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Abstract 

ICNAF R.s.Doc. 73/68 

The purse-seine fisheries which developed in the southern Gulf of St. Lawrence and Southwest 
Newfoundland in the mid-1960's were based mainly on the southern Gulf of St. Lawrenc~ stock complex of 
herring at different times and places along its seasonal migration route. Landings from this stock 
complex increased rapidly from 50,000 tons in 1964 to nearly 300,000 tons in 1969 and subsequently 
declined to 60,000 tons in 1972. Total stock size, estimated by cohort analyses, declined fram 1,840,000 
tons in 1965 to 506,000 tons in 1971, a reduction of 15%. Over the same period the decline was equally 
pronounced in the adult stock size which by 1972 had been reduced to only 12% of its original level in 
1965. The very large 1958 year-class of autumn-spawners and the large 1959 year-class of spring-spawners 
accounted for nearly 60% of the exploitable stock size in 1965 and remained dominant until 1910. Recruit
ment to the southern Gulf of St. Lawrence herring stocks has been relatively poor since the late 1950's 
for both spring- and autumn-spawners, the strongest year-classes being the 1960 year-class of spring
spawners (about 1/5 of the 1959 strength) and., the 1962 and 1963 year-classes of autumn-spawners (about 
1/5 the strength of the 1958 year-class). Fishing mortality rates increased steadily :from. 0.04 in 1965 
to 0.56 in 1970 and subsequently declined t'o probably less than 0.30 in 1972. Adjusted catch-per-unit
effort data adequately re:flected the change in stock abundance estimated by cohort analyses. 

The proportion of the southern Gulf of St. Lawrence herring stocks migrating to Southwest 
Newfoundland increases continuously with age, from less than 20% in the recruiting age-groups to 100% at 
age-group 10. Stock sizes in Southwest Newfoundland, estimated by several methods, declined from about 
700,000 tons in 1966 to less than 50,000 tons in 1972 

It is shown that, excluding the effects of the t'ishery, the abundance of the southern Gulf of 
St. Lawrence herring stocks would have declined Significantly from 1965 to 1971 due to inadequate recruit
ment. The effect of the purse-seine fishery was therefore to accelerate the rate and to increase the 
magnitUde of the decline. It is also indicated that the low recruitment since the late 1950's is probably 
normal for this stock rather than the exception, large year-classes occurring only infrequently. In the 
future, therefore. average yie~ds will probably be substantially less than those of the late 1960's. 
This will be particularly so for Southwest Newfoundland which 1s dependent mainly on large. old berring. 
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Introduction 

Prior to 1965 annual lWldings from the NewtoWldland and Gulf of St. Lawrence herring fisheries 
tended to reflect the demand for the product rather than the abWldance of the resource. These fisheries 
were traditionally carried on with fixed gears and were associated largely with the demand for herring 
as bait and food. With the ex{'eption of the periods during and just after World Wurs I and II, when 
large quantities of pickled herring were required as food, landings were undoubtedly substantially lower 
than lJotenthl.! yields (Hudder. IQ66a; Tibbo, 1966). This situation rapidly changed lifter 1965 when large 
concelltrations of herring were found to overwinter in the fjords alont~ the western half' of the south coast 
of Newl'owldland (hereinafter referred to as Southwest Newfoundland or Area J; see Ii'ig. 1). From a 
single vessel in the winter of ly6!~-65 the seiner fleet increased rapidly to more than 50 vessels by 
1968-69 (Hodder, 1969). The increased interest in the herring fishery also resulted in the expansion of 
fishing operations so that by 1967 the mobile purse-seine fleet had expanded their activities to include 
various areas of the southern Gulf of St. Lawrence (Fig. I, Area 'I') and nearly all months of the year 
(Iles and Tibbo, 1970). 

Coincident wi ttl the rapid development of the purse-seine fishery was the construction of several 
large reduction plants at various places in Areas J and T. There was thus a dramatic increase in the 
production of herring meal and oil which soon far exceeded the utilization of herring as food and bait 
(Hodder, 1969). This trend continued until 1970 when markets for food herring became available in Europe 
as a result of the drastic decline in the Northeast Atlantic herring stocks. Consequently since 1970 
an increasing proportion of the herring caught in Areas ~r and 'I' has been diverted to food and by 1972 
more than 60% of the total herring landings were utilized in this manner. 

Investigations into the herring !Stocks supporting the winter fishery in Southwest Newfoundland 
(Area J) were begun at the St. John I s Biological Station, Newfoundland. in 1965. involving the inten:.;i ve 
sampling of the mobile fleet catches. the collection of detailed catch and effort statistics, spawning 
and larval surveys, acoustic surveys and tagging (Hodder, 1966ai ilourston. 1968. Winters, 1970). 
Similar but less intensi ve investigations were conducted in the southern Gulf of St. Law-rence by the 
St. Andrews liiological Station, New Brunswick (Tibbo et al., MS 1969). These studies soon revealed 
that the winter fishery in Area J was baaed almost entirely on mature udult herring consisting of Ii 

mixture of both spring a.nd a.utumn ~pawning types (Hodder, 1971) which migrated to the area in November 
and remained l.Ultil earlY April, and the fisheries in Area T were based mainly on spring-spawners at 
Magdalen Islands and the Chaleur B8¥ area. (Fig. 1) during April to JWle and on autumn-spawners in the 
Gaspe-Chaleur Ba¥ area during July to October. The comparisons of various biological characteristics 
of herring from different areas (Hodder and Parsons, 1971a, 1971b; Parsons and Hodder, 1911b) toge'ther 
with the results of extensive tagging (Winters, 1970. Mr· 1971a; lieckett, M3 1971) have confirmed the 
hypothesis of'lodder (1969) that the herring 'W'hich support the winter fishery in Area J represent the 
over-wintering phase of a stock complex of herring largely derived from spring and autumn spawnings in 
the southern part of the Gulf of St. Lawrence (hereinafter ref'erred to as the southern Gulf of St. 
Lawrence stocks). Thus the purse-seine fisheries which developed in Areas J and T during the mid-1960 1 s 
were not uased so much on completely different stocks but rather mainly on parts of the same stock 
complex at different times and places along its seasonal migration route. This has important 
implications in so far as conservation and management of the resource is concerned. 

The lack of Significant recruitment to the fishable stocks (Hodder, 1971; Winters and Parsons, 
MS 1972) together wi th the dangerously high rates of exploitation (Winters I MS 1971b) has precipitated 
concern about the future of the fishery, and conservation measures have recently been imposed on the 
catches of herring in Areas J and T by the Canadian Atlantic Herring Management Committee. In this 
paper we have attempted to assess the status of "the southern Gulf of St. Lawrence stock complex in 
relation to the yields as the purse-seine fisheries in Areas J and T developed~ employing the most 
recent virtual population techniques as well as informatIon from tagging experiments and catch/ef'fort 
statistics, and to predict potential yields from the resource under rational management and the effect 
of such management on the fisheries in the various areas. 

Materials and Methods 

Compilation of length and age data 

The basic data used to determine the length and age composition of the catches in the Area J 
winter fishery (November to early April) for the 1965-71 seasons 'W'ere obtained from Hodder et al. (MS 
11)72) and for the 1971-72 season from Winters and Parsons (MS 1972). Since Area J represents only a 
part of ICNA? Div. 3P, the catches statistics for the fishery in this area were derived tram detailed 
statistical records on file at the St. John's Biological Station rather than from rCNAF Statistical 
Bulletins. For the Area T spring and summer fisheries, cat.ch statistics pertain to nominal catches for 
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Div. 41' in JCNAF' ~tatisticB.l Bulletins. and the length compositions of catches are based on length fre
qu.encies given in 'l'iuuu et al. {MS 1969} and in reNAl-' Sampling Yearbooks, Although 'l'ibbo et al. (MS 
1969) provide age-length keys for samples taken up to 1968. for consistency in campi ling the age com
positions of the catcia:s over the entire period under consideration (i.e. 1965-72), the age-length keys 
for the Area J fishery (Hodder et al., MS 1972) were applied to the Area T length frequencies to obtain 
the age comlJos i tions of the Area T catches. In this cDntext it should be noted that the techniques of 
age ~jd year-clas~ deSignation used at the St. John's Biological Station have been recommended for use 
by ICNAF Sdenti 5 ts in herring investigations of the Northwest Atlantic (HlUlt et al. ~ MS 1973). In 
accordance ..... ith the recommended convention~ age-groups have been used instead of ages. Thus a fish is 
placed in age-group 0 in the year of its birth~ regardless of whether it was spawned in the spring or 
autwnn~ and both types enter the next age-group at the same time of the year. To maintain consistency 
of age,:"group designatinn throughout the fishery year. a cohort is considered to enter an age-group at 
the start of the fishery year, i.e. in April. 

The assessment of the southern Gulf of St. Lawrence stock complex is complicated by the mixture 
of spring- and autwnn-spawners in the catches and these have to be treated separately because of 
differences ill growth and in age composition. In the Area J winter fishery the separation of the two 
components is relatively simple because the maturity stages corresponding to each component are readily 
distinguishable in the samples and immature fish are relatively scarce. Consequently the 88e com
position and relati ve contribution of spring and autumn spawners were readily obtainable from the 
sampling data in order to determine the age compositions of these two components in the catches for 
Area J. No such separation of swnpling data into SI!ring- and autumn-spa\rillers WtlS available for the 
Area'!' summar fishery. However, Messiah and 'l'ibbo (l~rrl) lH:we indicated that herring taken during 
April to JWle consisted mainly of spring-spawners. whereas those taken during July to October were 
mainly autwnn-spawners. Consequently the age-length key for spring-spawners of the preceding winter 
fishery in Area J was applied to the length frequencies for the April-June period to obtain the age 
eomposition of the catch of spring-spawners for that period. Similarly all fish caught in Area T 
during July to October were assumed to be autumn-spawners. Wld the age-length key for autumn spawners 
ill the subsequent winter fishery in Area J was applied to the Area T length frequencies to obtain the 
age composition of the catch of autumn-spawners for the summer-autumn period. The application of 
the age-length keys 'in this manner has the effect of minimizing differences in growth. For spring
~pawners growth is negl igible between the Area J over-wintering period tind the period of the spring 
fishery in Area T~ because feeding does not resume until mid-April and spawning occurs in M6\Y. For 
autumn-spawners must of the growth in length probably occurs during the pre-spawning period~ as 
Hoddttr et al. (MS ly'r3) indicate that most of the post-spawning feeding is probably associated with 
Lhe re!Jlenishment uf rat reserves rather than growth in length. 

All lengtil anJ l:ige comlJusitiun data were initially compiled and weighted (using appropriate 
length-weight data) to monthly catches. These were then combined to represent the age compositions of 
the yearly ..;atclles for the two spawning components separately. In this context the yearly catches 
pertain to the 12-month period from April of one year to March of the next, and the stock sizes pertain 
Lo the beginning of tht- t'ishery year in Apri 1. 

Estimate of natural mortality used 

Using age-composition data given by Day (l957) for herring stocks in the southern Gulf of' St. 
Lawrence during tbe 1940 IS, Beverton (1963) calculated values of total mort ali ty coefficients (Z) 
ranging from 0.20 to 0.3). The relatively low level of the catches during this period (aver88e about 
i'j.OU() ton~) suggests that the fjshing mortality (F) wus loW, probably 1ess than 0.10. Also the stock 
L'olUl'll!x or herring in the southern liulf of ~;t. Lawrence (our Area T) has growth, maturity and life
span characteristics very similar to those for Atlanto-Scandian herring, for which natural mortality 
(M) has beell /iccurately estimated to range from O.l~ to 0.18 (Beverton, 1963). A value of M = 0.2 has 
therefore been considered realistic for the southern Gulf of St. Lawrence stock complex. 

'l'rend,; in landin!{s 

Yeurly lil[ldill~s from tilt' southern Gulf of St.. Lawrence stdck eumplex are shown in Fig. 2. In 
Lhe J\ret! ,.I winter fishery lWlui[l€<,:s inc!ret!sed rapidl.,y from less thW1 10.000 tons in 1964 to about 140.000 
tonG itl lYbl} and I SJlJ:J Hnd declUl~J to less thWl 10,000 tons in 1972. In the Area T summer f'ishery, 
purst'-selllltig did not become a 5igllifi~allt t'actor until 1,)67, after which landings inereased to a peak 
leve.! ",[, I r5.0uU lOlj~; ill 1970 and declined to about 50,000 tons in 19"(';.'. '1.111;: continued increase in the 
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Area T landings after the Area J lruldings had peaked is attributed to a significant diversion of effort 
frum the southwest Nova Scotia swnmer fishery in ly69 to Area T (lIes and Tibbo~ 1970). 

The trend in yearly landings from the stock complex as a. whole (Fig. 2) indicates a rapid 
iw.:rease frOlli about 50.000 ton~ in 1~64 to a l-Ieak level of 300~OOO tons in 1969 folloved by a decline 
tIl auout t:iO~OOO tons in 1912. 'I'he rapid increase was associated with the expansion of purse-seining 
uctivities and reduction facilities. The equally rapid decline was due to reduced stock abW1dan('e 9 the 
reasons for which are discussed later. 

Length and uge composition of catche~ 

Although the southern Gulf of St. Lawrence stock complex is exploited at different times of the 
YCl;l.r itl different areas, length and age-composition data (expressed as percentages). for both spring
Wid autumn-spawning components. reveal a remarkable degree ::>f similarity for herring sampled in the 
Area J winter fishery and in the Area 'r summer fisheries from i965 to 1969 (Fig. 3). During this period 
the fisheries ill both areas were btl.Sed mainly on adult herring (age-group 6 and older). The Are", .' 
fislJery in lY70 and 19"1l continued to be based on adult fish, whereas the Area T fishery gradually 
:~hi fted to the exploi tation at' smaller and YOtmger fish which apparently did not migrate to Area J. 
The di1'ferew:es in the length frequencies for spring-spawners during 1965-68 are attributable to 
seasonal growth, the fishery in Area T being carried on in April-June whereas in Area J it occurs in the 
following November-March period. 

Jo'or autwnn-spawners in both areHS the fi~heries during 1965-69 were dominated largely by the 
very abuna.!:i.nt J<)58 year-class (Fig. j) and this pattern continued into 1970 and 1971 in Area .J, where 
the modal length of herring ill the catches grttdually increased from 32 cm in 1965 to 35-36 em in 1971. 
'I'h!;" cliangt' in modal length for Area T after ly69 is reflected in the change in age composition due to 
til,"" t.'xploit4tion of smaller and younger fish. 

For spring-spavners the olominant year-class was that of 1959, which contributed to the bulk 0f 
LlJe catches Juril q -!: lyG5-6~ in both areas and during 1970-71 in Area .T O'ig. 3), where the modal length 
gradually iIl('n::l~;ed from 31 em in 19ti5 to 33-34 cm in 1971. As for autumn-spawners, the catches of 
~,pring-spHwllers in Area T consisted mainly of smaller and younger fish in 1970 and 1971. 

For t~e Gulf of St. Lawrence StClCk., numbers of spring- and fl.ut.lllJln-slJuwning herring in ea.ch year 
of the fisht:ry were derived by sequentiaJ cUllIl-'utation, using cohort analysis (Pope, J972), from the 
nwnbers ('","ught aL each age-group (Table 1). Au ils:..;wued valup (;1' M == 0.20 and starting values for F 
(n~.;i1i!lg murtalit.y in the terminul year) jtlcl"eH:~ing with uge were lI:>ed. To providf: reliable estimates of 
~;t.od. size and fishing !Ilortl:111ty rates in 1';.17u IoI.nJ Enl age-groulJ compositions of anticipated catcheE in 
l~JF! and l'.n3 have l,een estilrll:l.ted anu used ii, th~ ('OIlOI·t tlnal.yses. 

'nl~·rt:" lias been a 'culltinuous and PI'CllluLUlced ,fer-tine iII Lhe stuck sizes uf both spI"ing- and autumn
spu.wnen; sin.:e t.he development of" a significuliL purse-seiue fisht!ry began in 1965 (Table 2). The spring
spawning stuek declined from 2,782 million !"isli weighing 604,000 tons in 1965 to t",.(~ million fish .... eighing 
128,000 t.uns ill l:JTl. Over the same period the autumn-spawning stock was reduced from 7,670 million fish 
with a tliomas::; of 1,236,000 tons to 2,OC{() million fish with a biomass 01" 318,000 taus. Total st..)ck size 
,.ie~lil1ed from lu~4:J;! million fish weighing 1,840,000 tons in 196') to about 2,750 million fish weighing 
)ll(;,OOO tOilS ill l')·rl~ a reduction of approximately 75% br..lth in numbers and in Liomuss. The rela.tive 
contributions of spring- and autumn-spawners to the total- stock complex have remained almost constant 
tltrougbollt the o.:ntire period. 

'1'lIe large 1959 yeur-cla.ss I:I.ccounted for over ~)O% by number ,,1' the spring-spawning stock in 
19b5 and remained tbe Jomim.l.nt year-class in thlit stock until 19'{O, when the 19GB year-class became 
j ll""Lially n-cruiLed as 2-year-ol(is, but "by 1~71 the 19')9 year-class cOT)::;tituted ('Illy about 5% of tlds 
~; 1.uck. Simi .lw·ly, Lhe very large 1958 year-cl8!is comprised nearly 35% by numLer of the autunul-spawning 
:.;tu,~k in 190) anri remained dominant lUltil the 1967 year-,'1ass was partially rerruited as 3-year-olds in 
1')'(0, but by J\),[l the 1958 year-rlass was reduced to less than 6% <)f Lhe stock. 

fo'Ltli.11f nl0rLaJlt.y l"H.tes 

l-:st imates or f"ishing mortality raLel;; (Table 2), ottl:l.ined from cohort analys is ~ indi cate that 
recruitment Le, the t'i~hery iti v:·;sentlally ,~omph·te at ligL"-[rOllp ') for ::;prin~.:-spti.Wller~ 1ll1d at age-groul- 6 
fur autumn-spawners. Values of l<' for fully recrl.1ited a.gt"-~roups of spring- and autu1fIn-spawners combined 
increased frulH :.i very low leveJ uf 0.04 in 1~)6') to a high of 0.56 in 10,[0. Sillce there was a. significant 
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reduction in fishing effort during the 19'{l-72 'Winter fishery in Area J (Winters and Parsons, MS 1972) and 
no apparent increase in effort in Area T during the 19'(1 summer fishery ~ the uverall fishing mortali ty 
rate declined to O.~8 in 1971. 'l'he relatively loW" level of stock abundance during 1972 resulted in poor 
fisheries in both Areas T and J. and undoubtedly tbe fishing mortality rate was substantially reduced, 
I" in 1912 proLably being less than 0.30. 

The average values of f' dW'ing 1y65-71 for fully recruited spring-spawners are consistently 
higher than tbose for autumn-spawners. The reason for this is not clear, hut it may be related to the 
greater vulnerability of spriug-spawners to both purse seiners and fixed gears during their spawning 
period. 

For both spring- and autwnn-spa .... ners. values of F increase .... ith age, particularly after 1961 
(Tat.le 2). This coincides .... ith the periud of maJur increase in the Area J catches (Fig. 2). Since 
only the older mature herring migrate to Area J I the increase in F with age is probably due to the 
effects of the selecti ve fishery in that area during the over-wintering period. 

Recruitment to the exploitable biomass 

Recruitment rates (Table 2. last column) for the young age-groups were estimated as the ratio 
of the weighted mean F values for these age-groups to the F corresponding to the age-group at which 
recruitment to the fishable stock is considered to be complete. i. e. at age-group 5 for spring-spawners 
and age_group 6 for autumn-spawners. Spring-spawners recruit fairly rapidly with 40% of the available 
population recruited by Hge_group 3 &.nd nearly 90% by age-group 4. Autumn-spawners recruit more slowly 
with les::; t!lI:l.O 30% recruited at uge-group 4 and about 64% at age-groUp 5. The slower recruitment of 
autllinn-spawners is probably related to their later age at reaching maturi ty compared to spring-
clfJl:I. .... ners. The estimated ages at 50% recruitment. are 3.5 years for spring-spawners and 4.7 years for 
autwnn-spawners. 

The population numbers of recruiting age-groups (2-6) were adjusted for partial recruitment and 
converted to weights to obtain the recruitment biomass for each year as folloW's: 

Recruitment Biomass (IDOO tons) 

Yeur ;jpring Sp. Autumn Sp. Total 

1965 41 105 146 
1966 54 100 154 
196"( 44 147 191 
1968 23 140 163 
1969 24 81 10) 

1970 27 59 86 
1971 30 40 7u 

The recruitment biomass of both spring- and autumn-spawners was generally very 10 .... during the 
1')0)-11 peri.od, mainly because of the succession of a series of poor year-clas~es since the late 1950's 
l'l'alJle 2). The 1964-68 year-classes of autumn-spawners have been particularly poor as were also the 
ly6j-b"( year-cl~~es of spring spawners. This explains the general decline in the recruitment biomass of 
each ::;pawning group in recent years. 'I'he 1968 year-class of spring-spawners was somewhat better than 
Lho::;c of 1963-61 and the recruitment biomass of spring-spa ..... ners .... il1 probably increase slightly in 191~. 
Ho'Wever. since this yefir-class is only about 1/8 as good as the abundant 1959 year-class of' spring-
~;~Ja ..... llers. its effect on the total recruitment biomass will be insignificant. There is no evidence to 
date to indicate that year-classes of autumn-spawners since 1968 are large enough to significantly 
iUC!'elowe the recruitment biomass in 19 r(2 and 1913~ if current levels of fishing intensity are maintained. 

HelutioIlShip between exploitable biomass t recrui tmetlt and catch 

Mean weights for age-groups were applied to the adult population numbers given in Table 2 to 
obtain the adult biomass for each spawning group at the start of each fishing year. These were combined 
and adlh:d L,) tile total recruitment biomass (see preceding !H!ction) for each year to obtain the biomass 
vI' thl:' stQ<:k t1.vaihl.ble to the fishery, i.e. the exploitable biomass. Although stuck sizes of year-classes 
recruiting to the exploi table s tack in 1972 and 19T~ are not completely known, estimates for those 
year-classes .... hic·h wID contrit.Jllte to the adult stock in those years are available (Table 2). 
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ConsequentlY~ adult stock Liomass has been estimated for lY72 und 1973~ and these are shown in Fig. 4. 
together 'With exvloitaul\O" biomass, adult biomass and recruitment biomass for 1965-71 and the catch for 
1965-'(2. 

The adult biomass has com.ti tuted 80-90% of the exploi table biomass s itlce the mobile fishery 
began in 1Sl65. despitc the fact that the adult biomass has been drastically reduced in recent years. 
'l'his reflects the lack of good year-classes recruiting to the exploitable stock since the fishery began. 
With the current low level of the adult biomass, the entrance of fi strong year-class to the exploitable 
stock would significantly change the ratio of adult biomass to exploitable biomass. 

Although recruitment exceeded the catches during 196')-67 (Fig. 4). the differences were insu.f
ficient to maintain the exploitable stock at its initial level and by 1967 the latter had declined by 
20%. 1he continued increase in the fishing effort (see Table 3) and the general decline in the recru.it
ment biomass after 1967 resulted in catches which greatly exceeded the recruitment biomass. Consequently, 
by 1969 the exploitable biomass Wl::l.S onLY about 60% of its initil::l.l 1965 level and by 1971 it had declined 
to less than 2)%. 'l'he attrition in the adult biomass during this period was equally pronounced and by 
the start of the 1972 fishery year it had been reduced to only 12% of its ini tial level in 1965. The 
low level of the catch in 1972 (about 60,000 tons) should allow the adult biomass in 1973 to remain at 
approximately the same level as at tlle start of 19"{2 (i. e. 170,000-180 ,000 tons). 

'The total catch of the exploitable stock during 1965-70 was about 1,130,000 tons. Subtracting 
this valu.e from the total stock biOOIass of 1,840,000 tons in 1965 ('T'able 2) gives a va1u.e of 710,000 tons 
which is an est illw.te of what tile resid.ual stock. biomass W'ol1l.d have been at the start of 1971 if re(·ru.i t
ment to the t;!xploitable stock and growth had balanced the losses in biomass due to nato/al mortali ty 
during the period. Since the estimated stock biomass at the start of 1971 was only about 474,000 tons 
(Table 2) ~ the lOsses from the s tuck due to natural mortali ty was subsiWltially gl'eater than the 
prodUction of biomass du.e to growth and recruitment. 

Trends in catch-fJer-unit-effort and effort 

Detallt:li catclJ und effort information flli:..; bet:n cullected for most of the individual vessels 
participating in tilt· Al'eu .1 IJurse-seine fishery siuct' its development in 1965. The size of the seiners 
operating ill the llreli have ranged from 40 to uver 000 tow:;. but most of those which maintained a 
consistent.. association w-itll the ri:..;bl.!l"y were in tile 1')0-3:') ton range. The data from a selected grou.p 
of these were cumpiled und analysed for trends ill catch-per-u.nit-effort and effurt. 

'L'he hctu./il fishinfl, ')peration involves seurching, l!atching, delivery of luads to port, unloading 
and return to the fi~;lIiClg art:fI.. Analysis of the data l::I.vai lable for indi vidual vessels revealed that 
the most appropri!:l.t(, effort meaSure was the totul operating time in days. For some vessels the actual 
operating time (excl u.din~ sueh factors H"ti bad weather. engine breakdowns ~ etc.) could be determined 
fairly precisely. For other vessels, wlJen tbe non-operating time wus nut completely lulOwn. it was 
estimated u::>ing tbe eritc=rion (based on inforruatiull on the fishiltg beJ"piviour of the vessels) that Ii 

vessel was ou.t of operation if t.lIe time between tbe ll:ist ltmding date and the next catch date exceeded 
six day:;. 'rhe munber of uperattng Jays for the standard fleet was accuJnulated on a monthly basis and 
applied to the tot.lll '_'atL'h of tlle:ic vesst:l:..; to ubtl:l.in the seasuIlai catch-per-uni t-effort in terms of 
catch per operatillg du.v ('l'ablE: 1. COlunul ~). 

ln the ell.rLy yenrs of the- fisbery the fishing capability or the purse-seine fleet 'o/liS restril"t\O"d 
by the lack of sul'f'il;ient. IJrOcessing facilities on shore. F'or example, in Area J the t6tal processinfj 
capabilIty was less t/il.i.ll )Ou tons p~r day in 19b5; thi~; :5ubsequent1y increased to more thWl 2,000 tons 
per duy in 1')68, after 'Which the hormlil fishing operat.ic,ns of the mobile fleet could be accommodated. 
A similar situation uccurred in Area T. This is reflected in the ratiu of the standard fleets catch to 
its total carrying cupacity ('l'able 3. column 4), Vurin~ L966-68 this ratiQ (eO-B4%) was probably at or 
close to the saturati01l level fur the fleet, but it decJiued tu 50% by 1971, thus also reflecting the 
general decline in the i:l.vuilabi1ity of the resource. 1111s implies that relative to the first 2-3 years 
cf the fishery. seiners 'Would have had tu op.:rlite lange)" iu subsequent yel::l.rs to attain the same 
saturation level. 111 order to take tid:..; factor into HCl'Ou.nt, the standard cutch-per-unit-effort valu.es 
(column j) were mUltiplit:d by the rutios (c,.dwnn ~) td I .. rovide adju.sted catch-per-unit-effort values 
(colwnn 5). The~;e were t.hen appl ied tu the tot!.d catcht:s (coltunn 2) to obtain adjusted total effort 
estimates for tilt· fishery as a whole (column 6). 

'l'he informatiOl! in 'l'uule j show thut, wid It! the total catch declintd by 43% after 1969. the 
adjusted catch-per-uni t-efl"ort decr.:-aseJ by 70% siuce i<;:lCl\ and tile t.otul adjusted effort more than 
doubled between 1968 and 197]. The deerease in clitch l'l·orn 1970 teo 1971 was nel:l.r1y 40% whi Ie the 
adjusted effort uan"ly del;reased at lill (less than 1%). 
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'l'he increasing trend in catch-per-unit-effort for 1966-68 is not indicative of the trend in 
stock abundance as shown by cohort analysis (Table 2) but rather of increase in the catchability 
coefficient, due to such factors as increasing processing facilities, increasing familiarity of fishermen 
wi ttl the fishing grounds and fish distributions. etc. Assuming that catchablli ty was relatively constant 
during 1968-71, an indication of what the 1966 and 1967 catch-per-un1t-ert'ort values might have been can 
be obtained by extrapolation from a straight line fitted to the values for 1968 to 1911 (Fig. 5). The 
ext.l'upo!ated values (bracketed in Table 3) suggest that the purse-seine fleet operated at about 50% 
efficiency in 1966 and about 75% efficiency in 1967. 

Adjusted catch-per-unit-effort values for 1968-71 and extrapolated values for 1966-67 plotted 
against mean exploitable stock abundance (Fig. 6) show a direct linear relationship between the two 
variables. The regression line has a y-intercept value very close to zero (+ 1.062), indicating that 
the cutch-per-unit-effort values adequately reflect the changes in stock abundance. The slope of the 
line (catchability coefficient, q = 5.75 x 10- 5), when applied to the adjusted total effort values in 
eolurul1 6 of Table 3. provides fiBhing mortality coefficient values which are very similar to those 
obtained from cohort analysis in Table 2. 

Estimates of l;!tock size in Southwest Newfoundland 

Length and age-composition data (Fig. 2) indicate that not all of the fish in southern Gulf of 
St. Lawrence herring stock complex migrate to overwinter in Southwest Newfoundland (Area J). If the 
proportions of the survivors of the Area T fishery migrating to Area J in the autumn were known for each 
age-group (hereinafter referred to as NJ/NT. ratios, where NT. is the residual stock size in numbers at 
the end of the Area T fishery in October, and NJ the initial stock size at the start of the Area J 
fishery in late November) for both spring- and autumn-spawners, estimates of the stock at the beginning 
of the Area J winter fishery can be obtained. 

Reliable stock size estimates for the Area J fishery in 1969 and 1970 are available from tagging 
data (Winters, MS 1971b). The Area J age-composition data for 1969 and 1970 (Fig. 2) were applied to 
these stock size estimates. adjusted for natural mortality, to obtain the population numbers by age-group 
(NJ) for spring- and autunm-spawners at the start of the Area J winter fishery in those years. Residual 
popu.lation nwnLers by age-group at the end of the Area T summer fishery (N'l'.) were determined by applying 
survi val rates (as calculated from partial mortality r-ates) to the initial stock size at the beginning 
of the fishery year. The NJ/NT. age-group ratios, averaged for 1969 and 1970, are shown in Fig. 7. 
For both spring- and autumn-spawners the proportion of the southern Gulf of St. Lawrence stock which 
migrates to Southwest Newfoundland continuously increases with age from less than 20% for the 
recruiting age-groups to 100% for fish older than age-group 10. Spring-spawners tend to migrate at an 
earlier age-group than autumn-spawners with 50% migration occurring at age-group 6 for the former and 
at age-group 8 for the latter. This difference in age at 50% migration is largely attributable to the 
earlier maturity of spring-spawners. 

'l'he NJ/NT. age-group ratios from the curves of Fig. 7 were applied to the residual population 
numbers at the end of the Area T fishery in the years 1966 to 1968 and 1971 to estimate the stock sizes 
(by weight) of spring-spawners and autumn-spawners at the start of the Area J fishery for those years 
(1'able 4). 

Using the more reliable of the tagging data estimates (the 1969 estimate was based on returns 
from 25,000 fish tagged and the 1970 estimate on retw'ns from 10,000 tagged fish) as the base, Le. 
418,000 tons, independent estimates of stock size at the start of the Area J fishery in the years 
1966-68 and 1970-71 were computed from the adjusted catch-per-unit-effort values given in column 7 o~ 
Table 3 (Table 4). 

Hath sets a~ estimates agree reasonably well (Table 4) and their averages indicate that the 
stock size available to the Area J fishery declined from about 700,000 tons in 1966 to about 130,000 
tons in 1971. 

}O~igure 5 shows the trends in the residual exploitable and adult portions of the southern Gulf 
of St. Lawrence stock together with trends in the exploitable stock available to the Area J fishery 
and the Area J catch. Comparison of the Area J and residual exploitable stock sizes indicate that 
during the 1966-71 period about 50-60% of the 8outhen1 Gulf stock migrated to over-winter in Southwest 
Newfoundland. Relative to the residual adult stock in Area T, the proportion migrating to Area J 
increased from 60% in 1966 to about 75% in 1971, this being attributable in part to poor recruitment to 
the adult stock during the period and in part to the progression of the dominant 1958 and 1959 year
classes througb the fisheries. Despite the maintenan~e of the 1972 residual adult stock at about the 
1971 level due to the recent influx of younger age-groups, preliminary information from the Area J 
fishery indicates a further decline in stock si ze in that areb. in 1972 to probably less than 50,000 tons. 
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Yield-per-recruit considerations 

The Beverton and Holt (1957) constant parametel~ yield-per-recruit curves were calculated for 
spring- and autumn-spawners separately using the follawtng parameters (Parsons and HQdder. MS 1973): 

Spring ~ 
M 0.20 0.20 
K 0.282 0.260 
to -1. 87 yr -2.29 yr 
to' = to 3.5 yr 3.7 yr 
t 15 yr 15 yr 

'I'he curves :for spring- and autumn-spawners W'ere essentially identical in curvature tmd elevation and a 
single curve for the southern Gulf of St. Lawrence stock complex of herring is shown in Fig. 9. The 
curve is flat-topped wi th tbe maximum yield-per-recruit occurring at a level of tis.ing mortality (F) 
greater than 2.0. Consequently the fishing mortality corresponding to the maximum yield-per-recruit is 
unrealistic from a practical viewpoint. However, Gulland (MS 1972) defines the optimum fishing 
mortality as close to the level of F at which the marginal yield-per-recruit is 10% of the yield-per 
-recruit per unit mortality in a very lightly exploited stock. This value, called F t' vas estimated to 
be approximately 0.4 for both spring- and autumn-spawners. Thus the fishing mortall~~ exerted on the 
southern Gulf of St. Lawrence stock complex was lower than Fopt during 1966-68. near the Fopt level in 
1969 and higher than the optimum level in 1970 and 1971. 

Discussion and Conclusions 

The great abundance of herring in the southern Gulf of St. Lawrence and So~thwest Newfoundland 
during the 1960's was due largely to the accumulation of bicmass produced by tva large year-classes 
spawned in the autumn of 1958 and in the spring of 1959. These year-classes had passed their age of 
maximum biomass before the purse-seine fishery developed in 1965, at which time the total stock size 
was estimated to be 1,840,000 tons. Therefore, at the age of maximum biomass in 1964 the stock size 
was undoubtedly of the order of 2,000,000 tons. During mOBt of the 1965-72 period the purse-seine 
fishery was supported mainly by the 1958 and 1959 year-(~lasse8. and as the abundance of these year-classes 
declined so did the fishery • 

• 
Yield-per-recruit calculations show that the stocks have been overfished since 1969 at least in 

so far as the amount of effective fishing effort is concerned. The rapid decline in stock abundance 
cannot however be attributed solely t() the disproportionate removal of biomass due to fishing. Recruit
ment to the exploitable biomass has been relatively poor since the mobile fishery developed. For 
spring-spawners the large 1959 year-class was estimated to number about 4 billion fish at age-group 2. 
the next largest was the 1960 year-class which vas 1/5 that of 1959 and the largest since then was the 
1968 year-class which at age-group 2 was only 1/8 as large; and the others up to 1969 have ranged from 
1/10 to 1/60 the size of' the 1959 year-class. For autumn-spawners the 1962 and 1963 year-classes were 
about 1/5 the size of the 1958 year-class (about 7 billion fish at age-group 2) and the others up to 
1968 were 1/10 to 1/30 as large. It therefore appears that the recruitment to the stocks has been at or 
below the replacement level since the purse-seine fish elY began. In fact the application of the assumed 
natural mortality coefficient (M = 0.2) to the stock sizes present at the beginning of 1965 and adding 
recrui tment at age-group 2 for each subsequent year indicates that the total stock would have declined 
by nearly 50% up to 19 C(l even if the fishery had not existed. Thus the purse-seine fishery di~ not cause 
the decline in stock abundance but rather precipitated end increased the magnitude of the decline. On 
the a.ssumption that there is no filial-parental re1atio~ship over the range of stock sizes estimated, 
overfishing in terms of biological yield has not occurred. In fact from 1965 to 1971 nearly 55% of the 
reductiOn in total stock size of the 1958 and 1959 year--classes was due to natural mortality. Under 
conditions of optimum fishing mortality the elimination of standing crop due to natural mortality would 
have been less than 35%. 

At the start of 1972 the total adult biomass of' spring- and autunm-spawners was only about 12% of 
that present at the beginning of 1965. Because landings were relatively low in 1972 (Fig. 2) and because 
the 1968 year-Class of spring-spawners will recruit to the adult stock in 1973. the adult stock size 
during 1973 will probably be maintained at about the 1912 level (Fig. 4). While the delineation of a 
critical spawning biomass remains a contentious and unresolved subject. the severe attrition in the size 
of the spawning stocks of the southern Gulf of St. Lawrence should be recognized as possibly detrimental 
to the recovery of' the resource. Recent experiences in a number of heavily exploited fish stocks. such 
as the Grand Bank haddock (Hodder, 1966b) I the Georges .bank haddock and the Arcto-Norr.regian cod (Garrod, 
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1910} and the California cardine (lIes, 1970), have indicated that a small spawning stock can only produce 
large year-classes under exceptionally favourable circumstances and consequently a stock 1n this con
dition would be extremely vulnerable to unfavouraQle environmental conditions occurring 1n succession. 
Garrod (1970) also points out that for a number of stocks there seems to be a maximum rate of surv! val. 
beyond which a further reduction in stock size cannot be intrinsically compensated for. Under such 
circumstances the rapid recovery ot the stock cannot be assured even by the moat strinaent management 
measures. The biomass at the southern Gulf of St. Lawrence spawning stocks ot herring is probably 
approaching the level at which compensatory survival cannot be expected to maintain sustainable recruit
ment. Immediate and effective conservation measures are therefore required to ensure the beat poe.ible 
chance of stock recovery. In this regard, the Canadian Atlantic Herring Management Committee haa 
recently recolllJ1ended conservation measures, such as the imposition of minimum size limits and catch 
quotas and closure of spawning grounds to mobile gears. 

During the initial exploratory phase in the development of the purse-seine fishery along 
Southweet NtI'W'f'oundland., Peuvion (1966), on the buh at acouatic aurveys carried out over a ~lIOftth 
period (January-March) in 1966, estimated that up to 1,000.000 tons ot herring present during winter. 
Extrapolation ot the Area J exploitable blolllUs curve (Fig. 8) to 1965 (i.e. to the start ot the Area J 
fishery in November 1965) provides a stock size estimate of slightly less than 800.000 tOni. Since the 
acoustic surveys extended over a 3-month period durl.ng which there is a gradual westward movement ot 
herring along the coast (Hodder, 1971), some of the schools vere probably included in the acoustic 
estimate more than once. Taking this into cOll8ideration vould reduce the estimate based on acouatic 
surveys to a level in close aareement with the stock size estimate (800,000 tons) projected from the 
analysis of data presented in this paper. 

The large stock size of herrins present in the Southwest Newfoundland area during the 1960's 
and the associated hiab yields from the fishery in that area were probably fortuitous in that they 
resulted from several unrelated factors acting concurrently. First of all, the very large 1958 and 1959 
year-classes which supported the purse-seine fishery since its inception were produced under exceptional 
circumstances, occurring in succession shortly after a fungus disease (IehthY08pol'idium hofBM.) had 
caused widespread mortalities of herring in the southern Gulf of St. Lawrence during 1953-57 (Tibbo and 
Graham. 1963). The fact that in the decade following the production of the large 1958 and 1959 year
classes not a single large year-cl88s was produced suggests that the occurrence of large year-claases 
(like 1958 and 1959), particularly in successive years, is not a regular feature of the biology of 
this stock complex. more likely. the much smaller year-classes which prevailed atter 1959 represent 
the normal situation. SecondlY. the tvo large year-classes were relatively old (age-groups 1 and 8) 
before they were subjected to significant exploitation, and consequently large numbers of them were able 
to survive to ages at which the migration ratios were high enough to allow significant quantities of 
them to migrate to Southwest Newfoundland. Also the slower development of the purse-seine fishery in 
the southern Gulf of St. Lawrence enabled a large residual biomass to be available to the Southwest 
Newfoundland fishery even up to 1969 (Fig. 8). as the dominant 1958 and 1959 year-cluses migrated to the 
area in increasing proportions, and enabled Southwest Newfoundland catches to increase substantially to 
a peak level of 140,000 tons in 1968 and 1969. Finally, the decline and collapse of the British 
Columbia herring fishery occurred coincidentally with the discovery of the large over-wintering con
centrations of herring in the fjords along Southwest Newfoundland in the mid-1960's. and this provided 
a ready surplus of purse seiners and experienced fishermen which enabled the resource to be exploited 
almost immediately upon its discovery. 

The obvious implication of the above discussion is that the magnitude of the future herring 
fishery in Southwest Newfoundland will be considerably reduced and will be greatly dependent on the 
extent and intensity of the fishery in the southern Gulf of St. Lawrence. Some indication of the 
biomass available to, and the yield trom the Southwest Nevtoundland fishery relatiVe to the fishing 
mortality in the southern Gulf of St. Lawrence carl be obtained fram a hypothetical model of the 
fisheries based on the data presented in this paper. In the model it has been assumed that the present 
migration pattern, misration ratios (averaged for spring- and autumn-spawners (Fig. 7». growth rates 
and other biological characteristics of the southern Gult of St. Lawrence herring stocb remain 
unchanged and that a fleet of purse-seine vessels exists which is capable of exploiting the resource 
at its optimum yield. An initial stock size at age-group 2, approXimately equal to the average size 
cif the 1958 and 1959 year-classes at the same age-group (5 billion fish) is 88s~d and to this stock 
have been applied a range of fishing mortality rates which are the same tor each year in the southern 
Gulf of St. Lawrence and in the Southwest Newfoundland areas. Estimates of yield and biomass thus 
obtained have been cumulated over the age-groups and plotted against fishing mortality (Fig. 10). As 
expected~ there is a monotonic decline in both the cumulative residual biomass at the end of the 
southern Gulf of St. Lawrence fishery and that available to the Southwest Newfoundland fishery &8 

fishing mortality increases. This decline amoWlts to over 10J in the latter area from the llghtly 
exploited state (F = 0.10) to the level of optimum fishing (F = 0.40). In terms ot cumulative yield. 
increases in the fishing mortality rate would both increase the total yield and the yield trom the 
southern Gulf fishery but would cause a decrease in the yield trom the Southwest Newfoundland fishery. 
If the fishery were regulated at the optimum level, the cumulative yield trom the stock would be 
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slightly over 400,000 tone in the southern Gulf of fit. Ltl.Wrence and about 15,000 tons in Southwest New
foundland. On an annual basis average yields for the three peak years would be about 100,000 tons for 
the southern Gulf fishery and about 20,000 tQlB for the SOl,lthvest Newfoundland fishery. 

The effect of a varying fishing mortality rate 1n Southwest New:foundland on the cumulatl ve yield 
of a fishery regulated at the optimum level in the southern Gulf has also been examined (Fig. 11). An 
increase in the fishing mortality rate in Southwest New:foundland will increase the cumulative yield f'rom 
that area but will also result in a concomitant decrease in the cumulative yield from the southern Gulf 
fishery to the extent that the yield from the stock as a whole will increase only slightly. It would 
therefore appear that the yield from the total stock exploited at the optimum level is not substantially 
increased by a :fishery in Southwest Newfoundland. 

In swmnary the large purse-seine fisheries characteristic of the southern Gulf of St. Lavrence 
and Southwest Newfoundland during the 1~6o's were based mainlY on the accumulation of biomass produced 
by two very large year-classes s and as such. yields from these fisheries are not representative of the 
average yield of the southern Gulf of St. Lawrence herring stocks. Since the expacalon of the fisheries 
occurred during a period of declining stock abundance due to poor recruitment initial increases in catch 
were at the expense of substantial increases in fishing effort which eventually reduced the stocks to 
a very low level. Rational management is nOW' required to ensure the recovery of the stocks to a viable 
level. Under optimum fishing rates and wi th large year-dasses occurring only infrequently the average 
yield from the southern Gulf of St. Lawrence stacks of herring will be considerably lower in the future, 
perhaps reaching 150,000 tons in peak years of strong year-classes. Since the southern Gulf herring 
are fairly old before they migrate to Southwest Newfoundland in significant proportions, a fishery 
regulated at the optimum level in the southern Gulf of S .. , Lawrence will considerably reduce potential 
yields from Southwest Newfoundla.nd. 
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Table 3. Trends in catch, catch-per-unlt-effort and effort for the fishery 
on the southern Gulf of St. Lalnence herring stock, 1966-71. 

1 

Fishery 
Year 

1966 

1967 

1968 

1969 

1970 

1971 

2 

Total catch 
1n Are .. 
Tone! J 

(m tonal 

89,007 

148,435 

251,736 

293,989 

278,575 

168,633 

3 

Catch/day 
of standard 

fleet 
(m tODS) 

44.2 

52.5 

62.9 

55.4 

41. 7 

30.0 

4 

Ratio of 
catch to 
capacity 
atancinrd 

fleet 

0.83 

0.84 

0.80 

0.75 

0.59 

0.50 

5 

Adjusted 
catch/day 

of standard 
fleet 

(m tons) 

6 

Adjusted 
total effort 

for Areas 
T and J 
(daya) 

36.7 (74.0) 2,425 (1,203) 

44.1 (62.0) 3,365 (2,394) 

50.3 5,005 

41.5 7,084 

24.6 11,324 

15.0 11,242 

Note: Bracketed values for 1966 and 1967 are based on extrapolation 
in Fig. 3. 

Table 4. Estimates of stock size availa~le to the southwest Newfoundland 
fishery (Area J) in November of each fishery year. 

1 2 3 4 5 6 

Stock size estimates ( '000 m tons) 
Range of Mean 

Autumn of Based on Based on Based on stock size stock size 
fishery tagging migration catch-per- estimates estimate 
year data ratio8 unit-effort 

1966 655 744 655-744 700 

1967 622 627 622-627 625 

1968 553 506 506-553 530 

1969 418i:22 (418) (41.8) 396-440 418 

1970 277.tl8 (277) 247 247-295 262 

1971 112 151 112-151 132 
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Fig. l. Map of the southern Gulf of St. Lawrence and Newfoundland showing the autumn migration of herring. 
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Fig. 2. Herring landings from the southern GL If of St. Lawrence stock complex, 1964-72. 
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Fig. 3. Length and age composition of spring- and autumn-spawning herring in the southern Gulf of 
St. Lawrence and Southwest Newfoundland fisheries, 1965-71. 
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Fig. 6. Relationship between standardized catch-per-unit-effort and mean stock abundance, 1966-71. 
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Fig. 7. Migrdtion ogives for spring- and autumn-spawners as estimated for the autumn migration of 
herring from the southern Gulf of St. LaNrence to Southwest Newfoundland. 
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