






PHYSICAL OCEANOGRAPHY OR THE GULF OF MAINE 699
THERMAL EFFECT OF THE RIVER WATER

The great volume of river Water that pours into the gulf every spring, at .&

temperature only a few degrees above the freezing point, when the ice goes out of
the lakes and the snow melts, inust tend at first to delay the "'ernal warming of the
gulf. However, no attempt has yet been made to estim&te its actual effect.

SUMMARY OF THERMAL· DETERMINANTS

The interaction of the several major factors that govern the temperature of the
gulf is so complex that. a summary of them may be useful.

It is definitely established that the gulf owes the particular temperatures
proper to it,. an~ especially the wide seasonal range. of temperature, chiefly to its
geographic location.to leeward of the continent and to the rigorous lan~ climate.
Only in a much smaller degree is it influenced by warm or ()ol~currents flowing
into it. ... .

Our successive cruises an~ the observatlQns. taken in the Bay of Fundy by the
Biological Board of Canada, therefore, corroborate the view long ago advanced by
Verrill (1874) that the waters of the Gulf of Maine are not abnormally cold, con­
sidering their geographic location and the rigorous climate of the neighboring land
mass; that, in short, to describe its temperature as HArctic," as has so often been
done, is entirely a misnomer. .

The ()hief source of warmth for the superficial stratum of the gulf is the solar
heat absorbed by the water in situ. Vernal warming is therefore chiefly of loc~
origin. The rapidity with which solar heat is dispersed downward in the water
and the depth to which it penetrates depend on the activity of vertical circulation,
whether by tides, winds, storm waves, or dynamic overturnings; and the regional
differences in the temperature gradient, which develop in the gulf in summer (Mas­
sachusetts Bay at the one extreme, the Bay.()f Fundy and Nantucket Shoals at the
other), result chiefly from differences in the thoroughness with which the tides
churn the water.

The low surface temperature that prevails along the eastern coast of Maine and
in the Bay of l!'undy in summer, as contrasted with the Massachusetts Bay region,
is chiefly due, therefore, to local causes and not to the" Arctic current " that has so
commonly been invoked to account for it.

The surface stratum of the gulf likewise receives heat from warm winds blowing
over its surface, from surface water drifting into its eastern side from the region of
Browns Bank and the Cape Sable dead water, and also, at long intervals, from over­
flows from the tropic water outside the edge of the continent.

Vernal warming is opposed by the Nova Scotian current flowip.g from the east~

ward, past Cape Sable, into the gulf. During. the brief period when at its maxi­
mum, this current may lower the surface temperature by a .couple of degrees right
across to the western side of the basin, .thus temporarily producing a regional differ­
entiation; and it considerably delays vernal warming in the eastern side probably
every year. However, this.cold drift is so thoroughly. incorporated into the water of
the gulf soon after the actual flow past the cape slackens that. no regional differenti7'.
ation from this source can be traced definitely in the.gulf after midsummer. Neitp.et,:
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is its general temperaturetn8ide more than 20 00:30lower than woUld be the case if
the gulf were entirely, barredto currents,coldorwlJ,rm; but the chilling effect of the
Nova ScotiaI,l,,:currentis more important' than thiiS bald stateIlle,nt suggests, for it
counteracts, by ~'Veral degrees, the effect of the warm sources: just mentioned. ,;

Autumnal and winter chilling, so conspicuous a fe~tul'e of, the gUlf, results
primarily from the loss of heat from the surface by radiation, after the date when
the mean tempersttir&ofthe' air falls ,beloW' that ofthewa.ter;'n~thercold currents
from the north nor upwelling from the oceanic abyss have any major part in it.

Snow falling' and melting on the' sudace is' also 'a cooling agency of some effi­
cacy; so, locally, is melting ice in Cape Cod Bay and among the islands' ahmgthe
coast'of Maine~' River drainage, by its low temperature in early spring, also tends
to ret!).rd vernal warming. Evaporation from the surface also t'endsto chill the watei
throughout the year, accoulltingfor a probable ~oolingofthemeantemperatureo~

the upper 50 :rn.etersby 50 to 60. , :
The temperature of the superficial100 meters of water is governed chiefly by

these climatic '(including solar) influehcesfroill above, by the thermal effect of the
infldW;s into the eastern side of th~gulf" and by the chilling effect of evaporation
from the surface. '

The cold laser that persists in the basin throughout the summer at a depth of
100 to 150 meters in most years is si:mplyreminiscent of the lowest temperature to
which this level chilled during the preceeding winter-not of an Arctic current.
This layer 'is colder than the deeper water in most summers because the temperature
Of the latter is determined chiefly, not by seasonal ~limatic influ~llces, but by the
volume of the warmer slope' water' flowing in through the eastern channel, and by
the course that this current follows inward along the two branches of the trough of
the gulf. If the inflow of slope water is smaller than usual,or cooler, the summer
temperature of the inner part of the basin is virtually uniform,+ertically, from'
about 100 to 150 meters down to the bottom,as wasJhecase in 1912.

It is not yet possible to estimate, quantitatively, what thermal effect the slope
water has on the upper layers of water as it is gradually incorporated into the Gulf
of Maine complex. "Any increment from this source' will tend to cool thesudace
stratum in the summer but to warm it in winter and ~arly spring.

The chilling effects of the rigorouS' winter climate of the land mass to the west
and of the Nova Scotian current, balanced againi$tsolar warming plus the warming
effect of the slope water and of the surface indraftsfrotn the: Browns Bank-Cape
Sable deadwater region, maintain a comparatively constant stltte in the gulf from
year to year; but it is easy to see how anyone of them, if more' or less effective
than usual, might profoundly influence its waters. In attempting to determine the
causes of such f1~ctuations as have been recorded, the evidence of salinity, as well
as of temperatUre, must be weighed.

'Unusually high summer temperatures,with normal, salinity, might r~u1t either
frpma mild winter'preceding, from unusually rapid solar war:rn.ingduring the
spring, or from a s:rn.aller increment from the Nova Scotian current than normal.
IfJih t(lmperature, with very high salinity~ would point' either to an unusUal ,inflow
of ,slope water during thept~cedingwinteror to~me of therare overflows of' tropic
water' (p. 836). Abnormally to'w'sumniet temperatures, with normal salinity', would




