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- In 1922, also, the upper 50 meters was least saline in the northern side of the
bay, as might be expected if the general anticlockwise eddy enters it. This is
probably the usual state at the end of the summer, also, unless temporarily interrupted
by the offshore winds, when temporary upwellings may be responsible for surface
salinities higher in the northern side of the bay than in the southern side (so confus-
ing the picture), as appears on the July profile for 1916 (fig. 155).

Our own cruises do not afford summer profiles for the Bay of Fundy; but Mavor
(1923) gives several such for August, 1919, cross-cutting the bay at intervals, all of
which show the upper strata of water on the whole salter in the southern (Nova
Scotian) than in the northern (New Brunswick) side. This distribution, as Mavor
has brought out, corresponds to a tendency for the outpouring discharge of fresh
water from the St. John River to spread southwestward along New Brunswick, while
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F1a. 155.—3alinity proflle crossing Massachusetts Bay from the eastern point, Gloucester to Cape
Cod, just inside Stellwagen Bank for, July 19, 1916. The broken curve gives the oontour of the
bank (stations 10340 to 10342)

the salter water (32 to 32.5 per mille) tends to bank up against Nova Scotisa, giving
a marked obliquity to the isohalines. In the bottom of the trough of the bay
Mavor’s profiles show the saltest and coldest water (33 to 33.1 per mille) as a lon-
. gitudinal ridge, which he explains (Mavor, 1923, p. 364) as due to a rotation of the
deeper water around this locality as a center. Concentration of the lowest salinities
in the northern side also appears in the densities on profiles of the lower part of the
bay for August, 1914 (Craigie, 1916a), proving this the usual summer state.

The characteristic contrast, below the surface, between the high salinity of the
Atlantic basin and the much less saline water of the continental slope and shelf is
brought out graphically for the summer months by the profiles (figs. 156 to 158)
for 1914. Whether in July (figs. 156, 157) or in August (fig. 158), the successive



PHYSICAL OCEANOGRAPHY OF THE GULF OF MAINE 793

isohalines show a sudden transition from the one to the other (most abrupt at this
shoaler levels) and parallel to the edge of the continent. It is especially suggestive:
that while considerable overflows of water more saline than 33 per mille appear on
the profiles in two regions—one from the Eastern Channel across Browns Bank, as
just described (p. 788), and the other in the offing of Nantucket Shoals—neither
profile (nor the chart for 200 meters, fig. 150) suggests any tendency for this most
saline water to enter the Eastern Channel. On the contrary, the isohalines for
the highest values at each level cross the latter, leaving the oceanic triangle occupied
by the intermediate salinities of the slope water (33 to 35 per mille).

As to the date when bottom water of high salinity may be expected to drift in
over the edge of the continent toward Nantucket Shoals, I can only point out that
in 1913 water of 33 to 33.5 per mille and upwards in salinity was encountered at 40
meters over the outer edge of that sector of the shelf as early as July 10 (stations
10060 to 10062). In 1914 water of this high salinity had encroached on the south-
western part of Georges Bank by July 19 and had reached the 40-meter contour off
Nantucket Shoals some time prior to the last week in August (fig. 145); but in 1916,
a backward year (p. 772), the bottom water over this part of the shelf was only
32.5 to 33 per mille on July 19 to 25 (stations 10354 to 10355, fig. 159)—i. e.,
about 1 per mille less saline than at about the same season of 1913 or of 1914, cor-
responding almost exactly to the readings obtained there in May, 1920.

Water more saline than 35 per mille may be expected to wash the slope
at the 100-meter level right across the mouth of the gulf at some time during the
summer, and perhaps continuously throughout the summer during some years, for
the Canadian Fisheries Expedition had 35.35 per mille at 100 meters on the slope
of the La Have Bank in July, 1915 (Bjerkan, 1919; Acadia station 41), where the
100-meter salinity on July 28, 1914, was only 34.16 per mille (station 10233; both
readings taken over the 450-meter contour line).

Only on one occasion have our lines reached water of full oceanic salinity (36
per mille)—namely, abreast the western end of Georges Bank on July 21, 1914
(p. 780, figs. 145 and 156). Failure to find water as saline as this at our outermost
stations anywhere else between the offings of Chesapeake Bay and Cape Sable on
any other cruise, or off Nova Scotia, suggests that this pure “ Gulf Stream water”’
may be expected to approach the edge of the continent more closely thereabouts,
as it moves northward in summer, than either to the west or to the east.

We have yet to learn whether oceanic water approaches so close to the edge of
the continent every summer as it did in 1914. In 1913 and 1916 (the one an early
and the other a late season in the sea) it certainly did not do so until well into the
summer, if at all. We may assume, therefore, that the situation pictured on the July
profile for 1914 (fig. 156) is most likely to be reproduced in August, taking one sum-
mer with another.

Although this highly saline water probably approaches within a few miles -of
the 200-meter contour at about this longitude (68° to 70°) by the end of every
August, it has never been found actually encroaching on the continental shelf abreast
of the Gulf of Maine or anywhere else along the North American littoral north of
Chesapeake Bay at any season. Bjerkan’s (1919) record of 35.9 per mille at 50
meters at the Acadia station 44 miles off La Have Bank on July 22, 1915, combines



794 BULLETIN OF THE BUREAU OF FISHERIES

with our own data for 1914 (fig. 145) to show the isohalines for 85.5 and 36 per mille
departing farther and farther from the continental edge, passing eastward from
Georges Bank, and so leaving a less saline wedge (34.5 to 35.5 per mille) some 60
miles wide off the mouth of the Eastern Channel. This fact is worth emphasis as
one of the numerous bits of evidence that the indraft that takes place into the east-
ern side of the gulf, via this channel, is constantly of the so-called “slope” origin
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Fiq. 156;.—~8alinity profll (running from a station (10213) off northern Cape Cod, southward across the western end of
Gebrges Bank (stations 10215 and 10217), to the continental slope (station 10218), July 19 to 21, 1014

B EEEEEEEREEREEEEEREEEEENEEN
w\\‘

(p- 842), thus accounting for the rarity of tropical planktonic animals and plants
within the gulf .(Bigelow, 1925). :

When the transition in salinity is as abrupt along the edge of Georges Bank as
it was in July, 1914 (fig. 156), to speak of a salinity “wall” is excusable exaggera-
tion. At such times the following waters may be named, successively, along any
profile crossing Georges Bank from north to south:
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First, in the basin to the north of the bank is the Gulf of Maine complex, rang-
ing in salinity hereabouts from about 32 per mille at the surface to about 33.5 per
mille at a depth of 200 meters and close to 34 per mille in the still deeper trough of
the basin. The northern part of the bank is washed by the typical “banks” water,
with a mean salinity of 32.5 to 33 per mille, which in the shoaler parts is kept nearly
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uniform, vertically, by tidal stirring. Over the seaward slope the zone of transi-
tion to the much more saline water is condensed into so narrow a zone that the
successive isohalines become nearly perpendicular on the distorted scale adopted for
the profiles, their precise degree of obliquity depending, of course, on the proximity
of the oceanic water to the south. Finally, at the offshore end true oceanic or
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“Gulf Stream” water more saline than 36 per mille will be-met if the profile runs
out far enough.

Farther east (fig. 157) a rather different picture results from the homogeneouai
state of the water maintained on the bank by active tidal stirring, as described above
(p. 770) ; but the contrast between the comparatively low salinity there and the mugh
higher values on the continental slope to the south, on the one hand, as well asin
the basin of the gulf to the north, on the other (34 per mille), affords a graphic
illustration of the extent to which the contour of the bottom controls the relationship
of water masses that differ in salinity because of different origins. Note also the
abrupt transition from the thick layer of 35 per mille water in the bottom of the basin
to the very much lower salinity (about 32.2 per mille) at the surface on this profile,
reflecting the considerable difference in density that exists in summer between the
slope water and the surface stratum beneath which this intrudes.

All three summer profiles of the continental shelf for 1914 (figs. 156, 157, and
158) show extremely uniform salinities of 35.2 to 35.4 per mille bathing the bottom
at about 100 to 200 meters depth all along the slope abreast the gulf; and as the
Canadian Fisheries Expedition also had 35.4 per mille at 200 meters just outside the
continental edge in the offing of Shelburne, Nova Scotia, on July 22, 1916 (Bjerkan,
1919; Acadia station 41), this may be taken as normal for the summer. ;

" In February and March, the reader will recall, only the western sector of this
zone was as salt as this; in July, 1916, the values were slightly below 35 per mille
(fig. 159)—differences that apparently reflect the normal seasonal succession in
the inshore and offshore movements of oceanic water. On this assumption the
maximum salinity of the eastern sector of the warm zone for the year is not far from
35.5 per mille, and the minimum certainly is as low as 34.5 to 34.7 per mille.

At depths greater than 400 meters the bottom water on this sector of the con-
tinental slope is always close to 34.9 to 35 per mille in salinity, perhaps never vary-
ing more than 0.2 per mille from this mean value at any time of year.

. Lower salinities off Marthas Vineyard in July, 1916 (fig. 159), than in August,
1914 (fig. 158), no doubt reflect the normal seasonal succession in this part of the ses,
suggesting that values less than 32 per mille will seldom be recorded on this line
after July, and that water more saline than 33 per mille may be expected to move
inshore over the bottom during that month and August (p. 793). The fact that the
water over the median sector of the shelf was nearly homogeneous in salinity, sur-
face to bottom, at that time (fig. 158), contrasting with pronounced stratification
closer into the land, on the one hand, and farther out at sea, on the other, is unmis-
takable evidence of active circulation. The abrupt transition from low salinities to
high ones over the edge of the continent, made evident on the profile by the isoha-
lines for 34, 34.5, and 35 per mille, also marks this as the zone of contact between
two distinet masses of water at the time (p.795). The rather unusual vertical distri-
bution of salinity about one-third the way out from the land where the mid stratum
was less saline than either the surface above it or the bottom, has been commented
on (p. 779).

These two profiles (figs. 158 and 159) are also of interest from a more generall
viewpoint as illustrations of the general increase in salinity from the land seaward,
which is characteristic of the whole continental shelf between Cape Cod and Chesa-
peake Bay.
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g SALINITY IN’AUTUMN AND EARLY WINTER

- Observatlons taken through September and October of 1915,in early November
of 1916, and at the end of that month in 1912 afford a general picture of the salmxby

~of the northern and western parts of the gulf at that season. Vachon (1918) and

Mavor (1923) also give autumnal data for 1916, 1917, and 1919 for various, Iocahtles

"intheBay of F undy region.

_ In 1915 pairs of successive stations were occupled at mtervals, expressly to show
the seasonal changes, if any; and when the salinities for these are plotted an increase
of 0.6 to 1.1 per mille is shown at the surface all along the coastwise belt east of Cape
Elizabeth from July and August to October—an increase of about 0.5 to 0 9 per

mille at the 50 to 60 meter level. At the same time, however, the vertmal range of
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Fia. 160.—~Vertical distribution of salinity off Gloucestor, August 31, 1915 (station 10308, dotted -
curve), October 1, 1915 (A, station 10324), and October 31, 1916 (B, station 10399)

salinity decreased somewhat off Mount Desert (fig. 107) and off Machlas, a change
foreshadowing the vertical equalization of the water that takes place in winter (p. 801).

A pair of stations for August 31 and October 1, 1915 (stations 10306 and 10324),
show a corresponding increase of nearly 1 per mille in the salinity: of the upper 40
meters of water over the sink off Cape Ann at the mouth of Massachusetts Bay
(fig. 160), though very little change took place at depths greater than 50 meters
meantime, proving that the surrounding rim isolates its deeper strata of thls bowl
effectively in autumn as it does -earlier in the season..

The superﬁcxal stratum off the mouth of Massachusetts Bay also seems to have
experienced some increase of salinity during the early autumn of 1916, the surface
value being about 0.5 per mille higher at the station in question (10399) on October
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31 than at a locality a few miles to the south on August 29 (station 10398), with
almost precisely the same values at depths greater than 50 meters as in August and
October, 1915. Increasing salinity in the upper strata, contrasted with constancy
in the deep water, is thus a regular accompaniment of advancing autumn in this
locality. '

Tidal currents being comparatively weak here, autumnal salting at the mouth
of Massachusetts Bay reflects some widespread change of the same sort, not simply
vertical mixing in situ. The extent to which the inner waters of the bay share in
this alteration during the early autumn is therefore interesting. Unfortunately, this
can not be stated, for want of data at successive dates throughout any given season;
but the fact that the surface of the northern side of the bay had virtually the same
salinity on October 26 and 27, 1915 (stations 10338 and 10339), as a month earlier
(stations 10320 and 10321), but had become about 0.5 per mille more saline near
Cape Cod during this same interval (station 10322, 31.4 per mille; station 10337,
31.9 per mille), is evidence that salinity increases more rapidly at the mouth of the
bay in autumn than near the head, as might be expected.

Passamaquoddy Bay, across the gulf, is also somewhat more saline in October
than in August, by Vachon’s (1918) observations, notwithstanding irregularities in
the mid depths, caused, no doubt, by the strong tides. As Passamaquoddy Bay
receives the discharge of a large river, while the land drainage into Massachusetts
Bay is trifling, it is probable that a corresponding increase in salinity takes place in
estuarine situations and along the shore generally all around the coast line of the
gulf as well as in the Bay of Fundy, where Mavor (1923) records a considerable
increase in the salinity of the upper 80 meters of water between Grand Manan and
Nova Scotia* from August 25, 1916, to November 6.

Such data as are available for October make it likely that this general salting
brings the surface salinity above 32 per mille all along the coastal belt to the north
and east of Cape Ann (outside the outer islands) by the first week of the month in
most years. As a result the area less saline than 32 per mille which skirts the whole
coast line of the gulf from Cape Cod to the Bay of Fundy in July and August (p. 769),
contracts to include Massachusetts Bay alone by mid autumn. A similar relation-
ship between the salinities of late summer and of mid autumn prevails down to a
depth of 40 to 50 meters.

Some increase in the salinity of the upper stratum of water was naturally to be
expected along this sector of the coast line in autumn as the effects of the vernal
discharges from the rivers are gradually dissipated. If this process of mixture is
accompanied by an active indraft of highly saline water into the bottom of the gulf
the increase will involve the whole column right down to the deepest stratum of the
basin; otherwise the intermingling of comparatively low salinities from above with
higher salinities from below must result in lowering the salinity of the deeper strata
while raising that of the shoaler. The vertical distribution of salinity is therefore
an index to the strength of the bottom drift in autumn.

Unfortunately, no deep stations were occupied during the autumn of 1915; but
on November 1, 1916, observations taken in the basin off Cape Ann (station 10401)
yielded decidedly lower salinities in the deepest stratum than we have ever found

¢ Prince station 3 (Mavor, 1923, p. 374)





