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Introduction

Since its inception during the winter of 1965 the Newfoundland purse seine fishery for herring has
been primarily concentrated along southwest Newfoundland in areas J1 and J2 (Fig. 1) with lesser quantiries
being caught in Fortune, Placentia and St. Mary's bays and along western Newfoundland (Hodder, 1971). In
southwest Newfoundland coastal waters the seasonal catczhes increased from less than 5,000 tons in 1964-65 to
nearly 140,000 tons in 1968-69 and 1969-70, accompanied by a rapid increase in the selner fleet to more than
50 vessels during the 1969-70 and 1970-71 fishing seasons (July -~ June}. Recently there has been a substantial
decrease in southwest Newfoundland herring catches to 103,000 tonms in 1970-71 and less than 40,000 tons in
1971-72 (Winters and Parsons, MS, 1972). Information on the fishery and distribution of catches 1s given by
Hodder (1969, 1970, 1971).

The herring concentrations which appear in southwest Newfoundland fjords in late November - early
December have recently been shown by meristic studles (Hodder and Parsons, 197la,b; Parsons, 1973) and tagging
recaptures (Winters, 1970; MS 1971a,b) to migrate there from the southwestern Gulf of St. Lawrence where a
sybstantial fishery occurs during June to September. The eastward migration apparently commences in October
and, for a brief period in November just prior to the start of the southwest Newfoundland fishery, the herring
schools are exploited as they move eastward past the Magdalen Islands. In late April, as the westward migration
of herring into the Culf of St. Lawrence is in progress, a brlef fishery occurs in the area between St. Paul
Island and the Magdalen Islands.

This paper presents data on the size and year-class compositlons, growth and selected bioclogical
characteristics of herring from the southwest Newfoundland area during the recent perlod of increased ex-
plottation (1965-71) and analyzes these in relatlon to recent changes in the fishery.

Materials and Methods

Random samples of 50 fish each were obtained from the catches of seiners as they were being dis-
charged at the processing plants. Information on the time and place of capture was obtained from loghook
records or from port interviews with officers of the fishing vessels. Emphasis was placed on sampling the
southwest Newfoundland fishery but catches from other areas were sampled when opportunities arose. The
sampling program was designed to obtain as broad a coverage of the fleet as possible during each fishing
season. In addition to the samples collected for age and growth studies, speclal collectiens of herring for
fat and water analyses were begun in 1966 and continued during 1969-71 (Table 1). Details of sample collection
and processing are given by Hodder et al. (MS 1972; ¥5 1973).

Some of the samples were examined in the fresh conditlon immediately after capture but many were
examined after being kept in frozen storsge for severzl weeks. Routine examination for each specimen involved
the recerding of total length, whole weight, gonad weighrt, maeturity conditlon of gonads, estimation of the
degree of stomach fullness, and the removal of otolithe for subsequent age determination. The length used is
the greatest total lemgth (to the nearest millimetre) measured from the tip of the lower Jaw to the end of the
longest lobe of the caudal fin with the lobe extending posteriorly in line with the body. Thawed lengths were
adjusted to the fresh condition by applying a conversion factor of 1.02 (Hodder et al., MS, 1972). In tables
and figures where length measurements are glven in cm, the cm-interval is given such that 30 ecm = 300 to 309
nm. Whole welghts of fish and weights of gonads were determined to the nearest gram. No weight adjustments
were required since the change in weight between fregh herrlng and herring examined after frozen storage was
insignificant.
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The stage of maturity was determined by gross examination of gonads using the numerical scale of
gonadal development stages adopted by ICNAF (ICNAF, 1964). The absence of stages V to VII in the samples
facilitated the classification of the adult specimens as spring- or autumn-type spawners; thoee classed as
staged 111 and IV (moatly IV) were designated as spring spawners and stage VIII as autumn spawners. Immature
herring were generally scarce in the samples but those present were assigned as spring- or autumn-type on the
basis of otolith characteristics. The necessity of treating autumn- and epring-epawning types separately was
demonatrated by Parsona and #odder (1971) and Parsons (1972) who showed that they differed eignificantly in
mean numbers of fin rays and gill rakers and suggested that these spawning components constitute distinct
breeding populations.

Feeding intensity was estimated by the degree of fullness of the stomachs based on the following
scale: 0 = empty, 1 = 1/4 full, 2 = 1/2 full, 3 = 3/4 full, &4 = full.

Age determinations were made from whole otolithe premounted in sewall circular deprensions of otolith
trays of black plexiglass according to the technique developed by Watson (1965). The otoliths were immersed
in ethyl alcohol and viewed under reflected light. Age estimates were inicially made independently by two
experienced readers with about 60-B0X agreement on a sample-by-sample basis. Disagreements were resolved
elther mutually after further checking or by wajority decision after the disputed otoliths were examined by
a third reader.

The age was recorded as the number of completed summer (opaque) growth zones on the otolith. A fish
is considered to be age 1 following completion of the first summer's growth. Ages were recorded individually
for speclmens up to 10 years and those cbviously greater than 10 years old were grouped into a 11+ category.
The age compositions reported in this paper are based upon monthly data for the six seasons from 1965-66 to
1970-71 presented by Hodder et al. (MS, 1972).

In nearly all cases specimens for fat and moisture anslyses were measured and welghed while in the
fresh condition, placed in individual polyethylene bags and frozen for subsequent sampling at the laboratory,
where the entire fieh was chopped into small pleces and blended into a paate. For determination of moilsture
content the paste samples were mixed, 10-15 g of the paste weighed to the nearest mg and then dried to a
constant weight at 100°C in an oven. Loss in weight was reported as percent moisture. Fat content was
determined by ethyl-ether extraction in a Soxhlet apparatus, and the fat content was calculated as the percent
of the wet welght of the whole figh. All analyses were performed in duplicate with a precision of +0.5% for
moisture and *0.1X for far.

Results

Size, Maturity and Age Composition

a) Southwest Newfoundland

There has been a gradual increase in the average size of herring taken along southwest Newfoundland
since the purse seine fishery began in 1965 (Fig. 2). The modal size increased from 32 cm during the 1965-66
geason to 35 cm during 1970-71 and the average length from 32.7 to 34.5 cm. The increase in size over the six
seasons was ateady at a rate of about 0.4 cm per year. The relatively narrow size range with more than 95%
of the herring between 30 and 36 cm and the gradual increase in slze suggests that a narrow range of year-
classes was represented in the fishery.

The composition of the samples by maturity stages indicates a mixture of two gpawning groups - apring
and autumn, with the latter type comprieing about 70% of the specimens in the samples. The relative abundance
of the two types fluctuated from month to month within a season (Fig. 3) but no consistent trend is evident.

The high degree of similarity among the monthly length frequency distributions within each spawning
type and season (Fig. 4) indicates that very little change in the stock structure occurred on a month by month
basis during each of the six seasons, the only exception being for spring spawners in April 1971, when 3 of
the 15 samples examined consisted almost entirely of juveniles taken after the adults had disappeared from the
area. These juveniles are probably the progeny of "locel" apring-spawning stocks which frequent the coastal
waters of western Newfcundland. The lemgth distributions in Fig. 4 also show the consistency of the difference
in modal size between spring- and autumn—type spawners over the six seasons during which each type gradually
increased in slze at about the same rate, as indicated by the vertical lines through the modes. The obvious
difference in average size of spring and autumn spawners necessitated Beparate treatment of the two types in
analyses of the data.

The seasonal length and age compositions of the two types in the seilner catches during the 1965-66
to 1970-71 seasons are shown in Fig. 5. The trend in length composition of both types is indicative of the
progression of one or two good year-claeses through the fishery, and this is confirmed by the age composition
data, S$ince its inception this winter fishery has been largely dependent on the very abundant 1958 year-class
of autumn-spawned herring, exploited ia the 1965-66 season as 7-year-olds and just as dominant during the
1970-71 season (over 40% by number) as l2-year-olds. Spring spawnera, which on the average constituted about
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30% of the herring sampled, were dominated by a reasonable good 1959 year—class which persisted as the most
important one throughout the six seascns of sawpling. Clearly evident is the absence of any significant
recrultment of recent good year-classes to the exploited stock.

b) Southern Gulf of St. Lawrence

Herring taken at Magdalen Islands in November 1969, just before the start of the southwest Newfoundland
winter fishery, and those taken near St. Paul Island in April of the years 1970 and 1971, after the cessation
of the winter fishery, were very different in both length and age composition (Fig. 6). However, those from
Magdalen lslands ara very &imilar to herring from southwes: Newfoundland for the 1969-70 season in both length
and age composition and the relative proportions of spring- and autumn-spawning types. The April samples, on
the other hand, consisted largely of spring spawners whose year-class compositions bear little resemblance
elther to those from Magdalen Islande or to those from southwest Newfoundland. Reports from seiner captains
indicate that the herring concentrations found in the vicinity of St. Paul Island in April gradually move
towards the Magdalen Iglands where they spawn in early May.

Age-length Relationships

The length-at-age data, given on a monthly basis by Hodder et al. (MS, 1972), are summarized by
spawning type and season in Table 2 for the southwest Newfoundland data and in Table 3 for the data available
from the southern Gulf of St. Lawrence. Except for age group 2 whose average lengths are based on very small
numbere of specimens, the seasonal variability in the length-st-age velues ia very small for both areas.

The unwelghted mean values, given in the last column of Tables 2 and 3, are shown eeparately for
spring and autumn spawners in Fig. 7. In the upper part of the figure are shown the Bertalanffy growth curves
for southwest Newfoundland herring based on the parameters given under S and A for ages 3-10. Thege same
curves are superimposed on the plotted length-at-age values for the Magdalen and St. Paul Islands area in the
lower part of the figure.

The difference in growth between spring and autumn spawners, the latter having slightly higher
length-at-age values, is probably due to the fact that in the first full year of growth after wetamorphosis
the progeny of autumm gpawners have a longer growing perlod than those of spring spawners. At age 2 the values
on the curves are higher than the data points and probably do not realistically reflect the growth pattern for
this age. For some fish specles the rather rapid rate of growth for juveniles followed by the inhibirion of
growth with the onset of sexual maturity usually produces length-at-age values to which the fit of the
Bertalanffy growth equation 1s not strictly applicable. This may be to a certain degree true for herring,
whose growth rate seems to decrease rapldly after they reach sexual maturity at about ages 4 and 5.

Length-welght Relationships

Length-welight data for southwest Newfoundland herring during the 1966-67 to 1970-71 seasons are
summarized in Table 4, On the average the mean welght values over the 28-37 cm range decreased between
November and April by about 6X for spring spawners and 4% for autumn spawners. A similar decrease in welght-
at-length is also evident in the limited data from the southern Gulf of St. Lawrence (Hodder et al., MS, 1972).

Length-weight curves (Fig. 8) for spring and autumn spawners eseparately were derived from the least
squares regression logoW = b.logeL + C, where W = whole weight, L = total length and C = constant. The curves
begin to diverge at abour 26-27 cm, the size at which spring spawners reach sexual maturity. At each l-cm
length group spring spawners are heavier than autumn spawners by an amount approximately equal to the difference
between the weight of gonads of spring and autumn spawners.

Relationshlp between Gonad Weight and Maturity Condition

Almost from the start of the most recent period of herring investigations at the St. John's Bio-
logical Station, the maturity condition of the gonads was used for separating adulr spring- and autumn-spawning
herring in the sawples. Adult herring taken io sutumn and winter were classed mostly as maturity stages IV and
VIIi, The absence of Iintermediate stages (the observatilons are based largely on the examination of fresh
herring) indicate that spawning is restricted to the spring and autumn periods.
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The percentage composition of the monthly samples by maturity stage during the 1970-71 season wasa
as follows:

Area Month I,II VIII III v
Southwest Kfld Nov 1970 - 82.8 4.4 12.8
" " Dec 1970 0.3 76.3 2.4 21.0
" " Jan 1971 1.2 75.5 1.1 22.2
" " Feb 1971 1.7 73.6 1.2 23.5
" " Mar 1971 2.3 74.3 1.7 21.7
" " Apr 1971 30.2 51.7 3.4 8.7
§t. Pan! Ieland Apr 1971 4.0 15.6 2.8 77.6

Herring of maturity stage VIII (autumn spawmers) constituted about 75% of the fish in the November -
March samples; gonads of practically all of these were in the weipght interval 0-9 g, with females weighing
slightly more than males (Fig. 9). The gonads of spring spawners (stage IV), on the other hand, were generally
greater than 20 g in weight. During November - March juveniles (stages I and I1) and adulte classed as stage
IT1 were infrequent. The latter type, whose gonad development was intermediate between that of autumn spawners
(stage VII1) and spring spawmers (atage IV), may have been summer spawners which had a somewhat longer perioed
for growth and gonad devalopment than autumn spawners prior to the onset of winter. The April samples from
southwest Newfoundland, taken at a time when the adults are moving westward intoc the Gulf of St. Lawrence,
contained an unusually large proportion of juvenilee in 1971. The St. Paul Island samples were taken at a
time when herring were migrating towards Magdalen Islands for spawning in early May, and a high proportion of
spring spawners (stage IV) would be expected.

Plota of average gonad welght against fish length separately by sex for the various maturity setageas
for December 1970 to March 1971 (Fig. 9) revealed an obviocus increase in gonad weight with fish size for
maturity stages III and IV but little or no increase during this period for maturity stage VIII. This
relationship was more proncunced for males of maturity stages III and IV than for femalea. Stage III-IV
female herring exhibited a definite increase in average gonad weight during the December - March period bu:
there was no discernible weight increase for males of the same maturity category. Stage III-IV male gonads
were, on the average, 24 g heavier than females of the same maturity stage in December but by March male and
female gonads were equivalent in weight. The average welght of stage 11I-IV female gonads increased from
29.9 g in December to 45.2 g in March whereas the male gonads were almost fully developed in December.

Feeding Intensity

During the overwintering period from late November to early April virtually all of the herring
examined had empty stomachs (Fig. 10). By early May 1971, however, approximately %0% of the stomachs examined
contained food, indicating that the feeding inrtensity was very high at that time. These stomach samples were
taken from catches off St. George's Bay which consisted almost entirely of autumn-type spawners. Apparently
the autumn-spawning component of the herring concentrations which overwinter glong southwest Newfoundland
resumes feeding during its westward migration into the Gulf of St. Lawrente in the spring. A cusory exam-
ination of the stomach contents of there herring revealed that euphsueiids were by far the predominant food
item (J.A. Moores, personal communication).

Fat and Water Content

A summary of the fat content snalyses by months (Table 5) indicatea that during December to April
spring spawners have a consistently higher fat content than autummn spewners, the average of the differences
being nearly 5% in absolute terms. Alsc some evidence of an increasing trend in the fat content of both spring
and autumn spawners is indicated in the data, with the values for 1970 and 197} being generally higher than
those in 1966 and 1969. Although there has been a gradual increase In the average size and age of herring
sampled between 1965 and 1971 (Fig. 5), an snalysis of the “at content data by length of fish for each spawning
type separately and for each month and year revealed no comsiatent trend in fat content with length. Con-
sequently the apparent trend from 1966 to 1971 cannot be atrributed to variation in the length and age com-
position of the samples over that period.

In Fig. 11 the average fat content values of the “ndividual samples for spring and autumn spawners
separately (for details, see Hodder et al., M5, 1973) are piotted against the dates when the samples were
collected. For spring spawners the fat content decreases rapidly from about 15% in December and January to
a low of 102 in April. Autumn spewners, which have an average of about 12% fat in December, exhibit a similar
rapid decrease to a low level of about 6% in April. The variation sbout an imaginary trend line through the
polnts 1s associated with the annnal variation mentioned in the preceding paragraph.
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Perusal of the percentage fat and water values for individual fish suggest that fat and water to-—
gether make up a conatant percentage of about 80X of the wet weight of the figh, indicating that as the fat
is utilized as a source of energy the fish takes in water In the same proportion, and vice versa. This aspect
was examined by analyzing the trend in total fat plus water coantent with increasing fat content values grouped
in 5% intervals (Table 6). There appears to ba a gradual increase in the total fat plus water content with
increasing fat content; fish with fat content values leas than 5% have ou the average a total fat plus water
content of juat under 80%, and thoee with more than 20% fat have a total fat plus water content of about 81.5X.
The fat/water relationship is, therefore, not strictly linear.

Polynomial regression, with percent water as the dependent variable, was used to determine the fat/
water relationship. The resulting curve and quadratic equation are shown in Fig. 12, together with the curve
for total fat plus water content plotted against the water content. The very high degree of correlation
(0.98) between the percent fat and percent water values indicates that a reliable estimate of the percent fat
may be computed from the equation, given an estimate of the percent water content.

Discuesion and Conclusions

The rapid upsurge in the Newfoundland herring fishery during the mid~ to late-1960's was due almost
entirely to the development of a substantial late autumn end winter purse seine fishery in the fjords along
the western part of the south coast on herring concertrations which migrate there from the southern part of
the Gulf of St. Lawrence in November and move westward into the Gulf in late April. Whether or not the
migratory pattern of these herring has bean a traditional one is uncertain, for prior to the initial explor-
ations in the fjords of aouthwest Newfoundland by a large purse seiner in 1964-65, there are no records of a
signigicant inshore fishery along that part of the ccaat in winter,

Paat periods of intenaive herring fisheries in Newfoundland waters have occurred in areas where the
local stocks being fished were known to mogve inshore for spawning in May and June (Tibbo, 1956; 1957), whereas
the stocks explolited along southwest Newfoundland disappear from the fjords in April. During the overwintering
period the fjlord schools of herring conmsist of a mixture of nonfeeding spring- and autumn-type spawnera, with
the latter being generally more than twice aa abundant as spring spawners. Juat before the herring leave the
flords in the spring some separation of spring- and zutumm-spawning herring 1s evident from samples of seiner
catches near the end of the geason in April. Catches during the short fishery in the area between 5t. Paul
Ialand and Magdalen Islande in late April consist mostly of apring spawmers heading for shallow water at
Magdalen Islands ro spawn. Catches made at this time off the southwest tip of Newfoundland and off St. George's
Bay consist almost entirely of autumn-type epawmers. These latter schools ultimately move westward to the
southwestern part of the Gulf of St. Lawrence where they feed during the summer and spawn in late summer aad
early autumn. While the movement of spring spawners toward the Magdalen Islands area and autumn epawnera to
the Caspé area has been confirmed by tagging experiments (Winters, 1971a), this does not preclude the possi-
bility of some spring spawners moving westward past the Magdalen Islands to spawn in the Chaleur Bay - Gaspé
area 1in May.

The average size and age of the two spawning groups of herring which overwinter in southwest
Newfoundland fjords gradually increased during the é-year—period from 1965-66 to 1970-71. The southwest
Newfoundland purse seine fishery has, since its inception, been based largely on two dominant year-classes of
herring, the 1958 year—class of autumn spawvmera and the 1959 year-class of spring epawners. The scarcity of
immature herring sugpests that juveniles do not migrate with the adults, and the general scarcity of adult
herring in the younger age groups indicates that recrultment has been very poor since the appearance of the
1958 and 1959 year-classes.

It has been traditional for most herring fisheries to fluctuate greatly according to great variations
in year-class strength, with the consequence that stock recruitment relationships are unpredictable. This is
especially true for the southern Gulf of St. Lawrence - southwest Newfoundland spring- and autumn-spawning
stocks, which, despite the great abundance of aexually mature adulta of the 1958 and 1959 year-classes from
about 1962 or 1963 until recently, has exhibited relatively poor recruitment to the exploited stocks in recent
years. There is no evidence to show that the neries of poor year-classes has been caused by consistently
unfavourable environmental conditions. The extremely high yilelds from these stocks in recent years may be
somewhat ancmalous for the fishery has been based aluwoet entirely on two very large year-—clasees of herring
which are now passing out of the fighery leading to a dramatic decline in landings to less than 40,000 cons in
1971-72 and an even further decrease in 1972-73. There has been no significant recruitment of young fish to
replace these dominant year-classes, It is likely that the fishery along southwest Newfoundland in the future

will be very sporadic.

In the past the Gulf of St. Lawrence herring stocks have perlodically been stricken by epldemica of
fungus diseape (Ichthyocsporidiwm hoferi), particularly during periods when the demand for herring was low and
the fishery practically nonexistent. The moat recen: period of widespread natural mortallty occurred during
an epidemic of fungus disease in 1953-57 (Leim, 1955; Sindermann, 1958). It has been estimated that at least
half of the mature herring in the western Gulf of St. Lawrence were destroyed by thig disease, with the spring-
spawning stocks reduced to a greater extent than the autump-spawnwng stocks (Tibbo and Graham, 1963). The
resulting reduction in predation and in competition jor food undouttedly provided conditions favourable to the
production of good year-clasees during the late 1950's. It ie our opinlon that the abundant 1958 and 1959
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year-classes thus experienced favourable conditions for survival, and that their consequent great abundance
both a8 juveniles during 1959-62 and subsequently ae adults inhibited opportunities for the good survival of
young for several years.

The difference in percentage fat content between spring and autumn spawners in the late autumn when
they migrate to southwest Newfoundland, ¢.e. 15% and 12X respectively, is undoubtedly due to the fact that
the accumulation of fat in body tissues of autumn spawners is interrupted in the widdle of the main feeding
and growing period (September, when spawning occurs). A consequence of this is that during the winter non-
feeding period, when fat 1s utilized by the fish as a source of energy, autumn spawners have an average fat
content ocnsistently lower tham that of spring spasmers by a factor of about cne-third. The seasonal trend
in fat content between December and April is in gemeral agreement with obeervations on herring taken in
western and southern Newfoundland waters during 1945-50, for which data the maximum values were recorded in
November and December and the lowest values in April and May (Liem, 1957). Also the apparent decrease in
mean weight-at-length between December and April (Table 4) is probably associated with the rapid decline 1in
fat content during the same period.

The evidence of an increasing trend in fat content between 1966 and 1971 may be indicative of the
operation of a density-dependent factor, e.g. food supply during the feeding season in the southern Gulf of
5t. Lawrence. Information obtained from acoustic surveys, tagging experiments, trends im catch per umit
effort and quantitative eatimates of stock sizes (Winters and Hodder, M§, 1973) indicates that the herring
stocks in 1971 were less than one-fifth the size of the stocks present im 1966. A consequence of this would
be more favourable feeding conditions in the most recent years due to reduced competition for food.

References

Hodder, V.M. 1969. Herring landings and distribution of catches in Newfoundland, 1967-68. Fish. Can 22(4):
3-6.

1970. Recent developments in the Newfoundland herring fishery, Fish. Res. Bd. Canada, St. John'as
Biol. Stat. Circ, 18: 1-19.

1971. Status of the southwest Newfoundland herring stocks, 1965-70. Int. Comm. Northw. Atlant.
Fish. Redbook 1971, Part III: 105-114.

Hodder, V.M. and L.S5. Parsons. 1971a. Comparison of certain blological characteristics of herring from
Magdalen Islands and southwestern Newfoundland. Int. Comm. Northw. Atlant. Fish. Res. Bull. B:
59-65.

1971b. Some biclogical features of southwest Newfoundland and northern Scotian Shelf herring etocks.
Int. Comm. Northw. Atlant. Fish. Res. Bull. 8: 67-73.

Hodder, V.M., L.5. Parasons, C.I. Barbour and R. Chaulk. 1972, Length, age and weight of herring in the
southwest Newfoundland winter fishery from 1965-66 to 1970-71. TFish. Res. Bd. Canada, Tech. Rept.
339, 113 p.

Hodder, V.M., L.S. Parsons, G.H. Winters and K. Spencer. 1973. Fat and water content of harring in Newfoundland
and adjacent waters, 1966-71. Fish. Rea. Bd. Canada, Tech. Rept. 365, 49 p.

ICNAF. 1964. Report of Standing Committee on Research and Statistics. App. 1. Report of ad hoe group on
herring and other pelagic fish. Int, Comm. Northw. Atlant. Fish. Redbook 1964, Part T1: 23-30,

Leim, A.H. 1955. Herring mortalities in the Bay of Chaleur in 1955. Fish. Res. Bd. Canada, Prog. Rept.
Atlantic Coast Stat. 62: 32,

Pareons, L.5. 1972. Use of meristic charactere and a discriminant function for classifying spring- snd
autumn-spawning Atlantic herring. Int. Comm. Northw. Atlant. Fish. Res. Bull. 9: 5-9.

1973. Merlstic characteriatice of Atlantic herring {Clupea harengus harengus L.) atocks in
Newfoundland and adjacent waters. Int. Comm. Norths., Atlant. Fish. Res. Bull. 10 (in press).

Parsons, L.5. and V.M. Hodder. 1971. Meristic differences batween spring~ and autumn-spawming Atlantic
herring {Clupea harengus harengus L.) from southwes:ern Newfoundland. J. Fish. Res. Bd. Canada 28:
553-558.

Sindermann, C.J. 1958. An epizootic in Gulf of St. Lawrence fishes. Trans. 23rd N. Am. Wildl. Conf. 1958,
Part II: 349-360.

Tibbe, 5.N. 1956. Populations of herring (Clupea harengus L.) in Newfoundland waters. J. Fish. Res. Bd.
Canada 13(4): 449-466.

B7



.7 -

1957. Herring populations on the south and west ccast of Newfoundland. Fish. Res. Bd. Canada
Bull. 111: 153-164.

Tibbo, S.N. and T.R. Graham. 1963, Biclogical changes in herring stocks following an epizootic. J. Fish.
Res. Bd. Canada 20: 435-449.

Watson, J.E. 1965. A technique for mounting and storing herring otoliths. Trans. Amer. Fish. Soc. 95(3):
267-268.

Winters, G.H. 1970¢. Preliminary results of herring tagging in southweat Newfoundland coastal waters. Fish.
Res. Bd. Canada, $t. John's Biol. Stat. Circ. 18:20-24.

MS, 1971a. Migrations of the southwest NewSoundland stock of herring as indicated by tag recaptures.
Annu. Meet. Int. Comm, Nerthw. Atlant. Fish. 1971, Res.Doc. 108, Serial No. 2591, 6 p.

M5, 1971b. Population estimates of the southwestern Newfoundland stock of herring from tag
recaptures, Annu. Meet. Int. Comm. Northw, Atlant. Fish. 1971, Res.Doc. 109, Serial No. 2592, 7 p.

Winters, G.H. and L.S. Parsons, M$, 1972. Present status of the southwest Newfoundland herring stocks. Annu.
Meet. Int. Comm. Northw. Atlant. Fish. 1972, Res.Doc. 88, Serial No. 2791, 7 p.

Winters, G.H. and V.M. Hodder. MsS, 1973. Assessment of the southers Gulf of St. Lawrence herring stocks and
implications concerning the management of the resource. (In preparation)

13 - [t ar £ ) 3 4 %
fadiod ' =y 1T =n T - o — i I T *
~ o — 2
» ~ .
<2 :li s, Y en,
- s,
N L
wp N\
. w ‘

- T L L
b gaser 1§ |
PENINSUL & )\ GULF OF 1T LAWNENCE ,A NEWFOUNDLARD
| ‘
- : . - ..*

" ang,

s

Fig. 1. Map of Gulf of St. Lawrence and Newfoundland showing the location of
place nameg and statilstical areas mentioned in the text.



1963 — 66

10} -
SH ]
ar— —
15 —
333 CM 1966 — 67
10 N
5 —
Ob—-- [

ol 335 CM 1967 — 68 |

0 " 137 Cm 1968 — &9 ]

», H
[T 341 CM 1969 — 70 —
i
B —
o R
5, ﬂ
0- 34-5 CM 1970 — 7 y
54 —

j
- U KN RO S RIS B
24 2% 26 27 28 29 oS0 M 32 33 34 35S M 3 M ¥ 40 4

TOTAL LENGTH (CMI

PERCENTAGE LENGTH COMPOSITION
o @ G o W
r——— - T T
1
1 |
| 1 5 4

Fig. 2. Length composition of herring from seiner catches in southwest
Newfoundland coastal waters during the 1965-66 to 1970-71 seasons

A B S e S R S
1
D—0 1966 — 67
100 ~ .
00 A—a4 1967 — 68
X—-—k 968 - 69
0-+--0 [969—~ 70
L a---e 1970- 7I
@ 90
LAJ ]
z 1
T I
2 |
[+
I Ts] 4
3
o
o |
< 704 4
- !
z |
Ld
o
[+ 4 1
2 eof |
50 4
L — 1 _. — — o i A
NOV DEC JAN. FEB MAR. APR.
MONT 4

Fig. 3. Percentage of autumn spawners by month along southwest
Newfoundland during the 1¢66-~67 to 1970-71 seasons.



PERCENTAGE LENGY» TOWPOSITION

a0
Rl 1965 — 1966
@ OV
e DL
© fA e N
Y em
' 1o
[ LraY] usi
a
@ MaR
1]
. 4PK
g
M)
0 it
[14)
© 0EC
0w e 223
o o .
(L] 354 2191
¢
]
”w 30 llS&J
0
[[+] MAR
c
w© APH
] 1

. R LA AR T SRR LRSS 30
1966 — 1967 I 1967 — 1968 - 1968 — 1969 t— 1969 — 1970 ! 1970~ 1971 H
b4 193] -4 2031 1 332 trar - ;2 197 - WOV 341 izt 0
- - - _A.. r.__._/ S L e N o
323 [TICF IR 3 ] 33 _WI 334 13391 1 DEC 42 123y '
I BN £ o e N
20, 106! i 324 A 1226 ] VAN (%9 334 (2991 JAN 34 1236} 1©
— — | = — — e ©
(] 1531 I 29 1252) ni (4761 335 NI D FER 334 12531 0
e - [ - o
ns 82 323 12713 28 (340} 334 15261 ; MAR 330 an o
——— _ _A__,i _. _/\_ I _A_ D m—— e
320 HiG) 333 (11 +1] 327 {141) I APR 267 usm
P 1 .
—_— i A 1= { NP N 4= /\—~_n—---_. i0
. RN Ar- P T U I W B S R I D T S cida .
4 — 30
334 st M2 [295) 7 341 Ul T 344 a 193 NOY 357 os L,
_j\ ] ._//\ 3 _./\_ i
. - - p . . — ?n
(6611 1 DEC 353 %N 0
.- .‘l R 0
. H 1 JAN 380 \764) {10
I ; ¥ .2
i ' g - 683 + FEB 349 (743) 10
-- 1 . I e
16 l419) 37 iz 4. a7 6601 T 3¢ {674 . MAR 349 {733 W
| -3 - — - ]
:{:M Dove2 1357 i 1 w3 4091 1 APR 34 W o
| — L [+
Litaataua it linin o ciiad Judddaty, o s
2028 3007 34 WIS A0 28 20 30 X e 38 58 40 20 20 30 32 54 56 3040 20 27 24 26 78 %0 12 M 3% 340 4

TOTAL LENGTH (CM)

Fig. 4. Length composition and average length (cm) of southwest Newfoundland
herring by month for spring spawners (upper) and autumn spawmers
(lower) during the 1965-66 to 1970-71 seasona.

Wi - - A e e e IR APPSR - v &0

ot AVERAGE LENCTH b

. 1965 — 66 )

N S 25 7% w

w I . s

4 4 I 0

2 g 40

2 1966 — 67 qu

5 | S 18T% L 013% 30

W - 120

5t n

D - ——— Tea s . -‘_L_ _] o

il 1967 — 68 150

£ 0+ g . < &0
sy & S 2r4% A T722% ‘30 g
£ o 08

3 .

S s l 410 g
[ f -0 w
%l : .-
e 1968 - 9 s
- a8 g
P S 306% LY RN s x
S ‘ I 0k
o a

L 110

=+ —0

1969 - 70 -50

x 5 N3 4687 40

(1] - o

10 112G

5 - J 10

[+ e y _J -0

B 1970 - 71 ot

- . a0

15— S 248 % 8 752% 130

0] 20

5- +1C

ot - - —= -_.J -0

SR N S 1 1 . ] | Y I . ! ‘].‘_L,__..... . . P
Z6 27 28 2930 Y 32 33 % 3 36 7 38 %9 V456789100 23456 TEIKI.
TOTAL LENGTH (C| AGE {TEARS!

Fig. 5. length and age composition of spring (S) and autumn (A)

spawners in the southwest Newfoundland herring fishery
during the 1965-66 to 1970-71 seasons.

B 10

PERCENTAGE LENGTR “DMPUSTION



PERCENTAGE LENGTH C

OMPOSITION

- 10 -

Yer—7r-rr—a— L . TTTT T T TT YT T rTTT €0
=l MAGDALEN ISLANDS, NOV. 1969 {50
AVERAGE LENGTH Jeo
21 5379 M- == 5250% ATEO%
5 A343CM 130
10 - - 20
5 -1 10
o—— === il T, _1_.__—“ —0
»l ST PAUL ISLAND, APRIL 1970 430
200 5324 CM , 5844 % A1S6 % 14
A 323 CM SN
15 ’ \\ -3
o Pl N N 20
/
\
5 rd -{10
- LS h
ol __‘_'/\ — —tllie. o | P
28 - - ST PAUL ISLAND, APRIL 197! - 80
20 530w AN 5829, 188 % Je0
A8 Cm ! \
8- ’ \ 30
/ \
10+ 1 Y —20
’ \
5 - Py ‘o =10
ob—~—~ - [ | L J—
1 ! 1 | i 1 ' 1 ] 1 L 1 1 I 4 | ||

25 26 27 28 29 1O M 32 33 34 35 M I 38

Fig. 6.

Fig. 7.

TOTAL LENGTH {(CM)

TOTAL LENGTH (CM)

3436T7T0%00+
AGE (YEARS)

O
345367891014

Length and age composition of spring (S) and autumn (A)
spawners from Magdalen Islands in November 1969

and St. Paul Taland in April 1970 and 1971.

L) | 1 1 1 1 A 1 1 1

6 1 A SOUTHWEST MEWFOUNDLAND

34

352 364
K 0282 ©O260
t, -187 -2 29

1 8 MAGDALEN & ST PLUL ISLANDS

o

] A -
34 4,‘;71—
2

24 T T T T T LI | T T
1 2 3 4 5 @ 7 8 8

AGE (YEARS)

T
10

A. Bertalanffy growth curves fitted to age—at-length data for

southwest Newfoundland herrin
herring from Magdalen and St.

8- B. Age-at-length data for
Pail Islands with the growth

curves for southwest Newfoundlanc herring superimposed.

PERCENTAGE AGE COMPOSITION

B 11



- 11 -

soo T l T ' T l T ] ) I T r T I T l T r T I ) ’ T ' T ] T ' T ' T I T
- SOUTHWEST NEWFOUNDLAND §
500 n
- SPRING #—~—e .
Im AUTUMN 0——0o b
w00 w-o-00285L >0 /e .
E : \II. :
c I ol )
S )
2300 _/' -
L / ]
- ¥ -
=] - Y 7 4
P L o’ p A
260 ) -
L W=0-00972 2993 1
100 [— _—
C 27 ]
: / » N

I P S Y PR O T I I P T L | '

iZ M 6 W 20 22 24 26 28 30 32 M 36 3B 40 42 44 a6
TOTAL LENGTH :CM}

Fig. 8. Length-weight relationships for southweat Newfoundland herring
based on data for the 1966-67 ro 1970-71 seasons.

LA e e e s B e e S e LR B & e e 2 e e e e
FEMALES STAGES I AnD IV FEMALES STAGE WO
60~ -
o——c DECEMBER, 1970
or Ve A———n JANUARY, 1971 T
“© /I t——0 FEBRUARY, 197)
#——u« MARCH, 1971 T
x
0 - -
20 -0
0 &W‘ s
- -
L — — 4o 3
& 3
3 MALES STAGES III AND I¥ MALES STAGE ¥II ¥
= 4 o
E 3
3 3
§ 1 ¢
= H
¥ %
- — -
BLY
i RSPy
o -0
a4 1 I W N T L 1| | Y

A4 ) T L)
35 36 37 38 38 27 28 29 30 M 52 33 34 38 36 37
FISH LENGTH {CM"

1 O T
27 20 2% 30 N 32 33

Fig. 9. Average gonad weight (gm) agalust fish lemgth (cm) by sex and
maturity stage from December 1970 to March 1971.

B 12



PERCENT AT CALH STOMACH CATEGORT

- 12 -

west Newfoundland herring.

TTYTTYTTTT T T YT T T T r
1968 - 1369 196¢ - 1970 | 1870 -i971
| | MAY 1971
: - 13000 -4
] T T 1 T T Y
APRIL 1970 APRY 1371 20k
Hsal il J SPRING SPAWNERS
— B
—+ o
[ ]
16~ .
MARCH 1969 MARCH 1970 MARCH 1871
13001 14001 11000} B
4 4 ..
12+
L]
FEB. 1969 FER (970 LR, 1971 10 ¢ .
1300 18001 15001 7 z
R b
. z 8
- T
p— o 16 AUTUMN SPAWNERS
JAN, 1969 AN 1970 AN, 1971 e
13001 1390) t450) H LY S
1 =
—_— ] ] - .
J OF = .
DEC 1968 DEC. 1989 DEC. 1970 * et .
15001 ! 1700 \ 1350} .
| I ar -
H - . L]
-
. 6+ -
T —— - ST T T L]
HOV 1968 NOV 1369 | nov. 1910 al
(1501 I 12301 | 150)
R 1] ? '.-TJ ('L“'I L L 4 L
~ MACw - ATLGORY DEC. JAN.  FEB.  MAR. APR  MAY
Feeding intensity of southwest Newfound- Fig. 11. Seascnal variation in fat content for
land herring by month during the 1968-69 epring and autumn spawners from south-
to 1970-71 seasons. waat Newfoundland.
T T T T T T T T T I
24 |- [
1
22+ I
!
20} ) ~
!
1
18- -
1
]
16}~ h -
= |
w =
w 14 1 -
z u
W2l ! -
a !
ul
e 10+ 1 .
1
|
8- }
]
6 ' .
i
4 | —
I
2L i .
{
0 1 1 1 1 L1 _ 1 1 | | t | 1
56 58 60 62 64 66 68 70 72 T4 7e 7B 80 82 84
PERCENT WATER
Fig. 12. The fat-water relationship in south- B 13



- 13 -

Table 1. Numbers of herring specimens sampled (A) for age and growth studies
and (B) for fat and moisture analyses, from southwest Newfoundland
and the southern Gulf of St. Lawrence during the 1965-66 to 1970-71
seasons,

Area Month 1965-66 1966-67 1967-68 1968-69 1969-70 1970-71
Southwest Nov - 250 500 250 250 250
Newfoundland Dec 300 500 1000 1000 1000 1900

Jan 400 500 1000 1000 1000 1000
Feb 150 S00 1000 1000 1000 1000
Mar - 500 1000 1000 1000 1000
Apr - 500 500 - 550 450
May - - - - - 300
South Gulf of Nov - - - - 500 -
St. Lawrence Apr - - - - 500 250
Southwest Dec - 10 - - - 48
Newfoundland Jan 32 - - 40 - 60
Feb 30 - - 60 72 60
Mar - - - 42 60 72
Apr - - - - 40 -

Table 2, Mean length at age by spawning type and season for southwest
Newfoundland herring.

Average length (cm) Unweighted

Type Age mean
1965-66 1966-67 1967-68 1968-69 1969-70 1970-71 {cm)

Spring 2 - - - - 2.5 - 21.5
3 25.7 21.5 28.2 26.8 27.3 24.6 26.7

4 28.8 29.4 29.8 29.3 29.2 29.7 29.4

5 30.1 29.9 30.8 30.3 30.6 31.3 30,5

6 31.5 31.4 31.2 3.4 3.6 32.0 31.%

7 31.8 31.8 32.2 32,0 32.2 32.7 KFA|

8 33.2 32.3 32.5 32,6 32.7 33.3 32.8

) 34.3 33.3 33.0 32.8 33.2 33.6 33.4

10 34.8 34.5 30 33.5 33.7 3.0 34.1

1M+ 36.1 35.7 KL 35.2 34,5 34.9 35,2

Autumn 2 - - - 21.5 23.2 23.8 22.8
3 27.6 25.7 28.2 27.1 27.) 27.4 27.2

4 29.8 30.2 30.0 29.6 29.8 30.9 301

5 31.5 31.3 3.6 N 31.3 32.0 31.5

6 32.1 3z 32.5 32,5 32.2 32.9 32.4

7 32.6 32.7 3.0 331 330 33.6 33.0

8 33.5 33.4 33.5 33.6 33.8 34.3 33.7

9 KL | 34.2 34.1 33.9 K| 34.6 34.3

10 35.8 35.3 35.0 34.8 34.5 35.0 35.0

11+ 37.0 36.8 36.4 36.5 35.5 36.0 36.4
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Table 3. Mean length at age by spawning type for herring
samples from Magdalen Islands and St. Paul Island.

Average length (om) Unweighted

Type Age mean
Nov 1969 Apr 1970 Apr 191 {cm)

Spring 3 - - 27.4 27.4
4 28.9 28.8 29.5 29.1

5 29.4 30.0 30.7 30.0

6 n.a .2 31.3 31.2

7 32.2 32.4 32,6 32.4

8 32.9 32.9 32.4 32.7

9 33 33.4 331.6 3.4

10 33.7 33.8 34,4 34,0

11+ 34.4 34.9 33.9 34.4

Autumn 3 - 26.8 29,3 28.0
4 29,7 30.2 30.3 30.1

5 A 30.9 31.4 na

6 3z 31.9 32.0 32.0

7 33.4 32.9 3.2 33.2

8 33.9 33.0 2.8 33.3

9 34,3 4.7 34.8 4.6

10 4.7 34.7 - 4.7

1+ 35,5 35.5 34.7 35.2

Table 4. Length-weight relationshi?s for southwest Newfoundland herring by spawning type and month
for the 1966-67 to 1970-71 seasons combined.

Average weight (grams)

Total Spring Type Autumn Type
length —
{em) Nov Dec Jan Feb Mar Apr Average Kov Dec Jan Feb Mar Apr Average

19 - - - - - 43 43 - - - - - - -

20 - - - - - 56 56 - - 59 - - - 59
21 - - - - - 68 68 - - 62 - - - 67
22 - - - - A 75 73 - - 66 77 - - 71
23 - - - - 84 84 B4 - - 77 79 72 86 79
24 - - 95 - 97 94 95 - 1ng - 100 89 100 102
25 - - - - - 106 106 - - 136 28 107 114 114
26 - - 150 132 109 133 N - 127 137 138 124 - 132
27 - 157 151 15 149 150 152 - 150 155 152 152 134 149
28 1786 174 182 163 169 175 174 172 180 167 160 159 160 166
29 222 215 205 196 195 204 206 183 186 182 175 178 169 179
30 235 234 224 216 219 2W4 224 197 199 195 1917 190 192 184
31 258 258 249 245 242 241 249 214 218 212 209 210 216 213
32 280 283 275 270 267 262 273 233 238 23 229 232 234 233
33 300 30y 295 290 287 281 292 253 257 252 249 249 2% 252
34 323 327 318 32 308 306 316 274 275 270 268 269 269 27
35 352 347 334 335 327 325 337 298 295 290 286 288 290 29
36 384 362 375 364 357 360 367 317 315 32 30 307 36 313
37 393 390 416 398 390 406 400 334 335 343 335 331 337 336
38 - - 440 440 429 - 436 365 371 374 370 349 3N 367
39 532 - 493 - - - 512 404 403 429 389 378 40 400
30 - - - - - - - - KEK] - 3%0 822 424 405
1 - - - - - - - - - 506 472 486 - 488
43 - - - - - - - 520 - - - - - 520
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Table 5. Average fat content by month and year for spring- and autumn-type
herring taken in southwest Newfoundland waters, 1966-71.

Spring Autumn Difference
Month Year No. of Percent Range No. of Percent Range in fat
fish fat fish fat content
Dec 1966 - - - 10 10.08  (5.3-14.3) -
1970 20 15.56 (6.3-21.1) 27 12.80  (B.2-17.2) 2.76
Jan 1966 i4 13.86 (11.6-16,2) 12 8.18 (3.9-12,0) 5.67
1969 M 14,08 (11.,8-16.8) 29 9.67 {4.9-14.% 4.4
1971 23 16.33 (12.5-22.8) 37 11,34 (5.7-17.0 4.99
Feb 1966 12 13.67 (9.9-16.5) 13 9.81 (6.3-12.3) 3.86
1969 36 12.57 (4.9-16.7) 24 6.98 51.3-12.6; 5.59
1970 35 13,62 (9.0-18.1) 36 8.55 2.5-12.8 4.97
1971 16 13.35  {7.2-17.1) 39 9.52 (5.1-17.3) 3.83
Mar 1969 20 10.77 (8.1-16.6) 22 5.52  (2.1-11.9) 5.25
1970 30 13.37 {9.0-18.8) 21 7.24  (2.0-11.2) 6.13
1971 25 13.47  (7.5-18.5) 43 B.50 (2.5-14.5) 4.97
Apr 1970 n 10.36 (6.3-15.8) 17 6.43  (3.3-11.2) 3.93

Table 6. Comparison of average fat, water and total! fat plus water
content by 5% fat content intervals for southwest Newfound-
land herring.

Range Number Percentage
of fat of —_—
(%) fish

0.0-4.9 48 370 76.00 79.70

5.0-9.9 220 7.88 72.24 80.12
10.0-14.9 266 12.30 68.13 80.43
15.0-19.9 B8 1€.56 64.34 80.90
20.0-24.9 ) 21.07 60.43 81.50
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