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FIG. 119.-4lallnlty at tbe sarface of Massacbasetts Bay, May 20 to 22, 1925, (rolD hydrometer readlnp
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regional uniformity of the inner parts of the bay, where the surface values varied
only from 31.3 to 31.8 per mille at 16 stations, also shows how little the discharge
from the small streams that empty along the coast line of the bay affects its salinity.

This drift past Oape Ann seems to have hugged the shore of the bay more closely
in 1915, because the surface value was much higher at the standard station off Glouces­
ter on May 4 of that year (station 10266, 32.32 per mille), than any other surface
reading for the bay in Mayor in April. Oonsiderable variations are theref\ore to be
expected in the salinity of Massachusetts Bay from one May to the next, both in the
precise value and in the date when the water is freshest, reflecting the considerable
distance from the freshening sources-the rivers to the northward of Oape Ann.
Even in years when the discharge of these rivers is up to normal, and when the
freshets fall at the usual season, the southerly drift need only be turned slightly more
offshore than usual, by the jutting promontory of Oape Ann, to pass by Massachu­
setts Bay altogether. In this case the bay would be a sort of backwater, with its
surface changing little in salinity from winter through spring. It is probable, there­
fore, that Massachusetts Bay experiences a wider annual variation in the salinity of

.its surface waters in spring than any other coast sector of the Gulf of Maine. .
The Bay of Fundy illustrates the seasonal cycle where the salinity of the surface

reflects the discharge from a large river (here the St. John) close by. Thus, Mavor
(1923, p. 375, table 8) records a very sudden decrease in the salinity of the surface,
from 32.5 per mille in the middle of April, 1917, to 27.9 per mille on the 4th of
May, at a locality between Grand Manan and Nova Scotia, followed, however, by
an increase equally rapid to 31.5 per mille by the middle of June. While 1917 is
the only spring (and this the only locality) for which the vernal cycle of the open
Bay of Fundy has been followed, month by month, it is probable that the seasonal
fluctuation outlined by Mavor represents the normal course of events, the surface
freshening suddenly when the St. John and the Nova Scotian rivers come into flood,
and salting again after the freshets subside as the land water becomes mixed into
the bay by the strong tides.

The lowest value to which the surface salinity of the open Gulf of Maine ever
falls can not be stated, lacking data near the mouths of the other large rivers at
the critical dates in early May. In the Bay of Fundy, 27.9 per mille, just men­
tioned, is the lowest so far recorded; and salinities equally low are to be expected
close along the coast line, thence westward to the Merrimac, though only for a few
miles out from the strand, and perhaps hardly outside the outer islands.

The combined chart of surface salinity for the offshore waters of the Gulf for
May (fig. 120) shows the freshest water « 32 per mille) continuing to hug the coast,
much as in April (fig. 101); but the great volume of river water that is poured into
the gulf at this season so freshens the surface next the shore that the transition to
the more saline water offshore is far more abrupt in May than in April; especially
off the coast sector between Portland and Oape Ann, where a change of as much as
2 to 3 per mille may be expected at the surface in a distance of 5 to 10 miles, as one
runs offshore from the 100-meter contour in May. The development of so fresh a
band next the coast admits of but one interpretation-namely, that the non-tidal
drift then parallels and closely hugs this part of the shoreline southward as far 88
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Cape Ann (p. 948), and that land water does not Jan out from the coast of Maine or
from the Bay of Fundy toward the center of the gulf.

. The evidence of salinity is positive in this connection, there being' no source for
surface water less saline than 30 per mille within the Gulf of Maine other than the
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FIG.l20,-8aJlnity at the surface, May 4to 14, 191~. combined with May.4 to 17, 1920

rivers tributary to it. Once past Massachusetts Bay, however, the May isohalines
for 1920 (stations 20125 to '20129) very clearly show the freshest coast water (32 per
mille in this case). spreading out from Cape Cod across the southwestern part of the
basin about as far as Georges Bank, which seems to have bounded it at the time in
this direction (fig. 120).
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The most instructive feature of the May chart in the eastern side of the .gulf is
the similar expansion of surface water less saline than 32 per mille westward over
,the basin from the offing of Cape Sable, which owes its low salinity to the Nova
Scotian drift from the eastward.

The critical isohaline (32 per mille) bounding this tongue had been carried about
as far west into the gulf as this at least a week earlier in the spring of 1919, with
actual values almost precisely the same.88 Consequently, the picture presented on
the surface chart for May (fig. 120) may be taken as typical of the season when the
flow into the gulf past Cape Sable is at its maximum, irrespective of the precise
date when this falls.

The lack of data on the salinity of the southeastern part of the Gulf of Mame
for May is a .serious gap, for without such it is impossible to tell how far the fresh­
ening effect of the Nova Scotian water extends toward Georges Bank, or ,Over the
latter, when it is at its maximum. However, it is certain that water of low salmity
from this eastern source did not reach the southwestern part of the bank at any
time prior to the 17th of May in 1920, whatever may have happened later that spring,
because no appreciable alteration took place in the salinity of the surface, which
was about the same there on that date (station 20129) as it had been on February
22 (station 20045) .

We also await observations on the 'salinity of the shoal water along the west
coast of Nova Scotia forMay, to show how low it is reduced there by vernal fresh­
ening from local sources. It is not likely, however, that the eastern margin of the
open Gulf of Maine ever falls below 30 per mille in salinity, unless right llt the mouth
of some stream, because no large rivers open along this part of. the coast, because the
outflow from the Bay of Fundy is directed westward (p. 916), and because there is
no reason to suppose that the Nova Scotian current ever brings water less saline
than about 30.8 to 31.5 per mille past Cape Sable.89

It is a question of moment in the natural economy of the gulf whether and to what
extent the water of the Nova Scotian current turns northward after it has passed
Cape Sable. This the reader will find discussed in another chapter (p. 680). I need
remark here only that the surface salinities for May, 1915, and especially the course
of the isohaline for 32 per mille (fig. 120), mark a westward drift toward the center
of the gulf; but considerably lower salinities off the mouth of the Bay of Fundy in
May, 1915, than in April, 1920, suggests some movement of water in that direction
also, from the cape, as characteristic of this season.

The vernal freshening of the coastal belt of the gulf by land water, and of the
eastern side by the Nova Scotian current, are annual events, though differing from
year to year in their time schedule as well as in the magnitude of the alterations
they cause. A considerable divergence from year to year has been recorded in May
in the west-central part of the gulf, which neither of these sources of low salinity
appreciably affects up to that season. If the early May. state of this part of thE
gulf in 1915 (fig. 120) be the regular seasonal sequence to the April. stllote, as repre·
sented by 1920 (fig. 101), a considerable salting of the superficial water layer i.e:to bE

88 Surlace salinity 31.98 per mille at Ice Patrol station 21; 31.71 per mille at Ice Patrol station 22 on OermanBBDk.
8. Neltl!er tl!e Ice Patrol nor tl!e Oanadlan Fisheries Expedition have reported salinities lower thlill13().8ll\lr. ml1leBlong the.

outer olOBSt of Nova Scotia In Apiil or May. .
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expected there, raising the surface value from 32.5 to 33 per nrille over the western
arm of the basin from the one month to the next. An increase of this sort in the
surface salinity, taking place at a season when the waters to the west and to the
east freshened, would of itself suggest local upwelling. This explanation is corrob­
orated, also, by the fact that the upper 120 to 130 meters proved nearly as homo­
geneous there vertically, in salinity, on that occasion as in either March or April, and
about 0.6 per mille more saline in absolute value (fig. 112), instead of showing the
oonsiderablevertical range of salinity that might otherwise be expected to develop
in this region by May.

West-east profiles of the gulf also give unmistakable evidence that some such
circulatory movement did take place in 1919 between the end of April and the end
of May (fig. 121), by which date a strong pulse in the inftowing bottom current had
raised the upper boundary of water, more saline than 32.5 per mille, to within 20
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stations 35 to 38) .
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meters of the surface in this side of the basin. Some upwelling is therefore to be
expected in the western side of the basin from April through May, correlated with
the speeding up of the anticlockwise circulation that follows the freshets from the
rivers tributary to the gulf (p. 916). The actual alteration which this effects in the
salinity of the surf~e stratum, however, may not be as wide in any given year as
the difference between the April records for 1920 and those for May, 1915, might
suggest, because it is possible that these two years illustrate two extremes-the one
lower in salinity than is usual, the other higher. ,-

BELOW THE SURFACE

The fact that May sees the culmination of vernal freshening from the land,
and also the maximum expansion of the Nova Scotian current past Cape Sable,
lends interest to the subsurface salinities for the month.

Perhaps our most instructive illustration of how. strictly the decrease in the
salinity of the coastal belt is confined to the superficial stratum of water up to this



PHYSICAL OCEANOGRAPHY OF THE GULF OF MAINE 747

season is afforded by the station data for 1920 at the mouth of Massachusetts Bay
(station 20120) for May 4, when the upper 15 meters was near its minimum salinity
for the year and homogeneous (29.1 to 29.2 per mille), but with the salinity
increasing by 2 per mille in the next 15 meters of depth to 31.13 per mille at 30 meters.
A vertical distribution of this type, coupled with the fact that the deeper water there
was less saline on that date than it had been two weeks previous (station 20092),
is evidence that when the tongue of water of low salinity described above (p. 741)
first spread southward past Cape Ann, vertical mixing was active enough for it to
dilute the whole column of water at the mouth of the bay. The latter, however,
was followed in turn by an increase in the salinity of the whole column during the
next 12 days, resulting primarily from a movement of more saline water inward
over the bottom (fig. 122; stations 20120 and 20124).

Events seem to have followed a similar course in the Isles of Shoals region in
1913, when Mr. Welsh recorded a progressive increase in the mean salinity of the
whole column of water, in depths ranging from 36 to 48 meters, from about 31.1
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FIG. 122.-Vertlcal distribution of salinity at tbe mouth of Massachusetts Bay. A, April 20,1920 (sta­

tion 20119); B, May 4, 1920 (station 2(120); C, May 16, 1920 (station 20124)

per mille on May 10 to 13,31.5 per mille on the 13th, and 32.7 per mille on the 16th,
resulting in the recovery of the bottom salinity (32.2 to 32.6 per mille) almost to
the April value (32.5 to 32.8 per mille). Evidently the absorption of freshet water
from the rivers into the general circulation was accompanied by some indraft of
water of high salinity from offshore in this region; otherwise the mean salinity of
the column of water would not have increased as it did.

On the other hand, the salinity of the bottom water of Massachusetts Bay
changed very little from April to May in 1925 90 at depths greater than 40 meters,
except for a slight decrease near Cape Ann, reflecting the surface drift from the north
(p. 741). It is certain, therefore, that bottom water does not enter the bay every
May in as great volume as it did in 1913 and 1920.

In the coastal sector between Cape Cod and Penobscot Bay the vertical range
of salinity is wider in May than at any other time of year-widest of all off the
river mouths and along the track followed by the discharges from the latter. Off
the mouth of the Kennebec, for example, the surface had freshened to 29.6 per mille
by May 13,1915, a value about 3 per mille below that of the 50-meter level (about

. .
.0 Fhll Hawi oruises 12 and 13.
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32.4 per mille, station 102'77). It is probable, also, that this generalization applies
equally to the eastern coast of Maine, though our data are less satisfactory for this
sector. Mavor's(1923) records for the springs of 1917 and 1918 also prove it equally
applicable to the central part of the Bay of Fundy, where· for a brief period in. May
and early June river water (chiefly from the St. John) causes a vertical range of
salinity as wide as ever obtains anywhere in the open waters of the gulf.

In the eastern side of the gulf, however, which receives land water in only rela­
tively small amount, the whole column continues so thoroughly mixed by the tidal
currents throughout the spring that our standard station on German Bank (fig. 109)
has shown no more difference between the surface and the bottom in May (station
10271 and Ice Patrol stations 22 and 38) than'in April, on the one hand, or in June
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FIG. 123.-Vertical distribution of salinity off Penobscot Bay. A, March 4, 1920 (station 200(7);

B, April 10, 1920 (station 20097); C, May 12, 1916 (station 10276): D, June 14, 1915 (station
10287); E, October 9, 1915 (station 10329)

or August, on the other, though the actual values were considerably lower for May
of the years 1915 and 1919 (31.7 to 32 per mille) than for any other month of record.
This also applies to the vicinity of Lurcher Shoal, a few miles ·farther north (fig.
108), where the graph for May nearly parallels those for March, April, and
September, though lower in salinity.91

The directions in which the discharges from the large rivers spread out over the
surface are betrayed by the vertical distribution of salinity as well as by the actual
values as represented in horizontal projection. Thus, the fact that salinity altered
very little in the trough off the Isles of Shoals from :March to April, 1920 (stations
20061 and 20093), with the values for May 14, 1915 (station 10278). differing by
l~ss than 0.5 per mille from April, 1920, locates the line of transition (from the region of

II Thirty-two per mllle at the surface to 32.3 per mille on bottom In 90 meters, May 10, 1915, stetlon 10272.
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highly variable to that of more nearly constant salinity) close to the Isles ofShoals.
The zone within which river discharge rapidly increases the vertical range of salinity
in spring is no wider than this off Penobscot Bay, for the Grampus found the bottom
(32.43 per mille) only about 0~6 per mille more saline than the surface (31.8 per
mille) in 80 meters 3 miles off Matinicus Rock on May 12, 1915 (station 10276),
though the whole column was 0.2 to 0.6 per mille .less saline· then thlm it was on
the 9th of the following October (station 10329) or on January 1, 1921 (station
10496).
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FIG. 124,-Vertical distribution of salinity In the eastern side of the basin of the Gulf of Maine on March 23, 1920 (A,

station 20086); May 6, 1915 (B, station 10270); May 29,1919 (broken curve, ice patrol station 37); June 19, 1915
(C, station 10289); and August 12, 1913 (D, station 10093)

The freshening effect of the Nova Scotian current affects the vertical distribu­
tion of salinity of the region influenced by it in precisely the same way as drainage
from the land, by producing a wide range between the surface and the deep strata~

The notable difference between graphs in the eastern side of the basin for March,
1920, and for May, 1915 and 1919, illustrate this (fig. 124) by a considerable fresh­
ening of the whole stratum of water shoaler than 100 meters.92

liThe actual data suggest a decrease of about 1 per mille at the surface and 0.7 per IJ)ille'at 75 metere 88 normal for thllpericxJ
during which the drift from the east Is gaining bead; but annuallluctuations of unknown amplitude complicate the picture. .
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If the contrast between the salinities for the early spring of 1920 and for May,
1915, represents the succession normal for this time of year, a very considerable
freshening also takes place at greater depths in the eastern side of the basin from
March and April to May, the graphs (figs. 114 and 124) suggesting an average
decrease of about 0.6 to 0.8 per mille at 100 meters and deeper. Such a reduction
of the salinity back to about the March values naturally would follow any slackening
of the inflowing bottom current, but would be less and less apparent the farther from
its source of supply. A regional relationship of this sort does, in fact, result from our
station data, which show the salinity of the bottom water of the western side of the
basin only slightly lower in May and June, 1915, than in March or April, '1920
(fig. 112).

The upwelling of water more saline than 33 per mille in the western side of the
basin, which follows or accompanies the incorporation of river water into the one side
of the gulf and of the Nova Scotian current into the other, causes a much more
abrupt transition in salinity between cQastal belt and basin at 40 meters in May
(fig. 125) than in April (fig. 115); still wider than in March, and a regional distribu­
tion more nearly paralleling the surface (fig. 120). The gradation from 31.7 to 31.9
per mille next the land to 32.8 to 33 per mille in the west-central parts of the basin,
shown on this May chart, is probably typical for the month, though no doubt the
precise spread between inshore and offshore values varies somewhat from year to
year and would probably have proved somewhat narrower in 1925, when the 40-meter
values for Massachusetts Bay in May averaged slightly higher (32 to 32.6 per mille)
than was the case in 1915 or in 1920.

Up to May the decrease in salinity attributable to vernal freshening is
confined to even a narrower coastal belt at 40 meters than at the surface,
hardly any change being indicated more than 10 miles out from that contour
line in the western side of the gulf93 or farther south than the offing of Cape Cod,
where the 40-meter values were somewhat higher on May 16 to 17, 1920 (32.3 to
32.5 per mille at stations 20125 and 20126), than they had been a month earlier
(32.1 to 32.2 per mille at stations 20116 and 20117 on April 18). The salin­
ity at this depth was also about the same in the southwest part of the basin and on
Georges Bank in that May (32.5. per mille) as it had been at the end of February.
In spite of this apparent agreement, however, the water less saline than 33 per
mille must actually have increased considerably in volume in the offing of Cape Cod
during the interval to account for its expansion out from the bank to the seaward
slope of the latter, where salinity decreased by about 1 per mille at 40 meters between
February 22 (station 20045, about 33.8 per mille) and May 17 (station 20129,
about 32.9 per mille).

It is probable that the salinity of the 40-meter level falls below 32 per mille every
May over a considerable area out from the Nova Scotian shore of the gulf, where
the Nova Scotian current then holds sway; and if 1915 was a typical spring in these
waters (which I see no reason to doubt) the drift of this water of low salinity from
its more eastern source is directed more definitely wes.tward toward the center of the
gulf at this depth than it is at the surface, with less evidence of any dispersion north­
ward toward the Bay of Fundy (p. 745). Reduced to terms of distance, the seasonal

.. This follows an extremely Irregular course.




