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INTRODUCTION

quoddy Bay, located just inside the entrance to
;*?undy on the northwestern shore, is a large enclosed
area of about 100 square miles. It is one of four
hich are located more or less symetrically about

f Fundy as shown in Figure le At the head of the

dy are Chignecto Bay and Minas Basin, while St. Mary
ﬂ%@ed directly opposite from Passamaquoddy Bay. In
fib-quoddy Bay is the smallest, but it differs radically
ers in that its mouth is almost completely blocked

i of islands.

5ﬂﬁsamaquoddy region may be defined as that area which
the water shoreward of a line between Deadman Head,
st Quoddy Head, Campobello Island, and north of a -
en Welshpool and Buckman Head, Maine. Figure 2 ghows

the Passamaquoddy region indicating the general bottom '

= il
g

¥

i?@n. This area has been called the Inner Quoddy region,
ter Quoddy region is between it and a line joining

in and Point Lepreau.

,;whically the PassamaQuoddy region has three principal
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features which are: Passamaquoddy Bay, St. Croix Estuary,
and the Western Isles Archipelago through which Western
Passage and Letete Passage cut to form the main entrances
to the Bay.

Pagsamaquoddy Bay which makes up the greatest portion of
the area is relatively shallow with an average depth of 15-20
fathoms (27-36 m.). The 8t. Croix Estuary enters the Bay on
its western side at the southern tip of St. Andrews Island. &
relatively deep channel with depths between 10 and 17 fathows
(18-31 m.) reaches to the junction of the St. Croix and Wawsiyg
rivers. The Western Isles, of which Deer Island is bty far
the largest, almost completely fill the mouth of the Bay.
Two channels form the principal entrances to the Bay. On ih#
north, Letete Passage forms a short, tortous channel througl
the islands. Depths in this channel ars extremsly waris.. e«
ranging between 10 and 40 fathoms (18<73 m.). A siil wity
dep ths of about 10 fathoms (18 m.) limits the flow of water
through the channel., On the south, the long Western Passage
and its extension, Head Harbour Passage, form the second principal
channel between the two bays. This channel is deep and relatively
free from obstruction as compared with Letete Passage. A sill
near Wilson's Beach has limiting depths of about 22 fathoms (40 m).

The land surrounding the Passamaquoddy region is relatively
high, with many hills rising to heights greater than 300 feet.
Two hills reach heights greater than 600 ft. The shoreline is
for the most part steep and cliff-like, and the shores are rocky

with outcroppings of ledges occurring frequently,



lcal Features

;; principal features of the geology of the Passamaquoddy
ave been described by Bailey (1917) from surveys made
1adian Geological Survey, the details of which are shown
3., Bailey concluded that the position and general out-
é@k&ésamaquoddy Bay were determined by disturbances and
Pfls antedating the opening of the Cambrien era., Ridges

s the Bocabec hills on the north, Deer Island and Campo-
.fﬂand on the south, both converge eastwardly to and beyond
e.

)P the conditions characterizing the Cambrian era little is
In the Silurian age, the basin was evidentlyv in existance
ied by shallow waters in which accumulated sand and mud
more or less filled with marine fossils, over which
Qﬁhe rhyolites, porphyries and ash beds which now constitute
,«nces as Chamcook Mountain, Mt. Blair and Pendleton

3; In the Devonian age were produced the grenite intrusions
form the western side of the basin from Devil's Head to
wer part of Robbinston;somewhat later the course rocks of
j#b_group, marking at this time considerable subsidences and
~'T'-t.{on of powerful marine currents, as well as the Intrusion
;?fs masses. No rocks of later age are met with, but evidence
ive glaciation during the Quaternary era abound. The

, portion of the St. Croix River and the channels at elither

hr Island were probaihly fixed at this time ." (Bailey,



Tides and T?dal Currgnts

The oceanography of the Passamaquoddy region is determined‘{
to a large extent by the action of the tides in forcing the water
through the various entrances leading into Passamaquoddy Bay. Tﬂ
tides of the region are of the same type as those for the Bay of{
Fundys. The tide is of anomalistic type; that is, the variations
in range with the change in the moon's distance from perigee
to apogee is dominant and is distinctly greater then the varie
ations f rom springs to neaps. (Atlantic Coast Tide and Current
Tables, Pe6)e

Tides in the Passamaquoddy region have been related to
those of Saint John, N. B, where the amplitudes of spring tides
are greater than 28 feet and of neap tides greater than 14 I‘eet'._."i
At Wilson's Beach, the ratio of tidal amplitude with that at
Saint John is 0,88, while at St. Stephen the ratio is 1.0le

Very little is known about tidal currents in the region.
They are reported to exceed 5 knots in the channels between the
islands,

Rivers and River Water

Three rivers flow into Passamaquoddy Bay. These are the
St. Croix, Digdeguash, and Magaguadavic Rivers. Of these ths St.;
Croix is by far the most important, With a total average dis~ |
charge of 4400 cu. ft. per sec. (Watson 1936), these rivers
supply about eight percent of the total discharge of fresh
water into the Bay of Fundy. Figure 4 shows the average dis=

charge of the St. Croix and the Magaguadavic Rivers and their
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venage discharges over the period 1916-1954, (Data
;ﬂtha Department of Northern Affairs and National

 the Bay of Fundy some distance from the Passamaquoddy
e considered, This water, though somewhat changed

'13 carried along the coast and some of it reaches

s to Passamaquoddy Bay.

ils of the circulation of waters in Pasgsamaquoddy
en less thoroughly studied than those in the Bay of
EQﬁgh a great many oceénographic observations have
~5r§ has been no systematic attempt at a quant%tative

‘of the circulation, Hachey (Orig. MSS#43Q) carried

ﬁ?tle experiments in 1927, the results of which ine

yﬁpné and calculations by Ketchum and Keen (1953),
e exchange of fresh and salt waters,indicate that
: ?about eight days are required to exchange the
%ﬁhﬂ St. Croix estuary between St. Stephen and
Q?nd that an additional sixteen days are required

ge of waters in Passamaquoddy Bay.



Previous Investigations

Published records of oceanographic' observations in the

Passamaquoddy region date back to 1910. Gopeland (1912) made
/observations of temperature and density at some é&ighty
stations throughout the area to depths &s great as 15 fathoms
during July and August, 1910. His methods were somewhat crude
by present day s tandards and only the most general conclusions
may be drawn from the data. Craigie (1918) made a survey of
temperatures and salinities at eighteen stations in the western ;
part of the Bay and concluded from his data that warm water
passes out through the Western Passage. He also suggested that ‘

a northeastward movement existed along the north shore of Deer

Island. Vachon (1918) made extensive temperature and salinity
observations in Passamaquoddy Bay between July ard October, 1916,
From the data collected he noted the seasonal changes in %the
waters, and the influence of the tides on the distributions of
temperature and salinity inAthe 3t. Croix estuary. Hachey
(Orig. MSS #430) undertook drift bottle e xperiments in 1927,
the results of which are shown in Figure 5, Hachey and Huntsmﬁnﬁ
(Orig. MSS #431) concluded from observations of temperature and
salinity taken throughout the region in 1929, that the pecular= ‘
ities of water'conditions in Passamequoddy Bay were due prine
bipally to tidal action through the various passagese. Watson
(Orig. MSS #196) carried out oceanographic observations(part
of which consisted of current measurements).in Bocabec Bay ard
Chamcook Harboure. The results of observations indicated dif fer=

ential movements of the waters. Hachey (1934) made current
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ents in Digdeguash Harbour which indicated differential
resulting from the mixing of stratified waters. Waton
T";.‘aﬁante’d temperature data taken at the surface andat

s at fifteen stations in the outer part of Passama-

Jay, These date serve to show that the water inside

i%gs were warmar and moderately stratified while those
‘f,re cooler and well mixed. Hachey and Bailey(1952)
'ffgata taken at the mouth of Passamaquoddy Bay, but
fQ;lysis of them, Surface temperatures of the waters

logical Station have been analysed by several authors,

)33, 1939), Hachey end McLellan(1948), and Lauzier

?'f_oonsiderable quantity of work has been done in the

Fia

'E;ﬁdy reglon. Since 1916 over 2500 oceanographic
%pave been occupied of which some 1500 were taken at
in the St. Croix estuary,. Temperature, weather and
exist for all of these stations? however, a cone

e quantity of the salinity data was lost in a fire in
LZ% loss was particularly great in that data taken in
‘%;aive surveys between 1927 and 1931 were burned. The
\‘;956 and a manqscnipt of the analyses of the data has
g;_;gion comparatively UNKNO Wik

. A SURVEY OF SPRING CONDITIONS IN 1952

?ril 21st., and 22nd, 1952, two complete surveys

1;§ers of the Passamaquoddy region were carried out

 Co N. A. V. "Sackville". The timing of the surveys
;ggad so that oceanographic conditions at high



water and at Low water could be observed synoptically. The
locations of oceanographic stations occupied during this survey
are shown in Figure 6,

Temperature observations and salinity samples were
collected by means of rapid sampling techniques using a sea
sampler (Spilhaus and Miller, 1948).

Vertical Distribution of Temperature snd Salinity

The vertical distribution of temperature and salinlity in

two sections through Letite and Viestern Passage covering the

eastern and western parts of Passamaquoddy Bay at High water
and at Low water are shown'in Figures 7-10, Temperatures ranged
from 5.0°C. at the surface in the Bay to less than 3.4°C, out=
side at subsurface depths. The waters inside were warmer than 4
those outside and varied with the state of the tide. Sal-
initles ranged from 19.8% at the surface in the Bocabec Bay
area to greater than 32,0% at ?O metres near The Wolves, For
most of the region, saiinities were between 30.0 and 32,00,
Several features of the circulation and dynamics of the
region are illustrated by the vertical distribution of prope
erties in the area., Vertical mixing was strong throughout mostv
of the region and intense in the passages between the islands,
Only near the sources of fresh water, that is at the mouth of

the Magaguadavic and St. Croix rivers was there any degree of

stratification., Further, the relative inTluences of the
currents through the Passages are indicated by the relative
amount of stratification between the two ‘sides of the Bay

as shown in Figures 7 and 9, In the section through Letite

Passage, stratification externded to the entrance and was cone
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upper 10 metres, The waters below this level

r to the waters found in the upper 10 metres

Bay., In the section through Western Passage
ne wateré reached into the deeper portion, and
tended almost to Station 4, about half way be-
Andrews Peninsula and Western Passage., In this

6 low salinity waters extended to a depth of 20

ding and ebbing of the tides causes a considerable
~waters of a given area, Salinities are lowered
ing tide, and increased during a flooding tide.
“ohg throughout the area and the changes in water con-
sent the influence, at this time of the year, of
;ter waters from outside. This point is borne out
on of the salinity distributions as illustrated in
- 10, At High Water, the upper 10 metres were
tified, while below this level the waters had a
itye At Low Water the stratification had broken
degree and the low salinity water extended to a
etres at station 22,

ison of minimum temperatures in the Letiﬁe section
t they were about the same (3.4°C.) both inside and
aye -HOWGVGF, salinities were about 1,0 parts per
*ente The temperature of the waters in the passage
ably warmer than these minimum temperatures. This
Ewaem to suggest that these cold waters entered the
;:yarlier date, perhaps at the time of spring tides

earlier., Vernal warming is strong at this time
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of the year and thus it is unlikely that the waters had been in
the Bay for any extended length of time.

Jones (1929) has estimated the relative sizes of Letite
and Western Passage as about 1 to 3. The relative influence
of currents in these passages 1is more difficult to assess.
FProm the vertical distribution of temperature and salinity, it
would appear that all the water in the region west of a line

between the St. Andrews Peninsula and Pendleton Island is

directly influenced by the flow through Western Passage as in-
dicated by the reduced stratification. In other areas, the coolo&‘
and more saline waters flow under the stratified surface waters.i
The influence of the flow through Letite Passage appears to

extend only a short distance beyond its entrance.

Horizontal Distribution of Temperature and Salinity

| Data were insufficient and too widely scattered for the pro-
duction of reliable horizontal plots of temperature and sale-
inity. The influence of the tidal currents in running over
shoals and around islands caused the local condition to be s0
variable that charts as drawn had no particular significance. In'f
addition, the data were so few that several widely different inters
pretations may be made. Thus, only the most general conclusions
may be drawn from the data, These have been discussed in the
previous section.

A SURVEY OF AUTUMN CONDITIONS IN 1952

On October 2 and 3, 1952, a survey of the inner part of
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L?@dy Bay was carried out from C. N. A., V. "Sackville®,
;frvay, the sections were run only to the mouths of the
« The location of stations occupied during this survey
:iin Figure 6,

e ra ture observations were taken with the bathythermo-
%?fwater samples with Knudsen deep sea reversing water
the thermometers and frames removed, This allowed
ns to be taken nearer the bottom than could be done
;ea sampler, and much quicker than by using re=

ﬂftér bottles and thermometers alone,

_Distribution of Temperature and Salinity,

ertical distributions of temperature and salinity in the

o
[f1952,over the network of stations, are illustrated in
12-15. The observations taken at High water in the

f?éﬁiqn_shows the warmer and lighter water overerunning

e

r and more saline waters from Western Passage. Mixing
f{ange was very strong, but not strong enough to thore
;ffthe waters from top to bottom,

:fiiarea near station 2, surface waters were being forced
‘;”depth of sbout 15 metres. This phenomenog wéuld appear
?%%b the flooding tide passing over the shoal near Joe's‘ |
ﬁheno-menon i1s visible from the surface and a well

‘s

[QVQrgence zone may be seen where river water meets sea

i‘-tures over the section ranged from 12.6 to 11.6°C.,
higher temperatures found in the estuary. Salinities
31,87% at the surface at station 1 to 32.47% at 40

‘station 7., Salinity conditions would be near the meximum
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and temperatures would for the most part be slightly below maxi-?

mum summer tsmperatures. According to Bailey et al(1954),

temperatures in this area attain their maxima between mid=-

September and mid=-October, depending on depth and as indicated
in Figure 18, Salinities attain thelr maxima at all depths abou{
mid-October.

At Low water, the western sections (Fig. 11) showed an ine
crease in temperature and a decrease in salinity at 21l devths
from conditions at high water. As in the spring ssctions, the
higher temperatures were observed at greater depths on the ebblng
tide than on the flooding tide,

In the eastern part of Passamaquoddy Bay (Pig., 12) tem=
peratures were slightly warmer (13.29C.) than in the western
part, The waters were stratified in the upper 20 metres with
only small variations in temperature and salinity below this
depth, The changes in temperature and salinity from cne stagse
of the tide to another were confined for the most partc to the
upper 20 metres. This suggests that the sill depth in Letite
Passage is limited to that depth, On a flooding tide the water
pouring through Letite Passage had a temperature of about 12,1°C.
and a salinity of 32.1%, which made it heavier than most of the
water in this section of the Bay and occupied a position near
the bottom of the Bay at d epths rangiug from 20 to 60 metres.

It is evident that in Letite Passage there was an inflow
of outside waters on the flood tide and an outflow of sirface
waters (upper 20 metres) on an ebb tide. In Western Passage
the same is essentially true except that the deeper waters from

the eastern part of the Bay must also be drawn out through this
passage with the mixed waters.
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wever, since the two deeper parts of the Bay are

08), it is likely that the flow of heavier water

stite Passage to Western Passage along the bottom

r restricted. The waters entering the Bay through

assage mix with the fresher waters near the surface
meke their way out of the Bay through either passage.
gher salinities were found in the vicinity of Western

i&and thus any salt transfer, if any, will be towards

source,

nal mean monthly temperatures and salinities(nqrmals)
%’gurface, 10-, and 30-metre levels at station 2 are shown
16, These were calculated from observations taken
:rrom 1916 to 1956, The temperature curves are sinusoidal
f;xwhile the salinity curves are deformed by the excess of
oured into the Bay at the time of the spring runeoff,
temperature curves although having the same form have
f{thy differences., The surface curve has 1ts maximum

nimum a month earlier than the other two, The three
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curves show how the normal temperatures vary in relation to
one another, with the water column becoming uniform in tem-
perature in March and October. For seven months of the year
negative temperature gradients exist, while positive gradients
are prevalent for the remainder of the yeay. It is evident
from the normal curves that the surface layer is very thin,’
since the curve for the 10—metre'1eve1 closely resembles

that for 30 metres. The salient features of each normal
temperature curve are presented in Table I

‘Table I. Important features of the normal mean monthly
temperature curves at three levels at station 648

Annual
Max, Date Min. Date Mean
Surface 13.15°C.  Aug.15  0.44°C.  Feb.15  6.43%
10 metres 12,01 Sept.15 0,86 Feb.15  6.35

30 metres 11.59 Sept.1l5 l1.12 Feb .15 6.23

v

Thé normal salinity curves indicate that the very thin
surface layer is considerably influenced by river discharges;
particularly during the spring freshets and to a lesser degree
during the autumn freshet. The waters at 10 metres are inyf
slightly less saline than those at 30 metres. The relationship
between the salinity at 10 and at 30 metres remain about the )
same throughout the year. These and other features of the

normal salinity curves are presented in Table II.
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- II,. Important features of the normal mean monthly
salinity curves at ‘three depths at Station 6.

p- ' Annual
x;ax. Date Min, Date Mean
. 30484% Sept.15 24,99% May 15 29,16%
31,69 Oct. 15 29,93 May 15 30,96

32,04 Oct, 15 30,56 May 15 31,48

ships

mal TS relationships for each depth at station 6 are
Figure 17, by plotting the normal temperature and sal-
Joining the pointsrelative to each layer. The T-3
1_7_,7» depth is thus illustrated. Lines ofﬂt are

;?P e diagram so that densities of the water column may
otermined,

ire cycie of the oceanographic conditions at statiocn
- defined by the T~-S diagram., The normal values of
‘pyand salinity are i1llustrated as well as the normal
nat are described, However, large deviations from

:i occur in any particular year,

et al (1954) described a similar T=-S diagram

r conditions in three layers at station 5, Ale-

 two diagrams are basically the same, several im=

ils are radically different At station 5, the
~'thorough1y mixed for a short period in Februafys

6 this phenomenon does not occur, the water column
able. The effect of the spring run-off is not as
tation 5 as at station 6 and the effect is proportional

4:rs. At station 6 the effect is very large at the
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surface but only moderate at 10 and 30 metres.

In February all layers reach their minimum temperatures
with the warmest waters at t he bottom. In March, the waters
begin to warm and as river discharges increase with the advent
of warmer air temperatures and increased insolation, the saline
ities decrease, This salinity condition reaches a minimum
in May at the height of the spring freshet. The large volume
of fresh water added to the estuary is confined to the surfaces

Mixing serves to decrease the salinity at 10 and 30 metres by

only relatively small amounts. The effect of freshet conditions'?;
decreases rapidly betﬁeen May andAJune. Salinities continue to
decrease throughout the summer until mid-September when tem;
peratures are at their peal, Thereafter both temperature and
salinity decrease., The temperatures attaining their mini;a in
February, The salinities, however, reach a second minimum in
December which may be associated with increased river dise
charges at this time,

Equations of Curves fqr Normal Mean Monthly Temperatures,

On the basis that the normal curves of t emperatures are
sinusoidal, the equations would be of the form:
2w '
Yy = A=B sin 3~ (x +¢)

where y is the normal monthly mean temperature in degrees
Centigrade

A is the annual mean temperature
B is one~half of the annual amplitude
T is the period of 12 months

X is the time in months .
€ts the phase or lag in months. &
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rves for the normal theoretical temperatures are
;é!gure 19 with the normal temperatures indicated.

the general equation to determine the particular

s for temperatures at station 6, we obtain t he following:
tion 6 Normal Monthly Mean Temperatures

Co: §J ® 6,9 = 6,4 sin éi(x + 1.9)

‘tres: ¥ = 6.4 = 5.6 sin T (x + 1.4)

fﬂtres: Y = 6.2 = 5.2 sin w(x + 1,3)
6

8 readily seen from the plotted results that the
51rppresents the water temperaturesextremely well,

with other Curves of Normal Temperatures,

d»water temperatures which vary sinusoidally may
éribed in the above manner. These include the air
é for St. Andrews and Saint John, N, Be, surface
iperatures taken at the Biological Station wharf, and
peratures in three layers at station 5.

ey (1939) presented normal curves and their equations
iater temperatures at a number of localities
roughout the Canadian Atlantic region from data
ifween 1920 and 1935, These may serve to indicate
ﬂytures at station 6 are related to other areas on

*?5 coast,

;u'?assamaquoddy region, Bailey et al (1954) presented
for normal curves at station 6. It is of interest
¢§ equations for the surface water temperature at the
3‘3ﬁat10n wharf, and for the air temperature at Saint

ﬁg¢ Andrews. The normal curves for these are as follows:



(a) Surface water temperatures at the Biological Station
wharf, St. Andrews, N.B.:
Y = 6,8 = 644 8in T ( x + 1,9)
(b) Air temperatures at Biologf;al Station, St.Andrews, N.éﬂ

Y = 6.2 = 12,8 sin T (x + 2.7)
6

(¢) Air temperatures at Saint John, N.B.:
¥ = 562 = 1147 s8in T (x 4+ 2,7)
6

It should be noted that the equations for the normal curmf

wharf are identical, This is not surprising since the two

locations are about one-half mile apart,

Long Term Trends.

Since the relationship between data taken at Statiocn 6 and»i
from the wharf at the Biological Station, St. Andrews is knowﬂ, f
we may use the latter set of data to indicate what changes‘haveﬂﬁ
occurred in the past. Analyses of these data have bsen understll

taken by Hachey and McLellan (1948) and Lauzier (1952).

Figure 20 shows the variations of the annual mean temperatfé
for St. Andrews, ﬁ
It can be seen from the Figure that there has been a general
increase in temperatures since 1921, although fluctuations have;t

been quite considerable., The most apparent increase have been

the period 1940 to 1953, Recent data indicate that temperaturi:.
:ﬁ;

are on the decline and predictions are that waters will cool over
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éé years (Lauzier, personal cormunication).

iigl variations in temperature are controlled at

,-;y a large number of factors, chief of which are:

the character of'the currents, and the prevailing
surfacaflayers, the temperature variations, as
Sverdrup,Johnson and Fleming (1942), are due

ons in the amount of heat that is abscrbed at
-&3ths, to the effect of heat conduction, to vari-

? currents related to lateral displacement of water
f?ﬁo the effect of vertical motion, *

TIME SERIES OF TEMPERATURE AND SALINITY

‘the period 1933-34 two oceanographic stations

v¥gn Passamaquoddy Bay were occupied weekly and two
:;ﬁvd 880) outside the Bay were occupied monthly., For
the observations at the four staticns were taken
f one another. Since stations 5 and 6 have been
rg{many years, these data provide an opportunity to see
or hips other parts cf the region have to theme

ure-time and salinity-time curves for various levels

%‘ 6, 848 and 880 for 1933 are given in Figures 21

lson of the temperature-time curves for stations 5
;;‘ﬁhat the waters were the same at these two stations
taken on a monthly basis were almost interchangeable,
in temperature do exist between stations 880 and 848,
'?!tion 848 located between 10 and 40 metres had tem=-

. gimilar to those at the surface at station 880,

)eratures were lower by about 0,59C. inside the Bay.
{sons indicate that waters below 10 meters inside
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the Bay are similar to the surface waters in the vicinity
of station 880, Temperatures at station 848 and 6 corres=-

pond extremely well, even minor fluctuations in temperature

were reflected at both stations.
A very noticeable feature of the surface temperature traces
at stations 6 and 848 is the wide fluctuations. A comparison of
these traces with the daily range from tide at Saint John, N.B.,
(Fig, 23) indicates that the main fluctuations are & ssociated
with changes in the tidal amplitudes from springs to neapse
Salinity observations at stations 5 and 880 are very nearly:
ldentical, and were only slightly influenced by freshet cone
ditions in 1933, At stations 6 and 848, salinity-time curves
show a considerable number of .fluctuations, particularly in the
surface layer. A conparison with the discharge plot for the
St. Croix River at Baileyville, Me, (Pig. 24) indicates that
major fluctuations in salihity were for the most part due to
changes in the dalily river discharges. Other fluctuations are
associated with changing tidal amplitudes. A comparison of
salinities at stations 6 and 848 indicate that changes ip 1
salinities at station 6 are reflected about 7 days laterl at

station 848, This figure agrees well with a mean flushing time

of 8 days for the St. Croix estuary(Ketchum and Keen, 1953),
CHEMICAL PROPERTIES

In addition to the salinity, determinations of the phose

(
E
i
phate and silica contents have been made, ﬁ
]
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ikuéynand Morton (Orig. MSS #223) presented results
>sphate determinatibns made monthly at four stations

n 1929 and 1931, The determinations were made for

T ace and bottom waters and the results for 1930 are

in Figure 25.

fﬁzstations 5 and 880, the phosphate content varied

: 18 and 85 mg/bubic metre, The minimum occurrad in
E&Mbr with the content remaining high during most of

4

; ations 6 and 848 are in the region which receives the
benefit from the tidal mixing at the entrance to Passa-

. ‘éﬁay. Consequently, there is a continued supply of
ff%d always available, and the content does not diminish
i;géngiderabie degree. On the other hand, stations 880
E"b'farther removed from the direct influence of this
Eﬁiiing. Consequently, the average noticeable cone

lon is higher and the diminuation in the curve of 880
f@'marked. The phosphate content at a depth of 90 metres
ways fairly high. This is no doubt due to its great depth
1 as to the position which 1t has with respect to t he
i;ﬁochanism. As a result of experience, the plankton tows

y
o

ation 848 are the richest of the four stations.”

e .
(1.rious rivers empty into Passamaquoddy Bay and the phos-
. content of these rivers would directly effect the deter-

lons at stations 6 and 848, From a few determinations the
: te content of these river waters is found toc be very low,

sntly, we would be led to believe that these waters freshen
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and lower the phosphate content of the waters in the region of
stations 6 and 848, Due to the enormous tides of the region,

the effect would be noticeable only during the time of freshets.

Station 880, on the other hand, is in the direct path of the
surface water proceeding from the Saint John river which drains a
very large area, The phosphate content of the waters of this rive
have not been determined to date,
The amount of sunshine which is a necessary fattor in the pro
cess of photosynthesis, may vary considerably in this region, Tho;
month of June is usually a month of fog. Records show that in |
June, 1930, fog prevailed for 19 days, while only & day of the
month was accompaenied by a clear sky. This lack of sunshine at
this time of the year was probably responsible for the slowing u@{
of the proéess of photosynthesis and resulting increase to the prf
phate at this time." (Hachey and Morton, Orig. MSS #223),
Morton (Orig. MSS #404) has indicated that the phosphate cone
tent does not vary with tidal amplitude, but that offshore winds {
caused an increase in the surface phosphate values, .
Redfield, Smith and Ketchum (1937) investigated the dige
tribution of phosphorous present as inqrganic phosphate, as dia-.¥
- solved organic compounds, and as particulate mattﬁr (detritus and
microorganisms) at all depths throughout the year of 1935-36 at a 3
station (42°022'N, 69055'W) in the western part of the Gulf of |
Maine,
"In late winter over 90 pércent of the phosphorous is in

inorganic form and threee-quarters of the remainder is present

as soluble organic compounds., In the spring - February to May,
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fé.phOpphorous is converted to organic form by phbtosyn-

] fthe upper layer of water, Most of this fraction sinks
g;;réble depths before undergoing decomposition,™

- g the summer - May to November, large quantities of

,  organ1c phosphorous appear at all depths, indicating
considerable transport of inorganic phosphate from deep
é;@he surface, and the sinking of an equivalent amount of
f@us in particulate form to the depths in which organic

.are liberated by decomposition, Decomposition appears
ﬁ{iace throughout the water column,"

E; ng the winter - November to PFebruary, the organic phose
Eétu.ounds are converted to inorganic phosphate. This and
'jfmixing of preformed phosphate are about equally important
¥*ng about the equalization of phosphate concentration

t the depth of water." (Redfield, Smith and Ketchum, 1937).
limited investigation into the silica (Si0g) content of the
the Passamaquoddy Bay region was carried out during July
t; 1931, The results have been presented by King (1931),
-;tresults of silica determinations at four stations are given
‘511'(after King, 1931), Fairly large variations in the
content occurred from one observation to the next., This is
rly evident in Qhe upper 10 metres, At times there were
‘iible variations in content with depth. These variations
ly due to influences from the tides and rivers. It is

,;jy’that the silica content at stations 6 and 848 are much

an those outside the Baye



Table III Silica content of sea water in Passamaquoddy

Region - July and August, 1931 - milligram Si05 per 11 tre.

Station Depth July 30 Aug.6 Aug,1l3 Aug.20 Auge25
848 0 moe o17 o49 ,B1 AT .21
2 « 22 40 17 19 023
3 1) ' 047 - - -
5] = 030 22 024 + 27
7 046 0 9H - - -
10 045 39 028 39 + 30
20 04l 46 SGT6) 39 24
30 « 38 007 - 55 33
40 T .85 « 80 039 043 .41

water from bottom ooze 2.22

July 23 Aug,5 Aug,.12 Aug .19
6 0 m. 009 045 004 o4l 5
2 006 092 0 4 «47
5 037 «45 32 035
10 044 049 " e02 « 38
20 033 6 38 035 «33

33 032 47 T .34 4l




Depth Aug., 15
O mo 042
2 e85
5 «48
10 071
20 064
; 30 075
R . .89
' 0 mo 086
2 80
U 082
7 081
10 090
20 036
50 074
90 085
CONCLUSIONS

foregoing discussion, it is evident that tidal in-

ih?assamaquoddy Bay. The bottom configuration, and
- the wind on the surface layer is considerabls,
'tilons are not sufficient to give any concrete results

ts of drift bottle experiments and observations of

'ﬁpnd salinity in Passamaquoddy Bay and near its
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cyclonic circulation in the region off the mouth of Passaqfi
maquoddy Baye. This circulation is maintained by the infl |
of the flood and ebb of the t ides, the effects of the eart
rotation and the bottom configuration,

Figure 26 shows the general circulation of the Quoddy?ii
region as derived from the results of drift bottle experime
and f rom observations of temperature and salinity as presen
by Hachey and Bailey (1952).?

Summary ;
1. The vertical distribution of temperature and salinity 1@*

spring in Passamaquoddy Bay showed t he salinity ranged frx
19,8% near the shore to 32,0% at 70 metres in the outer‘h

of the area. Corresponding temperatures ranged f rom 5.Q~
3.49C,

2, Vertical mixing is strong throughout the wholer'egion.abﬁ
intense in the Passages,

3 The waters below 10 metres in Passamaquoddy Bay have si
temperature and salinity characteristicsa s waters abow
metres outside the Bay,

4, A flooding tide introduces waters to the subsurface lanyf
in the Bay while an ebbing tide removes surface waters"ﬂ

the Bayoe |

5. The vertical distributions oI“temperatﬁre and salinity
Passamaquoddy Bay in the autumn showed salinities rangi
31,7% at the surface to 32.5% at 40 metres. Correspondin
temperatures ranged from 12,6 to 11.,6°C, P

6. The distributions of temperature and salinity indicatea :;
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fﬁ circulation sbout the entire Bay in the upper 20

#

Below 20 metres the circulation is probably cyclonic

lations of normal mean monthly temperatures and salinities

i?surfaca, 10~-me tre and 30-metre levels at station 6 ine

A thin surface layer, less than 10 m. thicke

well mixed subsurface layer extending from a depth of

8 than 10 metres to the bottom,and

surface layer that is greatly influenced by fluctuations
river disch&ygéso

Qpa of curvesvfor Normal Mean Monthly Temperatures at
; 6 were calculated at threes levels ass

Urface y & 6.9 = 6.4 sin 7 (x + 1.9)

metres Y & 604 = 5.6 sin g (x 4 1,.4)
' 6

50 metres y s 6.2 - 5.2 sin g (x + 1.3)
6

ca

1”bbservations of temperature and salinity at serial

at four locations duvingvthe periad 1932-34, showed
waters were noticeably influenced by spring and neap

» by fluctuations in river discharges.

in river discharge rates were almost immediately

by the salinities at station 6 and sbout seven

ater at station 848,

; 6£ early drift bottle e xperiments and density dise

8 indicate a cyclonic circulation at the Mcuth of

fﬁuoddy Bay.

)
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Fig. 1

General map of Bay of Fundy region.
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Bathymetric chart of Passamaquoddy reg
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Average discharges of rivers influencing oceanographic
conditions in Passamaquoddy Bay. Upper diagram:(A) St.
Croix River (b) Magaguadavid River (c) Combined discharges
Lower diagram: Saint John River.




of drift bottle experiments carried out in Passamaquoddy
3ay in 1927 (after Hachey)
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Chart of Passamaquoddy Bay showing location of stations occupied
~in 1952 (@), and in 1933 (®) o r earlier.
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tribution of temperature and salinity at stations 1 - 14 near
h water on April 21, 1952.
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"@lstribution of temperature and salinity at stations 1- 14 near
low water on April 22, 1952.
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Distribution of temperature and salinity at stations 14-25 near
high water on April 22, 1952.
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Distribution of temperature and salinity at stations 14-25
near low water on April 21, 1952.
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Distribution of temperature and salinity at stations 1-7
- near high water on October 2, 1952.
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high water on October 3, 1952.
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ormal curves of temperature and salinity at surface (— ), 10
‘metres (---) and 30 metres ~ ~) at station 6.
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Fig. 17 Normal T-S curves for each for each month and the normal
annual T-S cycle for the surface (~), 10 metric (---) and
30 metres (— ) levels at station 6.
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Normal T-S curves for each month, and the normal
annual T-S cycle for the surface ( ), intermediate
(===--), and bottom ( — —— ) layers.




SURFACE -

Y = 693-635sin 2" (X+19) .

10 METRES

270

Y =~635-558sin - (x +14)

¢ 30 METRES
Y=s-23—5-23sin1.,1(x+ |-3) \ _

. | APR. | may IJUNE |JULY | Auc,. | SEPT. | OCT. |Nov. | DEC.

o
ol

J.!f' oritical temperature-time curves for the surface, 10 metre
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Fig. 26 An interpretation of the general surface circulation in the
Passamaquoddy region from results of drift bottle experiments
and density distributions.
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