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THE MI GRATIONS OF HER.'l lNG*

by S. N. Ti bbo

I NTRODUCTI ON

The pr obl em of herri ng migr a t i on s is one which has occupied
the attention of bot h f i she rmen and fi she ries biologist s fo r many
years and al t hough our knowledg e of t his intrica te sub j ec t ha s been
en ormou sl y increased t her e i s s till much t o be lear ne d. I n the c as e
of a fish such as t he he r r i ng whi ch ha s a wi de dist r i bu t i on and is
so ught intensively in a r e l a t i ve l y l imited a r ea , it is of prime
i mpor t anc e t o know whether t he incividuals move f r ee l y through out the
r ange or whether t he po pu l at ion c ons i st s of t wo or more sub -p opula­
ti on s each with its own dist r i bu t ion an each mor e or l e s s i ndependent
of t he ot hers .

The gr e at ec onomi c i mpor t ance of he r r ing, es pe c ial ly i n
western Europe an count r i e s and t he ext r emely spora di c occu r r enc e of
t he sch ool s a re t he main rea sons f or the sp ecia l a t t enti on whi ch ha s
been gi v en to t he spec i e s . Dur i ng cert ain s e a son s of the year ,
herr i ng may be f oun d in eno rmous number s i n a g i ven ar e a while in
other s e a son s t hey wi l l disappea r al mos t en tirely . I n other l oca l i -
ti e s they may be ca ught a l l t he ye a r r ou nd bu t t he quan t i ties may
va ry t remendously f r om one season t o the next. It i s t he s e va r i a ­
t i on s whi ch a r e at t r i hu t erl , main l y, t o peculiar iti e s i n t he mig rations
of t he fi sh .

Up unt il t he ea r l y 1930 I s the methods us ed fo r s t udyi ng
the mi gr ati on s of her r i ng were of an indi re c t nature , Very f ew
marking experiment s were att empted and i nv es t i ga t or s had to re ly on
da ta obtained f r om a s t ud y of v ar iations in t he mor pho logica l char-
ac t e r ist i c s of the diffe re nt spawn ing pop ulations . Beca u se of t hi s ,
opi n i ons and exp lanations of he r r i ng movemen t s have been numer ou s
and di ve r s e whi ch i s probab ly to be expec t ed i n su ch c i r cumstanc e s
where ev ery t heor is t c an point to a fe w fa cts whi ch se em t o pr ov e
hi s c ase .

The ear l ies t acc ount s sug ge s t ed t hat t he r e was but a
sing l e body of he r r i ng i n t he North Atlant ic and i t was , there fo re ,
cred ited ~ith very ext en s i ve mi gr ations. Roule (1933 ) wrote "The
he rri ng wi nter bene a t h t he i c e of the Ar c t i c ocean , t hen i n t he
sp r ing move so ut hwar ds and on t he ir wa~' bre ak of f i n differ ent
dl :,ec t ion s, s ome t owa r ds t he ve sr. e rn c oa s t s of 3u rope an d ot e rs
t owa r ds t hE' ea s te r n shor e s of the Ur.l ted St a t e s " .



I n a l a t e r cha pt e r of the same book, t hi s au thor wr ot e
"Today we know t ha t t h i s vi ew ha s no f ounda t i on i n f ac t . There
is no such mig ra t io n . The he r r i ng shoa l s are mating gro up s -
mak i ng r e ady t o spawn - whi ch br eak up when that end has be en
ac c ompl i sh ed . Eac h di s trict , ea ch fi shing gr ound, has it s own
pa r t i cu l a r type of fi sh, pr oper t o it , quite obv iously belongi ng
to it, fi sh which a r e no t found elsewhe r e . The existence of
mos t of t hem i s passed ,l1thin a l i mi t ed area and t he r e i s no
mov ement beyo nd it s bound s " .

Neither of the s e two ex t reme vi ews is gen era l ly acc ept ed
t od ay . We beli eve r ather t hat t he f r eque ncy of he r r ing i n a gi ven
a r e a de pe nd s t o a l a r ge extent on t he surviv al r at e of t he va r ious
ye a r c l as se s but t hat mi gr at i on s a r e mainly r e sp on si bl e f or v aria­
t i on s t h r oughout a se a so n .

( a) Vertical

Al t hough t hi s pa pe r i s chi ef l y c onc erned with hori zon tal
mi gr ati on s of he r r i ng , s ome ment ion shou l d be made of t he ve r t i ca l
mig ra t i ons si nc e t he t wo may be i nt e r r elated t o s ome extent.

Pl ank t on ha u ls a t vari ou s depths an d unde r diff erent light
c ond i t i ons ha ve shown tha t he r ring lar va e are no rma lly f ound in f ar
gr eat er numbers in the upp er water l aye r s a t night t han du ring t he
da y. Undoubt edl y t he s ame applies f or adult f i sh . Dur i ng expl or a -
to ry dr ift-ne t fishing i n t he Gulf of St . Lawr ence in 19 50 a day s e t
on Sept ember Ll t h t ook only 11 herring whe r eas in a night s e t on
Sept embe r 13t h a t t he same station more t han 5000 pounds of herr ing
wer e t aken ;rith the same gear . Whether such di urnal mig ra t i on s a r e
due to t he photot axi s of t he f ish themselves or whet he r t hey a r e due
t o the f act tha t t he pelagic or gani sms on whi ch he r ring f e ed are al s o
f ound i n rar gr eate r numbers i n t he upp e r wate r l aye r s ' a t n i ght ha s
not been determined. Howev er , the s e vertical di urnal mi gr a t i on s
of t en bring t he herr ing into wa t er l aye r s mov i ng i n di f f erent di re c ­
t i on s t hu s f ur t heri ng t he ho r i zontal di spersion.

(b) Hori zont a l

I n c onsideri ng t he horizontal mig ra tion s of t he her r i ng , i t
i s necessar y t o dis t ing ui sh be t ween t he t r ue acti ve mig ra t ion s in
s e a r ch of f ood or f or spawning and t he pa s s i ve mig r ations whe r e the
herr i ng are c arri ed a l ong by the ocean currents. I n t he c as e of t he
l a r v al herri ng, it may be assumed t ha t pa s sive mi gr ations a r e t he
mor e imp ortant , but when mature herring move t owar-ds t he sp awni ng
gr ound s , t hey may fo l l ow a defi nite co u rse qu t t e apar t from t he
di rection of t he cu rren t s .

As ment i one d pr eviousl y , he r ring f r e quent l y disappe ar
altogether f r om a gi ven l oc a l ity during ce r tain season s of t he ye ar
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and t h i s i s pr oba bly related to a sc a t t e r ing of the fi sh when a s
spen t s or r ec overi ng spent s they go sear ch ing f or f ood . The y
co llect in shoal s sho rtly be fore spawni ng and it i s at this stage
t hat t he majority of c ommercial landings are made.

Al t hough it c an be shown when and whe r e su ch mig ra t i on s
have t aken pl ac e, in actual prac tice i t i s of t en imposs ibl e t o
determi ne the c aus e or the r ou t e s taken and , in f ac t , it is al s o
impos s i bl e t o de te r mine which ar e active and whi ch a re pa s sive
mi gra t i ons .

Joh an sen (1927) has con cl uded t hat eve ry r ace of her r i ng
has i t s own pa rticul a r a rea of mi gra t i ons whi.ch may be of en or mou s
extent or confi ned within na r row bound s . He wri t es "The Norwegian
spri ng he r r i ng may move from t he so ut hweste r n co as t s of Norway up
to t he nor t h Cap e and t he Barents Sea and bac k aga i n , whe re a s some
r ac e s of herring sp awni ng i n t he Ka ttega t an d t he Bel t Sea never
s eem t o l ea ve t he s e waters " .

HETHODS OF STUDYING MIGRATI ONS

( a) Popul a t i on St udi e s

It wa s re cognized very e ar l y t ha t he r ring were no t of the
s ame s or t everywhere since fi shermen i n di f fe r en t locali t i es caught
fi sh whi ch varied greatly in size and quality and t h i s l ed sc i ent i s t s
t o c onclude t ha t t he r e wer e man y l oca l groups 01' r ac e s e ach wi th i t s
own spawning and f e edi ng area.

Studie s of' the va r iations be twee n gr oups have bee n goi ng
on f or many yea r s bu t it is mai nly wi t hi n the present century t ha t
thi s i nf or mat i on has been use d to de tern i ne the mi gr a t ions of he r r i ng .
For ex ample , t he summer herr ing on t he North Coa s t of I c el and and t he
sp ring herri ng on t he southwe s t e rn coas t of Norway hav e l ong be en
known to differ only in length an d age co mpos i t ion . However , i t
was not until 1944 that it was sugg e s t ed t hat t he se I celand he r r ing
were s imply an ol de r and more mig r a t or y part of a populati on whi ch
was spawned i n Norway and t hat migrat ions between the t wo ar e a s we r e
of c on s i de r a bl e extent (Fri driksson, 1944) . Thi s su ggest i on was sub -
se quently c onfirmed by tagging .

Ever s ince t he time of Li nn aeu s, stude nts hav e be en makf ng
ob se rvati on s on t he pe cu liarities of the different gro up s of he r r i ng
and hav e noted di fference s in body proporti ons , lengt h and posi t i on

~;d t~~ef;~ s ~c~~~e;n~fo~~~/~h~r~~t,n;~i~~~ersh~~~~ia~fa~~~~n~~e
has bee n gi ven t o su ch cha r ac t ers as the number of ve r t eb ra e , fin
r ays and ke eled scales whi ch once f ormed a r e c ons t ant t hrough out t he
lifeti me of t he individual. Body pr opor ti ons an d t he position of
t he fin s change so mewhat wi t h s eas ons an d in t he cou rse of de ve l op ­
ment.
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In studyi ng t he se mor phol ogi c al pecu l i a r ities it has been
f ound t ha t he r r ing sp avnrng under di f fe r ent c ond i t i ons of t empe r a- .
t ure and sal i nity al s o exhibit morphol ogi ca l diffe rences . Sometimes
t he s e di f ferenc e s are ve ry smal l and the cha r acters sub je c t t o su ch
wid e variati on s t hat it is nec es sa r y , no t only t o make very extensive
obs ervations , but also t o f i nd some ar i t hmet i c a l exp ression t o des­
cribe t he differences .

Huc h a t tention h~s also bee n gi ve n t o t he str uc t u r e of t he
sc ale s and oto l i ths , the numbe r of gr owth zone s, t he re lat i ve size
of the nuc l eu s and the dis t ance betw een t he di ffe rent wi nt er r ing s .
Certai n wr i te rs suc h as Lea, Storrow and Hodgs on have based t heir
i nvest i gat i on s of t he he rring migrations almos t exclusively on a s t udy
of t he sc a l e s with appropria te calculat ions a s t o t he gr owth of t he
fi sh .

St udi e s ha ve been made of the po sition of spawni ng gro unds
and t he physical propertie s of t he water and ob s e rv a t i on s taken a s
t o whe re t he larvae, young f i sh , f a t he r r i ng , full herring , sp ent fi sh
and r ec ove r i ng spents of one and the sa me r ac e are to be fo un d .

To ill u s t r a t e the r esul ts of t he s e s tudie s a schemat i c
pre sent ati on of the mi g ra t ions of Norwegian he r ring is t ake n from
Lea (1929) and given in figure l.

Thi s fi gure illu s tra t e s 1-

A. The shoreward migrat io n of sp awni ng he r r i ng during t he
pe riod J anu ar y to Apri l. The s e f i sh a r r i ve a t t he spawni ng gr oun ds
in tw o gro up s; f irs tly , t he r ep e a t ers an d t hen t he re cruits - spawne r s .

B. The di spersa l of larval and post - larval stages of he r r ­
i ng of the ye a r a l ong t he entire c oast .

C. In their s ec ond year these he rring r emai n in inshor e

D. I n t heir t hird ye a r the he r r ing from the souther n
pa rt of the a r ea move s eawa rd .

E. During t he fourth year of lif E' t he he r ring from t he
nort he r n pa r t of t he area also move seawarc .

F . The oceanic stage . Dura t i on f r om one t o t hree y ea r s ,
age t wo to s i x , pos s ibl y sev en year s .

G. Afte r s exu al de vel opment t he oce ani c s t age i s a ban doned
by t ha t ?a r t of the pop ulation whi ch wi ll bec ome se xually mat ure
dur ing the next spawning season •

. H. Annual migrati on of adu l t he r r ing between spawni ng
and f e edi ng gr ounds.
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Taggi ng f i sh is an extremely simple and useful way of
find i ng out whether t hey move from one place t o anot he r and many
type s of tags ha v e been u s ed in many countries and f or many sp ec ie s
of fi sh . Valuable r e sult s c an be obtai ned from t his met hod of
studying migrati ons provided t hat enough fish can be tagged in
enough plac e s ; that t he tags wi ll r emain in place for r ea s onab ly
long pe riods; that the fi sh can be t ag ged without undue mor t alit y
and t hat t here are ad equ a t e mean s of r ec ove ry.

Al t hough migr a t i ons a r e c onsidered t o be the most
important singl e f actor in the s t udy of the l ife hi s t or y of her ring
little ha s been done in t he way of a positi ve approach t o find i ng a
solut i on f or t his problem. I t i s quite probab le t hat most inve s t i -
gator s have c on s i de r ed he r ring t o be unsuitable f or tagging be caus e

~~o;~~u~i ~~;~~~~ie~ft~~~d~~~~ ~;~~~u;n~ni~~ym:~~o~r~~e~:~~Hn~he
catche s i n bulk r en dered any known sy stem of rec overy an extr emel y
a r du ou s , if not 'i mposs ibl e , task.

Apart f r om one or t wo unsuccessful a t t empt s during the
1890 ' s by Fulton of the Scottish Fi sheri e s Board (Fu lton,1893)
there appears to have been no re al effort t o f i nd a suitable tag
f or herring un til 193 2 when Roun sefell an d Dahl gr en of the U.S .
Bur eau of Fi she r i e s co nducted s ome exp e r i ment s in Puge t Soun d,
Wa shi ngt on (Roun s e f ell and Dahl gr en , 1933 ) . They tried se veral
t yp e s of t ag s including silk ribbons i n the operculum and in the
body , small monel metal strap t ags at tac he d to the cauda.L pe dun cle
and to t he operculum an d internal mone l met al t ags . They concl uded
f rom these experiments that the str ap t a gs attached t o the ope r culum
and the i nt e r nal t ag s we re bot h quite sa tisfac t ory and overcame t he
problem of recovery by an i.ngeni ou s method of i nstalling electro ­
ma gne t s in the meal line of t he reduct ion plants that wer e handling
the catche s . I n 1933 they t a gged appr ox i mat e l y 40 00 he rring a t
J ame st mm Bay i n Alaska and su bs e quent l y recover ed 4% of t he i nt e r -
nal t a gs and t of 1 per cent of t he ope rcular tags. Thi s clear ly
de mons t r a t ed t he superi 'ori ty of the internal tags and the se wer e
us ed exc lusively for l ater taggi ngs. I n 1936 they developed an
"e l ec t r oni c " or " inducti on" detec t or a s a refinement of the recove r y
appa r atu s since wi t h t he e l ect r o-mag ne t onl y the t ag c ould be r e ­
c overed and a f t e r pa s s Ing t hr ou gh a red uc ti on plant t here wa s of t en
s ome doubt as t o it s origin .

Hart, Te s t e r , and t heir a s s oc i ate s have been us ing this
internal tagging method of stud yi ng he r r i ng mi gr a t i on s s inc e 193 6
on t he British Columbi a c oast and ha ve made no teworthy contribu t i on s
t owar os a be t t er un derst andi ng of the composition of t he sho als an d
t he movement s of he r r i ng i n t hat a r ea (Hart and Tes te r, 1937 ) .

Their report s ;lhi cl1 hav e been published annua l l y i n the
Repor t of the B. C. Fi sheri es Department co nt a i n a gr e at deal of
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infor mation on the efficienc y of the taggi ng method , the amount of
mix ing of sc hool s whi ch were previousl y believe d t o be discrete and
the mi gr a t i on of he r ring through out t he f ishing season.

I i; ha s been shown, f or exampl e, that the movement of he r r i ng
be t wee n su ch areas a s t he l ower east co a st and t he west c oa st of
Van c ouve r I sland i s very small (from 2 to 5. 8%) but t ha t t here i s a
co n si derable mi xi ng of populati ons in ad j ac ent areas on t he wes t
c oa s t of Vanc ouve r I s l and (Te s t er and Steven son, 194 8).

A very r ec en t pap er by Fridriks son an d Aasen gives the
r e sul t s of tagging exp e r i ments in Norvlay and I c e l and du r i ng the l ast
three yea rs (F r i d r i k s s on an d Aa s en , 19 50) . They have also ad opt ed
the internal method of t agg ing developed by Roun s ef ell and Dahlgr en
and ha ve met with c on s i dera bl e su cc es s in t heir efforts .

The most spe ctacu lar r e sult of th ese exp er imen t s is t hat
tran s oceani c mi gr a t i on s betw ee n Norway and I c e l and a r e shown t o take
plac e to a c on s iderable ext ent . This ha d been previous ly su spec t ed
by Fr i dr i k s s on and supported by Ra smussen (1950) from studies of
p opul at i on ch a r acteri s t ic s in the two coun t r ies but the first di re c t
evidenc e wa s from a tag whi ch was liber a t ed in Iceland on August 22nd ,
1 94 8 , and found on Febr uary 9t h , 1949 , in a plant which was using
herring taken from a f i s hi ng area ju s t north of Bergen in Norway.
Dur i ng t he 194 9 f'Ls hf ng se a son i n I celand one t agg ed he r ring that had
been libera t ed i n Norway i n 194 8 wa s recapt u re d . During t he l a st
fi shi ng se ason i n Norway (1950 ) a total of 67 t ags were rec ove r ed , 11
of whi ch were from 5 di f f e r ent t agging s in I c e l and i n 194 8. The t otal
retur n s f r om these taggings ha ve bee n smal l, 14 9 out of 42 , 054 or ca.
1/3 of 1 per ce nt but it sh ou Ld be no ted t hat t he i ns tallat ion of
r ec over y appa ratus wa s going on a t the s ame time a s t he t ag gi ng an d
is not ye t co mple t e f or Norwegi an f actor i es and al s o that t hi s gr oup
of herri ;"lg which J ohan s en named Atlant o Sca ndian yiel d s nearly 1 , 000,000
met ric tons of fi sh annually.

Other r es ul ts of t he s e exper i ment s indicate t hat the s chool ­
ing of he r r i ng is a t empor a r y phe nomenon with t he schools disper s i ng
after awhi le and the fi sh l a t er f or min g int o new groups whi ch may be
qu ite diff erent from the prev ious one s . Evi denc e f or this has c ome
from tagged he r ring l i be r a t ed as a small school and l at er recapture d
ove r widely scatt ered a reas and long periods of time . It is fu r the r
indi c a t ed th at the Norwegi an winter and spr i ng he r r ing whi ch wer e
p r ev i ou sl y believed to be separa te and di s t i nct gr oup s c ann ot co n t i nue
to be reg arded a s su ch s inc e t aggi ng r e t u r n s show th at there is a
definite mi xi ng of t he se two groups.

The r e ha s be en ver~' li t tle e f f or t on t he ea s t coast of
Canada t o stud y herring mig ra t i ons by t he tagging met hod chiefly
because t he fi sh ery t he r e ha s not devel oped to the s t a ge where l arge
qu ant i t i e s of he r r i ng a re handled in a s i ng l e pr oc e ss i ng plant . I n
Newfo un dl and al on e i n 194 8 t here were 99 0 license s i s su ed t o pac k
s l i ght l y l e s s t ha n 20 , 000 t ons of he r r i ng . Thi s is an av era ge of
c a . 20 tons per plant f or t he Vlhole season, wher ea s a r educti on
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plant cou ld p roce ss mor e than 10 t ime s t his amount in a singl e day .

I n spi t e of this, howeve r , it was thought t ha t some tags
mi ght be r ec ove r ed and 2375 he r ring were t agged and liberated i n
t he Magdalen I s l and s area duri ng t he ea r l y pa r t of J un e in 1948 .
Two t yp e s of internal t ags wer e us ed vi z . green c el l uloid an d si l ve r ­
plated s t eel. Ni ne out of t he 1860 gr een celluloi d t ags wer e re­
c overed wi thin a few days of the actual t aggi ng but only on e since
and it was r ec overed in May 19 50 in the same a rea i n whf ch it had
bee n r elea s ed two ye ars pr evious ly . None of the 51 5 silve r -p l a t ed
steel tags have been returned .

( c) Hydr M r anhi c St urliA s

I n an attempt to throw furthe r light on this problem of
her r i ng mig ratio!ls so me inve stieator s ha ve con sidered he rring t o
be pur e l y planktonic i n t heir mov enent s and have suggested that t here
i s no active, pu rp oseful, ml gr flt ion and that both larval and adult
he r r ing a r e carried passively by water currents .

Te s t e r (1938 ) showed t hat the r e was an mverse relati on­
ship betwe en tidal differences an d t he availability of he r r i ng a s
mea su red by the average c atch per seine per day. He did not a r rive
a t an y de finite conclusion to explain this corre l a t i on but ment ions
t he f ollowi ng fa c t ors whic h mi ght be r elated t o it.

( a) t he mecha nic al eff ec t of the tidal cu r rent on t he
e a s e of man ipulating purse s elne s and t hu s ca tching fi sh .

(b) the ef fe ct of tidal cu r rents on the mov ement s of
he rri ng to the fi shi nr ground s .

( c) t he amount of light from t he moon and the reac ti on
of he r r i ng t o l ight of cert a n lnt en si t i e s .

Hurrt sman (1 934) investigated the sa rdine fishery of t he
Pa s sama qu oddy are a i n t he Bay of Fundy an d co ncl ud ed t hat catches
i n t he stationary weirs wer e de t e r mined mai nly by the movement s of
wat er curre nt s which were set up by wi nds or by f r e s h wat e r i nf l ow.

He point s out t hat "we i r c at ches indic at e very defini t el y
t hat t he he r r ing are s hift ed from place t o place in t he sup er fi cial
movements se t up by the wi nd" an d fu r th e r t ha t "Dur i ng fre shet s,
wat e r of l ow density i n t he midd le of t he bay passes t o l ocalit i es
of deep mi xi ng ca r rying he r r i ng t o t he so-called " spri ng wei rs "
irrespectiv e of t he time of the yea r - t hat du ring f r e she ts t he
herring are ca rried away f r om t he vi c i ni t y of es t ua r ie s ; but with
lessened out flow - particularly in t he autumn, t hey are moved to
the estuari e s and t he bay mouth t o g i v e large c a t ches in the so ­
called "fall we i r s ".
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STUDIES I N CANADIAn ATLANT I C W TERS

Studi e s of he r r ing on the Atlant ic coast of Can ad a were
f i r s t made duri ng t he Canadi an Fi sheries Exped iti on 1914 -1 5 (Le a,
1919 ) . The pr i nc i pal a i m of this i nvestigation was to determi ne
if all of t he fi sh on the c oa s t be longed to a s ingle popu l ation
or if it was pos s i ble t o distinguish sever a l groups . Obs erva­
tions were made as t o the l engt h , we i ght , se x and state of
maturity of the gonads, fat content, number of ve rtebrae , numbe r
of fin r ays and number of kee led scales .

Ver y s triki ng diff erences were observed in t he data from
various l oc a li t i e s an d it, therefore, becam e obvious that t here wer e
se parate gro up s of he rring whi ch inter mi ng l ed to a limi t ed ext ent
if a t all .

Si mila r studi e s were begun by the Atlant ic Herring I n ­
vesti ga t i on Committee in '1944 and hav e been continued ea eh year
sinc e to establish t he geo gr aphical limits of the di ffer ent po pu­
l a t i on s an d al s o to t e s t t he constancy of t hos e characters whi ch
a r e different f or e ach I::-oup . The r esul ts of t he s e studies hav e
be en t hat i t i s now pos sibl e t o dist inguish six separate and
di stinct po pulat i ons of herring on the At lanti c Coa s t . It is
pos sibl e t ha t further seg regat i on could be made with much more i n ­
ten s ive sampling but it doe s not se em wor t hwhi l e , pa r t icularl y
sinc e it i s no t feasible at pre s ent to t est the results by the
direct t aggi ng met hod .

Some results of the s t udies of he r ring stocks in Can adian
Atlantic wate rs are given in flgu:-es 2 to 6 . Fi gu r e s 2a and 2b
gi ve t he mean morrt hl.y catches of her r i ng f or the pe r iod 1933 t o
194 9 . The ca tc he s during t he f all an d wi nter months ( Oc t obe r to
March) are small and have been co mbined in two sec tions of the
fi gure s. For t he west c oa st of Ne",foundland only annual catch e s
a r e av a i lable an d t he mean monthly catches have been calculated on
t he basis of r ec or d s kept during an inves t i gati on of the her r i ng
f i s hery in the a rea dur i ng t he 1942-43 and 1943 -44 seasons . The
fi gure s show t ha t except for t he Bay of Fundy a r e a whi ch ha s a yea r­
ro un d f i she ry for sa r di ne s t he largest pa r t of the to tal catch is
t ak en in t he sou thw estern s ec t i on of the Gul f of St . Lawre nc e
duri ng t he nonti h of May . Lar ge c atches are also made along t he
ou t er c oa st of Nova Scotia duri ng JUly, August and Sept ember .

Fi gu r e 3 shows t he mean ve r t eb ral c ount s of s ampl e s t aken
from the c omme r c i a l ca t c he s an d also the pri ncipal spawning ar e a s
whi ch a r e i ndic a t ed by the he avy black line s . The spawning s chool s
whi ch ar e t he ba si s of t he s e c ommerc i al fisheries have all indi v i dual s
wi th ripe or ne arly ripe gona d s whi ch collect on the shores fo r the
purp ose of sp awni ng an d then disappea r aga i n. I n some ca s e s , for
exampl e, t he Ma gda l en I s l ands a rea, this spa wni ng mi gr a t ion l a sts
f or f r oJ:l f our to six week s while in ot her, such a s t he Bay of I s l and s
on t he west coa s t of NeWfoundland, the nea r l y ripe he r r i ng move in-



}"'tgure 2(a) - Mean monthly catches or herr tng 1933~1949 (Januaey- June},



Flgure=' .\b) - ),fean monthly catch es of he rm g 1933-1 949 (July ~December) .



sh ore in November an d do no t sp awn un ti l t he f ollowi ng May . Mean
vertebr al count s a r e higher i n t he e s t ua ry of t he St. Lawre nce and
l owe s t on t he nor t he a st c oa st of Newfoundl and. Ar ea s whi ch have
be en shown t o have s ep arate an d di stinct popu l ations of her r i ng
a r e enclosed by br oken lines . Vert ebr al c oun t s a r e no t suffi c ient
in t he mselv e s to distinguish po pulat i on s a s shown by the c oun t s
from the Nova Sc ot i an co a s t 55.54 an d t he one s f rom Princ e Edward
I s l an d 55. 56. Although t he s e c oun t s a r e al mos t ident i ca l differ-
ing by only 0 . 02 ve rtebr ae, t he po pu lat ions are distinct as shown
by gro wt h rates , yea r c las s co mpo sition and spawning t imes . One
is a sp r ing and t he other a f a ll sp awning p opul ati on .
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Fi gure 4 shows t he length and age co mpositi on of he r r i ng
samples t aken a t six of the l oc a l iti es which are c on s i dered t o ha ve
separate and di stinc t populations. It may be noted that these
samples contain a mixture of many year cla s s e s sometimes as many a s
15 or 16 different year cla s s e s being r epres ented. Thi s c l early
demons t rates a co ns i de r abl e amount of mix ing within an a rea of
adult fi sh whi ch are the products of diffe rent spavnrng s ,

With re gard to t he i mmat ure her r i ng in the Gulf of St.
Lawre nce we hav e very little i nf ormAt ion but t he re sults of sampl i ng

r;:Ll-CLJ
t- ;1-'\ "W . -Ir-f" ._..iIK=:J
ij~- ~-n~ -I
r~- d~JrMrihnr: I

r..../~:n~_~ 1
Figure 4 . Length an d age composition of he r ring samples.

on t he Gaspe c oa st, du ring the su mmer months when ther e i s a smal l
fishery fo r virgin fi sh indicate that t he se he r ring are grouped
accordi ng to si ze r ather than age. It appears t ha t the large r
indivi duals of one year cla s s mi x wi th t he smaller i ndi v id ual s of
an ol der year cla s s r a t her t ha n with the smaller i ndi v idual s of
t he same year cl a s s.

It may be argued t ha t t his opi ni on has no foundation in
fa c t since t he samples whi ch provided the da t a fo r the conclus ion
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were obtained from f i shing gea r whi ch is ve r y s el ect i ve i n its
ac tion and wi l l only take fi sh of a pa rt i cular s i ze gr oup .
However, f isher men ha v e l e a r ned from long experience what gea r to
use for a pa r t i cular a re a and hence thei r catche s a re probab ly
r ep r es entat iv e of t he popul a t i on p resent. Thi s mixing of young
herri ng ac c or di ng t o si ze group s may be dec i ded by t he activi t y
of t he fi sh, it s abi lity t o swi m and the spe cial sor t of f ood it
seeks .

Fi gure 5 shows the dr ift of sur fa ce water i n t he Can ad i an
Atlan t ic area and figure 6 shows the re lat ive s izes of c ombi ne d
c atche s of he r ring an d mackerel du ring exploratory drift - ne t fishing
in t he Gulf of St. Lawre nc e du ring the summer of 1950. Thi s i n-
ve s t i ga t i on was carr i ed on from the fi rst of Jun e unti l t he end of
September when t here is a well oefi ned surf ace l aye r of wa t e r i n
t he area .

Pr ac t i c ally all of t he fi shi ng wa s don e wi t hi n t hi s
su rfac e l ay e r and t he quant i ties t aken i nd i c a t e t ha t t here were
large numbers of he r ring pre sent. Ther e does no t s eem to be ,
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howev er, any particular r elationship betw een the di s t r i but ion of
herring and the movement s of t he surface water . There i s some
sug gestion t hat the adu l t sp r i ng he r r i ng i mmed i atel y afte r spaw n­
ing move for t he most pa r t i n the direction of t he cu r rent s ince
our be s t catche s i n June wer e made i n t he southwest ern pa rt of the
Gulf but later i n t he s ea s on much larger quantities were taken i n
the northwestern part.

It might also be menti one d t hat there appear-s t o be a
definite re lat ions hip be tw ee n t he abundance of plankt on and t he
quantitie s of he r r ing c apt ured and t hi s was par ticularly evi dent
during the l ast t wo week s i n July when~ were very a bundan t
and wer e t he princ ipal constituent of the plank t on hauls . For
example at St at i on HDN 8 there were 310 c ,c , of plankton t ak en in a
10-minute, horizontal t ow with a meter net about 10 f eet below t he
surface and 5000 l bs . of he rrinl: t aken i n the gi ll-nets . At

Figu.re 6 . Combined ca tehes ofb er r tngand mackerel, 1950.

Station HDN2 there were 220 c ,c , of plank ton and 2200 Lbs , of fish;
at St a tion HDN 5, 130 c ; c , of plan kton and 550 Lbs , of fish an d a t
Station HDN 1 , 3 5 c , c , of plankton and 120 Lbs , of fish .

Thi s r elati onshi p tletw e en herring ca tche s and t he p r e s enc e
in va rying amounts of cert ai n pl ank t on ic oz-gamsas is in conformity
with t he results of simi lar studi e s in t he North Se a where c onraere LaL
f i s he rmen are now us i ng a plankt on i nd ic a t or in ccnnec t i cn ",i t h
dr ift - ne t t i ng .



SUMMARY AND CONCLUSI ONS

Ther e a r e still many unsolved pr obl ems c onnected wi th th e
dist r ibu tion and t he r elationshi ps of the variou s g r oup s of he r r i ng
bu t pe r hap s enough i s known to war ra nt s ome gen era l co nc l usi on s
about their mi grations . The Norwegi an i nvest i ga to r s have shown
t ha t the newl y hatc hed l arva e are carried by t he water currents
f ro m t he sp awni ng areas i n t he s ou t hwe st part of Norway northwards
al ong t he co as t and into t he fj or ds. Here t hey remain fo r two or
t hree ye a rs when they mov e of f sho re t o t he edges of t he c ontinental
she l f where they f or m the ba si s of t he f at-herri ng i ndustry. When
t hese he r ring become matu re, th ey mig ra t e s outhwar ds and sho r ewa r d s
whe re they t hen mi x with t he spawnt ng sho al s of t he older yea r
cla s se s . Af t e r spawni ng t he spent f ish mig rate northwards al ong
the c oa st of Norway and out t o sea. Some porti on of the scho6ls
migr a t e a s fa r a s t he no r th co a s t of I c e l a nd wher e t he y f orm t he
basi s of a l a rg e summer f i she ry for r ecoveri ng spent s ,

How fa r the re su lt s of a particul a r investigat ion c an be
applied genera l l y i s a question, th e an swer t o whic h is very much in
doubt. It may be as Jo hansen ha s suggested that each r ac e has its
own par ticular a rea of migrations which woul d mean t hat al thou gh
ba s i c principle s may be ap pl i ed e ac h group has to be .inv e s t i gated
sepa ca t.eLy ,

As a gene ral ru le herring disappe ar f or a greate r or l e sser
po rt i on of t he year and t hi s disappe a ra nc e i s undoubt edly often re­
l a t ed to an exten s i ve sc atteri ng of the f ish a t certain pe r iod s of
thei r life. It i s t he adu lt fi s h whi ch ar e t hu s d i spe r se d when a s
spent s or rec overing sp ent s they go hunting f or f ood i n a more
pronounc ed de gr ee t han ot herwi s e . The he r r i ng collect in sho al s
fo r the mos t part at t he f ollowi ng stag es of life :

( a) a s sp avnfng fi sh
(b ) as young herr ing
(c) a s full he r-r-Ing sh or-t I y be f or e spaw n.ing
(d) as spe nt herr i ng - a shor t t ime a f t e r sp awn.ing

has taken place .

The r e a re plac e s wher e r ec overing spent s a r e a l s o c aught
in great numbers, as , f or instance , on t he nor t h c oast of Iceland
in t he summer an d in t he ens t e r n Skag erak during winter .

Dur i ng t he period aft e r spav n tng t he he r r ing a re f ound
f e ed i ng vorac iousl y on t he c opopod , Clila nns which is presumably
tran sported mai nly by the cu r re nt s and t he her r i ng probably fol l ow
the movements of t hi s and pe rh aps ot e r f ood or ganisms . Whether
t h i s mov ement of he r r ing i s of an ac t i ve or pas sive ch aracter we
do not kn ow and it i s perhap s no t pa r ticu l a r l y important. It may
be sufficien t to ha ve a COMpl ete un derstanding of the factors
affecting the pr odu c t i on an d di s t r ibution of the or ga n.i sms on whi ch
he r r i ng feed in or der t o be able t o des cribe this phase of their
m.igrations.
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It is pe rh aps important to ap pr eciate t he fac t that s inc e
t he l arval s t age s of he r r i ng cannot be mark ed and thei r life hi s t ory
followed it is , t herefor e , imp os sible t o pr oduce direct evidenc e as
to the place of origin of any school. However good the biome t rica l
analyses may be there wi ll al way s be s ome doubt as t o whether any
two samples c ome f rom the s ame spawning or whe t her they belong to
different sp awnings, t he pro ducts of which have similar char acters .
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