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Desert) on the 19th, are interesting as evidence that this general stratum was ap­
parently no warmer in that spring than in the corresponding month of 1920, although
the upper 40 meters of water was considerably so. Thus, as the depth increases,
annual variations, like seasonal and regional variations, tend to diminish until a level
is reached below which the temperature is governed chiefly by pulses in the bottom
drift flowing in from the edge of the continent.

The bottom water at and below 200 meters was fractionally cooler in the eastern
arm of the basin in April, 1920, than it had been in March, and fractionally warmer
off the northern slope of Georges Bank and off Cape Ann (station 20115, 6.36° at
200 meters), with the deepest readings ranging only from 4.73° to 5.28° at 200 to
290 meters in the basin, rising to 6.07° in the Eastern Channel (station 20107). No
observations were taken as deep as this on the continental slope in April, but a read­
ing of 6.47° at 150 meters off the southeast face of Georges Bank on the 16th
(station 20109) shows a rise of about 1.6° since March 12 (station 20068).

In March, 1920, it will be recalled (p. 541), the trough of the Eastern Channel be­
low 100 meters was filled with water warmer than 6°, though no temperatures as high
as this were encountered anywhere within the gulf. By mid-April, however, still
warmer water (7.45° at 170 meters, fig. 26) had penetrated the channel, its effect
(6 to 6.39°) spreading inward to the western side of the basin off Cape Ann (station
20115) as a thin stratum at 180 to 260 meters, but with slightly cooler (4.92°) water
below it.a

Again, on March 5, 1921, there was a thin, warm stratum (6° to 6.4°) at 160 to
210 meters off Cape Ann. Evidently, therefore, temperatures as high as 6° may be
expected below about 175 to 200 meters in the western arm of the basin of the gulf
at any time from March to April (in summer, also), though not invariably. This
warm stratum, when it occurs, may either be sandwiched in between lower tempera­
tures in the bottom of the trough below, as well as above, or may extend right down
to the bottom, with the vertical distribution of temperature following the curves
shown in the accompanying graphs (figs. 3 and 5).

Temperature and salinity combined establish the Eastern Channel as the source
of this indraft into the bottom of the gulf. Its course across the latter (unfortu­
nately not chartable in detail from the data yet on hand) is discussed in a later
chapter (p. 921). There is strong evidence that it takes the form of intermittent
pulses, the 6°-water encountered off Cape Ann in April, 1920 (station 20115), being
the result of such a pulse; for it seems to have been entirely cut off from the still
warmer source in the Eastern Channel at the time by fractionally lower temperatures
in the southeastern bowl of the gulf (stations 20112 and 20113).

These pulses are so important in the general circulatory system of the Gulf of
Maine that an April profile along the arc of the banks (fig. 26) is introduced here
for comparison with that of the preceding month (fig. 19). The most important
seasonal alteration is the rise in temperature at 150 to 200 meters in the channel
just mentioned, which could only result from the actual introduction of water of
still higher temperature from offshore. On the other hand, vernal warming from
above and a delay in the westward flood of Nova Scotian water until later in the

l' No readings so high were obtained anywhere In the southern or eastern parts of the basin that April. the maxima being
respectively. 5.280 .5.140

" 280 ,and 5.160 In depths of 210.2 25.175, and 165 to 230 meters at stations 20098, 20100. 20107. 20112, and
?l\11~
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spring than this event is usually to be expected allowed a decided warming of the
upper stratum to 2.8° to 3.5° from the Oape Sable slope out to Browns Bank, though
with very little change from March to April on the Georges Bank side.

MAY

SURFACE

From late April, on, the temperature of the western side of the gulf constantly
rises, most rapidly at the surface, progressively slower with increasing depth. Near
Oape Sable, in the eastern side, however, the vernal cycle is dependent on the vol­
ume, temperature, and seasonal "time table" of the Nova Scotia current. Where
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FIG. 26.-Temperature profile running from the eastern part of Georges Bank, across the Eastern Channel, Brown's Bank,
and the Northern Channel, for April 15 and 16, 1920

this debouches into the gulf the surface stratum is at its coldest· some time in April
or even as early as the last of March in "early",yel1rs (1919, for instance), but not
until May in "late" years, as probably happened in 1920. Unfortunately, neither of
our May cruises (1915,1920, or 1925), nor the ice patrols stations for 1919, has covered
the gulf as a whole; hence I can offer only a composite picture for the month, based on
years that certainly differed considerably in the rate of vernal warming and in the
date at which the chilling effect of the Nova Scotian current reached its maximum.

On this basis the highest surface temperatures of early May (fig. 27) are to be
expected in Massachusetts Bay, the lowest in the Oape Sable-German Bank region,
with the whole area west of the longitude of Penobscot Bay warmer than 6° by the
10th, if not earlier, contrasted with surface readings of about 3° or lower off western
Nova Scotia. 15

II Three degrees on German Bank, May 9,1915 (statlolll027ll; 2.7' there on Apr. 28, 1919 (Ice patrol station No. 22)
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In 1915 a west-east gradation in surface temperature was recorded along
the coast of MaiM from May 10 to 14, from 7.80 near the Isles of Shoals and off
Casco Bay to 50 off Penobscot Bay and 4.20 to 4.80 near Mount Desert Island.. No
doubt the precise readings vary with the state Of the weather, however, as well as
with the date and exact locality and from year to year. I must also caution the
reader that at this season the surface temperature is changing so rapidly in the west­
ern side of the gulf that a difference of a few days, one way or another, will make a
considerable difference in the readings obtained; l~ss so in the eastern side.

Although the precise surface temperatures at any given date vary from one May
to the next, depending largely on the forwardness of the season on the land, probably

FlO. 27.-SurfllC8 temperature, first half of May, 1915

the comparative rates of vernal warming do not vary widely from year to year in
different parts of the gulf.

It appears from combining the records for the three years 1913, 1915, and 1920,
that this change is most rapid in the inner part of Massachusetts Bay, where the
surface warmed from 3.050 on April .6 (station 20089) to 8.890 on May 16 (station
20123) in 1920. Similarly, temperatures taken by the Fish Hawk in 1925 show the
surface of the southern side of the bay, generally, warming from 5.30 to 6.80 on
April 21 to 23, to 70 to 110 on May 20 to 22•.

At the mouth of the bay, where the surface does not chill to so Iowa figure at
the end of the winter, a less rapid rate of vernal warming causes about:)the same
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May temperatures. In 1925, for instance, the surface temperature at a line of sta­
tions from Cape Ann to Cape Cod rose from 4.3° to 4.4° on April 21 to 23 to 8.3°
to 9.4° on May 20 to 22 (Fish Hawk cruise 13); and vernal warming proceeded
at about this same rate there in 1920, when the surface reading rose from 2.5° off
Gloucester on March 1 (station 20050) and 3.3° on April 9 (station 20090) to 6.39°
on May 4 (station 20120) and 9.72° on May 16 (station 20124).

This thermal changeis accompanied by an alteration in the regional distribution
of surface temperature over the bay. Cape Cod Bay continues to be its warmest
center, the immediate vicinity of its northern coast line its coldest, reflecting local
stirring by the tide or some upwelling, as is the case in April (fig. 22). In 1925,
however, the summer state was foreshadowed, as early as the last week in May, by
slightly higher surface readings (9°) at the outer stations than between Stellwagen
Bank and the shore (fig. 28).

The surface of Ipswich Bay, just north ·of Cape Ann, warms as rapidly from
April through Mayas does Massachusetts Bay, judging from readings of 3.05° on
April 9, 1920 (station 20092) and 7.22° on May 7 and 8 (station 20122).

Similarly, the surface temperature of the basin abreast of northern Cape Cod rose
from 3.61° on April 19 (station 20116) to 9.17° on May 16 (station 20125); the sur­
face of Gloucester and Boothbay Harbors rose from about 4° to about 9° between
April 15 and May 15, and Lubec Channel from about 2° to about 5° during this same
interval (figs. 29 to 31). As Doctor McMurrich 18 records a rise from about-1.67°
at St. Andrews, on March 3, to about 5° to 6° in mid-May after the very cold and
snowy winter of 1916, when the water was about 1° colder there than it was in 1917
(Willey, 1921) or than it is likely to be again for some years to come, the surface
may be expected to warm by about 5° to 6° between the middle of April and
the middle of Mayall along the western and northern shores of the gulf and out over
the southwestern part of the basin generally. This warming, however, is made
irregular, no doubt, or even intermittent, by local fluctuations in the weather (e. g.,
helated snowstorms) and by the cold freshets from the rivers.

The rise in surface temperature proceeds somewhat less rapidly out across
Georges Bank, on the southwestern side of which we found the surface only about 3°
warmer on May 17, 1920 (stations 20128 and 20129), than it had been there on
February 22 (stations 20045 and 20046). Vernal warming is also less and less rapid
from west to east across the gulf (fig. 32), with readings only fractionally higher along
the coast of Maine east of Mount Desert Island on May 10 and 11,1915, than on
April 12, 1920, or between Grand Manan and Nova Scotia in 1917,17

Whether the surface stratum is warmer or colder in'May than in April, from
southern Nova Scotia out across German Bank (where the Nova Scotian current
from the eastward exerts its chief effect), depends on the date when this current
reaches its maximum and slackens again, events that certainly fall several weeks
earlier in some years than in others. In 1919, as noted above (p. 553), icy water from
this source was pouring into the gulf as early as the last week of March in volume
sufficient to chill the surface to 0° as far west as the eastern side of the basin; but

" Plankton lists (p. 613).
11 Mavor (1923, p. 376) lllClOrds the suiraC8 at Prine. station 3 as 2.270 on Apr. 9, 1917, and 2.960 on May 4.
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FIG. 28.-8urfaC8 temperature of M~1I8dtsBayat the Surface (saUd curves) and at 20 meters (broken curves), May
20 to 22, 11125
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its flow must then have slackened (or its temperature have risen), beeallse the surface
temperature of the critical locality rose to 4.6° by April 28 and to 7.8° on May 29,
though the whole column of water on German Bank was still only 2.7° and 4.2°,
respectively, on these dates (ice patrol stations 3, 21, 22, 37, and 38, p. 997). The
seasonal time-table seems to have been about the same in 1915, when the cold Nova
Scotian water was responsible for a temperature of about 3° from German Bank
out across the eastern side of the basin on May 6 to 7 (fig. 27), suggesting that the
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FIG. 29.-Mean air temperature (solid curve) and water temperature (broken curve) for lo-day intervals at Ten Pound
Islaud, Gloucester Harbor, Mass., from July 1,1919, to June 30,1920
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inrush into the gulf had reached its head some time in late March or April of that
year. In 1920, however, it is certain that the cold current did not begin to flood
past Cape Sable into the gulf in any considerable voluII;le until after the middle
of April. . .' . "- " .. . . .

Water as cold as 0.27° to 0.56° had, it is true, spread westward past La Have
Bank to within a few miles of the longitude of Cape Sable as early as the 19th of March,



PHYSICAL OCEANOGRAPHY OF THE GULF OF MAINE 561

1920 (station 20075); but this seems to have constituted its western boundary dur­
ing the next four weeks, because the whole column warmed by about 10 on Ger­
man Bank and near the Cape between March 23 and April 15 (stations 20085 and
20103, 20084 and 20104), instead of chilling, or at least remaining stationary in tem­
perature, as would have happened with any considerable flow of 00 to 10 water from
the east. Nor did any extension of icy water develop to the southwestward along
the offshore banks or continental slope during the interval.
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FIG. SO.-Mean air temperature (solid curve) and water temperature (broken curve) In Boothbay Harbor, Me., for
10-day Intervals from July I, 1919, to June SO, 1920

The greatest inflow of this cold water into the gulf may therefore be expected
between the last week of March and the middle of April in "early" years, but not
until the last of April or first part of May in "late" years. In spite of this annual
variation in date, the close agreement between the late April-early May tempera­
tures of 1915 and 1919 in the region most affected by it, and the uniformity in tem­
perature in the eastern side of the gulf summer after summer, enlarged on below
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(p. 626), suggests that it is not only a regular annual event but that the inflow from
this source is comparatively uniform, both in volume and in temperature, from year
to year. Its chilling effect on the surface temperature certainly extends northward
along the Nova Scotian slope of the gulf as far as the neighborhood of Lurcher Shoal,
where the whole column of waterin 90 to 140 meters was about 0.4° colder on May
10, 1915 (station 10272), than on April 12, 1920 (station 20101)-just the reverse of
the seasonal change to be expected. .
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FIG. 31.-Mean air temperature (solid curve) and water temperature (br9ken curve) In Lubec Narrows, for 10-day Inter.
vals from July I, 1919, to Jun~ 30, 1920 .

It is much to be regretted that no data are available for May for the region from
Cape Sable out across Browns Bank, the Eastern Channel, or the eastern end of
Georges Bank. Lacking such, I can not outline the effect of the Nova Scotian cur­
rent in this direction. Probably, however, icy water from this eastern source over­
flows Browns Bank at some time during April or May, perhaps the eastern end of
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Georges Bank, also; and the presence of a band of water cooler than its immediate
surroundings along the outer side of the latter bank and off Marthas Vineyard in sum­
mer (p. 608) suggests its influence.

It is still an open question how far westward into the gulf the vernal warming
of the surface is retarded by this same agency. Even without its chilling effect, the
surface probably would not warm as rapidly in the eastern side of the gulf as in the
western, because the heat received there from the sun is more rapidly dispersed down­
ward by more active vertical tidal stirring. Consequently, a slight west-east differ­
ential in surface temperatures, late in spring or early in summer, does not necessarily
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FIG. 32.-Normal rise In surface temperature from mld·April to mld·May. The hatched area experiences cooling

imply cold water from the eastward as its cause unless it reflects a corresponding
difference in the mean temperature of the upper 40 to 60 meters.

Up to the present time we have found no positive thermal evidence of the Nova
Scotian water beyond the eastern arm of the basin (the situation of ice patrol station
No.3, p. 997); and the temperature (salinity, too) of the gulf is so uniform from sum­
mer to summer that vernal chilling from this source is "not to be expected farther west
than this, unless an exceptional spring may see a much greater inflow of cold water
from the east than usual past Cape Sable.




