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Iatroduction.

liydrographie observations were made at the regular
stations on the Scotlan shelf on thrve oruises made in May, June
and sugust. The westora half of the area was covered in Februsry,
4a April, aad in part in Novembor and December. Ihe Februnry and
June crulses were part of a 6o-operutive scheme with the Woods
Hole whoreby the was %0 cover
the seotlan ehelf and he "Atlantis® was %o contimue She observations
muoh farthor offshores In February both boats falled o carry out
the complete program in the esstern section, but were successful in
completing the wostern portion. In Jume, complete date were socured
for the Seotian ehelf.

The data of the May and Auguet erulses of 1936 allow
@ comparison of conditlons with Shove Of previous yourss A the

data of the June orulsc offer some information ae o the goneral
trond of conditions betweon May and August, they will be treated
of concurrently in illustrating the provaillng feotures of the
watere during the epring snd swmmes 'of 1936

Gonoral Conditions of the 1936 0
In 8o for as surfoce woter temperotures of the
Ceandlan Atlantic coast for 1936 are comcerned ("An Analysis of




Surfsce Water Tomperatures for the Atlantie Conet of Camada for
the Yoar 1936" MeS.8. Repte to the Blol. Bd. of Canada), She
comparatively mild winter was reflected in the higher meen surface
water temperatures of the winter menthe at points relasively free
from ce. An early 'wpring bresk-up* was reflected in eaxly and
Papidly rieing temperntures, resulting in monthly meens %o the
end of June which were somewhat higher then average. By the end
of July however, mean surface Water Lemperstures were generslly
lower than average, an exception being S%. Maxy's Is., where the
montily woas of 12400 was 2.7 degrees higher than the average of
the previcus five yoars, Ils genersl condltion, of Sempersiures
lower than normad, Auguote for
September and October were either nomal or less than normal.
Novembor means were generally lower thnn nomal, while December
monthly means were gemerally higher tusn mormel. Tho amount of
100 on the coast in spring woo seemingly vory light. Iuls was
Teflected in the comparatively high montily mean tempersture of
the surfece waters st Seatari Is. for April (1.5% as compared to

a five your average of 0.2%).

1
The May Gruise of 1936 was carried out within the
period May 218%. to liay 25the about & week later than in the
previous year. Tho collected dat@ @re furnished in a provicus report
by the writer ("Some Crnadian Hydrographic Date itluntic Cosste
1936%, MeBeS. Hepte Blols Bde Canade).
(a) e of and salinity,
e aletribution of temperature and salluity for May,
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at depths of 0.;m.ond 50 me 1o shown in plan in figures 1 end 2
Tespectively. On the surface, the water temperatures are
generally between 5% and 6°C, while the salinlties corresponding
with suoh temperatures runge roughly between 31.25 0/00 and 32400 0/00e
The dlstribution of salinitles on the surface indicate he influence
of lese sallne waters from the eastward, the gradustion being from a
maximum of greater than 32.00 0/00 %o the west (as well as offshore)
o & minimum of lees than 31.25 0/00 inshore to the enstward, At
depths of 50 m., the colder waters of lees than 1.0°C are found
inshore and to the east, while temperature of greater shan 3.0°C
are found offshore and %0 tho wests At a depth of 50me the salinity
ranges from a low of 31.76 0/00, inshore %o the eaet, to a high of
32427 0/00 offshore and %o the weots

Mo surface water temperatures Over the Scotlan
shelf in May, 1936 were generally higher than the corresponding
ones of 1935. 1In particular, Semperatures even lower than 1.0°C
Were observed in the eastern portion of the area in 1935. Suoh
a marked difference in surface water temperatures probably reflects
both the comparatively oarly "spring bresk-up® of 1936, and a
comparatively 1ight lce movement from the Gulf of 8%, Lawrences
o surfece salinities in May, 1935 wore generally 0.40 0/00
lower than those of 1936.  Thowe lower salinities in 1935 coupled
with a comparatively extreme horisontal salinity gradient, as
compared to 1936, indicate that the flooding of the Scotien shelf,
by less saline waters from the eastward was the more extensive in
1935« A% 50 me the comparative ploture between 1935 and 1936 was
much the same as for the surface. Much colder waters prevailed
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(lower than -0.5% in 1935) and salinites were somewhat lower
in 1935.

(b) he vertical of and salints,

1. ZTemperature.
e vertioal distribution of temperature, as observed

during the May cruise is shown in figure 3. In sectlon 121-124,
tomperatures loss than 5.0°C extend to depths of greator then 155 m.,
but a surface layer, varying between 10 and 35 metres in thickness
18 of a temperature greater then 5.0%. Traces of water of a
tempernture greater than 5,09 are found at stotlon 123, at depthe
greater than 155 me e ninimm temperatures in the section are
in the vielnity of 3,09, some two degrees higher thon in the
corresponding section of the previous year. In section 56-50, the
temperatures are generally lower than 5.0%, and minimum temperatures
are groator than 1,0°%C. As compared to a eimllar erulse of the
previous yeer,minimum in 1936 ave one
degree higher, but the deeper bottom water temperatures are sowe-
what lowers In scction 124-50, the layer of surfece water, with
temperatures greater than 5.0°C, 1s slightly more then twenty five
metres in thicknevs, Zemperatures of lews than 5.0°C extend to
dopths of approximately 140 m., and the lowest temperature observed
in 1,69, In May, 1935, temperatures of less than 5.0% extended
o depths of only 100 me in this section. In sectlon 127-129,
waters of temperatures lees than 5,09 extend o depths of 140 me
At station 128, this water layer has a thickness of approximately
Seventy five metres. Ihe lower £ifty metres at thls stetion
conniet of temperatures between 5.0°C and 6.9%. Water of a
temporature less than 2,09 1o to be found onmly nt tho inshore end
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of the section. In section 134-131, all the water (with the
exception of a thin surfece layer inshore) is of a tempereture
less than 5.0%C. A large body of water of a temperature less
than 1,0° extends from the 50 m. level %o the 150 me level.
Compared with a similar section ia 1935, temperatures, on the whole,
are somewhat higher. In section 129-131, the mwfece layer, of
temperatures greater than 5.00C, is approximately thirty five
metres in thickness at station 129, thirty metres at station 130,
and of sero thickness at the eastern station 13l
2 Sallnlty.

e vertical distrivution of salinity, as observed
Quring the May orulse is shown in figure 4. 1In ssction 121-124,
the “upper layer" (waters of salinity less than 32.00 0/00) is
twenty five to fifty metres in thickess at the offshore etation,
(eonsiderably thinner than in 1935), but such salinities are
sbsent at the inchore station 121, BSalinities of greater than
34,00 0/00 are present at the greater dopths at stetion 123, Theve
are to be compared with the higher salinities of somewhat greater
than 33050 0/00 of 1935, and of the order of 34,50 0/00 in 1934,

In the section 58-50, the "upper layer is
epproximately forty metres in thickness, somewhat thicker, on the
whole, than in 1935, The maximum bottom water salinity of
33.71 ©/00 48 considerable lower than the comperative figure for
1935 (greater than 34400 0/00). The water of a salinity betweon
32,00 0/00 and 32,50 /0o 1s of lesser importance in 1936 than in
the corresponding period of 1935« In the section 12450, the
wupper layer® is somewhat greater thon fifty metres in thickuess,
and while this is a feature of the section, we find, on comparing
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the salinities as found in 1936 with those of she previeus year,
$hat salinities of Between 32,00 0/00 and 3250 o/0c are of less
inportance in the section in 1936, 4s in 1935, the woter of a
salinity, less than 32,50 0/00 is the prominent feature of the various
sections. Uish the exception of the eurfase watero, Woee emperatures
e SNBSS by Sd wasning, iters of seliulty Aess S

32450 0/00 are all the waters of comparatively low Semperstures.

e June Oruise - 1936

e June oruise over the cotlan shelf wes carried
out ae part of a cooperative arrangement with the ¥oods Hole
Oeeanographic Institution, Who Were eimultaneously investigating
the adjacent slope waters. In 8o far as She Scotian siolf was
concerned, the regular stations were occupled betwoen Jume 10the
and June 18th. Tho collected data are furnished in en MeSeS.
Teport referred to in an earlier part of thls papers

(a) he vertical Mistribution of Zempersture and Selinity.
1. Zemperature

The distribution of temperature, in the various
sectlons on the Seotisn shelf in Jwnq 1936, 1v wnown in figure 5.
In all scotions vernal warnlng-has been responsidle for an incresse
in the temperature of, at least, the upper twenty five metres of
water. Temperatures higher tian 10.0°C are %o be found in the

surface waters in all seetlons, but of particular prominence in the

offehore sections 124-50 and 129-131. In B0t Gections %00, maters
han [ese of Moy

coldex, waeess are found fo provail at interediate deptim of all

1 his clesrly that of colder waters
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to the area have taken place at intermediate deptis in the
interval Moy - June. In some seotions %00, bottom waters,
wamer then those found during the May oruiee are present. Inls
1s particulerly evident in sections 121-124 end 127-129, whereln
the greater change of the temperatures of waters of intemediate
dopthe has taken place.

2. Sallaity.

The distribusion of salinity, for June 1936, in the
various sectlions on the Scotian shelf, is ehown in figure 6. In
all sections wuter of a salluity less than 31.50 0/00 has become
more prominent slnce Mays In all sections, except 124-50, bottom
waters of higher ealinities have entered. Even in section 124-50,
1% will be found that the layor of water of a salinity greater than
33450 0/00 has in the & 1, May to June.
Sslinities of loss than 32,50 0/00 are less prominent, in the June
sections 121-124, 124-50, and 129-131, then in the corresponding
Moy soctions. In the other sectlons, the relative importance of
weter of salinity less than 32,50 0/00 in May end Jume s approximate~
1y the semes

(b) Changes in Zemperature and Salinity in the
Interval May - Junes

In the report for 1935 (Me8.8. Hepe Biol. Bd. Conads)
the changes in salinity and temperature, as observed in the intervel
Moy - July 1935, were reforred to as indleative of wholesale Teplace-
ment of the waters of the Seotian n.u.;'-:u. the changes noted
4n the interval May - June, 1936 are not as exteasive, the same
indlcatlons of replacement are evident. Mis ides of replacement



is of particular interest in connection with what we have
Teforred to as the "lntermediate layer'. It has been polated
out that colder waters moved into the various sections in the May-
June interval. As thls cold water is of particular importance %o
the ocennographle problem as o whole, 1t has become of prime
importance to attempt to follow the annual and seasonal changes
in the nature and extent of the “intermediate layer".

The suguet Cruise - 1936

e iugust orulse consisted in ocoupying the
regular hydrographic stntions on the Scotian shelf, The oruise
was completed within the lnterval August 22nd. - August 27%he
e collected data are furnished in an M.b.S. report referred to
in an earlier part of thls paper.

(a) The of and Salinity.

The distribution of temperature and selinlty for
iuguet e shown in plan for a depsh of O me in figure 1. Offshore
surface temperstures are greater than 18.0% in iugust, and the
eastorn part of the area consiste generslly of surfece temperatures
betweon 16,09 and 16.0°C. In the western portion of the area there
16 an intensive horisontel temperature gradient from loss than 10.0%
on the imsediate coast o greater than 17.0°C offshore. When we
consider the distribution of surface eallnity, we find the intensive
norisontal salinity gredient to exist in the eastern portion of the
area, where the snlinity varies from lees then 29.50 0/00 %o greater
than 31.25 0/00. The westorn am offshore areas have suiface salinities
between 31425 0/00 and 31.50 0/00. Compared %o the surface dlstribdution
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of temperature and salinlty of the May oruise, August temperatures
are of course conslderably higher, but the salinitics are consider-
ably lower. In August conditions are such as to enable &
Alfferentiation of waters in the differont areas, and in purticular
it 1s rendily appreclated that the source of waters of lower
salinities s %o ihe onctward, Comparing tho ourface features of
the waters in iugust of 1936, with the corresponding omes of 1935,
the semo general picture is presented, although the surface
salinities of August 1936, are somewhat lower then those of 1935.
ihe distribution of temporature and salinity for

August is shown in plan for a depth of 50 m. in figure 2. Ihe
groater portion of the Sootian shelf, at a depth of 50 me, has
water temperatures of less than 4.0%. Offshore, temperatures at
thie depth may be higher than 6,0%. Those temperatures at a depth
of 50 m. for August are approximately two degrees higher than the
corresyonding oneu for Moy The salinitics, at a depth of 50 m.
renge between 32,00 0/00 and 32,50 0/00, values which are approximate-
1y 025 0/00 higher than the corresponding ones for May. Compared
with the May crulse, wamer and more saline waters are found at &
dopth of 50 m. in iugust. In August 1935, muoh colder waters
prevailed at a depth of 50 m. with mininum temperatuwes as low as
040 Co o salinities observed in August 1935 at o depth of 50 me
wore approximately 0420 0/00 lower than the corresponding ones of
1936.

(b) Tae Vertical Distribution of Zemperature snd Salinlty.

1. femperature T
The vertical distribution of temperature, as obuerved

during the August cruise, is shown in section in figure 7. In the
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section 121-124, the maximum temperature of tue surface waters
has inoreased %o 14,7 C (an lucyease of approximately four
dogrees eince June). The isotherm of 5,0° has changed but little
1n position in the interval June - Auguet, so thet the main feature
in the "upper layer* is the
In fact, with the exception of the inereased amcunt of bottom
waters of a temperature less than 4.0°C at station 121, conditions
1in the“intermediste” and "bottom leyers" show 1itile chenge since
June, Compared to She corresponding sectlon of 1935 the outetand-
ing foatures are the somewhat cooler waters of the "upper layer”,
the generally wamer waters of the “intormediate lsyer" and the
genernlly cooler wators of the "bottom layer®. On the whole
however the contrasts are mot very well markeds In the section
58-50, the position of the isothemm of 5.0%C wiich fixes the lower
lovel of the "surface leyer", has changed but 1ittle in the interval
June - Auguste High stratification is evident ia this "upper leyor+
however, due $o the presence of a layer of water of a temperature
greater than 15.,0°%. In the seme interval, the poeision of the
1s0therm of 5.00C at the lower levels hes boen raised approximately
ton metres. The "intermediate layer' (temporatures less than 5.0°C)
bas therefore decrvased in thickness in the interval June - Auguste
incresse in has taken place in the inter-
mediate water with minimum temperatures now loss than 3.0%, us
compared with L
also entexed at the greater depths. As compared to temperature
conditions in august 1935, the section in 1936 contalns scmewhat
warmer waters in the "intermediste layert, and somewhat colder

than 1,09 1in June. VYamer bottom waters have
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(at least as mmeh as ono degres) botiom waters at the grvater
dopths. In section 124-50, temperatures of less than 240% have
dlesappeared in the interval June - August, inoreased Semporatures
provall in the “upper layer®, the lower bousisxy of which (the
lower ieothern of 5.0%) has chenged but 1ittle in position, and
DBottom waters remaln about the same. Comparing this section with
the corresponding one of 1935, the moet marked differences are the
generally higher temperatures of the "intemediate layor' (almoss
o degreos difference) and the generoily lower temperatures of
the "botton layer® (almoet ono degree difference)s In section
127-129, the cold intermedlate water of lese than 1.0°C hae been
replaced in the interval June - sugust by water whose minimum
tomperature 1o less then 3.0%. The 5.0% isotherm in the “upper
layer® has been displaced downward by as much as twenty five
metres, and a thick bend of water of a temperature greator than
15°C is found in the “surface layer” of the section. Bottom
temporatures have decTeased elightly in the interval, although no
significant displacement of the 5° isotherm in the "dottom layer®
18 %o be noted. Comparative August sectlons in 1935 and 1936
again 1llustrate thet colder water prevalled at intermediate
dopthe in 1935, while at the greater depths tho Lemporntures were
comewhat higher than in 1936. In the secilon 134-131 the "surface
layer” has been thickensd by sbout twenty five metres by a sinking
of the isotherm of 5.0°% within the interval June - Auguste From
this lsothern downwards, some inorease im temperature has oocurred
Tofleoting replocoment of the waters of $hese Gepths. Compwring
this section with that of the previous year, it will be remarked
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that She "wpper layer® is much thicker (roughly 50 me s compared
to 25 m) in 1936. ‘he deeper waters were genernlly wamser in 1936.
The sectlon 129-131 in iugust reflects a conslderable thickening
of the “surfece layor* and an intensive replacement of bottom waters
(temporature inerense of about 3.0°C) within the interval June -

Auguste As compared %o 1935, the waters ia this section were
gonorally wormer in 1936.

2 Salinity

e vertieal distribution of sallalty as observed
during the August crulee is shown in section in figure 8. 1In
section 121-124 the higher levels of the lsotherme of 32.00 0/00
and 32,50 0/00 indlcate a genoral inoresse of the ssllnlty in this
section within the interval June - August. Precher immediate
surface waters are shown by the isohaline of 31.50 0/00. But little
change has ccourred below the 100 m. level. Ais compared to a
olnller section of the provious yoar, the waters below 100 m are of
higher salinity in 1936, In section 58-50 but 1ittle change has
taken place in the upper twenty five metres in the intexval June -
Auguats A dowiward displacement of the isohalinos.of 32.00 o0/oo
(a8 mmch as twonty five metres) at station 126 is offset by a rise
of the same isohaline at etation 58. An upward displacerent (as
much s ten metres) of the ischaline of 32,50 0/00 has ocourred in
the interval June - August and this together with incressed bottom
saliaities would indicate a gemeral inoresve in the salinitles of
this sections In the section 124-50, We £ind that a e1ight freshen-
ing of the waters has taken plece eince June, as indicated by the
inorensed depth of the isohaline of 31.50 0/00s Other then this,



.2

the waters of the section have incressed in salinisy, since June,
as all other isohalines are found at higher levels in iugust. In
the section 127-129, indlcations of surface waters of lower salinities
than those observed in June are found at station 127. A% inter-
mediate depths, in iugust, the isohalines of 32.00 /00, 32.50 0/00,
and 33.00 0/00 are found at higher levels, indicating a replacement
of waters since June. On the other hand, the deeper waters have
decrensed in salinity since June as the isohalines of 33.50 0/00
and 34,00 0/00 are at somewhat lower levels in August. In the
section 134-131 the outstending trend of events in the interval
June - August 1o the inflow of surfece waters of lower salinity
salinity in the upper thirty

metres. Other than this, salinity conditions at other depthe seenm
%o have been quite Stable. The intense stratification of the upper
thirty metres 1s an outstanding feature of thls section in 1936 as
compared to 1935, In seetlon 129-131, iatensive freshening of the
waters of the whole took place in the interval June - August.
Waters of a salinity greater than 32,50 0/00 §8 no longer present
in the section and the in general are

lower than those in a similar section in 1935.

Discussion
rrovisionally, in earlier reports, the year 1934 on
the Scotian sholf has been olassified as a "wam Wata" year and
1935 a8 a “cold water" one. All indications point to 1936 as of
an Zoature of the
observations on the Scotian shelf has been the freshening of the
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surface

tors as the season progresses. Ils would seem %o
indicate a general movement of fresher waters from the eastward.
Then to0, an lowering of of the
layer” may oceur in the interval between the spring and autumn
cruises and this can only indicate an extensive replacement by waters
of eastward origin. Variations in bottom conditions are always

ot or in the "bottom
layer". Such interpretatiom are offered further substantistion by
the dynemicel treatment of the date. A9 yet, however, the data
have not been dealt with thoroughly from this point of view. In
the treatment of the general hydrographic date, the main idea is

%o present in these general reports a deseription of the waters at
various sessons, %o outline general seasonal trends, and to present
outstanding annual differences as observed. e matter of summaris-
lag and disoussing the data of the various cruised is mow in hand
for the purposes of outlining the hydrographie foatures of the waters
of the Scotian shelf.

Susmmary

1. Higher mean surface temperatures were experienced during
the winter months at pointe relatively free from lce. These were
foldowed by early and rapldly rising temperatures which resulted
in monthly mesns, to the end of June, which were somewhat higher
than average. Surface water temperntures lower than normel prevailed
throughout August, September and October. Surface water tems ratures
were olther nomal or less than nomal, Novembar tempe ratures were
generally lower, while December surface water temperaiures were
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generully higher than normel. In spring, the amount of ice on the
©oast was apparently light.

2, In May, the surface water temperatures for 1936 were
generally higher than those of 1935, while surface sallnities were
approximately 0.40 0/00 greater then in 1935. On the basis of
higher salinities in 1936, and the lack of a horisontal salinity
gradient comparable with 1935, the flooding of the Scotian shelf
by surface waters from the eastward was prébably not very extensive
in 19360 At rface depths, and in
1936 were both higher then in 1935, Minimum temperatures of waters
of intermediate dopths were o8 much as two degrees higher, while
salinities at the greater depths were approximately 0450 o/00 higher
in 1936 than in 1935.

3. In August, although similar conditions prevailed in the
surface temporatures in 1935 and 1936, gonerally lower salinities
were present in 1936. The waters at intemmediate depthe, in 1936,
were approximately three degrees wamer than in 1935, while salinities
were approximately 0.20 o/00 higher. These comparatively high
temperatures and salinities in 1936, at intemediate depths,
probably reflect a comparative lack of movement of the waters at
tale depthe Tals polat will receive further attention in the
dynanical treatment of the data.

4. Vernal warning controls temperatures in the "Surface
layer”, which extends to depthe of approximately twenty five metres
during the seasonal progress from spring to sumer. Where temperature
changes are involved below the tweaty five metre level, the
phenomencn is either ome of mechanical vertlcel mixing as
experience inshore, or movement of foreign waters to the area,
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sometimes experienced offshore. Changing temperatures in the
*internediate” and "botton" layers with the progress of the
Season from spring to sumser reflect She processes of replacement
of these waters.

5. On the basis of data from May %o August, orulses for
the yours 134, 1335, and 1936, the year 1934 is classified as
& "warm water" yoar, 1935 as a “cold water* year, and 1936 as an
"intermedlate” years

7 Appendix
.AW’ o2 and
in seotions 121-124, 124-50 and 50-58 1s shown in figures 9 and
10 whioh are sppended %0 Shls reporte
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