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The only justification for recording the notes that

follow is to present same as a basis for thought and investi-

gation. Presently, the whole question of the Passamaquoddy

Tidal Power Development will be under investigation, and once

again its probable effe ct on the sardine fishery of the area

will be given attention.

In making its final report, the International Passama­

quoddy Fishery Commission reported, relative to the local

concentration of herring catches in the Passamaquoddy area, that

"It is quite clear that we have here a problem that current

fundamental knowledge, current theories, and current investi­

gational technique have been powerless to solve."

At this date, some twenty years later, it is questionable

that we possess much more fundamental knowledge, and whether we

have at our disposal much improved investigational techniques.

It is probably true that the theoret;ical aspects have made some

disgressions based on the facts presented by the earlier

inve s tiga tions.

It is true that high speed nets and mid-water trawls

have been designed for sampling, and that echo sounders have

been provided for fish detection. The essence of the problem

seems to involve quantitative sampling and it is of prime



irnportb.l1ce to knOVI the efficiency of the sampling methods,

and the ability of an observer to interpret the records of an

echo sounder.

It is true that physical oceanographers have improved

equipment at their disposal. In the investigation of the Bay

of Fundy waters, the greatest difficulty is encountered with the

ever changing conditions brought about by the extreme tides of

To further present knowledge, some new approaches and

techniques are desirable, and some of the fundamental processes

of water replacements might probably be given attention.

Ob se rva tions on the He rring

Needler's chart of the herring landings for 1919 has been

found valid for in the other years examined (Graham, 1936).

Graham points out that the areas of concentration of landing are

each of them west of a great river, namely the Saint John and

the Penobscot, and tha t thi s appears to be relevant to an

important problem raised and discussed by Huntsman (1928, 1932,

1933, 1934) and Hachey (1934).

In a study of concentration and catches within a small

area, Graham points out in connection with the fishery of Frye's

Island weirs:

(a) that "this fishery is evidently influenced by factors of

which we are profoundly ignorant", and

(b) that "it is abundantly clear that extremely local condi­

tions influence the catch of the herring".

Further statements extracted from Graham's report are as
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(a) "At no time did we find any population of fry commensur-

ate with the enormous numbers of sardines unless the body taken

in April between Seal Island and Liverpool is considered

sufficiently extensive."

(b) "The observations in fact suggest that neither the Grand

Manan spawning ground, nor all the spawning grounds in the

Bay of Fundy considered together, provide sufficient fry for the

populatiol1 of sardines. If this be true, then the Quoddy-Maine

sardine fishery must represent concentration in a small area of

tll.e products of very widely distributed spawning grounds."

(c) "The sardine area was 'poorly supplied with herring fry

a t this (passiv8'ly drifting) stage." (see Figure 8, Graham,

1936) •

(d) "It was found that in July the most turbid water (between

Portland, Maine, and Liverpool, Nova Scotia) was in Passamaq)loddy

Bay. The central part of the Bay of Fundy, the mouth of st.

Mary Bay, and the water near Cape Sable was relatively clear."

(e) "There seems to be little doubt that the availability of

herring for such a long season in the Gulf of Maine and the Bay

of Fundy generally has to do With comparatively equable tempera-

ture of the water."

(f) "The coast itself may act as a natural trap for herring,

and the trap will naturally act more efficiently where there

is more interchange.of water. Also, more obviously, weir men

need sheltered water, provided by the irregular coast line; and

the w'J,irs will be more efficient the greater the tides."



(g) "There may be 11 ttle circulation in the Bay of Fundy at

this season" - March, April and May.

(h) "The question of whether there are actually more

sardine herring in the sea on the strip of coast between Cape

Spencer and Cape Elizabeth than in other parts of the Gulf of

Maine, the Bay of Fundy or Nova Scotian water, is open to

argument. "

The marine biologist at this date may be able to offer more

efficient means of sampling of the herring fry, and be prepared

to question the reliability of such data at Mr. Graham's dispos­

The question as to the source of the fishery is still

paramount; and the result of previous experience indicates that

the sampling techniques must be critically examined.

The physical and chemical oceanographer will be attracted

to suggestions:

(a) that differential water movements require study to

elucidate their importance in concentrating herring to the west

of the Saint John and Penobscot river mouths, and that these

differential movements in re stri cted areas are factors de ter-

mining the relative efficiency of individual weirs.

(b) that there are characteristic local differences in the

turbidity of the water. It is true that great tidal action is

responsible for the turbidity. This tidal action is also

re sponsible for assuring a continued supply of nutrient material

in the surface waters, making these surface waters a potential

source for the production of fish food. The qualifying

"potential" is stressed as "turbidity" infers a dimunition of



t1-te dep th of light pene tra tion, wi th light becoming a limi ting

factor in plant production. In the Bay of Fundy area, turbu-

lence brings colder waters to the surface during the growing

season, and these lower temperatures also slow up the process

of plant production. Graham also sugge sts that turbid wa ter

may be a ttractive to herring enabling them to obtain cover from

their natural enemies.

(c) that it is important to consider seasonal differences

to appreciate the ever changing processes.

Observa tions on the Plankton

Gran and Braarud (1935) point out that with the strong

turbulence, the result of tidal action, the nitrate and

phosphate content of the waters of the Bay of Fundy was nearly

always found to be high, even at the surface. The production

of phytoplankton, the refore, can hardly be limi ted by the

lack of nutrients. They point out that a relatively high

turbidi ty of the waters and much cloudy wea ther make the pro­

ductive zone shallow. Further the high degree of turbulence

may even dimini sh the produc tivi ty of the wa ters by carrying

the diatomic cells down below the illuminated zone for a

graa ter part of their life. In summing up the phytoplankton

production, these authors state: "A pronounced phytoplankton

minimum in June probably is mainly a re suI t of this turbulence."

"During the winter the phytoplankton of the Bay of Fundy was

quanti ta tively poor. In April-May the phytoplankton in the

whole area had its annual quanti ta tive maximum. Only along



the New Brunswick coast this rich spring growth of diatoms was

never observed. In the Bay of Fundy the phytoplankton in June

was very poor except in Passamaquoddy Bay. In September the

same societies were found (as in June). At this season visitors

from the Atlantic, particularly ocean coccolithophorides, were

found in relatively great numbers, and more abundantly in 1931

than in 1932."

The following statements relative to the production and

distribution of zooplankton in the Bay of Fundy and Gulf of

Maine are extracted from Fish and Johnson (1937):

(a) "The turbulent New Brunswick eastern Maine coastal zone

as far west as Mount Desert is relatively unproductive, and

characterized by small zooplankton volume."

(b) "Productivity was found to be closely correlated wi th

temperature and stability of the water mass, and dispersal

with the nontidal circulation in the region."

(c) "The vernal crop of boreal plankton species appears to

be derived largely from adul ts maturing in the western or outer

Gulf."

(d) "Analysis in the Gulf of Maine and Bay of Fundy show the

zooplankton population to be dominated by a relatively few

species of boreal endemic crustaceans. Calanus finmarchicus,

the most abundant form, average 39.9% by number in the total

region during the period, April to September in.1932, and

35.5% for the year in the Bay of Fundy."

Fish (1936a) iJ;l reporting on the biology of Pseudocalanus,

states: "T\1ere is no evidence of successful propagation in the



Bay of Fundy, and the western area declines in importance after

the first brood. Subsequent propagation of all breeding

stocks appears to be centered in the outer Gulf."

In repo:r;oting on the biology of Calanus finmarchicus, Fish

(1936b) states:

(a) "Calanus finmarchicus is the most abundant pelagic

animal in the Gulf of Maine, averaging 39.9 percent of the total

zooplankton population during the period April to September,

1932, with a peak of 60.4 percent in May."

(b) "The adul t stock varie s markedly in abundance in different

areas, the smallest numbers occurring in the Bay of Fundy and

westward along. the coast of Maine to Penobscot Bay. The popu-

la tion is everywhere at a minimum in late February and early

March."

(c) "The western Gulf forms the principal source of supply

of Calanus for the entire region. Propagation east of Mount

Desert in the inner Gulf is largely, if not entirely, un-

successful."

On the basis of the above findings two conclusions would

seem to be warranted, viz:

(a) The Bay of Fundy waters, while potentially rich are not

l1ighly productive of copepods; the limiting factor, seemingly

light. Consequently, if the herring move into the Bay of

Fundy from outside areas, these movements can hardly. be attri-

(b) Considering Calanus finmarchicus and Psuedocalanus as

"indicator organisms" or "drift bottles" an extensive interchange



of waters between the Gulf of Maine and the Bay of Fundy has

been demonstrated.

No review would be comple te wi thou t reference to the

various papers listed and reviewed by Leim (1956). Among these

are the various papers by Battle; Bigelow, Huntsman, Johnson

and Scattergood, all of which are, for completeness, listed in

the bibliography to this manuscript. The studies on the erfects

of light on the movements and feeding of herring, the studies or

the reactions of copepods to various ractors, and the various

contributions of Huntsman to the herring problems are or basic

interest to any student of the problem today.

Oceanographic Factors and Herring in the Bay or Fundy

The general oceanography of the Bay or Fundy has been

described by Hachey (1952) (which was a revision by Hachey and

Bailey or a manuscript written in 1931). This earlier manu-

script reviews the many investigations or Bay of Fundy waters,

and the various references cited are incorporated in this

pre sent manuscript. The only major work in the Bay of Fundy

between 1930 and 1946 was that carried forward by the Internation-

al Passamaquoddy Fisheries Comnission (Watson, 1936). Since

1946, various aspects or Bay of Fundy wa tel's have been deal t

with as indicated in the bibliography attached.

Gi ven tha t there is a source of sardine herring outside

or the Bay of Fundy, the se fi sh might move into the bay under

the following circumstances:

(a) they might swim in search of food or sui tftble water



(b) they might be driven by squid, hake, etc., or

(c) they might be carried in as plankton when feeding at

It is under the last mentioned circumstances that physical fac­

tors come into play, requiring for an unders tanding of the

process, a knowledge of the circulation pattern of the Bay of

Fundy.

On the subject of circulation, the general anticlockwise

circulation of the Bay of Fundy has been demonstrated, by drift

bottle experiments (Mavor, 1922, 1923; Hachey, 1952). The most

prominent water movement's are those associated with an inward

movement on the Nova Scotia side of the Bay and an outward move-

men t from the Saint John river area. According to 'fla tson, 1932

"the Saint John estuarial 'water flows out to sea ~s a strongly

stratified layer, about 10 metres thick, retaining its lower

boundary as far as Grand Manan Island, a distance of 74 Km.

Persistence is due to the high densi ty gradient combined with

the low veloci ty gradient through the layer as it flows out over

the deep homogeneous water." Another prominent tendency, at

times at least, as shown by the drift bottle experiments, is a

movement in the surface layers towards the various passages

leading into Passamaquoddy Bay. The direction of the dominant

flow through Grand Manan Channel is probably variable, and in

any event small.

From all observations, which have been generally limited

to the spring and summer seasons, the general circulation is as

indicated above. Studies on the replacement of Bay of Fundy



waters were initiated some time ago (Hachey, 1934) and it

became evident that the main factors involved in the replacement

of these waters were land drainage, wind, and tide. These

replacement processes have been given further attention in recent

years, and have been summarized by Hachey, 1955. In attempting

to apply these processes to the problem of the herring fisheries,

it is important to appreciate the ~ignificance of the water

movements to the distribution of plankton, larval forms, or

free-swimming forms feeding at random.

On the basis of the above, it is quite easy to appreciate

tha t the circula tory system of the Bay of Fundy can, under the

"open circulation" system (Hachey, 1955), transport planktonic

forms into, around, and out of the Bay. Under the "closed

circulation" system, these forms can be retained wi thin the Bay.

The effect on any particular planktonic form will depend upon

its distribution with depth, which in turn may be related to the

time of day or time of year. The circulation pattern as deter­

mined by drift bottles, indicates that the surface waters and

the included planktonic forms have a tendency towards the

passages leading into Passamaquoddy Bay. This tendency might

only prevail at certain times of the year, and with favourable

southwest winds. In any event it should be qui te clear from

the zooplankton distributions, as shown by Fish, that planktonic

forms are carried into the Bay of Fundy and Passamaquoddy Bay

and are distributed throughout these areas.

It is not so easy to appreciate the differential water

movements that prevail in the Bay ~f Fundy. Superimposed upon



the tidal flow is the rotational effect of the earth, which tends

to produce a resultant inward movement of waters on the Nova

Scotia side of the Bay, and a resultant outward movement of

waters on the New Brunswick side. As the lighter mixed waters

tend to move out of the Bay in the surface layers, the indraft

of replacement waters tends to take place at the greater depths.

If drifting organisms are in the surface layers, they may be

very qui ckly carried out of the Bay, particularly under favourable

They may be carri ed shoreward wi th onshore winds, or they

may be retained wi thin the Bay and carried about wi thin an anti-

clockwise circulatory system. On the other hand if the floating

organs are in the deeve,r layers, they will be carried inward,

the rate of inward movement dependent upon the rate of replace-

ment at any given time.

Oceanographic Factors and Herring in Passamaquoddy Bay

Given that there are sardine herring present in the waters

circulating about the Bay of Fundy, what factors determine their

movement into Passamaquoddy Bay? For sake of argument herein,

it is categorically stated that sardine herring move into

Passamaquoddy Bay as fish feeding at random and therefore acting

as pl/!-nkton. This process is furthered at times, when the fish

are driven by their natural enemies such as squid and hake.

Some Fundamen tals

Ignoring the changing details of the tide, as to time of

day, amplitude, low tide, mean tide and high tide levels, a



large body of wa te r (100 x 20 <I: 52802 cu. ft.) move s on the

average in and out of Passamaquoddy Bay.

The first question that arises is how much of this water

flows through each of the various passages. There is little

information on this, and the actual areas of the cross sections

involved are not sufficient data on which to base conclusions.

A more pertinent question is concerned when one attempts to

estimate the differences relative to flood and ebb. While there

is much less information on this question, the effect of the

earth's rotation would seem to point to the following possibil­

ities.

(a) more water moves in through Letete Passage on the

flood then moves out on the ebb.

(b) less water moves in through Western Passage on the

flood than moves out on the ebb.

Another point is concerned with the mixture of drainage

waters flowing into Passamaquoddy Bay with those of the tide.

None of the drainage water passes out of the bay as fresh

It mixes with the tidal water, and because of the

relatively low salinity and density of this mixed water, it

tends to hold the surface. The rotational effect of the earth

comes into play here, and the waters of Passamaquoddy Bay tend

to circulate in an anticlockwise direction. As a result, it

would be expected that this lighter, less saline, mixed surface

water would tend to flow out of the bay chiefly through Western

Passage.

As a consequence of the mixing of drainage waters with



the tidal waters, the mixed water will, on the whole, move

away from the mixing area. Consequently, there must b~ a

continued renewal of the tidal water which enters into the

mixing process. It is probable that this renewal is directly

proportional to the amount of drainage, but confining our

attention to a limi t~d area this is not necessarily so, as the

efficiency of the mixing must be considered. If the mixing

mechanism were of 100% efficiency, the mixed water would be of

a constant salinity. It is readily observed that increased

drainage generally re suI ts in the lowe red salinity of the mixed

Gi ven that there is mixing of drainage and tidal water at

a point, or wi thin a confined area, the resultant flow will be

away from the point or area in the surface layer, and towards the

point or area in the subsurface layer. Add to these tendencies,

the effect of the earth's rotation, and these relative water

movements, on a grand scale, are not necessarily superimposed

on one another. For an area such as Passamaquoddy Bay, for

example, the inward resultant flow probably holds to the eastern

side, while the resultant outward flow tends to hold to the

In the st. Croix river area, if we apply the foregoing

principles, the tidal flow has imposed on ita resultant outflow

confined to the American shore and an inflow confined to the

Canadian shore.

All of the above does not take into consideration a number

of important factors, which we will now consider of themselves.



Wind:

On the whole, wind action is very effective in moving

waters of the surface layer. In general, it may be considered

that winds other than southerlies would tend to enhance the

outflow of surface waters from Passamaquoddy Bay, while south­

westerly winds would tend to confine surface waters to the Bay.

Thi s means that wi th other than southerly winds, there is a

resultant movement of deeper waters into the Bay, while with

southerlies there is a resultant movement of deeper waters out

of the Bay. This feature is of particular importance when

consideration is given to any fish that may be feeding at random.

In the St. Croix river, the specific direction of the

wind will be of considerable importance in shifting the surface

layer from the American to the Canadian shore and vice versa.

So, too, will specific wind directions determine the distribution

of surface waters in the open Bay.

Tidal Ampli tude:

The tidal ampli tude in Passamaquoddy Bay varies approxi-

mately between 14 and 28 feet. As the tidal amplitude is

being increased as between neaps and springs, more and more

water is entering the Bay from the outside. The reverse is

true if the tidal amplitude is on the decrease. It should be

quite obvious that if a body of herring is present outside of

the Bay, and can be treated as "plankton", some of these fish

will be transferred into the Bay during those periods of in­

creasing tidal ampli tude, pro.vided they are in the water layers
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above the threshold of the bay. Similarly, if there is a body

of fish within the bay during periods of decreasing amplitude,

some will be carried out of the bay. The amount of water in-

volved as between springs and neaps should be appreciated,

amounting to (28-14) x 100 x 52802 cubic feet.

Apother factor of importance relative to the tidal

ampli tude, is the stirring and upheaval in the passage, which

seems to have some bearing on the vertical movements of various

forms of fish food, e.g. the euphausids.

Time of Tide:

The time of tio.e is particularly important because of

the vertical movements of herring wi th relation to light.

The time of the incoming tide may, for example, determine

whether the fish are at depths above the threshold of the ba·y

Similarly, wi thin the bay, the time of tide will

determine the efficiency of fishing of the various weirs. If

the fish are too deep, they will not be available to the shore

weirs.

Temperature and Salinity:

Of these two wa ter characteristics relative to herring

fishing in Passamaquoddy Bay, temperature is probably the most

important one. The temperature will determine whether the

fish are sluggish or active, and to some extent will determine

the depth. It is considered that the lower temperatures of

the winter months are unfavourable to herring remaining in

the bay, except possibly at the greater depths.
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As noted in the introduction, the only justification

for putting forward these ideas at the present time is to

present same as a basis for thought and investigation. It

would seem to the writer that the biggest factors concerned

wi th the transportation of herring as "plankton" into Passama-

quoddy Bay are the changing tidal ampli tudes and the vertical

movements of the fish. Once in the bay, the general circulation

coupled with the vertical movement determine when and where the

fish become available to the weirs. Superimposed upon the

general circulation is the effect of the wind.

No attempt is made to draw conclusions from the foregoing,

which is put forward only for cri tical examination. Certain

pertinent facts have been demonstrated by the earlier workers

relating to:

(a) the low producti vi ty in the Bay of Fundy,

(b) the concentrations of sardine herring west of the Saint

John and Penobscot Rivers,

(c) the gene ral circulatory pa ttern, and

(d) the interchange between the Gulf of Maine and Bay of

Fundy waters.

Three main questions, of fundamental interest, require

(a) where is the main source of supply of sardine herring?



(b) what physical, ehemical and biological factors control

the sardine fishery in Passamaquoddy Bay, and

(c) does the prevailing physical system concentrate the

herring in the Passamaquoddy area?
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