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the case in the deeps of the open guU. Probably this proc,esscontinue$ into'Se.ptem­
ber e\Tery.year, sometimes into October, as happened in 191.6 (Vachon, 1918}tables;p;
3(9), with the bottom water continUing to warm for some time after the s1ll'face'·has
commenced to cool. Judging from Mavor's (1923) tables, the depths greaterthan
about 60· meters in the trough between Grand Mananandthe Nova Scotian shore
of the bay may be expected to warm by about 1° after the date when the surface read­
ingis highest and before the deep layers also.cOJIimence to 9how the chilling effect
9fautumn. In 1917 the temperature Of the mid-stratum tose from about 6° to 7r>
there on September 4 to 7o-go on 'October 2, but the maximum (6° to 7°) was not
a.ttained at depths greater than 60 meters llntilsomeweekslater in 1916..
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FIG n.-Vertlcal distribution or temperature 011 Penobscot Bay at successive dates, to show the progress or
autumnalcoollug. A, August 14,1914 (station 10250); B, October 9, 1915 (station 10329); C, November 2,
1916 (station 10(02); D, January I, 1921 (station 10496)

In the lower part of Passamaquoddy Bay, Vachon (1918; Prince station 4) found
the whole. column in 30 meters depth cooling after October 3 as follows:

Depth

Surface . ~ ~- .._
20 meters .,:. ~, , ". • ~-. ~.

30 meters________ _ ; . .. _

1 From Vachon's (1918\ tables.

Oct.lI, Oct. 16, Oct. 21, Oct. 'rI,
1916 1 19161' 1916 1 1916 1

°0. °0, °0. ·A '
10.60 9.35 9.32 8.61
~83 9.14 9.08 8.1\\
l¥.82 8.98 18.88 8.80

• 26 meters.
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·In'1916 the temperature of the upper 30 meters was about the same a few
lllilesoff 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.

.Our only records of autumnal 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 afthe 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:

Depth
Average Avernge
temper· temper· Se8llonal

ature atui'e change
Aug. 15 Nov. 1

·C.
Surface__••••••••••••••••••••••••••••.••••••••••••••••••••••••••••••••••••• •__•.••••• __••_. 15.0-18.0
20 meters••••••••_•••__•••.•••••••••••••••••••--- _•••• _.",.••••••••••_ • 11.5
40 meters•••••••••••••••••••••••••••••••_ __._•••••••••••••••• •••••••••••••• ••_.... 7.2
70 meters .. __•••••_._•••••••••••••_., _ ~. ••••••••••••••••••• __•• 5.6
100 meters••••••••••••••••••••••••••••••••••~ _••_. __•••••••••••• 4. 7

·C. ·C.
10.0 -5.0-8.0
9.5 -2.0
8.9 +1.6
7.0 +1.'
5.0 +.3

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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'rhewhole column,h6we~er, cools nearly uniformly on liheshMls during O~tober,
.hether the surface be slightly cooler than the bottom or slightly warmer at this'
~()n depending on the wind as the latter moves the surface water in or offsho:te.
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l!'IG. 72.-Vertical distribution of temperature In tbe western arm of the basin of the gulf In

autumn and winter. A, August 31, 1915 (station 10307); B, November I, 1916 (station
. 10401); C, December 29, 1920 (station 1()490); D, January 9, 1921 (station 10503)

The upper 40 meters of water over the continental shelf,south of Marthas
Vineyard and out to the edge of the coJitinent, was vertically homogeneous' in tern­
perature at 13° to 14;5° by October 22, 1915 (stations 10331 to 10333, fig. 73).
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We again fOUIld the superficial stratum over this part of. the shelf equally homog~

neous in temperature in November, 1916. .While the bottom water then showed
~light 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);
Temperature, Centigrade and although this pro-

go 100 110 1'>0 13° 140 15° 16° 17° 18° 19° 200 21° 22°, file lies a few miles
westof the geographic
limits covered by this
report, it is repro­
duced here (fig. 74)
because the readings
would have been
nearly· the same had
it been run out from
Marthas Vineyard on
the same date. Its
most instructive
feature is its demon­
stration of the fact,
now sufficiently es­
tablished, that

FIG. 73.-Vertlcal distribution of temperature oft Marthas Vineyard to show autumnal cooling. autumnal cooling in
A, August 25,1914 (station 10259); B, October22,1915 (station 10333); C, November 1,1916 the coastal waters off
(station 10406) the nor the as tern

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
'Yhich 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
se./l.ward, has been recorded l'epeatedlyoff this part of the slope at the end of th"
summer.

NOVEMBER AND DECEMBER

In 1912 the whole column of water off Gloucester had be.comeYerticallyh'omo­
geneous in temperature (ll.bout 9°) by Novembe.l,'2p.(fig.75), sllggestingth,atautllJlli
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 ahout 7.8° to 8.1° by
D~cember4 (station 10048).. It is interesting that the immediate surface was 0.1°

. to 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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FIG, 74.-Temperature profile crossing the continental sheIr ot! Narragansett Bay, November 10 and 11, 1916 (stations 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 uniform vertically, from
surface to bottom,all along the southern side of Massachusetts Bay on Decmber
3,1925, in depths ()f 25 to 40 meters; in fact, the surface reading did not differ by Illore
than 0.2° from the wtermediate or bottom reading at any of the 10 sta.tions~· The
progress ofautumnaloooling also was made evident by a. mean temperatureofabout
6.2° for this. side of the bay. .Although the preceding· autumn had been unusually
mild (suggesting that! inmost years the sea temperature is a degree or tWQlowel'
by .that date) ,one st~tion..offPlylllouthHarbor(No. 10) and tWQ .at the head ()f. ~l:!e
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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
peetedly instructive, because the coldest water (4.8° to 5.8°) then formed a more or

less definite pool close
Temperature, Centigrade inshore, a few miles

1° 2" 3" _ 4° 5° 6° 7" 8° go 10~ tt- north of Plymouth,
with appreciably
h~her temperatures
(6.8° to 6.9°) to the
northward as well as
off the mouth of Ply­
mouth Harbor and in
Cape Cod Bay to the
BOuth. Although the
data do not suffice to
bound this cold area
offshore, tqe general
distribution of tem­
perature to be ex­
pected at that season,
and actually recorded
there later in the
month (fig. 76) ,makes
it virtually certain
that it was also en­
tirely surrounded by
higher temperatures
to the east.

On this same day
(Deeember 3), C. G.
Corliss, superintend­
ent of the Gloucester

150 hatchery, found the
PIG. 75.-Vertlcal distributIon of tempe1'llture In the offing of OIoucester on successive dates of surface water 4.4° in

theautumn and winter. A, October 1, 1915 (station 10324); B, November 20, 1912 {station G louc est er Harbor
100(7); C, December 4, 1912 (station 10048); D, December 23, 1912 (station 100(9); E,
December 29, 1921 (station 10489); F, January 16, 1913 (stetlon 10050); G, February 9, and 5.6° at a locality
1921; H, February 13, 1913 (station 10053) 1 to 2 miles off its

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 December4, 1913'3 (also a mild year), than in the coastal belton 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 w-eekin
December in average years, with the water virtually homogeneous from surface to
bottom.

80' 1 '

FIG. 76.-Surfaoo tempel'llture of Massachusetts Bay, Dooeinber 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. Th~

regional distribution remained unaltered, with the coldest water (5° to 6°) takID.g

" Station 10048; 8.10 at the surface, 7.80 at 46 meters and 70 meters.
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the form of an isotatedpoolnear the westerh shore, surrounded by, Slig.htly higher
temperatures (:fig. 76)., Equally coldwater (about 5.3°, surfaee'·tobottom)ofi
the/mouth ofProvmcetown Harbor (station 5) ,~owmarked the ..shalIows of tb:e
18itter. asa secondcenterforlocal cooling.

After cold west winds on December 13, 14, and 15, the whole column ofwa.ter
averaged about 1 degree colder in the southern half of the bay ?n the 16th and
17th than it had been a week earlier, with a maximum ~ooling of about 2° alld a
m.il)irnum of about 1() at the surface.

-to
ICV-rt'lpO'l'"a:tuTCo-

2°:5° 4° ". 6° '7°

~ +-+-+-+-+-+-+-+-+-+-++++++++++++++++++-++-+-+++++++++-1

'70l1lil1li_
FIG. 77.-Vertical distribution of tem~ature at three representative statllinsln tlle southern

side of Massachusetts Bay on December 9 to 11, 1924 (solid curves), and January 6 and 7,1926
(broken curves). •

Meantime the eastern and southern parts of Cape Cod Bay (59 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°) bya ..slightly warmer
wedge (5° to 6°) in the center of the bay. At this season the water of the bay is so
nearly homogeneous, surface to bottom (fig 77), that a chart of the minimum .tem­
perature, irrespective of depth (fig. 78), illustrates this regional distribution better
than ~ surface chart can. . . .
'. When the temperattirevaries more widely between st.ationsafewmilesapart
than between surface and bottom .at any one station, as is the Cll.$e in the southe:m. ;.,. .. . . ..,
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side of the Gulf of Maine after November, the thermal relation between surface and
bottom· temperatures may be reversed-at different Btages 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
wa.rm 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 faet that the
sta.tion 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,
probably results from the general drift discussed below (p. 972). '

The fourth week of December, 1925, saw veI'Y," :wintry 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 oLthe 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 three days of low air temperatures and
high offshore Wiiidsat~histime 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 datefell between
4.95°. and 2.5°), temperatures of 2.5° to 3° near Plymouth, in the one side, and a
mile off Gloucester., in the other,44 on the same day"contrasting with 4;5° to 5° in
the central part of the bay (station 18; about 7° at ,station 10049 on December 23,
1913), Eihowthe .thermolgradatio:n·usual fortbewinter season~ Thus, 4° to 7° may
be .taken as normal for the deep part's of the bay during the last week in December,
and 2° to 4° for itscoastalbelt.

The Bay ofFundy, in the opposite sideof the gulf, experiences essentially the
same cycle of temperature as Massachusetts Bay during December. Thus, Mavor's
(1923~ tables show the whole oolJlrnn of its deep trough as virtually homogeneous,
vel'tically, by November (fig. 79), and about reproducing Massachusetts Bay in
texp.peritture in December, notwithstanding the difference in latitude. Compare,for
instanoo,6~4°to 6.9° in the central parts of Massachu,setts,Bay on December 1.1, 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 pecember 5,1917 (Mavor, 1923, p. 375);46

Somevariationistobee:ll:pected in the vertical distribution of temperature in
these bays ih Decemberfrom year to year. In 191;3, as noted (p. 645), the water off
Gloucester was homogeneous, surface to bottom" throqghout that monthi but in
1920 more rapid chilling had lowered the te:m:perf!.tu.re of the surface (5.56°) about
1.5C1 helowth.a.t of ,the 40-meter level (6.94°) at this locality by the end of the month

II Observation taken by 6. G. Corliss (P.513.)
u ~aver (1923)reoer4s 6.11" tor,tha SU1'fage, 6.420 at 50 IJ:Iaters, and 6.60 at 175 IJ:IeterB enDoo. 2,1916; 6.620 at tha surfaCll. 5.720

at 50 meters. 6.160 at 100 nuiters. and 6.180 at 176 meters en DeQ. 5,1917. ' ,




