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1. .!.'!..'.:E.~3..rJllC {~~~~ 

(n.) Tha stock 

A 1'o.;'-\l:lI' ~ellSUS of the inah,)1'e l.abrador cod fishery, to 

p1'<)vJ.rio basic data for population sturij.cs anel. to assess the effects of 

ofTs~JOre f 131)jn;-~, wo.s bOf 1m in 1:;),9. Various fishing centres on the 

norl,h shore of the strait of l.lelle Isle (FiC;. 1) were first visited in 

lC)(';> and sDlllplinr.; con tirlued tl;mngh 1966. 

Very little mlJdng of cod occurs between the north shore of 

th,' Strait of Belle Isle a.nd the fIlore northerly Labrador Coast (Templeman, 

196:». The strait~ cod form part. <)f the "','83t Hewfoundland" ,;tock which 

rfUT;e8 from southuostern NeHfounellanri, along tho Ne,.,.roundland west coast, 

and ;oossibly to the Quebec north shore, depending Oil senson (Templeman, 

1~(2). Surruner distribution 1.s mainly in the northern and northeastern 

Gulf of st. 1mrrence (Dtvisions Lin and 4S), while in winter and earl~' spr1nG 

the God are distributed around the southwest corner of 11ewfoundland 

(D:ivisions 4n and JPN). It is possible that at least two "sub-stocks" 

are prosentft; both whltering in the same area while separating in summer 

JY;toH8on lTesteI'll tJellfoundland and tho north shore of the Gulf. 

The data presented hero covor only a small part of the area 

of ,;UIMl"lr distribution for a very brief period of sompling in e'ach year, 

b"lng a by-product of more intensi ve inve5tiGat~ons along the coast of 

1Hbr:ldor. They are summarized to provide a preliminary description of 

tlo" hioloGY of the stock anrl as background for more wi.dcspread studies 

bc;un in 1966 ("'liles, 1-13, 1967a). 

(h) The fi~hory 

Th'} innhore corr fl:;hery is rolatively small, bel,,;; carried 

on t, h" ].0';" than 500 men fishi nr; from small boats malnly from June to 

:Ja[ot,ember. Cod are taken by trap, gillnet, jig::;er anel 10n,,11ne, the 

trdlp prol)~,bly bcinr:; the stn.!;le most product! vc ,~cm', th'Jt1r:b no estimHtoD 

or :lJ)ilUol catch by each ~cnr are available. 

Annual catches exhibited lar'5o fl)Jctual~i.ons since 1957 

(F'jc;. 2) ,rith M overall dmmward tr(llld. NlUnbers of God fishermen 

i l1('1"1[\3"d to 1~6h but decreased sHc:htly in ] 96') and 1966. Ga.tch per 

!";rt' l1a~ vad.8.blo, but rleolined fl'f)'" an aver~[r.0 17 tnn~ (,lurinr; 1957-6u 
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to less than 10 tons during 1964-66 (Fig. 2). Trends in catch per man 

are comparable to those described for Labrador by May (1967b). 

Over the past 10 years variations in annual catch have 

closely followed the annual variations in catch per man. These year to 

year variations are probably due to a combination of varying year-class 

survival and varying availability to the in~hore gears. Downward trends 

in catch and catch per man may be due to competition from the offshore 

ottcr tralll fishery. 

2. Collection3 

Details of collections are listed in Table 1, and location 

of areas sampled in Figure 1. Virtually all the material was taken from 

t.he summer trap fishery during a one or two day visit each year. Several 

communities Here sampled in 1962 and 1963, but the material from each was 

so similar that one community only was visited from lq~4 onwards. Two 

sa:nples of small cod were obtained by hook and line from the shore in years 

whon these Here abundant. A sinele sample was obtained from the centre of 

the Strait (Centre Bank) in October, 1962 by the research vessel Investi~ator 

II, \lsinc; an otter trawl with small-mesh codend. ':.I 

.!" 
Random samples of the corlUnerc1al catches were taken for length 

measurements (fork length to the nearest em). From 1962-64 random sub-

samplea of the l<lossured fish were taken for otolith collections, deter-

min'ltion of sex and maturity, and measurements of opercular Girth and 

whole and ,;uttcd-(;illed we13hts. Otolith cr)llection::; "Tere also made 

fro;n "catc30ry" sampleD of the smallest and lar:;est size categories of 

thr) meaaured fish (generally fish less than 35 cm and greater than 60 cm 

in length). During 1965 ar,d 1966 "stratified" sub-samples of the measured 

fish Here talcen at the rate of 20-25 per 3-cm lenv,th group. These were 

e;,,,mined for sex and maturi ty and otoliths collected. 

3. J\',,~ Validation 

(a) otoli th edge 

Otoliths Here used for age determina.tion and appearance of 

th', otolith edP,e (i.e. whether opaque or hyaline) was recorded for all 

fj ·11 aced. The data 1-rere analysed for each a:,e :::;rour usin'c; random samples 
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from 1>'62-6J~ ancl strat:liied samples adjusted to the ra:ldom length 

distributions for 1965 and 1966. 

Deposition of Op"qu,o mator:lnl at the otolith ed{:;e ;Jas !-tell 

<tclvanccd (lurin:; the June-July f",riod \,hen most of the .• "mpling <tas 

dorH} (Table 2). As in Labrador, opaque material aru~ars to be deposHE!d 

fir,;t in tho youn':or fish, but apr,ears oarli''"' in t'If' ye,?l' in the 

pO!,lllut;on as ~";":lc 1""" i,.. t',,· i..".:>ra(lor C;ubaroa 2) coel (lh:)" 1;,67a). 

'1.'llU3 for the pCT~.od 1,)G2-;:'(" 7l, or trc rrc :;cm t; colll2!ctton~:; exhibited 

0!H1'lUC m::C'terial a.t the otolith c,d:~e :In June-July, ac, opposod to 18:'; 

rll.11':in:: tho same J'lonths of lY5lJ-64 in Subarea 2. This innicates that 

!1nnmQ c;ro',1th bo,,:ins earlier each year in Division 41t. 

By September-October all the fish had oj ther opar.jue edies 

j.n the otoliths or had completed deposHion of opaqw, material and be,.;un 

to rlcpor;it the h'yal1ne material of' tr:.e next "jr:.tel:"_~. UsinG the 

convrmtlon of ,January 1 as t.he fish r s "birthd.'ty" the n"rrOH hyn..lin" ZOll0 

0.1, tho cd';c is i~"ored for deterTll1.nin~, (l!:e. 3hould thi3 zone not be 

l'ccocniznd ar:: the b::~inninL or the ne::t "'t-rintcr" error".) in age dotlJrnina-

tJJm I,ill occur. Cod from :3ubarca 2 0.130 beloin to fona a hyallne zone 

in o'utw:lIl (IJay, l',·67a). 

The data ;Jere not sufficiently diG tribn turi throu~;hout the 

,"".1' to l'()l~onstl'atc conclusivoly the vali.dit"' of the otolith method, 

but by DIH1.1o::;y HUh thC) patt0rn jJl 3ubarea 2 (Hay, 1967,,1 and addition of 

tho ev:i.doTlcc iml0dia·tC)ly follo!-Iin:; the otolith method is considered 

reliablo. It should be noted, hm/ever, that secondary or check zone3 do 

occur. Familiarity with the otolith pattern in the area provides the 

hJ8t J'1C9J1:J of l'(~co;.:ni7.in.'r th83e. 

(b) Len:;th tii.3tdhutions of .small fish 

In September, 1;162 anr) ,July, 1~·(!1. :H::n.ll 0.0,1 '"nrC) 31.1ffielontJ;; 

nW,lerOtw nC2X the shore at Red 'by (Fi;;. 1) to obt,o.:i.n samplc3 with hoo).: 

DnrJ line. Lf)!l,~th distributions of thcrs8 u:Lth a3';j,~cnod a,con from ot,oliLh~ 

Ilr'l sho',m in Fi;:ure). In July of 19611 tho smalle[Jt fish (~-15 em) 

e:<hibi ted a sino;le hyaline zone near the otolith e~"e, follo~led in most 

by a varyiTli~ amount of opaqur; material. In 'Soptembnr of 1\162 41% of the 

,,'unplc (12-19 em) exhibited a hyaline zono follo);/1(l by a wide opaque zone, 
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'"hile the rmr.aindcr had an additional very nurrow hyaline zone at the 

otolith ecl;;e. The latter ;/as eon.1idered to repro 3ent the be"innin~ of 

the next "winter" (see above); thus both ~roups were regarded as ar!e 1. 

In July of 1964 fish of length 17-23 em were assi,;ned a.n aco of 2 from 

the otoliths; those ~reater than 23 cm in len~th an a~c of 3. From the 

)lro:.;ress i on of modes in the len;,t'1 distribu'~ion3 (Fir~. 3), and the 

corres!,ondonce of a,:;c interpretations to these modes it is evident that 

otolith "-3c int~rpretations arc valid. 

4. f .. ~e nnd Lcnc;th Distributions 

Lenc;th distribution!] of all fish meaflured (Table 1) "ere 

combined for each ;,-ear (except the summer and autumn collections of 1962). 

Correspondin£: ~3e distributions Here adju3ted to the number measured by 

use of ar.~c-lenl(th keys from combined random and cate;;ory samples in 

1962-6h and stratified samples in 1965-66. 

A~e and len3th distributions from the smmner inshore 

commercial fishery and from a research vessel sample on Centre Bank in 

autumn of 1962 are compared in Figure 4. The distributions are very 

3i~ilar considering the small numbers involved and differences in gear 

selectivity. The reseru;'ch vessel smnple is likely from the'same popula

M.on as thnt fished inshore in sUl1D1\er, the f1.sh havin;j moved deeper and 

farther from shore as the season pro"ressed. 

Ace and lenGth distributions from the im},ore trap fishery 

(Fio;. 5) are a,o;ain Similar from year to year, being made up largely of 

very yount; and small fish. In each year, except 1962, almost one-half 

the fish in the age distributions were aee 4. In 1~'62 age 5 fish were 

rJominant. This was an anomalous 8i tuation due to the relativoly great 

survi.val of the 1957 year-class. In all yeara most of the fish were 

less than 50 em in length. Virtually no fish older than aze 10 or 

lar"er than 70 cm were taken. It is obvious that in this fishery, where 

catches are heavily dependent on the newly recruited ar,e-groups, the 

relative success of the fishery will depend very erea.tly on fluctuations 

in your-class survival. Thus increased lantlin2s in 1962 and 1963 

(1";;,:. 2) ,rere at least partly due to better than aver:l.'je survival of 

t!", 19;'7 your-class. 
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S. l10rtali ty 

gstimates of total mortality uere obtained from annual 8{;e 

distributions (Fig. S). It js obvious from these that old fish Vlere 

relati.vely less numerous in 1)165-66 than in 1962-63. Catch curves for 

these t,IC pairs of years (from combined percentage age distributions) are 

shmm in Figure 6, alo~ with the catch curve for the whole period of 

samplinG. Values of total mortality (z) Here .46 for 1962-63, .68 for 

1965-66 and .Sh for the whole period. The increase in total mortality 

(which is also evident as a concavity betueen ages Sand lIon the 

cnmbined curve) is likely due to increased fishing on the stock as a 

whole. JIolJever it must be pOinted out that the values Given here 

probably do not represent the true population values. Availability of 

cod to traps probably decreases with aGe since the older fish are 

distributed in depths beyond the range of the gear. Thus the catch 

curves contain a measure of availability as well as abundance. They 

remain of value in describing the direction and magnitude of changes in 

total mortality, though the ·absolute values of Z from the catch curves 

may not represent the population as a whole. 

6. Growth 

(a) Age-length 

Average length at each age was determined on an annual basis 

from the adjusted age-length distributions. A plot 01' the combined data 

(weighted averaecs) for the 1962-66 period is shown in Fir:ure 7. The von 

Bertalanffy grouth curve shown in the figure gave a reasonable fit to the 

data, thOUGh the common "levelling-off" at the older ClI;es followed by 

increased gro,rth for the very oldest B{;es (Hay et aI, 1965) was very much 

in evidence (FifO. 7). Average lencths for ages 1 and 3 were artificially 

hl:;h because of hook selection in the former Group and trap mesh selection 

in the latter. 
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(b) Gro;rth variations and possible causes 

Attained sizes at each age were quite variable from year to 

year. Plota of average sizes of the most abundant sue-groups (Fig. 8) 

reveal a general decline in average sizes from 1962 to 1964, follmred by 

an increase to 1966. Wiles (MS, 1967b) has suggested that increased 

grouth of the oldest age groups in the Newfoundland part of Division 4R 

is due to the reduction of old fish by otter trawlers since the mid-1950's. 

However, there is little possibi.lhy that variation in abundance is the 

causative factor for the chan"cs described here. 

Lacking synoptic hydrographic data in the area, air tempera

tures at selected meteorological stations ,rere examined for trends from 

year to year. The population SaMpled is known to ranr;a at le"st from 

tho north shore of the Strait of Belle Isle to southwestern lle,rfoundland. 

!1cteorolo:;ical .stations at the northern, middle and southern parts of the 

ran:,e are located at Belle Isle, Daniels Harbour (1lC\;foundland west coast) 

and Port am: l3asques (southwest coast) respectively. 

Ne.'l.n daily temperatures on a monthly basis ;rere available 

from publications of the HeteorolofOical Branch, Canada Departl'1.ent of 

Transport. These 're:o:-e the mid-paints of aver:l{';" daily minimum and 

maY.lYnlln temperatul'es for the month. Bean daily temperatures for each 

;yr,o.T' ',rere estjlnated by averaging the monthly values. Trends in the 

annual means corresponded rouShly with the trends in average lenc;ths. 

Sinco cod in this arl;1a are kno~m to be distributed at the 

sout.hern extremity of their ranr;e in winter, 1Ul<l ow r the middle and 

northern parts of the ran:::o in s\lll1rler, the air temperature data were 

reHorkod to [;i ve aV':!ragea for those months in Hhich cod miGht be 

expected to be under the influence of local conditiono in each area. 

J.le,~n d:lil:,' temperatures for ,rinter (Decmnber-A;lril) nt Port allx Rasqlles, 

and "Ul'l:-,or (Ha:,'-!Iovcmoor) at DMd.8ls Ibrbour &'1Q ll'Jlle Isle, exhibited 

t.rnr'b var;' ~ ir,nur to those jn nvera~o oi7.e ovnr the 1962-66 period 

(Fi':. 8). 

Templeman (M3, 19(7) h,:lS shmm tlw.t mean annual sea 

t<))Ofl'~rnttl!'os cxhib1 t variations parallel to thone in the e.1r, thou(;h of 

1es:",r 3J1pJ.iturlo. Thus air temperatllres proviue l'elinblf.l indices of the 
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djrection, if not the ma.r:nitude, of temperature variations in the sea. 

Thn precJfmt cornparl,son leaves much to be desired; in particular it should 

be noted that the mean SUlTUller temperatures in each ,r]~r ~over th~ period 

Hay to November, while the fish were collected in late June to late July. 

Also the data series is too short to rule out a. coinclcl')ntal pattern. 

Nevertheless the comparison does provide the HorkinG hypothesis that 

gro'lth variations in this area, and for the ranee of ai~es considered, 

are larrocly envIronmentally induced. 

(c) LenGth-weiGht and girth-length 

'deights of whole cod, and ,lith viscera '1wl ~111s removed, 

were obt:dned for all fish sampled durinc 1962-6h. All Wli[';hts lIere 

made in the field and recorded to the nearest ounee (1 oz = 28 g). 

n 
~!ci::;ht-lcn::;th curves of the form '!I = kl lJere, fitt,ed to the data (about, 

1000 observations) and are shown in Figure 9. Plotted averages of both 

1/1101e and [;uttcd-gilled wei{:hts adhered closely to a logarithmic strai:.;ht 

line thou"h there ,ras some tendency for the largest sizes to depart from 

the re"ression. Points above 60 cm were better fitted by rer;ressions 

employing greater exponents. Thus values of n for fish greater than 60 

crn in length,lere 3.43 for the \;hole weight curve (3.01 for all sizes) 

and 3.J7 for the gutted-GiUed 1-Iei,ght curve (2.91 for all sizes). A 

sil~ilar phenomenon Has described bJ'l:ay (H,), 1966). 

Hoa:3urcments of girth at the posterior "<l;~e of the opercultun 

w'Ore obta:Lned from 871-1 fish durin" the 1962-64 period. These measurenents 

Here ori[;inall;{ made in nun using a fle:cible tape, and later combined into 

l-cm Groups. Preliminary analysis revealed no sox differences. Combined 

avcr~:;()s for the period are plotted in Figure 10. A 'ICir;hted straight 

li.no fitted to the data "ave the reGression 

G = o.56L - 0.ll7 

wh(~rc r) = opercular girt'! in cm and 1 = fork lenr;th to the nearest cm. 
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7. Haturity and Spa~ming 

Observations on star~e of "mturity were mlde by 1roS3 

examination in the field of gonads of all fish sampled. For present 

purposes various sta{;es lrere combined as imm.o.ture, pre-spawning, 

spalmin:; and spent-recoverinc;. Spalming Has completed by virtually 

~ll fish durinr:; the period of s'L'nplinr:;. In J"ne-Jul~' 97'/, of the 

m2.ture fish uere spent-recoverinr;, 2% spalmin:;, an,; l:,~ pre-spawning. All 

mature fish had completed spa,ming by October 1. 

The proportion of mature fish at each 3-cm lenGth group and 

each UGe Here determined for the June-July collection3 (Fig. 11). gales 

HOr" firot mature at 34 em and age 4; female3 at 43 eM and 8.2,e 5. All 

males Here mature at 64 em and a;;e 8; all females at 64 em ancl a:;e 10. 

Sizes and ages at 25%,50% and 75% maturity 1rere estimated from straight 

lines fitted by eye to plots of the data on probability paper, and are 

tabulated below. 

Hale 

Female 

Combined 

11ale 

Female 

Combined 

Size at 11aturity (em) 
25~' mature ~mature 75"" mature 

42.9 

47.5 

44.7 

25% mature 

)~. 7 

5.4 

4.8 

45.7 

49.7 

)~7. 7 

A(le at llaturi t;z 
50:~ mature 

5.3 

6.1 

5.7 

C 10 

48.4 

51.9 

50.7 

75% mature 

5.9 

6.9 

6.7 
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8. SUlnT.1ar:'l 

Dn-ta on cod from the north ~hor'J ai' tho Strait of Delle Isle, 

collected from the trn-p fisher:! durinc; 1962-6(" arfJ sunn",'l.riZ8d. Tho cad 

belan~ to the ~Jest lJewfoundland stock 'lJ1d are distrIb,,';ed in the no!'th~r:l 

and eastern Gulf of St. LaHTGl1Ce in summer; ar:>und [jQuth~1e3tern I:e·(Tf'aundlru-..rl 

in Hinter. The trap fishery alone; the north shore of tiy~ ::;trait is a 

rolati vuly minor one, and annual catches and catch per man, thou;,h variab18, 

have declined OVBr the past 10 yearo. 

Size and aee distributions show the fishery to be heavily 

d8!JCl1dent on newly recrui.ted year-classes, with fe',T fiah older than a~e 10 

present in the samples. Total mortality increased ov~r the 1962-66 period. 

'1roHth uas variable from year to year, apparently in response to vaI"jinr; 

hydro;;raphic condi tiom. Lenr;th-weirrht and rrirth-lenr;th relationships are 

described. Spawning was virtuall:l' complete by June. nale 3 matured at a 

smaller size and younr,er age than females. 
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.962 

~)63 

164 

165 

,66 
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TobIe 1. Col1oction3 for len ;tll aJJ(l 'J:~:o. 

Locality Date Depth 

(iiietreS) 

L I Anse au Lou.p July U~ I) 

Red Bay July 16 13-15 

Henley Harbour July 17 n-17 

.::. Red B3~r :Jept. 2? 2 

Gentre Bank Oct. 1 51 

Red Bay July 16 17 

],I Anse Amour Ju.ly 19 7 

Her.1ey Harbour July 22 15 

Red Bay July 21-22' 10 

* ned Bay July 22 7 

Red Bay June 24-26 11-18 

Red Bay June 28-29 17-18 

Totals 

{~. Special (~olloctions of Small Cod 

Otolith collections 

strati

Gear Ranriom Category fied 

Trap 101 31. 

Trap 100 2° 

Trap 99 33 

Hook 61 

O.T. 122 32 

Trap 120 h6 

l'rap 16}., 

Trap 125 3U 

Trap 1)0 

f100k 25 

Trap 198 

Trap 211 

1,oL17 200 409 

C 13 

L81F;th 

Total Pl8a.S. 

1. _,; ') 

12S ,;00 

1j" 500 

61 61 

lS}.! 172 

166 1,7;,> 

1611 164 

155 soo 

130 130 

25 2:; 

198 495 

211 603 

1,656 
, 
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Table 2. Pro!,ortions of fish exh:'bitin'.; opaque 1""t,0'"' al 

at the otolith ed:e in J'.u:o-JuJy, 1 762-66, and 

either an opaquE! (0) or narrou he'aline (HH) 

zone on Sept. 29-0ct. 1, 1962. Values based 

on less than 5 fish are not included. 

AGe % 0 % 0 % HH 

1 100 54 !~6 

2 73 

3 92 

4 80 24 76 

5 68 20 80 

6 63 23 77 

'{ 49 ;'0 50 

B 38 70 30 

9 17 75 25 

10 24 

11 7 

12 25 

13 13 

All aces 71 hI 59 
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