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| ABSTRACT

The morphological differences among Noréhwest Atlantic redfishes have been somewhat confused in
the past as all the morphological characters jinvestigated overlapped. Meristic counts have been
reported as the good discriminator between begked redfishes, Sebastes mentella and S. fasciatus.
However, the role of S. marinus in redfish classification is not clear. Meristic elements of
3612 vertebral, 1379 anal fin ray and dorsal fin ray counts were utilized to examine the meristic
variation in S. marinus. X2-test of independ?nce of meristic frequencies showed no significant
differences between sexes or among depth zones except a significant depth variation of anal fin ray
and dorsal fin ray frequencies was observed op Flemish Cap. In comparison with beaked redfishes, S.
marinus has less geographic variation and is similar to S. mentella in having 30 vertebral, 8 anal
fin ray and 15 dorsal fin ray counts whereas 5. fasciatus has 29, 7 and 14 respectively.

IiTRODUCTION

The classification of Northwest Atlantic jredfishes has always been a confusing topic. Templeman
and Sandeman (1957) first described two variefiies of redfish, marinus type and mentella type, in the
Newfoundland area. This was further bewildered by the existence of a third redfish species, Sebastes
fasciatus, as proposed by Barsukov (1968). In this study, I examine the vertebral, anal fin ray,
and dorsal fin ray frequencies of S. marinus fn the Northwest Atlantic and compare the meristic
variation of S. marinus with that of S. mentelfla and $. fasciatus.

The morphological differences between S. parinus and S. mentella were recited by Templeman and
Sandeman (1957) as well as Tempelman (1959): m%giggﬁ type is found in shallower water (<300 m), is
orange or yellowish red in color, has relativejy small eyes, and the bony protrusion of the lower

jaw is usually blunt and weakly developed whereas mentella type is in deep water with bright red

colour, relatively large eyes, and a well-devejoped, long pointed chin. Barsukov (1972), Barsukov

and Zakharov (1972), Litvinenko (1974, 1980), and Templeman (1980) were then described the morphological
differences between S. mentella and S. fasciatéis. Ni (1981a,b) supported the existence of S. fasciatus
by 1isting a morphological guideline and concldided that meristics were good discriminators for
separating the two beaked redfishes. Ni (1982} further exhibited the temporal, depth, and geographic
variation of meristics in beaked redfishes and|suggested that S. fasciatus occurs on the Nova Scotian
shelf and Grand Bank whereas S. mentella is 1a{gely found in Baffin Bay, Labrador waters, and the

Gulf of St. lLawrence. However, the role of S. marinus in the redfish classification is not clear

since it is difficult to obtain encugh specimens from the same depth and locality for the three
species. In order to have an overall picture of meristic variation for all three redfish species,

this research examines the sexual, depth and gepgraphic variation of meristics in S. marinus and
discusses the meristic differences among the thiree Northwest Atlantic redfishes.

MATERIALS AND METHODS

There were 3612 vertebrae, 1379 anal fin iay and dorsal fin ray counts collected from 1957 to

1969. The area sampled, covering the most nordhwest Atlantic, were NAFO Div 0-4X. S. marinus occurred

very rarely in northern Labrador (Div. 2GM) in [the Gulf of St. Lawrence (Div. 4ST), and on Nova
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Scotia Sﬁe]f (Div. 4VWX), therefore no analysis could be conducted in these areas (Ni and McKone 1981).
Samplg sites were along the continental slope at bottom depths from 100 to 500 m. Data were broken
down into <200 m,200 to 299 m, 300 to 399 m and >400 m depth stratum for depth variation study.

Vertebral counts excluded urostyie. Anal fin ray counts were based on intermuscular bones
connected with anal fin rays instead of anal fin rays.

Sexual and depth variation in each NAFO Division were examined separately by the method of
Pearson x2-test or Yates' corrected x2 (if the table is 2X2). Geographic variation was examined by
the patterns shown from the modes and mean values in the meristic frequency histograms.

Comparison of meristics between S. marinus and beaked redfishes (Ni 1982) were conducted with
the BMDP3D program (Dixon et al. 1981) by the Levene's W-test for the variances and the appropriate
t-test for the mean values. The group means of the three meristics could then be tested simultaneously

by the multivariate Hotelling's T2 and Mahalanobis D2. This would be shown by a transformed F-statistics.

RESULTS

Vertebrae

The statistics for vertebrae in each NAFQ Division are listed in Table 1. These were calculated
by excluding the abnormal vertebrae (fused vertebrae). The x2-test of independence of vertebral
frequencies for each NAFO Division showed no significant difference (P>0.05) between sexes (x2_) or
among depth zones (x2,). The analysis was then conducted on data combined from all areas, no Sexual
variation was again ogtained, however, a slight difference among depth zones was observed (0.01>P>0.05).

The geographic variation of vertebral frequencies could be appraised from area to area by
examining their means and histograms for all NAFO Divisions (Fig. 1). No significant difference or
geographic cline can be noted. They are all dominated by 30 vertebrae.

Anal Fin Rays

The anal fin ray percentage frequency histograms for each NAFO Division are shown in Fig. 2.
The anal fin ray statistics are also calculated (Table 2). No sexual variation of anal fin rays was
observed by the x2-test of independence for each NAFQ Division or for all areas combined. No significant
difference of anal fin ray frequencies among depth zones was obtained except for the specimens from
Flemish Cap or from all areas combined.

A slight geographic cline of anal fin ray frequencies, from a high mean value in the north to a
gradual reduction toward the south, was noted (Fig. 2 and Table 2). The mode of anal fin ray frequency
distribution is dominated by 8 in most areas except west Greenland (Subarea 1) and Div. 3K, where
anal fin rays of 8 and 9 were both equally observed.

Dorsal fin Rays

The dorsal fin ray frequency histograms are shown in Fig. 3. The dorsal fin rays were dominated
by 15 counts except Div. 2J and Div. 30 where 15 and 14 were both equally observed (Table 3). The
sexual variation and depth variation of dorsal fin rays were similar to that of anal fin rays: no
significant difference between sexes, or among depth was observed in most of the areas -except for
specimens from Flemish Cap or from all areas combined. Even the geographical cline resembled that
of anal fin rays.

Comparison Between S. marinus and Beaked Redfishes

Significant differences were found between S. marinus and beaked redfishes in each of the three
meristics by using Levene's test of variances and the appropriate t-test of the mean values, and
also, with the three meristics combined by use of the transformed multivariate F-statistics (Table 4).
The lack of significant differences shown in Subarea 1 and Div. 4R was due to the insufficient data
of S. marinus. Only the variances of dorsal fin rays and anal fin rays showed no significant difference

in all cases.

DISCUSSION

The meristics of S. marinus in the Northwest Atlantic were very stable: no sexual difference
or depth variation in each NAFO Division, exceptions were the slight depth variation of anal fin
rays and dorsal fin rays on Flemish Cap (Div. 3M). Geographic clines of anal fin ray and dorsal fin
ray frequencies were contrary to the stable vertebral frequency (Table .1, 2, and 3). The significant
differences among depth zones for combined data from all NAFO Divisions also implied a geographic
variation of meristics in S. marinus. The area contributed the greatest difference was on Flemish
Cap.
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Table 1. The vertebrae statistics of Sebastes marinus by NAFO Division. The probability of x2-test shows
the independence of vertebral frequencies between sexes (xg) and among depths (xﬁ).

NAFO Divisions

Statistics 0 1 2J 3K 3M 3L 3N 30 3p 4R Total
Ne 13 131 885 322 650 56 109 48 1374 23 3611b
X 30.0 29.97 30.04 30.01 30.07 30.16 30.05 30.02 30.05 30.04 30.04
Range 30 29-30 29-31 29-31 29-31 20-31 29-31 29-31 29-31 29-31 = 29-31
Mode 30 30 30 30 30 30 30 30 30 30 30 .
SE_ 0 0.0149 0.0091 0.0128 0.0110 0.0494 0.0239 0.0476 0.0070  0.0772 0.0045
X .
Percentage
of abnormal
Vertebrae 0 0.76 0.79 0.62 0.31 3.57 0 0 0.36 0 0.53
P(xg) -¢ 1.0d 0.4419 0.6337 0.3592 0.3762d 0.1838 0.0767 0.4090 0.06 0.7399
P(XE) - 0.5822 0.2131 = .0.7087  0.7050 0.8318 . 0.8939 ~0.5934 0.1785 - 0.0386°
: excluding abnormal vertebrae.
1 ‘excluding one specimen from Div. 2H.
:-data has less than two rows or. two columns, no statistics can be computed.
: Yates' corrected p value for thg 2X2 table.
: signifiéant differences at p = 0.05 level.
Table 2. The anal fin ray statistics of Sebastes marinus by NAFO Division. The probability of x2-test
shows the independence of ‘anal fin ray frequencies between sexes (xf) and among depths (xé).
. NAFQ Divisions
Statistics 0 ' 1 2J 3K 3M 3L 3N 3¢ 3P 4R Total
N 13 130 399 34 81 24 91 42 560 . .4 1379
X 8.69 8.42 8.22 8.50 8.30 8.21 8.23 8.24 8.21 8.0 8.25
Range - 8-9 7-10 7-10 . 8-9 7-10 7-9 7-10 7-9 7-10 7-9 7-10
Mode 9 8,92 8 8,92 8 8 8 8 8 8 8
SE_ 0.1331  0.0482 0.0290 0.0875 0.0667 0.1041 0.0608 0.0818 0.0237 0.4100 0.0183
X
P(xg) 0.9621b 0.6994 0.8269 0.4803b 0.2953 0.3955 .0.5178 0.6665 0.4002 o= 0.4576
P(X2) -¢ 0.3031 0.6770 - 0.0033% 0.8330 0.5493 0.7534 0.2695 - 0.000¢
3. The second figure where shown had a frequency of greater than 40%.
b: Yates' corrected p value for the 2 X 2 table.
c: data has less than two rows or two columns, no statistics.can be computed.

significant difference at p = 0.01 level.




Table 3.

The dorsal fin ray statistics of Sebastes marinus by NAFO Division.
shows ‘the independence of dorsal fin ray frequen

The probability of x2-test
cies between sexes (xi) and among depths (xg).

Statistics

| NAFO Divisions

0.1498 0.8205  0.4909

0 1 2J K | 3 3L 3N 39 3p Total
N 13 132 398 34 81 24 91 42 559 1379
x 15.08  14.95  14.58  15.03 | 14.89  14.79  14.59  14.57  14.62 14.67
Range 15-16  14-16  13-17 1416 | 13-16  14-16 13-16  13-16  13-17 13-17
Mode 15 15 15,142 15 15 15 15,14 15 15

SE_ 0.0777 0.0444 0.0351 0.0669 | 0.0789 0.1470 0.0639 0.0972 0.0292 0.0183

X

P(x2) 0.8050° 0.0547 = 0.8570 0.3221 | 0.1698 0.3222 0.6881 0.7585 0.3232 0.3313
P(X2) 1.0°  o0.7978 0.7573 -© 0.00829 0.9139 0.000¢

The second figure where shown had a frequency of greater than 40%.

Yates' corrected p value for 2X2 table.

data has less than two rows or two co]uﬂsn, no statistics are computed.

d: Significant difference at p = 0.01 level.

a.

b,

|

Table 4. Comparison of meristics bltwéeh beaked redfishes and Sebastes

marinus. Levene's w-tests of variapces, the appropriate t-test and the
muitivariate F-statistics are p at 0.05 (*), 0.01 (**), and 0.001 (***)
significant levels.

A1l three
meristics

NAFO Vertebrae Anal finirays Dorsal fin rays

Division =~ w-test t-test w-test tWtest w-test t-test Multivariate F

a
0 (ns)™ (ns) (*)  (ns) () (%) (ns)
1 XK L RkXk ns X . KKK KKK KKKk
2J KKk KKK E3 33 Kk X ns KKK XXX
3K KKK KX KKK kK _b - -
3M . XXX X KKk X Kk x KKK KX b33
3L XXX KXk KKK \** . ns KKK KKK
3N KKK KA X KKK *’i*k ns £33 XKk
30 KkX KKK ne Kok ns kX KKK
3P KAX KXk XXXk *,}** Kkk KKk KKK
4R falate falale (ns) ( (ns) (ns) (ns)

=
v
~

small sample size of S. marinus.

lack -of specimens of beaked redfishes
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