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Introduction

The fishery for Atlantic herring in Newfoundland waters increased
specltacularly during the past decsde. With the advent of a purse seine
fishery, landings from the coastal waters of southwest Newfoundland (Cape
Ray to Hermitage Bay) incressed rapidly from less than 10,000 metric tons
in 1965 to about 165,000 metric tons in 1969 (Hodder, 1971). Although over
the years the bulk of the herring has been caught in the coastal waters
of southern and western Newfoundland’herring appear seasonally in practically
all bays and inlets around the Newfoundland coast and are fished to a
limited extent in gll areas.

The tremendous increase in fishing pressure on herring stocks
frequenting the coastal waters of Newfoundland and adjacent areas, coupled
with the possibility that the same stock or group of stocks was being fished
at different times and places, emphasized the importance of identifying
and delimiting the unit-stocks of herring which occur in the Newfoundland
area. In January 1969 a study of the meristic characteristics of herring
inhabiting Newfoundland and adjacent waters was undertaken to determine
whether there are sufficlent morphological differences between herring
from the various areas to delineate separate stocks. This paper presents
the results of that investigation, the primary objective being to
determine whether the total herring stock in the Newfoundland area is
a single, widely distributed population, the members of which intermingle
freely and undertake extensive migrations along the coast, or whether
it consists of a number of essentially discrete units or local stocks
which intermingle to a limited extent, if at all.

Materials and Methods

Herring populations ranging from Gabarus Ray, Nova Scotia, in the
south to the Strait of Belle Isle in the north including most coastal areas
of Newfoundland (Fig. 1) were sampled during the period from January 1969
to July 1970. Herring samples, usually of 50 specimens but sometimes in
multiples of 50, were collected from catches of purse seines, midwater
trawls, gillnets and codtraps. Samples taken by purse seine are directly
comparable with each other and may be regarded as representative of the
schools from which they were obtained since the amount of selection by the
gear is negligible. However, samples obtained from gilinets and codtraps
cannot be regarded as completely representative of the size and age
composition of the schools because of the selective action of these gears
{Hodgson, 1933; Tester, 1935; Olsen, 1959).
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The numbers of herring in each area from which meristic counts
were obtained are listed in Table 1,

The length, sex, stage of maturity and weight of the fish were
recorded and otoliths taken for subsequent age determination. The length
used is the greatest total length 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.

The age was recorded as the number of completedsummer (opaque)
growth zones on the otoclith. January 1 was selected as the arbitrary
birth date; a figh is considered to be age I on January 1 following
completion of the first summer's growth. Autumn-spawned herring would
thus be several months colder than spring-spawned herring of the same
assigned age, Specimens of age X and greater were grouped into a X+
category.

Messieh (1969) and Hourston end Parsons (MS 1969) have questioned
the validity of using otolith nucleus type as indicative of time of
hatching for Northwest Atlantic herring. Because of the difficulty of
determining time of hatching, in this study specimens were assigned to
year-classes on the basis of spawning time. It is assumed that the vast
majority of spring-spawning herring were hatched in the spring and
gutumn-spawning herring in the autumn. Parsons end Hodder (1971la) have
shown that spring and autumn spawners differ greatly in meristic
characteristics and Parsons (1972) has correctly classified from 79 to
91% of individual spring and autum spawners to their respective
spawning groups by means of a linear discriminant function based on
three meristic characters. In this study an auvtumn-spewning herring
of a certain age was assigned to the year-class immediately preceding
that of a spring-spewning herring of the same sssigned age.

Five meristie characters were examined in this study — the
numbers of vertebrae, gill rakers on the first lower left gill arch and
of pectoral,anal and dorsal fin rays. The gill rakers on the lower
branch (hypobranchial and ceratcbranchial) of the first left gill arch
and the anal and left pectoral fin rays were counted with a binocular
microscope. Vertebral counts, excluding the hypural plate, and dorsal
fin-rsy cownts were determined from radiogrephs., All pectoral fin rays
and all rakers on the lower 1limb of the first left gill arch, including
rudimentary rakers and the raker in the bend of the arch, were counted.
In the dorsal and anal fing all rays including rudimentary rays
were counted; the last split reys originating from the same base were
counted as one.

Results

A. Spawning peason

Individual adult fish were assigned to spawning season on the
basis of gonad development in relation to time of capture. Spring- and
autum-spewning herring differ markedly in the timing of the cycle of
gonad development, Although the stage of maturity may not be a relisble
indiecator of spawning season in all cases, generally the distinction
between the major spring- and autumn-spawning groups is clearcut; very
few borderline cases were observed during the course of the present
investigation.

In most aress {execluding Fortune Bay and Gabarus Bay) only
small proportions of immature herring were present in the samples
('able 2), In those areas where virtuslly all adults belonged to one
spawning group (e.g. Fortune Bay and Gebarus Bey) most of the immature
herring were also sssigned to the predominant spawning group since an
examination of the otolith structure of these herring revealed that spring
spawners could generally be separated from autumn spawners on the basis
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of the relative sizes of the first and second growth zones on the otolith
(L. S. Parscns, unpublished data). However, no attempt was made to classify
the few immature herring in areas where substantial proportions of both
spring and autumn spawners were repregented among the adults and these

have been excluded from the data anslyses which follow.

In most areas both spawning types were present but in varying
proportions {Teble 2). BHerring caught in Gabarus Bay (northeast Novs
Scotia) were virtually all {95.7%) autumn spawners. Autumn-spawning
herring were predominant st Magdalen Islands end along southern
Newfoundiand west of Fortune Bay (73.6 and 71.8% respectively).
Southeastern and eastern Newfoundland herring were primarily spring
spawners. More than 90% of the herring in samples from Fortune Bay and
Notre Dame Bsy were definite spring spawners (93.2 and 96.4% respectively).
Smell proportions of late summer-esrly eutumn spawners were found in
the samples from Bonavista, Trinity and Bt, Mary's bays (22.8, 25.0 and
22.0% respectively); in Placentia Bay the proportion was somewhat higher
(37.3%). Major spring spawnings occur in Fortune Bay in late April-early
May , in Placentia and St. Mary's bays from the middle to the end of May
and in Notre Dame Bay from mid-May to mid-June. These spawnings generally
occur in shallow water (0-5 fathoms)}. Reports indicate that in recent
Years herring in Bonavista and Trinity bsys have sbandoned their
traditional inshore spawning grounds and now spawn in deeper water
{Parsons, 1970).

Spring and asutumn spawners were present in approximately equal
proportions in Conche samples but Quirpon herring were predominantly
autumn spswners (61,4%). The large "Labrador-type" herring prevalent
along the northwest coast of Newfoundland and in the southeastern Strait
of Belle Isle during June and July were slmost exclusively (94,.0%) late
summer—early autumn spawners., Hewke's Bay (northwest Newfoundland) herring
were 53.4% spring spawners and 35.T7% autumn spawners, the remainder being
immature.

The proportions of spring spawners in Gabarus Bay and Strait of
Belle Isle samples and autumn spawners in Fortune Bey and Notre Dame
Bay samples were relatively insignificant (less than T%). Hence, for the
purpose of this study Gabarus Bsy and Strait of Belle Isle herring are
considered to be autumn spawners and Fortune Bay and Notre Dame Bay
herring sre considered to be spring spawners,

B. Meristic characteristics
Methods of analysis

For each type of statistical test emplcyed a significance level
of 0.01 was used except where otherwise stated.

Frequencies of vertebrae, gill rakers, and pectoral, anal and
dorsal fin rays for samples from the same general areas were compared for
srring and autumn spawners separately by anelysis of variance adjusted for
unequal sample sizes (Freund, Livermore and Miller, 1962) and calculation
of F values within each area. No significant between-sample differences
within areass were found for vertebrae, gill rakers, and pectoral and anal
fin rays. Therefore, samples were combined for subsequent analyses
involving these characters. There wvere, however, significant between-
sample differences in dorsal fin-ray averages within several areas for
both spring and autumn spawners.

To evaluate possible bias in meristic averages resulting from
the different selective properties of the verious gears employed in the
collection of samples, correlation of meristic number with fish length
was examined. Correlation coefficients relating meristic number to total
length were calculated for spring and autumn spawners separately within
each area and student's-t distributlion was used to test the null
hypothesis that there was no correlation between the two variables
{r = 0).
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Differences between means for spring and asutumn spawners within
each of the 9 aress where both spawning groups were present and differences
between means for male and female herring in all arees (spring and sutumn
spawners separate} were tested for significance using student's-t test.

One-way anslyses of variance adjusted for unequal sample sizes
were performed to test year-class varietion in meristic numbers within
each area. Year-class comparisons hased on very small numbers of fish
in each category would be virtually meaningless. Therefore, a minimum
number of specimens (25) equivalent to half the normal sample size
(50) was arbitrarily chosen and only those year-classes which were
represented in a particular area by at least 25 specimens were included
in comparisons of year-clsss means within each area.

The combined data for each meristic character (spring and autuma
spawners separate) were tested for differences among arees by analysis
of varisnce. To test the individusl differences ranked means of meristic
numbers were compared using Duncan's new multiple range test {Steel and
Torrie, 1960) modified for unegual sample sizes as proposed by Kramer
(1956). 1In the tabular presentation of the results any two mesns inecluded
in the same bracket are similar but any two means not included in the
same bracket are significantly different.

1. Numbers of vertebrae

(i) Varistion with length

Both positive and negative correlations between vertebral numbers
and total length were cbtained (Table 3). The correlation cocefficlents
differed significantly from zerc in only 3 of 22 possible insteances.

The estimated population correlation coefficient (f) for spring spaewners
was 0,119 and for sutumn spawners 0.059. According to Fukuhara et al.
(1962) the expression 100 @2 is an approximate measure of the variability
in the observations for s particular character due to corresponding
varisbility in length. For vertebral number this variability is 1.4%

for spring spewners and only 0.3% for sutumn spawners. It is evident
from this that the correlation between length and vertebral number is
negligible.

(11} Variation between spawning groups and sexes

In five of the nine areass where both spawning groups were
present spring spewners had a slightly higher vertebral average than
gutumn spewners but in the cther four areas the situation was reversed
(Table 4)}. The difference between spring and sutumn spawners was
significant in only one of the nine areas. Hence, It seemed reasonable
to conclude that in general the difference between mean vertebral
numbers of spring and autumn spawners from the same aree is negligible
and the two spawning groups were combined for ares comparisons invelving
vertebral number,

Mean number of vertebrae was slightly higher for males than
femeles in 1l instences and slightly higher for females than males in
8 instances (Table 5). Differences between the sexes were significant
in only 2 of 22 pessible instances. It was assumed that the observed
significance was by chence only and the sexes were combined for
subsequent vertebral comparisons.

(iii} Verisiion emong year-classes and areas

Significant year-class heterogeneity was evident only in Notre
Dame Bay where the 1961 year-class which had a mean vertebral number of
56.117 (60 specimens) differed significantly from the 1963 year-class
which had e mean of 55.424 {328 specimens). Since no single year-class
was adequately represented in all areas, area camparisons were performed
with all year-clesses pooied. For comparison with these results the 1963
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year-class, which was best represented in all areas, was selected and area
comparisons were slso made based only on specimens belonging to this year-
class.

Figure 2 shows mean vertebral numbers end two standard errors
on each side of the mean for the various areas for the pooled year—classes
{A) and the 1963 year-class only (B). Vertebral means (year-classes
pooled) ranged from 55.497 for Gabarus Bay, Nova Scotia, to 55.877 for
Fortune Bay, Newfoundland (Table 6). No geogrsphic trend was evident.

An analysis of variance of the vertebral frequencies revealed significant
heterogeneity among aress. Duncan's new multiple range test indicated
that Fortune Bay herring differ in mesn vertebrsl number from herring in
ell other areas except Conche and Quirpon. Gebarus Bay fish differ in
mean vertebral number from Fortune Bay, Conche, Quirpon, Hawke's Bay,
Trinity Bay, St. Mary's Bay and Notre Dame Bay fish but are similar to
all others {Table T).

Vertebral comparisons based only on the 1963 year-class also
indicated that Fortune Bay fish differ from all others except Conche and
Quirpon. HNotre Dame Bay fish also appear to be different froem Quirpon
and St., Mary's Bay fish. Although herring of the 1963 year-class from
Hawke's Bay, Notre Dame, Bonavista and Trinity bays sppear to have
relatively low vertebral means whereas the means for Conche and Quirpon
are relatively high, exceeded only by that for Fortune Bay, these
differences are generally not statistically significant (at p = 0.01)
probably because of the very small nuwbers of specimens involved in some
areas,

{iv) Vertebral abnormalities

It is customary in meristic studies to exclude vertebral
columns with fused vertebrae when computing means. In ihe present
study such sbnormal vertebral columns were noted so that the effect
of their exclusion from the means could be studied. Of 5092 herring
108 (2.12%) possessed fused vertebrae. The frequency of abnormalities
per fish (number of fish in parentheses) was 1(82), 2(20), 3(5) =and
6{1). When each partially developed fused centrum was counted as one
complete vertebra, the vertebral means based on fish with normal plus
those with abnormal vertebrae were not significantly different {t-test)
in any area from those means based only on fish with normal vertebrae.
Hence, it appesrs that vertebral means are not significantly affected by
inclusion or exclusion of the small number of vertebral columns with fused
vertebrae.

Similar findings were reported by Ford snd Bull (1926} for
Atlantic herring and Templeman (1948, 1970) for capelin, Mallotus villosus,
and Greenland halibut, Reinhardtius hippoglossoides. The percentages
of fish with fused vertebrae in those studies are very similar to that
found for Atlantic herring in the present study. Ford and Bull {1926)
reported that 1.53% of their specimens had fused vertebrae., Templeman
(1948, 1970) found 2.09 and 1,89% with fusions among capelin and
Greenland halidbut respectively. Pitt {1963) stated that an average
of about 2% of American plaice, Hippoglogsoides platessoides, had fused
vertebrae. These percentages are much lower than that reported by
McHugh (1942) for juvenile Pacific herring, Clupea pallasit (6.65%).

2, Numbers of gill rakers

(i) Veristion with length

Both positive and negative correlations between gill-raker number
and fish length were obtained {(Table 3}. The correlation coefficients
differed significantly from the null hypothesis in only 2 (Fortune Bay
snd Placentia Bay spring spawners) of 22 possible instances. The estimated
population correlatiem coefficient () for spring spawners was 0.16T7 and
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for autumn spawners 0.075. Overall variebility in gill-raker number due
te corresponding varisbility in length is 2.8% for spring spawners and
0.6% for autumn spawners. Scatter plots of gill-raker number against
fish length indicated that gill-raker number increases with fish size in
Juvenile herring but there is no significant relationship between
gill-raker number and length in adult herring. Therefore, all immature
fish were excluded from the gill-raker freguencies for Fortune Bay and
Placentia Bay spring spawners to eliminate any possible bias in ares
comparisons.

(i1) Variation between spawning groups and sexes

Autumn spawners had higher gill-reker averages than spring
spawners in all nine areas where both spawning groups were present
(Teble 8). The differences were significant for =sll areas except Conche.
These highly significant differences in mean gill-raker numbers
necessitated the separation of spring end eutumn spawners in subsequent
analyses involving gill rakers.

Mean number of gill rakers was higher for males than females
in 13 instances and higher for femalee than males in 9 instances (Table
9). Since these differences were not significant, males and females
were combined for subsequent gill-raker comparisons,

(iii) Veriation among year-classes and aress

Thers was evidence of significant year-class heterogeneity
among spring spawners from both Fortune and Placentia bays. The
observed significance was due to the relatively low gill-raker means
for juvenile herring of the 1966 year-class which was well represented
in the samples from these areas, Although the year-class means for
Gabarus Bay did not differ significantly when tested by analysis of
variance two-year-old fish of the 1967 year-class had a gill-raker
average considerably lower than the averages for older fish belonging
to the earlier year-classes. In all three instences the differences
between year-classes were attriduted to an increase in gill-raker
nuomber with fish size in Juvenile herring and the lack of a significant
relationship between gill-raker number and length in adult herring.
Therefore, two-year-old herring of the 1967 year-class were excluded
from the gill-raker frequencies for Gebarus Bay in addition to the
exclusion of all immature fish from the gill-raker frequencies for
Fortune Bay and Placentia Bay spring spawners. Since there was no
evidence of year-class heterogeneity among adult herring, year-classes
were pooled for area comparisons.

Figure 3 shows mean gill-raker numbers and two standard errors
on each side of the mean for the various areas for spring and autumn
spawners separately. Gill-rsker means among spring spawners ranged
from 47,036 for Magdalen Islands to 48,973 for Bonavista Bey (Table 8).
Among autumn spawners the means ranged from 48,997 for Magdalen Islands
to 49.655 for Gsbarus Bay. Analyses of variance of the gill-raker
frequencies showed significant heterogeneity smong both spring and
autumn spawners. Duncan's new multiple range test revealed that
Magdalen Islands and southwestern Newfoundland spring-spswning herring

differ in meen number of gill rekers from spring spawners in all other areas

(Table 10)}. Spring spawners from eastern Newfoundlend (Trinity Bay to
Quirpon) and southeastern Newfoundland (St. Mary's, Placentia and Fortune
bays) plus Hawke's Bay (northwest Newfoundland) form sets that are
different from each other, fish from eastern Newfoundland having higher
gill-raker averages than those from southeastern Newfoundland and Hawke's
Bay which in turn have higher averages than southwest Newfoundland and
Magdalen Islands fish. The gill-raker mean for southwest Newfoundland
spring spawners is intermediate between those for Magdalen Islands and
Hawke's Bey spring spawners and significantly different from both.
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Among autumn spawners differences in mean numbers of gill rakers
are much less evident. Autumn~spawning herring from Gabarus Bay which have
the highest gill-raker average differ significantly from Magdalen Islands,
Hewke's Bay and southwest Newfoundland autumn spawners which have the
lowest gill-raker averages.

3. Numbers of pectorsl fin rays

(i) ¥ariation with length

Both positive and negative correlations between pectoral fin-rey
number and fish length were derived (Table 3). The correlation coefficients
differed significantly from zero in 7 of 22 possible instances, indicating
a positive correlation between these two variables. However, the
estimated population correlation coefficient () was only 0.123 for
spring spawners and 0.129 for sutumn spawners, Hence, the overall
varigbility in pectoral fin-ray numbers due to corresponding varishility
in fish length is only 1,5% for spring spawners and 1.7% for autumn
spewners from which it appears that the correlstion between pectoral
fin-rsy number and fish length is negligible.

(ii} vVariation between spawning groups and sexes

Autumm spawners had significantly higher pectoral fin-ray
averages than spring spavmers in sll nine areas where both groups were
represented (Table 11). Therefore, the two spawning groups were kept
separate in subsequent analyses involving pectoral fin-ray nupmbers.

Mean number of pectorsl fin rays was higher for males than
females in 9 instances and higher for females than males in 13 instances
{Table 12). Since these differences between the sexes were not
significant, males and females were combined.

(iii) Yariation smong year-classes and areas

Since there was no evidence of gignificant year-class
heterogeneity in pectoral fin-ray averages among either spring or
autumm spawners, year-classes were pooled for area comparisons.

Figure 4 depicts mean pectorsl fin-ray numbers and two standard
errors on each side of the mean for the various arees for spring and
autumn spawners separately, Mean nusbers of pectoral fin rays smong
spring spawners ranged from 16.954 for Fortune Bay fish to 17.446 for
St. Mary's Bay fish (Table 11)., Among sutumn spswners the means ranged
from 18,418 for Quirpon fish to 18.622 for Trinity Bay fish. No
geographic trend in mean pectoral numbers wes evident among either
spewning group., There was significant area heterogeneity among spring
spawners but not emong autumn spewners. Comparisons of the ranked
means of pectoral fin rays for spring spswners by Duncan's new multiple
range test indiceled that Fortune Bay fish differ from those in all
other areas (Table 13), St. Mary's Bsy spring spawners are similar in
mean pectoral fin-ray nurber to spring spawners from Hawke's Bay,
Quirpon and Conche but differ significantly from those in all other
areas. Notre Dame Bay spring spawners differ significantly from Conche,
Quirpon and Hawke's Bay spring spawners as well es those from St. Mary's
and Fortune bays.

L, Numbers of anal fin rays

{i}) Yardation with length

Both positive and negative correlations between anal fin-ray
nunber and fish length were cbtained (Table 3). Correlation coefficients
differed significantly from the null hypothesis in only two instances.
Since @ was only 0.039 for spring spawners and 0.048 for autumn spawnhers,
the variability in anal fin-ray numbers due to corresponding variability
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in length is only 0.2% for both spring and autumn spewners. Thus the
correlation between anal fin-ray number and fish length is negligible.

(ii) Variation between spawning groups and sexes

In seven of the nine areas where both spawning groups were
present sutumn spawners had higher anal fin-ray averages than spring
spewners (Teble 14). For Magdalen Islands, southwest Newfoundland and
Placentis Bay herring these differences were significant. Because of
these differences spring- and autumn-spawning herring were treated
separately in subsequent analyses involving anal fin-resy nunbers.

Mean number of anal fin rays was higher for males than females
in 7 instances and higher for females than males in 15 instances (Teble
15) but the differences were not significant; therefore anal fin-ray
data formles and females were comblned.

(iii) Variation among year-classes and areas

Analyses of varlance to test year-class variation in mean anal
fin-ray numbers revealed significant yeer-class heterogeneity only among
Placentia Bay spring spawners. Despite this heterogeneity area com-
perisons were performed with all year-classes pooled because of the
wide fluctustions in year-class strength in the various areas and the
fact that no single year-class was adequately represented in all areas.
Area comparisons were also performed for spring spawmers based only on
specimens belonging to the 1963 yesr-clags.

Mean numbers of snal fin rays among spring spawners (year-
classes pooled) ranged from 17.598 for southwest Newfoundland herring
to 18.026 for Bonavista Bay herring (Table 14}, Among sutumn spawners
the means ranged from 17.929 for St. Mary's Bay fish to 18.300 for
Magdalen Islands fish. Analyses of variance of anal fin-ray frequencies
showed significant heterogeneity among both spring and autumn spawners.
Duncan's new multiple range test indicated that among spring spawners
fish from eastern and northwestern Newfoundland (Trinity Bay to Quirpon
plus Hewke's Bay) and fish from southern Newfoundland and Magdalen
Islands form two sets that appear to be different from each other
{Table 16). Eastern Newfoundland snd Hawke's Bay spring spawners
have higher anal fin-ray averages than those from southern Newfoundland
and Megdalen Islands. Comparisons based only on the 1963 year-class
show greater similarity than those based on the pocled year-classes.

Fortune Bay herring of the 1963 year-class differ significantly
from Bonavista Bay and Trinity Bay spring speswners of the same year-class
{t-test).

Among eutumn spawners Magdalen Islands fish differ significantly
in mean number of anal fin rays from Gsbarus Bay, Placentia Bay, 5t.
Mary's Bay, Trinity Bay and Bonavista Bay autumn spawners. Autunn-
spawning herring from the other areas are not gignificantly different
from each other.

5. Nugbers of dorsal fin rays

Dorsal fin-ray averages sppear to be unsatisfactory for herring
stock differentiation because there are significant differences between
samples within several areas, and dorsal fin-ray counts, particularly of
smaller fish, tend to he unreliable because of difficulties in dis-
tinguishing the first rudimentary ray. A& small rather rounded bone
was frequently present anterior to the first obviocus rudimentary ray as
found in Oncorhynchus nerka by Fukuhara et al. (1962) and in Salmo salar
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by Templeman (1967). If this bone was round and not elongated as in other
rudimentary rays, it was not counted, However, checks by the author
revealed differences between individuals in applying these criteris and
even the same individuals experienced difficulty in distinguishing the
first rudimentary rey consistently. B8ince these inconsistencies were

an obvious source of variation in dorsal fin-ray averages, this character
was discarded.

Discusgion and Conclusions

In most Newfoundland areas and also in the southern Gulf of St.
Lawrence two major spawning groups of herring occur, one spawning in
spring and the other in late summer or autumn (Parsons, 1970; Parsons
and Hodder, 19Tla; Messieh and Tibbo, 1971}. Spring-spawning herring
are predominant in some areas and avtumn spawners in others. These
two spawning groups msy be characterized as low- and high-temperature
spawners respectively {Blaxter, 1958). BSpring spawning generally
cccurs some time between late April and mid~June and late summer-
autumn spawning in August-September, Ewvidence from other sources
{Jean, 1956; Tibbo and Legaré, 1960; Das, MS 1968) indicates that in
the Northwest Atlantic mean water temperature on the spawning grounds is
approximetely 5°C lower in the spring than it is in the autumn.
Temperatures during spring spawning generally range from 2 to 12°C and
during late summer—autumn spawning from 8 to 16°C.

Parsons and Hodder (197la) have shown that spring- and
autumn-spawning herring which overwinter aleng southwest Newfoundland
exhibit distinet differences in mean numbers of fin rays and gill rekers
and Messieh and Tibbo {1971) have reported similar fin-ray differences
between spring and sutumn spewners in the southern Gulf of St. Lawrence,
The present study provides evidence that such differences are widespread
for spring- and autumn-spawning herring in practically all areas around
Wewfoundland differ in these meristic characteristics. Although there is
generally no significant difference between mean vertebral numbers of
spring and autumn spewners, mean numbers of gill rekers and of pectoral
and anal fin rays are generally higher (P < 0.01) for autumn-spawning
than for spring-spawning herring, with gill-raker and pectorsl fin-ray
numbers exhibiting the greatest degree of difference between spawning
groups .

Parsons and Hodder {1971a) have related differences in the mean
numbers of fin reys of spring- and autumn-spawning Atlantic herring to
vater temperatures during early development and to differences in the
developmental rates of spring- snd autumn-hatched larvae., Parsons (1972)
has shown that from 79 to 91% of individual spring and autumn spawners
can be correctly classified to thelr respeetive spawning groups by the
use of a linear discriminant function based on three meristic characters,
from which it is concluded that the vast majority of autumn spawners are
the progeny of herring which spawned in the autumn and spring spawners
of herring which spawned in the spring.

In view of the highly significant meristic differences between
spawning groups within areass, it is necessary to consider spring and autumn
spawners separately for between-area comparisons of all meristic characters
except vertebral number. Comparisons of herring stocks in various regions
have often been based sclely on one meristic character, i.e, vertebral number.
However, since meristic characters are susceptible during the early life
histoxy of individual fish to locel environmentel fluctuations, which may
produce recognizeble variations in some meristic characters but not in
others, no single character is likely to be sdequate to delineate the
interrelationships of several stocks. The fact that spring- and asutumn-
spawning herring differ significantly in mean numbers of pectoral and
anal fin rays and gill reskers, despite similarities in mean vertebral
numbers, demonstrates the necessity for considering several characiers in
attempts at stock differentiation, OStatistical comparisons of mean
numbers of pectorsl and anal fin rasys, gilil rakers and vertebrae indicate
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that all four meristic characters are useful to a limited degree for deter-
mining the interrelationships of herring stocks in the Newfoundland area.
Gill=rsker and anal fin-rey numbers appear to be the most useful.

Combined results Ffor all four meristic characters indicate that
southwest Newfoundland and Magdalen Islands spring-spewning herring differ
from southeastern Newfoundlarnd (Fortune, Placentia and St. Mary's bays)
spring spawners which in turn are different from eastern Newfoundland
{Trinity Bay to Quirpon) spring spswners, Southwest Newfoundland spring
spawners have a glll-rsker average which is intermediate between that
for Magdalen Islands and Hawke's Bay apring spawners, indicating a possible
mixing of spring spawners from more than one area along southwest
Newfoundland, However, when all four characters are considered, 1t
appears that Hawke's Bay spring spawners are relatively distinct from
spring spawners to the south (southwest Newfoundland and Magdalen Islends)
and the northeast (Quirpon and Comnche)., The distinct vertebral snd pectoral
fin-ray averages of Fortune Basy herring indicate that these herring
probably do not intermingle to amy great extent with those in adjoining
aress. From their pectoral fin-ray average St. Mary's Bey spring spawners
also appear to be relatively distinct from those in adjoining areas.

There are no apparent meristic differences among spring spawners from
Trinity, Bonavista and Notre Dame bays but Notre Dame Bay spring spawners
differ significently in mean number of pectoral fin rsys frem Conche,
Quirpon and Hewke's Bay spring spawners, indicating that Notre Dame Bay
spring spawners may be relatively distinct from those in more northern aress.
Spring-spawning herring from Conche and Quirpon were similar in all meristic
characteristics.

Fewer meristic differences are evident among sutumn spawners than
among spring spawners. Comparisons of mean vertebral numbers indicate that
autumn spawners from Gabarus Bay in northeastern Nova Scotia, which have
the lowest vertebral average (55.497), are different from Hawke's Bay,
Quirpon, Conche, Notre Dame Bay and Trinity Bay herring., Gabarus Bay autumn
spawners have the highest gill-reker average among autumn spawners and
are significantly different from Magdalen Islands, southwest Newfoundland
and Hawke's Bay sutumn spawnhers, which have the lowest gill-raker averages
(in order of incressing magnitude), Magdalen Islends sutumn spawners are
slso significantly different in mean numbers of ansl fin rays from Gsbarus
Bay and southeastern Newfoundland (Placentia, St. Mary's, Trinity and
Bonavista bays) autumn spawners. These results suggest that autumn-
spawning herring from northeastern Nova Scotla (Gabarus Bay) do not
intermingle much with autumn spewners from southwest Newfoundland and the
scuthern and northern Gulf of 5t. Lawrence., Magdalen Islands autumn
spawners are similar in meristic characteristics to autumn spawners from
southwest Newfoundland and Hawke's Bay but apparently intermix very little,
if at all, with southeastern Newfoundland autumn spawners.

A negative correlation between mean vertebral number and water
temperature has been shown previously for herring (Bubbs, 1925; Rounsefell
and Dahlgren, 1932; Tester, 1938; Rinnstrom, 1941; Biickman, 1950). Tibbo
{1956), from investigations conducted in 19h2-LkL, found that the mean
number of vertebrae tended to dscrease from south to north in the
Newfoundland area, which is the reverse of what is usually found elsewvhere,
He concluded that this was due to a progressive increase in temperature at
spewning from south to north, development of Notre Dame Bay herring taking
place later in the season at higher temperatures and being reflected in a
lower mean number of vertebrae. Apart from Fortune Basy and Gabarus Bay
herring vertebral means were similar throughout the area studied in the
present investigation, with no geographic trend evident. Titbe (1956)
characterized three distinct herring populations on the basis of vertebral
reans. Labrador and Notre Deme Bay herring had similar relatively low mean
numbers of vertebrae (55..459 and 55.420 respectively}. Vertebral means of
combined samples from those two areas differed significantly from the means
for Bay of Islands (55,564) and Fortune Bay {55.T79) which in turn were
significantly different from each other. The vertebral mean for Placentia
Bay {55.685) was statistically similar to the means for Fortune Bay and Bay
of Islands. Although the mean number of vertebrae of Notre Dame Bay herring
increased significantly from 19h2-uk (55.429) to 1969-70 (55.672), in both
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periods Fortune Bay herring had the highest mean vertebral numbers in the
Newfoundland area (55.779 and 55.877 respectively). Tibbo (1957a) reported
a relatively high mean vertebral number of 55.772 for Fortune Bay herring
during the 1946-48 period. Hodder (1967) also found & high vertebral
mean (55.82) for Fortune Bsy herring during 1965-66. From vertebral data
reported by Anthony and Boyar {1968} for Gulf of Maine end adlecent Nova
Scotian areas, Tibbo {195Tb} for the Atlantic coast of Nova Scotia, and
Day (1957a,b,c) and Tibbo {195Tc¢) for the northern and southern Gulf of
St. Lawrence, it appears that the present mean vertebral number of Fortune
Bay herring (55.877) is matched only by that for herring from Ile Verte in
the Estuary of the Gulf of St. Lawrence (55.8B3) and hence is among the
highest in the Northwest Atlantic.

Jean (1967) attributed the high vertebral average of Ile Verte
herring to a negative correlation between vertebral npumber and water
temperature, based on the premise that Ile Verte herring spawn and
develop in very cold water. The consistently high vertebral averages of
Fortune Bay herring msy also be related to a relatively low temperature
at spawning. GSpring spawning in Fortune Bgy usually occurs some time
between mid-April and mid-May, mostly in early May, which is earlier than
in most other Newfoundland areas (unpublished data, St. John's Biological
Btation). Hydrographic data indicate that in relatively shallow-water
in Fortune Bay temperatures around the 20th of April generally range from
1.9°C at 10 m to 2,5°C at the surface, By the 20th of May bottom
temperatures in 2-6 fathoms in the vicinity of the spawning grounds range
from 2.5 to 3.8°C. Hence it seems likely that incubation temperatures
could be as low as 2 to 4°C. It is possible that, as a result of the
earlier spawning spring-spawned herring eggs in Fortune Bay develop and
hatch at lower temperatures than in other Newfoundlend areas where spawning
is later (mid-May to mid-June) and temperatures at spawning mey be higher.
The available hydrographic data for most Newfoundland inshore areas is
inadequate to permit valid comparisons of temperature at spawning in the
various areas, but it is known that in 1970 bottom temperatures on the
spewning grounds in St. Mary's Bay during and irmmediately after spawning
in late May ranged from L to 10°C (G. H. Winters, personal communication).

Despite the lack of a geographic cline in vertebral means, the
present results show gecgraphic trends in the mean numbers of gill rakers
and anal fin rays which appear to be correlated with water temperatures
during early development. The period of fixation of gill-raker number
in Atlantic herring is not known but is possibly relsted to complex
ecological factors, in particular those connected with the optimum
utilization of available food. It has been shown for several species that
a correlation exists between gill-raker number and feeding hablis
{Reshetnikov, 1961; Martin and Sandercock, 1967). Although the precise
time of fixation of the number of rays in the ansl fin is also unknown,
it probably occurs during the larval period since anal fin formation is
completed at sbout 30 mm {Lebour, 1921).

A general negative correlation between the mean number of gill
rekers and water temperature is readily apparent from the hydrography of the
Newfoundland area, The frigid (< 0°C} portion of the Labrador Current of
Arctic origin exerts the dominant hydrographic influence along the east
cosst of Newfoundlend (Smith et al., 1937; Hachey et al., 1954; Templeman,
1566). To the north of the Grand Bank the Labrador Current divides, one
branch passing through the Avalon Channel and along the coast southward
toward Cape Race and the second flowing along the eastern slope of the
Grand Bank. The volume of very cold water in the Labrador Current declines
from north to south (May et al,, 1965) and iz less prominent along
southeastern than along eastern Newfoundland. Its influence upon coastal
hydrography is relatively weak west of Fortune Bay. A relatively warm
current flows northward along the west coast of Newfoundland. A portion
of this current flows out along the south shore of the Strait of Belle
isle, whereas & cold branch of the Labrador Current enters the Strait
along its ncrth shore.,

Spring-spawning herring from the generally cold waters of eastern

Nevfoundland have higher gill-reker sveramges than spring spawners from
southeastern Newfoundland where water temperatures are somewhat intermediste,

B 12



- 12 -

The lowest gill-raker averages occur along southwest Newfoundland and in the
vicinity of the Megdelen Islands, generally warm ereas which are relatively
unaffected by the cold waters of the Lebrador Current. The mean number of
anal fin reys is also higher for eastern Newfoundland spring spawners than
for spring spawners from southern Newfoumdland and the Magdalen Islands.
Hawke's Bey spring spawners are somewhat anomalous in that they sre similar
in mean number of gill rakers to scutheastern Newfoundland spring spawners
but are similar to eastern Newfoundland spring spawmers in the mean number
of anal fin reys. Despite the geographic trend in gill-raker and anal fin-
ray averages among spring spawners, no such trend is evident among sutwmn
spewners. It is possible that temperature conditions on the spawning grounds
end in the larval nursery areas are more uniform throughout the Newfoundland
area during the autumn than during the spring or early summer.

The results of the present study utilizing meristic differences
ag indicators of stock heterogeneity compare favoursbly with other methods
of stock differentiation. Comparisons of other blological characteristics
of herring from socuthwestern Newfoundland, Magdalen Islands, Banguereau,
Cansc Bank and Chedsbucto Egy (Hodder and Parscns, 197la,b; Parsons and
Hodder, 1971b) and tagging results (Winters, 1970; MS 1971) have shown that
the winter fishery along southwestern Newfoundland is largely dependent on
herring that are not indigenous to that area but rather are derived from
spring and sutumn spaswnings in the southern Guif of St. Lawrence. This
southwest Newfoundland-southern Gulf stock complex apparently does not
intermix to any greet extent with herring concentrations fished in winter
by Canadian vessels in the Chedabucto Bay-Canso Bank area and by European
vessels on Banquereau. Meristie¢ comparisons indicate that the spring=-
gpawning component of the southwest Newfoundland concentrations may also
include an intermixture of herring which also freguent Hawke's Bay in
northwest Newfoundlend, since the gill-raker average for southwest
Newfoundland spring spawners is intermediate between those for spring
spewners from Magdalen Islands and Hawke's Bay. The recovery of 3 tegs
during the 1971 southwest Newfoundland winter fishery from the liberation
of 3400 tagged herring at Hawke's Bay during December 1970 (G. H. Winters,
personal communication) indicates some intermixture of Hawke's Bey herring
with those which overwinter along southwest Newfoundland but this may be
s8light.

Despite the differences in pectoral fin-ray number between
spring-spawning herring from Placentia and S3t. Mary's bays, previous
evidence suggests that herring in these two beys belong, at least partially
to the same stock. This was indicated by the migration of "red" herring,
which had been exposed to phosphorus poiscning in Placentia Bay, into St.
Mary's Bey in the spring of 1969 (Hodder, Parsons and Pippy, 1972).

Parsons and Hodder (19T71b) have shown a distinct geographic
variation in the incidence and intensity of infestation of adult herring
from Canadian Atlantic waters with the larvel nematode Anigaiis
Dujardin, 1845, which indicates that this parasite is valugble as a
biolcgical indicator of stock heterogeneity. Stock relationships
suggested by meristic compsrisons agree in most instances with those
indiceted by the level of infestation of herring in varicus areas with
larval Anisakis.

Although meristic differences appear to be useful indicators
of herring stock heterogeneity in Newfoundland and adjacent waters, the
existence of significant morphological differences does not imply that no
intermingling occurs between two areas but merely indicates that the
samples were not derived from & single completely mixed stock. No one
method is sufficient to completely delineate the degree of heterogeneity of
fish stocks; coneclusions regarding stock interrelationships should be based
on a variety of techniques. Although morphological differences generally
show stock heterogeneity within a broed area, only direct methods, i.e.
tagging, will demonstrate actusl intermixing between stocks. Tagging
experiments are required to determine whether intermingling occurs between
groups considered to be discrete on the basis of morphological characteristics.
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Table 1. HNumbers of herring in each ares from which
meristic counts were obtained {5 = Spring spawners;
A = Autumn spawners).

Area Locality and No. of
code spawning group specimens

Gabarus Bay, N.S. (a) 350

2 Magdalen Islands (s) 112
1] n (A) 368

3 Southwest Nfld. (8) 137
" " (4) 359

i Fortune Bay {s) 397
Placentia Bay (s} 297

me (a) 177

6 St. Mary's Bay (8) hiT
n n "t (A) 122

7 Trinity Bay (8) 333
n " {A) 110

8 Bonavists Bay (8) 306
n " (A.) 92

9 Notre Dame Bay (s) 548
10 Conche (s) 77
" (A) 80

11 Quirpon (8) 81
H (A) 135

12 Strait of Belle Isle (A) 200
13 Hawke's Bay (8) 238
" " (A) 159

5095

Table 2. Frequency and percentage of autumn and spring
spawners in the wvarious aress.

Frequency Percentage
Autumn Spring Immatures¥® Autumn Spring Immatures#®
Areas spawners spawners spawners Sspawners
Gabarus Bey, N.S. 335 1L 1 95.7 4,0 0.3
Magdalen Islands 368 112 20 73.6 22.k h.o
Southwestern Nfld. 359 137 N 71.8 27.0 0.8
Fortune Bay 370 27 e 93.2 6.8
Placentia Bay 177 297 1 37.3 62.5 0.2
St. Mary's Bay 12k h39 22.0 8.0
Trinity Bay 111 333 25.0 5.0
Bonavista Bay 92 306 6 22.8 5.7 1.5
Notre Dame Bay 20 528 3.6 96. L
Conche 80 78 16 k6.0 Lk, B 9.2
Quirpon 135 81 I 61.4 36.8 1.8
Strait of Belle Isle 188 12 oh.o 6.0
Hawke's Bay 159 238 Lo 35.7 53.4 10.9

*Includes only those immeture herring which have not been assigned
to either spawning group.
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Table 7. Results of the Duncan new multiple range test applied to

the ranked mean numbers of vertebrae (spring and autumn spawners

cambined) of herring from various Newfoundland and adjacent areas.

(Any two means not included in the same bracket are significantly

different; any two means included in the ssme bracket are not
significantly different.)

Pooled year-classes 1963 year-class

Area Mean Area Mean
Fortune Bay 55.877 Fortune Bay 56.020
Conche 55.789 |- Quirpon 55.786
Quirpon 55.750 Conche 55.708
Hawke's Bay 55.725 Magdelen Islands 55,694
Trinity Bay 55.695 Southwest Nfld. 55.684
St. Mary's Bay 55.677 Placentia Bay 55.639
Xotre Dame Bay 55.672 8t., Mary's Bay 55.614
Magdalen Islands 55.625- Gabarus Bay, N.S. 55.547
Southwest Nfld. 55.617 Bonavista Bay 55.531
Placentie Bay 55.616 Trinity Bay 55.495
Strait of Belle Isle 55.615 Notre Dame Bay 55. 424
Bonavista Bay 55,608 |- Hawke's Bay 55. 51T
Gabarus Bay, N.S. 55. 497
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Table 10. Results of the Duncan new multiple range test applied to
the ranked mean number of gill rskers of herring from various New—
foundland and adj}scent aress (based on pooled year-classes).

Spring spawmers Autumn spavmers

Ares Mean Area Mesan
Bonavieta Bay 48.973+ Gabarus Bay, N.5. 49. 655+
Quirpon 48.950 Trinity Bsy Lg.s5h1 |
Trinity Bay 48,863 T Beonavista Bay Lg. 488
Conche 48.853 Quirpon hg, L8
Notre Dame Bay hB.BhZJ St. Mary's Bay 49, 437
Placentia Bay h8.621-7- Streit of Belle Isle 49.L421
St. Mary's Bay 48, Lok Placentie Bay 4g.218
Fortune Bay L8.370 Conche Ly . 200
Hawvke's Bay L8, 209 Southwest Nfld. 49.164
Southwest Nfld, kT.8610 Hawke's Bay L9, 1k6
Magdalen Islands 47.036 Megdelen Islands L8, 997—
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Table 13. Results of the Duncan new multiple range test spplied to

the ranked mean mmbers of pectoral fin rays of spring-spawning

herring from various Newfoundland and sdjacent areas (based on pooled
yeasr-classes).

Spring spawners

Area Mean
St. Mary's Bay 17. b6
Hawke's Bay 17.388 [
Quirpen 17.388
Conche 17.3115
Bonavista Bay 17.266
Megdalen Islands 17.250
Placentia Bay 17.247
Trinity Bsy 17.245
Southwest Nfld. 17.182 -J
Notre Dame Bay 17.15h4-
Fortune Bay 16.954
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Table 16. Results of the Duncan new multiple range test applied to the
ranked mean numbers of anal fin rays of herring from various Newfoundland

and ad)aecent areas (based on pooled year-classes).

Spring spawners

Autumn spawners

Aren Mean Area Mean
Bonavists Bay 18.026— Magdalen Islands 15.3007
Quirpen 18.000 Southwest Nfld. 18.164 |-
Trinity Bay 17.991 Strait of Belle Isle 18.121
Havke's Bay 17.958 . Hawke's Bay 18.115
Conche 17.920 Conche 18,113
Notre Dame Bay 17.917-J Quirpon lB.OBS—J
5t. Mary's Bay 17.7834 Gabarus Bay, N.S. 18.080
Fortune Bay 17.777 Placentia Bay 17.958
Magdalen Islands 17.691 |- Trinity Bay 17.946
Placentia Bay 17.6L1 Bonavista Bay 17.94k%
Southwest Nfld. lT.SQB‘J St. Mary's Bay 17.929—i
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