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+:...In"1916 the temperature of the upper 30 meters was about the same a few
miles off Cape Ann on October .31 (station 10399, surface.10°, 30 meters 9.18°) as it
was-on the 3d to the 16th in Passamaquoddy Bay, showing a regional difference of
about two weeks in the.autumnal schedule between the southwestern and the north-
eastern parts of the gulf. This corresponds both to the land climate and to the
difference in latitude. ' : » '

.. 7.Our. only records of sutumnal temperatures for the offshore parts of the gulf
later than the first week of September are for its western and southwestern: parts,
where serial readings were taken on November 1, 1916 (station 10401), and again
on the 8th. of the month (station 10404). In this very cold year the autumnal
warming of the deeper layers may have lagged some weeks behind the normal; the
inflow of water of high salinity into the bottom of the trough seems also to have been
in smaller volume than usual. Consequently, the temperatures of 1916 can hardly
be taken as typical for depths greater than 100 meters.

Surface readings about 0.5° higher in the offing of Cape Ann (station 10401,
10.6°) than near Gloucester, 0.9° warmer than off the Isles of Shoals, and 1.3°
warmer than off Penobscot Bay on November 1 and 2 of that year show cooling
most rapid next to the land, as might be expected. This regional difference is
slight, however, and the deeper strata show much the same autumnal change off-

shore as they do closer to land, with the 40 to 70 meter level warming slightly (fig.

72) while the surface cools. At depths greater than this annual differences entirely
overshadowed any seasonal alteration that may take place in the western side of
the basin between August and October.

As a result of the progressive equalization of temperature, horizontal as well as
vertical, that takes place during the autumn, the regional variation in the temper-
ature of the western side of the gulf was only about 1.5° to 2° at any given level
deeper than 15 meters in the first week of November, 1916. This close approach
to uniformity is probably typical of the season, though the precise temperature at
any level varies slightly from year to.year.

The average temperature of the region west of the longitude of Penobscot Bay
and north of Cape Cod is approximately as follows by the first of November in
normal years:
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No records of the subsurface temperatures have been taken on Georges Bank
in autumn. In the shallow water of Nantucket Shoals autumnal cooling may at first
reduce the temperature of the surface slightly below that of the bottom, the Halcyon
having recorded surface readings of 11.6° to 12.2° on October 1, 1925, on the shoal,
when the bottom water was 12° to 13.5° in a depth of about 25 meters (p. 1013).
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?‘he whole column, however, cools nearly uniformly on ﬁhe shoals during October,
whether the surface be slightly cooler than the bottom or slightly warmer at this
geason depending on the wind as the latter moves the surface water in or offshore.
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F16. 72.~Vertical distribution of temperature in the western arm of the basin of the gulf in

autumn and winter. A, August 31, 1915 (station 10307); B, November 1, 1918 (station
' 10401); C, December 29, 1920 (station 10490); D, January 9, 1921 (station 10603)
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The upper 40 meters of water oV_er- the continental shelf, south of Marthas
Vineyard and out to the edge of the continent, was vertically homogeneous in tem-
perature at 13° to 14.5° by October 22, 1915 (stations 10331 to 10333, fig. 73).
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We agam found the superﬁclal stratum over this part of the shelf equally homoge-
neous in temperature in November, 1916. . .While the bottom water then showed
shght vertical cooling at depths greater than 30 to 40 meters, it was considerably
warmer then than it had been there in August—a state obtaining as far southward
as Chesapeake Bay (Bigelow, 1922, p. 123).

Thus, the coast water off southern New England corresponds to the Gulf of
Maine in the fact that the temperature tends to become uniformly homogeneous
during September and October, though the change takes place at a temperature 3°
to 4° higher than is the case to the northward of Cape Cod. ‘A seasonal change
of this sort was, of course, to be expected in the absence of disturbances by extra-
limital currents, as the first step in the vertical equalization of temperature so
characteristic of northern coastal waters in late autumn and winter.” (Bigelow,
1922, p. 123.)

In 1916 the surface temperature near land a few miles west of Marthas Vineyard
had fallen fractionally below that of the 30-meter level by November 10 to 11 (sta-
tions 10405 to 10408);
and although this pro-
file lies a few miles
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F16. 73.—Vertical distribution of temperature oft Marthas Vineyard to show autumnal cooling. a,utumnal COOImg mn
A, August 25, 1014 (station 10259); B, October 22, 1915 (station 10333); C, November1, 1018 the coastal waters off

(station 10406)

the northeastern
United States proceeds from the land seaward. In 1916, as I have earlier remarked
(Bigelow, 1922, p. 123), this process had progressed so far by that date as to nearly
obliterate the preexisting stability of the water on the inner half of the shelf.
Farther offshore, however, where the immediate surface alone had yet been chilled
by the cool land winds, the underlying water at 20 to 50 meters still continued 1°
to 2° warmer than the superficial stratum above or the bottom water below. As a
result the curves for 12° and 13° might suggest a landward intrusion of water from
offshore if taken by themselves. However, the salinities forbid this interpretation,
proving this apparent tongue merely reminiscent of the maximum temperature to
which this level had warmed during the preceding summer (Bigelow, 1922, p. 123).
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" A thermal distribution of the opposite sort, with a shelf of cold water projecting
seaward, has been recorded repeatedly oﬁ this part of the slope at the end of tha
summer.
* - NOVEMBER AND DECEMBER

In 1912 the Whole column of water off Gloucester had become vertlcally homo
geneous in temperature (about 9°) by November 20 (fig. 75), suggestmg that autum-
nal cooling had proceeded at about the same rate there as it did in 1915 and 1916
(p. 638), while the whole column, 70 meters deep, had cooled to about 7.8° to 8.1° by
December 4 (station 10048).. It is interesting that the iranediate surface was 0.1°

.10 0.3° warmer there than the deeper levels on both these dates, which may have
reflected irregularities and setbacks in the progress of cooling from day to day,
because both these stations were occupied after one or two warm days, though on
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Fm 74,—Temper: ature profile cro: ssing the continental shelf off Narmgansett Bay, November 10 and 11, 1916 (stati ons 10405
to 10508)

both -occasions the air temperature was a degree or so ) colder than the water at the
times the readings were taken. \

“The Fish Hawk again found the temperature virtually umform vertlcally from
surface to bottom, all along the southern side of Massachusetts Bay on Decmber
3,1925, in depths of 25 to 40 meters; in fact, the surface reading did not differ by more
than 0.2° from the intermediate or bottom reading at any of the 10 stations.  The
progress of autumnal cooling also was made evident by & mean temperature of about
6.2° for this side of the bay. Although the preceding autumn had been unusually
mild (suggesting that in most years the sea temperature is a degree-or two :lower
by that ‘date), one station off Plymouth Harbor (No. 10) and two at the head of the
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bay (Nos, 16 and 17) were then fractionally cooler at the surface than deeper—evi-
dence that the water had been rapidly losing heat from the surface for some days
previous, which can be associated with a cold northwest gale on November 23. No
great horizontal variation in temperature was to be expected over so small an
area; in fact, all the readings for this cruise fell within the limits of 4.80° and 6.93°.

The slight differences recorded from station to station on this cruise prove unex-
pectedly instructive, because the coldest water (4.8° to 5.8°) then formed a more or
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£1q. 75.—Vertical distribution of temperature in the offing of Gloucester on successive dates of surface water 4.4° In
the autumn and winter. A, October 1, 1915 (station 10824); B, November 20, 1012 (station
10047); C, December 4, 1912 (station 10048); D, December 23, 1912 (station 10049); E, GlO uciSter Harl?or
December 29, 1021 (station 10489); F, January 18, 1913 (station 10050); G, February 9, and 5.6° at a locahty
1921; H, February 13, 1913 (station 10053) 1 to 2 miles Oﬁ its
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mouth, a gradation that illustrates the progression of winter cooling from the land
out to sea, but does not suggest any considerable thermal difference between the
two sides of the bay at the time. Unfortunately, no corresponding readings were
taken in the central part; but the water was about 2° warmer 7 miles off Glouces-
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ter on December 4, 19134 (also a mild year), than in the coastal belt on that same
day in '1923.  Temperatures of about 5° to 7° may therefore be expected around
the shores of Massachusetts Bay, with about 8° in its center, by the first week in
December in average years, with the water virtually homogeneous from surface to
bottom. o S e ‘
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F1a. 76.—~Surface temperature of Massachusetts Bay, December 9 to 11, 1924

The data for the Fish Hawk stations show that almost no change took place
either in the actual temperature of Massachusetts Bay or in its vertical distribution
during the first two weeks of December, 1925, the readings being fractionally higher
for the second cruise than for the first at some stations, lower at others.. The
regional distribution remained unaltered, with the coldest water (5° to 6°) taking

« Btation 10048; 8.1° at the surface, 7.8° at 46 meters and 70 meters.
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the form of an isolated pool near the western shore, surrounded by slightly higher
temperatures. (fig. 76)..  Equally cold water (about 5.3°, surface to bottom) off
the:mouth of -Provincetown Harbor (station 5) now marked: the shallows of tha
latter as:a second center for local cooling.

After cold west winds on December 13, 14, and 15 the Whole oolumn of Water
averaged about 1 degree colder in the southern half of the bay on the 16th and
17th than it had been a week earlier, with a maximum cooling of about 2° and a
minimum of about 1° at the surface.
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F16. 77—~Vertical distribution of temperature at three representative stationsin the southern
side of Massachusetts Bay on December 9 to 11, 1924 (so]ld curves), and January 6 and 7, 1625
" (broken curves).

' Meantime the eastern and southern parts of- Ca.pe Cod Bay (5° at the surface)
had definitely become a site of production for cold water, separated from the still
colder pool next the land north of Plymouth (3.8° to 4.5°). by a slightly warmer
wedge (5° to 6°) in the center of the bay. At this season the water of the bay is so
nea.rly homogeneous, surface to bottom (fig 77), that a chart of the minimum tem-
perature, irrespective of depth (ﬁg 78), 111ustrates thls reglonal dlstnbutmn better
than g surface chart can.

When the tempersture variés more widely between statlons a few miles apart
than between surface’ and bottom at any one statmn, as is the case in the southern
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gide of the Gulf of Maine after November, the thermal relation between surface and
bottom temperatures may be reversed -at different stages of the tide, as. warmer
water from offshore comes in with the flood and water chilled near shore moves out
on the ebb. But whether the flood water will drift in at the surface, or whether it
will sink to some deeper level as it approaches the coast, depends on the regional
distribution of density. Accordingly, the flood tide may either raise the surface
temperature slightly above that of the deeper water near land in winter or it may
warm the mid stratum temporarily, a state which may persist until the last of the
ebb. . Both these alternatives are illustrated among the Massachusetts Bay stations
for December 16-and 17, 1925 (stations 5, 6, 7, 9, 13, 14, and 17). The fact that the
station off Cohasset (16) was not only coldest at the surface but gave the minimum
temperature for the cruise (3.8°), although taken about the middle of the flood,
pr(')bebly results from the general drift discussed below (p. 972). =

The fourth week of December, 1925, saw very Wmtry weather, with several days
of northwest gales, the minimum temperature of the air falling to ~1°F. (—18.3° C.)
at Boston on the 21st and :to about 5° F. (about —15° C.) on the 22d. This was
reflected by an average cooling of about 1° for the waters of the bay between the
16th and 17th and the 22d and 23d, which gives a rough measure of the radiation to
be expected from the surface during two or threeé days. of low air temperatures and
high offshore winids-at this time of year."

Although the entire area was much more uniform in temperature on December
22 and 23 than it had been a week earlier (all the readings for that date fell between
4.95° and 2.5°), temperatures of 2.5° to 3° near Plymouth, in the one side, and a
mile oﬁ Gloucester, in the other,* on the same day, contrasting with 4. :5° to 5° in
the centra,l ‘part of the bay (station 18; about 7° at station 10049 on December 23
1913), show the thermsl gradation: usual for the winter season. " Thus, 4° to 7° may
be taken as normal for the deep parts of the bay during the last week in December,
and 2° to 4° for its coastal belt.

The Bay of Fundy, in the opposite s1de of the gulf, experiences essentmlly the
same cycle of temperature as Massachusetts Bay during December. Thus, Mavor’s
(1923) tables show the whole column of its deep trough as virtually homogeneous,
vertically, by November (fig. 79), and about reproducmg Massachusetts Bay in
temperature in December, notwithstanding the difference in latitude. Compare, for
instance, 6.4° to 6.9° in the central parts of Massachusetts Ba,y on December 11, 1925,
with 6.18° to 6.6° for the ‘corresponding depth column’in the Bay of Fundy on
December 2; 1915, and 5.62° to 6.12° on December 5, 1917 (Mavor, 1923, p. 375) 45

' Some variation is to be expected in the vertical distribution of temperature in
these bays in December from year to year. In 1913, as noted (p. 645), the water off
Gloucester was homogeneous, surface to bottom, throughout that month; but in
1920 more rapid chilling had lowered the temperature of the surface (5. 56°) about
1.5° below that of the 40-meter level (6. 94°) at this locality by the end of the month

« Observation taken by . G. Corliss (p. 513.) ' ‘
4 Mavor (1623) records 6.11° for the surfage, 6. 42° at 50 meters, and 6.6° at 175 meters on Deo. 2, 1016; 5.62° at the surface, 5.72°
at 50 meters, 6.16° at 100 meters, and 6.18° at 175 meters on Dea, §, 1917,





