POPULATION DYNAMICS AND BIOLOGICAL
OF THE NEWFOUNDLAND

WEST COAST HERRING STOCK

JOHN A







000203







< '* Natlona Lty of Ganacs: *

Nt “emomognamiedicos T
PR C"‘“"‘“‘ﬂvw\" Service desthises canadiennes s %
Microfiche Service sur microfiche e S
l - TR
; , o
. NOTICE L Yo = AViS R
: o 1

/Thl quality of this microfiche is. heavily. dependent

upon the quality of the original thesis submitted for

_microfilming:- Every. éffort"has been made to ensure
* the h}ghas( quality of reproduction possibje.

granted the degree.

If pages sre n\!lstlng, contact (ho university which

« ribbon or if the university sent us a

Some peges may have Indistinct print especially .

if the original pages were typed with a poor typewrifer.

La. qualité de cette microfiche dépend grandement de

‘la qualité de la thése soumise su microfilmage. Nous

avons tout - fait pour assurer -une qualité !Qpéfluyl

de reproduction. /
Sl

manque des pu{“\ veuillez . communiquer
avec l'université qui a conféré le-grade. - d

La qualité dimpression de certaines pages peut
laisser & désirer, surtout si les pages originales ont été
iées'a Iaide d'un ruban usé ou i I'univer-

LY

eviously copyrighted materials (journal articles,
published tests, etc.) are not 'ilmed.

Reproduction in full or in part of this film.is gov-
erned by the Canadian Copyright Act, R.SC. 1870,

. €.- C-30, Please read- the luﬂlorlll\‘mn forms which

mm!hllmeﬂ!
L%
THIS DISSERTATION -

HAS. BEEN MICROFILMED
EXACTLY AS RECEIVED,

sité nous a fait parvenir une ﬁn(nmﬁm de mauvaise_
qualité.

Les documents qui font d&3 Fobjet.d'un droit
d'auteur (articles de revue,. examens publiés, etc.) ne
sont pas microfiimés. - :

La re , méme particlle, de ce microfilm
est soumise-4 s Lol “canedienne sur le droit d'auteur,
SRC 1970, <. C-30.Veuillez prendre connaissance des
formules d” -utmuonm accompagnent cette thése.

~

LA Tu'!s’s A ETE
MICROFILMEE TELLE QUE
Nous L'AVONS RECUE!




W

. ‘
R ‘ i ~
i
s A thesis submittéd in partial fulfillment
~ - of the requires for the degree of
Master of Science
Department uf Bie]
T Nemria‘l University of uewfoundland >
v + July 1980 .
= !
St. John's \
i v ok -
P .
, J
A g ! >
s 3 2 e

.

Newfoundland




5

. : e .
i (gggé!'!Ll i ey
unzu{dmayu.:uuﬁqu:
ad gt sin s nd - s omiton s
wa_—lm‘ufm“nhmuuu
L o s prosd. h-\!:-q-‘b.unmfd
{n i it D are e ot 4
e et e sy e sl Seml
il gt g ety e, o e ey
vere e, cxparis of godth e s sl taen 2t
Aumnﬁﬂm:’mwummu. 3 /
e w4 o1 o e, S, s 1t
st for s of i it s sl
indicate Sat recrefiment s rect yeu fhas genally beon pur
mw-mqnnu}m«-u
e i e cvnt y e s ().
fecniamst . i goes ot £ e 0
mium‘bmnm‘u-n i
R —-— o, e ————
ey e sl v oy, et
straigy t stac s curmatly wieremloited,
o)

\

T aster viss to S I, L. e, it of By,

hrmm:mmmumﬂumxm :

ﬂh lL}uﬂ hhMrl\nﬁl_lﬂ'ﬂ.

unﬂ:m—nhh—'dﬁﬁdm—

o i e from et 8 ricate s pan o
Jurtialaly e Rigic i Secionofseard nd s Srvics
e v i beHstorial b e sista of B
scifc ot il manmm-npmr,

. mn-nium,n G4 Vintes ant £, G, and

. 15, Pusms for Beir exoornenert e beifil comnts o

Nesses, 0.7, Tovan, ) Ol C.] rowr for i assstans
( ; .

*in B colletion md prepentionf e svples.
Sl ks e reed 3 s i s w4y

-du-umm'-pn-t'




. \Assm\m
ACKNOHLENEMENTS
LIST OF TABLES - o i ;
LIST OF FIGURES™ g INRG: o = it
INTRODUCTION . d . SRV DR
_ MATERIALS AND METHODS  * %, — ¥, g =0
A. Tagging wlie g Py #x 10
B. Biological samplin: - & ‘i - n
. C. Catch ang effort tfa B - . Ik :]2 e
RESULTS ¥ . = 130 .
“A. Stock separation alont the Vest coust of Ngwfuund]nnd v 3B
1. Tagging results =~ - 2 WS o &
2 Kigration pattern T )
3. Delineation of the stock'area . " i) Biae 18
. B. Biological characteristics - e \ 23 ’
1. Feeding -\ -23 e
2. Maturity by age and 1ength S - 25 L)
3. length-weight relationship 27
4. Back- ealculated growth - i 27
C..Population dynamics g . g g 3 -
1. Landing information & 31
2:. Spawning type -compos i tion of: the catd\ % st N
3. Age composition of the catch™ ~ 36. -
~ 4. Numbers-at-age in the catch o <, wd 739
5. Effort data” . S TR
6. Assumptions “of natural mrtahty rate %o 45 B
7. Average ueightdt-lge 46
8- rates—- ¢ - 46y,
9. Trial runs cf l:ohurt anllysis 523
10 Selection of fishing mortald ty in the last year- (r?f 53
11. Results of cohort analysis (F\‘ 0.20; M = 58
5 } Population size 58 E
Trends in F x &Y, e 62 -
i . (c) Trends in recruitment’ < -64 v
12. Calculation of th Fo-1 fishing mortality rate v 6d
3. Stock projectiol . 66
. 14. stock. and re:ruit re'latlonsmps . 69. .. .
* DISCUSSION . o “uATs gy

LITERATURE CITED _ S s, w8




" Herring Tandings (mt) from the Newfoundland west =, 33

~

. from the.Newfoundland west coast herrmg stock

g a iy = 4
LIST OF TABLES L4 N A L. "
k Page - :
Results o herring ‘tagging experiments conducted © 15 9
be tween 1975 and 1978 with returns from -the west "
coast of Newfoundland: Recaptures by year and ' »
ﬂewfound'land stamsmcal areas and ICNAF Divisions. " -

‘A, Tagging experiments mnducted along the west |
coast of Newfoundland.
B. Tagging experiments conducted in the southern . b
.+ Gulf of St. Lawrence. L e -
C. Tagging experiments conducted am.ng the east £
coast of Newfoundland

Percentage of Shrinaciand ubinSomners occurring © 21
in purse” Seine samples takenin St. George's Bay

(Area K) and. the "edge" -(Area T).,during the spring °
fisheries from 1973 tn 1976 3

Herring 1andings (mt) from " the Newfnund'land west 32
'coast herring stock by stausn cal area- for the .
years 1966-78. . 3 2

coast herring-stock by gear type. for each west’
coast statistical ‘area for the. years 1966-78. ey 5 g
{Fixed gear-is.primarily gillnet but also incLudes o

traps and bar se\nes« ) r

Percentage of spr1 ng-: spawners occurring in; v.he purse 35
seine and gillnet fisheries of the west coast of :

- Newfoundland by statistical area for the years . -

1976 2 : e

R 1§-at-age (in th ds) o s 4
from the Newfoundland west cnast herring stock
for ‘the. ~years 1966-78.

Removals-atrage (in thousands) of autumn-spawners 42 g
"“for the years 1966-78." - @

Catch per-unit-effort and tom effnrt (dn nperatmg 43
days) from the Newfoundland west coast herring stock
during the spring fishery. (Areas K+) and the fall
fishery (Areas MN), based- on purse seiner log records R
for the' years 1956 78. - e 3




§ 'u[tm\mrmmmlzs Waitene "7 i
| wioht'wlues wed in cohord analysis for

[/ 2 Sring nd atm-spaning lewingof the . Ve o %

o efouland st cost herrig stot,

1) i) estation o seleci ity

+ <factors {oartial recnitrent) for spring-
d ata-spaing »emnga the

o lesfaunilind et cosst bereig stk o

T esults of cohort amalsis of springe T B

| spawnmgnmmgnf).wwnm-sg
1. st berring sock (Fr= 0.2 W =070).
- hpulaton s (] re i o
7 s 3]s o meric .

Q0 ealtaf et anls of tue .
spaining herering of the Newfondand

4 et bt herring stk (Fr=0.2N= 00 ~- 0 L

Apulation muahers (1] are 1o Mnmem W,
ionass (B) 1 i neric tor, i

0 sy of ¢ ad 5 o e ad il
L B and $ biowss of aitumn- [IS) an spring-
sanning (SS) herring fron the Yewfusdland g
Sl st st hering stock for te yeers 196 ¢
Thas erfved from cotrt analgsis. 1 =
fopultion makers i thousands; 8 Sonass
1 it metric mm)

st cust herring stott, 19 poplation
structin deriied fron cohort apdlysls and
I smjecton perfmed asuming ! = 0.0 catgh is
| dyle Tl it comtat et
< L mmu‘cmmspmwp ;
cporet, (I = autuie-spawes;, 3= sprivg
Jiners | A

W s f @ sk praon o mwuunﬂam &
|

J e e
e Mot oty e 2

staisticl ares and glace pures referred -
in b tet; Inse oo IWF ars and

catsth et coit of ol * e
. Terring stk o (ateed ). * ¢y
4 G tering ety stesolong evestwst

& ool from 15578 2 tagig.
stes. fn adfacnt ares from which tig
recapturss ere Teportzd fron te vest
e 1 st of Miumnm B
4 1}

forlspring- and actum-spaining errisg fron
.t Nerfondlad vest st Jerring stk h;
pth ad statisfical s .

F»e]uznty of e o o il - u

: 4 iy s by agerop a6 Tengh (cn) %
' < for sprif- and autum:spauning herring fron
s Yevfadlan vt ot eing ek
cabined fr te s 95T

5 logthoeiit eltionkp of sring: i %

" aimsgain ertingfrom t Nedunclad
3 \mmmmwm stod fron e fill ure

\ : e fiery. late cobined for !Mymrs :
T

s

S8 0 Mpelength relationchipof spring-spaeing’ ¢ 30
* 7 lrring erived by bagkal cultion e
 ofiths of Fish taken fom- ssaing aeas
in St Senge's By (hma'k) ad St Rul's
Inlet, (ks M) and ron meastrzents taken
dring te fal purse sehe fiery.
K the 1583 yeimtlass; B, the 1969 par-
vl s b

1 doe Freqency of spring- 'snd asan-spaming 3
Perringin Jandigs F the Recfoutdlnd - |
st coust herrieg Stack area for the gears
T656-76.




-12A

128

13

Recrui tment 0gives for spring= and autum-
spawning herring pf the Newfoundland-west .
coast_herring stock derived from the F matrix
‘For 1971-75 .generated from tri a'l Funs nf
cohort. analysjs: EY

Recrui ‘tment oy ves fcr' spnng— and’ “Twunin-
-'spawning herring of the Newfoundland west "
coast herring.stock derived fyom a comparison
of the -age frequency in landings in the fall - .
*St. John Bay purse seine fishery to that
observed in the total 1and1ngs during 1978. .

‘Relationship -of effort ('m operating days)
to Fg+ - (from cohort-analysis) for th g

Newfoundland wést coast herring stock.

A. spring‘spawners’ M =
B. autumn-spawners M

C. autumn-spawners..M = 0.20

Relationship ‘Of CPUE ( tons/operating -day)
to 5+ biomass for the Newfoundland west -
coast herring stock.
A. spring-spawners . M = 0.20." d
B. auturin-spawners ‘M =.0.20 : sl 5

* C. autumn-spawners M =U 15

© Trend, in 2+ tthuusands of metric.tons) biomass

of -spring- and autunn-spawning herring and both
conbined for the Newfoundland west Coast herjing
stockdliring the period 1966-78:

Trend in ‘spawning type compos.i tion of the

" Newfoundland west coast herring stock for ‘the.
period 1966-78. 2+ population numbers' Expr‘essed
as a percentag&

Y1e|d— Trecruit curves for springs’ and autumn-
spawnir{g herring from the Newfoundlandwest coast

herring stock showing ‘derivation of the Fu i level

of fishjing mortality..




A g At
reent ?mniewed) to amlt
fon _nusberS and biomass. fo
#ing-.and autn-rspivmng herring-o:
Tand west_coast herring ~stock.




. 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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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 /



























































































































































































	Moores_JohnA
	001_Cover
	002_Inside Cover
	003_Blank Page
	004_Blank Page
	006_Notice
	007_Title Page
	009_Abstract and Acknowledgements
	010_Table of Contents
	011_List of Tables
	012_List of Figures
	013_List of Figures viii
	014_List of Figures ix
	015_Introduction
	016_Page 2
	017_Page 3
	018_Page 4
	019_Page 5
	020_Page 6
	021_Page 7
	022_Page 8
	023_Page 9
	024_Materials and Methods
	025_Page 11
	026_Page 12
	027_Results
	028_Page 14
	029_Page 15
	030_Page 16
	031_Page 17
	032_Page 18
	033_Page 19
	034_Page 20
	035_Page 21 and 22
	036_Page 23 and 24
	037_Page 25 and 26
	038_Page 27
	039_Page 28
	040_Page 29
	041_Page 30
	042_Page 31
	043_Page 32
	044_Page 33
	045_Page 34
	046_Page 35
	047_Page 36
	048_Page 37
	049_Page 38
	050_Page 39
	051_Page 40
	052_Page 41
	053_Page 42
	054_Page 43
	055_Page 44
	056_Page 45
	057_Page 46
	058_Page 47
	059_Page 48
	060_Page 49
	061_Page 50
	062_Page 51
	063_Page 52
	064_Page 53 and 54
	065_Page 55
	066_Page 56
	067_Page 57
	068_Page 58
	069_Page 59
	070_Page 60
	071_Page 61
	072_Page 62
	073_Page 63 and 64
	074_Page 65
	075_Page 66
	076_Page 67
	077_Page 68
	078_Page 69
	079_Page 70
	080_Page 71
	081_Discussion
	082_Page 73
	083_Page 74
	084_Page 75
	085_Page 76
	086_Page 77
	087_Literature Cited
	088_Page 79
	089_Page 80
	090_Page 81
	091_Blank Page
	092_Blank Page
	093_Inside Back Cover
	094_Back Cover


