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Introduction 

The fishery for Atlantic herring in Newfoundland waters increased 
spectacularly during the past decade. With the advent of a purse seine 
fishery, landings from the coastal waters of southwest Newfoundland (Cape 
Ray to Hernri tage Bay) increased rapidly !'rom 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 ba;ys and inlets around the NewfoWldland coast and are fished to a 
limited extent in all 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 Januar,r 1969 a study of the meristic characteristics of herring 
inhabiting Newfoundland and adjacent waters was undertaken to determine 
whether there are sufficient 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 Bay. Nova Scotia. in the 
south to th~ 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 1 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 gillnets and codtraps 
cannot be regarded as conq>letely 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 
recorded and otoliths taken for subsequent age determination. 
used is the greatest total length measured from the tip of the 
to the end of the longest lobe of the caudal fin with the lobe 
posteriorly in line with the body. 

fish were 
The length 
lower jaw 
extending 

The age was recorded as the number of completed summer (opaque) 
growth zones on the otolith. Januar,y 1 was selected as the arbitrary 
birth date; a fish 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 older 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 and 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 stuQy specimens were assigned to 
year-classes on the basis of spawning time. It is assumed that the vast 
maj ori ty of spring-spawning herring were hatched in the spring and 
autumn-spawning herring in the autumn. Parsons and Hodder (1971a) have 
shown that spring and autumn spawners differ greatly in meristic 
characteristics and Parsons (1972) has correctly classified from 79 to 
91% of 1ndi vidual spring and autumn spawners to their respective 
spawning groups by means of a linear discriminant function based on 
three meristic characters. In this study an autumn-spawning herring 
of a certain age was assigned to the year-class immediately preceding 
that of a spring-spawning herring of the same assigned age. 

Five meristic 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 ceratobranchial) of the first left gill arch 
and the anal and left pectoral fin ra.vs were counted with a binocular 
microscope. Vertebral counts, excluding the hypural plate, and dorsal 
fin-ray counts were determined from radiographs. All pectoral fin ra:::rs 
and all rakers on the lower limb 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 fins all rays including rudimentary rays 
were counted; the last split rays originating from the same base were 
counted as one. 

Results 

A. Spawning season 

Indi vidual adult fish were assigned to spawning season on the 
basis of gonad development in relation to time of capture. Spring- and 
autumn-spawning herring differ markedly in the timing of the cycle of 
gonad development. Although the stage of maturity may not be a reliable 
indicator 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 areas (excluding Fortune B8¥ and Gabarus B8¥) only 
small proportions of immature herring were present in the samples 
(tl'ahle 2). In those areas where virtually all adults belonged to one 
spawning group (e.g. Fortune Bay and Gabarus Bay) most of the immature 
herring were also assigned 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. Parsons, Wlpublished data). However, no attempt was made to classify 
the few immature herring in areas where substantial proportions of both 
spring and autumn spawners were represented among the adults and these 
have been excluded from the data analyses which follow. 

In most areas both spawning types were present but in varying 
proportions (Table 2). Herring caught in Gabarus Ba;y (northeast Nova 
Scotia) were virtually all (95.7%) autumn spawners. Autumn-spawning 
herring were predominant at Magdalen Islands and along southern 
Newfoundland west of FortUne Ba;y (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 B~ were definite spring spawners (93.2 and 96.4% respectively). 
Small proportions ot late summer-ear~ autumn spawners were found in 
the samples from Bonavista, Trinity and St. Mary's bS¥s (22.8, 25.0 and 
22.0% respective~); in Placentia B~ the proportion was somewhat higher 
(37.3%). Major spring spawnings occur in Fortune Bay in late April-early 
Ma;y-, in Placentia and St. Mary's bqs from the middle to the end of May 
and in Notre Dame B83' from mid-M~ to mid-June. These spawnings generally 
occur in shallOW' water (0-5 fathoms). Reports indicate that in recent 
years herring in Bonavista and Trinity bays have abandoned their 
tradi tional inshore spawning grounds and now spawn in deeper water 
(Parsons, 1970). 

Spring and autumn spawners were present in approximately equal 
proportions in Conche samples but Quirpon herring were predominantly 
autUIlUl spawners (61.4%). The large IILabrador-type" herring prevalent 
along the northwest coast of Newfoundland and in the southeastern Strait 
of Belle Isle during June and July were almost exclusively (94.0%) late 
sununer-early autumn spawners. Hawke I s Bay (northwest Newfoundland) herring 
were 53.4% spring spawners and 35.7% autumn spawners, the remainder being 
immature. 

The proportions of spring spawners in Gabarus BSiY and Strait of 
Belle Isle samples and autumn spawners in Fortune Bay and Notre Dame 
Bay samples were relatively insignificant (less than 7%). Hence, for the 
purpose of this study" Gabarus BB\Y and Strait of Belle Isle herring are 
considered to be autumn spawners and Fortune Bay and Notre Dame Bay 
herring are considered to be spring spawners. 

B. Meristic characteristics 

Methods of analysis 

For each type of statistical test employed 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 analysis 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 areas were found for vertebrae, gill rakers, and pectoral and anal 
fin rays. Therefore, samples were combined for subsequent analyses 
involving these characters. There were, however, significant between­
sample differences in dorsal fin-ray averages within several areas for 
both spring and autumn spawners. 

'1'0 evaluate possible bias in meristic averages resulting from 
the different selective properties of the various 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 distribution 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 autumn spawners within 
each of the 9 areas where both spawning groups were present and differences 
between means for male and female herring in all areas (spring and autumn 
spawners separate) were tested for significance using student's-t test. 

One-va.;" analyses of variance adjusted for unequal sample sizes 
were performed to test year-class variation in meristic numbers within 
each area, Year-class comparisons based 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 choseD and only those year-classes which were 
represented in a particular area by at least 25 specimens were included 
in comparisons of year-Class means wi thin each area. 

The combined data for each meristic character (spring and autumn 
spawners separate) were tested for differences among areas by analysis 
of variance. To test the individual differences ranked means of meristic 
numbers were compared using Duncan's new multiple range test (Steel and 
Torrie, 1960) modified for unequal sample sizes as proposed by Kramer 
(1956). In the tabular presentation of the results BOY two means included 
in the same bracket are Similar but any two means not included in the 
same bracket are significantly different. 

1. Numbers of vertebrae 

(i) Variation with length 

Both positive and negative correlations between vertebral numbers 
and total length were obtained (Table 3). The correlation coefficients 
differed significantly from zero in only 3 of 22 possible instances. 
The estimated population correlation coefficient (f» for spring spawners 
was 0.119 and for autumn spawners 0.059. According to Fukuhara et al. 
(1962) the expression 100 ~2 is an approximate measure of the variability 
in the observations for a particular character due to corresponding 
variability in length. For vertebral number this variability is 1.4% 
for spring spawners and only 0.3% for autumn spawners. It is evident 
from this that the correlation between length and vertebral number is 
negligible. 

(ii) Variation between spawning groups and sexes 

In five of the nine areas where both spawning groups were 
present spring spawners had a slightly higher vertebral average than 
autumn spawners but in the other four areas the situation was reversed 
(Table 4). The difference between spring and autumn 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 area is negligible 
and the two spawning groups were combined for area comparisons involving 
vertebral number. 

Mean number of vertebrae was slightly higher for mal.es than 
females in 14 instances and slightly higher for females than males in 
8 instances (Table 5). Differences between the sexes were significant 
in onLy 2 of 22 possible instances. It was assumed that the observed 
significance was by chance only and the sexes were combined for 
subsequent vertebral comparisons. 

(iii) Variation among year-classes and aress 

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 a mean of 55.424 (328 specimens). Since no single year-class 
was adequately represented in all areas, area comparisons were performed 
with all year-classes pooled. 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 also made based only on specimens belonging to this year­
class. 

Figure 2 shows mean vertebral numbers and 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 B~, Nova Scotia, to 55.877 for 
Fortune Bay, Newfoundland (Table 6). No geographic trend was evident. 
An analysis of variance of the vertebral frequencies revealed significant 
heterogeneity among areas. Duncan's new multiple range test indicated 
that Fortune B~ herring differ in mean vertebral number from herring in 
all other areas except Canche 8lld Quirpon. Gabarus Bay fish difTer in 
mean vertebral number from Forttme Bay ~ Conche, Quirpon, Hawke's Bay, 
Trinity Bay, St. Mary's Bay and Notre Dame Bay fish but are similar to 
all others ('fable 7). 

Vertebral comparisons based only on the 1963 year-class also 
indicated that Forttme Bay fish differ from all others except Conche and 
Quirpon. Notre Dame Bay fish also appear to be different from Quirpon 
and St. Mary's BS¥ fish. Although herring of the 1963 year-class f'rom 
Hawke's Bay, Notre Dame, Bonavista and Trinity bays appear to have 
relatively low vertebral means whereas the means for Conche and Quirpon 
are relatively hi~ exceeded only by that for Fortune Bay, these 
differences are generally not statistically significant (at p = 0.01) 
probably because of the very small numbers 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 the present 
study such abnormal 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 signif'icantly different (t-test) 
in any area from those means based only on fish with normal vertebrae. 
Hence. it appears 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 and Bull (1926) for 
Atlantic herring and Templeman (1948, 1970) for capelin, MalZotus villosus, 
and Greenland halibut" Reinha:l'dtius hippoglos8oid£8. 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 halibut respectively. Pitt (1963) stated that an average 
of about 2% of American plaice, Hippoglo8soiaes pZatessoiaes, had fused 
vertebrae. These percentages are much lower than that reported by 
McHugh (1942) for juvenile Pacific herring, Clupea pallasii (6.65%). 

2. Numbers of' gill rakers 

(i) Variation 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 
and Placentia Bay spring spawners) of 22 possible instances. The estimated 
population correlation coefficient (P) for spring spawners was 0.167 and 
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ror autumn spawners 0.075. Overall variability in Sill-raker number due 
to corresponding variability 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 frequencies for Fortune B~ and 
Placentia Bay spring spawners to eliminate any possible bias in area 
comparisons • 

(11) Variation between spawning sroups and sexes 

Autumn spawners had higher gill-raker averages than spring 
spawners in all nine areas where both spawning groups were present 
(Table 8). The differences were significant for all areas except Conche. 
These highly signiricant dirferences in mean gill-raker numbers 
necessi tated the separation of spring and autumn spawners in subsequent 
analyses involving gi 11 rakers. 

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

(iii) Variation among year-classes and areas 

There 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 B~ 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 instances the differences 
between year-classes were attributed to an increase in gill-raker 
number 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 Gaharus B~ 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-raker 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 Gabarus B~. Analyses of variance of the gill-raker 
frequencies showed significant heterogeneity among both spring and 
autumn spawners. Duncan's new multiple range test revealed that 
Magdalen Islands and southwestern Newfoundland spring-spawning herring 
differ in mean number of gill rakers from spring spawners in all other areas 
(Table 10). Spring spawners from eastern Newfoundland (Trinity B~ 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 I s 
Ba;y 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 Bay 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 B8\Y which have 
the highest gill-raker average differ significantlY from Magdalen Islands, 
Hawke's BB\Y and southwest Newfoundland autumn spawners which have the 
lowest gill-raker averages. 

3. Numbers of pectoral fin rays 

(i) Variation with length 

Both positive and negativ~ correlations between pectoral fin-ray 
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 betwee~ these two variables. However, the 
estimated population correlation coefficient (~) was only 0.123 for 
spring spawners and 0.129 for autumn spawners. Hence, the overall 
variability in pectoral fin-r~ numbers due to corresponding variability 
in fish length is only 1.5% for spring spawners and 1.7% for autumn 
spawners from whi ch it appears that the correlation between pectoral 
fin-ray number and fish length is negligible. 

(ii) Variation between spawni!1/! groups and sexes 

Autumn spawners had Significantly higher pectoral fin-ray 
averages than spring spawners in all nine areas where both groups were 
represented (Table 11). Therefore, the two spawning groups were kept 
separate in subsequent analyses involving pectoral fin-ray numbers. 

Mean number of pectoral 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) Variation among year-classes and areas 

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

Figure 4 depicts mean pectoral fin-ray numbers and two standard 
errors on each side of the mean for the various areaS for spring and 
autumn spawners separately. Mean numbers of pectoral fin rays among 
spring spawners ranged from 16.954 for Fortune Bay fish to 17.446 for 
St. Mary's BBlf fish (Table 11). Among autumn spawners the means ranged 
from 18.418 for Quirpon fish to 18.622 for Trinity Bay fish. No 
geographic trend in mean pectoral numbers was evident among either 
spawning group. There was significant area heterogeneity among spring 
spawners but not among autumn spawners. Comparisons of the ranked 
means of pectoral fin r8¥s for spring spawners by Duncan's new multiple 
range test indicated that Fortune B~ fish differ from those in all 
other areas (Table 13). St. Mary's Bay spring spawners are similar in 
mean pectoral fin-ray nuniber to spring spawners from Hawke '5 Bay, 
Quirpon and Conche but differ significantly from those in all otber 
areas. Notre Dame B~ spring spawners differ significantly from Conche, 
Quirpon and Hawke's Bay spring spawners as well as those from St. Mary's 
and Fortune bays. 

4. Numbers of anal fin rays 

(i) Variation with length 

Both positive and negative correlations between anal fin-ray 
number and fish length were obtained (Table 3). Correlation coefficients 
differed significantly from the null hypothesis in only two instances. 
Since p was only 0.039 for spring spawners and 0.048 for autumn spawners, 
the variability in anal fin-r6¥ numbers due to corresponding variability B8 
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in length is only 0.2% for both spring and autumn spawners. Thus the 
correlation between anal fin-ray number and fish length is negligible. 

(ii) Variation between spawnins grOUpS and sexes 

In seven of the nine areas where both spawning groups were 
present autumn spawners had higher anal fin-ray averages than spring 
spawners (Table 14). For Magdalen Islands, southwest Newfoundland and 
Placentia Bay herring these differences were significant. Because of 
these differences spring- and autumn-spawning herring were treated 
separately in subsequent analyses involving anal fin-rB3 numbers. 

Mean number of anal fin r8\Y"s was higher for males than females 
in 7 instances and higher for females than males in 15 instances (Table 
15) but the differences were not significant; therefore anal fin-ray 
data for males and females were combined. 

(iii) Variation amons Year-classes and areas 

Analyses of' variance to test year-class variation in mean anal 
fin-ray numbers revealed significant year-class heterogeneity only among 
Placentia B8¥ spring spawners. Despite this heterogeneity area com­
parisons were performed with all year-classes pooled because of the 
wide fluctuations 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 sp~ers based only on 
specimens belonging to the 1963 year-class. 

Mean numbers of anal 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 autumn 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-rSiY frequencies 
showed significant heterogeneity among both spring and autumn spawners. 
Duncan's new multiple range test indicated that among spring spawners 
fish !'rom eastern and northwestern Newfoundland (Trinity B~ to Quirpon 
plus Hawke f 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 and Hawke's Bay spring spawners 
have higher anal fin-ra;y averages tban those from s Quthern NewfOl.Uldland 
and Magdalen Islands. Comparisons based only on the 1963 year-class 
shaw greater similarity than those based on the pooled year-classes. 

Fortune Baur herring of the 1963 year-class differ significantly 
from Bonavista Bay and Trinity B~ spring spawners of the same year-class 
(t-test) . 

Among autumn spawners Magdalen Islands fish differ significantly 
in mean number of anal fin re;{s from Gabarus Bay, Placentia Bay, St. 
Maryls BB\Y, Trinity Bay and Bonavista Bay autumn spawners. Autumn­
spawning herring from the other areas are not significantly different 
from each other. 

5. Numbers of dorsal fin rays 

Dorsal fin-ray averages appear to be unsatisfactory for herring 
stock differentiation because there are significant differences between 
samples within several areas, and dorsal fin-ray COlUltS. particularly of 
smaller fish, tend to be unreliable because of difficulties in dis­
tinguishing the first rudimentary ray. A small rather rounded bone 
was frequently present anterior to the first obvious rudimentary ray as 
found in Oncorhynchus nel'ka by Fukuhara et al. (1962) and in Sal-mo sala:!' 
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by Templeman (1967). If this bone was round and Dot elongated as in other 
rudimentary rays, it was not counted. However, checks by the author 
revealed differences between individuals in applying these criteria and 
even the same individuals experienced difficulty in distinguishing the 
first rudimentary r8¥ consistently. Since these inconsistencies were 
an obvious source of variation in dorsal fin-ray averages, this character 
was dis carded. 

Discussion 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, 19718; Messieh and Tibbo, 1971). Spring-spawning herring 
are predominant in Bome areas and autumn spawners in others. These 
two spawning groups DlB¥ be characterized as low- and high-temperature 
spawners respectively (Blaxter, 1958). Spring spawning generally 
occurs some time between late April and mid-June and late summer-
autumn spawning in August-September. Evidence from other sources 
(Jean, 1956; Tibbo and Legare, 1960; Das, MS 1968) indicates that in 
the Northwest Atlantic mean water temperature on the spawning grounds is 
approximately 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 along southwest Newfoundland 
exhibit distinct differences in mean numbers of fin rays and gill rakers 
and Messieh and Tibbo (1971) have reported similar fin-ray differences 
between spring and autumn spawners 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 
Newfoundland differ in these meristic characteristics. Although there is 
generally no significant difference between mean vertebral numbers of 
spring and autumn spawners, mean numbers of gill rakers and of pectoral 
and anal fin r~s are generally higher (p " 0.01) for autumn-spawning 
than for spring-spawning herring, with gill-raker and pectoral fin-ray 
numbers exhibiting the greatest degree of difference between spawning 
groups. 

Parsons and Hodder (197la) have related differences in the mean 
numbers of fin rB\Y's of spring- and autumn-spawning Atlantic herring to 
water temperatures during early development and to differences in the 
developmental rates of spring- and autumn-hatched larvae. Parsons (1972) 
has shown that from 79 to 91% of individual spring and autumn spawners 
can be correctly classified to their respective 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 areas, it 1s 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 solely on one meristic character, i.e. vertebral number. 
However, since meristic characters are susceptible during the early life 
history of individual fish to local environmental fluctuations, which may 
produce recognizable variations in some meristic characters but not in 
others, no single character is likely to be adequate to delineate the 
interrelationships of several stocks. The fact that spring- and autumn­
spawning herring differ significantly in mean numbers of pectoral and 
anal fin rays and gill rakers, despite simila:dties in mean vertebral 
numbers, demonstrates the necessity for considering several characters in 
attempts at stock differentiation. Statistical comparisons of mean 
numbers of pectoral and anal fin rays, gill 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-raker and anal fin-ray numbers appear to be the most useful. 

Combined results for all four meristic characters indicate that 
southwest Newfoundland and Magdalen Islands spring-spawning herring differ 
from southeastern Newfoundland (Fortune, Placentia and St. Mary's bays) 
spring spawners which in turn are different from eastern Newfoundland 
(Trinity Bay to Quirpon) spring spawners. Southwest Newfoundland spring 
spawners have a gill-raker average which is intermediate between that 
for Magdalen Islands and Hawke's Bay spring spawners, indicating a possible 
mixing of spring spawners from more than one area along southwest 
Newfoundland. However, when all four characters are considered, it 
appears that Hawke's B~ spring spawners are relatively distinct from 
spring spawners to the south (southwest Newfoundland and Magdalen Islands) 
and the northeast (Quirpon and Conche). The distinct vertebral and pectoral 
fin-ray averages of Fortune Bay berring indicate that these herring 
probably do not intermingle to any great extent with those in adjoining 
areas. From their pectoral fin-r~ average St. Mary's Bay 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 significantly in mean number of pectoral fin r8¥s from Conche, 
Quirpon and Hawke 's B~ spring spawners, indicating that Notre Dame Bay 
spring spawners mBY be relatively distinct from those in more northern areas. 
Spring-spawning herring from Conche and Quirpon were similar in all meristic 
characteristics. 

Fewer meristic differences are evident among autumn spawners than 
among spring spawners. Comparisons of mean vertebral numbers indicate that 
autumn spawners from Gabarus Ba;y in northeastern Nova Scotia, which have 
the lowest vertebral average (55.497), are different from Hawke's Bay, 
Quirpon, Conche, Notre Dame B~ and Trinity Bay herring. Gabarus Ba.y autumn 
spawners have the highest gill-raker average among autumn spawners and 
are significantly different from Magdalen Islands, southwest Newfoundland 
and Hawke's B~ autumn spawners, which have the lowest gill-raker averages 
(in order of increasing magnitude). Magdalen Islands autumn spawners are 
also significantly different in mean numbers of anal fin rays from Gabarus 
B~ and southeastern Newfoundland (Placentia, St. Maryls, Trinity and 
Bonavista bays) autumn spawners. These results suggest that autumn­
spawning herring from northeastern Nova Scotia (Gabarus Bay) do not 
intermingle much with autumn spawners from southwest Newfoundland and the 
southern and northern Gulf of St. Lawrence. Magdalen Islands autumn 
spawners are similar in meristic characteristics to autumn spawners from 
southwest Newfoundland and Hawke's Bay but apparently intermix very li tt1e, 
if at all, with southeastern Newfoundland autumn sp~ners. 

A negative correlation between mean vertebral number and water 
temperature has been shown previously for herring (Hubbs, 1925; Rounsefel1 
and Dahlgren, 1932; Tester, 1938; R1innstrom, 1941; Buckman, 1950). Tibbo 
(1956), from investigations conducted in 1942-44, found that the mean 
number of vertebrae tended to decrease from south to north in the 
Newfoundland area, which is the reverse of what is usually found elsewhere. 
He concluded that this was due to a progressive increase in temperature at 
spawning 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 B8¥ and Gabarus B8iY" 
herring vertebral means were similar throughout the area studied in the 
present investigation, with no geographic trend evident. Tibbo (1956) 
characterized three distinct herring populations on the basis of vertebral 
mearm. Labrador and Notre Dame B8¥ herring had similar relatively low mean 
numbers of vertebrae (55.459 and 55.429 respectively). Vertebral means of 
combined samples from those two areas differed significantly from the means 
for Bay of Islands (55.564) and Fortune Bay (55.779) which in turn were 
significantly different from each oth.:r. The vertebral mean for Placentia 
Bay (55.685) was statistically similar to the mean::; for FortWle Bay and Bay 
vf Islands. Although the mean number of vertebrae of Notre Dame Bay herring 
increased significantly from 1942-1~4 (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 a high vertebral 
mean (55.82) for Fortune B~ herring during 1965-66. From vertebral data 
reported by Anthony and Boyar (1968) for Gulf of Maine and adjacent Nova 
Scotian areas, Tibbo (1957b) for the Atlantic coast of Nova Scotia, and 
Day (1957a,b,c) and Tibbo (1957c) for the northern and southern Gulf of 
St. L8Wrence, it appears that the present mean vertebral number of Fortune 
B~ herring (55.877) is matched only by that for herring from lIe Verte in 
the Estuary of the Gulf of St. Lawrence (55.883) and hence is among the 
highest in the Northwest Atlantic. 

Jean (1961) attributed the high vertebral average o~ lIe Verte 
herring to a negative correlation between vertebral number and water 
temperature, based on the premise that lIe Verte herring spawn and 
develop in very cold water. The consistently high vertebral averages of 
Fortune BS¥ herring may also be related to a relatively low temperature 
at spawning. Spring spawning in Fortune BSiY usually occurs some time 
between mid-April and mid-Mq, mostly in early MSiY, which is earlier than 
in most other Newfoundland areas (unpublished data, St. John's Biological 
Station). Hydrographic data indicate that in relatively shallow-water 
in Fort une BSiY temperatures around the 20th of April generally range from 
109°C at 10 m to 2.5°C at the sur~ace. By the 20th of May bottom 
temperatures in 2-6 fathoms in the vicinity of the spawning groun~ 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 o~ the 
earlier spawning spring-spawned herring eggs in Fortune Bay develop and 
hatch at lower temperatures than in other Newfoundland areas where spawning 
is later (mid-May to mid-June) and temperatures at spawning may be higher. 
The available hydrographic data for most Newfoundland inshore areas is 
inadequate to perndt valid comparisons of temperature at spawning in the 
various areas, but it is known that in 1970 bottom temperatures on the 
spawning grounds in St. Mary's Bay during and immediately after spawning 
in late Mq ranged from 4 to 10°C (G. H. Winters, personal communication). 

Despite the lack of a geographic cline in vertebral means, the 
present results show geographic trends in the mean numbers of gill rakers 
and anal fin r~s which appear to be correlated with water temperatures 
during ear~ development. The period of fixation of gill-raker number 
in Atlantic herring is not known but is possibly related 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 habits 
(Reshetnikov, 1961; Martin and Sandercock, 1967). Although the precise 
time of fixation of the number of r~s in the anal fin is also unknown, 
it probably occurs during the larval period since anal fin formation is 
completed at about 30 mm (Lebour, 1921). 

A general negative correlation between the mean number of gill 
rakers and water temperature is rea.dily apparent from the hydrography of the 
Newfoundland area. The frigid (< aOc) portion of the Labrador Current of 
Arctic origin exerts the dominant hydrographic influence along the east 
coast of Newfoundland (Smith et a1., 1937; Hachey et al., 1954; Templeman, 
1966). 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 a1., 1965) and is less prominent along 
southeastern than along eastern Newfoundland. Its influence upon coastal 
hydrography is relatively weak west of Fortune B8¥. 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 a cold branch of the Labrador Current enters the Strait 
along its north shore. 

Spring-spawning herring from the generally cold waters of eastern 
Newfoundland have higher gill-raker averages than spring spawners from 
southeastern Newfoundland where water t~mperatures are somewhat intermediate. 
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The lowest gill-raker averages occur along southwest Newfoundland and in the 
vicinity of the Magdalen Islands, generally warm areas which are relatively 
unaffected by the cold waters of the Labrador Current. The mean number of 
anal fin rBiYB is also higher for eastern Newfoundland spring spawners than 
for spring spawners from southern Newf'o\mdland and the Magdalen Islands. 
Hawke 1 5 B8iY spring spawners are somewhat anomalous in that they are similar 
in mean number of gill rakers to southeastern Newfoundland spring spawners 
but are similar to eastern Newfmmdland spring spawners in the mean number 
of anal fin r~s. Despite the geographic trend in gill-raker and anal fin­
ra:y averages BIlIOng spring spawners, no BUch trend is evident among autumn 
spawners. It is possible that temperature conditions on the spawning grounds 
and in the larval nursery areas are more l.Uliform throughout the Newfoundland 
area during the autumn than during the spring or early sUIIIIler. 

The results of the present study utilizing meristic differences 
as indicators of stock heterogeneity compare favourably with other methods 
of stock differentiation. Comparisons of other biological characteristics 
of herring from southwestern Newfoundland, Magdalen Islands, Banquereau. 
Canso Bank and Chedabucto Bq (Hodder and Parsons, 1971a,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 autumn spawnings in the southern Gulf of St. Lawrence. This 
southwest Newfol.Uldland-southern Gulf stock complex apparently does not 
intermiX to any great extent with herring concentrations fished in winter 
by Canadian vessels in the Chedabucto B83'-Canso Bank area and by European 
vessels on Banquereau. Meristic oomparisons indicate that the spring­
spawning component of the southwest Newfoundland concentrations may also 
include an intermixture of herring which also frequent Hawke's Bq in 
northwest Newfoundland, since the gill-raker average for southwest 
NeWfoundland spring spawners is intermediate between those for spring 
spawners from Magdalen Islands and Hawke's Bay. The recovery of 3 tagS 
dUring the 1971 southwest Newfoundland winter fishery from the liberation 
of 3400 tagged herring at Hawke's B~ during December 1970 (G. H. Winters, 
personal communication) indicates some intermixture of Hawkels B8¥ herring 
with those which overwinter along southwest Newfoundland but this m~ be 
slight. 

Despite the differenoes in pectoral fin-r6¥ number between 
spring-spawning herring from Placentia and St. Mary's b6¥s, previous 
evidence suggests that herring in these two b~s belong, at least partially 
to the same stock. This was indicated by the migration of "red" herring, 
which had been exposed to phosphorus poisoning in Placentia B8¥, into St. 
Mary's Bay in the spring of 1969 (Hodder, Parsons and Pipp,y, 1972). 

Parsons and Hodder (1971b) have sbown a distinct geographic 
variation in the incidence and intensity of infestation of adult herring 
from Canadian Atlantic waters with the larval nematode Anisakis 
Dujardin, 1845, which indicates that this parasite is valuable as a 
biological indicator of stock heterogeneit,y. Stock relationships 
suggested by meristic comparisons agree in most instances with those 
indicated by the level of infestation of herring in various areas with 
larval Anisakis. 

Although meristic differences appear to be useful indicators 
of herring stock heterogeneity in Newfoundland and adjaoent 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 a single completely mixed stock. No one 
method is SUfficient to completely delineate the degree of heterogeneity of 
fish stocks; conclUsions regarding stock interrelationships should be based 
on a variety of techniques. Although morphological differences generally 
show stock heterogeneity within a broad area, only direct methods, i.e. 
tagging, will demonstrate aotual 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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Fig. 1. Area map showing the localities and place names mentioned in the text . 
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Fig. 2. Mean numbers of vertebrae by area (spring and autumn spawners com­
bined) for the pooled year-classes (A) and the 1963 year-class only (B). 
(In Fig. 2-6 horiZontal lines indicate means; vertical bars indicate two 

standard errors on each side of the mean.) 
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Fig, 3. Mean numbers of' gill rakers by area and spawning group. 
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Area 
code 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Table 1. 
meristic 
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Numbers of herring in each area from which 
counts were obtained (8 = Spring spawners; 

A = Aut umn spawners). 

Locality and No. of 
spawning group specimens 

Gabarus B~, N.S. 

Magdalen Islands 
II " 

Southwest Nfld. 

" " 
Fortune Ba;y 

Placentia BS¥" 
" " 

St. Mary's BB¥" 
" " " 

Trinity Bay 
" " 

Bonavista BB\Y 
II " 

Notre Dame BB¥" 

Canche 

" 
Quirpon 

" 

(A) 

(8) 
(A) 

(8) 
(A) 

(s) 
(8) 
(A) 

(8) 
(A) 

(8) 
(A) 

(s) 
(A) 

(8) 

(8) 
(A) 

(s) 
(A) 

Strait of Belle Isle CA) 

Hawke's Bay 
/I II 

(R) 
(A) 

350 

112 
368 

137 
359 

397 
297 
177 

417 
122 

333 
110 

306 
92 

548 

77 
80 

81 
135 

200 

238 
159 

5095 

Table 2. Frequency and percentage of autumn and spring 
spawners in the various areas. 

Freguen~ Percentase 
Autumn Spring Immatures* Autumn Spring 

Areas spawners spawners spswners spawners 

Gabarus Bay, N.S. 335 14 1 95.7 4.0 
Magdalen Islands 368 112 20 73.6 22.4 
Southwestern Nfld. 359 137 4 71. 8 27.4 
Fortune Bay 370 27 93.2 6.8 
Placentia B6¥ 177 297 1 37.3 62.5 
St. Mary's Bay 124 439 22.0 78.0 
Trinity BB3" ill 333 25.0 75.0 
Bonavista Bay 92 306 6 22.8 75.7 
Notre Dame B8¥ 20 528 3.6 96.4 
Cauche 80 78 16 46.0 44.8 
Quirpon 135 81 4 61. 4 36.8 
Strait of Belle Isle 188 12 94.0 6.0 
Hawke's Bay 159 238 49 35.7 53.4 

*Includes only those immature 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 
combined) of herring from various Newfoundland and adj a.cent areas. 
(Any two means not included in the same bracket are significantly 
different; any two means included in the same bracket are not 

significantly different.) 

Pooled year-classes 1963 year-class 

Area Mean Area Mean 

Fortune Bay ""'] Fortune Bay ""l Conche 55.789 Quirpon 55.786 

Quirpon 55.750 Conche 55.708 

Hawke's Bay 55·725 Magdalen Islands 55.694 

Trinity Bay 55.695 Southwest Nfld. 55.684 

St. Mary's Bay 55.677 Placentia B8\Y 55.639 

Notre Dame Bay 55.672 St. Mary's Bay 55.614 

Magdalen Islands 55.625 Gabarus Bay, N .s. 55.547 

Southwest Nfld. 55.617 Bonavista B8\Y 55.531 

Placentia BSiY 55.616 Trin! ty Bay 55.495 

Strai t of Belle Isle 55.615 Notre Dame Bay 55.424 

Bonavista Bay 55.608 Hawke's Bay 55.417 

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 rakers of herring from various New­

foundland and adjacent areas (based on pooled year-classes). 

Spring spawners Autumn spawners 

Area Mea.n Area Mean 

Bonavista BS¥ 48.973 Gab arus Bay, N.S. 49.655 

Quirpon 48.950 Trinity B8\Y 49.541 

Trinity Ba.>' 48.863 Bonavista Bay 49.488 

Conche 48.853 Quirpon 49.448 

Notre Dame Bay 48.842 St. Mary's Bay 49.437 

Pla.cent i a BSiY 48.621 strait of' Belle Isle 49.421 

St. Mary's BSiY 48.494 Placentia Bay 49.218 

Fortune Ba.,y 48.370 Conche 49.200 

Hawke t B Bay 48.229 Southwest Nfld. 49.166 

Southwest Nfld. 47.610 Hawke t s Ba;y 49.146 

Magdalen Islands 47.036 Magdalen Islands 48.99'1 
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Table 13. Results of the Duncan new multiple range test applied to 
the ranked mean numbers of pectoral fin rays or spring-spawning 
herring from various Newfoundland and adjacent areas (based on pooled 

year-classes) . 

Spring spawners 

Area Mean 

St-. Mary's Bq 17.446 

Hawke's Bq 17.388 

Quirpon 17.388 

Conche 17.311 

Bonavista B~ 17.266 

Magdalen Islands 17.250 

Placentia Bq 17.247 

Trinity Bq 17.245 

Southwest Nnd. 17.182 

Notre Dame Bq 17.154 

Fortune BI\Y 16.954 
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Table 16. Results .or the Duncan new multiple range test applied to the ranked mean numbers of anal fin rays of herring from various Newfoundland and adjacent areas (based on pooled year-classes). 

Spring spawners Autumn spawners 

Area Mean Area Mean 

Bonavista Bay 18.026 Magdalen Is lands 18.300 

Quirpon 18.000 Southwest Nf'ld. 18.164 

Trinity Bay 17.991 Strait of Belle Isle 18.121 

Hawke's Bay 17.958 Hawke I s Bay 18.115 

Conche 17.920 Conche 18.113 

Notre Dame Bay 17.917 Quirpon 18.085 

st. Mary's Bay 17.783 Gabarus B~, N.B. 18.080 

Fortune BSiY 17.777 Placenti a Bay 17.958 

Magdalen Islands 17.691 Trinity Bay 17.946 

Placentia Bay 17.641 Bonavista Bay 17.944 

Southwest Nf'ld. 17.598 St. Mary's BB\Y 17 .929 
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