
AL7906 12 JUN-14 JUL 
BE7901 9AUG-3SEP 
AL7911 1-29 OCT . 
AL7913 14 NOV-21 DEC 

Wl8002 18 FEB-ll MAR • • 
AL8002 27FEB-S APR • 
EV8001 14 APR-IS MAY 
DE8003 21 MAY-13JUN 
EV8004 24 JUN-30 JUN 
EV8006 18 JUL-ll AUG • • 
AL80IO 24 SEP-30 OCT 
AL8012 17 NOV-23 DEC 

AL8101 17 FEB-26 MAR • 
KE8103 18MAR-9APR • • • • 
DE8I03 2OMAY-I8JUN • • 
AL8114 16 NOV-22 DEC 

AL8202 16 FEB-25 MAR 
DE8203 . 17 MAY-22JUN • • 
DE8209 15 NOV-22 DEC • • • 

DE830I 24 JAN-ll FEB • • 
AL8304 23 MAY -22 JUN 
DE8309 14 NOV-21 DEC 

,-
DEM01 9 JAN-IO FEB 

~:, . 

ALM03 7MAY-3JUN b 

DEM09 29 NOV-7DEC • • • 
F 

DE850I 7 JAN- 8 FEB • 
DE8503 1 APR-2 MAY • 
AL8504 8MAY-6JUN • • • 
DE8507 26 AUG-22 SEP • 
DE8SIO 5 NOV-12 DEC 

_. 

- = complete transects 
• = incomplete transects, at leut one standard station missing 



for the surface and bottom temperature ob
servations at each standard MARMAP sta
tion on all of the surveys. An anomaly is the 
difference between the observed tempera
ture and the expected temperature at the 
station for the day of the year the observation 
was made. The expected temperaturl'! was 
determined from a mean annual temperature 
curve derived from all of the MARMAP 'ob
servations at the standard station (see Moun
tainand Holzwarth, in press). The anomaly', 
value was normalized by dividing it by the 
standard deviation associated with the fit
ting of the annual curve. This normalized 
anomaly indicates the Significance of the tem
perature anomaly, i.e., the number of stan
dard deviations from the mean or expected 
value. 

Data Portrayals 

A series of figures which portray some of 
the more Significant features of the physical 
oceanographic structure are appended. For 
each cruise, a station plot is followed by com
puter-generated contour plots of the tem
perature and salinity distribution for both 
the surface and the bottom. In the case of 
temperature, where the seasonal cycle is well 
defined (Mountain and Holzwarth, in press), 
standardized anomalies are contoured as well. 

" Anomalies greater than two stand;lrd devia
tions from the mean are hachured. Horizqn
tal and vertical hachuring represent cold and 
warm anomalies, respectively. ' 

The contour plots were generated using 
the Interactive Concepts Incorporated Sur
face3 software package on a V AX 11/785 
computer. Since the contouring is done by 
computer, there are inevitable inadequacies 
in the output. There may be, therefore, unde
tectable interpolation/ extrapolation errors, 
especially near the survey boundaries. Hence, 
one should treat the contoured data as com
puterized estimates rather than actual obser
vations: 

Cross-shelf profiles of both temperature 
and salinity are included for all transects (A-
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G) whenever at least four stations were occu- " 
pied. On some cruises, the transects were 
extended either onshore or offshore by a few 
extra stations; but, in order to be consistent 
and retain a synoptic (less than a few days) 
representation of the cross-shelf structure, 
only the standard stations were included in 
the cross-sectional contour plots. No more 

'than seven stations were included in any con
toured section. Axis labels, meters in the 
vertical and kilo'meters in the horizontal, were ' 
omitted to maximize plotting space on the 
page. 

Finally, after data from each cruise are 
presented, a set of time- series plots are used 
to display average temperature and salinity 
for different layers of the water column and 
regions of the shelf. Various regions of the 
shelf are shown in Figure 3. In order to focus 
on shelf water and to eliminate the over
whelming influence of small slope water 
intrusions onto the shelf area, water greater 
than 34 PSU was omitted from these caIcula:' 
tions. Each cruise, represented by a single 
point, is coded by year and plotted on a 
yeardayaxis (Figures 2,50-261). The seasonal 
cycle is represented by'the solid lines along 

, with its associated standard deviation (dashed 
lineS). As explained in Mountain and 
Holzwarth (in press), this is a multiple linear 
regreSSion of one, two, and three cycles per 
year. In their report, the regression is con-

, ducted on the surface and bottom values of 
each MARMAP station but, here, it is pre
sented for large regions of the shelf and lay
ers of the water column. In this way, one may 
distinguish both seasonal and inter-annual 
variability of broad scale features. 
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Figure 13. Surface and bottom salinity (PSU) distribution: ARG7701. 
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Figure 37. Surface and bottom salinity (PSU) distribution: ALB7807. 
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Figure 41. Surface and bottom temperature ("C) distribution: BEL7801. 
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Figure 64. Station positions: DEL790S. 
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Figure 65. Surface and bottom temperature ('C) distribution: DEL7905. 
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Figure 67, Surface and bottom salinity (PSU) distribution: DEL7905. 
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Figure 73. Surface and bottom salinity (PSU) distribution: ALB7906. 
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Figure 76. Station positions: BEL7901. 
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Figure 77. Surface and bottom temperature (0C) distribution: BEL7901. 
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Figure 83. Surface and bottom temperature (0C) distribution: ALB7911. 
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multiples of the standard deviation for the mean annual temperature curves. Hachured 
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year mean. 
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Figure 107. Surface and bottom temperature ('C) distribution: EVR8001. 
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year mean. 
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Figure 109. Surface and bottom salinity (PSU) distribution: EVR8001. 
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Figure 113. Surface and bottom temperature (0C) distribution; DEL8003. 
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Figure 114. Normalized surface and bottom temperature anomaly: DEL8003. Contours ,1r~ 
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year mean. 
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Figure 125. Surface and bottom temperature (0C) distribution: EVR8006. 
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Figure 127. Surface and bottom salinity (PSU) distribution: EVR8006. 
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Figure 133. Surface and bottom salinity (PSU) distribution: ALB801O. 
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Figure 143. Surface and bottom temperature (0C) distribution: ALB8101. 
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Figure 145. Surface and bottom salinity (PSU) distribution: ALB8101. 
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Figure 154. Station positions: DEL8103. 
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Figure 155. Surface and bottom temperature (0C) distribution: DEL8103. 
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Figure 157. Surface and bottom salinity (PSU) distribution: DEL8103. 
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Figure 158. Continued. 
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Figure 173. Surface and bottom temperature (0C) distribution: DEL8203. 
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Figure 179. Surface and bottom temperature (0C) distribution: DEL8209. 
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Figure 180. Normalized surface and bottom temperature anomaly: DEL8209,Contours are 
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Figure 181. Surface and bottom salinity (PSU) distribution: DEL8209. 
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Figure 185. Surface and bottom temperature (0C) distribution: DEL8301. 
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Figure 186. Normalized surface and bottom temperature anomaly: DEL8301.Contours are 
multiples of the standard deviation for the mean annual temperature curves, Hachured 
areas are more than two standard deviations above (vertical) or below (horizontal) the 11-
year mean. 
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Figure 187. Surface and bottom salinity (PSU) distribution: DEL830l. 
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l 



Page 281 

/' /' 
69 69 

' .. 
. ' 

OE8309 

'. " 
38 .38 

Figure 198. Normalized surface and bottom temperature anomaly: DEL8309.Contours are 
multiples of the standard deviation for the mean annual temperature curves. Hachured 
areas are more than two standard deviations above (vertical) or below (horizontal) the II· 
year mean. 
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FigUre 204. Normalized surface and bottom temperature anomaly: DEL8401.Contours are 
multiples of the standard deviation for the mean annual temperature curves. Hachured 
areas are more than two standard deviations above (vertical) or below (horizontal) thell· 
year mean. 
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Figure 205. Surface and bottom salinity (PSU) distribution: DEL8401. 
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Figure 209. Surface and bottom temperature (0C) distribution: ALB8403. 
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Figure 210. Normalized surface and bottom temperature anomaly: ALB8403.Contours are 
multiples of the standard deviation for the mean annual temperature curves. Hachured 
areas are more than two standard deviations above (vertical) or below (horizontal) the 11-
year mean. 
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Figure 211. Surface and bottom salinity (PSU) distribution: ALB8403. 
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Figure 213. Continued. 
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Figure 216. Normalized surface and bottom temperature anomaly: DEL8409. Contours are 
multiples of the standard deviation for the mean annual temperature curves. Hachured 
areas are more than two standard deviations above (vertical) or below (horizontal) the }}
year mean. 
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Figure 218. Continued. 
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Figure 219. Salinity (PSU) transects: DEL8409. 
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Figure 221. Surface and bottom temperature (0C) distribution: DEL8501. 
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Figure 222. Normalized surface and bottom temperature anomaly: DEL8501. Contours are 
multiples of the standard deviation for the mean annual temperature curves, Hachured 
areas are more than two standard deviations above (vertical) or below (horizontal) the 11-
year mean. 



Page, 320 

........ .; 
69 ...... ~.: 69 

(\ 

.J> f:. 
44 \' (: ~\;; 

. ~ ; 

\' : 

71 ~~, V'-:':'" 
~ f'l17 , }) --.J .. .,9. '::'/ 

~+~~/ 
0/; '\ ./ . q\ 8501 

1~?11 f ~', SUR,AC£ ~INI~ 
401 {~\f(?:-{ '. 
75~ ~\~\ .. '.' "-

, .. 
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Figure 225. Salinity (PSU) transects: DEL8501. 

5 

I 
Q 

.:f 

SALINITY 

OFF _DELAWARE 

TRANSECT_S 

2- 4-85 

~ t) 
;::-, ~ 

• 

SALINITY 

OFF JiARRAGANSm 

TRANSECT_D 

1-29-85 

i 
" . 
• 

Page 3"-3 

o 

0-----
/ " ." , 0 

/ ; 
"-

\ . 

\ 
:~ 

;-J. '\ 
, 

< , 
~ '-

-. /J " 'J"') 
----J5~---J3o'__ 

\:JJ" 
\ 



Page 324 

01 iii "0 

I 
I 
I 

I 
! 

501 

'0 

.15 ') 

0 
.. 

~ 
~ 

° I 
5~ • 

" " \ , 
'C i 
° 

I \ ,ool SALlNliY . 

I 33.5_ 

GEORGEs..BANK 

3'.0_ 

TRANSECTJ" 

1-14-85 

~.s 

Figure 225. Continued. 

" ~ ,,' ". q\ 

0 

, I 

! 
rJJ~-

~'3;g:::~:~= 
(l~O'-..l~.O"""- .. 

. ~ 
~ SALINITY 

.;' 

GS_CHANNEl . 

TRANSECT_E 

1 -25-85 

11)_ J 
r~'''' ~::t:., 
~ . 
~ ...Ir~r-
~ ,,0 JIO 

'./ ( ~. 1/ 
• o?-r,.,,/ 
-7~. ~ If(( ;-~. ~ 

)~O\. ~ 
",~.~ ~ / 

.l4.
0

_ 

) 

I 
° ~ 
/ 
I 

SALINITY 

NCCHANNEL I 
I 

f'" 
TRANSECT _G ~ 

I 

1 -11 -85 ,J 



Page 315 

/' ........ 

69 

71 

OE8503 

STATIONS OCCUPIED 

38 

Figure 226. Station positions: ALB8504. 
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Figure 227. Surface and bottom temperature (0C) distribution: DEL8503. 



Page 327 

./ 
69 

............ ./ 
69 

. .......... . 

71 

.' 

OE8503 OE8503 

SURrACE \,z~<! BOTTOII 
lDiPOtA11R ANOWALT 

',-~ 
ltWPERATURE AHOWLY , 

" 
!'.: : '. " 

Figure 228. Nonnalized surface and bottom temperature anomaly: DEL8503. Contours are 
multiples of the standard deviation for the mean annual temperature curves. Hachured 
areas are more than two standard deviations above (vertical) or below (horizontal) the 11· 
year mean. 
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Figure 229. Surface and bottom salinity (PSU) distribution: DEL8501. 
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Figure 230. Temperature ("C) transects: DEL8503. 
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Figure 230. Continued. 
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Figure 231. Salinity (PSU) transects: DEL8503. 

5 

10 SALINITY 

15 TRANSECT_B 

4-19-85 

SALINITY 

TRANSECLD 

4- 9-85 

Page 331 

/ 

\( 

, , , 



Page 332 

5 

SAlINI;,( 

4- 7-85 

Figure 231. Continued. 



'1 

/' 
59 

44 

71 

38 

..... !1~""'-\l2 
.' .: • T7, ','" 

• • 177 • 
" . lSI ' ;'" .~ . ,..... . ", 

:."''' ·110 -157 ~ 

'155 ~"3 " ., ... 
"25 .14' 

• 12~ '124' t41 "'S4 
. _123. 14,.: 

"01,,21"22 ".!5C:t 
. \it'51 

'15 .... 110 :r~.,..: 

/-

1>. '''0.: 
• r;t ',;' '5 

.. '111 • II '10, .,.: 
'7'y,87 'M ,,' 
.. '71'7. .e ... ··· 
·n '10 ~.~ 

·14 

·n 

·71 
.7t 

·70 : 

':71 

·15 ;14 -.' 

.' 

. 55' 560 57 • !I • ,H:iD;., 

AL8504 

.,.,.. 'Of
5 

',r' 
• ,..' STATIONS OCCUPIED 
• 5J' >2 

Figure 232. Station positions: ALB8504. 
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Figure 233. Surface and bottom temperature (0C) distribution: ALB8504. 
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Figure 234. Normalized surface and bottom temperature anomaly: ALB8504. Contours are 
multiples of the standard deviation for the mean annual temperature curves. Hachured 
areas are more than two standard deviations above (vertical) or below (horizontal) the 11-
year mean. 
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Figure 235. Surface and bottom salinity (PSU) distribution: ALB8504. 
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Figure 237. Salinity (PSU) transects: ALB8504. 
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Figure 238. Station positions: DEL8507. 
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Figure 239. Surface and bottom temperature (DC) distribution: DEL8507. 
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Figure 240. Nonnalized surface and bottom temperature anomaly: DEL8507. Contours are 
multiples of the standard deviation for the mean annual temperature curves. Hachured 
areas are more than two standard deviations above (vertical) or below (horizontal) the 11-
year mean. 
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Figure 241. Surface and bottom salinity (PSU) distribution: DEL8507. 
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Figure 242. Temperature ("C) transects; DEL8507. 

TEMPERATURE 

\ 
9- 2-85 \ , 

TEMPERATURE 

TRANSECLD 



'I 

i 
I 

501 

I 

I~ 

o 

Figure 242. Continued. 

56 

""5 .\ 

-""'\ I \ ';1' 
\ ,'0 ; I 

'~.-' ~ ~l 
' .-'. \~\ 

'4"'/' \\-;\\~"'_ 
/' .. , .. 0_ . ~- ~\'-... '~ ..... \ 16-

'/ I 1.,'--
• ::- :.. i '-
\ \ .! 

9-14-85 

,00 150 

TRANSECTJ 

9-15-85 

Page 347 



Page 348 

'. 

TEMPERATURE 

/ 
NLCHANNEL 

2 TRANSECT_G 

9-17-85 

Figure 242. Continued. 



Page 349 

5 

to SALINITY SALINITY 

OFF_CHESAPEAKE 

15 TRANSECT...A 15 TRANSECT-B 

9-,1-85 9- 2-85 

5 

SALINITY SALINITY 

TRANSECLD 

9- 5-85 9-11-85 

Figure 243. Salinity (PSU) transects: DEL8507. 
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Figure 244. Station positions: DEL8510. 
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Figure 245. Surface and bottom temperature (oq distribution: DEL8510. 
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Figure 246. Normalized surface and bottom temperature anomaly: DEL8510. Contours are 
multiples of the standard deviation for the mean annual temperature curves. Hachured 
areas are more than two standard deviations above (vertical) or below (horizontal) the 11-
year mean. 
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Figure 247. Surface and bottom salinity (PSU) distribution: DEL8510. 
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and Holzwarth (in press). 
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Figure 251. Mean values of temperature and salinity for the subsurface layer (50-100 m) in the 
western sector of the Gulf of Maine. 
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Figure 252. Mean values of temperature and salinity for the bottom layer (> 100 m) in the 
western sector of the Gulf of Maine. 
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Figure 256. Mean values of temperature and salinity for the surface layer (0-30 m) on Georges 
Bank (1977-1987). 
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Georges Bank (1977-1987). 
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Figure 258. Mean values of temperature and salinity for the surface layer (0·30 m) In the 
northern sector of the Middle Atlantic Bight. 
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Figure 259. Mean values of temperature and salinity for the subsurface layer (30.100 m) in the 
northern sector of the Middle Atlantic Bight. 
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Figure 261. Mean values of temperature and salinity for the subsurface layer (30-100 m) in the 
southern sector of the Middle Atlantic Bight. 




