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| INTRODUCT{ON

Capelin (Maliotus vililosus) is ¢onsidered one of the most Important forage speclies in the
northwest Atiantice. Although capelin was the object of a relatively smail domestic fishery
for decades, it Is only In the last decade that it has achieved any signficiant Importance as
a commercial specles. During the 1970's, capelin were taken In a large offshore international
fishery and more recently they have heen taken by an Inshore Newfoundland-based fishery to
satisfy the lucrative market for roelcapelin In Japan. In spite of the Importance of capelin
as a commercial species and a forage ispecies, firm evidence for the existence of stocks of
capelin doss not exist although +herj are considerable sources of clrcumstantial data

avallable on which tentative stock dlvisions have been made (see Carscadden and Misra, 1980
for a summary). They examined differences among five tentative stock divisions Inciuding the
four suggested by Campbeli and wtnfeﬂs (1973), based on muitivariate analysis of data on
eleven meristic characters.

Multivariate methods which are denerally used, Inciuding those used by Carscadden and-
Misra (1980) assume that the data arg muitivariate normal. This Is not true for meristic
data. Recently Bowering and Misra (1982) presented a muitivariate generalized distance method
(including a computer program in FORTRAN V) which Is appropriate for comparing populations
based on meristic data. We felt thafl the capelin data in Carscadden and Misra (1980) should
be re~analyzed using the new methodoliogy. Furthermore in addition to analyzing the data by
combining 3~ and 4~-year-old Individugis, we analyzed the data separately for each age group to
assess annual differences in the merlistic characters.

This paper presents the results pf the re-analysis of the same data (with some minor
exclusions) presented In Carscadden Jad Misra (1980) using the new methodology.

Statistical Analysis and Results

The new method and computer progfam are described in Bowering and Misra (1982) and
therefore, only a brie§ outii Be of the procedure is given here. Two measures of generallized
distance, designated B“ and G and based on "within™ and "total®™ covariance matrices,
respectively, are employed. These two measures generally yleld results which are remarkably
simitar (Kurczynskl, 1970; Bowering ahd Mlsra, 1982) gs Is indeed the case with the capelin
analysis reported here. Differences between B2 and G¢ are essentlally theoretical In. nature
with iittie practical significances e findings of Bowering and Misra (1982) based on these
procedures agreed remarkably well with the results of Fairbalrn (1981) who empioysed an
entirely different technique for stock identification. The methodology not only tests
significance of differences between shmples but also assigns numerical values to distances
between them and thereafter ranks the sampies. Counts on a meristic character '] yleld a
multinomial distribution with §1+i clésses (SJ being the number of "independent®” classes).




Numbers of Individuals In the K-th class of jth character in the i-th population (P,) may be
expressed as the proportion p of the total number of Individuals in P,. Based o* a two-way
(popuiation x class) layout, ééﬁerallzed distance analysls of characters considered first
individually and then collectively, Is conducted. The computer program (Bowering and Misra,
1982) provides for analysis of mutually correlated characters by muitipie classification
procedure. The program tests the significance of Spearman's coefficient of rank correlation
betwsen characters. This measure of correlation does not require the assumption of a
bivariate normal distribution. Even 1f two characters are correlated, there may be arguments
in favour of disregarding the correlation (Bowering and Misra, 1982). Therefore, generalized
distance analysis where chaEac+er52are considered independent must be gone in any case. In
additlion to the vaiues of B d G“ the program calculates values of ¥ to +a§+ the
significance of differences between samples. It also calculates normalized X“ values which
may be used to rank characters based on their contributions to differences between samplies and
to rank samples.

The eleven meristic characters reported by Carscadden and Misra (1980) were coded as
follows: left pectoral fin rays (1), dorsal fin rays (2), anal fin rays (3), pyloric caecae
(4), branchiostegals (5), upper gill rakers (6), lower gili rakers (7), dorsal secondary
caudal rays (8), ventral secondary caudal rays (9), precaudai vertebrae (10), and caudal
vertebrae (11). Carscadden and Misra (1980) combined 3~ and 4-year-old individuals and
compared flive groups (designated A, B, C, D, and E) by analyzing data on elght of the meristic
characters; +the other three characters were exciuded from the final analysis because
Individuals of the two age groups differed with respect Yo these characters. In the present
study sampies were compared based on individuals of each of the two age groups considered
separately as well as of the two age groups combined. Fish having no missing observations on
all meristic characters were Included in the analysis. In addition, three fish were
eliminated from stock A because a closer examination of the raw data Indicated very high
counts In some characters. This was considered a conservative approach since these high
counts could enhance any differences between stocks if included in the analysis. The
groupings fested were identical to those given In Carscadden and Misra (1980) and reproduced
here (Table 1, Fig. 1) for reference. The groups tested, samples sizes (n), and ranges of
meristic characters for sampies of complete specimens are given in Table 1. All signifiant
values In the text or tables vgre markedzstglfican+ at least at the 5% probabltity level (l.e.
p <0.05) of significance in B and/or G“ analyses, and multipie comparisons were conducted by
the Bonferroni procedure (Morrison 1976)2un|ess otherwise stated. The palired comparisons of
the five groups were analyzed by B“ and G“ procedures for the characters considered
Individually as well as collectively. As explained in Bowering and Misra (1982}, thelr
computer program ensures that no expected cell frequency of the sample X class layout is less
than the value assigned to the variable named "AMIN". Since the analysis based on the
smaliest expectation of at least one should be accurate enough (Snedecor and Cochran, 1967, p.
235), the value of one was assigned to AMIN in every analysis of comparisons presented in this
papers

le- Comparlison of samples based on separate age groups

None of the palred comparisons of samples was significant for characters 1, 2, 6, 7,
and 11 (considered individually) of 3-year-9|d Indivlduals and for characters 2, 3, 4, 5
6, 7, and 11 of 4-year-old individuals In B“ and G analysis. Therefore, these
characters were omitted in the analyses of palred comparisons of samples based on
collective contributions of characters. The numbers of complefg spaclmans changed with
+he number of characters employed in an analysis. Values for B, G, X and Qormailsed
X< are tabulated oEIy for characters collectively, as foillows: matrices of B (below the
diagonal) and of G< (above the diagonal) values are given In Tabie 2 for six characters
of 3-year-old individuals and EnzTable 3 for four ﬁharaCTers of 4-year-olds. Tables 4,
5, 6, and 7 glv§ correﬁponding X< and normalized X values (df = degrees of freedom).

The values of B“ and G In Tables 2 and 3 were generaléy simijar. Paired comparisons of
samples which were significant (marked 'X') based on B and G analyses for Individua!l
characters are given in Table 8 and 9. Chi-square values from the analyses of 3- and/or
4=-year-old individuals were significant (all at values of p far less than 0.05) with one
exception. The difference between groupsZA and 5 was not significant when characters
were conslidered coliectively. Hﬁwever, B and G° analyses of character eight for 3-year-
old individuais gave values of X“ of 14.8 and 14.4 (df = 4), respectively; the former
was significant and the latter was nearly so.

1




r——— ———0

it

8o

be

The -ranks for pa&red compar|
same for the B and G analyses.
combined) for the groups A, B, C,
respectively.

Only the correlaE!on between
groups. Therefore, B“ and G“ ana
classification base for these two

severe col lapsing of classes of *

following reasons: (1) There was
sample, C, was very small (42 for
characters are correlated, larger
occur in the northwest-southeast
the collapsing procedure of Bower
frequencies are distributed in th
more severe the coilapsing will b
not strong (coefficients of corre
severe colliapsing weakens the sen
the generalized distance analyslis
carried further.

Comparison of age groups

Groups of 3-year-old and 4-y
samples. For sample A, character
5, 8, and 9 differed for age 3 an
10 differed for the two age group
age groups in D and E. Since non

sons, determined from normalized x2 values, were the
Mean ranks (based on figures In Tables 6 and 7
D, and E were 3.8, 5.0, 8.4, 4.6, and 5.8,

characters 8 and 9 was significant In each of the five
lyses were conducted by employing a multipie
characters. The multiple combination resulted in a

he two-way layout. This may have occurred for the
severe disparity of samples sizes (Table 1) (2) One
3-year-olds and 45 for 4-year-oids). When two
frequencies In a two-way (sample x class) layout will
diagonal and will decrease away from this diagonale. In
ing and Misra (1982), it Is obvious that when

Is fashion, the greater disparity of samples sizes, the
e (3) The correlation between the two characters was
lation valueszwere in the range 0.58 to 0.78). Since
sitivity of X© analysis (Snedecor and Cochran, 1967),
emplioying multiple combined classification was not

ear-old ‘individuals were compared for each of the flive
s 8 and 9 differed for the two age groups. Characters
d 4 fish In sample Bo In sample C, characters 2, 8, and
s. There were no significant differences between the
e of the eleven characters differed consistently for the

two age groups In ali five sampljs, it was decided to compare the five sampies with

Individuals of the two age groups
characters 1, 3, 4, 6, 7, and 11
In all five samples.

Comparlison of samples based on gr

Using eleven characters:

The general ized iisfanc ana
resulted In simiiar B< and G“ val
respect to characters 2, 7, 10, a
significant (marked 'X' in Table
characters and groups of characte
these palirs were analysed indepen
samples in the generalised distan
for character 4. Based on normal
were 400, 4e2,‘895, 408, and 6'0,

The following characters wer
(5, 6), (5, 8), and (8, 9.,

combined based on all eieven characters and also on
which consistently did not differ for the two age groups

oups of 3- and 4-year-old individuals combined

lysis where characters were considered Independent
ues. No pairs of samples differed significantly with

nd 11, All paéred compag, fsons of samples were

10) based on B and/or G analyses for Individual

rs, except the pairs (A;B) and (B,D). When samples of
dently, that is, wl+hou+ inciuding the other three

ce ana&ysls, A and B differed (marked °S* in Table 10)
fzed X“ values, the mean ranks for A, B, C, D, and E
respectively.

e significantly correfated in all five sampies: (i1, 6),

Multiple classification using the criterion AMIN = 1{

severely collapsed the classes for combinations 1 and 6 (as many as 97% of the total

number of fish were conflned to |
Therefore, paired comparisons of

classification of the combined ch
analysls based on characters 1, 3
Information.

Using characters 1,
Again, the values of 82 and

significantly for characters 7 or
contribution of the remaining fou

ust 2 classes) and 5 and 6 (all fish were In 1 class).
sampies were conducted for only 1 muitiple

aracters 5, 8, and 9. This multiple classification

, 4, 6 and the combined character did not add any new

3, 4, 6, 7, and 11 only:

62 were slmélar. 50 pair of samples differed
G

11. The B“ and analysis for the collective

r characters identified only three groups of five

samples le. C, E, and the third group of samples A, B, and D since no palred comparison

for samples of the third group we
differ with respect to any Indivi

re significant. Sampies of the third group did not
dual character either. When samples of palrs (A, B),




-4 -

(B, D), and (A, D) were analyzed Independentiy of the other three samples, samples A and
B differed for characters 4 (as stated earllier) and samples A and D differed
significantly for character 5 and for all characters considered collectively. Mean
ranks for samples A, B, C, D, and E were 3.8, 4.5, 6.8, 4.5, and 8.0, respectively.

D1SCUSSION

The methodology used In this paper, considered by the authors and Bowering and Misra
(1982) to be more appropriate for meristic data than previously used (Carscadden and Misra,
1980), has been applied to the same meristic data reported elsewhere (Carscadden and Misra,
1980).. The resuits of the present analysis substantiate the results of the previous analysis
In that In all combinations of data tested, that Is, by combining or by separating the two age
groups, the capelin spawning on the Southeast Shoal (Stock C) and on the west coast of
Newfoundland (Stock E) continued to be identified as separate stocks. The Inshore spawning
stocks (Labrador-northeast Newfoundiand (A}, northern Grand Bank-Avalon (B), and St. Plerre~
Green Bank (D)) which could not be shown to be separate stocks In the former treatment
(Carscadden and Misra, 1980) continued to be problematic although there were indications that
most of the stock designations are valide For Instance, when age groups were considered
separately and characters collectively, the south coast stock was separate but stocks on the
Labrador-northeast coast and northern Grand Bank-Avalon could not be readlly separated. One
charasﬁer (8 - caudal vertebrae), though, was significantly different for 3-year-olds using
the B “ analysls and nearly so for G“ analysis. .interestingly, when age groups were combined a
signiflcant d&fference occurred between these same stocks for character 4 (pyloric caecae) for
both B and G~ analyses. These comparisons suggested that Labrador-northeast Newfoundiand (A)
and northern Grand Bank-Avalon (B) stocks were indeed dlfferents.

When fewer characters (1, 3, 4, 6, 7, and 11) and age groups combined were analyzed, only
three groups could be identifled and these groups agreed with the groupings Identified
formerly (Carscadden and Misra, 1980); Southeast Shoal stock (C), west coast of Newfoundiand
(E), and one group consisting of the other three stocks = Labrador=-northeast Newfoundiand (A),
northern Grand Bank=-Avalon (B), and Sts Pierre-Green Bank (D). However when the latter three
groupings were analyzed independent of the groups that were already identified as being
different, the Labrador-northeast Newfoundiand (A) and St. Pierre-Green Bank (D) were
significantly different based on seven characters.

In summary, the west coast of Newfoundland and Southeast Shoal stocks continued to be
clsarly ldentified as separate stocks while for the remalning Inshore stocks the delineations
were less clear although the stocks did appear to be different. The success of separating the
west coast of Newfoundland capelin (E) and Southeast Shoa! capelin (C) from the other groups
and the problems in separating the other three groupings (A, B, and D) from each other by
moristics may not be surprising in view of the possible environmental effects that may
influence the determinatilon of meristic characters during the early development stages (see
Bowering and Misra, 1982 for brief review). The Southeast Shoal stock of capelin is known to
spawn on the bottom (approximately 50 m depth) where water temperatures are 2-4°C (Pit4,
1958). The other capelin are beach spawners and prefer water temperatures of 5.5-8.5°C.
However, the capelin spawning on the west coast of Newfoundiand are reported to spawn more in
deeper water because the water temperatures near the beach warm very rapldly due to the
reduced Influence of the Labrador current (Jangaard, 1974). Thus, the somewhat different
spawning conditions may also mean that developmental conditions for the eggs and yolk=sac
larvae are different which In furn may have an Influence on determination of meristic
characterss
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Table 8. Paired comparisons of 5 samples, marked 'X' (3-yr-old individuals).

Sample Character (s)

pair 3 4 5 g 9 10 AT
A, B X
A, C X X X X
A, D X X X
A, E X X
B, C X X X X X
B, D X X X
B, E X X X
c, D X X X X
C, E X X X X
D, E

°

Table 9. Paired comparisons of 5 samples, marked ‘X' (4-yr-old individuals).

Samplies Character (s)
pair 1 8 9 10 ATT

COOOWmWI >
™ . v
MMMoMOOMOO®
>
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o

v e v v
> <
> X<

Table 10. Paired comparisons of 5 samples, ages combined. Comparisons marked
'X' were significant by the Bonferroni procedrue. These marked 's' were
significant when samples were analysed independently.

Character (s)

Sample ' : 1,3,4

pair - 1 3 4 5 6 8 9 5,6,8,9 1,3,4,6
A, B S
A, C X X X X
A, D S X
A, E. X X X X
B, C X X X
B, D

B, E X X X
C, D X X X X
C, E X X X X X X
D, E X X




Table 5. Matrix of x2 values with df = 13 for B2 (below the diagonal) and G2
(above the diagonal) analyses, for four characters considered collectively

(4-year-old individuals).

Group A B C D E
A - 5.03 48.50 9.83 13.93
B 5.15 -  56.30 19.20 25.56
c 52.01 59.98 - | 38.98 68.79
D 10.24 19.95 41.96 - 42.65
E 14.35 26,36 73.212 44,40 -

Table 6. Matrix of normalized x2 values for 82 (below the diagonal) and G2
(above the diagonal) analyses, for six characters considered coﬂectwe]y (3-

year-old individuals).

Group A B C D E
A - 1.46 3.32§ 2.46 2.58
B 1.49 - 3.60 2.63 2.89
c 3.47 3.77 - 4.22 5.00
D 2.57 2.78 4.48§ - 0.77
E 2.70 3.05 5.29 0.78 -

Table 7. Matrix of normalized y2? values for B? (below the diagonal) and G2
(above the diagonal) analyses, for four characters considered collectively

(4-year-old individuals).

Group A B c E
A - 0.3 3.7 0.76 1.07
B 0.40 - 4.33 1.48 1.97
c 4.00 4.61 - 3.00 5.29
D 0.79 1.3 3.23: - 3.28
E 1.10 2.03 5.63 3.42 -




Table 2. Matrix of B2 (below the diagonal) and G2 (above the diagonal)
values, for six characters considered collectively (3-year-old individuals).

Group A B C . D E
A - 0.5356 2.5204 1.0739 1.1964
B 0.5497 - 2.1959 0.7508 0.9032
c 2.6319 2.2942 - 2.8556 3.5198
D 1.1205 0.7913 3.0309 - 0.2914
E 1.2525 0.9530 3.7252 0.2964 -

Table 3. Matrix of B2 (below the diagonal) and G2 (above the diagonal)
values, for four characters considered collectively (4-year-old
individuals).

Group A B C D E
- 0.0961 1.7742 0.2588 0.3488
B 0.0985 - ' 1.5231 0.3240 0.3983
c 1.8989 1.6227 - ' 1.3360 2.2685
D 0.2697 0.3368 1.4380 T 0.9725
E 0.3594 0.4107 2.4141 1.0122 -

Table 4. Matrix of x2 values with df = 21 for B2 (below the diagonal) and G2
(above the diagonal) analyses, for six characters considered collectively (3-
year-old individuals). : :

Group A B C D E
A - 30.56 69.71 51.76 54,25
B 31.36 - 75.74 55.27 60.66
o 72.80 79.13 - 88,65 105.01
D 54.00 58.25 94.09 - 16.08

3 56.79 64.00  111.14  16.36 -
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