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INTERNATIONAL COMMISSION  FOR THE. NORTHWEST ATLANTIC FISHERIES

REVIEW OF LITERATURE ON HERRING IN
THE CANADIAN ATLANTIC

by .
S. N. Tibbo and R. A. McKenzie

In planning for future investigations of herring and herring
fisheries in the Northwest Atlantic it seems desirable to take stock
of existing knowledge. The following review has been prepared with
this in mind and is believed to contain references to all of the
research work on herring that has been done either by Canadian
Nationals or under the auspices of Canadian research organlzations.
All of the reports listed in the bibliography have been reviewed
and the results summarized. Some of them, however, are not available
for distribution and can be referred to only in the libraries of the
Fisheries Research Board of Canada,.

Leim (i956b) prepared a review of literature on Bay of Fundy
herring which we used extensively in the preparation of the present
review. Wherever it seemed appropriate we have quoted directly from
Leim's (op. cit.) manuscript but to avold excessive repetition have
not so indicated in the text. The use of this manuscript has,
however, made the present task far less arduous than it would other-
wlise have been.

This review has been organized under appropriate headings as
far as possible although we have tried to keep individual authort's
contributions intact. This has resulted in some repetition and
some misplacement of subject matter. For the most part contri-
butions to the various aspects of herring research have been arranged
in chronological order rather than on a geographic basis. ‘

History of the f£ishery

Fishing for herring in the Bay of Fundy goes back to the
earliest settlement by Indians who caught herring by ®torching%.
Weirs appear to have been introduced on the New Brunswick side of
Ba{‘ghout 1820, Fish were taken by gill-nets and by “torching" as
well, The fishery was for larger herring than are common nowe.
Spawning grounds at the southern end of Grand Manan were well known
and were fished heavily. Perley (18952) refers to 120 vessels being.
congregated at Southern Head, Grand Manan, and engaged in gill-
net;ing of spawning herring. These herring were either salted or
smoked, :

After their introduction about 1820, the number of herring weirs
increased steadily. In 1849 there were %5 weirs at Grand Manan
Campobello and Deer Island. By 1880 there were 142 Canadian weirs
in the Bay of Fundy and the increase continued until in 1933 there
were 293 weirs, In recent years (l947-58) from 300 to 400 weirs
(occasionally more) have been licensed annually. Records of weirs
bullt and operated are incomplete but show an average number of

about 350 each year.

The early history of herring fisheries in other parts of the
Canadian area is not well documented but some of it can be inferred
from the history of other fisheries that used herring for bait. The
early colonlsts undoubtedly used some herring for food but probably
used far greater quantities in the catching of cod for the salt cod
export trade.”® Unlted States vessels fished for herring in Canadian
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then 6th in importance both in quantity landed and marketed value
in that area., The gear used was chiefly gill-nets, set at the
surface except in the fall when some were sunk to bottom. 4 few
trap nets were used (west of Halifax and in St. Margarets Bay)
and made their best catches at night when the sea surface was
rough. McKenzie (op. cit.) noted that a run of spawning herring
arrived from Halifax eastward in May. Spawning runs also occurred
in May and June around Sambro, St. Margarets Bay and from Halifax
westward. There was alsc a run of autumn-spawning herring in the
latter part of September. Unlike the spring spawners the autumn
spawners spawned offshore in water of 6 to 15 fathoms deep and on
hard bottom. ' The movement of autumn spawners seemed {p be west-
ward whereas spring spawners seemed to move eastward,

Tibbo (1951b) wrote "The herring fishery in Newfoundland has
hever attalned a stable position. Many attempts have been made to
establish the industry on a firmer foundation but with 1little
Success. The chlef difficulties appear to be the inability to
penetrate existing markets and the lack of success in developing
new ones. This may be due to the fact that existing markets de-~
mand (a) "matje” herring for scotch cure, (b) immature fat herring
for the fresh and frozen trade and for canned products and (c)
large fat herring for kippering. Only small quantities of herring
suitable for these demands are now caught in Newfoundland and the
future of the fishery would be considerably brighter 1if these kinds
of herring could be captured in quantity. The market for meal and
oll i1s strong and further development in the spring fishery for
poor quality herring to supply this demand is quite feasible. It
1s possible that the quality of herring would be improved by in-
creasing the catch and thereby removing a large proportion of very
old, slow-growlng fish, the flesh of which is very coarse and
tas%eless even during the summer months. The removal or revision
of restrictions on fishing dates and methods might be beneficial
to the stock as a whole.”

Huntsman (1953) described the movements and decline of large
Quoddy herring., He noted that (beginning in 1876) the development
of heavy fishing for "sardines", the yearling herring available in
and near Passamaquoddy Bay between New Brunswick and Maine, was
followed by decrease in numbers of older fish. The very local and
very fat "Quoddy River® herring disappeared promptly. The immense
accumulated stock of large spawning herring lasted ten years or
more after recruitment was thus greatly reduced. This stock was
being coincldently shifted from the Quoddy region, apparently owing
to reduced rainfall,

The normal seasonal shifting of these fish was between the
outer side of Grand Manan Island in summer and near the mainland
(Charlotte and Saint John Counties) in winter. In mid-summer of
1877, their numbers at Grand Manan began to diminish and for four
years remained very low. They were as abundant as ever in winter
near the mainland, but farther from shore and more numerous east-
ward. They appeared inside the Reversing Falls of the Saint John
River, whose outflow goes to Grand Manan, in all four years of
their scarecity at Grand Manan. Large herring appeared in un-
exampled numbers at Quaco, east of Saint John, from 1878 to 1881
and then declined. A movement across the Bay to Nova Scotia becanme
evident by a marked rise in Annapolis County in 1881, and, farther
in, in Kings County in 1882, in each case lasting for four years
and not going beyond the mouth of Minas Channel, These fish seemed
to make the circuit of the Bay, affecting catches at its head and
on to the New Brunswick side, with return to the Salnt John ocutflow
by 1884. Farther out, other lots reached the Nova Scotlan coast
from Digby to Cape Sable in 1881, remained high for four years and
then declined. " By 1891, catches everywhere were down to a very low
level, indlcating exhaustion of the stock.
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In 194344 Teip (1956¢) conducted g survey of' herring fishing
methods in the Maritime Provinces, Quebec and Newfoundland. Thig was
done mainly by 1nterv1ew1ng fishermen fishery officers and othep
interested persons. The report contalns & great deal of "lgocglm
information gboyt the herring fishery--seasons, gear, size gnd
quality of fish, etec. No attempt at Summarizing thig information to
Provide g genergl plcture of the herring fisheries was made,

history of the Northwest 4tlantic fishery for herring (Clupeg harengus

but would depend on an increased demand accompanled by a price that
would make the fishery profitable, They also noted that offshore

herring stocks unfished as yet, could be harvested and that new and
better types of gear should be developed to yield greater catches,

McKenzie and Tibbo (1959a, 1960) described the herring fishery
in southern Ney Brunswick waters, They noted that most of the herring

quoddy tidal power dams.,

Sgawnigg and lagxgl g;st:;Qutigg

, Prince (1907) described the €ggs and early life-history of the
herring and other clupeoids. He noted that in Canada there i3 a
Spring and fall migration of the herring, the earliest fign coming
inshore as early as the month of March, or as soon as the ice dis-
bpears, The SEring Spawners deposit theip ova in shallow water
n May, while t

where, after severe gales, herring Spawn was heaped up knee-high for
many miles and then carried on to the fields for menoure,

Prince (1907) described herring eggs as small translucent
glossy spheres, Possessing g strong hard shell~like thin transparent
horn, They may cling together 1n spongy masses as bunches, or form
a film of transparenttpellets on stones, algae, shells, ete., and
leave interspaces through which the water can flow freely, and thus
aerate the €ggs. Herring €86s are coated with a tenacious micus,
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and as they fall through the water they are fertilized by the milt of
the male, which beclouds the water, and on reaching the bottom, the
external cement hardens so that they bunch together, or cling firmly
to forelgn objechs, According to Prince (op. c¢it.) herring spawn

in 10 to 20 fathoms of water on hard bottom. usually of a rough
shingly or rocky nature. The number of eggs ranges from 10,000 to
30,000 or 40,000 or ewen 60,000 and at 53°F. they hatch out in six

to eight days, while at 33° or 34°P they take thirty to forty days.
He noted that the most distinctive feature of the larvae was the
position of the anal opening about four-fifths of the distance

along the under side of the body and very near, therefore, the basal
portion of the tail. The lengtﬁ of newly-hatched herring larvae is

5 to 7 mm. It almost doubles its length in 10 days and by the fourth
month is 29 mm long. He concluded that small herring 62 mm (2% inches)
long taken in September must have been hatched the previous autumn.

An 1nvestigation of herring spawning south of Grand Manan by
Huntsman in 1917 (Huntsman, 1917a) late in September and early
October showed Seal Cove to be the centre of production with only
a few off Southern Head and none off Dark Harbour. Up to 61 larvae
per tow were taken, ranging in length from 6 to 10 mm but some were
up to 24 mm. Water temperatures were 8°C to 9°C when spawning tcok
place. The larvae were repelled by light and did not school until
about 50 mm long. However, they appeared to be contranatant by the
time they were 18 mm long.

In October (Huntsman, 1917b) the young herring extended in an
unbroken sheet from the south end of Grand Manan for at least 26
miles, and possibly farther, to the southwest. Strong tides in this
area produce almost complete mixing of the water causing almost
uniform temperatures from top to bottom even in considerable depths,
ghuihproviding suitable conditions over a wide range of time and

ep 2. .

Herring spawn found in groundfish caught in deep water together
with small masses of herring eggs taken in tows in deep water,
indicated spawning in deep water off southern Grand Manan. This
spawning in deep water in the summer and fall was in contrast to the
shallow-wateryspring spawning in the Gulf of St. Lawrence. Because
of the abundance of sardines in Saint John and Charlette Countles
and because of the fact that the herring numbers at the Magdalen
Islands had been maintained without protection, Huntsman recommended
agalnst any closed areas off southern Grand Manan.

Huntsman (1917a) wrote "The numbers of herring larvae taken v
in tows (in the Bay of Fundy) which have been made at various times
since 1917 have always been small in comparison with the quantitles
that are taken in similar tows in the Gulf of St. Lawrence. The
number of larvae, 6 to 10 mm long per tow in the Bay of Fundy has
rarely exceeded 100 and 1s usually much less than this. These
larvae frezquently carried some yolk, Water temperatures are 8 to
9°C when the herring spawn®.

In the summer of 1917, Huntsman (op. cit.) found herring spawning
to occur in the Gulf of St, Lawrence from May 6th to 26th at least
and in temperatures of 8.9°C in Amherst Harbour. Water temperatures
were 8.6°C in the same region on June 18th and hatching was finished.
Tows or. a 1llne to Cheficamp, Cape Breton, showed the larvae to in-
crease in number and length (5-9 mm) from Amherst Harbour to a peak
Just outside Entry Island (8-10 mm) then decline in numbers towards
Cheticamp with largs numbers still found up to 17 miles from Entry
Island. The exteasive shoal of larvae in the open area was 25 miles
across. July sollections with a metre net in thls region took no
larvae but a young fish trawl took specimens up to 21 mm long and
chiefly at deptns of 2 to 3 metres.
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September collections around the Magdslens yielded but a few
larvae and only outside of Entry Island. Temperatures ranged from
13.8°C to 14.8°C at the surface and 13.4°C (20 m) to 14,2°C (10 m)
at depths. None were taken in Pleasant Bay and an increase in
size occurred proceeding away from the Magdalens. Spawning thus
occurred outside Pleasant Bay in appreciable depths, perhaps 20 my
and about the middle of August. Autumn spawning was thus quite
limited in this region compared with spring spawning.

0ff Cheticamp, Cape Breton, large numbers of recently~hatched
herring larvae were found in the viecinity of the 30 m contour early
in September. Spawning possibly occurred late in August. -

Graham (1936) referring to his studies of the distribution and
abundance of herring fry in the Bay of Fundy said: "at no time did
we find any population of fry commensurate with the enormous numbers
of sardines unless the body taken between Seal Island and Liverpool
in April 1s congidered to be sufficiently extensive. The observatlions,
in fact, suggest that neither the Grand Manan spawning ground, nor all
the spawning grounds in the Bay of Fundy considered together provide
sufficlent fry for the population of sardines®™. Graham (op. cit.)
refers to small herring, 5 cm in length at Brier Island, Nova Scotia,
on July 10 (1931?). Huntsman (undated ) reports that Fritz Johansen
obtailned herring of average length, 5.5 cm, near St, Andrews on
June 11, 1917. .

Fish and Johnson (1937) mapped the distribution of herring larvae
in the Bay of Fundy in September, 1931, and in August, 1932, The
distribution of larvae in these months indicated -two éistinct groups
of the summer-autumn crop, one central in the Inner Bay, probably in
New Brunswick waters and {he other on the Nova Scotia coast near or
outside the entrance. They caught large numbers of larvae (1,651
and 818) at stations off Digby and Digby Neck in mid-September, 1932,
They did not get the same distribution picture in 1931 but 361 larvae
were taken near Cape Spencer in September. Fish and Johnson's (op.
cit.) results were also referred to by Graham (1936).

Leim (1958a) described the distrib tion of herring larvae in
the lower Bay of Fundy and adjacent waters. The data included
plankton tows over the years 1917-1955 and showed the presence of
recently-hatched herring larvae in the months cf September and
October around southern Grand Manan and to the southwest of this
towards the Maine coast and Machias Seal Island,

Tibbo et al (1958, 1959) surveyed a mzjor portion of the Bay of
Fundy and Gulf of Malne for occurrence and dlstribution of herring
larvae., Offshore cruises with plankton nets and Herdy continuous
plankton recorders vere carried ont from Sepitemher through February
in 1956-57 and 1957-58. During the two seasons 49,422.larvae were
taken in plankton nets (l-metre) an’ 212 in recorders. Ir addition,
30 larvae from Prince station tows and 353 larvae from T.N. Gill
cruises were avallable for study. The largest numbers of larvae
were taken 1n Septeémber and October oi each year, Catches decreased
sharply in November and were very small in Jamuary and February.
Larvae were abundant only in the Bay of Fundy and on Georges Bank.
Small numbers vere taken occasiocnally *hroughout most of the survey -
area. Newly-hétched larvae (4 tc 9 mm) were found chiefly in
September and October.- *n some seasong hatehing may have extended
well into November and possibly into December. Growth was slow and
larvae, presumably from September and Octobar hatchings, were found
in February. About 73% of all larvae in plankton nets were taken
at nlght. The difference between day and night catches was more

pronounced for large (20 to S0 mm) larwae.
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The largest spawning area in the Gull of Maine is on the northern
edge of Georges Bank. Large spawnings occur off the Nova Scotia coast
from Trinity Ledges to Digby. Simall spawnlngs occur in Penobscot Bay,
on Stellwagen Bank, Nantucket shoals and south of Grand Manan. Late
summer and sutumn spawnings are undoubtedly the major contributors
to the herring steceks in the Bay of Fundy and Gulf of Maine. Spring
spawnings ayre of only minor importance. Larvae are found in the
upper water layers and are probably carried from the spawning grounds
by the nop-tidal surface currenits. purface current patterns suggest
that some larvae from Georges Bank spawnings are carried northward
to Novg Scotia but the majority of them may be .carried southward,

Nova Scotia spawnings appear to be the major contriputors to commercial
stocks of herring in the inshore areas of Maine and .New Brunswick,

Tibbo and Legaré’(l960) reported on a continuation of the 1956-58
surveys for herring larvae in the Bay of Fundy and Gulf of Malne with
cruises in May, October and November 1958 and in Jamuary and Nov-
ember 1959. ' Additional data were avallable from the waters of south-
west Nova Scotia, the Passamaquoddy area and St. Mary Bay. Horizontal
and vertical tows were made with l-m and 12-in plankton nets., Hardy
recorders, high speed plankton samplers and Isaacs-Kidd trawls were
also used. In 3,169 tows, 1,651 herring larvae were collected. In
addition, 7 larvae were taken by Hardy recorders towed over a dls-
tance of 7,078 miles. Almost 90% of the larvae were taken in
October an& November. They were autumn spawned and were found
chiefly on the morthern edge of Georges Bank and in the Bay of Fundy.
Less than 1% of the larvae were taken in May and June. In June,

6 of the 7 larvae taken were almost certainly spring spawned.
Larvae were more abundant on the Nova Scotia side than on the New
Brunswick side of the Bay of Fundy. About 50% of the larvae
collected were 6 to 10 mm in length. Less than 2% were greater than
49 mm long. The mean length of larvae increased during the period
from September to February but showed a slight decrease during the
spring months with the appearance of a small number of spring-
spawned larvae. The mean catch of herring larvae per tow was
Ereater at night than during the day. The night/day ratio was

.95, Spawning sites were deduced from the location of newly-
hatehed larvae (6-10 mm in length)., Heavy autumn spawnings occurred
on the northerr edge of Georges Bank and on the Lurcher. Shoals.

Tibbo and Graham (1963) studied the changes in abundance of
herring larvae at the western enirance to Northumberland Strait in
the Gulf of St. Lawrence. Data colleztions were made annually
during the period May to November from 1951 ‘to 1961 inclusive.
Almost all of the 157,422 larvae found in 2 945 tows were less v
than 20 mm in lepgth and hence fairly recen%ly hatched. No larvae
were taken before June 15 or &fter September 30 ln any year and
very few were taken in July. From the variations in size and
numbers of larvae throughout each yenar it was evident that in
general larvae saught before July 15 were the result of spring
spawnings while those caught after July 15 were the result of

autumn spawnings. The greatest numbers of larvae were taken before
July 15 in the years 1952, 1953 and 1655 in that order. After 1952
the numbers caught before July 15 declined irregularly to 0.2
larvae per-tow in.1961. After 1956 there was some tendancy towards
an increase in the numbers of larvae taken after July 15. Com=
parison of catches of larvae fecr the years 1951-53 and 1957-61 °
showed that the avarage catch of spring-hatched larvae decreased
from 589.1 to 8.4 per tow whereas the average catch of autumn-
hatched iarvae increased from 0.03 to 4.6 per tow. While there
appeared toa be very little year-to-year relationship between
commercial catches of spawning herring (the only avallable measure
of abundance) and catches of larvae, it is perhaps significant that,
over a falrly long period, changes 1n abundance of both follow

the same trend.
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On September E-é 1961, McKenzie (1963) located a small
spawning ground 1. miles W x S Black Point near Cape St. Mary,
southwest Nova Scotia 1n 6-~7 fathoms of water by dredging with
Ekman, Petersen and VanVeen dredges. Through sampling in various
directions the extent and outline of the bed was determined and its
total area of 725,000 square feet was calculated. These samples
showed the eggs to be in a sheet of maximum thickness 14 inches

on a flat sand bottom. A few tiny flat, black stones occurred on *
this sandy bottom but no vegetation. Calculations based on counts
of eggs in subsamples indicated that there were between 206 and 215
billion eggs on this ground. The average length of the spawners
was found *to be 30.7 c¢m. Using the formulae for the fecundity of
north European herring (since no Canadian Atlantic data was avail-
able) McKenzie (op. cit.) calculated that the female spawners in
this area in August and September 1961,should have had from 40 to
104 thousand eggs each. In the first case the spawning school
should have consisted of about 10,5 million fish or 3,075 tons and
in the second case about 4.0 million fish or 1,175 tons.

Another spawning ground was located, but not surveyed, about
t+ mile north of the Black Point ground. This ground was apparently
covered with Dggmnzggﬁ;%, for large masses of this seaweed com-
pletily permeated with herring eggs were brought up in commercial
trawls,

Tibbo et. al.. (1963),using free~diving (Scuba) techniques,
surveyed a herring spawning ground off Blanchard Point, Chaleur
Bay, N. B., in May 1962, This was a long, narrow bed running
parallel with the shore in 1.3 to 6.0 m of water and occupying
an area of about 375,200 sq. m. The sea bed was composed of small
stones and gravel wi%h large masses of red sandstone. In the
deeper parts, the maln vegetation was Phyllgophora and Laminagrig
while in the shallower parts the vegetation was chiefly Chondrus,
Fucug and Ascophyllum. The eggs were found only on thls vegetatlon,
none on thi bare ground. The estimated total number of eggs was
35.46 X 101l and from this it was calculated that the spawning
school involved consisted of 185 million fish or 24,812 metric
tons., About one thousand metric tons of herring were caught in
the vieinity of the survey area, representing a fishing mortality
rate of 4,0%. ,

Hatching began about May 2% when large numbers of herring
larvae 5-7 mm long were taken in plankton nets.

Population s 1

The earliest natural history study of herring in the Canadian
Atlantic appears to have been ecarried oui by Johan Hjort in 191k
(Hjort, 1915), HJjort (op. c¢it.) believed that the most imﬁortant
problems were as follows: (1) do the herring that visit the
Atlantic coast of Canada all belong to a single race or type or
is it possible to distinguish several races in these waters, (2)
does the rate of growth vary according to the conditions of the
water along the coast and can types of different growths be dis-
tinguished and defined, (3) is the renewal of the stock of herring
of a constant character or are there the same fluctuations in the
stock as in European waters. -

Hjort's material dtd not give any conclusive and final deter-
minations of the racial characters of the herring types of the
Atlantic coast of North America. However, it did indicate both a
marked raclal difference between northern and southern types and a
difference between the racial characters of American and European
herring. Hjort's study of age and growth resulted in distinguishing
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three groups or types of aerring in North America waters (a) from
the Atlantle coast or Nowa Scotla contalning oceanic herring spawning
in the fall and charactez.zed by their large size, {b). from the
vest coast of Newfoundland containing spring spawners and (c¢) from

the Magdalen Islands in the Gulf of St. Lawrence also spring
spawners.

Hijort"'s material rezarcing luctuations in the abundance of
year-classes of herring was iradequate for any definite conclusions
although there vere wide arlaticns iln the pumbers of different age
groups in the samples. :

Lea (1919) examined materig? collected during the Canadian
Fisheries Expedition in 191%-15 op»d prepared a report on the age
and growth of herring in Canadian waters. He made extensive com-
parisons +yith material collected ir European waters with speclal
reference to the famcus 1904 reer-class which was abundant in some
parts of the western Atlantlic. He noted that scales offered the
best means of. age determination but “hat they should be taken from
the middle part of the body. Newfoundlané scale material from the
Gulf of St. lLawrence presented no: sreat difficulty in determination
of ages but scales from other arseas vere difficult and errors in

g

age determinatlion occurred. ‘
: I 4

A preliminary survey of the Canadlian Atlantlc showed distinect
marks on the scales from different localities as well as dlfferent
dominant ages and hence ¢ division of the material into four groups
of samples was lndicated. (a) Soathwest Gulf of St. Lawrence
excluding Magdalens, (b) Magdalens, (c) west coast of Newfoundland
and d) Atlantic coas*s of Cape, Breton, Nova Scotia, Bay of Fundy
and Massachusetts.

Regarding age Lea (op. cit.) reported that ip the southwest
Gulf of St. Lawrence, the 1503 and 1907 year-clases were most
numerour, the 1911 and 1913 were quite well represented, the 1908,
1909 and 1910 were intermediate and the 1912 was scarce, At
Magdalens the 1203, 1910 and 191l year-classes were relatively
numerous but the 1§07 ona wgs scaTcer thaa in the southwest Gulf.
In the samp’szs £7op hewfcundland there were meny age groups from
4 to 20 bt ecaly he 130% wear-clase was domlnant and in this
respect uzs total..y é¢ifrzrent {rom the other three areas. Scale
samples rrom the Atlantlic coast were much more difficult to read
than in thez other %nree sreas. The socuthern samples (Bay of Fundy
and Massachusetts) wers 2 and 3 s mzer zone fish, Samples from
the east coast of Caps .Jrzton wera somevwhat similar to thos» from
Newfoundland. The 1903, 1924, 1908 anc 1910 vere falrly numerous
in the Cape JBrelol sampias wherecs only the 1911 and to a lesser
exten’ ths 1910 and 19.. rear-classes were frequent 1c the south-
west part of Nove Scotla. Tha results of studies of age- and
year-class compugition provided iiZormation for re~arrengement of
populatior. ereas. ta) Nawfouncdland itk one axceptionm, (b) the
Newfoundlznd @veeption .pius St.. Cz20. 73 Bay and northeast Cape
Breton, (z) Magdalens, Nortaumberlend Strailt and Gasps, and (d)
southwest Nov: Scotia. '

Lea's {1919) studies of grcth showed on the whole that the
samples were uniform and growtl: ~r -ihe 1904 ysar-class was equal
in samples from ell areas. Tha grovth of this year-class did not
differ esseniiall¥ from.clder or ycunger year-classes. The 9
samples from Newfoundlend differed rom those from the Magdalens,
Northumberlan® Strait and the 3%, “eorge Bay samples as vwell as
the North Sydney sample which was similar %o one from St. George
Bay. The Ieyfoundland samples also d!7fered Irom those of south-
west Cape Bréton and the outer ccust of Nova Scotla, even when
similar size and sges frer the latar area ar: consiaered. The
Newfoundlend f1gn grow slow2r :hun 2.8 cihers av first but catch
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up in later years. In comparing Magdalens wlth Northumberland
Strait there was considerable resemblance in growth but with
Atlantic coast fish thére was considerable difference. Lea (op.
cit.) further noted that summer growth in Canadian herring begins
in the very late May or early June, :

Material used for racial studies included abdominal vertebrae,
number of keeled scales and number of rays on the dorsal and anal.
fins. These characters were slgnificantly different for material
from (a) Newfoundland, (b) Magdalens and Northumberland Strait, and
(c) Atlantic coast.

Lea's (1919) final conclusion based on studies of age, growth
and meristic counts was that four distinet groups of herring could
be identified and were located in (a) Newfoundland except St. George
Bag, (b) the southern Gulf of St. Lawrence including Magdalens,

(c) North Sydney, St. George Bay and Main-a-dieu, and (d) L'aArdoise,
Port Hood and lockeport. '

The only published information on the rate of growth of Bay of
Fundy herring in nature is that of Huntsman ?1919). He reached
tentative conclusions that spring-spawned fish reach g length of
about 9 cm by the first winter and about 15 em by the second winter.
Fall-spawned schools reach a length of about 124 em by the second
winter. Growth of about 5 ecm occurs in the third season and another
4 cm 1s added in the fourth season. The growing period is from May
to September. Huntsman's (op. cit.) conclusions wers based on
length-frequency observations as scales were found to he difficult
to read, :

MacFarland (1931a, b) in a study of Bay of Fundy herring
counted vertebrae of herring from Whale Cove, Seal Cove and Navy
Island. He found that the average vertebral count was lower in
Navy Island herring but had only 40 speeimens. Studies of fine
rays showed no evidence for racial divisions., He recognized 12
species of marine animals in the stomachs of %60 specimens. Length
measurements on 6,000 fish indicated two distinect groups in June--
16 cm fish at Grand Manan and 1% em fish in Passamaquoddy Bay and
he suggested that differences in the time of spawning might account
for this difference in size. He also suggested (without much
evidence) that there were separate and distinct groups of herring
in Passamaquoddy Bay. MacFarland (op. cit.) alsc carried on some
experimental studies. He attempted to hateh herring eggs at
temperhtures from 0°C to 30°C in multiples of 5°C. Development
was normal when eggs were incubated for 7% hours at 10°C and 15°C.
There was no development at 0°C and 5°C. At 20°C 29°C and 30°C
development began rapidly but the mortality was\léoﬁ.

MacFarland (1931a, b) indicated that the season of growth
extended into the winter and that herring reach a length of 19 cm
in two years. He noted, however, that the scales of Bay of Fundy
herring lack well defined winter rings and are useless for age
calculations. He suggested that "this condition is probably
closely correlated with the abundant food supply*. '

Huntsman (1917a) gave some figures for the growth of herring
larvae (6~8 mm long on September 19; 11-13 mm long on October 2;
17+ mm long on November.2§. ' '

MeNairn (1932, 1933e,b) studied races of herring in the Bay =
of Fundy 1n 1932. He showed slight differences in the number
of dorsal fin rays and keeled scales for spring herring in Kings .
County and in St. Mary Bay. He found fall herring in large numbers
about the mouth of the Bay of Fundy or along the Nova Scotia side,
while spring spawners were found in smaller quantity at the head of
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the Bay and at the head cf St. Mary Bay. Various samples of both
races (groups) were obtained and their scales compared with the
object of discovering any distinguishing racial characteristics.
The result was negatiJe.

Graham (1936) carried out an investigation of the natural
history of herring in the Passamaquoddy and adjacent regions of the
Bay of Fundy. This investigation was part of a larger study of the
effects that a proposed tidal power development might have on the
fisheries of the Passamaquoddy region, Graham (op. c¢it.) noted that
the young herring "sardine" fishery is partly dependent on extremely
local conditions. The fish first appear in the catches when about
12 months old in August. They are generalily segregated into_shoals
of similar length (within an age-group)s Certain areas tend to have
herring of particular sizes. The "sardine® region 1s poorly supplied
with herring fry rather than weXl supplied. Turbldity of the water
is the only physical factor found possibly rendering the region
Speciallﬁ attractive to herring. Puphausiids at the surface are
one of the stpiking features of the heart of the "sardine" region.,
The principal species of plankton animals (ThySanoessa, Calanus,
Sagitta) behave in a manner best explained by diurnal quiescence
and nocturnal activity. Large landings of “"sardines® in the "sardine"
region as compared with other places is partly to be explained as
due to especial ease of capture in that region, but it is uncertain
whether there is a larger population of fish. It isg clear that the
proposed dams aeross .the mouths of Passamaquoddy and Cobscook Bays
would make considerable havce of the exceptionally rich fishery
in their neighbourhood. The fishery inside the dams would almost
certainly be reduced to negligible proportions, since 1t seems de-
pendent on lmmigration. It cannot be foretold whether the total
effect on capture immediately outside the dams would be deleterious
or not. There appears little possibility of a wide-gpread effect
along the coast of Maine, or even seriously at Grand Manan.

Huntsman (1953) suggests that herring in the Passamaquoddy
reglon probably live for 10 to 12 years.

What was perhaps the most extensive study of the natural
history of herring in the Canadlan Atlantic was carried out under
the auspices of the Atlantic Herring Investigation Committee from
1944 to 1949, Preliminary reports on the results of these investi~

ations are contained in the following manuscripts: Day and Tibbo
19473, Tibbo and Day (1948), Tisbo (19%9a) Day (1954a,b), Day and
Tibbo (195%a), Tibbo (195%e, f, g, h) and Tibbo and Day’(1954), The
published results are contained in the following papersi Tibbo
(1949b), Tibbo (1950c), Day (1957a, b, ¢), Leim (1957a) and Tibbo
(1957b, ¢, d). ‘ )

Tibbo (1949b) obtalned some 149 samples of herring from 16
localities in the Gulf of St. Lawrence and conti ous areas, These
samples ineluded 28,2;8 length measurements 7,769 scales for age
determination and ?,kb? vertebral counts. ﬁe concluded that there
were 6 more or less distinct groups of herring which could be
identifled on the basis of slze, age; growth, year-class composition
and mean veriebral counts, They were located in (a) the estuary of
the St, Lawrence, (b) the Gaspe shore and Chaleur Bay, (c) the
southern Gulf, (d) the west coast of Newfoundland, (e) the south
coast of Newfoundland and (f) the southwest coast of Nova Scotla.
Adddtlonal samples ghilmined in 1949 {Tibbo, 1950¢) confirmed the
results of earlier work. o

L}

Day (1957a) described the popuiations of herring in the northern
Gulr of St. Lawrence. He compared growth and vertebral counts and
concluded that gwoe or more spring--spawning populations contributed
to the commercial herring fisheries in the estuary and the northern
part cf the Gulf of St. Lawrunce zn 1946, 1947 and 1948, Herring
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samples from Seven Islands and Ile Verte could have been drawn from
one homogeneous population, while those from Matane, Ffx River and
Havre St. Plerre differed from these and were indistinguishable
among themselves, Mean vertebral counts varied inversely while
rates of growth varied dircctly as the typlcal swmmer surface

water temperatura.

Accumulations of large, old spawning fish in the spring
fisheries particularly, and lack of a fishery for fat, recovered,
spent herring in the summer and fall months indicated that the
herring fisheries have a potential for further development.

Tibbo (1957b) described the herring of the Chaleur Bay area.
He stated that although catches of herring in Chaleur Bay approxi-
mate 20 million lb annually there 1is evidence that landings could
be incpeased. The present fishery is chiefly for large and old
fish. In Gloucester and Bonaventure Counties, where 74% of landings
are made the average lengths are from 28.2 to 3%.,7 cm and average
ages from 5.0 tq 8.8 years. Growth is rapid and practically all
herring in commercial catches are mature at the end of their fourth
year when they are from 23 to 27 cm in length.

The herring taken in Bonaventure County have lower mean
vertebral counts than herring in Gloucester and Gaspe Countlies in-
dicating that there are two populations of herring within the area.

In deseribing populations of herring in the southern Gulf of
St. Lawrence, Day (1957b) wrote "comparisons of -slze, age, maturity
and vertebrai data collected in 1946, 19%7 and 1948 suggest that two
Or wore spring-spawning populations contribute to the commercial
herring fisheries in the southern Gulf of St. Lawrence, Herring
from Shediac and North Rustico and those from the Magdalen Islands
and Chgtlcamp were drawn from different populations. Fall-spawning
herring in the area diftered from spring-spawning herring in all
characteristics except vertebral numbers. Lack of any appreciable
change 1in the size and ape composition of the stocks of herring in
the area since 191% indicates that the commercial fishery had not
reduced the level of abundance. Accumuilations of large, old fish
in the spring and fall suggest that the populations were being under-
fished. The greatest potential for development lay in the establish-
ment of a summer fishery for the fat herring".

In a contribution to the biology of herring on the Atlantic
coast of Nova Scotia, Tibbo (1957¢) wrote "A general study 1s made
of the length and age composition, rate of growth, sex, maturity
and mean vertebral counts of herring on the Atlan%ic coast of
Nova Scotia. Commercial catches consist chiefly of large, old
herring. Average lengths are from 31.9 to 37.3 cm and average
ages from 6.6 to 8.6 years. There are dominant year-classes in this
area but not to the same extent as in the Gulf of St. Lawrence.

The accumilations of very large and cld herring indicate low
mortalities, Spawning aggregations occur chiefly during the summer
months and in the area west of Halifax. Mean vertebral counts are
similar to those for summer spawning populations in the Gulf of St.
Lawrence but the groups are distinect geographically. Vertebral
count analysis suggests that there 1s a single, homogeneous
population of herring in the area".

[T vl -

Day .(1957c) showedwwhat water temperatures are inversely related
to vertebral number and directly related to first-year growth when
compared for different areas, different year-classes and different
ages of the same {ear-classes. These differences were considered
and related to water temperature.
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Tibbo (1957d) described herring populations on the south and
west coasts of Newfoundland. He ohbtained samples of commercial
catches of herring from Bay of Islands and Fortune Bay which showed
that the fish in these areas are larger (34.4 to 36,1 cm) and older
(10.9 to 13,0 yr) than herring from any ciher area on the east
coast of Canada. Thare is little ewidence of wide variations in
year-class abundance although for Fortune Bay in the samples taken
in 1948, the 1937 and 194k year-classes were particularly well
represented. Rates of growth are similar to the rates of growth
for herring in the southern Gulf of St. Lawrence, :

The herring fishery in Newfoundland is based on aggregations
of prespawning fish that appear in inshore areas during the late
fall and early winter. Sexual development is retarded during the
winter months and spawning occurs in May and June., The fish disappear
from'inshore areas after spawning. Herring taken in Bay of Islands
have lower mean vertebral counts (av. 55.521) than herring taken
in Fortune Bay (av. 55.772), indicating that the populations in the
two areas are separate and discinct.

In summarizing the results of the work of the Atlantic Herring
Investigation Committee, Leim (1957a) noted that new information
was secured on the distribution of the fish during the summer and
fall wmonths. Various methods of capture were tried and showed that
successful purse seining was restricted to a few areas. Other
methods offered. wider promise. Notable progress was made in the
study of populations and a good hydrographlc background was
established. A basis for future work was thus firmly established
and was built on by subsequent investigations by the Flsheries
Reseurcn Board of Canada.

Jean (1945) compared various features of herring from the
estuiry ana the Gulf of St. Lawrence. He showed that spring
spawners from the estuary of the St., Lawrence had smaller heads
than spring spawners from Chaleur Bay. He related this difference
to difference in water temperatures in the two areas.

Tibbo (1956b) described populaticns of herring in Newfoundland
waters from data obtained in l9£2, 1943 and 1944, The abstract of
tnls paper 1s as follows "fcur separate and distinet populations

of hérring nave been identified in Newfoundland waters. They are
located during spawning seasons in Bay of Islands, Fortune Bay,
Placentia Bay and Notre Dame Bay. They are distinguished by
differences in growth, "Diameter" of the scales at the end of the
first.year, and average vertebral counts, also by the length, age,
and yearmciass composition of the spawning aggregations. The
herring that are caught off the Labrador coast may be an older

and more migratory part of the population that spawns in Notre

Dame Bay. The number of vertebrae tends to decrease from south to
north in the Newfoundland area, which 1s the reverse of what is
found elsewhere, but temperature at spawning may increase from south
to north for these populations. The present flshery is chiefly

for large (32.4 to 36.% cm) and old (7.4 to 11.9 yr) herring and it
is evident that catches could be increased considerably™.

»

Jean (1956) made a study of spring and fall spawning herring
at Grande-Rividre, Bay of Chaleur, Quebec. He noted that two
Spawniang seasons of the herring occur at Grande-Riviére, one in
thewspring from May.deto June 30, the other in the fall from =
August 15 to Septemper 30. The temperature of water during spawning
ranges from 0,5°C to 12,9°C (mean ca. 7.5°C) in the spring and from
16¢g°c to 10°C (mean ca. 12.%°C) in the fall. Hatching takes from
32 to 35 days in early spring and from 10 to 15 days in early fall.
It 1s believedathat the differential rate of growth of larvae hatched
1 the spring, on the one hand, and in the fall, on the other, is

D14



- * L] T
v Ll

~14-

reflected on the scales. Scales of herring hatched in the spring
have a narrow lst growth zone. Scales of herring hatched in the
fall have a wide 1lst growth zone. From the scales the season of
origin of 7,817 adult herring from both spring and fall spawning
populations was determined and was confirmed by vertebral counts.
Herring with a narrow zone on their scales, believed to have been
hatched in the spring, have a high mean vertebral count. Herring
with a wide zone on their scales believed to have been hatched in.
the fall, generally have low mean vertebral counts. Both spring
and fall spawning populations of herring from Grande~-Riviere are
composed of approximately 52% of herring hatched in the spring and
at least .88 of herring hatched in the fall. The remaining hoé are
Sald to be of mixed origin, since no season of hatching could be
ascribed to them. The identical composition of the two spawning
populations is further confirmed by the fact that they have similar
mean vertebral counts: 56.68 in 683 spring spawners of the 1946-47
year-class and 96,67 in 353 fall spawners of the same year-class.

It 1s concluded that herring from Grande Riviere do not necessarily
spawn at the same season as the one in which they have been hatched.

Olsen (1959) studied mesh selection in herring gill-nets in
order to determine the bias that must be considered and adjusted for
in age and growth studies, He found that the selection curve was
fairly sharply peaked and slightly skewed to the right. Simultaneous
samples of catches taken by three different mesh sizes and ad justed
accordingly for the effect of mesh selection did not, in general,
differ significantly in length composition over the main range of
length-distribution.

In a study of the herring of the south and west coasts of
Newfoundland in 1957 and 1958, Olsen (1961) showed that there were
no great fluctuations in rela%ive year-class strength which
Indicated a failrly high survival rate from the age of recruitment
to the fishery. He found thut the rate of growth was higher than
that found by Tibbo (1956b) but that there was no significant
difference in growth rate between the south coast and the region
of Bay of Islands and Port au Port Bay. Olsen's (op. cit.) study
lndicated an unusual spread in spawning time with probable peaks
in spring, autumn and winter as compared with the period prior to
1950 when Newfoundland herring were apparently all spring spawners.
He suggested that this had caused changes in the traditional pattern
of distribution, which had been unfavourable for the herring
fishery and may also have resulted in an actual decrease in
population size.

Graham (1962) established a relatiaonship between growth, hatching-
and spawnlng season in Canadian Atlantic herring. In this investi-
gation otoliths were used to determine the hatching season of fish,
and the amount of lst-year growth. It was concluded confirming
Jean (1956) that the season in which these fish spawn was not
necessarily the same as the season in which they were ‘hatched, and
that the spawning season was influenced or determined by the rate
of growth in the first year. For the majority of herring, spring
hatching leads to spring spawning and autumn hatching to autumn
spawning. The remaining proportions are presumably made up of
tYast-growing, spring-hatched fish which become autumn spawners and
slow-growing, autumn-hatched fish which become spring spawners.

Das and Tibbo (1962) studied the growth of young herring in _
vaptivity, They noted*that herring preferred a diet of small
pleces of herring and 5-6 hundred fish were fed 500 gm twice daily.
Growth averaged O.% cm in 42 days and 3.0 cm in 89 days. This
increase in the size of herring in captivity was compared with the
increase in the average size of herring ecaught commerciall{ through-
out the period of* the laboratory experiments. Results ind cated
that growth in captivity was only slightly less than growth in
nature,
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Food gnd feed;gg of herring

Johnson (1935) undertook an investigation to determine what
factors make food available to herring and for this studied the
behaviour of the food and the feeding habits of herring. He
collected food at the surface only under different conditions of
light and at four different depths simultaneously under different
light conditions. Johnson (op. eit.) found that copepods were most
abundant at the surface during moonlight (moon % fullg and least
abundant in bright sunlight. The depth distribution of copepods
was related both to light and to slze--Jjuvenliles of a species being
closer to the surface than adults at any particular time. Regarding
the feeding of herring it seemed to Johnson that they undoubtedly

used thelr eyesight and that the size of the food was a determining
factor.

Battle (1935) specifically mentioned Calanus and Meganyctiphanes
as food of herring and Battle et. gl. (1935) Iisted, in addition
Pseudocaglanug elongatus Acartla clausi, Burytemora herdmani, and
Tortanus discapdatus as food organisms indicating that all of thenm
were taken by definite acts of capture.

Battle (193%) found the herring food scarcer in Passamaquoddy

Bay than outside and this was assoclated with the poorer condition of
the herring inside.

Fish and Johnson (1937) studied the distribution of plankton
in the Bay of Fundy and Graham (1936) commented on the prevalence
of euphausiids at the surface in this Bay. The fact that deep-water
planktonic forms were found at the surface was mentioned by Huntsman
(1938) as being one of the striking things about the Quoddy region
and though some of the herring obtain enough food to become very
fat in this area, neither the food or the herring are actually
produced locally, both being carried passively into the area by the
water currents.

Johnson (1940b) was the only investigator to compare the feeding
Of herring with water temperatures. He found that in temperatures of
8°C to 13°C they fed well but at 3.8°C and L4.5°C they ate 1little.
In these tank experiments he found they took the feed from below,
feeding where the light was best and ignoring the feed which
settled to the bottom. In outdoor tanks they ate throughout the

day whether clear or cloudy and on moonlight nights but not other-
wise at night.

Studying the vertical migrations of marine copepods under
natural conditions of light in the Passamaquoddy regilon and then
the stomach contents of weilr and gill-net caught herring Johnson,

Y. H. (1942} concluded that the occurrence of different kinds and
amounts of copepods in herring stomachs can be explained by (a)

time of capture of fish,(b) 1light conditions preceding this, (c)

the vertical distribution of both herring and copepods under
different light conditions and the rate of digestion in the herring,

Huntsman (1952b) showed that the turbulant waters of the Bay
of Fundy, rich in nutrients, flows out counter-clockwise intc the
Gulf of Maine where great piant and animal growth occurs. The
return currents carry this food intc the Bay of Fundy. This
supplies food for the-merring which are transported to, and con-*
centrated in cthis area,

somerville (1956) studying the food of sardines found great
fluctuations in the plankton volume due malnly to the abundance
of the copepod Gulanus which reached a peak in June and decreased
in late July and August. Plankton abundance outside was about 8
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times greater than inside Passamaquoddy Bay. Small. herring were
found to eat small copepods, crab larvae and eggs while larger
herring ate Calanus, Buphgusiids and Decapods. Feeding herring
were most numerons at high tide and the first hour cf ebb tide
and close to the Passages in countrast with the Bay proper.

Further studies by'Legaré and MacLellan (1959, 1960) confirmed
the reduction in plankton inside, ccmpared to outsilde, Passamagquoddy
Bay, and also demonstrated a slight decrease in the amounts in the
Passages. There was evidence that the herring were feeding in the
upper water layers with low feeding activity from March to August
and actiye feeding from September to November. The fat content of
the herring was found to be directly related to active fecding but
there seemed to be no relationship between degree of feeding =
activity and the amount of zooplankton nor any relationshlip between
the zooplankton volumes and the herring catch during a 10~year
period.

A number of investigators have reported on attempts to keep
herring allve for periods in captivity but Das and Tibbo (1962) 1in
reporting success in thls respect found that the herring fed
successfully only in the largest (6 ft X b ft--650 gal) tank of 3
stzes used. Maintalning a clean tank and artificially illuminating
it on cloudy days seemed to encourage feeding and reduce the
mortality rate. Of &4 diets used, %a) mussels and cat food, (b)
poultry feed pellets, (c) squid and (d) herring, tiny bits of
herring were preferred to all others contrary to a preference found
for squid by other investigators. Water temperatures ranged from
9.0°C to 14%.3°C from Jwie to September. During this period the
fish were fed twice daily. From mid August to mid September a
significant rise in water temperature occurred and there was a
decrease in the intake of feed.

Digestion and fatness

Battle (193%) established the relation between cleariung time
and temperature showing feedy fish become clear in 8 hours at 68°F, ,
while it required 32 hours at 43°F. In some weirs at Deer Island
herring obtaln enough food while in the weir to remaln feedy, but
this situation 13 unusual,

The digestive enzymes of herring were investigated by Battle
(1935) also and she found that the crustacean food became completely
broken down by the time it reached the pyloric sac. She also be-
lieved the acldic condition of the gastric contents was probably
instrumental in the reddening of the chitinous food in the >
intestinal tract, '

In carrying out investigations re fatness digestion and food
of Passamaquoddy sardines, Battle et. al. (1938) found the fish to
be iat in every part of this region. %Eé fish did not eat in
darkness but did so in light as weak as moonlight always moving
towards the light in the act of capture.

Gastric digestion required 25% hours at 6°C and 6~7 hours at
20°C for herring 1%-16 cm long.

The fattest herring were found to contain the most food and
ti®s of the largers#nds. Correlation was imperfect between fatness
and total quantity of food present locally as well as the local
degree of concentration of the food,

Herring were mainly in the upper water layers in summer and
near the surface when the light intensity was low and good
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correlation was fcund betwecn fatness and the quantity of rood present
near the surface in a particular localiiy.

Where herring contain much food after moonlight nights, foud
organlsms were found to be more abundant near the surface at night
than in the sunlight. Greatest concentration of food was found in
the passages and near shoals where thorough witer mixing occcurs.
Deepwater forms from the Gulf of Maine were found at the surface 1in
the passages at the wouth of Passamaquoddy Bay at all times of day
and this was correlated with the presence of the fatfest herring,

Leim (194%3) confiruwed the tatness of Campobello herring by fat
determinations. Fat values for "sardines® over the area runiged from
6.1 to 20.,3% of the wet welght. 1In general, large fish were
fatter than the smaller ones within the same sample. While there
was great varlation from year-to-year, fall and winter fish were
fatter than spring and early summer ones. Subsequent but unpub-
lished determinations by Leim did not substantiate the claim that
Perry Shore fish were always very poor.

Johnson, WeW. (1942) using a rapid method for fat determlination
(modified Gerber reagent) found a fat content of 10.5% by extraction
and 10.5%¢ by the digestion method.

Investigating the fat content of herring in the Gulf cf ut.
Lawrence, t he outer lNova Scotla coast and the south and weut coasts
of Newfoundland from 1944 to 1949, Leim (1954%b, 1957b) found it to
vary from 4.1 to 17.4% of the wet welght of the fish., This coatent
was found to be lowest in April and May and highest in July und
August. Spring spawning fish retained thelr fat later into the
fall than the autumn spawning fish. No difference was founi in
the content of males and females.

Determining the fat content of Passamaquoddy region sardines
by ether extraction during 19%2 to 1952, Leim (1958b) found &
variation of between 1,29 and 27.9% of ihe wet weight of the fish,
lowest in April to June and highest from August to November as a
rule. Significant variations occurred from yYear-tc-—-year--the
herring being extremely fut in the winter of 1942..43 and quite
poor the following winter. Certain regions are noted for very
high fatness values. Futness increased with size until the sardines
reach sexual maturity.

Behaviong including miygrations

(a) Tempergture. The mixing in Passamaquoddy Bay produces
quite uniform water conditions from surface to bottom and the fish
found 1in this area are those that inhabit cool water--cod and herring
(Huntsman, 1931), Investigating water temperatures in this area
Huntsman found that, coupled with dry summers, there was warmer
water "(one to several depgrees)" which reachadaclimax in 1930.

At the same tlme there was a scarcity of groundfish, squid and
sardines. Large schools of young poliock occurred along sliore

fair catches of mackerel in a few places and dogfish were plenilful
untlil early November. These changes in the fishery were correlated
wlth the warmer water.

Though present in varying quantities all year few sardines
ardmtaken in wintene.da weirs in the general Passamaquoddy regiom.
Huntsman (1933a) indicated that this was due to the fact that
they were sluggish or "lopgy" at this time of year and showed Ly
means of graphs that the catch was lowest in the 3 coldest months
and highest In the 2 warmcst months, conecluding that the warmer
the water the more active the fish and the greater the catch.
Comparing water temperstures and catches in 1925 and 1926 Huntsman
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showed that in 1925 the water waried up early and cooled ort oy
compared with 1926; corrcupoitdingly the cuteir 1n 1925 be an early and
ended early compared to Luld.  Ir 1927 the season was colder almost
throupghout than 1928 and the nonthly catches were nearly all higher
in 1928 than 1927, Comparing vernsl warming in the various Jdis-
tricts vs catches Huntsman (1933a) concluded that here aprain
dlstricts that warmed e¢arly had good spring tisheries whercas those
that warmed slowly did notl. ‘The drop after May each year wus
attrilbuted to the herring feoding actively and bveing out urf the
shore where food was nore abuniiant--that 1s vut, clear of the weirs.

Huntsman eoncludcd in an unpublished report (undated a) that
there was no sharp temperatnre limits for herring due to apre und
race varlations but thut helow 6eg might be conslidered unfavourable,
with 2°C decidedly 50, and o the upper side 12°C 43 unfavourghle
with 16°C distincetly too warn. This corresponds with what is known
of the behaviour of herring in Canadlan waters, for in the shallew
central part of Northumberlind Strait a compuratively luyrge fishery
15 1lmited to a period of sbout o month in the spring (April-May)
when temperatures inshure become warm enough ror gpawnirg, shortly
after, the water from surfhce to bottom becumes too woarm .l the
herring nove out, By autumn they are too far away to be withla
reach when they conprepgate tur autumn spawning and they do not
retiurn when the water coolsy sultubly,

Northward and egstward in deeper, cooler more open walers, a
fall Tfishery merges with thuat in the spring to bring about onc
continuous fishery lasting from about April to November with the
heaviest fishing in the warmest manths rather than spring and tal).,

Un the outer exposed cousl of Nova Scotigy, Huntswman, in the lore-
£olng repurt, indicated that the season lengthens and on rotding
Cupe Sable it increases still wore as far as Digby. However, rrom
Lhere Lo the head of the Bay of Fundy 1t shortens beling finain
restricted to the Spring when foirly warm summer water develops from
Lhe surfuace to bottom -t ti head of the bay. Across from Dighy
In Charlotte County there i o ishery practicully all yeur, for
the waler never becomes too warm or too cold for herring in the
outer waters of thisg connty.  Tnside Passamuquoddy Bay, however,
the tlshery 1s arfected siTihitly by high temperature and distinetly
50 Ly low temperaturcs. Welrs situated well inland tish in the
Spring months as at the head of the Bay of Fundy und in Northuwm-
berland Stralt while herring are ubsent generally from Passamaquoddy
Bay 1n the coldest months.

Summarizing nis intormation on herring und water movements
Huntsman (L93%) indicated thiat welr catches of herring were
determined by temperature, rocding, light, encmies, and tidal
currents bt these were not believed to move herring any considerable
dtstance.  This Investipator considers herring to Le planktonic in
behaviour with no purposcerul mipgriations, beins uffected by
Jirferential movements or Lhe waler layers sol up Ly fresh water
inflow,

Preiiminary studies in toanhs suggest that herring on the
Atianlic coast of Canada occupy ulmost the complete range of
Lemperiatures allowable within theirp range of resistance to both
low -l hileh temperature eXtremes (Brawn, 195, 1960c). At the
approprlate season herring hove an upper lethul temperature of
19.5°0¢ Lo Nl.0°C according Lo size and can survive exXposure to .
LetPratures below -1°, at le.st ror a short pericd. Along the
Chonadia Atlantic coust herring huve been taken in water ranging
from oeC Lo lue¢ or bractically the whole range of temperatures
withiln which they can survive.

A
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(b) Salinity. Experimenting on the resistance of herring to
water of low salinity Brawn (1959, 1960d) found that 10 to 24 cm
herring, when tested at temperatures mainly between 4%°C and 8°C,
could s{and salinities down to 5% for 4 weeks with but low
mortalities.

(¢c) Pregsure. Brawn (1962) investigated the physical pro-
perties and hydrostatic functlon of the swimbladder of herring 11 to
20 cm long from Passamaquoddy Bay, N. B.

Herring assumed to have adjusted to the total pressure of 78.6
cmbg at the bottom of the holding tank had a mean slnking factor of
1003, density of 1.026 g/ml, percentage volume of swimbladder of
4.2 and relative sensitivity of the swimbladder of 0.8. Such fish
had neutral buoyancy when the pressure was reduced 5.5% on the average
from the pressure of adjustment. The mean excess pressure of the
swimbladder gas was 1 cm Hg. Gas release through the posterior
swimbladder duct occurred at a mean pressure decrease of 6% in
rapldly swimming herring, at 3274 1n moderately swimming fish and
brought the herring to within 19% of perfect adjustment to a new
reduced pressure within half an hour. Herring could compensate for
their increased buoyancy during pressure decrease until this was
reduced by gas release. Decompression at rates up to 123 ¢m Hg/sec
was not fatal after 16 hours at the greater pressure. No recovery
of buoyancy after gas loss occurred in herring held 24 hours in
running sea water even if fine air bubbles were present. Recovery
occurred 1f theee fish had uccess to the surface. Gas production
by bacterial activity as a means of restoring buoyancy was not
established. Herring responded to rapid pressure lncreases by
swimming upwards. They could compensate for their lncreased density
followlng pressure increase of 300 and survive increases of 4304.
Herring from 10 to 25 fect depth at sea were positively buoyunt
at surface pressure when gnaesthetized. Thus, in nature herring
are adjusted to pressures greuter than surface pressure. It is
suggested that they take in air when feeding at the surface at
night and slowly pass this to the swimbladder on returning to
greater depths by day.

(d) Currents. Huntsman (193%) concluded that herring behaved
as plankton and were shifted from place to place by superficial
waler movements set up by the wind. 8pring freshets or heavy rains
result in water of low density in the middle of Passamaquoddy Bay
moving to localities of deep mixing carrying the herring to the
so-called "spring weirs" irrespective of time of year. With
reduction in fresh water outflow in the autumn or about 2 weeks
after a heavy rain the process reverses and the herring are moved .
to the estuaries and big catches are usually made in the "fall weirs".

In discussing the probable effect of dams across the mouth
of Passamaquoddy Bay on fisheries, Huntsman (1938) pointed out that
it was incontrovertible that exceptionally great numbers of herring
were in the Passamaguoddy region, that they obtalned enough food
to become very fat and that neither the herring or their food were
produced locally but were carried in passively by the currents while
the young produced south of Grand Manan were carried away. As a
result it was concluded: that the Bay of Fundy and the outer Quoddy
reglon would not be any less favourable for the herring which were
produced beyond the influence of local conditions. However, while
the effect would not be a serious one from the dams out as far as
Grend Manan or alofff™the Maine coast it would reduce the fishefy
inside the dams to almost negligible proportions,

Again in 1952 Huntsman (1Y52b), writing on the production of
life, 1n particular herring, in the Bay of Fundy pointed out that
visual observation (herring live near the surface in swmmer) and
various kinds of fishing showed herring to be exceptionally abundant
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in the Passamaquoddy region with the local point in their abundance
at the entrance to this bay.

Because of their habit of keeping to the surface in summer
the herring were drawn nto the Bay of PFurndy from the Gulf of Malne
by the St. John River mixing. They were then believed to be
carried from the stratified water of the outer Bay of Fundy to the
mixing places just outside and in the entrances to Passamaquoddy Bay.
The Corlolis force ensures slow circulation of the water into
Passamaquoddy Bay through L'Etete Passage which is on the right
golng inward. Inside the Bay extensive mixing of the stratifiled
water near the shore from the middle of the west or inner side to
the head, takes such surface forms thitherwards and thus holds and
concentrates them iln Passamaquoddy Bay. )

As the herring grow larger they go deeper and tend to be
carried from the mixing places to the centre of the Bay and thence,
in the outward movement, which from the action of the Corilolis
force is through Head Harbour Passage on the right going out.

The larger the herring grow, the farther out they are distributed
on the whole, until as adults they are almost entirely outside
Grand Manan éuring the summer.

Huntsman (undated b) in an unpublished report discussed
rheotaxls in the capture of herring. He showed that "bar weirs"
capture herring as they swim against the current. Collecting along
the downstream side of a bar over which a strong flood tide current
sets, they move into weirs on the upper side when a weaker current
in the same direction develops in an ebb-tide eddy at the same
polint. This explains the location and concentration of welrs on the
shores of the islands that foim an archipelago across the moutn of
Passamaguoddy Bay.

Brawn (1959, 196Ca) observed the behaviour of herring in a cage
at sea by underwater television. When lowered 1n the water in the
cage at about 9 cm per second, the herring descended by sinking
while swimming horizontally. At 39 m herring which had been lowered
from the surface swam normally and responded to currents under
artificlal light. They rose towards the surface by swimming
vertically. Herring responded to real and apparent currents
greater than 3-9 cm’sec by swimming upstream at a rate in excess of
the current speed until their maximum swimming speed had nearly been
reached. Maximum swimming speed varied from 91 cm/sec for groups
of mean length 15.2 cm to 143 cm/sec for fish 26.7 cm mean length
(end of head to longer lobe of extended tail). This maximum
swimming speed 1s the greatest speed that 504 of the fish group
could maintain for 1 mimute after swimming for 9 to 30 minutes at
the rate shown by excited fish.

(e) Light. In studying the effects of light on herring move-
ments Johnson (1940a) found the fishermen spoke of their weirs as
"morning" or "evening" weirs, the light from the sun when it is low
governing whether the flsh enter or leave the welr, since they are
attracted towards the light.

After determining the depth of the herring in the weir under
different light conditions with a hydroscope by day and gill-nets
set at difrerent levels by night he summarized his results as
follkews: In the ahseace of appreclable light, 1.e.; moonlight ,.
starlight, cloudy and foggy nights as well as the weak light of
dawn and dusk all sizes were found within a foot of the surface.
However, once the sun rises, then the higher the sun in the sky
and the larger the fish the deeper they are found--e.g., at mid-~
day in June, 148 cm sizes were at 10 ft deep or deeper, 19-23 cnm
fish were decper than 10 ft,
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In experimental tanks (Johnson. 1940a) all sizes were found at
the surtace from time to time at night but when sunlight illuminated
the entire surface they went to the bottom.

Brawn (1959, 1960bL) studied tne diurnal vertical movements of
herring through examining echo.sounder records made from 19%7 to
1958 on schools of immature herring 12 Passamaquoddy Bay. Because
of boat depth, sound dowe, etc., the records gave no information re
presence of herring in the 4.3 metre surfuce layer and hence this
zone was omltted from the calculationse.

Herring schools showed diurnal vertical movenents, belng closer
to the Surface by night than day during every month of the year.
From May to December the median deptii varied from 9.1 m to 13.4 m by
day and from 6.4 m to 7.9 m by night. From January to April the
schools were deeper in the water by day with a median depth of 25.3
m to 38.4 m, though st1ll rising towards the surface at night to a
median depth of 1) m in February. No correlation was found between
the mean solar radiation for the daylight hours and the median depth
of herring by day in each month. Between 2°C and 4-7°C there was a
significant inverse correlation between water temperature and the
depth of the herring by day but as temperature increased above /7°C
to 12°C there was no further decrease in median depth.

(t) Sound. Tibbo (19%7a) described experiments and presented
arguments to show that the use of echo sounders on boats does not
affect the behaviour of herring. '

Continuing the investigution of the effuct of various noices
on the behaviour of herring, Brawn (1959, 1960a) observed their
reaction to boat noises, pumps, and engines of different types and
horsepowers. Direct observations were made as well as through the
use of echo sounders and underwater television. In all instances
the response was obtained only when the engines started following a
period of silence. Such responses were always of short duration.-
probably never exceeding 30 seconds after which the fish returned to
thelr former pattern of behaviour, that is, heading into the current,
feeding or just swimming slowly even though the noilses continued at
the same intensity. Sudden noises were thus more effective in
startling herring than continuous noises or those gradually in-
creasing 1n intensity as a boat approaching from a distance. There
was nothing to suggest that normal behaviour patterns were dis-
turbed by fishing activity.

(g) Migrations. Lea (1919) was able to show that herring on
the Atlantic coast of Canada exhibited very striking differences
from one loculity with another and it was thus obvious that there
were separate groups of herring which intermingled to a limited
extent or not at all.

In a study of the distribution and movements of .the herring

of the Bay of Fundy MacFarlana (1931la) wrote "The fish do not
remain in one locallty many days, €agsy 2-year olds come inshore
early in summer and gradually move out to deeper water as the
Séason progresses. Young fish continually appear all sumner ;
hence fish of nearly all ages up to maturity are found in the Bay
of Fundy practically all the year. Individual schools tend to
separate--younger fish in shallower water and older fish in deeper
water®.

-~ . JPRRS -
Tibbo (1952b) discussed the migrations of herring 1in the
North Atlantic. Both vertical and horizontal movements were con-
sidered and he noted considerable differences between day and night
drift-net catches in the Gulf of St. Lawrence and pointed out that
these diurnal m¥grations, which often put the herring into water
layers moving in different directions, may thus further their
hortzoncal dispersion.
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Of the 2,375 herring tagged internally in June 1948 at the
Magdalen Islands, 1,860 were green celluloid tags and 515 were
silver-plated steel. Nine of the former were recovered, 8 within
a few days and 1 almost 2 years later, all locally. None of the
others were recovered.

Continuing the discussion on migrations (Tibbo, 1952b) showed
that there were 6 separate and distinct populattons of herring on-
the Atlantic cogst of Canada on the basis of morphological
characters. Direct tagging of these was not carried out.

Most of the commercial fisherles around the Atlantic coast
of Canada are based on spawning schools (except in the Bay of
Fundy sardine fishery) which collect in various shore areas, spawn
and disappear again. Practically all of the fishing is done within
the surface layers but there is no particular relationship between
the herring distribution and the surface water movements. However,
there is some indication that the adult herring after spawning move
for the most part in the direction of the current but later in the
opposite direction, possibly in conformity with the evidence which
shows a positive correlation between abundance of plankton and the
quantities of herring captured.

During 1957 and 1958, 137,469 "sardine"herring ranging in mean
total length from 9.9 to 20.0 em and in age from 1 to 3 years were
tagged in the southern Bay of Fundy and northwestern Gulf of Maine
(McKenzie and Tibbo, 19585 McKenzie and Skud, 1958; McKenzie and
Tibbo, 1959b, 1961). :

Recovery of 3,582 (2.6%) of the tagging showed herring to move
in and out of Passamaquoddy Bay lrregularly throughout the summer
and autumn with some tendency to concentrate at the head of this
Bay. Outward movement reached a peak in July, considerable move-
ment being eastward towards Point Lepreau, Herring moved into
Passamaquoddy Bay from as far south as Grand Manan and as far east
as Point Lepreau., Little interchange with Nova Scotia or Maine
occurred. The greatest straight-line distance from points of
release to recovery was 55 miles. More than half of the recaptures
were within 2 miles of the tagging sites and 2/3 within 5 miles.
About 28% of the recaptures were made within 1 week of tagging and
63% within 2 weeks. The average time from release to recapture was
12 days in 1957 and 17 days in 1958 while the longest time was 165
days. Drift bottles released with the tagged herring showed no
apparent relationship between herring movements and surface drift.

Enemies of the herring including disegse

Huntsman (1933b) referred to unusual condltions which for a
Year or two had allowed mackerel to invade the "sardine" area. He
refers to the water movements carrying fry to and large herring
away from Passamaquoddy Bay which he considers to be an important
nursery area for herring. He states that the cold surface waters
usually keep the mackerel away but during the previous two summers
mackerel schools invaded the area. He consliders that the mackerel
reduced the supply of herring by eating the small ones and
scattering the larger ones. However, he does not present any data
for this phenomenon which is apparently speculation and fishermen's
views.

. b
HAuhtsman (1934) ReMtions silver hake, mackerel, dogfish and
squld as herring enemies. Graham (1936) states that fishermen
believe dogfish and silver hake keep the herring penned up in
some areas.
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The first detalled account of a disease of herring on the
Canadian Atlantic coast was made by Cox (1916). This report covered
the epidemic which occurred from mid June to mid July, 191%, in the
west and north part of the Gulf of St. Lawrence (especially Chaleur
Bay to Northumberland Strait) and during April in the waters
surrounding Newfoundland.

A sipilar phenomenon occurred in 1913, but earlier in the year,
and it was also learned from the fishermen ",..that sixteen years be-
fore (1897-98) a similar run of diseased fish had visited the coast...".

Schools of herring crowded into very shallow water and the
disease was most evident on the caudal third of the body. Cox (op.
cilt.) described both the macro and microscoplc appearance of the
diseased fish and attributed the disease to a member of the

Myxosporidia which are propagated by means of spores,

In 1930-31 a serious outbreak of a disease occurred amongst
herring in the Bay of Fundy. M?Gonigle (undated) examined a large
female herring from Bear River and found that it was apparently
affected with the disease, Alley (1930) described the progress of
the disease in Passamaquoddy Bay throughout the summer of 1930 and
discussed variations in the degree of infection amongst various
%roups of fish taken from the same and from different weirs, Alley

op. clit.) showed that the disease took a very erratic course with
no tendency to increase or decrease towards the end of the summer
and that large and small fish were affected to the same degree., In-
fection varied from 5% to 264 throughout the area and season.

Lelm (1956a) reported an outbreak of disease with widespread
mortality in the Gulf of St. Lawrence herring stocks in 1954% and
concluded that the mortality was due to Ichth oridi %o{eri, a
parasitic fungus known to affect herring. Leim (op. cit.) examined
the internal organs of herring and found that the internal organs
contained white pustules on and within the muscle of the heart
ventricle, and that the liver, spleen and gonads were also affected.
Superficlally no punctures of the skin were noted but underneath
the skin whitish patches of the fungus were often found. Leim (op.
cit.) further noted that the diseasod herring behaved abnormally.-
the f'ish were lethargic and were swimming close to the surface in
day~time. Their reaction to g dropped stone or g dipnet was slow
and weak., Occasionally a fish would turn on its side; sometimes
one would gulp at the surface and then slowly setile to bottom.
When any of these fish were caught and the heart exposed immedlately,
the ventricular heat was either feeble or lacking. Mechanical
stimulation elicited very little response. In some cases the
auricle continued to beat. :

Tibbo and Graham (1963) studied the changes that took place
in the Gulf of St. Lawrence herring stocks following the disease
epldemic of 1954.56, They showed that herring landings in the
Chaleur Bay area of the Gulf declined from 25 million 1b in 1947 to
12 million 1b in 1959, Thisg decline was attributed mainly to lower
.levels of abundance resulting from the disease. They compared
Bilological data taken in 1946-48 with similar data taken in 1960.61
and showed that although mean lengths of herring were unchanged- -
mean ages had decreased, growth rates had inereased, fewer year-
classes were represented in the commercial catches and relative
abundance of autumn-hatched herring had increased. They furthere,
note#~that sampling MM 961 showed some evidence of a partial re-
turn to pre-epidemic disease conditions.,

Environmeggﬁ; studies

Huntsman (1952a) in writing of how Passamaquoddy Bay produces
sardines polnted out that the rich waters of the Bay of Fundy
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produce abundant food in the Gulf of Maine. These waters, along with
the tiny herring, are transported back into the Bay of Fundy and
thence to Passamaquoddy Bay, where they are held and the fish grow

to sardines. Large sardines congregate in the entrances to Passama-
quoddy, feeding on deep water forms of plankton. Huntsman also
indicated that the mechanism that brings the small herring to the
Passamaquoddy region also keeps out the large herring, cod, pollocl,
mackerel, silver hake and squad. - :

Hachey (1957) discusses the oceancgraphic factors relative to
the sardine fishery 1n the Bay of Pundy area. Consldering wind
effect this investigator shows that southerly winds cause a resultant
movement of deeper waters out of Passamaquoddy Bay, while winds
other than these cause a resultant movement of deeper waters into
Passamaguoddy Bay. This feature no doubt has a bearing on fish
feeding at random. In the St. Croix River wind direction is of
considerable importance in distributing the surface waters around
the Bay.

As the tidal amplitude in Passamaquoddy Bay increases from its
low of 1% feet to the high of 28 feet,more and more water enters the
Bay from outside and, if sardines are considered as plankton, more
of them will be transferred into the Bay at such periods provided
they are in the water layers above the threshold to the Bay.
Similarly, fish within the Bay will have a greater tendency to be
carried out when the amplitude 1s decreasing. The difference 1n
water transported as betwsen springs and neap tides amounts to
about (28-1& X 100 X 5280< = 39,029,760,000 cubic feet) 40 billion
cubic feet. The tremendous upheaval in this water as it goes
through the passages brings deep-living forms to the surface layers
as food for the herring.

’

The time of tide is also important because of the vertical
movements of the herring in relation to light, for example, 1t will
determine whether or not the fish are at depths above or below the
threshold to the Bay at the time of incoming tide. Similarly by
governing the depth it controls their availability to the shore weirs.

0f temperature and salinity the former is probably the more
important for it determines whether the fish are active or sluggish
and this in turn will to some extent determine their depth. Except
for the greater depths the lower tcmperatures of winter are possibly
responsible ror herring not remaining in the Bay during the winter
monthis,

As part of the Passamaquoddy investigations, Tibbo and McKenzie
(1959) carried out correlation studies to discover whether any
relationships exist between seasonul or yearly ylelds of sardines
in the Quoddy Region and various environmental factors. They were
unable to establish any consistent correlation between catch and
such factors as river discharge, wind speed and direction, air and
Sea temperatures, salinities at various depths, plankton, and cloud
cover. Perhaps this was not surprising in view of the extremely
variable market demand for herring in the Bay of Fundy area and the
fact that weirs and bar or stop seines are only efficacious on the
fringes of their distribution.

Explorations for herring

Cowie (1917) repdt®d the results of herring fishing operatidhs
in 1916 using the steamer "Thirty-three®. Drift-net fishing was
carried out in George Bay in the southwest Gulf of St. Lawrence und
on the open Atlantic coast from Cape Smoky to Halitax, and westward
to Shelburne County. The period of operation was from early May
to lute August. Prom 9 to 55 herring nets 2% inch stretched mesh
were usced and up to 8 mackerel nets., Catches up to 155 baskets
of herring and 3,750 muckerel were made. Cowie's (op. €it.)
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report is optimistic for the development of a drift-net fishery for
both herring and mackerel. The report contains many detalls about
size, quality and seasons for herring.

In 1920 Cowle also reported the results of drift-net fishing
operations in 1918 using the steamer "Thirty-three". The results
confirmed the work of 1916 in that a successful drift-net fishery
could be carried on along the coast of Nova Scotlia in spring and
early summer. Ca:ches of 40 to 60 bbl of herring per night were
recorded. From July 6 to 20, 264 bbl were taken between Magdalen
Islands and Cheticamp. In spite of this, however, Cowie (op. cit.)
recommended that the use of the “Thirty-%hree" be discontinued as a
successful fishery could only be assured by a fleet of several
vessels working together--the one acting as a guide to the other in
locating and keeping in touch with the moving fish.

Desbarats (1920) reported the results of drift-net fishing
operations in 1919. Operations began at the end of May and ended
in mid-September. They caught 17,530 lb of mackerel from May 27 to
June 10 between Cape Sable and Cape Canso. From June 13 to 25,
25,795 1b of mackerel were caught between Inverness County, N. 3.,
ané Prince Edward Island. Fishing off Halifax from July 6-9
resulted in a total catch of 12 bbl of herring. In Chaleur Bay
from August 8 to September 15, 184 bbl of herring and 1,500 1b of
mackerel were taken. v

Tibbo (1950a, b), Leim{1lY54a, c), Tibbo (195%a, b, c, d), Day
andTibbo (1954b) and ieim et. gl. (l9§?) described %he work of the
Atlantic Herring Investigation Committee 1n exploring for herring
in the Canadian &tlantic from 1945 to 1950, This work was carried
on with echo sounders and various types of fishing gear. The most
massive echo-sounder recordings (Leim, 195%a)} were made in the New-
foundland area 1n the autumn, winter and spring. Extensive recordings
were also obtalned in the Bay of Fundy in mid winter and in Chaleur
Bay in the spring and autumn. Tibbo (1950b) described varlous
attempts to catch herring with a mid-water trawl. No substantial
landings were made although occasionally good catches were made but
lost when the net burst. Leim (195h¢) summarized the results of
bottom-trawl fishing by the M.V. Harengus in 1948. No significant
catches of herring were made. Tibbo 219303) reported on explorations
for herring 1in l9ﬁ9 in the estuary of the St. Lawrence, the Mag-
dalen Shallows and Sable Island Bank. Very few herring were taken
in any of these areas. Only one catch of 5,000 1b or more was
recorded from Sable Island Bank over a 3-month perilod.

Day and Tibbo (1954b) described gill-net experiments to
determine: (a) the vertical distribution of herring, (b) the
horizontal distribution of herring as related to water temperatures,
and (c¢) gill-net selection. Results showed that except on two
occasions all successful fishing was done within a surface layer of
water which was well defined at all times and extended from 10 to
75 feet in depth. Catches were good when the surface temperature
was less than 16°C. Above 16°C catches were insignificant. The
experiments showed that a definite and direct relationship exists
between the size of fish caught and the size mesh of gill-net used.

Tibbo (1951a) and Tibbo and Soilows (1953) described drift-

met. fishing expendwments that were carried on from 1950 to 1992
inclusive. They found herring to be abundant in most of the south-
western poartion of the Gulf of St. Lawrence throughout the period
May to Seotember. The average catch per net per night was 136 1b
for nets 374 yd long X 150 meshes deep and 300-L00 1b for nets

37% yd long X 360 meshes deep. The largest catches were assoclated
with abundant plankton (chiefly Calanus%. Best catches were made

at night with relatively low temperatures. They found echo sounders
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to be an excellent but not infallible guide to good f'ishing. Fat
contents of herring increased from 3.5 to 11,04 from mid May to

mid June. They concluded that a drift-net fisher{ was economically
feasible in the Gulf of St. Lawrence only 1f the luanded value of the
catch was 3 cents per 1b or more. Tibbo (1956a) described drift-
net experiments in the Newroundland area in 1956. The results were
insignificant. . '

Tibbo (1952a) described bottom-irawling experiments by the
"L11 Abner" in the winter of 1952 to catch sardines in Chariotte
County waters. The gear used was a $-35 yankee trawl with a small
mesh codehd. Catches varied from 500 to 8,000 1b per tow and 50,000
1b were landed in 5 weeks. :

Tibbo (1954%a) described explorations for herring in the Scotian
shelf area from 1950-52 using drift-nets and bottom trawls. The
"Marion Crouse®™ made one trip (15 tows) to Emerald Bank and Sable
Island Bank and caught 1,216 1b of herring and 5,200 1b of other
species. The "Point Pleasant" made 9 trips (275 tows) to the Nova
Scotia banks. The total catch amounted to 11,966 1b of herring and
104,225 1b of other species., Associated investigations included
temperatures, food, light, weather and echo-sounder recordings.

Tibbo (1956a) and Tibbo (1959) recorded the results of drift-
netting for herring along the south coast of Newfoundland., Com-
merclal catches of herring on the south coast of Newfoundland hed'’
declined from 80 million 1b in 1946 to negligible quantities in 1457,
Drift-netting was carried on in 1956, 1957 and 1958 in an attempt
to locate stocks of herring which supported these fisheries. During
the summer months quantities of herring were taken in Fortune and
Placentia Bays but were too small to be of commercial importance.
However, in April, May and June good catches were made in Hermitage
Bay. It was recommended that the drift-net method of fishing be
extended to other areas along the south coast of Newfoundland during
the late spring and early summer,

Tibbo and Brawn (1960) reported the results of explorations for
herring in the Bay of Fundy and Gulf of Maine during the International
Passamaquoddy Fisheries Board's investigations of 1956-59. These
explorations were carried out chiefly in offshore areas of the
Quoddy region but some work was done on Georges Bank and in the
Kennebecasls and Long Reach sections of the Salnt John River. Gear
and equipment used included bottom and pelagic trawls, balted long-
lines, gill-nets and acho sounders. The most significant results
included the discovery of a large spawning population of herring
on the northern edge of Georges Banlk and the echo-sounder recordings
of large schools of herring within the Quoddy region. The density
of herring in a school (1 1b of herring per 5-6 cu fit of water) was
calculated from purse-seine catches and frequently schools con-
taining 50 million 1b or more were recorded. The overadl results
suggested that the average annual catch of about 7% million 1b was
small as compared tc the total population.

Economicg

Gordon (1955) carried out a study of the economic factors in
catch fluctuations for the principal commercial specles of fish on
the Atlantic and Pacific coasts, For Atlantic herring he concluded
that approximately 68% sadwthe variations in the annual catch was diu
to changes in the general level of effective demand in the economy.

Doucet (1959, 1960) reported the results of an economic survey
of the herring fishery of Charlotte County, N. B., conducted in
1957 and 1958, This report contalns (a) a detailed account of the
capital investment and income position of the fishermen who were
engaged in the herring fishery during the vyears 1956 and 1957; (b)
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some evaluation of the economic effects which the construction of
hydro-electrie bower dams in Passamaquodqy Bay would have on the
herring fishery of the area,

Except for a small complement of men employed on purse selners,
draggers and a few other modernized fishing craft, the fishing
activity of Charlotte County fishermen is largely confined to in.
shore operations, As a result, the primary fishing industry is not
highly capltalized., Average net incomes are also low compared with
those brevalling in other industries, even with those derived from
a number of fisheries elsewhere in the Maritime Provinces, Incomes
from the weir fishery are particularly uncertain, in view of the
wide fluctuation in yearly catches and the high, rigid operating
costs, In contrast with weip fishing, purse seining has proven- to
be an efficlent method of fishing in the reglon, and holds consider-
able promise for the improvement of earnings in the herring fishery.

It 1s expected that the construction of the proposed power dams
would add to the cost of maintaining and operating weirs in Passa-
Daguoddy Bay, thereby reducing returns to owners and fishermen in
this segment of the industry. In view of the low earnings now
derived from weir fishing in certain sectlons of the area, 1t is
likely that a humber of weir owners would not continue to maintain
their investments 1f the power dams were built,

General )

Shanly (1919) carrieq out a study of the nature and sources
of bacteria in the alimentary tract of herring and the variations
in different Species. She prepared cultures in the laboratory but
made no attempt at identification, Willlamson (1920) carried out
a similap study in considerably greater detail and discovered six
Specles of bacterig and a yeast in the intestines of feeding
herring. She noted that the intestine was sterile when no food
was present,

Almy (1926) studied the role of the proteolytic enzymes in
the decomposition of herring, Much of the pPaper is devoted to the
activity of pepsin and trypsin which were extracted from the
digestive organs of the fish., The enzyme activity was studied at
various temperatures up to 37°C and ovar g wide pH range, More
Peépsin and trypsin could be extracted from feedy than from non-
feedy fish,

Tester (1946) compared Atlantic and Pacific herring and herring
fisheries, He noted that 10-12 ineh herring were common in the
Atlantic as compared to 8-9% inch herring in the Pacific. Immature
fish 1n both areas were found to be approximately the same size.
Mean vertebral counts for Atlantic herring were 55,5 (range 5?-58)
while those for Pacific herring were lower-~51.8 (range 48-56).
Pacific herring Spawn chiefly within or Just below the intertidal
zone 1in the late winter ang earlv spring whereas Atlantic herring
probably spawn in deeper water in spring, summer znd autumn al-
though in certain blaces.gdong the southern shore of the Gulf of
St. Lawr®hte spawnings somewhat similar to those of the Paecific
herring are known to occur, Pacific herring eggs (1.4%-1.6 mm) are
reportedly larger than Atlantie herring eggs (1.0-1.% mm)., The
slze of the cateh 110,000 tons in the Atlantic in 19%0 as compared
with 70,000 tons in,the Pacific Suggests grester productivity in
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During the late 1920's there was a proposal to develup hydro
electric power from tidal forces by damming Passamaquoddy and Cobge-
cook Bays. Huntsman (1928) believed that this would have a drastic
effect on fisheries and recommended a full-scale investigat ion,.
Huntsmants (op, cit.) principal predicted effects included (a) -
sardine, clam, cod and haddock tisheries inside Passamaquoddy Bay
would be wiped out, (b) sardine and pollock fisheries outside .
Passamaquoddy Bay would be wiped out also the sardine fishery along
the whole coast, (¢) the fishery for large fat herring would be
greatly reduced but for spawning herring might be increased, (d)
cod and haddock fisheries of the area generally would be reduced,
(e) the’ mackerel fishery would be increased and dogfish would be-
come more abundant, (f) lobsters would be more numerous but of
smaller average size,

The investigation recommended by Huntsman (op. cit.) was
carried out in the early 1930's and the results reported in the
Proceedings of the North American Council on Fishery Investigatiooe
(19324, b§ and bﬂ Huntsman (1938). It was predicted that in the
region outside the dams "the effect upon herring avallability is
likely to be considerable. Many changes in the set of tidal streams
may be expected and probably every little change would have an
effect on the fishery of nearby weirs. Some welrs would be made
richer, some poorer. It cannot be foretold whether the totsl
effect of disturbance of tidal streams on capture outside the doatu s
would be deleterious or not. There appears to be little prebalilite
of the proposed dams affecting the sardine fishery along the coas+
of Maine or even seriously at Grand Manan." For the region 1nside
the dams the prediction was that "the herring fishery would almow:
certainly be reduced to negligible proportions".

The Passamaquoddy Tidal Power Project was revived in tie lute
1950fs and a second series of investigations was carried cut.,
Parrish (1Y58) made an appraisal of the problem with respect Lo
herring and suggested that the time was too short and the prubl -
too formidable and fundamental for a preclse assessment to be
arrived at, He further suggested that all the oceagnographers ani
blologists could attempt to doywas to put forward a comprehensivy.s
story of the most likely events in the light of known features of
the blology of the herring in the area at present and the predicted
changes in the environment. The investigations which were carried
out from 1956 to 1959 were concerned with oceanography, blology
and economics. Economic predictions were based on biological
bredictions which in turn were based on oceanographic predictions.
The results of the various aspects of the ilnvestigations are re-
viewed under approprigte headings elsewhere in this manuscript,
Hart and McKernan (1960)and Tibbo and Day (1360) summarized the
results of the investigations ineluding the predictions that (a)
the general abundance of herring in the Bay of Fundy and the Gulf
of Malne would remain unchanged, (b) although the rate at which
herring accumulate inside Passamaqueddy and Cobscook Bays would be
slower, there would be no reduction in overall abundance inside
these Bays and (c¢) the predicted changes in the hydrography of the
‘area would muke it no less favou:able for herring.
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