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ORIGINAL: FRENCH

DIFFERENTIATION OF ATLANTIC HERRING (CLUPEA HARENGUS HARENGUS) POPULATIONS

OF THE ST LAWRENCE ESTUARY AND THE GASPE PENINSULA AREA

by G COté* and P Lamoureux

(Maritime Fisheries Branch, Départment of Industry and Commerce, Quebec City,
Quebec G1P 3W8)

J Boulva

(Department of Fisheries and Oceans, Fisheries Sciences Division, P 0 Box 15500,
Quebec City, Quebec GlK 7Y7

G Lacroix

(Department of Biology and GIROQ,** Laval University, Ste-TFoy, Quebec GlK 7P4)

Analysis of morphometric and meristic characteristics of Atlantic
herring (Clupea harengus harengus) caught during spawning along

the Gaspé coast and the St Lawrence Estuary leads to the conclusion

that there are at least three distinct herring populations under
exploitation in that area. The first is found in the St Lawrence
Estuary, spawns in the spring, and is characterized by smaller
length-at-age values than the other two populations, the spring-spawners
and autumn-spawners caught off the Gaspé& Peninsula,

Key words: Atlantic herring, St Lawrence Estuary, Gaspé Peninsula,
morphometric characteristics, meristic characteristics.
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Studies to determine whether there are several distinct populations of
Atlantic herring (Clupea harengus harengus) (Jean 1956, Day 1957a, Parsons and
Hodder 1971, Messieh and Tibbo 1971) have shown the existence of two main
groups, one that spawns in the spring and the other in the fall, The studies
by Jean and Day, in particular, deal with the areas we are concerned with:
the St Lawrence Estuary, frequented by spring-spawners, and the waters off
the Gaspé Peninsula, where both spring- and autumn~-spawners are found.

Jean concluded that the spring-spawning herring (called "spring
herring") and the autumn-spawning herring ("autumn herring") do not constitute
two discrete populations. TFish hatched in the spring may spawn in the fall,
and vice versa. The other authors mentioned above reached a different
conclusion. According to them, the spring herring and the autumn herring
are two quite distinct populations. Day even hypothesized that the spring

herring population north of the Gulf of St Lawrence may be made up of more
than one stock.,

* Current address: Department of Fisheries and Oceans, Fisheries Sciences
Division, P O Box 15500, Quebec City, Quebec G1lK 7Y7

*% Groupe Interuniversitaire de Recherche océanogréphique du Québec (Quebec
interuniversity oceanographic research group)T
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Material and Methods

We took specimens of spawning herring at Isle-Verte in the St Lawrence
Estuary in May and June 1977 and at various locations off the Gaspé& Peninsula
(Saint-Yvon, Ste-Thérése de Gaspé, Carleton) from May to October 1977 (fig 1).
Fig 2 gives a breakdown of the 1100 specimens, by locality. At Isle-Verte
the fish were caught in weirs and at the other three locations in gill nets,
with mesh of 5.7 to 7.0 cm.

We measured their total length from the tip of the lower jaw to the tip
of the longer lobe of the caudal fin when extended straight back. We determined
age by counting the opaque areas on the otoliths, which represent-summer growth.
These determinations were done under a binocular microscope (magnification 12 X and
25 X), using direct light. TFor better resolution the otoliths were submerged
in 987 methyl alcohol and then read by the method recommended by Hunt et al (1973).
Using the age and length determinations we were able to estimate growth rates.
We also noted four meristic characters: number of rays in the dorsal and left
pectoral fins; number of gill rakers on the lower limb of the first left gill
arch; and number of keel scales between the pelvic fins and the anus. These
counts were made under a binocular microscope (magnification 6 X), using direct
light.

Lastly we did a morphometric analysis of the otoliths, based on drawings
made under a binocular microscope f(magnification 25 X) equipped with a drawing
tube, using direct light. For this, the otoliths were immersed in 987 methyl
aicohol. 1In line with the recommendation of Messieh (1972) we used only the
right otolith; on each one we measured the length from the rostrum to the tip of
the pararostrum, the angle (8) formed by the lines joining the rostrum, postrostrum,
and pararostrum; the ratio of postrostrum to pararostrum width (PoPa); and
finally length (1o) and width (la) of otolith nucleus to determine average dia-
meter (fig 3). NL, the average mucleus diameter expressed as a function of
otolith length is obtained by the following formula:

100 D
L

where D is average nucleus diameter and L is otolith length.
Statistical analyses were done, using the seven variables recorded, ie:
- dorsal fin rays (D)

- left pectoral fin rays (P)
- number of gill rakers on lower limb of first left gill arch (Br)

Fig 1 (See photocopy.) Sampling areas
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Fig 2 (See photocopy.) Mean and standard deviation for variables examined.

D: number of rays on dorsal fin; P: number of rays on left pectoral fin; Br:
number of gill rakers on lower limb of first left gill arch; K, number of keel
scales between pelvic fins and anus; NL: ratio of average diameter of otolith
nucleus to otolith length; PoPa: ratio of postrostrum to pararostrum width;
0: rostrum-postrostrum-pararostrum angle.
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~ mumber of keel scales between pelvic fius and anus (K,)

—~ ratio of meaun otclith nucleus diameter to otolith length (NL)
- ratio of postrostrum width to pararostrum width (PoPa)

- rostrum-postrostrum-pararostrum angle ()

. The Student-Newman Kews (SNK) test (Sokal and Rohlf 1969) was applied to
the means obtained in each location, for spring herring and autumn herring.
Then we selected a random subsample and did a discriminant function analysis
of it (Nie et al 1975) in order to define the herring populations by linear
equations.

Results

Qur statistical analysis showed the Isle-Verte spring herring to be quite
different from the Gaspé herring. Differences were significant for at least
five of the seven variables (table 1). 1In contrast, within the Gasp& spring
herring group, there were very few significant differences from one locality
to another. The same holds true for autumn herring. However, for each Gaspé
locality, there were significant differences between spring herring and autumn
herring (table 1).

The Bertalanffy-type growth curves, adjusted for length-age data, for
Isle-Verte spring herring and Gaspé spring and autumn herring (fig 4) indicate
differences in growth for the three groups. However, it must be pointed out
that these curves are valid only for fish three years old or older, since we
had insufficient data to make estimates for younger ages. The parameters of
the growth curves (fig 4) were estimated using Beverton's method (1954). Note
that the Isle-Verte spring herring has a shorter length-at-age than the other
two groups. The Gaspé spring herring has a slower growth rate than the autumn
herring. SNK tests show a significant difference at (= 0.05 for the length-age
values among the three groups. It should be pointed out that a difference in
spring herring and autumn herring growth has already been reported for Gulf of
St Lawrence herring (Messieh and Tibbo 1971; Parsons 1972).

There are several indications that, together, point to the existence of
three separate populations in the region: Isle-Verte spring herring, Gaspé
spring herring, and Gaspé& autumn herring. Discriminant function analysis makes

Fig 3 (See photocopy.) Otolith measurements. L: length; lo: nucleus length;
la: nucleus width; Pa: pararostrum width; Po: postrostrum width; 6:
rostrum-postrostrum-pararostrum angle.

Table 1 (See photocopy.) number of significant differences (SNK tests for
= 0.5) for the 7 variables in fig 2.
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*largeur du pararostre; (Po):

Mesures faite; sur les otolithes. (L)

px'*emner'arc branchial gauche (Br) ,

. pelviennes et-T'anus (K.),

I'otolithe et la longueur de I'otolithe (NL),

lIe rapport entre la largeur du postroslre et du

panroslre (PoPa),

.\ngle entre le rostre, postrostre et parmostre (o),

" nous avons procédé aux analyses statistiques.

Les moyennes obtenues dans les différentes IOC‘\]lICS pour
le hareng de printemps et pour le hareng d'automne, furent
-soumises au. test_de Student-Newman Keuls (SNK) (Sokal
‘et Rohlf 1969). Nous avons ensuite pris parmi ces poissons
un sous-¢chantillon au hasard et avons effectué une analyse
de fonction discriminante (Nie ef al. 1975) en vne de définir
les populations de hareng au moyen d'équations lingaires.

Résultats

Selon 'analyse statistique pratiquée sur les variables

TABLEAU 1.

: longueur;
longueur’ du noyau; (la) largeur du noyau; (Pa):
largeur du postrostre; (8):
angle formé par le rostre, postrostre et pararostre. -

Y ]c, nombre de scutelles osseuses cnlre lcs nageonres_

le rapport entre le diamétre moyen du noyau de

.

retenues (Fig. 2), Ie hareng de printemps de l’lsle-Verte
est trés différent de celui des différentes localités de la

péninsule gaspésienne. Les différences dans les moyen- .

nes sont significatives dans les cas d'au moins cing
des sept variables (Tableau 1). Par comparalson, le
hareng de printemps de la péninsule gaspésienne pré-
sente trés peu de différences significatives d'une localité
a l'autre (Snmt-Yvon, Samte-Therésc—de-Gaspe, Carle-
ton) a I'égard des mémes variables. La méme observa-
tion s"applique au hareng d’automne, envisagé au plan
géographique. Pour chacune des localités, il y a cepen-
dant plusieurs différences significatives entre le hareng
de prmtemps et le hareng d’automne de la pemnsule
gaspésienne (Tableau 1).

~,~_ g

L'examen des courbes de croissance du typa “von -

Bertalanffy ajustées aux données de longueur—age, pour
le hareng de printemps de I'Isle-Verte et pour le hareng

. de printemps et d’automne de la péninsule gaspesxenne

~gueur par age inférieure 4 celle du hareng des deux -
‘autres ‘groupes.

.(Fig. 4), suggére une différence dans la croissance de

ces trois groupes de poissons. Il faut noter cependant
que ces courbes ne sont valables que pour les poissons

.de 3 ans et plus, car nos données, peu nombreuses,
_n'ont pas permis de faire les estimations nécessaires,

pour les dges inférieurs. Les paramétres de ces courbes

" . de croissance (Fig. 4) ont été estimés par la méthode

de Beverton (1954). Nous constatons que le hareng de
printemps de la région de I'Isle-Verte atteint une lon-

Nous constatons également que le
hareng de printemps de la péninsule gaspésienne a une
croissance plus lente que le hareng d’automne de cette
méme région. Des tests de Student-Newman-Keuls
(SNK) démontrérent une différence significative 3 ¢ =
0,05, pour les valeurs longueur—ige entre les ftrois
groupes, Il est & noter que la différence entre la crois-
sance du hareng de printemps et le¢ hareng d'automne
avait été observée antérieurement pour le hareng du
golfe du Saint-Laurent (Messlch et Tibbo 1971; Par-

" sons 1972).

% Plusieurs indices concordent donc pour suggérer
Pexistence, . dans la région, de trois populations de
hareng: le hareng de printemps de la région de I'lsle-
Verte, ainsi que e hareng de printemps et celui d’autom-
ne de la péninsule gaspésienne, Une analyse de fonc-

Nombre de différences significatives (tests de Student-Newman-Keuls (SNK) -

pour & = 0,05) pour les7 variables dont les moyennes et écarts-types sont présentés & la figure 2,
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it possible to distinguish the three groups by means of linear equatioms,
after checking variance homogeneity by Kullbach's function and multi-normal
distribution by Dagnelie's method (1975). Table 2 shows the mean and the
standard deviation for the variables used in discriminant analysis.

The identification functions obtained for distinguishing the three groups

are:

Yl = 24.48535 - 0.261191 D - 0.51005 P ~ 0.21454 Br - 0.7651 Kz— 0.00522 NL
~0.59400 PoPa -~ 0.02306 6

Y2 = 7.58626 ~ 0.04356 D ~ 0.001665 P - 0.03786 Br - 0.07949 K2 - 0.30250 NL

~ 0.76435 PoPa ~ 0.03425 8

where Yl and Y2 represent the first and second canonical variates, respectively.

Based on the standardized coefficients (table 3), P, Br, and 9 discriminate
the most in the first function; NL discriminates the most in the second function,
followed by 6 and PoPa. In the scatter diagram (fig 5), the first functiomn is
represented by the abscissa and the second by the ordinate. It can be seen
that the autumn herring is distinguished from the other two groups mainly along
the abscissa. This means that meristic characteristics are the distinguishing
ones. The two spring herring groups are differentiated by the ordinate; this
means that they are distinguished primarily by morphometric characteristics.

Table 2 (See photocopy.) Mean and standard deviation for variables used in
discriminant analysis.

For identification of symbols for variableg,see legend to fig 2.

Fig 4 (See photocopy.) Bertalanffy~type growth curves, adjusted for length-age
values.




COTE ET AL.: SEPARATION DES POPULATIONS DE HARENG DE L'ATLANTIQUE

TanLEau 2, Moyennes et écarls-types des variables utilisées pour I'analyse discriminante.

Jsle-Verte St-Yvon, Ste-Thérése-de-Gaspé, Carleton

1 : Spvrac Awt o
Hl'\slfz:;ug% ;fr‘ﬁxm'\gs') H z!renlg? ';)\,rlltnferln?" }’I‘;?;n\é\‘(riy‘\avﬁtct’n\;nrtzrl V\:)
(n = 718) (n = 194) (n = 153)
Variables® X ET. X . E.T. X .

P ) 5 T’s X E'TD
D 19,5091 .- 0,7908 19,1707 0,7055 19,8296 0,6162
P 17,6545 0,7258 17,0853 0,9154 18,8064 0,8395
. Br 47,4545 1,5616 46,7683 1,6597* 48,8306 1,6368
Ks 12,8545 0,9113 12,7317 0,7008 13,0322 0,8554
NL | 8,6090 3,3554 4,2597 1,9799 5,291 2,2991
PoPa 1,0380  0,1945 1,1901 0,2071 1,2316 0,2620
0 83,6364 8,1911 80,8902 7,3081 76,0645 7,7449

3(D), le nombre de rayons de la nageoire dorsale. (P), le nombre de rayons de la nageoire
pestorale de gauche. (Br), le nombre de branchicténies du limbe inférieur du premier arc
branchial gauche. (K1), le nombre de scutelles osseuses entre les nageoires pelviennes et 'anus.
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(1975), Les moyennes et écarts-types des variables uti- branchicténies du limbe inférieur du premier arc SRR
lisées pour lanalyse discriminante sont présentés au branchial gauche (Br) ainsi que. l'angle (9) entre le 5’3753 2
tableau 2. : rostre, le postrostre et le pararostre de I'otolithe. Pour &l: N
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les trois groupes sont: et du rapport PoPa discriminent davantage. Sur.la s 5
Y, == 2448535 — 0261191 D — 0,51005 P carte territoriale du pointage discriminant (Fig. 5), la ;
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deux groupes de hareng de printemps, surtout selon
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On the basis of these two functions, 837 of the fish previously assigned
to one of the three groups prove to be correctly classified (table 4). More-
over, the differeptiation among the centroids of these groups, verified by
means of Wilks'sjl criterion, is significant for a ¢ of 0.001. This is
further confirmation for the hypothesis of at least three distinct populationms.

Discussion

It is possible, as Jean (1967) has suggested, that morphometric and meristic
differences are related to oceanographic conditions, in particular temperature.
The waters of the St Lawrence Estuary, the spawning area for the Isle-Verte

spring herring, are considerably colder than those around the Gaspé& Peninsula.
Blaxter (1958), for example, has reported several experiments showing a

Table 3 (See photocopy.) Standardized coefficients of discriminant functions.
For explanation of symbols for variables, see legend to fig 2.

Table 4 (See photocopy.) Percentage of fish correctly classified, as shown
by discriminant analysis.

Fig 5 (See photocopy.) Discriminant analysis, scatter diagram.4: Gaspé autumn
herring; @ : Gaspé spring herring; { : Isle-Verte spring herring
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relationship between low temperatures in waters where herring spend the larval
stage and low meristic values.

Able (1978) estimates the growth rate of herring larvae caught in the
St Lawrence Estuary at 0.15 mm/d and 0.17 mm/d, depending on sampling year.
These rates are far below the rate of 0.5 mm/d reported by Ware and Henriksen
(1978) for spring herring at the Magdalen Islands. Ware and Henriksen set the
larval growth period in hatching year at 190 days and the size before meta-
morphosis at 40 mm. If these values are applied to St Lawrence Estuary herring,
it means that the spring herring in this area do not metamorphose during the
first year after hatching. This might be an explanation for the small size
of adults.

Messieh and Tibbo (1971) and Parsons (1972) have definitely established
differences between spring and autumn herring in the Gulf of St Lawrence.
Day's (1957b) analysis of growth rates and vertebra number had led him to
hypothesize a distinction between the Isle-Verte herring in the St Lawrence
Estuary and the Matane and Rivi®re-du-Loup herring in the northern part of the
Gaspé Peninsula; confirming evidence, however, has been lacking up until now.
The most interesting and original aspect of our work is probably the confirmation
of the existence of two distinct spring herring populations. The first group,
spring herring that spawn in the Isle-Verte region, has now been positively
identified. As yet it is not certain that the second group, from the Gaspé, is
made up of a single stock.
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