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MIGRATIONS OF HERRING*
. by S. N. Tibbo

INTRODUCTION

problem of herring migrations is one which has occupied

the Attentlon 5F both fishermen and fisheries biologists for many
ars and although our knowledge of this intricate subject P

enormously Incressed there 1s St111 mich to be learned. . In the case
f & fish such as the herring which has a wide distribution and is
sought intensively in a relatively limited area, it is of prime
importance to know whether the individuals move freely thrunghuuc the
range or whether the population consists of two or more sub-p
F1058 each with 1ts v Gistribation and cach more or Less independent
of the others.

The grost aconcaic twportanc of horring, espectally in
western European the sporadic
Yhe acHod1a. beo. the. Bein Tessdng or the. Sheciel sttention ARiOh has

5 n
other seasons they will disappear almost entirely. In other locali-
ties they may be caught all the year round but the quantities may
vary tremendously from one season to the mext. It is these varia-
tions uhich are attributed, mainly, to pecuuarines in the migrations
of the

until the early 1930's the methods used for satying
the mgr!tlons of her ring were of an ind: rect natnra

marking s and i a1 Soey-da
BR e hed Tk whud Tar oae Tt i 1 AEA morshetogiond Elars
acteristics of the different spawning populations. Because of this,
opinions and explanations of herring movements have been numerous
and diverse which is probably to be expected in such circumstances
where every theorist can point to a few facts which seem to prove
his

Ehe eaxligat accomuigeasted that thore vasiinfia
single body of herring in the Atlantic and it was, therefore,
credited with very e: tersive m:" s.  Roule (1933) Urote "'m.
herring winter bensath t! of ctic ocean, then
spring move soluhuurds and on ®thetr vay break off in dif rorert
direction: o western coasts of Burope and others
Sovards the eastern shores of the United Statests
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n a later chapter of the same bcok, this author wrote
"Today we know that this view has no foundation in fact. e
1s no such migration. The herring shoals are mating groups -
making ready to spawn - which break up when that end has been
accomplished. Each district, each fishing ground, has its own
particular type of fish, proper to it, quite obviously belonging
to it, fish which are not found elsewhere. The existence of
most of them is passed vithin a limited area and there is no
movement beyond its bounds!

Neither of these two extreme views is generally accepted
today, We believe rather that the frequency of herring in a given
area depends to a large extent on the survival rate of the various
year classes but that migrations are mainly responsible for varia-
tions throughout a season.

MIGRATIONS
(a) Vertical
hough this paper is chiefly concerned with horizontal

Alt]
migrations of herring, some mention should be made of the vertical
nigrations since the two may be interrelated to some extent.

Plankton hauls at various depths and under different light
conditions have shown that herring larvae are normally foun

g o
on September 1lth took only 11 herring whereas in a night set on
September 13th at the same station more than 5000 pounds of herring
were taken with the same gear. Whether such diurnal migrations are
due to the phototaxis of the fish themselves or whether they are due
to the fact that the pelagic organisms on which herring feed are also
found in far greater mumbers in the upper water layers at night has
not been determined.  However, these vertical diurnal migrations
often bring the herring into water layers moving in different direc-
tions thus furthering the horizontal dispersion.

(b) Horigzontal

n considering the horizontal migrations of the herring, it
is necessary to distinguish between the true active migrations in

larval herring, it may be assumed that passive migrations are the
more {mportant, but when mature herring move tovards the spavning
grounds, they may follow a definite ccourse quite apart from the
direction of the currents.

As mentioned previously, herring frequently disappear
ltogether from a given locality during certain seasons of the year
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and this is probably related to a scattering of the fish when as
spents or recovering spents they go searching for food. They
collect in shoals shortly before spawning and 1t 15 at this stage
that the majority of commercial landings are made.

hough it can be shown when and where such migrations
have takcen place, in actual practice it is often impossible to
determine the cause or the routes taken and, in fact, it is also
impossible to determine which are active and which are passive
migrations.

Johansen (1927) has concluded that every race of herring
has its own particular area of migrations which may be of enormous
extent or confined within narrow bounds. He writes "The Norwegian

53
to the north Cape and the Barents Ses and back again, yhersas scme

seem to leave these wate

0DS_OF STUDVING MIGRATIONS
(a) Population Studies

It vas recognized very carly that herring were not of the
same sort everywhere since fishernen in different localities caught
fish which varied greatly in size and_quality and this led scientists
to conclude that there were many local groups or races each with its
own spawning and feeding area.

Studles of the variations between groups have been going
on for many years but it is mainly within the present century that
this information has been used to determine the migrations of herring.
For example, the swmer herring on the North Coast of Iceland and the
spring herring on the southwestern coast of No: rway have long been
known to differ omly in lemgth and age composition.  Eovever

11 1 that

vas spavmed in Norvay and that migrations betysen the two areas were
onsiderable extent (Fridriksson,19%k). This suggestion was sub-
Sequently confirmed by tagging.

Ever since the time of Linnaeus, students have been making
observations on the peculicritios of the differant groups of herring
and have noted differe 0
of the fins, number n :
and keeled bcales and other charactesistics.  Particulsr avtention ‘

:

has been given to such characters as the mumber of vertebrae, fin
rays and keeled scales which once formed are constant throughout the
1lifetime of the individual, Body proportions and the position of
the fins change somevhat ith ssasons and in the course of develop-
ment.
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In studying these morphological peculiarities it has been
found that herring sprvning under different conditions of tempera-
ture and salinity also exhibit 1
these differences ars very suall and the charuters subject to such
wide variations that it is necessary, no make very extensive
observations, but also to find some At tmettoal expresston to dess
cribe the differences.

Much attention has also been given to the structure of the
sealos and otoliths, the mabor of grovth zonos the relative size
nd the distance between the different winter rings.
Gectain weitors gich aa less Storroy end Holgscn heve bosed theLs
investigations of the herring migrations almost exclusively on & study
of the scales with appropriate caleulations as to the growth of the

fish.

Studies have been made of the position of spawning grounds
and the physical propertics of the water and observations taken as
to where the larvae, yousg fishy fat herring, full herring, spent fish
) SeioTerTaE spenls CEIDBETANA the sams Tane s boELe tounds

Zo 1lustrate the results of thess studies a sohematic

nigrati herring is taken from

e’ {529 and gmn 1% tigure o

This figure illustratesi-

he shoreward migration of spawning herring during the

A. D
period J.mm—y to April, These fish arrive at the spawning grounds
in two groups; firstly, the repeaters and then the recruits - spawners.

The dispersal of larval and post-larval stages of herr-
reVarsthe yoar ol it otha, siE(esciast s
C. In their second year these herring remain in inshore
areas.
D .In thelr thixd yoar the herring from the southern
part of the area move seaward.
During the fourth year of life the Lerring fron the
nofthsrn part of $he aren slse Have somvem
The oceanic stage. Duration from one to three years,
age two Lo six, possibly seven years.
After sexual development the oceanic stage is lbmdon.a
by that Pit of ths population which will become sexually mat
uring the next spawning season.
Annual migration of adult herring between spawning
and tsodin; grounds.







(b) Iagging
ing fish is an extremely simple and useful way of

Tage:
finding out whether they move from one place to another and ma
types of tags have been used in many countries and for many species

enough places; that the tags will remain in place for reasonably
long periods; that the fish can be tagged without undue mortality
and that there are adequate means of recovery.

Although migrations are considered to be the most
portant single factor in the study of the life history of herring
I Te has boun done in the way of & positive approsch to ng a
It is quite probable that Rcstiinvesti
gators have considersd herring to bs unsuitable for tagging because
of the difficulty of handling without injury and furthermore, the
Cnotmous. guantitios that wore takon and the methods of handling
catches in bulk rendered any known system of recovery an extremely
arduous, if not impossible, task.

+ from one or two unsuccessful attempts during the
1890's by Fadion 5% the Seottish Fisharies Board (ulton 1893)
there appears to_ have been no real effort to find a suitable tag
For herring nntil 1932 whon Rounsefell and Dahlgren of the U.5.
Bureau of Fisheries conducted some experiments in Puget
Washington (Rounsefell and Dahlgren, 1933). They tri-d several
roulun and in

apparatus since with the electro-magnet only the tag con
covered and after passing through a reduction plant there was often
some doubt as to its origin.

Hart, Tester, and their associates have been using this
internal tagging method of studying herring migrations since 1936
on the British Colunbia coast and have made noteworthy contribitions
towards a better understanding of the composition of the shoals and
the movements of herring in that area (Hart and Tester, 1937).

heir reports which have been published annually in the
Report of tha B. C. Fisheries Department contain a great deal of
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information on the efficiency of the tagging method, the amount of
mixing of schools which were previously believed to be discrete and
the migration of herring throughout the fishing season.

It has boon shoun, for examplo that the movement of herring
between such areas as the lower east coast and the west coast of
Vancouver Island is very small (from 2 to 5.8%) but that there is a
considerable mixing of populations in adjacent areas on the west
coast of Vancouver Island (Tester and Stevenson, 1948!

very recent paper by Fridriksson and Aasen gives the
St Bt geine gxporinents in Norvey and Iosland during the last
three years (Fridriksson and Aasen, 1950), They haye also adopted
the infernal method of tagging doveloped by Rounyefell and Dahigren
and have met with considerable success in their efforts.

The most spectacular result of these experiments is that
transoceanic migrations between Norway and Iceland are shown to take
place to a considerable extent. This had been previously suspected
by Eridriksson and supported by Ragmissen (1950)
population characteristics in the

a

north of Bergen in Norvay.
During the 1949 fishing senson in Ioeland one tagged herring that had
been Iiberated in Norway in 1948 was recaptured. ~ During the 1
fishing season in Norway (1950) a total of 67 tags were recovi
of which vere from 5 iibreent taggings in 1calnnd m Tgug. " The total
returns from these taggings have been small, 149 o f 42,054 or ca.
1/3 of 1 per cent but it "hould be noted that the :nsun.uon of
recovery apparatus was going on at the same time as the tag
T3 ot Yot complete: for Nordegian factories and also that this group
of horring whioh Johansen naned Atlanto Scandian yields nearly b 000,000
metric tons of fish annually

Other results of these experiments indicate that the school-
ng of herring is a temporary phenomenon with the schools dispersing
-rtex- avhile and the fish later forming into nev grows which may
Eyidence for this he

previously believed
to be regarded as such since tagging returns show that there is
definite mixing of these two groups

here has been very little effort on the east coast of

Canada to cudy herring migrations by the tagging method chiefl;
because the fishe he: 0 the stage where inrzc
n

Tring. is 1s an average of
ca. 20 tons per plant’for the Whole season, whereas a reduction
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plant could process more than 10 times this amount in a single day.

n spite of this, however, it was thought that some tags
might be ronotare et D37 Desming were Sagsed snd Jiberated in

the Magdalen Islands area during the early part of June in

Two types of intornal tags were used viz. green celluloid and silver-
plated steel, Nine out of the 1860 green celluloid tags were re-
Sovered within a fev days of the actusl tageing but only one since
ana' it was Tecoversd in May 1950 in the same area in

Bosn celeesed. oo years pravicusly. ~ Hone of the 515 LTH
steel tags have been returned.

(c) Hydrorraphic Studies

In an attenpt to throw further 11ght on this problem of
herring migrations sone imvestigators have considered herring
be purely planktonic in their and hav. ted that there
Pe o actibe, purposeful; migration and that bnth larval and adult
herring are Sarried passively by water current)

© (1936) shoved that there vas an inverss relation-
nip Bibusen ¢1301. 01 tberemts ot the availability of herring a
malsured by thio averago catch per seing per day. e aid not arrive
te conclusion to explain this correlation but mentions
She' Tollaving factors which might be related &

the mechanical effect of the tidal current on the
ease of manipulating purse seines and thus catching fish.

(b) the errect of tidal currents on the movements of
herring to the fishin

(c) the amount of light from the moon and the reaction
of herring to 1ight of certain intensities.

Huntsman (1934%) xnvesmguea the sardine fishery of the
Passamaquoddy area in the Bay of Fundy and concluded that catches

in the stationary weirs were determined mainly by the movements of
water currents which were set up by winds or by fresh water inflow.

oints out that "weir catches indicate very definitel,
s ARl shifted eron placo to place in the superficl
Du

herring are carried avay 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 eirs".
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STUDIES IN CANADIAN ATLANTIC WATERS

Studles of herring on the Atlantic coast of Canada were
first made during the Canadian Fisheries Expedition 1914-15 (Lea,
1919). The prineipal aim of this investigation was to determine
if all of the fish on the coast belonged to a single population
or if 1t was possible to distinguish several groups. Observa-
tions were made as to the length, weight, sex and state of
maturity of the gonads, fat content, number of vertobne, number
of fin rays and number of keeled scales.

ry striking differences were observed in the data from
various localities and it, therefore, became obvious that there were

separate_groups of herring which intermingled to a limited extent
if at all,

Siilar studies woro begun by the Atlantio Herring In-
vestigation Committee in 19%% and have been continued each year
Flncesto estnblish the geographical limits of the different popu-
lation: t the constancy of those characters which
aicidircerestiran ot group.  The results of these studies have
been that it is now possible to distinguish six separate and
distinct populaclons of herring on the Atlantic Coast.

t furt!

o Tinet es not. Itile particulerly
since 1t is mot feastble at present to test the results by H
direct tagging method.

Some results of the studies of herring stocks in Canadian
Atlantic waters are given in figures 2 to 6. Figures 2a and 2b
give the mean monthly catches of herring for the period 1933 to

he catches during the fall and winter months (October to
March) sre small and have been combined in two sections of t
1

% e catches are also made along the
outer coast of Nova Scotia during July, August and September.

Figure 3 shows the mean vertebral counts of samples taken
from the comercial catches and also the principal spavning aress
which are indicated by the heavy black lines. spawning schools
\hich are the basis of thse comnereial fishories have all individuals
with ripe or nearly ripe gonads which collect on the shores for the
purpose of spawning and then disappear again.

for from four to six weeks while in other,such as the Bay of Islands
on the west coast of Newfoundland, the nearly ripe herring move in-




Figure 2(a) - Moan monthly catches of herrisg 1933-1040 (Tanuary-June).
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shore in November and do not spawn until the following May. Mean
vertebral counts are higher in the estuary of the St. Lawrence and
Towest. on the mortheast coast of Mewfoundiand. . Arsas vhich have
been shown to have separate and distinct populations of herring
aro enclosed by broken lin Vertebral counts are not sufficient
pnlauons as shown by the counts

from the Moya Sootian coast 55. d the ones from Prince Edward
I2Tand 55,36,  Although thess counts are almost identical differ-
ing by only 0.02 vertebras, the populations are distinct as shown

growth Tates, year class composition and spawning times. One
is a spring and the other a fall spawning population.

Figure 3 - Mean vertebral counts and principal spavaing areas.
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gure 4 shows the length and age composition of herring
samples taken 5% s1% of the 1ooaiit1os vhich orp conssdered to nave
separate and distinet populations. It may be noted that the
samplos contain & mixture of many yoar classes sometines as
15 or 16 aifferent year classes being represented, ~ This ol
rates a considerable amount of mixing within an area of
e Flah which ate the products of differsnt spavnings:

as

With regard to the immature herring in the Gulf o
Lawrence we have very little information but the results of .!amplin‘

Figure 4. Length and age composition of herring samples.

on the Gaspe coast, during the summer months when there is a small
oy tor vizgin) C1on Anatosts Phet! thoce. narring Are srotsed
secording to size rather than age. It appears that the largor
individuals of one year class mix with the smaller individuals of
an older year class rather than with the smaller individuals of
the same year class.

t may be argued that this opinion has no foundation in
R0 ita toe samples which provided the data for the conclusion
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were obtained from fishing gear which is very selective in its
action and will only take fish of a particular size group.
However, fishermen have learned from long experience Fihat_gear to
use for a particular area and hence their catches are px-obubly
representative of the population present. This mixing of

herring according to size groups may be decided by the ncuvity
of the fish, rory ability to swim and the special sort of food it
seeks.

e 5 shows the drift of surface water in the Canadian
Atlantic ares and figure & shows the relative sizes of combined
catehes of herring and mackerel during explorstory drift-net fishing

§n the Guif of St: Lavrence during the summer of 1950, ~This ‘
Jostigation was carried on from the first of June until the end of

September when there is a well defined surface layer of water in

the area

Practically all of the fishing was done within this
surface layer and the quantities taken indicate that there were
large mumbers of herring present. There does not seem to be,
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hoveyer, ery | particular relationship between the dutrxbuuen of

herring movements of the surface water.

sugestiun thay the aaait spring herring imsdiutely after spawn-

ing r the most part in the direction of the current since

ouf boss catohes in June were made in the Soutiwestern part of the
£ but later in the season much larger quantities were taken in

the mcrtiacestorn part

't might also be mentioned that there appears to be a

definite relationship between the abundance of plankton and the

quantities of herring captured and this was particularly evident
were very abundant

example at Station HDN 8 there were 310 c.c Lankt:

10-mimute horizontal tow with a meter nat about 10 feet below the

surface and 5000 1bs. of herring taken in the gill-nets.

Figure 6 - Combined catches of herring snd mackerel, 1950.
Lo HON 2 there b 220 c.c. of plankton and 2200 1bs. of fish;

P
ot Stevson EDN 5, 130 c.c. of plankton and 550 1bs. of nsh and at
Station HDN 1, 35 Seer plankton and 120 1bs. of fish.

This relationship petween herring catches and the presence
a3 ounts of certain planktenic organisms is in conformity
B rres o similar studies in the North Sea where commercial

fishermen are now using a plankton indicator in connection with
arift-netting.
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SUMMARY AND CONCLUSIONS

here are still many unsolved problems connected with the
distribﬂtlnn and the relationships of the various groups of herring
but perhaps enough is known to warrant some general conclusions

three years when they move off shore to the edges of the continental
shelf where they form the basis of the fat-herring industry. When
these herring become mature, they migrate southwards and shorewards
where they then mix with the spawning shoals of the older year
classes.  After spawning the spent fish migrate northwards along

basis of a large summer fishery for recovering spents.

far the results of a particular investigation can be
applied generally is a question, the answer to which is very much in
doubt. It may be as Johansen has suggested that each race has its
own particular area of migrations which would mean that although
basic principles may be applied each group has to be investigated
separately.

a general rule herring disappear for a greater or lesser

portion of the year and this disappearance is undoubtedly often re-
to an extensive scattering of the fish at certain periods of

thess Tore: “FeTs tho. adul sk wiieh sve trus dlapersed when as

spents or recovering spents they go hunting for foo

pronounced degres than otherwisg.  Tho nerring collect in shoals

for the most part at the following stages of lify

(a) as spavning fish

(b) as young herring

(c) as Tull herring shortly before spawning

(d) as spent herring - a short time after spawning
has Taken places

There are places where recovering spents are also caught
in great mumbers, as, for instance, on the north coast of Iceland
1n the summer and in’the eastern Skagerak during winter.

P During the period after spawning the herring are found
feeding voraciously on the copepod, Calamis which is presumably
transported mainly by the currents and the .terring probably follow
| the movements of bhis and perhaps othor feod orgAulomss ether
this noveuent of herring i of an active of passive character we
do not know and it is perhaps not particularly important It maj
be sufficient to have a camplete understanding of the factors
affecting the production and distribution of the organisms on which
rring feed in order to be able to describe this phase of their
migrations.
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It is perhaps inportant to appreciate the fact that since
the larval stages of herring cannot be marked and their life history
oS Ieed Tt ie thorefors, Impossible to produce direct evidence as
%o the place of origin of any school, However good the biometrical
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