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. Is'lands and Port-au-Port Bay areas (F\g 1). Bonr§ Bay bacame the ¥

I 5y ’ mfkonucnon i B e

. The Atlantic herr1n9 Cluge harengus arengus, oceurs, ﬂxruughout
the north Atlant1c fromas far sauth as. Cape Hatteras:in the western
Atlantic and narth as far as ayeemand and south, as’ faras . Gihraltar

in the eastern Atlantic (Le1m and Scntt, 1966) Herring hshenes\

_have existed m -the western vAtlannc long before European settlement

-and slnce tmr arrwa1 hern ng' have been explofted extsnswely as a o

suurc.e.of food gnd bait (Scattergaod and Tibbo, 1959). .In Newfou@y, Ty
seyeral areas‘»hav‘e been noted histor:l‘caﬂy’as impor-tant ﬁer‘rlng} fishing
aress, particularly Fortute Bay-and the By, of Isiands (Templamn, ¥966).

.- Herr'ing catches a‘lcngvi_:-he Wwest coast of Newfoundiand have been "

highly variable. In thé late 1940's average. catches ‘of 15,000 metrictons

(int) " were réported (Templenan; 1966).  These. large” catches were in .

response to markets created by the Uni ted Nations Relief Association:
v . A ey )
(UNRR) i & prograns, 1In the ‘1950's catches‘ declined sharply and did
7 3
not increase.until the Tate 195(1'5 and Lhey further pxpanded in the ~

1970's. - In lhe “Tate 1940's the ﬁshery was concentfated in the Bay af

Briniry Fishing ares n the 1960's, During the Tate 1%0'5 and early
1970's the certer of fishing 'acuvity graduaHy shifted northward )
concentratmq in Hawkes Bay in 1971 and 1972, then shvfﬁr\g to St.. -Juhn
Bay in 1973. The f\sherles of the-late 1960's -and.early 1970's were

pyimari\y purse seine flsherles ‘occurring in the late ‘fa)”l and ear\y .

winter. Gmnet fisheries occumd throughout the year but unm

recent!y "took on]; sma]1 quanti tles of fish, 'As the agundance of "the




" Map of New id showin statistical .

areas and place names 'referred to in the text. Inset
shows ICNAF areas and indicates the west coast of

Newfoundland herr!ng stock area (hatched area)

Y




" southern Gulf of St. Lawrence herring sfock declined in the early

11970's (Winters and’ Modder, 197!

es from the spring herring -
fvshery glorig the sauthwest coast of Nedwfound] and decHned

offset their veduced ‘catches .along tne suuwwést coast, vessels fr}m 3 —Si\\

the purse seine f'leet increased the area searched and by 1973 they

had begun - to.move into. the St. George's Bay area where they found
- congentrations cf herring, The fishery i St. George's Bay Expanded

' as pre- spawmng cuncentratmns were found of f. Sandy Point in 1975,

*Since '1975 two ma&ur herrm hsh‘mg seaSDns have .devel

oped on the . .
west coist.with a spring f1s)g)ry sauth of - the Bay of [51Cds and a
.

f ﬂ fishery north of, the Bay of Ishnds.

With the ekpansion’of the west coast terking fishery there v was y .
.
a heed for information’ regarding the biology of. herring in this ‘area

These herring have been examined by several authors.(Tibbo, 19565

Olsen, 1961; Hodder, 1966), who characterized them as spring-spawners. -

Several spawning areas including St.-George's Bay, Port-au-Port’ Bay
and-St. Paul's Inlet were identified. Additjondi informatior.has been
collected in investigations conducted on, :he’s?ai;:q'er‘n GuIF.of t.

Laiirence herring stock (Parsons and Hodder, 1971;

MWinters and Parsons, ooy
19743, Parsons, 1973). § T

The present study was_directed tquards és:alﬂishing the stock
relat fonships of the herring {ound atong the est caast of
Newfound'land exammng cer/;azn blolug1ca1 characterlstlcs of these

" herring ‘and describingtheir population dynamics, particularly with

o | 5
regard to the implications concerning the management of thg fisheries:

Fog




(. .* The managenent of a ‘fish species isgererally conducted on a

stack basis. However, many' definitions of what constitutes a stock

972), defined a stock as a ‘group of Grganfsns sharing
T L N O e — This definition is clgsé
to the classidalbiological definition of a pop/\nanan. Teipleman

(1962 considered afflock to.be a-recogi 2ab1¢ Uit where most of the

fish have a similar area occupying and migratory pattern\while Ricker.

(1975) defined a stock in more,sic terns as. the exploitable
biomass. As -all management schemes relate to ﬁarticuhr fisheries

they must encnmpass all fish which re being exp]mted in that fishery.

Mso if the fish are being éxploiteiin several different aréas during
the course of migrations a1l these fishgries flist bé managed Jointly.
Thus the definition of a'stock. Froma imnagdent; perspectwe encoiipasses
both the definition of Templenan (1962) and Rickef (1975). Wnile

Larkin 5 definition of a stock (]972) would constitute a desirable

unit for, the management of ‘the ‘resource he aymits .that generaily what

Ined as'a stock is the Yesult, at leastgartially,  of arbitrary
decisions made for hurian consmeraiions, The tefm stock, ‘in this study,.
will be used in the general * sense lncarporat-mg the; deﬁmnons uf
Tenpleman (1962).and Ricker (1975) and ‘is equivalent.to a management
unit while"the term population will be used“to describe sub-units of

‘the stack which have distinct $pawning béhaviour efther in tine ~

'(spr\ng spawning and autumn-spawmng) orin location (St.” George s Bay,

Port-au-Port an. etr_" )




Stocks which are cnmpnsed uf more than one pnpu]ahon have a1sa\
been referred to as stock»complexes and in the Titerature’ these terms
have heen used interchangeably. The multi-population stock concept '
has been utilized for heang on both sldes of thé Atlantic for such

“areas ds the, southern Gu'lf of St.. Lawrence, (Winters and Hodder; 19753
Ware and Henr‘lksen, 1978), Nova Scotia and George's Bank (Stobo et a]
1978; Anthnny/'lglz and 1977# in the 'nestem Atlantic-and in the No\'th
Sea stock (Cushing and Bridger, 1966) and ‘thd At1anto-Scandian- stock,
(Anon., 1979) in the easterr! n‘m:th Atlantic. The utilization oflthe

stack-complex ¥ the gmallest management arealindicates the degree of

difficulty in evaluating ‘th relative contribution of each population :

\to the catch in a given year therehy pr‘eventmg a detailed analysis
of the populgtion dynamics of each companent of the complex. - Treating
, the cnmplex as a umc for management cohsiderations represents a“
conservative approach. aimed at reducing whe fhssibiaity oF over-
exmum'ﬂon of any particular component. Lawould, therefore, Bar®
“expected that ‘any defined stock area along the west coast of¥ g
- Newfoundland)would encompass. several populations.

Many tec‘;.m'ques have been erployed for stock separation and they.
can be broadly categorized into indirect and direct methods. Stock
separation of herring thruugh the.use of indirect medns_(neristics,”

© riorphometrics, biochemical- character'lsn:s and parasites) has,

_ generally, not Proven to be successful for herring in the western
Atlantic. Meristic and morphometric characteristics o,f‘ variﬁ’us @)

Atlantic herring stocks. havé been extensively examined by several




¢ stock.

. the Hawkes Bay tagging were reported as f_ar south as the southwest

‘coast of Newfoundland as far north as St. George's Bay. The results

" authors (Messieh and Longmuir, .1978; Parsons, 1973, 1975) and have

only been useful fn Confirming the stock boundaries, demonstrited
through tagging results, of the southern Gulf of St. Lawrence stock.
Blochenical dhractertstics of herring " in the vestern rorth Atlantic . ©
were. examined by Odense and Allen (1969) but this methpg was

ineffective in discriminating between stocks. Parsons and Hodder

Adasakis sp.; finding differences’ between. southern Nova Scotia and the’

Gulf of St. Lawrence. but no clear differences betweevl Dther areas. R

. Data available for the west coast of Newfoundland (ﬁsens, 1973, 19753

(197]) examined herring for. the présence «of -the larval nematode : l
Parsons and Hodder, 1971) include meristic. and morphometric data and 5
i

nematude mcmence. none of wmch enables A,;ubdwls‘lon of the

Tagging experiments provide direct information on the moverents

of fish. Herring tagging experiments were condiital a'!cmg the . -

. southwest coast of Newfaundland and at Hawkes Bay during the eaﬂy 5 3

1970's (Winters and Parsons, 1972). These experiments’ utilized i . s
metal, internal tags which were recovered from herring meal processing

plaiits. The results of those studies indicated a high degree of

mobility in.the hérring stocks along .the west coast Recoveries from
coast of Newfoundland; andas far west .as the Gaspé coast. - Fish tagged

along: the, southwest coast  (Winters, 1975) were recaptured primarily )

“in the southern Gulf and scuthwest Newfoundland and- alse-on the west

\




of those experiments must be viewed carefully; however) sue to e
nature of the Fishery'at that tine, The Fishery was a high'volume.
purse Seine fishery with all the catch being:converted,to herring
meal.  With the large fleet and high volune, a-plant could have
landings from several areas in fits holding facilities at any given

time. In addition, the tags.were recovered .from magnets in-the meal

- procesiing plant. This leads to problems jn ascertainifig precisely
“where an individﬁaffis‘h Was Yetapturad.,  Alsos the Stock in the
snuthern Gulf of 5\‘. ~Lawrence was extremely 157‘98 at that time
(umters, 1975) dnd was experiencing some, expans\on in its range.

As ‘the indirect techniques generally. give ‘mconﬂnslve results,

- it would, appear that tagging.expériments provide the most useful

information’ for the separation of herring stocksin the western.Atlantic.

_An initial part of this study, therefore, was to ‘conduct tagging
experimencs1 along the vest coast of Newfoundiand. ;
.- Once the stock area has been “defined, various biological piraeters
of the herring occurring within the drea can be reasured. . In‘addition
to providing a basis for compariscn with Gther herring stocks,
“knowledge of - the:biofogical chamcte\ristics are essential to the |
development of. the population models and their interpretation and can
also heip explain jwhy current fishing patterns exist. These parameters

e T TR R p—— (spr[n_g»
spawners and autumn-spawners) due to the possible variation cau‘Led
by the difference in their timé of birth and initial growth (»wn/ters,

1975).  In addition to the.two $pauniing components, -three spawnfing sites
- N %




have been ldenufled along_the west coast af Newfawuﬂand each af =

which may représent a discrete spawmng?pﬂélﬂut(on, a5 was postulated

by Hare and Menr\ksen 11978) for the southern Gu]f of St. Lawrence

herrlng stock»camp]ex Where pnssub!e the hm\oglcal character1sti:s A

of each population shoild bé examined to see 1. there are significant
di ffere‘mces whigh could-influence any generalized conclusion made
regarding the stock-Complex and \‘.herefnreinﬂuénce “the | management
" strategy used to regulate the exlof tation of the stokk. T ’
Biolagical data and commercial fisheries data are available for
this area since 1966 providing a broad data base for incorporation
int analytical ‘models to evaluate the population dmantes of herring
in the west coast area. Two baste types af models have -generally been
enployed to assess the status of: various stocks, in’the northwést
Attantic,  The surplus broduction modsi(Schaster, 1958) utitizes
data regarding catch levels and.catch-per-unit of effort. ;:(he data
From the nost recent year. are compared. to the historical relationship
to ascertain the current status of, the stock. This ode] -does not i

0 requlre a detailed biologma] data base. -

The second group of models are the sequential popuTation models

(virtual population analysis: (Fry, 1957) is sonetines;used asa synonym)

Wwhich require data regarding the removals-at-age- in the catch, estimates

of fishing(F) and natural, (r‘ﬂ mortality. Variations L;f this - model

have been presented by Fry (1949; 1957), Gulland (1965) and dones

(1967 1968), but all ‘have been based primari 1 on thé Baranov catch
Eat (Baranon; 1918); s |

equation ¢




where C = number of individuals ‘in the catch

instantaneous r‘aw of. fishing mortality

# Lopgied uf bl morcamy, Y e N J
N= nunber. off individuals in the population : X
5 z= instantaneous Taté of total mortality

Pope’ (1972)..ceveloped an approximation to the ‘method of Gulland .
(1965) which he called cohort analysis. This method facilitates
the computational procedures of Sequential popu«l@m‘ analysis, and:
is.usable up. o values of, at least, M 0.30 and F = 1,20,

" 7 The errors associated:wi th cohort analysis (Pope, 1932) are
reduiced the furtherr back in}time the-analysis’ progresses, thereby
providing a reliable estirate of the historical stock picture. The

greatest error is associated w!th the most rece"t yearS, but can be

. calibrated with comerc1a1 catch pEr-umt-sffort or gffort dataA

Bs sufficient data exist for the west: coast of Newfoundland herring
to perform'sequential populatiap analysis, which provides greater
detail regarding the population dynamics_of the Stock than Schaefer-

type models,’  this method was used to examine the population dynamics

.ofithe area:” Ofithe methods available' cohort analysis was selected

“for the analysis for its ease of computation without loss of

resolution. "Once the current stock Status has’been established

projections ‘can be performed. These projections help provide a basis

for the establishment of catch lgwels whilé permitting an exammatlnn 3

of the effe:t varInus management options will have on the stock




[ [

{ b gl “METHODS AND . MATERIALS

Al Taggmg

Tagging experinents were conducted Tong thé-west:coast of

Newfnund]and fram 1975 to 1978, A11WPing tagged wére obtafned
" fron commercial fishermen using gfther purse seifies or herring
traps: ‘Both gears are non-se]ecg:ive. w1th regard to siler, and.
“provide fish in excellent condition.: ‘Fish were transferred from:
) the comnercial gear toa holding paund (18.x 18"  18) by attaching
ot L% the headropes. together, and depressing the headropes Such that the
ok & erting could be rolled from the commercial gear into the holding
- pGgnd.” The herring were tagged fran-a snall boat. Herring were
E ‘ transferred, with a dipnet, from the holding pound into a plastic
tub filled with seawater placed in the bottom of the boat. ° From
20-30 herring at a time were placed in the’tub. The water in the tub.’
was changed after every second Tot of fish were tagged. A ‘tagging
tean consisted of tio men, one of which held the fish while 'the i

second man'inserted the tag into the musculature be](xw the dorsal fin.

SThe Fishwas then released over: the side of the boat, .« - °
Four types of external tags were used m\ these experinents: anchuv
[ (F1oy FB-68), short anchor (Floy FD-680); dart” (Floy FT-2) and streaner
i ;(n oy FTSL-73).  Two colors of short anchor and streamer tags.were Used:
: “yellow and intefnational orénge.g A1l ‘other tags were yellow. Each tag *
was_individually numbered and bore the return address of the N/ﬂfoundland
Biological Station. ’ &
Tag recaptures were retumed either through co‘l]ectars Tocated at

0 partl cular plants or by being sént direcﬂy to. ohn's.  The:




/

‘severﬂ weeks. Each samp1e Nas ass1gned a number and date uf capture,

information ‘requested with each. return.was: date caught,'gear used
and 1‘1catl‘on of capture. A reward of $3.00 was_paid for éach tag

returned.

B.- \ologica] sampling -« - [ G - s
Herring sanples have been coifectad: ammany fron the comercial

fishery|occirring along the »?cmast of Newfoundland since: 1966.
SanpTing Was ‘spread over the entire year and encompassed nost. gear,
types and areas; Additional samples were also available from research
studies. | The. sampling intensity varied fom a Tow of 7 samples in
1966 to a high of 88 samples ‘in 1977 averaging 37 samples per-year.
Each sample was compiosed of 50 Fish coljected randorily from comercial”

and research gears and examined fresh or- after ‘being frozén for

Jocation of ‘capture and .gear of captire were recorded. Sampling data .
collected for each fish included Tength, weight, sex, maturity s'tage,
and gonad Léighg. Otoliths were taken for subsequent aging. The
following defini tions apply: - :
- of the

Length’: ‘Total .length was measured .in Hmet.evs' from the ti
snout to the end uf the Tower 'Iobe of the tail.

Weight: Euﬂl rwnd weight and a gllled and gutted weight were measure'a‘>

to theY nearest gram. T

Sex: Sex was determlned by gross exammat!an ‘of the gonadsA

Gonad weight: Gonad weight. wasAmasumd to the’nearesg gram.”
3 ol
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Age: " Agés, (age-group) were determined fron the sagi tta]fucancns :

which had been removed and placed in g depréssion in:a p1ex1g1ass FRNC

2 el tray and adhered’ with d‘lch'lnm ethane. Each tray had- suff‘lcian

depréssions to hold the ofoliths for'an'entire sample aid was, .- it e |
“iabeled with the sanple nuber. A1l otohths were-Fead 1$1ng 3

binocular microscope with the otoliths ‘impersed in sox ethanol .

J\‘ . 0 iThe dssignnent of. age-group and year-c] ass was. based on the . * o %t

: ) \ i'- conventmns proposed for hernng by Hunt et al. (‘1973) A11 fish = ‘_« -

cage 1l and older vere grouped tagether as age-group 114 / -
Sgaw»ing tme Spawmng type’ was. asslgned on_the basis of maturi ty \

. w0l 'stagetin re]ahonshlp to the annual maturity cycle or on the baus

) A "\.»@m characteristics for mature. spec!mens . & By e P
T N i
A Degred®f stomacl .,n.?ess The degree of stumac{ fuﬂness was . :

subJEctl ve]_y detemmed using-a'5 point-classification system where

0= empty, 'I 1/4 full, 2 - /2 fuﬂ. 3,=3/4 full, and{

atch dnd effort data

Statistical information and log records 'weré supplied by the - .
Econum!cs and lr\te'l'hgence Branch of Fxshenes .and Oceans, Canada. .

“Catch data were broken down by staustvca] area, year, month and ‘. .
bt > Y % 3
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5 2
K. Stock ati o(ﬂn west coast af Newf d iy 5
E A Taggmg resum L :
\ Six tagging exper'lnznts were ccmducted along the west cnasf. of.
< B ’ Newfnumﬂand between 1975 and 1978. The 'tagging experimnts‘ gaygred
all seasons and 1nc1m¢ the entire west coast (Fig. 2). Atotal AP

of 34 750 tags were q&]plled with 874 r.ag recaptures being mpnrted N \' :
(Table 1R). Recap tu) e

. were almost: exclus(vﬂy (99.3%) made along

2
the west. coast.: rour ugs were returned from the east coast of - . .

‘Newfoundland, one from soutfiern-Nova Scotfa (4H) and one from the’ N
Queheé North Shore'(4S). * Of the 874 yecoveries 638 (73%) were \

. mcuvend during the year of tagging with 216 tags (25%) recnvere&
in Lhe fo]'lwing year and 20 tags (2%) recovered durlng the th(rd g @ty

/" C year of release. The recaptures vere spread t)\ruughnut the west

coast area with recaptures being mpor!zd in at Tesst one statistical | - e

/. frea in addition to the area in which the tagging o?mmd. This™® ¢

pattern.was observed both in jnitial recnv!ries (year of release) 4 )

* and- subsequent recoverfes (more than 1 year of release). . B iy
“In mmunct(cn with the west: coast taggings an experment was i

. conducted in the southzm Gulf of Ft anmnce 1 0f.3, EOD fish tagged

S i A along the- "ed ig. 2) in.May 1976. on]y'l of 179 recapthres was. i \d
. reported,#fong the west coast'of Newfound'land (Tabe 18). "y FAC




o

- Fig. 2." Hefring tagging sites-along the west coast-of Newfoundland from
& 1975-78 and tagging sites in adjacent areas from which tag
recaptures were reported from-the west coast of Newfoundland:-

1. Reef Hr. (July '75),. s: John_Bay " (Dec. '76)
§ .+ ° 2. St. Paul's Inlet (May '78)
Ll 3. Port-au-Port (May '77)

4.°St. George's Bay (M;r. '76), Sandy PEf. (Apr.. 177),

.
i
&
i
£
*:
a"

6. Hare Bay (June '76) - : S i
.* 7. Sop's Arm (Oct. '76) <. :
4. "84 Laurenceton (June: '77)°
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Numerous’ tagging experiménts havé also been conducted along:
the'east coast of Newfoundland (Winters and Moores, 1979) fron’ which
only 3 returns have been reported from western Newfoundland (Table 1c).
These -recaptures wgre’ from three @ifferent tagging sites (Fig. 2)
located ‘in Notre Dame Bay and ﬁmce Bay: In these three tagging
Expenmenfs a total of 15, 600 tags vere abplied with 609 tags being
returned : ] , g . £ 5

"1 The recent tagg1ng resu'ltsqnd\cate a fairly murked sepuran on
between the west coast dreas and both the. southern Gulf of $t." Lawrence
and the east coast of Newfoundland. The degrée of movenent along the,
west coast appears to be extensive. particu’larly hetueen the maJor
west coast fishing ‘areas: St. Gzorge s Bay and Stz John Bay Due” m
the Hmtzd effort along me Quebec uorth Shun and southe' Labrador

the scarcity of returns from these areas’ shoulp not |.>e interpreted to

* mean ‘that the herring from the west coast do not migrate §nto these

areas. . o £ -
; IS

A2. Migration pattern; T 1
Based upon the tagging: pesults and the seasonal distrihuﬂon of

fishing effort a vlttem of .migration.can- be proposed. The fishery //

_commences in’ the spring of the year-in the St. George's Bay area,

“The lack’of fisheries in more northem areas and the presence. of

“herring tagged in St. John' Bay ‘and Port-au-Part Ba} indicates that

overwintering proi;abLy occurs in the St. Gen}g:'s Bay'area. As



~anid Mores, 1977).

spring progreéses the-spring-spauners’ move: nor thwardw th the va;'ious'
ayning. populations branching off to their 1nshove spawning “areas.

The ‘arfival of these spawnmg schools c

hncides with: increased,
giTinet catctes.  With the conpletion.of spauning, inshore catches

of spring-spawners decline- ‘rapidly and is probably relatéd to a

“dispersion of these herring into the northem Gulf of 'St. Lawreric
for feeding: ‘Purse seineractivity.fesunes diring the late fa 1}
when Tarde ‘schools form in the St John Bay area Cofncidently there
iS_an increase in the proportion of spring-spannets taken by gillnets,*
Searching activity in other areas ﬂtA this tiy{l&»has failed to find 2
concentrations of heriing.: ‘The pr:es&n.ce' of herring tagged, in other.  *

areas suggests'that these schools are.aforerunner of the overwintering

ragions.  These schools move south during. the wi nter months
.
Toited again in. the. sPring of the year inithe St. George's Bay

rea. A similar north-southimigration of spring=spawning herring has.

E’Eﬁserveﬂ on the east coast. of Newfoundland (Tibbo, 19563 umters &

From catch data the ‘auzm-spaw;gr; & not appear toove af ¢ .
extensively as the spring-spaners, Incidental catch data from shrimp
trawlers _ind;cate that autum-spawners are presént in the Esquindn
Channel ‘during the winter and’spring months, disappearing in the -
summer and fafl when {hey are caught.in coastal areas..— The presence

of primartly mature fish in te giflnet catches indicates that the /\h

lnshme Fishery exploits the spawning m1grat|un “of lhe autumn~! spawners




by e

. There would, therefore,” appear to'be ‘o' localized onshore-offshore

movement of autumn-spawners rather than-a’ South- north pattern as

proposéd ‘for spri a-spaymers

i A3 Delineation of the sm:k area:

The tagging d-xta shw that the herring a::urr)l ng i)cmg the,
west: ¢oast of Newfoundland are reasonably discrete in their CoE
distribution. On the basis'of the tagging studies, in conjunction |

wlth addi t\ona1 data, -a Newfoundhnd west coast’ herring s tock area

can be estabhshed which dehneates it from ‘the adjacent, southern

Gulf of St. Lawrencg and east coast: of Newfoundland herring: stock

areas’ ‘The Newfouidland west coast. Herring stock (imanagement unit)’
is deﬁ'ner‘i &s Having the following boundaries: - i b
' Southern Bundary: Prior-to 1977 the southern Gil . of St. Lawrenle
“stock ares extended fron Pass Island, By d*Espoir to forthi head, ~ *
\an of Islands and included allof the Gulf of St. Lawence south of
Anticos ti Is'l_andl[Annn,, 1972). The inclusion of the southuest
coast of Newfoundland,and part of westem' Newfoundland in thé southern
GuIf stock area was fbased upon tagging studies (Hinters and Parsons, < .
(1972 Winters, .1975) whith-indicated that Southern Gulf herring weret\

overwintering and being. éxploited in" thesé—areas.

However, the tagging data.presented here indicate that both .the
St. George's Bay and the Port-ai-Port Bay fisheries donot explgit
southern ‘GulfFish. If both the present and the historical (Hinters
L . v

e .« : e F /
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and Parsons, 1972; Hinters, 1975) studies were accurate then a

chan(e in the pattern' of migration or exmm tation has, o:curreh
Winters (1975) shawed that the majority of fish overwintering along

southwest Newfoundland were aut P and that \ pawners

"were also doninant along the "edge’ during the spring as these fish

migrated buckﬂntn the Gu]f of St. Lawun:e The presen:_ fishery-in

% 'St. ‘George's Bay-éxploits primarily pre—spawniug~concenmtiuns of

‘spring-spawners thereby making a comparison of ‘the’spawning type
congasi tian of the abeh’ fi St. Ganrge’s Bag (Aréa K)'and. the edge”
(Area T),- an indicator of possible changes in’ exploi tation pattern.
compaHng the period 1973-76 (Table 2) shows that prior to 1975 the
ca:cn composihon was similar mmcmng that the southem Gulf stock
was being.exploi ted in"both areas. smce 1975 there: has been a marked
di fference in the two areas suggesmng that che fleet has been
explofting two different stocks. ‘An examination of purse seine’

fleet activity{ based on. 1gg-records, indicates that prior to 1975
the fleet opérated primarily south of Cape Anguille but since then has
operated a]ong the north shore of St. George's. Bay from Sandy P%,M: to
‘Cape.St. George. . -

"~ These data suggest gthat herring fron the southern Gulf of st
Lawrence: stock have been present in' that portion of statisti cal Area K’
south of Cape Anguille whﬂe npirth of Cape Anguille the west coast

stéck has. heen exp'luited. Dn “this basis, Cape Anguille is a reasonab]e

point of demarcatinn between the two stm:ks E)(tend‘l ng a.1ine from

- >
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" various populations of the west coast. area all cuntr'tbute to the

4 - \
_Twenty-five fish fron the 1968 and 1969 year-classes were selected:

B3. Length-weight relationship: .
Data fron the fq'll (Oct -Dec. )purse seine f1s(:ner'y were! comhined

ufor the perd od 1956-7B to cunstruct genera'l 1engt)| weight :urves for

“both spring: and. autum-spawners (F19. 87, * Purde setne catéhes vere

used as they are nofiselective and, therefore, ‘should. in general not
be biased towards faster growing fishi - The fall period was selected . .

on the basis of the tadging resul ts.which indi cate at this time the

catch. Datd from this fishery’ should, theréfore, most acuurately
reflect the gEﬂEr’ﬂ] situation within the Stock4 4 The - two curves were
very similar in the left-hand portion of the curve (Fish < 30 cn);
Gt i thaiTder TERGHEHTE SEtin-spaRnerR Shawing a_ Tover".
weight at Tength: : These” differencés ane. not bislogically: neanin il
"The exponen t5'of Tength were higher for spring-spamers but, both are.
slightly be'lnw the z,nearemn Tevel (3. o) for isonetric growth—" . . -
(Ricker, 1968); ;

e

B4. Back-calculated growth: . e =
saples: of spring-spawners were available - fron spawning grounds

in St. George's Bay (Area K) and St. Paul's Inlet, (Area i) for 1978

randonly from both of these dreas' and. the otol4 ths examined to back- -
calculate length at age. Otoli ths vere” measured using the technique
descrived by Moores and Winters (1976)." A annulus was defined-as
in¢1uding an -opaque. zone - (simmer g;wth) and a’ fransTucent zone "
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(winter growth), -théreby representing the growth incﬁmn@ Frven
"Jear. Al1 amuli were messuréd op ach otolith.. Average valus of ../
 amnulus width and total observed length vere calculated for each area

and year-class. These values were Used to back-calculate an average.

Tength at age usiing the direct proportionality techniie; (Lea, 1919).

Poser curves ére fitted to these pnifn:s and are shown inFig. 6A and 68

For ;qth. the 1968: and 1969 year-classes " the growth curies were similar &

For both aress.  This suggsts that.even if these are discrete spawning
.populations, the growth rates are similar. B '

iy Enpirical average Tength “at age data'vere available for these LT

year—c!asses from the faH purse seine fishery. These Vﬂ ues when ’

P]ctl&d (F1g. 6A and SB) showed & d‘fferent growth CHTVE than thase

derived from back-calculation. This ‘di fference was _attr'butahle to.

the point :in the amual o e to which the'Tength. incrémnt

refev:s The back-calculated Tength for any gi ven'age (1) indicates 1
¢ the length at the start of the year Wh1]e the empirical length va1ues b

" for the same age-group, as they were collected in the October. to ;

. December perigd,. represent the length at the end of the year. 'As the
empirfcal valliés include one additional grouth seasoni they more
accuretely fepresent the back-calculated length for the next year

(2r+ 1) ( When the empirical:-valies were increased by one” age-group

to standariize ‘the growth interval represenfed the: Curves showed goi0d

agmemt. Data’ related to growth can, therefore. be applied genera'll,v

. over the entire area.
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B AGEGROUP -

Age-Tength’ re1anonsh1p of spring-spawning herring

.. derived by back-calculation;from omnins of ‘fish.

-taken from spawning areas .in St. George's Bay (Area K)
.and St. Paul's Inlet (Area-M)iand from measurements
taken during the fall:purse-seine fishery [y

“A. the 1968 year-class, B. 'the 1959‘year-l:'la554

St. George's Bay; --- St. Pau’l‘s Inlet; - .
L fall yurse-seme ¥




C. Population dynemics . -
Cl. Landind information: ~ . oy

Detailed landing informition was available for, the west coast -

stock area since 1966 (Tables 3 and 4)i Gatﬂles in SL_George s BV

110,000 mt in 1978,

prior to 1975 have been grouped with the Southern Gulf Stock on the
basis of spawning type composition (Table 2) arid the area in which the
catches were made and, therefore, have been-excluded. Landings.from

the west coast stock have been highly variable both.in total catch

" and area of capture. The main gear component, in‘this fishery is the

purse seirie, fished fron vessels in excess of 25m overall Tength. -

In the pﬁﬂud 1966~ 74 llnst of the f1shery dcr,urred north of the. Bay .
of Istends a a falldwinter fishery. Detailed catch data (Jable d) .
show a general northward trend in the’ Fishery with the bulk of the
catches coming’ From Bonfe Bay (Avea M) in the late 1960's, shifting
to , Hawkes Bay (Area M) in 1971, and 1972, then into St: John Bay
(Area N) 'in 1973, In 1975, the fieet began exploiting pre-spawning
concentrations in St. George's Bay (Area K) and off the Port-au-Port _
P{iﬁns_ula (lm; L). This fisher!. occurs in the spring of the year

and marks 2 return to the fishing pattern of the 1940's when these

"areas were major herring ‘Fishing grounds (Templeman, 1966). Purse

seiné Tandings have varied fromsa low of 2,000 mt in 1972 to a peak of

With 1ncr!hsed pr1ces and (nproveﬂ handling flcﬂlﬂes. there -

has ‘been a rﬂp'd incmlse 1" inshqre e,ffort with cltches 1ncmas1ng fmm v




Table 3.

Herring landings (mt) fmm the Newfaund]and west caast herr\ ng swck

.by stanshca'l area. for” the years 1966 7

gr 4 Ared’ Total
Year M “ Cateh
1966 Y103, 5529 18 5650
1967 66 55400 /13 5619,
1968 59 3978, n 4048
11969 e 2549 ‘40 2635
1970 L2 73 30 3801 |
1971 & 2424 1076 1963 .- - 5463
T972 8e2: ' 1544 3628 . 6034
1973 2862 2067 | .9222 14151
1974 856 942 2842 4640-
1975 3613 a3 242 1027 4995
‘1976 6565 2067 226 1251 --10109
1977 5569 2203 <. 156 4358 12286
1978, 6808 %1984 365 ¥ 6453 15610
T BV .

- Y
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B
and fall jin Area N.

760 mt in 1966 to 5,600-mt in.1978. The main inshore (non-mobile)

* gear is the gillnet with Ehe major gillnet fishery occurring in summer

‘o

¢2.gpasining type compos{tion of the catch: - >
*  The contribution of eacl.spavming type to the catch nas variable *

vnth mgard to 1ocat|nn and t{m af catch and gear used. TMs

var‘lahil'ltx is shown fnr tJ\e y!ars 1976-7B-in Table 5. The catch in
St. George's. Bw (Area K)s during the s,prlng. exp'lnfts primarily
spring-! spawners with the fixed gear catch being 100% spr{ng-spamers

and the.purse -sefne catch in excess of 90%": spring-spawnev’s‘ Iny Port-

au-Port Bay the fixed gear catch was similar to St. George's Bay but
the purse seine catch varied from 76-24% spring-spawners. In Area M
the gillnet ‘catch f from 85-100% spring: In st. John
B\y (Area N) the purse seine catch was predominantly spr1ng—spmlv’s

but the gillnet catch varied: from 2-79% spring-spawners.

While this variability is large it does conform to-the migratory
hypothesis presented The gillnet cat.ches from Areas K, L and H occur
pnruarﬂy during the spﬁng of the year exploiting’ spring-spawnexs
as t_hey approach or are on the spauming 9rbuﬁds. Once spawning is
mmpleuu and ‘the snrlng-spwners disperse to \‘eed catches deHhe JIn
St. John Bay-(Area N) the giltnet fishery is more protracted “taking

) primari‘]y'aumm-spnwnsrs during the sumer. as. they' prepare to spawn.

As’ spring-spawners start to shoal up into oyerwintering concentrations,
i 4 !

S
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they: becone’ more abundant(in the near.shore area and représent an-

Uincreasing proportion of the gilinet catch.

.- The purse seiners exploit mainly sprinig-spawners jn both the.

spring and-£he faTl of the’year. The proportion . of autumm-spawiers

Sin-their catch may be influenced by. the time at which they lmmate
»

‘fishing activity with autum-spawners being more prevalent during the
Lo : 2

- beginning of the seasonal fisheries.* The earlier ‘the fishery
" commences in the spring the. gréater the erhhuud that exploitation

. will occur on mixed schoo1s as “the spring-spawners wou]dmot have

Segregated into schools moving ‘into the spawning areas: In the “fall*’

the earlier the fishery ‘starls the more post spawning aut’umn—spawnevs :

will be taken as not all of the spring-spawners have arrived to form
the overiintering schools:
The pattern of fishing 1n this stock, concentr®ing on spring-
spawners, while" reflecting the present. abundance of the two spawnmg
companents, does ¢reaté a situation where differential exploitation

of the ‘two spawning components. can occur.

i N N
C3. Age composition. nf the catch

The catch compns-xtwn from ﬁle west coast herr'!ng stock, (Flg A)

" _Shdws two distinct pattemns. The ‘spring-spawning component shows

one year-class dominating the catch for'several years, a pattern
which ‘has been commonly seen -in herririg (Winters, 1975; Stobo et al.,
1978): Priorto. 1970, the 1959 year-class was dominant but was
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Fig. 7. Age'frequency of (A) spring= and (B) autum-spawning herring.in

landings, from the Newfoundiand west coast herring stock area
for ‘the years 1966-78. ” :
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/
replnced in-1970 by the 1968 year-class ‘as age-group 2. “The, 1968 *
yearcldss has dominated the fishery since 1970 and in 1978 vas s

the dominant year-class contributing between 40-50% °vf the total

catch: of spring-spawnérs. The second:largest year-class has: been
thef1969 year-class, however, its increasing contributions in.recent
years may be partially due to errors.in aging as. the. fish becone

©lder. " Apart from these year-classes .only. two year-classes have -

\ ~appeated 1in any reasonahle strength, the 1972 and 1974 year-classes.

While the 1972 year-class showed strongly in St. John Bay . (Area N)

in 1975, it did ot contribute signi ficantly™in future years.. In 1978

the 1974.year-class appearedfin st: Johin Bay but whether i* will

follow the course of the. 1972 yedr-class or instead develop into a

major year-class has yet to be de‘termined. "
The autum-spainergMave shown no major recruitnent with the

Bulk of the catch coming From age-group 11+, ‘Betweer 1965 and 1978,
" ‘this segment of the stock has contributed between 40-90% of the catch.
_The failure of the autum»spaw’hirs‘to produce significant year-classes

_.in recént years indicates that ilts abundance has been declining.

&, kK ’
C4. Numbers-at-age in” the catéh: - B
» Catch data were aval'(akﬂe from 1966-78 for each of the four
stahstical areas (Areas K-N) broken down by gear and month.  The

number-6f ndividuals, taken .was cal cu'lated for each of these units

~of cateh (eg., May, gillnet, St. George's Bay) then sumed over the

. " entire uést coast area.. The tota Wof individuals in" the catch
& . : : R




i

was derivéd by.dividing the catch weight by the average weight. of
the samplé.witii“the individuals being assigned to Spawning type. on

the basis of the percent occurrence of each spawning type in the

§amp1e.l Within each spawning component” the catch ’numbevs»ﬁere
partitioned according to the age frequency to produce. the ca:cp;at-
age. When no samples were availabe for a particular catch unit
the weight and frequericy from the closest:sample uere used; for
example, i purse seine_catches- were-made in St. -George's Bay in both
April and May but samples were only available for May, then the.May
frequency and weight would be applied to the April catches .to

- generate the numbers-at-age in the April purse:seine ‘catch. This

procedure. was_followed in each year (1966-78) to generate a catch

matrix, (Tables 6.and 7) for each of the spawning components.

L .
5

5. Effort data: ' -

Effort data were a:yaﬂahle from log records for the northern
fall fishéry for the period 196673 and for the St George's Bay
spring Fishery for 1975-78. Landing s1ip data for the northern' area
ere available for 1977 a‘nd.1978. " These effort data (Table 8) present:

ieveral problems in interpretation due to ¢hanges in the pattern of

exploitation oni-this stock.. The historical effort data (1966-73) are °

consistent both in (fleet composition and mode -of ‘operation. During
. this period the fishery occurred primarily duri;lg the Tate fall in the
'Cape Gregory to Cape Norman ama\\and exploited schools. forming

overwintering concentrations. "
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TD redube the ﬂmount of tme spent by the purse seine vessels

. in transpurting’herring to the prncessmg plants.in the Bay of

Islands area, a system of carriers (vessels used to transport herfing

* but-not engaged in catching fish) was used.. .This increased the anount

“data set, they are-also inconsistent with.each otheb.

of time that a purse seiner.spent actively engaged in the fishery,
essentially increasing the efficiency of each Fishing unit. Since
1975, "the’ fishery has undérgone several changes: .in St. George's Bay

the fleet has ‘been eipanded and'eploits prinarily pre-spaming

concentratjons of hgrr1ng while in the nnrthern area \mpmved handling

facilities have: eliminated carriers and rediced steaming time ‘to and
from off-1loading’ports.

While-both recent data sets are inconsistent.with the historical

Bay data (1975-78) show a steady decline in catch-per-operating day

thfe the St John Bay-data show an increase from 1977 t0.1978. The

. differences between these two aveas. may in‘part be due to di ferences

in fleet composition. As many as 25 vessels take part in the spring
fishery but generally not more than 6 vessels operate in the fall.

f1shery in order to produce a-consistent effort series a correction

~factor was generat.ed to bring’recent St. George's.Bay. (Areas Kil)' -

effort data ’mm hne with the historical time-series for the fall
fishery (Arsas N*M) This was done by using. the rat'lo of 5+-biomass.

(fmm triql nms of cqhort'anﬂys‘s) in 1973 (1ast year of h1sr.or|ca1
fall ﬁshery) to the 5+ bionass in 1975 (the first year of the sprlng

fistiery): Th'[! ratio (0. 86) was a))p’hed to the 1973 camﬂated effort

Y

The St. George's “




. t6. Assumpuons of natural mortality rate:s - s

to generaée an"adjusted effort in( 1975 " The effort data f'rbm the .. \

spri ng f\shery in. subsequent years’yere adjusted on a pmpornum

basis: i

Effort year A" adj. éffort year n+l ; : .
& : L fe [ ]

Effort year n adj. effort year n s o5

Values of natural mortalfty hive been “ariously. calculated and L

assumed for different fish stocks (Pinhorn, 1975 Wmters, 1975)

" The natural mortality rate (M) applied to different herring sthekez ’ .

has varied between 0.10 and 0.20. Cushing and-Bridger (1966) cahzmated

M to be equal to 0.420 for North Sea herring. For the two comqonents, of
the Atlanto-Scandian ‘herring stock natural mortality has been estimated
at 0.10 for the reeTandié corponent and 0.16 for the Norwegian
component (Anon., 1979). In herring stocks in the Northwest Atlantic~
W has generally been assumed to be equal to 0.20 (Winters et al., *

719775 Stobo et al., 1978) with the exception of the Fall-spawning

compofient of the west coast of Newfoundland stock (Moores, 1979).
For'this conponent Mwas sssigned 1o be equil to 015 Hieto the ) "
large numbers of fish age 11 and older in. this componénz which suggestéd

' 3 valué of natural mortaity Tower fian ‘that accurring:dn-the Sprifig-
spawning component for whlch M has been assumped to be equal to 0.20.
For- the folloiving analysis M-for spring-spauners was sbsined 1t be

"0.20 while for autumn-spawners two. options of M (0.20 and'0.15) wére

assumed to examine whether a reduction in M is valid. for this component.
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7. Average weight-at-age: L 14,

As ‘the population structure produced by this cohorto analysis
reflects the stock status as of Jahxjary-l 3 weight-at-age data from only
the First and:second quarters vere used to calcilate biomass Tevels for
this population stricture. ATl samples from this périod were combined

3 P

without respéct to gear to caleulate average weight-’at-age values.

This. procéss was done separately for spring- and fall-spawsers (Table 9).

- “ .
.Only 1978 data were utilized so that the 1978 biomass was 'the most

‘accurate with all preiious years being expressed in tems of 1978
Weigh't. While this may introduce som‘e’bias in“terms of the absolute

biomass for a particular year hy not incorporating yearly Wyriation in

growth it provides a'relative measure of -biomass ‘and permits e

of years fDr‘ whlch onLv minimall weIghL data were available. Z

s Nt "
CB Partial recruitment rates: »

Not all ‘age- groups “are equally suscepmﬂe to the ﬁshmg effort

-either through di fferences |n schooling behakur or through gear

selectwity (Pn{bheimo and chkiE,» 1964; R1cker. 1975] To account ,
for the reduced fishing mortality on these age-groups a.partial

recryitment vector must be calculated fdr spawning type in the

stock. _Two -techniques 'were employed,to estimate the partial reciuit
rate, " ' ) 3
" A'geneart partial recruit rate can be calculated from-the ‘F fatrix

(F at age by year) genera the cohort: analysis. The two most recent

yeavs were omitted as they are substant!a'l Ty infl uenced by the Input




. i B 5 . . g
< ‘ . [ : —
Table 9: 3 Part1a1 recruitment rates (PR)'Hnd a\/er‘age weight values. used in|
o cohort gnalysis for spring- and autumn-: spawmng he’rring of the
. Newfous dland/test coast )\err‘mg s\:nck
g i g / p Age-group - : g, e 2
N : H 3 4 2 h 6. 7 8 9 10 b ® :

by 3 ¥ 4% ol - =
- Spring-spauners’ PR .10 ‘g5 400 .55 .70 .90 1.0 1.00 1.00. 100" .
219, 243 265 285 310 315 368

= Wgt_r

00 1.0 s

g Autumi-spawners PR, 101 .10-°.15.,30 50 .80 .95-1.00
) Mgt!, 112. 162205249 . 253. 291 209 . 302 313+ 383

. 3 v
i S 5 R
“a 4 I
. . ? .
x - ° - S




ol T a8
partial recruitment’ rate.. Using.a trié] ruil of ‘cohort analysis;
initiated wﬂ:h prekus'ly ca1cu1ated parna] recruitment rates, F
values viere averaged over the period 1971-75 for, each age-group.. - |
The average Buns then, expressed as a percentage of thelargest
value and used to construct a partial recruitrent curve (Fig. 8). °
== "Fartial recruitment. rates can also be derived empirically (Winters;. -

1978). This technique compares the percentage at age'in’ the total
catch to the percentage at age in’ the St. John Bay pursé seine catch
" and assunes that the population was randomly mixed in St. John Bay
and that the purse. seines'were non-selective. The ratio of thése
percentages by age' provides a. meas'ure of the relative selectivity
pattern (Table 10) and by se't;ing the highest valye at 1.0 (fully
recruited) all.other values canbe expressed in tems of this value
to generate a parhal recrui tnent rate dl rectly or platted to prndu:e
an ogive (Fig. 9). :
Soth techriques have biases. 'If partial F vaies ‘ae utilized

they may reflect the historical era but not necessarﬂy the last year.

The empirical technique assumes that one gear type will reflect the

" population throdgh random mjxing and non-selectivity which may not be

true, especially for yuunger”aée—gn?ups and fs: sensitive for small
yearciasses whose abundance may be misked by dominant year-classes,
As*the second: technique is most influenced by sampling biases the
average F method was selected aé most eppropriate. The partfal |recrifit
rates used are presented in Table 9. ¥

| These recruitment rates indicate that full recruitment does’ ot
occur unhl several years after fun sexual matur1ty has - been reached

This would, however, be expected due to increasing chtches made 'by
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Table 10.

Emnlrical estimation-of selectivity factors (pi&ial recruitlvgl\t)

for spring- and autum-spawning herring of the
coast herring stock.

= per’ cent-at-age/

Mewfound!and west

saa = St. John Bay purse’ seine catch which is kssumed o be

representative of  the popuhtvon.
= total catch

» SF L) seiecti\nw factor je. %T/¥SJ8

% Hi P! P i E 3
~Age -, %FSJB  &T  SF T‘Jf}ﬁ
5 = A
2 -0 >0.0 - B I N I
35 02 01 0% 0 0.1 0 )
4 187 g7 0.3 1.6 - 0.3 019
5 § 0.3 0.6 2.00 1905 4.4 0.23
6., -28: 720 0.n 3.4 32 0.94 :
7 0.5 7 0.8 1.0 5.9 1.1 1887
8 5.3 6.3 1.19° 12.00 175 146 -
L9 13.2 ° 23.87 1.80 2,5° ‘5.3 "2.12
10 4.8 463 1.11 51 e Y Y
1 16.7 - 14.5° 0.87. " ‘514 587 1.0
g i e




- (39 Aq pa33L4) 22 Butanp &.:E:
" 18303 Y3 UL PaAJsqO Jey} 03. Auaysly autas asund Keg uyor '35 ¢
LLBs Y3 up sBuipue] ui Aouanbauy B5° ay) JO UOSLIRAWOD B WO4)
POALIBP %203 BULIA3Y 3SR0D 3SOM PUR|PUNOIMAN-3Y3 JO BULISY -
bujumeds-uunjne (g) pue .a..ra\:: 404 S3ALBO u:m_z::uwx 6 By

‘dnowe-gov Ers WY
2 8.9 b 2 = e

|

3OVLNIONId

<

v
RS




gillnets whldl 1l| this area range m}ize from 2 1/2" -to- 2 3/4" mesh.

The spring-spuners are fully recnnted at a younger' age 'han autumn =

s'pgnners and are m!e heavily ‘explulted at younger ages ‘which would
be expected due to their heavy exploitadion by the relatively non-

selective purse seine fishery. The autum-spawners, which are the

main contributor to the gillnet fishery and not as heavﬂy exp’lmted

by the purse seine ﬂeet, show a Tower partial recruit rate’ for the

younger age-groups.

9. Trial vuns of cohnrt analygi
The pnpulatim structum for both spring- and autunn-spawnels of

the Newfoundland west coast herring stock was calculated for each

Fishery year using conort analysis (Pope, 1972)." Cohort analysis is

based on the following™ formula: 2

; K = c@‘ﬂ + NyygeM

where N; = population of 2 cohort at the i"’v- year

= catch of a cohort at age i

41 = Population size at the beginning of the (.Hl)t(h.‘ye"ar

M = instantaneous rate of natural mortality

- "t where t represents the last age-group of a year-class

for which' catch data are’ available. " Ny was calculated from the

Baranov (1918) -:aech equation, . ' | ) X
Trial runs of cohort analysis were conducted wi th’ a 'runge‘of "

terminal” F'values from 0.05 to.0.40 with.M = 0.20 for spring-spawners
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The data for biomass 5* and CPUE wer'e plotted far both spring-
- 'and aitum-spawners (Fig. 11). It was apparent from the plots that °

the data could be cfassified.into two discrete periods, one
fepresénting ‘the historical tine’ period 1966-72, and another for
recfnt jears 197378, While this may indiéate ‘an fnappropriate
adjustment af the area K+L CPUE there are two ‘aiternati ve -explanations .
The beak in’ the data coincides with the recruitment'of. the strong.”
1968 year-class of spring-spamners to the -adult population and also
o ' marks the cbmmencelr}en: of the spring purse seine fishery in St. George's
Bay. ‘Whatever the cause it is apparent that the data camngt be
examined as a'tine seriés fron 1966-78.but st beanalyzed on the
basis of a ‘;recent“ and; “historical period.- Hhe’n using the two
.. periods the nature of the fishery must be considéred such that as. the
7 " spring fishery'exploits primarily pre-spawning copcentwitions of
spring-spawners the data for kL can only be §ppiied to the spring-
~spawniing component ‘while for ihe fall period which expTdits both

* autum- and spring-spawners the data should be -combined.

For the historical period 1966-73 the biomas; 5+-of autumn-
spawners and sprmg- pawners veré added and mgressed against CPUE
o . for that'time period. With M= 020 for both auturm— and spring-
spawners the' best ‘correlation was ‘achieved at FT =0.20 (linear
reg‘ression r =0.91, power’curve r ='0.94).- When H= 0.15 was
used far autum-spavners the correlation -coefficients * increased with
increasmg F1 but the correlation coefﬁc'lents were Iower than ' those

" achieved with ¥ = 0.20. !

E]
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CPUE data. ~ The regression 6f Ft for spring-spauners. on effort for

th‘ls ‘period showed a peak of. FT = 0,20 (r =0, 999!7) however thz rZ %

values for Fyvalues from 0.05 to 0.30 were aH greater than D 99.

The. vr’edlctgd Fs+ for 1978 indicated that Fr was below 0;20. The <

relationship of 5+ biomass and CPUE for the 1975-77 period. showed

an in‘creésin'g trend wi th FT but the correlation coefficients were

agam very close. . e J ‘ <aiff

Between year” mcrta'htws were ﬂsu ca\cu]atea acco‘rning W

the method of Fa'loheimo (1961) .g‘lven by the fo

“"[°2/fz/c‘/h] :- o

‘where P, = Paloheiio Z_va!ue

{ €y =catch ‘innumbers Yyeirn. ages 5+ By A

Cp—=‘catch’ in numbers . ‘year n+1 -ages 6+

- fy =effort yearn

Tl fa= ffor,'t n+l |

“obtajned. The fol 'Iowing values wem obtained

Var C erssms o lezesm . anie
0.97 ., 40.59.0, - R

f S ose 05

The' recent. period‘was*examined‘ using the ac’tua;r Kt eﬁfort and ~
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The values. of F generated by the.F mo methid are 1y

higher than those generated by con'ort analysis and also display a
differing gattern. While the E. va'lnes generated by cohort show an
increase in recent years the Palcheino' values are vartastd but highest

in the 1975/76 period.  The variabﬂity in the F values der'ved fmm

¥ the Paloheim method do not reflect the increasing catch Tevels

observed in the stock whichwhen coupled with poor recruitment should

.produce an increasing ‘trend in F and therefore cannot bé used to’

determine the terminal °F Tevel. " ) | 5
The anél‘ysis of both the “histori o_a'l" and "recent" periods

suggests ‘that a terminal F‘;n'f 0.20 in im_ is the most appropriate

to"u'se. Dué to the bétter correlatigns achieved with an M-=0.20 for

autumn-spawners this value of natural mortality was selected.

C11, Results of thort analysis (Fri= 0.20; M =0.20):

a. Population size: The population matrices for F= 0.20 and M = 0,20
are given in Tables 11 and 12. The' west coast herrihg s.tm:k reached

a peak in 1;71 with a ZOIbIomass of 28'5}_000 mt with peak nuqhers of}‘
1,170 million f{ld!ﬂdu.ﬂs.in 19_72 (Table 13)1" T‘hg trend in the ;wé 3
components of this stx_:c_k havle been very different. The autum-' K
spaiers have shown a decline for the entire period covered by the .

analysis. .Its biomass has been reduced from a high of 201.5- thousand

lmt in. 1966 to 21.5 thousand mt 1Iv| 1978. Thé sphng-spawnar’s’ increased

from ‘a 1nw of 74 7 ﬂwusand mt 1n 1966 1m:reasing to_a peak biomass uf N
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193.3 thousand'mt in 1972 with the recruitment of the strong 1968

and moderate 1969 year-classes. -Since 1972 this component has been
; ' "

* declining and in 1978 approached the biomass leyels observed in
71966, With the exception of the period from 1'9;

0't0.1972" the stock _
has been showing a general decline (F‘rtg. 12a).
The trends in population numbers are similar to that observed
for the bjomass. Prior to-1970 the autum-spawners were the domiant
component in the’stock representing 70% of- the total number of
individuals. Since 1970 there has been a reversal in. spawning type
With spring-spawners accounting for approximately 75% of the stock
(Fig. 12b). This reversal of spawning type dominance appears to be
a return to the hlstnncaﬂy observed stock compo{ﬁjon. Studies by
O1sen (1961) indicated the west coast ofNewfoundland to be primarily

spring-spawners. - This pattern has also been observed by Winters et

‘al. (1977) for the southern Gulf of St. Lawrence stock. In the mid

1950's this ‘Stock was decimated by a fungus disease, ~lcthyosporidiun
hoferri (Sindeman, 19665 Tibbo and Graham, 1963). The stock was
characterized during the 1960's as being primarily " autnmn spawmng w1th
tpe production of the large 1958 yegr-class of autumn-spawners. With
Hp el FECHITGRNE T T SR THOE P AMTHOTCORIORRIE LTS, Ve reversed.
in- the early 1970's.

b. Trends in.F: An examination of the.weighted Fs+ valies generated

‘nn this stock (Table 11 and indicate a relatively Tow ‘level of

exploitation.. The fishing mortality was higher on spring-spawners from

v
1966.to 1970 when spring-spawning.stock size was Tow and from 1975 to

1978 with the cormencement of the spring fishery in'St. George's Bay.

=
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1966 . .
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* patte (Tale 11) with the steong 196 year-class and th moderete
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with the exception of the 1974 y!l‘h-ﬂiss. Average recruitent,
atage 2, for this comorent hes been 1.0 x 108 v'nmd«als. hﬂ‘l
s apes e i B o sttt e

sty fed by the 198 180 s
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these curves. The Fo. level is that level at which an increase of

one unit of fishing effort produces only one-tenth the yield derived
by gfiding an additional unit during the inftial phase of the Fishery

{(Gulland and Borema, 19¢3).

The initial yield can ‘be described by
a Jine tangential to the yield curve at the Teft-hand linb and was
apprunmated by passmg a stralght Tine through the yield-per-recruit

B
value generated at F=0.0and F'= 0.05. The point at which a line,

with 1/10 the slope of the tangeit at initial yield Tevels; is
-

tangential to the yield curve is the Fir yle'ld-per-recruit with the
F required to generafd this yield being equivalent to the Fg., level

of fishing nortality.

The Fg.; level for autum-sawners was 0: 50’ and. for spring-

spawners it was 0.50 (Fig. 13). The higher Fo.1 for autumn-spawners

_.is due to the Tower partial recriuithent rates which necessitate a

higher fully recruited F to generate the optimum yield: If an average

F is calculated for fully mature age-groups (5+). the resulw\t F

va1ues are much Tower and jquﬂ to 0.44 for spring-spawners and 0.48

for autumn-spawners. The average F for ages 2+ for both components

was 0.35. i : R
¢ . o R

C13. Stock projection:

While cohort analysis pmvnﬂes a detailed pi :turﬂ of the Historical

stock sltuathn, it does not provide information regardhg the future

of the stock or appmpr’late catch levels.

structure generated with an Fy

=-0.20 the stock was projected to:1985

Recepting the 1978 population .



=67 - E -

2 y
assumin“g M4= q.zd, that éartia\_ recruitment pattern and average ¥ ;
weights would remain ‘unchanged from 1978 and assuming: a pattern of poor
recruitment (numbers of regruits at age 2 = 1.0 x 107)a0dF = Fo.q-
Under these assimptions the 1979. catch would be 24,000 mt
(Table 14) declining steadily to 2,000 mt in 1985.  The catch Tevels
" for 1980 omward should be considered as minimun estinates due b0 .
the very conservative lévels.of recruitnent which have been assuned.
 Recruitment. has been assuned to be equivalent to the lowest observed’
which for spring-spawners is 1/70 of the strong 1968 year-class,. -~

The production of ofie large year-class'or several moderate year-

o asses wouTd increase the projected catch Tevels.

Also, ‘the 1978 population structure which is derived from cohort

" analysis, is inherently the most inaccurate of the cohort time series

(1966-78) and its use as the basis for projection introduces a . -

possible error, whose direction and magnitude are both unknown. - . !
Due to the variability in year—£1as§:strength observed ‘in ne;r{ng“,ﬂ"

stocks, the Tack of abundance datd independent of commercial information

and the assumption that the exploitation pattern will remain the same, - N

Tong. term projections of yield for herring stocks are very ;

suspect. . However, short t.en'g projections .uf one- to two years provide

dBRsTAbYE BREISAPOr ORAITAt] oy, SAVICY picatEh TAVETE BSothy

incorporate the best estimate of the population status. and are not

highly dependent upon incoming recruitment.
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C14. Stock and recruit relationships:.

Recruftnent in pelagic stocks in highly variable. and along the
* west coast ‘of NewfoundTand has varied by as much as 100 tines (Fig. 14).

Since 1964 the spring-spawners have.shown much stronger recruitment

than the autumn spawners. Of particular significance have been the

1966-and 1968 year-classes of spring-spawners. In recent years,

recruitment -has been poorin both spawning groups particularly in
autum-spawners. The 1974 year-class of spring-spawnérs appears,
however, to be promising. . ¥

Vo P
The causes .of fluctuations in year-class strength has been an

The stock and

recruit refationship for west coast -herring was examined in terms

_area of ‘intensive investigation for fiany stocks.

of both adult (5+) populadion numbers and adult’(5+) population biomass
for'both spawning”components (Fig. 15). In nefther case was there
clearly definable stoak and recriit relationship. ‘Stock and recruit
. refationships have been postulated for several European stz;ck§ (see -
Proceedings of ‘the Symposiun on the Biological Basis of Pelagic Fish
Stock Management, (in'press)) and the relationships have- been utilized
to establish minimum ‘spawning biomass levels for these stocks. The
principal of minimum stock biomass has then hecnme the key management

conslderat’lon for these Stocks. “As stock and recruit relationships

have not been demontrated for the northwest Atlantic herring stocks,, )

the Fo 1 level remains the primary reference point for, management
const ﬂe ration.
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The Newfoundland westCoast herring Stock has been defined

prifiarily on the basté of ‘tagging studies. These studies indicated

- ‘that this managefient unit is independent of the adjacent southérn

 suggests that several populations are present such that.the west "5

: cnasg’stock’ isin reath‘a .s;ock~cnn‘plex. While the tagging data

Gulf of 'St. -Lawrence and east coast Newfoundland herring stockls.

fne'preselice of sev’era1 ‘knawn spawning sites withiA the area

indi’cate‘,ﬁnr exténsive intermix within the ‘stock area, -the experiments

were not-designed to assess the relative contribution of particuldr

popu]auons to the total catch. If it vere possible to determine the - "

Telative cunmbumn of each population tmhe S(sher‘y, then a separate
analysis of tne pnpulation dynamu:s of each could be perfonned as has

heen done for the two spawn{ng t\ypes Hhi'le the managemeh area wnu]d

- have to remain th! same due “to, \‘.he fishing vatter», a more precise
" eval uaﬂan of how the fishing pressure was being dtstﬂ buted over the

" stock could be undertaken. Tis would allow for a more detaited

’managemenf sfrateﬁy and help optlmize the yield. In the North Sea

B in any terms other than a génpral Stock appmach.

stock three cuwnnent stocks have been identiﬁed yet-have to- be * .7 5

managed as ar umt as no means; can be found to calculate the revmva'ls %
frum each tompnnent in areas: where mixing accurs (Burd, 1978) '
Bue .to a, ‘ack of knumedge as to what extent the

¥
prageny of the vanous spawning sites contrlhute to each of the . f

) «
flsheries(ﬂ\lt is difﬂcult u exam'ine any. of the hiolagical character‘lstics




Hubold (1978) suggested” that for- North Sea herring the onset

w. of mturity is length Studies on spring-spi s in

) Fortune Bay, Newfoindland, support this view showing a relatively 2 <
stdble Tength at 50% ma-tur'ty’ while age«et 50% maturity showed
o g v’ greater varlabi'hty (Moores and Minters,n1978) The .average values
% of 50% maturity for. Forturre Bay dur'ng thz perind 1968«76 were
3,13 years and '27.09 cm which compares, c'lose'ly to the values derived
for spring-spawners from the west coast of Newfoundhnd’where the :
: average values from 1975-78 were 3. Zlyears and 27 18 cm.
Csimilarity 3n growth rates were fopnd between year-classes and
’ spam\ing"aveas atong the est' coast of Newfoundland: These rates
also agree with empirical data derived from the fall niixed fi sh'ery/
and ‘'suggest a ﬁnifbnni;y in growth throughout the area. Tibt}(ﬁ/s]-) J
: found this consistency. 1n growth nccurrmg in the various herriqg
3 “ stocks: a'lnng the Atlantic coast of Nova Scotia as did. saville (1978)

t'nr herring in_the North Sea. ~Ware and Henr1ksen (1978), however, in -

_ an examination of Tarval growth of herring in the Gulﬁ of St Liwrence |

used differences in growth rate to identify four spawning pupu1a’t|ons'

(2 sprlné-spawn1ng groups énd 2 fal]-spawnlnggrnuﬁs) saville (1978)
suggested that simllar\ty in growth observed over a.wide geogl‘aphlcal ” w8
area. may lndicate general »enviranmenbal control -over grnwth. The '
= same resnﬂts, however,mau]d be observed if ,‘uveni'les of the cnmunent . -@

.+ “7.c populations occupy the same feed grounds.




M.‘aving defined the Newfoundland vist: coast m?nqgeiknt area, and

_as similar growth patterns were ﬁ':End throughout the stock ‘area,

the p‘opuhti on dynamics of these herring we}:e assessed as a unit stock.
Trgé analysis repre§ent\s an average’ picture of .the herring populations
Within the Srea withoot a’ttemptl‘ng to-assess the relative contribu‘mons
— from each'spawning site and the pt;ssibfe diffemntia"l exploitation
rates 'exerted on each; of these compunentsA ’Nowever. sub- a'l'lucatwn
" of the total allowable catch (TAC) over. the stock both by" both area
and season,” should reduce the pnbenvﬁal fgr over-exploitation of any
particular spawning population. : )
¢ ’ " As with a1l models the use of.cohort analysis and commercial

5 : catch daca to-evaluate-the population dnamics of a pelagic fish®
stock ha? ce'rtain weaknesses.' One of the major conce;\s has been '

\ . . the use ofCPUE and effort data 4=v‘1ved from purse seipe vessels as

B a.measuré of abundance’ (Rothschild, 1977; Ulltang, 1977).' Herring
» form dense schoéls and 'a reduction' in‘abundance wau‘ld be reﬂected
in a reduction in -the’numer or size of schools. The" dens*lty w1th1n
a-given school wan]d' remain relatively constant. Changes in s\tuck
abundance would affect the amount of time spent searching&for schmﬂs
but once a school 45 “encountered catch rates wnu]d remain fairly
« constant !rregar,d]ess g populatlon sige. -If f1sh1ng effort is

concentrawd during séasnns when schools are most dense searching
tine would be minimal: Thus, comercial effort data may. not reﬂect

ol changes in ‘poplilation, abundance, !

In tMs study catch rates were found to be var-i able depending




e | \
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| upon the season, Viniting -the valwe of the time. series available.

f In addition, the ca1cu1at10n of total effort (total catch/CPUE purse

seine) may be biased due to the variability m the relative

proportion of fixed gear catch. With a rapidly changing component
in. the fishery the relationship betweeh&_CPUE and hismass app‘ears "
“to be a more reliable Mdicator. of. n§undnnce,than total effort and
fishing mortuH":y, lnltang (1977) has sugge‘sted‘that‘ where possible
mdependent eshmates wf abundance, such as research vesse] catch -
rates or acoustic’ estinates of bwnass, should be used to’ eva]uate

| commercial catch rate data for cahhrat\ng the estimate of termlna\
fishiing mortality.

_-In'spite of "the problems inherent in such stock assessment wnrk
the methods used to assess the status of the west coast herrmg stock
should provide reasonable estimates of the stock sjzé and its
dynamics, parncu.l 1y for the historical period covered (Pope, 1972).
These estimates can,/therefore, provide a sound basis for advice upon
which management strategles can be furnm'lated. As the data ‘base is
improved the mdels should ‘be reffned to incorporate envimnmental
and spawning popu’ n influences. As with' most pelagic stocks _
awide var'l ation in ahundance was. observed i the Newfoundland nest
“coast herring stock: “This variation !s attributable, primarily, to
fluctuations.in year-class strength. In.addition to__affectin‘g '

total abundanée the relative strength of year-classes of the two

spawning ‘Components ‘affects the stock composition such that a’vcbﬁuﬂete

L
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= L)
reversal of the p» spawning type in the stock™

has occurred. - hile this variability in year-class Strength has

.gm observed no stock and recruit reh‘nonship,uls observed.

Hmever. if a stock and recruit relationship does exist it may have
been masked by envimwntal factors as ns indicated by lhurpé and
Winters (1978) for the southern 6ulf herrlng stock. No

comprehensive data on énvironmeptal factors is currently available

" for the West coast of Newfouridland with the closest stations being at

Entry Island in the'southern Gulf of St. Lawrence and Station 27 off
St. John's, Newfoundland.

The fishery exploiting this stock has a!so been very’ dynanric.
Catcbes |1ong the west coast have increased suadny skom the mid- |
seventies first in the purse seire sector than in"the inshnre
comonent, . These changes have created difficulty in 1nterpret|ng <
the CPUE and effort, series and have also :hanged‘ r.he’ ﬁurt_ial
Tecruitent rates related to an expansion in the fixed gear effort.
If expansion, continues in the fixed gsr‘ cn-onm;t a further reduction
in the partial ncruiunt rates vﬂl be requind to reflect the
1ncreas|ng proportion of older fish tahn by gilinets ulth sdasequent

" - changes reflected in the Fo.; devel.

The period covered by the analysis shows an 1wmv1ng vattem in ’

the Newfnund'lmd west coast spring—spannlng component with.a continual
declne {n autum-spawners. - The extent 6o which this pattern )
contin ‘depends upon. recrui tment. ‘Total allowable catch _ievels of )
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