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This review has been prepared as an attempt to take
stock of exlsting knowledge on the herring fishery of the Bay of
Pundy. It is hoped that it will assist in planning for further
investigations which are required before the herring or the
fishery can be properly understoods

Tt is divided into four parts: I -- a summary (pp.
7)3 II -- synopses of the papers in the literature {pp. 7=58)3%
III -- a bibliography (pp. 59-6h): IV -= an index (p.65).

I. Summary

' The earliest papers which have been reviewed (Perley,
1852, and Moore, 1898) contained much historical information on
the Bay of Fundy herring fishery. ©Since 1920 a number of papers
have appeared which deal with the results of investigations into
various phases of the herring fishery. Some of these resulted
from the investigations that were carried out under the Interna-
tional Passamaqguoddy Fisheries Commission in 1931-32,

1. Historvy of the fishery

Fishing for herring in the Bay of Fundy goes back to
the earliest settlement by Indians who caught herring by "toreching®.
Some historical plcture is given by Perley (1852) and Moore (1R98).
Weirs appear to have been introduced on the New Brunswick side of
the Bay about 1820. Fish were taken by gill nets and by "torching
as well, The fishery was for larger herring than are common now.
Spawning grounds at the southern end of Grand Manan were well
known and were fished heavily. Perley refers to 120 vessels
being congregated at Southern Head, Grand Manan, and engaged
in gill netting of spawning herring. These herring were elther
salted or smoked,

After thelr introduction about 1820, the number of
herring welrs increased steadily. Perley reported 55 weirs at
Grand Manan, Campobello and Deer Island in 1849. By 1820 there
were 142 Canadian weirs and 66 in United States waters. This
increase continued until in 1933 there were 293 weirs in the
Bay of Fundy.

untsman (1953) has reviewed the changes which have
occurred in the Charlotte County herring fishery. With the
increased utilization of small immature fish from 1879 on, a
change occurred. The catches of large herring in winter dropped
off about 1890 and the medium sizes, after a preliminary increase,
declined also. The connection between the taking of immature
fish and the disappearance of the larger ones was emphasized by
Huntsman (1953). He also attributed the loss of large herring
in the Passamagquoddy region to water movements carrying the large
£iszh to the Nova Scotian side of the Bay and then from there
across to the Quaco=5t. Martins region. Later there was a
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The food of the herring has been given some considera-
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8, Movements of herring

I 93k, 1952, 1953) has put forward the theory
that herrin ike plankton and are pav"ive?v carried by
water currents, his basis, he 1s able to explaln certain
movemsnts Of h@%?ing into estuaries and even into some weirs,
the onceauLa% ion of Msardines"™ near the entrances to Pasca-

Bay and the movomeaﬁs of large herring in the Bay of

mag
Fuﬂﬁy w“lor to their disappearance in the 1880%'s, He makeg
1 § waanommpa wd¢ch oceur when freshwater run-off mixes
it watﬁig The mixed water moves away from the mixing
: tdAn currents b”lﬂb a fﬁp?¢ﬁ@me%ﬁ of the se
] ed up in the mixing., Since run-off is varlable,
tle t”@ﬂﬁ% of thauc currents varies and 1light, temperature
and ﬂ?obabi cth@ fac t@r* influence the depth at which the
herring are and, therefore, their passive movement horizontally,
He seesg The expmﬂngiisn of the peculiar movements of the large
herring between 1870 and 1885 as due to a decline in rainfall
and unusually uddll ajgnhavg@ from the Saint John River. He
considers that 1t is not Jjust coincidence that the "sardine!
area is bounded in one direction by the QJ"QvPPHL end of the
Saint John River influence and in tho other direction by the
seaward end of this outflov.

ix,m f’l’ kit

Battle et al (1936) state that h ve more
at high temperatures than at 1©w and that Y are station-
ary during the feeding and growing perio dy, June to August, than

at other times.

Graham (1936) points out that the concentrations of
herring are west of large rivers, the Saint John and the Penob-
scoty thi

nig wkac:: them 1n the areas where the mutflcw& of these
rivers 7 He considers that turbidity of water is a

char e of the Ysardine'" area. He observes that it is
Very evif t that extremely local conditicons influence the
muveueni and catches of herring.

5, Disease

In 1930-1231 a serious outbreak of
amongst heleﬂg in the Bay of FPundy. It was
Fish ( ‘3“) 3

y

ho identified the causative ngd B
Tehthye JS”GT idium b@i@flg one of the lower ?nﬁﬁ¢g T
Whl?h 18 also known from winbter flounders and alewi

5 at tackg
&h as the heart, liver and spleen and alsc the
ature. Iﬁ.auvnnced cases the cysts break
and the characteristic Ypepper-spot™

3 T 1s  In 1930-1931 so many fish had open
sores on the sides that their use for canning was seriousls

1{9;.4.
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2, There has been a difference of opinion as to the
source or sources of the herring in the Bay of Fundy.
Some inve &UlgatOT have believed that this body of
water 18 self-sufficient and that while the larvae
may d)d?”@gg pabukvmlv) into the Gulf of Maine, they
return to keep up the EOgiLu?lQﬂ in the Bay of Fumdya
Graham has cast doubt 3u the idea that spawning in the
Bay 1s sufficient te maintain the supply and suggests
that importa c@nt?wbutlons may come from the outer
Nova Scotlan coast where more extensive &v%rzﬁﬁ spawning
oceurs. No adequate attempts have been made Lo trace
the movements of the larvae outsid te the Bay of Fundy.

IT. Synopses of papers in the Literature

Almy, L. H. 1926, “he role of the proteolytic enzymes in the
degomposition of herring. J. Amer. Chem, Soc, Lgs: 2136«
2146,

This was a biochemical investigation on immature or
sardine' herring to determine the cause of the decomposition
of feedy fish§ which makes them unacceptable for food purposes
within a few bours. The lzwestigatior wtad at the
£t lantic Biﬁ]? ical Station, St. 4nd

- - PP B PUURN S o EN oy iy e <2 BN ol
Mueh of the paper 1is tdevoted to the activi ty of
P P 4 oy o £ gy g 1 ey o N e 3% £ E1
pepsin and tryp which were extracted from the di 35 ive
£

{F ¢
(>3
The enzyme sctivity was studied
up to 37°C. and over a wide pH 3ange@

various tempers 5
ypsin could be extracted from feedy than from

More pepsin und
non-feedy fish

Almy attributed the visible evidence of decomposition --
the softening of the abdominal wall of the herring -- almost
solely to the action of trypsin which readily escapes from
the delicate and highly congested tubules of the pyloric caecae,.
Bacteria play a small part in this early decomposition,

Battle, Helen I, 1934. Temperature and clearing time in the
sardine, Blol. Bd. Canada, Atl. Prog. Rep. No. 11,
PPe 116,

he effect of red feed on decomposition in

Reproduces the curve of clearing time at temperatures
from 43 to 68°F, (32 to 8 hours) for herring from 5 to 6% inches

long.

Battle9 Helen I. 19
the herring (C
1(3): 145-157,

T % ey ey s e oL o N _— - - oy - R a4 2
These cobservations were made during an investigation

5. Digestion and digestive enzymes in
e ). J. Biol. Bd. Canada,
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Contrary to belief some digestion
The pyloric caeca CUntaln i1l when the f£is
balvﬂw“ﬂ to > a fat is =ab

excreta cont

Digestive enzvues

in has been isolated from the cardiac sacy
static enzymes from the pyloric caecae.

Describes the methods used for preparing the extracts,

nanes by welghing
at inte weighed after
being d
pepsin from non-feedy fish was wmore active
the pyloric caecal ef+“9cﬁ from feedy fish
v that from non-feedy ones (on Calanus sub-
strate). In both cases enzyme activity rises with temperature

up to 38°C. at least,

There ig some amylolytic activity from most parts of
the digestive traect. There 1g a weak lipase in the stomach and
a strong one in the intestine and pyloric caecae.

u?iﬁ extract (and also weak HC1l) will dis
n ul@ not. Considers the experiments with
$jal

cause the chi
name "red-feed'

Battle, Helen I.,, A. G. Huntsman, Anne M. Jeffers, G. W. Jeffers,
W. H., Johnson and N. A. MNcNairn. 1936. Fatness, digestion
5 gquoddy young herring. J. Bicl. Bd.

and food
Canada,

0y remain sufficlently long in a
glran local affected by peculiar conditions
o1 erring of Cobscook Bay and
i s timated by four sardine
handlqu o e this area Iin every
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C"%Qiﬁ&Ts the condition to be mony with the view that
carried by the movements of er and they are fat
ending on the food avallable to thﬂm in the plqge where

toob
e
]
LLW
C‘i‘fl“s

t was decided to procure facts during the season of
l933 in order to test this matter of characteristic local fatness
and also to discover, 1f possible, Tthe reasons for it Full
elucidation would reguire more time. Finally concentrated on

four localities in line from Campobello Island to Oak Bay snd
the material from two of these 1lg unsatisfactorily small,

Method of determining Tatness

Fish were measured and welghed. Degree of fatness was
determined by calculating the commonly used condition factor
R Y Ll 5 O e
which 1 100 X W, No allowance made for contents of alimentary

season was a poor one and samples could be obtained
1t the times and places desired,

Condition factor s f
From O.45 to 196? (from tank fed
Cald Beach, Campobellc in July.
16 total 1 th, A fish 29 ng
J 953, h a condition fac 1 id n
in ¢ g f1gn during summer as Oalk: Bay reported
unisua: at 3. Dark Harbour, Grand Manan and Kitty!
Cove h; Tyt sh after confinement for a few weeks.
Poor fish will soon fatten (in a few weeks) ag at Harbour du
Loutre, ‘

In July, Magugv and Bentembeig 1933, 17 samples in
all were measured and welgzeaa Nine of these were from locali-
ties and at times which made them suitable for testing reputed
local differences in fatness. Three samples from Campobello,
three Ifrom Navy Igl,nd9 two from Perry Shore and one from Oak
Bay. Values of condition factor are plotted by sizes and
MOﬁthS@ Condition factor rises with increasing size. None had

eached sexual maturity. The material considered consisted of
amiv two yvear-classes (1931 and 1932).

Defines Ybhrit" as 8 to 10 cm. 3 "snippers® (11 to 13
cie )5 Moils" (1h to 18 cm.) and '"must arda (19 to 23 cme). In
July, order of fatness was: 1. Campaﬂeljsﬁ 2. Navy Islands
and 3. Oak Bay. In 18 years'! experience "leady" fish were
rare 1in Oak Bay but in 1933 "feedy" fish were freguently
observed there,

August samples again showed Campobello fish to be

very fat in comparison with others. Not much difference between
Navy Island and Perry Shore but Navy Island was fatter,
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he“fing

Heffing move more at high temperatures than at lows
. after than during growing season (June to August),
In Quod”“ passag@s they may be seer ard breaking surface
f day or night when condL‘icns are suitable., All
its to thelr keeping in more supe cial part of the
{ st during summer season. Moonlig
ay a 1

't and sunlight
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3 1%
at sun : sunset attract them., They tend to be somewhat
down ter i day., They feed at or near surface in Quoddy
Pasgag uring davy,

took tows from

Oak Ba 1 tows did nct
iiffer sssage.  The
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13.

The comparative SC?EGluy of food in the Inner Bay and
St, Croix Estuary 1s associated with the pcorer herring. The
principal food available inside consists of the endemic small
copepods suitable only for small herring.

It has been sufficiently demonstrated that to a fair
extent the voung herring in various locallties of this region
exhibit characteristic degrees of fatness and this in correlation
with the local feeding conditions, which are neither the local
production nor the local amount of food, but its availability to
the herring. To show the effect of local conditions the herring
must remain a fair length of time in the particular locality,

By report, it takes a matter of weeks for herring to become lean
or fat. Water temperature in important feeding season is 6 to 11°
it takes 19 to 32 hours for full digestion at this temperature,

Bensley, B. Arthur. 1901l. BReport on the sardine industry in
relation teo Canadian herring fisheries. Contrib., Canadian
Blole (lgOL)9 pi)e 59 62.

The investigation was undertaken at tThe request of
Professor Prince to determine whether the decline of the herring
fisheries of the Bay of Fundy 1s due to weirs., The disappearance
of large herring 1s complalined of.

fe g AT 999 had writtsn doubtiul
1 :;t@itaﬂ& for long so seriouy drain

He questioned whether lupeoids

luded in "sardines®,

o (D

bie ¢
]
0% o tn

While the problem seems to have been appre clated, not
much was added by this investigation, which rec O? s the examina-
tion of five or six very small samples from welr catches in
August (1900 7) Qulﬁn s welr (back of Navy Island and still
50 named ) caugnt a few large herring (11 to 14%), Ova in the
females were almost mature. Other Lloh caught were from 43" up,
An occasional alewife was caught as well as mackerel of 14,

Y

Undoubtedly the bulk of the cateh is Clupea harengus.

Barll, R. Edward. 1887. The herring fishery and the sardine
irdustry. In The Fisheries Industries of the United States,
Section V, Vol. 1, pp. 417~ 524 Section 2 -~ The frozen
herring industry (pp. 439-443).

Fishing grounds

Newfoundland: The pflﬂ@ipal localities for frozen herring oeee
esossoare the Island of Newfoundland and the southern coast of
New Brunswick. The fishery at Newfoundland is confined almost
exclusively to the southern shore of the island, which is of
pecullar _ormatiOQ being exceedingly high and rocky and indented
by numercous long aﬁd deep arme of the sea, WHLCh are frequented
by large schools of herring during the wint and spring months,

[N

°

The first trip of frozen herring taken to the United
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15,

On page 265 there is a figure showing distribution of

herring l_fVﬂe in Supt@mPCTg 1931 and August, 1932. Bottom of
page 265 et seg. refers to spawning of C. harengus. Consider,

and Graham agreesg that spring spawning adds 1ittle to the crop.

The distribution of larvae in August-September would
indicate two distinect groups of the summer-autumn crop, one
centred in the Inner Bay, probably in New Brunswick waters and
the other on the Nova Scotia coast near or outside the entrance.

Took large numbers of herring larvae (1,651 and 818)
at stations off Digby and Digby Neck wn mid booicﬂgef 1932,
In Sﬂ@t“npenﬁ 1932, 1,651 herring (7.5 to ?3 MM, ) were taken off
Digby. Did not get the same pilcture in 1931 but 361 larvae were
+a?en neer Cape Spencer in September.

/,,.

FPigure 30, page 270, gives distribution of herring
larvae in Segtem@&w9 1932,

Fish, Frederic F, 1934%. A fungus disease 1n fishes of the
Gulf of Maine. Parasitology, 263 1-16,

In 1931 an outbreak of disease was particularly noted
among fishes of the Gulf of Maine. Since i”‘? the disease has
not re-appeared with sufficient intensity to warrant resumption
of the investigation. The disease was found in herring 2nd
probably to a lesser degree in the alewife. .P. americanus was
found to be parasitized in localized areas where many dead sea
herring were available as food. The causative organism was found
to be a pathogenic fungus similar or identical with one reported
from both marine and freshwater fishes of Burope and described
as Iehthvosporidium (Ichthvophonus) hoferi,.

He gives an historiecal account of fungus diseases of
this type in fishes The name Ichthvosporidlum has priority over
Ichthyophonus. It r a similar organism, has been reported from
trout, flounder and mackerel. He considers that the organism
which Cox found in the Gulf of St. Lawrence is 1ldentical and that
this was its first recorded appearance in North America.

~5

In 1928 Miss Ellis (N.S. Inst. Sci., 17, p. 185) reported
the organism from P. gmericanus from Passamaquoddy Bay.

Bty

Taxonomy

-

Iﬁhtuvo&n ridium was, at first, erroneously described
as a protozoan but the forms referred to were unquestionably
fungi. It is concluded that the parasite which have found
should be classified in the genus Ichthvosporidium as it does

not differ sufficiently from the description of that genus as
given by Caullery and Heuﬁﬂl to warrant separate generic

clasgification. Pending further work the species is provisionally
accepted as hoferl. Its position among the fungl cannot be
entirely settled at present.,
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in size from microscopic to that of a small bean. In extreme
infections the heart may be completely overgrown and the entire
cardiac cavity completely filled with a dense, parasitic mass.
The firmness of the cysts varies. They usually appear as
discrete masses and at times manyof these more or less discrete
cysts may be enclosed in a single capsule of host connective
tissue. In advanced lesions there is a tendency for the firm
cysts to disintegrate. This liquefaction of cysts is more
pronounced in the herring than in the flounder.

Microscopic pathology

Microscopically the lesions are essentially similar
in all organs and in all hosts. An infiltration of mono-
nuclear cells apparently follows the ingress of a single
parasite into the tissues. The tissue lmmediately surround-
ing the parasite is replaced by an epitheloild type of tissue,
derived apparently from the wandering monocytes. The epitheloid
cells are arranged in more or less concentric layers around the
parasite and present an appearance not unlike the hard tubercle
found in human tuberculosis. This tissue eventually gives way
to partial or complete connective tissue replacement which is
apparently the chief defenge mechanigm on the part of the host
to prevent further spread of the parasite. Usually this
mechanism fails to accomplish its purpose because the hyphal
growth penetrates the connective tissue barrier. The organisms
spread, much of the central tissue dles, and the parasites
remain to multiply in a mass of necrotic debris. The area
soon becomes large enough to be detected macroscopically as
the white cysts which were described above,

Bpldemiology

(a) In herring. A herring from an unknown part of the Gulf
of Maine, preserved in 1926, contained the parasite. The
disease was common by 1929 and reached epidemic proportions
in 1930 and 1931. The average incidence of infection in all
age groups of sea herring ran about 70% throughout the winter
and spring of 1931. In the fall, with the arrival of larger
fish from offshore, the incidence fell off to about 18%. He
concludes that Ichthyosporidium hoferi is a natural parasite
of the sea herring and reaches epidemic proportions only when
certain unknown factors are operating. It is believed that
such an epidemic, once initlated, increases in severity,
reaches a peak, and subsides to a sub-patent level, The
unusual scarcity of sea herring in the Gulf of Maine during
the past summer indicates that a large number of fish, infected
during the past few years, succumbed to the disease.

(b) In alewives., Little is known of the disease in alewilves,
One eighth of a lot from the Machias River were infected,
There was a smaller proportion in the Pembroke River. All the
lesions were confined,

(¢) In flounders. Flounders may be accidental hosts. Infected
flounders were only found in regions where large numbers of dead
sea herring were available as food. Sixty per cent of the
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19,

7. The life-history and effects of the organism in the herring
and flounder are described.

8, The herring is believed to acquire the infection by the
'consumpt%on of infected herring. (This seems improbable ==
A. H., L.

9, The alewife is believed to acquire the infection by
ingestion of the parasite during its infrequent association
with the herring.

10. The flounder is believed to acquire the infection by the
consumption of infected herring.

11. Infection is believed to be established by way of the
alimentary canal and, once established, to spread throughout
the host by way of the blood stream or the lymphatics,

12, Direct cross-infection from the herring to the flounder
establishes the theory that the parasites in these two
hosts are one and the same organism. -

13. Direct cross-infection experiments from the herring to the
flounder eliminate the necessity of an intermediate host.

14, There is no reason to believe that this parasite is capable
of infecting warm-blooded animals. :

Forster, Roy P, 1941, The present status of the systemic fungus
disease in herring of the Gulf of Maine. Bull. Mount Desert
Island Biol. Laboratory, (19%1), pp. 33-36,

Over 6,000 herring taken from the Mount Desert region
were examined for disease. Average incidence of disease was
" 7,5% for inshore and 1.5% for offshore fish. In fish from a
single weir the incidence differed from 50 to 30% for different
schools of fish. Alewlves were similarly infected. There was
no correlation between the incidence of disease in the herring
and age in fish from 3 to 12 inches long.

The most frequent stage of the parasite in the herring
examined was a resting stage -- usually a round multinucleate
cyst, having up to several hundred nuclei and from 5 to 150 micra
in diameter. Found fungus in all tissues except the brain but
the greatest manifestation was in the liver, heart and lateral
muscle. V

Usually could see vellowish spots on the viscera but
in some cases microscopic examination was necessary. In more
advanced cases pus sacs, several inches long, may occur under
the skin and ulcers may break through producing '"pepper spot”
appearance, :

The host tissue reacts to the parasite by depositing
epitheloid tissue and then connective tissue around the fungus.
The fungus, if active, will break through and the process may
be repeated over and over until yellowish, macroscopic, visceral
spots are produced. The fungus does not appear to elaborate any
toxin. Badly diseased fish move feebly, tending to remain
stationary several feet below the surface. Much of the muscle
may be replaced by fungus cysts. The heart has been observed in
some cases to consist of nine parts fungus and one part cardiac
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tissue and the liver may be almost totally destroyed. Yet the
fish may remain alive, the heart beating feebly, and the fish
swimming slowly. This would probably not happen if a toxin was
present. The white blood corpuscle count is greatly increased --
perhaps fifty-fold.

He cultivated the fungus in four media. Describes the
growth pattern in culture media. Considers the fungus to be one
of the Archimycetes, resembling the family Chytridiales, several
of which are parasites on freshwater and marine algae. Refers
to widespread occurrence in western Atlantic in 1898, 1914 and
1930 and suggests a lb-year cycle,

Graham, Michael, 1936. Investigations of the herring of Passa-
maquoddy and adjacent regions. J. Biol. Bd. Canada, 2 (2):
95-140. '

Narrative

September, 1931, to November, 1932, was occupied with
field observations. Vessel '"Nova IV" made 323 hauls from Decem-
ber 11 to June 29. Used Petersen net obliquely at three levels;y
metre net also obliquelys; another metre net which was only about
30" in diameter; half-metre nets were also used.

The sardine fishery

The fishery is concentrated in Charlotte and Washington
Counties and other high points are Knox to Cumberland Countles
in Maine. Both general areas are west of large rivers -- the
Saint John and Penobscot. This appears to be relevant to an
important problem raised and discussed by Huntsman and Hachey
(J. Biol. Bd. Canada, 1 (2), 1934).

‘ The herring fishery of Charlotte County 1s of two
kinds: (a) spawning fishery, chiefly at Grand Mananj; (b) fishery
for immature fish.

Refers to confusion between "herring' and "sardines™”
in the statistics. Fishery is chiefly from May to October. In
Charlotte County all the herring are taken in weirs. Poor and
good weirs may be close together. Has plotted monthly average
catches for a five-year period for ten weirs on Frye's Island.
Concludes that the fishery is evidently influenced by factors of
which we are profoundly ignorant. Despite the strong tides of
the neighbourhood there is apparently stability of the "sardine"
herring in relation to the islands. It is abundantly clear that
extremely local conditions influence the catches of herring,.

Measurements of length of sardine herring (p.103)

It was thought that light might be thrown on the
question of whether the sardine herring of the Quoddy region
are to be considered as local, as distinct from heing a part
of a widespread population, by tracing the distribution of
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herring of characteristic lengths within the area. The same
investigation was expected to throw light on the first appearance
of young herring in the fishery. Measured over 44,000 fish in
347 samples. The length frequency distributions were treated by
the method of determining approximate modes and sub-modes, here
called "peaks'.

First appearance of smallest sardine herring

Fish 10 cm. long first appeared in week ending September
3 at Saint John and Deer Island. They would be about 12 months’
old. Similar sized fish appeared at Boothbay Harbor about the
same time,

Differential size distribulioh

There is manifest a distinct tendency for larger sardine
herring to be taken near Friar Roads and Harbour du Loutre than
elsewhere. It is clear that sardines are mainly taken in schools
of the same length.

Invasion of area from elsewhere

The frequent occurrence of shoals of the same length in
different areas indicates a widely distributed population or
"main body". Suggests that most of the sardines have an open-sea
rather than a coast-wise habitat.

Special cannery statistics were collected to give more detail than
the official statistics. The two sides of L'Etete Passage were
the most productive of sardines in 1927, 1929 and 1932. There
were seasonal differences in other areas. In each year some area
would supply sardines for most of the season -- fishermen said
this)was due to enemies keeping them "penned up" (dogfish, silver
hake).

Looking over the weekly records and charts an impression
is gained that the first sardines to be taken in spring are from
a not very large population which has remained during the winter
in the region between Point Lepreau and Deer Island.

Herring frv investigations

In September, 1932, a falr body of herring was taken
from the Bay of Fundy, chiefly on the Nova Scotian side. Thinks
these are a product of local spawning near Grand Manan. Considers
that spring spawning makes no significant contribution to the stock,

At no time did he find any population of fry commensurate
with the enormous numbers of sardines unless the body taken in
April between Seal Island and Liverpool 1s considered to be suf-
ficiently extensive. The observations, in fact, suggest that
neither the Grand Manan spawning ground, nor all the spawning
grounds in the Bay of Fundy considered together provide sufficient
fry for the population of sardines. If this is true, then the
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Quoddy-Maine sardine fishery must represent concentration 'in a
small area of the products of very widely distributed spawning
groundsS.

First appearance of metamorphosed herring

Obtained 5 cm. herring where driven on beach in
quantity at Brier Island, July 1O. Similar fish taken at
Atlantic Biological Station weir about same time. A point of
some interest ig whether the extensive body of fry he found in
April from Seal Island to the offing of Liverpool, N. S., would
tend to be carried into the sardine area. Drift bottle experi-
ments suggest that they would. Gives details of some drift
bottle releases which tend to show a drift to the Bay of Fundy.

It seems probable that some, at any rate, of the fry
he found in April extending around Cape Sable would tend to be
drifted into the Bay of Fundy, although they might well have
passed the eye-ball stage before reaching the sardine area
proper. If the herring chose to resist the drift, this
tendency might be nullified,

Studvy of phvsical conditions

Mostly the concern of his colleagues but some specilal
ahservations were made. It was found in July that the most
turbid water (between Portland, Me., and Liverpool, N, S.) was
in Passamaguoddy Bay and off the Saint John River. The whole
coastal water between Cape Spencer and Seguin, which is approxi-
mately the sardine area, was more turbid than anywhere else
except the inner part of St. Mary Bay and the Annapolis Basin,
The corresponding surface temperature observations showed the
coldest water off Cape Sable and the warmest in St. Mary Bay.
The water between Cape Spencer and Seguin was intermediate in
temperature, warmer west of Mount Desert.

High tides of Bay of Fundy are referred toj; fog also.

Plankton -- herring food

Took tows for herring fry with Petersen net which
took some other plankton. Figures distribution of ctenophores
and Sagitta for a series of months. The ctenophores were con-
sistently located principally between Cape St. Mary and Digby
and the greatest concentration of Sagitta was off Digby.

Thinks that this may mean a lack of circulation or special
conditions for survival or may be the result of a more compli-
cated situation -- unique conditions for survival, etc. Comments
on the prevalence of euphausiids at the surface -- related to
upwelling. A series of 20 plankton hauls off Liverpool, N. 5.,
did not show any significant differences in day and night
catches of herring fry but did show something of the liability
of euphausiids and other forms to capture., These tows were the
subject of a special report by A. C, Gardiner -- 10 daylight and
10 dark tows. (Note: Gardinerts report in Journ. Mar. Biolo.
Assoc. U. Koy Vol., 19, shows that this series of plankton hauls
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was taken off Liverpool, N. S., in May, 1932, They took up to
29 herring larvae per tow in the dark hours. No indication is
given of their size.)

Hall, Ansley. 1898. The herring industry of the Passamaquoddy
Region., U. S. Comm. Fish and Fisheries, Rept. of Commissio-
ner for 1896, 22:443-487.

Gives information on the number of persons employed
and the monetary value of the industry in 1893 and 1894, Refers
to the introduction of brush weirs in Passamaguoddy Bay about 1820,
On pp. WW47-449 describes the construction of brush weirs. Cost
varies from $40 to $1,000; average $200-$400, plus $4+0 to $100
for a seine., Describes seining operations in weirs (pp. 450-451)3
dip-nets, welr boats, collecting boats. Describes smoking and
pickling methods, Describes sardine canneries and processing
methods. One cannery in Passamaquoddy Region of Maine in 1875,
15 in 1880 and 36 in 1895, Gives sardine production costs.
Herring were included at $3.1% per hogshead. Gives statistics
of warious kinds for the industry of 1892-95.,

Huntsman, A. G. (no date). Herring investigations: Spawning
and behaviour and growth of the young; summer of 1917.
Manuscript Reports Biol. Stations, No. 352, pp. 1-23.

The first ten pages deal with the Gulf of St. Lawrence.

Fall spawning at Grand Manan, Bay of Fundv (p. 10)

Investigated the spawning area on September 19 and 20
and on October 2 and 3, 1917. Herring larvae were hatched and
were being distributed from a centre near the mouth of Seal Cove
Sound., It is evident that the mouth of Seal Cove was the centre
of abundance of the larvae and also it was the point where he
- found the largest proportion of recently-hatched individuals,
as shown by the presence of yolk. Spawning must have taken place
at the beginning of September. On September 19-20 the greatest
number of herring larvae taken in one tow was 61. There were
only a few off Southern Head and none off Dark Harbour. On
October 2 and 3 the following were taken in surface and deep
tows:

Off Whitehead Island 0 larvae

Mouth Seal Cove 1 H

1+ miles off Southern Head 3 "

L‘,% 18 1] 1] i }+7 13

5 W i 1 nooo25 (very few with yolk)
11 " " it i 21

1 5 17 141 11 ?_7 lo

20 51 13 f_? f\? lO

o5 o m L w2

Most of the October larvae were from 6 to 10 mm. long
but some were up to 24 mm, Larvae were carried southwesterly
with the current but perhaps become contranatant when 15 mm.
long. On November 2 a young fish trawl caught 27 larvae (16-23
mm, ) at the mouth of Seal Cove. The water temperature at Grand
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Manan when the herring spawned was 8 to 9°C. The larvae were
driven down by light. The larvae do not school but herring
of 50 mm. length do. Believes that larvae 6 to 8 mm, long on
September 19 were 11 to 13 mm. on October 2 and 174+ mm. long
on Novewmber 2.

Cn June 11, 1917, F?l s Johansen obtained young
herring, of average length 55 mm., near St. Andrews.

Huntsman, A. G, 1918(%). Report on spawning area Tfor ﬂerrlng
at Grand Manan. Atl. Biol. Sta. Orig. Ms. No. 508, PD- 1=3,

The Board was asked in May, 1917, to report on the
desirability of c%anglng th@ limits o? the area at the southern
end of Grana Manan in which no fishing for herring is allowe
from July 19 to October 15,

Obtained from 4 to 40 herring larvae in tows in the
region around Seal Cove and off Southern Head. These were 7/ mm.
long and with some yolk., Taken on September 19 and 20.

he decline in numbers of spawning herring visiting the
Grand Manan shore has bheen used as an argument for the proposed
change in limits. That there has been a decline is well establi-
shed, This has occurred iﬂ‘aﬂiT\ of the protection afforded,
whereas at the Magdalen Islands the numbers of herring have been
malintained without protection. Protection must be a negligitble
factor intaining the 5;&%1iﬁg schools, Considers that the
b f sardines in Saint John and Charlotte Countles 1is
proof that no serious reduction of spawning has occurred. As the
sardines are from 1# to 3% years old, fallure of spawning for even
one yvear would be Wapiﬁly apparent. A?guhs that in Gulf of S5t.
Lawrence the spawning herring are taken in shallow water in
quaftltj in spring but that the summer and fall spawning is in
deeper wafer9 vhere temperatures are right but they are not caught.
At Giaﬂd Manan the strong tides make the Leiperatu a2 of the water
st uniform from top to bottom even at considerable depths. The
ﬂerfing find suitable conditions over a wvue Tdﬂg@ of time as well
¥

depth. The fishermen know that the herring spawn in deep
r for they find the masses of eggs in fwup stomachs., On.
October 2 small masses of herring eggs were taken in a deep tow
about five uiles from the shore southwest of Grand Manan. At

the same time herring larvae were captured, some as long as 24
The voung herring at that time evtended in an unbroken sheet

gt

ITH

from the south end of Grand Manan for a distance of at least 26
miles to the southwest and probably much farther. There can be
little doubt that the decline of the fish is due to the herring
spawning predom ntly deeper than formerly ‘

Recommends against any closed areas.
<
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Huntsman, A. G. 1919. Growth of the young herring (so-called
sardines) of the Bay of Fundy. Canadian Fisheries Exped.,
1914-15, pp. 165-171, Dept. of Naval Service, Canada.

Gives the length frequency figures for 35 samples of
herring from Passamaquoddy Bay and points between Jonesport and
Lepreau; presumably for 19163 very few winter samples., Fish
ranged from 7 to 28 cm. with most between 12 and 22 cm.

Concluzions (tentative)

The data, though incomplete, indicate that:

1. There are both spring- and fall-spawned young herring
(sardines) in the Bay of Fundy.

2. The spring-spawned schools reach a length of about 9 cm.
by the first winter and of about 15 cm. by the second
winter.

3, ' The fall-spawned schools reach a length of about 12.5 cm.
by the second winter.

4, The growth during the third season is about 5 cm.
5. The growth during the fourth season is about 4 cm.
6. The period of growth is May to September.

Huntsman, A. G. 1928, The Passamaquoddy Bay power project
and its effect on the fisheries. Saint John, N. B.,
pp. 145,

There are several pages of description of the Passa-
maquoddy power project and of other attempts to wrest power
from the sea elsewhere. Contrasts Bay of Fundy and Gulf of
St. Lawrence., BExplains the mixing which occurs near Passama-
quoddy Bay. Not only the temperature of the surface water but
the temperature of the air during the summer months drops from
all directions going to the mouth of Passamaquoddy Bay, showing
that much more cold water is brought to the surface there than
at any other point. The fate of the cold surface water is shown
by Dr. Bigelow's findings that in August the coldest surface
water extends out around Grand Manan Island, down the Maine
coast and across to the coast of Nova Scotia to the vicinity
of Brier Island, with warmer water farther up the Bay of
Fundy and in the Gulf of Maine from the Yarmouth shore all
across to southern Maine and the coast of Massachusetts. If
the mixing machine is stopped these conditions will change.

He holds that the entrances to Passamaquoddy Bay are much more
effective mixing agencies than the ledges off Grand Manan and
elsewhere., (I would question this -- A. H. L.)
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The effect on the fisheries (p. 29, etc,)

The outstanding peculiarity of the fisheries of the
Passamaquoddy region, in which we include the waters in all
directions from the mouth of that Bay, consists in the extent
of its pollock and herring fisheries. Develops the idea of the
fertlllty of the water being maintained by upwelling. Such
mixing occurs in the Paqsamaquoddy area, Argues that in the
Gulf of St. Lawrence the herring leave the shores when the
water becomes too warm. Charlotte County waters are in marked
contrast and warmth-loving fish like mackerel and dogfish are
conspicuously absent,

We reach the general result that in providing both
food and suitable water climate for the important sea fishes,
the Passamaquoddy mixing mechanism is of the greatest importance
for the fisheries of the region.

In 1919 the total fish production of Charlotte County
per 1lO-mile frontage was 235,000 cwt., This is more than double
the production of any 81mllar area on either side, A similar
result holds when herring alone are considered, pollock also,
Mackerel show an inverse relation ~- none in Charlotte County
and increasing amounts as one goes farther away.

If the Passamaquoddy mixing mechanism 1s stopped the
¢ i fishery ﬂ Charlotte and nelghbouring &)@ﬂba?é will be
mkpmw out as will the pollock fishery. Mackerel, lobster and

dogfish will 1BC§@&S@°

Huntsman, A. G, 1931. Temperature and the Passamaquoddy
f}shefye Bitl. Bd, Canada, Atl. Prog. Rep. No. 2, PDo
1ha15

In recent dry, warm years the water has been somewhat
warmer and silver hake and dogfLsh have been plentiful. Mackerel
were more common in the Passamaquoddy area, Herring were driven
out of Passamaquoddy Bay by the higher tempefwtu1@

Huntsman, A. G, 1933. Heat and cold make herring seasons in
Passamaquoddy. Biol. Bd. Canada, Atl. Prog. Rep. No. 7,
PDs 3=0s

There 1s a graph showing the correspondence between
ezfing catches snd water gemp@wature in Pa ssamaquoddy Baya
his ndicates that warmer water makes the fish more active and
ne 3eaf es the catches., In 1925 the water wefmed up early and
cooLea off early as compared with 1926, The catch in 1925
began early and ended early. He attributes the drop after May
each vear to the herring being actively feeding and hence out
where the food is -- clear of the weirs.,

»1—35‘
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Huntsman, A. G. 1933. Mackerel invade the herring nursery.
Biol. Bd. Canada, Atl. Prog. Rep. No. 8, pp. 4-6.

Believes that mackerel have seriously reduced the stock
of young herring in the Passamaquoddy area. This Bay, although
far from the spawning grounds, is an important nursery for brit.
He refers to the water movements carrying fry to and large
herring away from the area, and to the decline of large herring.
Usually the cold surface waters keep the mackerel away but
during the past two summers mackerel schools have invaded the
area., Fishermen believe that these mackerel scatter the herring
schools and eat small ones. Does not present any data on thisj
apparently speculation and fishermen's views,

Huntsman, A. G. 1934, Herring and water movements., James
Johnstone Memorial volume, Liverpool, pp. 81-96.

Because of thoroughly mixed water the Bay of Fundy
exhibits an apparent unifermity of the herring population., -
Spawning seems graded from head of Bay to mouth. Describes
weirs. Not much change in 50 years in fishing method. Map
of region with much of Passamaquoddy drainage area shown.
Capture by weirs is evidence of the movements of the fish.
Activity of fish (herring) related to temperature -- very
sluggish in February-March. ©Season of feeding and growth ig
May to September, Lowered catches in June, July and August are
due to schools being stationary while feeding. Light (depending
on intensity) will attract or repel herring into weirs. Enemies
(silver hake, mackerel, dogfish and squid) also drive them in or
out of welrs. Little indication that herring swim into a
current unless turbulent; carried to and fro by currents,
Factors so far mentioned act over short distances.

It seems justifiable to put to one side the theory
of active migration until the facts demand it and to enquire
whether the major movements of the herring may not be the
results of water movement. Some fishermen belleve herring go
to fresh water to get a drink., Gives a case at Doctor Cove
where herring are carried to mouths of two brooks by an in-
movement of sea water in deeper layers,

The smaller the herring the nearer to the surface
they are, at least during daylight. Consequently, small
herring most likely to be carried by surface movements. Hence,
wind currents may be important as at Mascarene shore.

Elmer Shirley claims northwest winds bring herring
to his weir from Digdeguash areaj; lack wind records. Surface
water of inner Bay (Passamaquoddy) influenced by inflows from
Magaguadavic and Digdeguash. Heavy river inflow causes surface
flow away from these river mouths. When small herring become
active in spring they will be carried to the mixing points --
particularly L'Etete and 5t. Andrews Point -- "spring" weirs.

When inflow is slight these movements cease and
herring go to other favourable places as estuaries and mouth



28.
of Bay. This tends to be characteristic of fall season.

Year 1929 with pronounced freshet in April and May
and small discharge in summer and autumn gave large mixing
point catches in spring and large estuary and mouth catches in
fall when temperature was high and feeding ceased.

In 1927 spring freshet spread out and not pronounced
and river discharge increased from July to October. The mixing
point weirs had large catches in the fall and moderate ones in
the summer. The estuary and Bay mouth weirs had small catches.,

Water movements following extreme precipitation may
carry the herring toward the estuaries. Has two cases of this --~
August 27, 1924, and September 17, 19333 avidence that herring
appeared near the estuaries about two weeks later 1n each case.
There i3 evident need for detailed knowledge of the levels which
herring of different sizes occupy under various light conditions,
as well as of the actual movements of the water layers.

There is a summary:

1. The capture of herring in the stationary weirs of the Passa-
maquoddy region is determined by many factors, of which
temperature, feeding, light, enemies and tidal currents do
not seem to be directly effective in moving the fish any
considerable distancss,

2. Active, purposeful migration from locality to locality may
be disregarded until facts are discovered %to show that 1t
needs to be considered. The herring in the meantime may be
treated as a planktonic form.

3. Direct observation in a cove or small inlet shows the herring
to be affected in distribution by differential movements of
the water layers, set up by freshwater Iinflow,

L', Weir catches indicate very definitely that the herring are
shifted from place to place in the superficial movement set
up by the wind,

5. During freshets, water of low density in the middle of the
Bay passes to localities of deep mixing, carrying the herring
to the so-called "spring weirs" irrespective of the time of

Tear.

6. During freshets the herring are carried away from the vicinity
of estuaries; but with lessened outflow, particularly in the
autumn, they are moved to the estuaries and the Bay mouth to
give large catches in the so-called "fall weirs®”,

7. A very heavy downpour of rain over the drainage
effective in about a week'!s time in carrying th
the estuaries and giving good catches in the "spr
but in a little over a fortnight it reverses the
giving big catches in the "fall welrs',

@
e by W
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Huntsman, A. G. 1938. International Passamaquoddy fishery
investigations. Jour, du Conseil, Vol. 13 (3), pp. 357=

369,

The question was raised of the probable effect of-dams
on fisheries, due to such a major change in water movements. In
1931 an International Commission was set up to study the matter --
the effect on areas outside the dams -~- for a two-year period.
The North American Council on Fishery Investigations polnted
out in advance that a two-year study would probably be inadequate.
The problem required the study of adjacent areas including the
Gulf of Maine. In October, 1933, the Commission submitted its
report to the following effect: It was not expected that the
physical effects of the installation of the dams would extend
far into or beyond the outer Quoddy region (outside the dams),

t was not considered that the dams would have an appreciable
effect upon the production of plant life outside the Quoddy
region. The rich fighery was not due to abundance of zoo-
plankton, and the supply of the latter forming the food of
herring was considered to be brought into the region from out-
side areas beyond the influence of the dams. For a sure
forecast of the effect on the fishery more investigation would
be required, but no way was foreseen by which the outer Quoddy
region or the Bay of Fundy would be made less favourable for the
herring which were produced beyond the influence of the local
sonditions, The effect upon the availability of herring was
likely to be considerable but was not a serious one out as far
as Grand Manan and not likely to occur along the coast of Maine.
Inside the dams the herring f{ishery would almost certainly be
reduced to negligible proportlons,

Canada did not consider the report to be sufficiently
reassuring to give her support to the power project. A smaller
scheme involving Cobscook Bay was dropped for lack of fundse.

The four main publications represent a precise and
intensive attempt to relate a fishery to the physical conditions.

Figure 2 shows the location of all welrs in the Quoddy
region with the best ones specially marked.

-

Notes freshwater

A

lischarge and tidal mixing.

[}

The results

The principal mixing of fresh and salt water occurs
in the narrow passages between the inner and outer parts of
Quoddy. The mixed water leaves the area chiefly between Grand
Manan and the Wolves, which is also the channel providing deep
salt water. Where fresh water is supplied directly to the
mixing mechanism, there is merely a surface outflow and a bottom
inflow, as in the region which receives the Saint John outflow.
When mixing occurs along the margin of a body of stratified
water, the mixed water moves away at an intermediate depth while
surface and bottom waters flow toward the place of mixing, as
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cceurs on the Nova Scotian side of the Bay,

The phyto-plankton investigations show that light and
nutrient salts limit the phyto-plankton production in the Gulfl
of Maine. Conditions are more complex in the Bay of Fundy. The
productive layer is thin (10 metres), phosphates and nitrates
continue high. Neritic diatoms continue throughout the season
but develop late and are a poorer crop than in the Gulf of
Maines partly due to poorer light but chiefly because turbulence
prevents the diatoms from remaining long in the surface layerse.
When the surface layer is most stable as in the centre of bays
and in May and August the diatom growth 1s greatest.

The zooplankton investigations 'show that in the Gulf of
Maine and Bay of Fundy a relatively few boreal endemic speciles
(all crustacea, mostly copepods) dominate, forming 87 to 97% of
the population from April to September. Calanus finmarchicus
makes up 35.5% of the plankton for the whole year, Local swarms
of individual species are also common: Sagitta elegans, Temora
longicornis and Buthemisto compressa. Fluctuations in zooplank-
ton are largely due to changes 1n the abundance of C. finmarchicus
which does not reproduce successfully in the Bay of Fundy and
ad jacent Maine coast. The western part of the Gulf of Maine is
the chief source. Pseudocalanus minutus also is abundant. The
near shore waters of the Quoddy region and the Maine coast have
low volumes of zooplankton. There 1g an increase towards the
Nova Scotilan side of the Bay and offshore in the Gulf of Maine,

Graham's herring report dealt chiefly with the character
of the fishery for sardines and with the possible factors res-
ponsible for it. Turbidity of the water was the only physical
factor found which possibly rendered the region specially
attractive to herring. Refers to spawning and fry distribution
from southwest Grand Manan to Nova Seotia., Metamorphosed herring
first appear in catches in August when about 12 months?® old.

The herring are generally segregated into shoals of similar length
and certain areas tend to have herring of particular sizes.
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winter fishery dwindled and the catch of spawners was reduced.
MStringers® although still numerous were 11%@%13& reduced, He
maintains also that at the time of writing the concentration on
the spawning grounds off Grand Manan exceeds that anywhere else
along the coast.

With such a concentration of voung herring in the
region it might be expected that some clearly favourable con-
ditions for them would be revealed, but the reverse has been
found. There is no good spawning ground nearer than Grand
Manan and a residual cvrfeﬂf carries the young aways; while
nutrient salts are present the turbidity of the surface layer
prevents much phylto-plankton growth; food from elsewhere
supplieg the needs of the herring.

A number of arresting facts are ﬁrougqt out: (1) the
concentration of herrings (2) the appearance of deep planktonic
forms at the surface (egbqau51los) Another point concerns
residual currvents. From Watson's hydrographic measurements it
is concluded that these Luffents £0 pas+ the region. Yet drift
bottles set free well outside it (150 miles in some cases) enter
it. It is noteworthy that more bottles were taken in the
tsardine" area (from Saint John to Grand Manan) than were taken
on the Nova Scotian coast where prevalling winds of summer
would be expected to carry them.

It sacns incontrovertible that the g herring are
in the centre of the region in exceptionally great numbers and
obtain enough food to become very fat. As nelther the herring
nor food are praslﬁeu locally they must go or be carried there,
There are good reasons for b@lleVLﬂg that the zooplankton and
the herring are distributed by passive transport by currentse.
The precise movements of herring and zooplankton are therefore
important in determining where they will go -- denth for example.
Indicates the complexity of the water movements in the Quoddy
area, "Only a beginning has been made in this dlrectlonnof
attack on the problém. ... It 1s perhaps of significance that
the "sardine® area is abruptly limited at its up=current end by
the Saint John outflow, the most pronounced freshwater influence
along the wiole coast, and that the greatest concentration of
herring, from the "brit" of the inner bays to the spawners
outside Grand Manan, 1s across the amfupt seaward termination,
as a distinet entity of this same outflow. It 1s the fresh
water that, when associated with varied mixing in the S8,
gives such complicated differential movements of the water
layers., Effectiveness in mixing should probably be measured,
not by the energy required to raise the salt vatef, but by the
anmount of salt water actually incorporated with the fresh,"

Juntsman, A. G. 1952, The production of life in the Bay of
Fundy. Trans., Royal Soc. Canada, (V), Ser. 3, 46: 15=38,

age 17. Referring to the Passamaquoddy Commission results:
"The ichthyologist could not see (Gmham9 T/Jﬁ) that there were
neceszari 1

el
any more herring in the region than elsewhere 1in
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the Bay of Fundy and neighbouring Gulf of Maine and considered

that the very large quantities caught might merely represent
favourable conditions for their capture. This last was an attempt
to solve the problem of the greatness of the fishery: but only by
casting doubt on the uniform conclusions drawn from visual observa-
tion (herring live near the surface in summer ) and from the

results of various kinds of fishing, that the fish are exception-
ally abundant in the region and that the focal point in their
abundance is in the entrances to Passamaquoddy Bay."

"Tt seems incontrovertible that very large quantities
of herring are grown in the region and become in some places
extremely fat in feeding on planktonic animals that must come
from the Gulf of Maine. Transport of the food and even of the
herring was seen as possible solution of part of the problem.™

Gives a figure of 1941 fish productivity of the area
off Charlotte County as 147 pounds per acre.

The herring had long been known to breed only outside
the sardine region and to reach it as fry.

"The herring, which are responsible for the exception-
ally great productivity of the Passamaqguoddy sardine region, are
b there throughout t vear, When the adults were very
merous in the middle of the last century, before the sardine

industry developed, they were taken in sumamer in great quantities
on the outer side of Grand Manan Island where they spawned. The

.2
Bs

spent fish could be taken during winter in such great numbers
inland, even toward the head of Passamaquoddy Bay, that a big
fishery for them was developed., The young enter that Bay in

the late larval or "eye-ball" stage and the next stage, the

brit, which is too small for canning is concentrated there. The
mechanism of this concentration is seen to be that, as a2 result
of their habit of keeping to the surface, they are carried from
the stratified water of the outer Bay of Fundy to the mixing
places just outside and in the entrances to Passamaquoddy Baye
The Coriolis force ensures slow circulation of the water into
that Bay through L'Etete Passage which is on the right going
irnward. Inside the Bay extensive mixing of the stratified

water near the shore from the middle of the west or inner side to
the head., takes such surface forms thitherwards and thus holds
htrates them in the Bay."

Liio

and conce:

As the herring get larger they go deeper in the water
and nd to be carried from the mixing places to the centre of
the Bay and thence, in the outward movement, wiil from the
action the Coriolis force is through Head 1 Passage on
the vight going out. The larger the herring he farther
out they are tributed on the whole, until they are
almost entirely outside Grand Manan during the mmer. Thelr
food is broughlt to them -- so amply that those in Quoddy River

are extremely Iat.
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The small herring, or brit, that are concentrated in
Pas»amaquuddy Bay grow too rapidly to become ve?y fat. He
refers to the abundance of brit and their excreta in 1951, A
The small herring are not only concentrated with suitable food
animals, but they are segregated from the larger herring which
would compete with them for food, They are also kept from their
enemies {(mackerel and dogflgnbﬁ few of which ever reach Passa-
maguoddy Bay.

The Saint John River mixing draws the animals in from
the Gulf of Maine.

Huntsman, A. G. 1953. Movements and decline of Largg Quoddy
herring. J. Fish. Res. Bd, Canada, 10 (1): 1-50., °

"During the last half of the nineteenth century, there
was a major transformation of the herring population of the Bay
of ndyg of which the tempo was too slow for it to be under-
stocd by those who brought it about. Defines the Quoddy region
as including not only Passamaguoddy Bay but the region from Saint
John to the outer end of Grand Manan. It ig characterized by
heavy tides and a large drainage area. It is the background for
what seems to be the most concentrated and intense fishery for
fish grown locally that exists in the world. From 40 to over
100 millions of pounds of herring are taken from the Canadian
section alone.

The decline of larpe herring

Quotes Perley. In 1850 the main fishery in Charlotte
County was for large spawning herring which were salted and
smaller ones which were smoked. The spawners were taken chiefly
in gill nets at the southern end of Grand Manan from July 15 to
September 15. Later this ground was closed to fishing.

The herring for smoXing were btaken in brush weirs,
Gives tables for catches of small, medium and 1avge herring and
totals for Charlotte and Saint John Counties cowmbined for 1870~
1946, Also shows graphically the period 1870-1939,

With the development of an intensive fishery for the
small herring from 1879 to 1905, the medium herring at first
increased rather Qu“vpﬁv in quantity and then dropped somewhat
to a lower level, which was nevertheless higher than the original
The guantity of large herring dropped sharply about 1R90
i1l lew”“ af'ter 1900. But the total poundage of herring
has remained high, reat reduction of the stock of large
herring has not affected the supply of voung.

Quot
70%'s. Much fis
Harbvour during

o/
Ty 1 oo
Darrels. s

catch per welr
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Harbour du Loutre and Cobs / . In the early days, which
Perley reports, large, Tat herring, without spawn, were taken
there in autumn. They suddenly disappeared in 1877 and were
not caught again until 1892 and then only in limited numbers.

(Note: 30 million pounds large herring at Grand Manan in 19 5h, )

Seazonal or very local movements

-

Noci@ s descriptions were good but coloured by the
idea that the fish had a ourposu in going where they did. In
Doctor's Cave§ Deer Island, herring are observed to go to the

mouth of the brook. Considers that they are carrl there by
a bottom inflow of salt water. Also describes the previously-

HEN
nentioned (Huntsman, 1934} freshet effect off the Digde qga3ﬁ
River.,

"While 3ll sizes of herring are in Peeplbh water
during winter, when they come to the surface in spring with
rising temperature they become distributed so that the smallest,
bfitﬁ are as lar inland as the head of Passamaquoddy Bay, while
the largest, the spawners, are on the outer limits cutgide
Grand Manan@

g yvundant in the Bay of
vﬂ@prtvat om was found in summer
ny, Seal Cove, Grand Manan,
ttmv moved irland in winter. RBarltl (1887) recorded
i Qus*wva*°”q3@ Moore (1898) investigated the fishery for
larg@ herring after it had failed for several vears. These
observers agreed in an arrival at Grand Naﬁaﬂ9 then on the out-
side of Campobello in October, going o hto Passamaquoddy Bay
or up to Beaver Harbour and Leprean and en the mouth of the
Saint John River. In 1878-1883 tﬂev &c in KenneoecaSLS Bay.
us, Tl was a striking difference between their winter and
summer distribution. The mixtures of fresh and salt water flow
towards the sheoals off Grand Manan wvhere the st r herring arec.
Rep ats the effects of Digdequash run-off and its effect on the
deeper waters outside The movements of the herring from outside
Grand Manan in fall and winter toward the river mouths nay be
safely ascribed to somewhat deep return current of salt water
that replaces that used up in surface mixi river water.
The WQVPm“ui in the reverse direction in spring is more rapid,
being near the surface.

r'i“ [} (D I'~
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Large~-scale movement toward Saint John

In the upper Bay of Fundy an outflow on the New
Brunswick side and an inflow on the Nova Secotia side occur
Between these two streams, there ig a slow interchanﬁe of water
across the Bay, the movement being toward Nova Scotia near the
surface and toward New Brunswick near bottom. Into this
clrculation went a large bhody of Qnof- herring in i977

shing at Grand Manan was g'ﬁo for six months of
n there was a falling off in quantity and qual
ity may have meant shortage of food. There wa

~

ase In catch between L'Etete and Lepreaus t?
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foward Saint John. The Grand Manan catch was markedly low fox
the next four vears. The local Guardign explained this as a
movement of herring to Burope. That the fish had not really
cone very far was shown by fairly large catches 1n the winter
fishing areas with some shifting towards Saint John.

He lists the catches from Grand Manan to Advocate by
1istricts from 1876 to 1891. These are also shown graphically
in parte.

About 1884 large catches were made in summer in the
Saint John outflows

Movement out into the open part of the Bay of Fundy

The quantities of herring, taken near Salnt John, did
not account for all the losses at Grand Manan. That some herring
went beyond the Saint John outflow into the general clrculation
of the upper Bay of Fundy is shown by fair catches at Quaco from
1880-83. The Overseer in eastern Saint John County reported a
large increase of herring in the period 1878-1080, with vessels
from Campobello, Deer Island and St« Andrews fighing up theree

Reported herring spawning near Ten Mile Creek in July. By 1a0L
he began to report some decline in herring but the statistlcs
may be v s hacause the Overseer was enforcing restrictions and
; . e it =
: B nis

fishermen. He was replaced and
- catches for a vear or two and then,

h she lapsed, "The herring from Grand Manan
had come to Quaco and given relatively wonderful fishing and
when they gave outy either through moving away or hecoming
oxhausted through old age without recruitment, the drop back to
the previous low condition of the fishery was such an anticlimax
as to be depressing."

Thinks that these herring could have passed eastward
from the Saint John outflow and have been carrled by the anti-
clockwise cire

i reulation toward the shallows of the Quaco regilon.
a hydrographic explanation of why the herring were noved
there, which I find difficult to comprehend. )

iovement to Nova Scotia and around the inner Bay of TFundy

The first evident rise in herring catches on the
Annavolis shore occurred in 1879 but in 1880 they were low
again., In 1881 %I this persisted for

RPN - wmwy i -

e cateh vas very high
R v O Fe 41
four years anc )

) ¢ pped abruptly. He consic
ment across LD
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Bay of Fundy was a slow one, T

depth at which the herring wers,
were most pronounced near Digby Gut and a year later they were
seen up to Morden and Black Rock.

D

i

(

: High catche

&

In 1224 very large summer catches were made in the
Saint John outflow. He considers that these fish were moved
over from the King's County shore, They passed Quaco since
catches were increased there; in 1828 the Quaco catches declinedy
two vears after the herring disappeared in King's Countve



"That the herring should pass from the Saint Johne
n circulation and later return to it implies a change
ation to ti ter of the Bay on its east glde, t
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mouth of the Bay passes to the entrances to Passamaquoddy Bay.
The inflow of the Passamaquoddy rivers is a factor in drawing
this water and its plankton fauna into Passamaquoddy Bay.

Discussion

Sums up on pages L42-Ul what has been said above.
Movements of herring will depend on their depth and we lack
precise knowledge of their depth d;stributione

Young herring are concentrated in the Quoddy region
from quite an area in the Gulf of Maine-Bay of Fundy system so
that reduction of the spawning population in the Quoddy area has
not had a serious effect. It is conceivable that the present
greatly reduced, but still large number of adults, near Grand
Manan produces as many surviving young at the stage of concen-
tration in the region as were produced by the much greater
numbers before the sardine industry developed,

The conditions back of the shifting of the large
Quoddy herring toward Saint John and out of the Bay of Fundy
cannot be elucidated to any great extent. They are evidently

due to but we have few dls-
charge s erned, All we

Saint John
and Fredericton. There was a 211 from
1872=1877 and not much recovery before 188L. The = »t of a
greatly reduced summer circulation would be to move more or

less of the stock towards Saint John. The inadequate facts
(much of the Saint John water comes from above Fredericton)
gsupport the idea that shifting of the large herring from Grand
Manan was an effect of unusually low discharge of the Saint John
Rivere, The contra-clockwise circulation would be strengthened
and the Quoddy herring would leak into this circulation.

Conclusions

"The large herring of the Quoddy reglon are shifted
o o o

seasonally by the currents that vary with depth and that are
related to fresh water discharged by the rivers. With rising
temperatures in spring they rise from the bottom and are shifted

outward past Grand Manan, where the outflow of light water thins
out on spreading into the Gulf of Maine, With falling tempera-
ture in autumn thev sink into deep water and are shifted toward

the coast and the estuaries where the fresh water is mixed deeply
with the sea water,"

"n the late 1870%s low rainfall resulted in shifting
a large part of the herring toward Saint John Harbour for four
vears, some even golng inside the harbour to Kennebecasis Baye
To a very consid extent these herring entered the general
cireculation of of Fundv and were carried in the course
of years to the coast eastward of Saint John and
to the Nova Scotian coast from Cape Sable to Minas Channel,
ter Minas Channel, but were carried thence along
¢k coast nhagl L.
a

c
They did not en

1 to the Saint John outfliow. They
through age and otherwise from 10288 to 1890,"
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herring as sardines,
77 of 1 g@
ec?ease in medium
large barﬂln

"Deve ?.*’“)‘@ﬁ nt of the canni ing of small
starting in 1875" caused (1) disappearance in
Qa@ddv erring, (2) an increase, followed by a
h@?“iﬁgﬁ (3) a great decrease in the numbers o

o]

by 1890, and (4) an increase in the numbers and extension of
distribution of small herring.

1t on movements of herring,.
3H9=3 54,

7

...Jn

Johnson, W. H, 19%0a. Effects of 1i
J. Fish. Res. Bd. Canada, & (%)

C"
Ll
]
@

He refers to "morning" and "evening' weirs but seems to
have made no personal observations on them. Fishermen attribute
the entrance and departure of fish in these weirs to light from
the sun when it 1s low. The fish are attracted towards the light

SOuUrce,

He observed herring in weirs by means of a hydroscope
by day and by setting gill nets at different depths by night,
Observations were made under various light conditions te discover
the depth at which the herring were. He sumnarized his results
as followss

n the absence of appreciable light (ﬂ@@ﬁ]lghba star-
light, cloudy and foggy nights )ﬁ all sizes (up to 23 ecnm. long)
of herring are found qnlte near the gufoCu**”Dlrln; the weak

o om oy

light of dusk and dawn all sizes may still be Ffound no more than

a foot frowm the surface Jf”Oqu the sun rises above the horizon
the and the larger the fish, the farther down the

Zj

e found; at mid-day in June oils'" (I to 18 cm,
long) Dblﬁg at 10 feet or deeper, and "mustards" (19 to 23 cm.
long) being deeper than 10 feeteg In experimental tanks all sizes
wnay be near the surface at night. They go to bottom when sunlight
illuminates the entire surface.

JohﬂQOhﬁ Wo H, 19L0Db, Feeding of the herring. J. Fish, Res. Bd.
Canada, 4 (5): 392.395,

pabef deals with experiments with the feeding of
herring in t nks. Chopped Neg anvehiphanes norvesica was used
as food., It was offered to the fish in naturally and a?tificially
illuminated tanks. The *eﬁneea+u“e of the water was varied from

13 to 3.8°C. Particular fish and the water were cooled over this
range in less than eight hours, When food was offered the herring
broke their close non~feeding formation to separately pursue ine-
dividual food particles, They usually took food from below and

ignored any that reached the ﬁﬁﬂh bottom. With indoor illumina-
tion they fed where the food was best llghteﬁa In an outdcoor tank
they fed throughout the daytime, whether the sky was clear or not.
They fed under full meoonlight but not at all on moonless nights,
even when these were starlit.

When the water was rapidly cooled, the herring ate less
at lower tewperatures. They ate to full capacity at 13°C. but
not at all at 3.8°. They remained ina ctive at the latter teﬂpe¢aa
ture. (Note: The water was cooled 10°C. in less than eight hours
These experiments would bear repeating with acclimated fish.
found ”ieedv” herring in the Wlﬂtg of 1942 when water te vers

h 320, = AH.L,

were less
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Johnson, W. H., 1942. Effect of light on copepods as food for
Passamaquoddy herring. J. Fish. Res. Bd. Canada, 5 (&)

365=376.

This paper deals chiefly with vertical migrations of

marine cepepods under natural conditions of varying light at a

unber of points in the Quoddy reglone In addition, samples of
herrlmg were o>\a1ned in 1936 from weirs and gill nsts and their
stomach copfants were determined (Table V, pp. 3/3w4) Their
food consisted of Calawub3 Pseudocalanus, Acartia, Tortanus,
Burvtemora anc Meganvetiphanes Johnson COﬂClUd@S° "The occurr-
ence of different amounts and cia&u of oop@p““v in herring
stomachs under different llsﬂt conditions can be fleulﬁCG by
5, ) the time when the fish were capbuvpd (b) the light con ditions
ac g the time of ca;turg3 (¢) the actﬂ“r vertical distr
bution of both the dP““lig and the copepods under different
conditions of light, and (d) the rate of digestion of the focd

o
H

f
.

Leim, A. H, L19%3. Seasonal variations in the fatness of
"gardine' herring., Fish. Res. Bd. Canada, Atl. Prog. Repe
Mo, 3#, np, 17-19,

Qbservatic

he northeast coast, with
il gmaquoddy Baye. U
Rep nlssioner, 22

Hatteras,

fangc as far south y
: he outer sh
. 3
5 }

P - 1 e oy 1
occasio 1y caught the Chesapeake

of Virgﬁ.L’ g rland au@ Now Jersev. land is the
norther: ~eallty where they are pe 1y and extensively

LUllUW@dp

upon the sho“es Or N rth Anmerica
The lack of re
0

&\J
ot
,.z
(
iy
r—.
L‘u
P
5
0

is entl

on our he absence of {1 sh, but to

fact ﬁpi are amply able to supply the some-
what lim

carried

Torching is oldest

Torching 1s 76 to e

»T7ﬁ” ﬁﬂ@

grown COOL?
he tor

Nev
:

?C




DI O D

em

3

s €

o
b=

hey

t

b

o b

s Re

L

1

P

COTa

49

r

L

s o
oy e o
4

¥
/

W
1‘;‘
W

n i

in
a8

t

fexel

are caugh

1
L

it

r

a

3

=
Pl

0T

Harbo



L2,

to aboub 1‘m3 considerable quantities were caught during March
hut that Slwcg then the advent of the schools has grown
gidudalWY later until, at the present time, ) are not ex-
pected until 7 The fich taken in th@ *yrlag usually
quite small -~ in such poor condition but lltﬁle
o0ile.

The record of catches in individual welrs 1
1879 show ,hat comparatively few herring were taken before July
or August, precisely as is now the case. The probabllity 1s
+%ai the herring arrive about the same time they always did
and t%zt the weirs are not fished until July merely because
of i C

uc% migfﬂ

O av tuem“elves of the ;
It i v no means certailn that tﬂe gckchs
ies were identical."

The appearance of the "Quoddy River herring' in

Quoddy Ro&ds appoa“s to have been the *eéult of e distinct

h limited migration but whence they came and whither
annot be stated,

,_

phyvsical phenomena

herring on and offshore are largely
being true at itﬂéﬁ of such as come
rposes than for spawning -- run into
and drop off on ebb tide. The shoreward
rer to procure food for themselves or to
f)l thelr enemies, the reverse movement on
ng induced by the 1nstinct of the h“wflng
low water. Thinks they res G E8
strong because of the Food
to keep with their food supplye.

hution of the food of the herring,.
ve them from the coast and frowm
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7. Temperatures: No except on requirements of eggs.

8. Riin snow and ices: Probably becomes a light and tempera-
ture e

e stage, 2 to 4 inches, is passed, herring
anpes & v at night. The remarkable ubunﬂqnc of
herring in the vicinity of Passamaquoddy Bay is doubtless a
diract relation to its rich supply of nutriticus foods,

, hake, sculpins, sea ravens,
flounders, ver hake, ,bﬁ&u. squid, porpoises,
seals, whal ¢ sea fowl are 115t,. as mie '
enemies of are important facltor
local distr .igﬁﬁ is its only pro
ancient 11 at it is well able
despite adl
Spawning

ﬁi@ﬁ“ of the
iﬁ yslaﬁfzu
L " o e
Etiwiﬁaﬁ

Atlamtice
SypAawn whan

Decline

le weir at Treat Island failed about
fish again. In 1895 d* L'Btang sonme
ttle as 26 cents per hogshead. DBelieves
taken in the Pdssanaquoda* area irn 184
Juoddy

A very vall
1870 and did not take
herring sold ¢PT as 11
that more herring were
and 1995 bhamAevef before., There was a fallure of West
fish in 1868,

pport claims that
Wf nearby welrs,

’7:3
it

Did not “il’l@i
oifal from fTactor

Other fishe ; the injury effected
by the capture of spa : sh in 5111 nets. As has been
argusd elsewhere there is no creater damage done by catching

e

the fish during th bpqwning season than by taking them at any
other time - for instance Jjust before Spawningg It seems that
these accusations are but a2 manifestation of the universal
warfare between the users of fixed and portable nets.

= (D

"When all the factors in the case are reviewed, I
think that 1t has been shown that not only has there been no
decrease in the sardine herring in the region under discussion,
but that there are at present no practices connected with the
fishery which are liable to sarlougly affect their future
abundance .’



1l

Winter herring

From the early part of the present century he leng
were known to frequent portions of the coast between Quoddy
Head and Lepreau Ozrlnﬁ winter months, They came in large
numbers and qltl ugh certain localities appear to have been
for a time deserted by them, there is no tradition among the
{ishermen uﬂat there was ever a period until recently when the
winter school of herring did not occur. Perley mentions their
sudden afu,o?aﬂcm in 1QSO but the evidence indicates that he
was in error and old Tfishermen can remember them back to 1829
and tradition dates them back beyond that. Large quan%itﬁes
ran into L'Btang. It was not until about 1860 that these
winter herring were filshed very much,

t first the winter herring were torched Gill netting
for them began about 1845, About 1%( it became known that
winter herring could be caught in the Bay of Fundy and Gloucester
boats came there instead of going to Newfoxnalam@, The presence
Jl the Tish was detected by setting trial nets. Prosecuting
these fisheries in the earlier years, each man set two gill nets
(30 fm, by 150 meshes, 4l” mesh). Later three nets per man were
set, Until 1890 *kev were set near shore in 10 to 20 fathoms of

wvater, They were set overnight. Later the nets were set up to
& nllus offshore., The winter fishery for herri : 5t
aﬁ*

srofitable, especlally on the
b ver Harbour and L@pﬁvuao Frozen aeﬁt“mt We
bg uuni s y“~5e ranged from $0.15 to $1.00 per uuﬂ@;@d
Average wvas about %D.ES per hundred,

The winter herring were found from Saint John to
Cutler, Maine, although not throughout this area every winter.
Sometimes they were very abundant in 3t. Andrews Bay. Usually
arrived at Herring Cove, Campobello, in October. Usually

reached Beaver Harbour in November and Point Lep'cau early in
D ee e rzb er, Wh

ales and gulls usually followed the herring. Fronm
herring tended to stay offshore and in 1R89.90

! ;"togat1v¢. In tl last vears of the fishery
and later in arrivinge.
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There is no explanation of the disappearance of the winter
herring -- it was not from overfishing. Refers to the periodi-
city of herring in Sweden. "They are called periodical because,
as far as known, they have only lasted from 20 to 80 years,
with intervals of 60 to 100," When disappearing in the Swedish
waters, they arrived later and later each year and stayed
farther offshore.

Quoddy River herring

The justly celebrated herring, which were known in
the markets of the country under this name, appear to have
occurred practically no where but in "Quoddy River', the
waters lying between Campobello on one side and Deer Island
and the shores of Maine on the other. The fishery began in
1829, although the fishermen appear to have been aware of the
occurrence of these large fish prior to that. In the year
mentioned, Mr. Parker, a fisherman, brought a gaspereau net
from Saint John and determined to catch these herring for
market, This was the first net used in the herring fishery in
the Pagssamaquoddy district and 1t met with immedlate success,
The large herring were found to be more abundant than had been
supposed and the pecuniary results were such that in the fole
lowing year, fishermen came from Saint John to get thelr share
of the fish which found such a ready markst, The local Tisher-
iy not to lese such an opportunity, soon provided theunselves
with nets and the fishery developed within a few years to such
ai. extent that 50 to 50 boats were engaged almost nightly, the

erring being caught by "drifting®e The fish arrived in
August and continued through September and October in each
year until 1877 when they rather suddenly disappeared, It
wag not until: 1892 that they were again caught, but in that
fall they again appeared 1in limited numbers and have since
come every year, without any increase in numbers,

These fish were very large and fat. They were usually
pickled., In 1894, 89 selected ones filled a half barrel -
took g prize and sold for $5.00. The nets used were 3" mesh,
30 fathoms long, 150 meshes deep (ca. 2% fm, when hung). These
large herring never contained spawn but sometimes spawning fish
were mixed with Them.

Cannot relate this always small school to any others,

ol

Perley, M. H. 1852, Reports on the sea and river fisheries of
New Brunswick., Queen's Printer, Fredericton, 2% pp.

The herring (pp. 2~6)

Describes the Dutch method of curing large herring --
in which bleeding is regarded as important. Apart from refe=
rences to curing, this section deals only with the Gulf of
St. Lawrence,
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condition due to improper diet or uniavourable enwlzenmuntaM
conditions, such as extreme heat or cold, then it may be more
susceptible to a disease, Also, once the disease has been
contracted, a member of such a population may become a greatb
deal more 111 than if he were in good pﬂySlde condition

3 r

i i s

Another form of resistance may occur after a disease when the

host sometimes develops 8U catﬂncea Lﬂ hLu hods :
2] 5

-
i\}

for VQ?VLnP periods of

the particular malady.

A second factor which may cause epidemics 1s the
val@pm@m% of new strains of disease organisms, Bacteria
fungi, like all living matter, are in a constant state of
nge, mach individual organism is a little different from
other individual organism, no matter how closely related,
sionally an individual may vary considerably in some
Q;QMthS from his pfe@e@assors¢ The newly-acguired difference
nay, if the ﬁ“gaﬂ sm is a2 disease producer, increase greatly
tha virul»nea of the individual. This individual may reproduce
offspring of increased virulence. The resistances of hosts may
no longer be sufficient to overcome the effects of the organisms
and an epidemic may result.

Objectives of investigation

: twe the size ;
oceurrence of ies. It has been ge ized
that, among e ) wilidlife p@@ul“inﬂS such as ﬁh gacku
raﬂb1+ of the western plaing of the United States, disease
epidemics usually occur when the animals are most abundant.
Just why this should happen 1s not known. One explanation 1is
that the increasing populafic results 1n an increased competi-
tion for food with a consequent reduction in available food
supply, and, because of fésnltort malhziziti0n9 a general
lawcriﬂg of body resistance to the disease. Also, with an
rwreased population, it ig easler for the disease to be

traneuitﬁ :d from one host to another. After ucing the
number of animn t low level, the incidence of the disease
also desc « The d?%lt popuiation then hegins to
increa: : few years, again reaches 1ts peak, at
which ne the strikes once more, Perhaps the fungus
infection and the size of the herring populations vary in a
slmilar wmanners; however, we do not have enough information on
the past history of either disease or population densitles of
heilgng to do more than merely mention this theory,

W

Many wvears of c¢lose study of the dizease and the
herring would be necessary to femon~+vu+e whether or not this
theory has any valldity when applied to fish ﬁﬁﬂbl&ﬁl@ﬁbo It
is quilte obvious that, if the fungus infection becomes wide=
spread when the population of herring is ge, then it m$éht
concelvably be possible to keep the numk of herring below
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5%.

May the disease incidence was lowe.

Yot

herring in Maine in

[]
A
[xsl
[
)

Gives tables on incidence as follows:

Table 1. New Brunswick L/2A /M7 e 6/18/48
2, BRastern Maine 5/ 547 - 6/18/M48
3, Central Maine 5/29/M47 we 6/24 A48
4, Western Maine (/1047 ww 6/23/M48
5. Recapitulation

The season of 1947 was evidently somewhat similar to
that of 19631 “bout whieh Figh steted "apparently the high in-
cidence of infection found during the winter and “B“lﬁg of 1931
was the result of samples taken from a nore or less statice
yOQ”ldtluﬁ living in shallow water, a reglon where thb trans-
mission of the parasite 1s nmost fqvogra Az the inshore fish
were Joined by the migrating offshore Q“Odﬁ the general level
fell, indicating that this offshore group was less heavily
infected, and h>* he dilution of t%e affected fish remaining
inshore @v the migrating offshore group was the prlmafv reason
for the decline in the genersal infection level and that it
was not caused oy seasonal variation of t%u
stated that the incidence of t?e disease
5eaonndl viil 11uﬂn r veriatic

3 "Qi"’i

!)

nsn

Tt

"
b ©

" ) apparent to ¢
rring dndust %a,tg 1D4gef€¢u19 highls &
those which are caught in small quantl ities during Tl
spring months The genefal opinion has been that t
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Eaxcd
1@ ITL13)

=
[
[

£
more subject to fungus attacks when the water 1s cold, the
animals are sluggish and food 1s not readily available.

The caten of herring and the empefdu wre of the surface
water have the game trend, In geqezdig the catch inecreased as
the water t@nrexebufe iid and as the water temperature declined

the catch (e\ ad o 1 ng the evident fluctu@tions in
availabili f the h i ring the season, it is remarkable
that the cauch and the ter ure of the water are sc ;losely

correlated, In
Believes that
the catching of

T

n 1s not so good,
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52e

With careful use of inspection belts such fish can probably be
handled safely by the canners, but this procedure would not
always be feasible financially. If the canners do not wish to
handle the highly-infected winter and spring fish, then they
mist wait the appearance of the large summer schools. There
are not nearly enough yearly observations to demonstrate the
relationship, if any, between the infectlon rates of the fish
available in winter and spring and those of summer fish. It
may be possible that the degree of disease incidence during the
cold season may indicate the condition of the schools appearing
in the summer. "Such can be determined only after continued
observations are conducted; with the small amount of information

which we possess concerning the herring and with our knowledge

of the great variability in biological problems, we would
hesitate to say that a high disease incidence in winter and

S
spring means a greater than usual incidence in summer and fall
fish. It may be that the winter and spring fish present along
the coast, living under possibly unfavourable conditions of cold
water and diminished food supplies, have such a decreased
physical resistance to the disease that the infection makes
severe inroads on the individuals. On the other hand the fish
living in deeper water may find living conditions more suitable
there and not be afflicted so severely. Unfortunately we have
no knowledge of the conditions under which great bodies of the

v spend their lives when they are not present near the
in cosstal i

s
o]

]

51 1ohG, The suetiorn

ine herring industry

Se. Figh and Wildlife .

L-26, plus 7 figures,

A non-technical account.
greatest vield of herring in the United States 1s

in Malne, » the period 1924-4lt the average Maine catch was
approximstely million pounds, 6 million pounds 1in Massa-
chusetts, 1 i ion pounds in New Yersey, and other sreas less.
Gives a table of the catches in certain years & r

1943, The maximum Maine cateh has been about
mic ¢ influence th

mpetitor.

The herring fisheries of REurope
Pacific are using nore efficient gear.
the earliest methods. The Indians used |
colonists built them about 1220, In 194
thi of the Maine catch., In 1947 there
G stte Count in Saint John Count
and bert Coun Gill nets were uce
to T thelir use has virtus
st¢ ul dominant gesar
of iy Prior to 19
DT 3 ed »  SLop
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syptocotvle lingua., The periwinkle and the gull complete the
fe cycle of this trematode, ‘

The work ?Q?f'uca was experimental and was carried out
in tanks at the Bootl Huxbor Fisheries Research b cation. They
used an antibiotic ( i to reduce bacterial infeetion in
the herring. oSnalls ”lﬁ@ OGTQ&TiaC were placed in the tanks,
Brit succumbed to massive infecthion sooner than yearlings did,.
"Pop-eye'’ may develop in some fishj; they demous itrated larval
worms in the eye tissues. A single snail can release 15,000
cercariae in 24 hours. Most cercariae emerge in summer. Gross:

earance and sections of infected herring are shownj numerous
cariae under the skin.

Conclusions

1. Pigment spot disease of herring 1s caused by the cercariae
of CertocotVIe lingua emitted by the snail Littorina littorea.

2, Mortalities may be produced experimentally iﬂ the herring by
massive continuous exposure to cercariae of (. ngua in sea-water.
Deaths may also result from wmassive exposure of s“orf duration but
this is:less marked than the effects of continuous exposure. Con-

tinuous experimental exposure to few cercariae appears to have
little effect on survival of the herring,

3. Brit (age group 0), when wl_aut one vear old, are mofe severely
affected by exposure to cercariae than are age gloup 1 herring
(fish almost two vears old). In the present work, brit aortallties
ensued in one half the time of those in one year olds exposed
to the same degree of larval trematode invasion.
exposure « rring to cercariae of
tpop-aeye't -~ a consp 1cuqn% bulging of the
the lens of the eye, often bilateral.

1 the development of plgm@nt spot of
es arﬁe rent af 10 days' exposure

cefneuﬁ d ,
This effect concurre
] i fins, be

ter about

o
&:

rariae emerging frowm infested Littoring
Prom snail to snail, but averaged 3, O?O
July and August, 1954. Under natura

emergence would provide an exteuulve
ion of herring in b and coves wherse

£ mhers of cercariase emitted from infested snails
- ﬂ%on a% well. BEmergence ig sharply reduced in autuwmn -—-
to ZeT0. T“a incidence of cercarial invasion of
1 the i £ this disease on the herring
ndingly since (1) feu cercariae
ring tend to leave coves and estua-
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