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water. close in to the western coast of Nova Scotia warms to 10° to-12°.by August

from St. Marys Bay to Yarmouth. Yarmouth Harbor he found only slightly warmer

(122 to 12.5°) than the open waters at its mouth, and it had about this same tem-

perature on September 8, 1916,® but the surface of St. Marys Bay rises to a consid-

erably higher temperature. The maximum for this bay can not be stated, data for

the inner part of the bay for August being lacking.  Craigie and Chase (1918), how-

ever, found its surface progressively warmer, passing inward, from 9° to 10° at. the,
mouth to about 11° abreast of Petite Passage, 13° to 13.5° off Weymouth, and to

14.8° at the head during the second week of July in 1915; and as Vachon (1918)

again had readings of 11.08° abreast of Petite Passage and 12.92° off Weymouth on
September 4 to 5, 1916, it-is not likely that August sees the surface temperature nse

much above 15° anywhere in St. Marys Bay.

.. A coastal belt skirting Cape Sable, 12 to 15 miles wide, like the vicinity of
Lu_rcher Shoal, is characterized by surface temperatures lower than 10° throughout
July. This, no doubt, results from thorough stirring by the tides, which proverbi-
ally run strong around the cape, causing a mixture in varying amount with the icy

water that persists until midsummer in the deeper strata next the coast, a few miles
to the eastward (p. 681).

Near the cape Dawson (1922, p. 85, station Q) had surface readings of 5.3° to 7.5°
(usually from 0.5° to 1° higher at high water than at low water) during the first half of
. July, 1907. By the last week of that month he found that the mean surface temper-
ature 12 miles out from the cape had risen to about 9° at high tide and to about 8.4°
atlow, with a slightly greater difference between high and low tide temperatures (aver-
age about 9° and 7.2°) closer in to the land, and with a maximum of 11.95° at the high-
water slack and a minimum of only 5° at low-water slack on the 20th. Our own
more recent record of 10.28° near by on July 25 1914 (station 10230), falls well within
these extremes.

These temperatures suggest that the ﬁood current, lowing Westward past the cape,
draws warmer surface water toward the land from offshore, but that the ebb, flowing
to the eastward, carries out water that has been thoroughly mized by the currents
swirling around the cape. .

Surface readings of 10° to 12° on several lines along the coast sector between
Yarmouth, Nova Scotia, and the cape, for the middle of July (Dawson, 1922), show
that this narrow cold pool off Cape Sable becomes entirely isolated from the low
temperatures about Lurcher Shoal before the last.of that month by the development
of a warmer surface over the intervening area, but is continuous with still lower tem-
peratures to the eastward along the outer coast of Nova Scotia until August, witness
a surface reading of 6.62° at low water a few miles off Shelburne on July 27 in 1914
(station 10231), no doubt reflecting some updraft of the icy water from below with
the outflowing tide. In 1915, however, the Canadian Fisheries Expedition found no
surface water colder than 9.7° off this part of the coast on July 21 (Bjerkan, 1919).
On September 6 of that year (station 10313) the surface was 15° 10 miles off Cape
Roseway, 13.3° 10 miles south of Cape Sable on September 2 (station 10312), and
13.6° near by on August 11, 1914 (station 10243). Apparently, then, if the cold sur-
face persists as late as August off the Cape, it becomes reduced to an isolated pool

#.Varying from 11.3° to 12,7° during that day (Vachon, 1918).



594 " BULLETIN OF THE BUREAU OF FISHERIES

not more than half a dozen miles wide by the end of the summer, persisting only as a
reflection of purely local activity of tidal stirring. ‘

Our Gulf of Maine cruises have not crossed the southeastern part 6f the area in
August; hence the isotherms for this region (fig. 46) are only tentative for that
month, combined from the July cruise of the Grampus in 1914, the Canadian Fish-
eries Expedition stations off southern Nova Scotia for July, 1915, temperatures taken
.by the Albatross in August, 1883, and July, 1885 (Townsend, 1901), and from scat-
tering records from other sources. These combine to show a rather abrupt transi-
tion in surface temperature in the region of the Northern Channel between the cool
area along western Nova Scotia (12% and somewhat higher readings (14° to 16°) on
Browns Bank, but make it unlikely that the surface normally warms above 16° over
the latter at any season. It is probable, too, that much local variation in tempera-
ture exists on Browns Bank, with cool and warm streaks caused by tidal mixings,
especially along its southwestern edge fronting the Eastern Channel, where the
Albatross had surface readings of 12.78 to 13.3° at four stations on August'31, 1883.

The surface temperature in the center of the Eastern Channel was 15.1° on July
24, 1914 (station 10227), but readings of 12.8°%, 16.1°, 14.2°, and 13.3° at four succes-
sive stations on a line crossing the deep water from Georges Bank to Browns Bank
on August 31, 1883, suggest that while the central core of the channel is usually
fractionally warmer than 16° by the end of the summer, vertical stirrings or upwell-
ings are sufficiently active along the edges of the two banks to maintain narrow lanes
there colder than 16° on the surface.

It is probable that the surface is from 1 to 3 degrees cooler over the eastern,
northern, and central parts of Georges Bank, as a whole, than in the basin of the gulf
to the north throughout the summer, and certainly it is considerably cooler than the
oceanic waters outside the edge of the continent to the south, just ds it is in June
(fig. 39). Thus, Dr. W. C. Kendall had surface readings of 12.8° to 15.3° (averag-
ing about 14.5°) at 55 stations along the northwestern edge of the bank on August 21
to 25, 1897, and the isotherm for 16° for this region is located on the chart (fig. 46)
from these observations.

This part of the bank offers an excellent illustration of the chilling of the surface
that follows when cooler water from below is brought up over and around shoals by
the tides, with the surface averaging 1° to 3° cooler over the shoal ground than
elsewhere on the bank and (generally) coldest (13° to 14°) over the shoalest part,
where the water is less than 50 meters deep. Evensmall isolated shoal spots may cause
cool pools at the surface in this region, and the effect of projecting submarine prom-
ontories or ridges may be made evident for some miles by lowered surface temper-~
ature. Where the water is not only shoal, but the topography of the bottom is
broken and tidal currents run strong, considerable variations in surface temperature
also are to be expected from ebb to flood, as Dawson found to be the case near Cape
Sable (p. 593). Doctor Kendall records several such alterations on Georges Bank,
notably a drop of about 1.5° at a station on its northern edge during a period of a
few hours on August 21. A few yards’ sailing may also be enough to bring the
vessel from a cool streak into a warin one, or vice versa, the explanation for which
is apparent enough on calm days when the lines of contact between different runs
of tide are often made visible by miniature rips, oily slicks, or by the accumulation
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of floating débris of one sort or another. In all this, Georges Bank, in the south of
the gulf, agrees with the coastal belt generally in the northeast, as it does in being
colder at the surface than is the intervening basin where ‘‘ the water moves to and fro
in an unbroken sheet, clear of obstruction,” as Dawson (1905, p. 15) expresses it.

Doctor Kendall’s temperatures, added to readings taken by the Grampus in
July, 1908 (Bigelow, 1909), and from the Halcyon in the summer of 1923, show
that the surface is correspondingly cool (12° to 16°) in August over the shallow
broken bottom south of Nantucket, with similar fluctuations within short dis-
tances and at different stages of the tide, due to the same disturbing influence of
tidal mixings. Thus, the Halcyon had surface readings varying from 11.6° to 15°
in August, 1923, as she fished "at various locations within a mile or two of Round
Shoal bouy; 13.3° to 16.4° over Rose and Crown Shoal; 15.5° over the slightly deeper
channel between Round Shoal and Rose and Crown Shoal; and 13.8° to 15.5° on
the Great Rip fishing ground 12 miles southeast of the island of Nantucket. Unfor-
tunately, it is not yet known whether this cold area is separated from the equally low
surface temperatures of Georges Bank by a band of warm surface water along the
go-called “‘south channel,” as seems probable, or whether the cool surface forms an
unbroken band, west to east, from the one shoal ground to the other.

In 1913 the surface to the seaward of the 50-meter contour off Nantucket had
warmed to upward of 19° by the last week in August (Bigelow, 1915, p. 350, fig. 2,
stations 10107 to 10112). This was true also of the whole breadth of the shelf
abreast of Marthas Vineyard on the 26th of the month in 1914, except close in to
the. land (station 10263), where a surface reading of only 17.9° probably reflected
some tidal disturbance or other. With this same exception, Doctor Kendall likewise
had 18° to 19° at every station off Marthas Vineyard early in September, 1897,
paralleling Libbey’s (1891) record of surface warmer tha,n 19° over this part of the
continental shelf during August, 1889.

These data locate the isotherm for 18° as following the southern and western
edges of Nantucket Shoals around into the submarine bight west of the latter, but
with cool pools next the southern shores of Marthas Vineyard, as just noted.

It is probable that the surface temperature rises higher than 20° over the outer
part of the continental shelf off southern New England every August, and Libbey’s
(1891) extensive data show that in some years temperatures slightly higher than 20°
are to be expected within a few miles of Marthas Vineyard. But his records also
show that a considerable variation in surface temperature is to be expected within
short periods of time over the inner half of the shelf, where a sudden cooling of the
surface would be the natural accompaniment of any unusual stirring of the water or
of the upwellings that so often follow offshore winds.

There is also considerable variation in the surface temperature off Marthas Vine-
yard from year to year. In 1914, for example, the isotherm for 20° included only
the outer half of the continental shelf on August 21 at longitude 71° (fig. 46).

In spite of these fluctuations, it is safe to say that the surface is invariably
warmer than 20° along the edge of the continent in the offing of Marthas Vineyard
and Nantucket Island by the end of August. To find the surface warming to-
upward of 22° to 23° it is only necessary to sail seaward a few miles farther.
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' ‘Passing eastward from the longitude of Nantucket, we find a more sudden tran-
gition from-the comparatively cool water (18°) over the southwestern part of Georges
Bank:to-the high temperature of the oceanic water outside the 200 meter contour,
accompanied, however, by such irregularities as might be expected along the zone of
contact of waters differing in salinity as well as in temperature. At times the
north-south gradation in surface temperature along this sector of the edge of the
continent is also interrupted by a cooler band. On July 20 to 21, 1914 (stations
10216 to 10218),24 this was indicated by surface readings of 18.6°, 17.3°, and 20.48°
at three successive stations from north to south on a line crossing the southern slope
of the bank.

Such data as are available point to an abrupt increase in the breadth of the
cool wedge eastward from Georges Bank between the edge of the continent and the
warm oceanic temperatures of >20°, to the seaward of the latter. Thus the surface
was only about 17° at our outermost station off Shelburne on July 28, 1914 (station
10233), while the Canadian Fisheries Expedition crossed a band of 17° to 19.7°
water some 70 miles wide outside the 200-meter contour in the offing of Cape Sable
on July 22, 1915 (Bjerkan, 1919; Acadia stations 41 to 44). Unfortunately no tem-
peratures have been taken off the slopes of Georges or Browns Banks during the
last half of August of late years, but even if the isotherm for 18° should encroach a
few miles farther inward by the end of the month than is represented on the chart
(fig. 46), there is' no reason to suppose that the surface temperature rises higher than
20° inside the 100-meter contour on the banks anywhere east of Nantucket Shoals
at any season, except possibly for brief periods following persistent southerly winds.

TEMPERATURE GRADIENT IN THE UPPER 100 METERS

A differentiation in the vertical distribution of temperature between the western
and eastern sides of the gulf begins to develop in June, widening with the advance
of summer, until the extremes, as represented by the western basin on the one hand
and by the Bay of Fundy and coastal banks off western Nova Scotia on the other,
yleld graphs differing widely in the upper 100 meters by August.

The most striking feature of the western type, as exemplified by the basin off
Cape Ann (fig. 48) and by the bowl at the mouth of Massachusetts Bay off Gloucester
(fig. 4), is that the water cools very rapidly from the surface down to a depth of
40 to 50 meters, succeeded by only a shght fall in temperature down to the 100-
meter level. Whether increasing depth is accompanied by a further slight cooling
or by a slight warming depends on the locality, the topography of the bottom, and
to some extent on yearly fluctuations, as discussed later (p.602). In August we have
found the 40-meter level averaging from 10° to 14.5° cooler than the surface in the
western side of the basin and 9° to 13° cooler at the mouth of Massachusetts Bay
(figs. 4 and 5), illustrating the remarkably sudden change that any animal would
experience there, from warm water to cold, by sinking down for a few meters only.
Observations taken farther up the bay on August 22 to 24, 1922 (stations 10630 to
10645), showed a similar vertical chilling down to 50 meters or so, except that the

u Th:‘s cool band Is more clearly marked, by temperature, at deeper levels, as described on page 608.
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F1a. 48.—Vertical distribution of temperature at representative localities! In the basin of the gulf. A, 'western arm of
basin, off Cspe Ann, August 22, 1914 (station 10254); B, southeastern part of the gulf, July'23, 1614 (station 10225);
O, northeastern arm of the basin, August 12, 1914 (station 10246). The broken curve (D) is for:Mavor’s (1923) sta-
tion 24, off the western end of Grand Manan Island, August 27, 1919 .
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uppermost stratum, 5 to 10 meters thick, was then nearly homogeneous in tempera-
ture at several of the stations closest to the land. Although the precise rate of ver-
tical cooling varies from station to station even over the small area of Massachusetts
Bay, the surface temperature of its whole area usually warms upward of 10° above
that of the 20 to 50 meter level by the end of the summer.

Serials have also yielded curves of this same general type in the west-central
parts of the basin, generally, and in the northwestern part of the gulf between the
latitudes of Cape Ann and of Cape Elizabeth during July and August.
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F16. 40.—Vertical distribution of temperature at successive stations, from Cape Ann to Grand
Manan, in July and August, 1912. A, near the Isles of Shoals, July 17 (station 10011); B,
off Cape Elizabeth, July 28 (station 10019); C, off Penobscot Bay, August 22 (station 10039);
D, off the western entrance to the Grand Manan Channel, August 18 (station 10035)

Our first summer’s cruise (Bigelow, 1914, p. 51), however, proved that the dif-
© ference of temperature between the surface and the underlying water (which is nearly
uniform, depth for depth, from Cape Ann to Platts Bank) decreases along the coast
to the eastward (fig. 49). Observations taken in the summers of 1914, 1915, and
~ subsequently have not afforded a single exception to the rule (stated in Bigelow, 1917,
p- 168) that the surface temperature is progressively lower and lower in summer, the
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bottom temperature (depth for depth) progressively higher and higher, around the
margin of the gulf from Cape Cod to the Bay of Fundy, with the average vertical
range of temperature decreasing from about 12° off Cape Ann to virtually nil in the
Grand Manan Channel.

Thus, the difference of temperature between the surface and the 50-meter level
(never less than about 10° at the mouth of Massachusetts Bay in summer) was only
about 5° to 8° off Casco Bay (stations 10019 and 10108), 4° to 5° near Monhegan
Island on August 4,1915 (station 10303), and abouf 4° at the west entrance to Penob-
‘scot Bay on August 22,1912 (station 10039). Near Mount Desert Island the vertical
range for the correspondmg column of water was only 2° on August 18, 1915 (station
10305), about 4° on August 13, 1912 (station 10099),® about 4.5° on the 5th
of the month in the very cold year 1923, or an average of 3° to 4°. The water is
kept even more nearly homogeneous in temperature among the islands of the Mount
Desert region by strong tides, so that the surface was only 1.5° to 0.1° warmer than
the bottom a couple of miles off Little Duck Island " Temperature, Centigrade
on August 8 to 11, 1925, in depths of 25 to 30 7° 8 9 10° 11° 12°
meters. Meter O y,
" This also applies off the open coast farther east. 10 /
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-only about 1° higher than the bottom reading on 2 / P
August 16, 1912 (station 10033), 1.2° higher on . 30
August 13, 1913 (station 10098), 1.5° higher on o

August 12, 1914 (station 10247), 1.7° higher on 4

50
60

T -0l
—
N

—~—

July 15,1915 (station 10301), and 0.33° higher on
September 11 (station 10316) in 60 to 70 meters
(fig. 50). . ,
We found the surface at the two ends of the 70 . ?
Grand Manan Channel, through which the tidal
currents run with great velocity, only fractionally
warmer (10° to 10.6°) than the bottom (9.6 to & o p e e o totation
9.7°) in 80 to 100 meters on August 17 and 19, . 10088); B, August 12, 1914 (station 10247);
1912 (stations 10034 and 10035). Vertical stirring g f;‘l‘;’(;j;t},‘j;“lé;;;;“’“ 108013; D, August
is thus complete at this locality.

The temperature gradient that develops within the Bay of Fundy by the. end
of the summer differs regionally, depending on local variations in the tidal circula-
‘tion. At the mouth, between Grand Manan and Brier Island, where tidal disturb-
ances are proverbla.lly strong, Mavor (1923, p. 6, Sec. IV) records a maximum
difference of only 0.7° to 1.3° between the surface and 50 meters for August 27, 1919;
but his Section I shows a slightly greater average range (2.2°) for the correspondmg
stratum at three stations halfway up the bay. This thermal difference, which de-
velops between the Bay of Fundy and the western side of the gulf during the summer,
is summarized in the following tabulation:

% Forty meters was the deepest reading taken at this station.
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R iApproximlte temperature
Localjty - -
: Surface |50 meterleOOmeters
, ’ "\’ C - °g. '|' °C.
Ba of Fundy g : : 10-12 7.5-9 7-8
Massaohusetts Bay. : . . . 16-20 558  4.56

The fact, that the deep water is warmer in the Bay of Fundy, and for that
matter in the northeastern part of the gulf generally, than in the southwestern, while
the surface is so much colder, deserves special emphasis because of its bearing on
the circulation of the two regions (p. 924).

In St. Marys Bay the relative difference between surface and bottom temper-
ature increases from the mouth, inward, in July, as follows, if the total depth of
‘water be taken into consideration. :

Surface and bottom temperatures at successive localities from the mouth of St. Marys Bay toward zts
head, July, 1918. (From Craigie and Chase, 1918.)

Surface Bottom
Depth, . "
Station meters telgl;;:m tezt:l:geera
g A °C.

. O S 43 9.28 8.08
1B e e ecama———— - ————— 34 10. 12 8.4
11 _ —— 32 11. 96 9.29
B e e e e e mm e . e e — e = m————————— i e e e 33 12.08 9.03
B e e et e cem e - —ceeee e eatecomeemacn - ——aa v, e 21 © 13,82 10..86
4. e e~ e —— e S e - t—— e e e —.——— - 28 13. 956 11.37
b 2 13 13.78 11.82
1 e e mmecmdnetaae tmin——————— 7 14.8 13,40

The water is likewise kept comparatively homogeneous in temperature out to the
100-meter contour over the coastal banks off western Nova Scotia by active tidal
stirring throughout the summer. Dawson (1905, p. 15) has already called attention
to the thermal effect of vertical circulation in this region, where the topography of
the bottom causes “‘a long trail or wake of colder water to extend from islands or
shoals along the line of the current; as, for example, north and south from Lurcher
Shoal.” He also points out that ““when the islands and shoals are numerous, the
general effect of these strong currents is to chill the water in the vicinity of the coast
by mixing the surface water with the colder water from below.” As the result of
local disturbances of this sort, the vertical range of temperature is much narrower
along the 100-meter contour off Lurcher Shoal in August than at corresponding loca-
tions over the western slope of the gulf. The temperature on German Bank has
proved almost perfectly homogeneous from surface to bottom in August and Septem-

‘ber, as follows:
German Bank approzimate temperatures.

A Ausgmlz' Al 41 i
Depth, meters station station station station
1 10029 10085 0244 10311
o, °C. *C. °C.
0 e e i cccsmaccemmdeneemma—teeeeememam s e emeaas—a. e e am .o ————————— 10. 33 8.89 10. 00 0.44
20 e et cmrmas e mrmm e nmm se e me e e mammeeee o eemaa e ———— 9.83 8.67 9.85 10.30
B0 e e e ccce e mmm et e m——. e mmmm— e m e m——————————————— - 9. 67 8.61 9.64 10.20
B0 e e cmmerccemmeucemm s mecmmemamene Smsemamm—emmm—cree——eeaa—. 9.61 8.56 9,65 10. 10






