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Abstract

Morphometric characters were investigated to provide criteria, in addition to morphological differences that are presently
employed, for species identification of Atlantic redfishes (genus Sebastes). The study involved the analysis of morphometric data for a
sample of redfish which was collected in the Labrador-Newfoundland region in 1958 and initially separated into two groups (Sebastes
marinus and beaked redfish) on the basis of color, eye size and beak shape. Standard length was used as a covariate to adjust the
morphometric data because S. marinus were on the average largerthan beaked redfishes. Discriminant analyses of (a) 17 morphomet­
ric characters resulted in an 11-variable discriminant function where 65% of the variability was explained by the groups, (b) the two
traditional discriminatiors (length of symphyseal tubercle and width of orbit) resulted in a function where 56% of the variability was
explained by the groups, and (c) the remaining 15 morphometric characters resulted in a 9-variable function where 58% of the
variability was explained by the groups. The results demonstrated good (87-90%) separation of golden redfish (S. marinus) and
beaked redfishes (S. mentella and S. fasciatus). Length of symphyseal tubercle (beak), orbit width, body depth at the position of the
pectoral fins, interorbital width, depth of caudal peduncle, and width of pectoral fin base were determined as good morphometric
discriminators.

Introduction

Morphological differences between Sebastes
marinus and S. mentella were described by Temple­
man and Sandeman (1957) who referred to the two
varieties of redfish as marinus-type and mentel/a-type.
Subsequently, the classification problem became
complicated with the suggestion of a third species (S.
fasciatus) by Barsukov (1968). This species closely
resembles S. mentel/a in external appearance and both
species have been termed "beaked redfishes". Ni
(1981) reported that the passage of the extrinsic gasb­
ladder musculature between different ventral ribs was
the most accurate character for distinguishing S. men­
tella from S. fasciatus. Power and Ni (1982) studied the
same character in S. marinus and concluded that the
morphology of this muscle was significantly different
among the three redfish species of the Northwest
Atlantic. However, use of this character in distinguish­
ing the three species is very time-consuming and
requires special skills. Ni (MS 1981), in an application
of factor analysis of 29 morphological characters, sug­
gested that the angles of the first and the second pre­
opercular spines and the symphyseal tubercle were
good discriminators for the three species of redfish in
the Northeast Atlantic (S. marinus, S. mentel/a and S.
viviparus). Misra and Ni (1983) applied a discriminant

analysis (with covariance) to morphometric data for S.
mentel/a and S. fasciatus and found that seven charac­
ters provided good separation of the species. Because
specimens of S. tescietus were smaller than those of S.
mentel/a, thus warranting correction of morphometric
differences due to size (Bliss, 1970), they used stand­
ard length as a covariate.

There are no reports of previous attempts to quan­
tify morphometric characters as being useful in the
separation of S. marinus and the beaked redfishes.
Although the morphological differences between large
specimens of S. marinus and beaked redfishes were
noted by Tem pleman and Sandeman (1957), it is useful
to have statistical confirmation of the differences
based on morphometrics. Not only would such a clas­
sification complement existing criteria for distinguish­
ing S. marinus from beaked redfishes, but it would also
serve as a guideline for future field investigations.
Therefore, discriminant analysis, with standard length
as covariate, was employed to discover good discrimi­
nators between S. marinus and beaked redfishes. This
study has three purposes (a) to statistically evaluate
the discriminatory power of morphometry in separat­
ing S. marinus and beaked redfishes, (b) to discover
whether morphometric characters that were not used
in the initial classification may be useful as discrmina-
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Results and Discussion

of data for only the characters OUTSBEAK and ORBIT,
and set C involving all variables except those in set B.
Only specimens with measurements for all characters
in each set were used in the analysis.

The multivariate test of equality of group cen­
troids, after the data were adjusted by the covariate
STANLENG, resulted in a highly significant rejection
of the null hypothesis that S. marinus and beaked red­
fishes have the same group centroid (Hotelling T 2 =
836.0, corresponding F-statistic == 47.4, P <0.001). Uni­
variate tests of common variance was accepted

The first discriminant analysis of all 17 variables
(Set A adjusted by covariate STANLENG) was to deter­
mine good discriminators. The variables which distin­
guished S. marinus from beaked redfishes on a
decreasing scale (of F-values) were OUTSBEAK
(38.3), BODEPPEC (26.2), CAUDPEDS (15.8), INTE­
REYE (15.1), ORBIT (14.3), PECTBASE (12.1), SNO­
TLENG (10.4), PECTLENG(5.8), SNOTANAL (5.5),
INSIBEAK (5.0) and CRANRIDG (4.2). The discrimi­
nant function was used to correctly classify 91.5% of
the individuals by the resubstitution method and 90.3%
by the bias-reducing jackknife method (Table 4). Wilk's
A was reduced from 1.000 to 0.373 after six variables
were entered into the function and changed only to
0.349 after entering the next five variables. This implies
that the discrimination can be nearly as good with
fewer variables even though the stepwise procedure
chose the "best" 11 of the 17 available variables.
Lachenbruch (1975) pointed out that, although the
stepwise procedure selects the "best" set of variables,
there is a good possi bi Iity that some of these contri bute
to considerable variability in the system. Canonical
correlation between the variables entered into the
function (canonical variates) and the dummy variable
representing the groups is 0.807. The square of this
value (65.1%) is the proportion of variability in the
function that is explained by the groups (Klecka, 1975).

(P>0.05) for all variables except OUTSBEAK (0.01 < P
< 0.05), implying that the assumption of equality of
disperson (covariance) 'matrices in both groups may
not be extremely violated (Table 3). Univariate t-tests
for equality of group means prior to adjustment with
the covariate STANLENG indicated that the means for
ORBIT were similar in both groups (P>0.8). However,
Templeman and Sandeman (1957) observed that the
eye of S. marinus is smaller than that of beaked red­
fishes. This, coupled with the larger sizes of S. marinus
than beaked redfishes in the sample, leads statistically
to the conclusion that ORBIT is the same in both
groups. Because fish size was believed to be responsi­
ble for masking possible differences between the
groups, a correction to the morphometric variables
was considered to be warranted. Adjustment of the
variables with covariate STANLENG provided this cor­
rection, and the result for ORBIT was a highly signifi­
cant difference between S. marinus and beaked
redfishes (Table 3).
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Principal components analysis resulted in the
extraction of two components (PC1 and PC2) which
explained 95.3% of the variability in the data set. Plot­
ting of the PC1 and PC2 scores results in two clusters
(Fig. 1), when each specimen was identified on the plot
according to the morphological characters described
by Templeman and Sandeman (1957). This verified
that the initial separation of the redfish into two groups
was very good. The PC2 scores for beaked redfish were
mostly positive and those for S. marinus were mostly
negative. PC1 can be considered as a "size" factor and
PC2 as a "shape" with some "size" factor. Although it is
difficult to interpret PC2 with confidence, it is interest­
ing to note that values for two of the original discrimi­
nators were high (ORBIT = 0.350 and OUTSBEAK =
0.795), perhaps implying that this is a "species shape
differences" component.

-2.25

-3.00

Fig. 1.

N::: 434
M ::: S. marinus
B ::: Beaked redfishes
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PC1

Plot of principal component 1 (PC1) against principal
component 2 (PC2) for S. marinus and beaked redfishes.
(PC1 accounted for 89.3% of the variation and PC2 accounted
for 6.0%.)

The second discriminant analysis (Set B adjusted
by the covariate STANLENG) involved only the mea­
surements for the two traditional discriminators (OUT­
SBEAK and ORBIT) that were used by Templeman and
Sandeman (1957). The function was used to correctly
classify 87.2% of the speci mens by both the resubstitu­
tion and the jackknife methods (Table 4). The F-values
for both variables were high, with OUTSBEAK (83.0)
being more important than ORBIT (62.7). Values of
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TABLE 3. Means and standard errors of log-transformed morphometric data for S. marinus and
beaked-redfishes, Levene's equality of variance test and appropriate t-tests for differ­
ences before and after adjustment of the variables by the covariate STANLENG (NS = not
significant, and significant levels are P < 0.05(*) and P<0.01 (**).)

Character Sebastes merinus" Beaked redtishes" Levene's t-test
(Table 2) Mean SE Mean SE test Before After

BODEPANA 1.9649 0.0070 1.8801 0.0052 NSb

BODEPPEC 2.0781 0.0074 2.0042 0.0055 NSb

BODYWEIG 2.9688 0.0205 2.7468 0.0147 NSb NS
BODYWIDT 1.6952 0.0073 1.6278 0.0055 NSb

CAUDPEDS 1.5505 0.0066 1.4018 0.0052 NSb

CRANRIDG 1.1944 0.0068 1.1590 0.0054 NS
HEADLENG 2.0671 0.0065 2.0101 0.0049 NS
INSIBEAK 1.0438 0.0083 1.0229 0.0066 NS
INTEREYE 1.4219 0.0069 1.3207 0.0047 NSb

ORBIT 1.5243 0.0056 1.5229 0.0044 NS NS
OUTSBEAK 0.5930 0.0075 0.6977 0.0074 * b

PECTBASE 1.5042 0.0067 1.4145 0.0049 NSb

PECTLENG 1.9402 0.0063 1.8912 0.0043 NSb

POSTPECT 2.2973 0.0061 2.2442 0.0045 NS
SNOTANAL 2.3732 0.0071 2.2936 0.0049 NSb NS
SNOTDORS 2.0189 0.0065 1.9618 0.0049 NS
SNOTLENG 1.4356 0.0069 1.3577 0.0054 NS b NS
STANLENG 2.5415 0.0068 2.4665 0.0047 NSb

a Sample contained 165 S. marinus and 269 beaked redfishes with values for all characters.
b Significant difference (P <0.05) between variances before log-transformation.

TABLE 4. Summary of discriminant analyses of log-transformed data with the variables of each set
listed in the order by which they entered their discriminant function. (Wilk's A, in paren­
theses, is the multivariate test of equality of group centroids at each step after a new
variable was entered into the function.)

5

Item

Number of specimens"

Variable names
and Wilk's A

Resubstitution
classification

Jackknife
classification

All variables
All variables Two variables except Set B

(Set A) (Set B) (Set C)

434 446 437

OUTSBEAK (0.510) OUTSBEAK (0.508) INSIBEAK (0.755)
ORBIT (0.447) ORBIT (0.445) INTEREYE (0.627)
INTEREYE (0.405) CRANRIDG (0.531)
PECTBASE (0.399) PECTLENG (0.495)
BODEPPEC (0.387) CAUDPEDS (0.463)
CAUDPEDS (0.373) BODEPPEC (0.443)
SNOTLENG (0.366) PECTBASE (0.431)
SNOTANAL (0.361) SNOTLENG (0.422)
PECTLENG (0.356) HEADLENG (0.418)
INSIBEAK (0.352)
CRANRIDG (0.349)

91.5% 87.2% 89.9%

90.3% 87.2% 89.2%

Canonical correlation
squared (X 100)

65.1% 55.5% 58.2%

a Analysis (BMDP7M) performed on specimens with values for all variables (complete cases).

Wilk's A after entry into the function of OUTSBEAK and
were 0.508 and 0.445 respectively, indicating good dis­
criminatory power of the two characters. The function
explained 55.5% of total variability.

The discriminant analysis of Set C morphometric
characters (after adjustment by the covariate STA­
NLENG) also showed good discrimination of the two
groups (Table 4). The jackknife method correctly clas-

sified 89.2% of the specimens and the resubstitution
method classified 90.0%. Partial F-values at the final
step resulted in the following decrease in importance
of the variables: INTEREYE (40.9), CAUDPEDS (40.6),
BODEPPEC (29.5), CRANRIDG (20.9), PECTLENG
(15.4), PECTBASE (13.3), SNOTLENG (13.0) and
HEADLENG (4.9). Thefunction explained 58.2%of the
total variability, a slight increase in variability from that
explained by the Set B function.
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Fig. 2. Histograms of canonical function values from the discriminant analysis of S. marinus and beaked redfishes fordata sets A, Band C (see
Table 4). (On the axis, ~ indicates dividing point and *the group means.)

Discriminant analyses of the three sets of variables
performed well in separating S. marinus from beaked
redfishes by the classification functions. The discrimi­
nant function with two variables (OUTSBEAK and
ORBiT) did almost as well as the functions retaining 11
variables (Set A) and 9 variables (Set C). The histo­
grams of the numbers of each species, evaluated by the
canonical function in discriminant analyses of Sets A,
Band C are shown in Fig. 2.

In conclusion, several morphometric characters
can be considered of statistical value in discriminating
between S. marinus and beaked redfishes (S. mentella

and S. fasciatus). The traditional discriminators of
Templeman and Sandeman (1957) ranked high among
the characters retained by the discriminant function.
Three other good characters (BODEPPEC, INTEREYE
and CAUDPEDS) show species differences which can
make separation of S. marinus and beaked redfishes
more confident. Although several good discriminators
were evident from the discriminant analyses, the fol­
lowing are suggested for use in field studies where
quick and reliable methods are needed: OUTSBEAK
(symphyseal tubercle generally long and sharp in
beaked redfishes and blunt in S. marinus), ORBIT (eye
smaller in S. marinus than in beaked redfishes of the
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same size), BODEPPEC (body depth at the pectorals
larger in S. marinus), and CAUDPEDS (caudal pedun­
cle wider in S. marinus than in beaked redfishes).
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