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ABSTRACT

Morphometric characters were. Investigated to provide criteria In aid of morphological
differences that are presently employedias the guldeline for species identification of
redfishes In the Northwest Atlantic. - Sfandard length was utilized as a covarlate to adjust
morphometric values because specimens of S. marinus were larger than those of beaked
redfishes. Discriminant analysis with ¢ovarTance was performed on 17 morphometric variables
and resulted in an 11 varlable discrim{nant function which explained 65% of the total
variabliity with absolute distance betwéen group centroids being 2.81. The discriminant
function with two traditional discriminfators, orbit width and length of symphsial tubercle,
explalned 56% total varlability. The apsolute distance between group centroids was 2.33. The
discriminant analysls on 15 morphomefrl‘s excluding the two traditional discriminators
resulted In a 10 varlable functlon which explalned 58% total varliability with absolute
distance between group centroids being {2.43.  The result demonstrated good (87-90%) separation
of the golden redfish, (Sebastes marinys) from beaked redfishes (S. mentella and S. fasclatus
combined). Orbit width, Tnferorbltal wldth, length of symphysial tubercle (beak), depfh of
caudal peduncle, width of fleshly attachment of pectoral fins and body depth at the level of
the pectoral flns were determined as good morphometric discriminators.

INTRODUCT ION

Morphometric distinction of Norfhﬁesf Atlantic redfishes (genus Sebastes) has always been
a confusing topice It Is essential that a good morphologlical guldeliné for redfish field
surveys be establlished. i

Templeman and Sandeman (1957) deséribed morphological differences to distingulish marinus
type from mentella type. A complication to the classification problem arose with the —
suggestion of a Third specles Sebastes fasciatus by Barsukov (1968). This third redfish
specles closely resembles S. menfellTa |n external appearance and both of these specles can be
termed. beaked redfishes. NWI"(T98T) foénd that the route of passage of the extrinsic
gasbladder muscle between ventral ribsjwas the most useful character for distinguishing
S. mentella from S. fasciatus. Power and NI (1982) studlied the same character in S. marinus
and concluded that fhé morphology of thls muscle Is significantly different among Fhe Three
Northwest Atlantic redfish specles. However, thls technique Is very time-consuming and
requlires speclal skills. Although thel morphological differences between large specimens of




S. marinus and beaked redfishes were described by Templeman and Sandeman (1957), It would be
of Tnferest to have statistical confirmation of the classlfication based on morphometrics.
Not only would such a classification complement existing criteria used to distinguish

S. marinus from beaked redflishes, but would also serve as a guldeline for future research

surveys.

Misra and Ni (1983) Introduced a dlscriminant analysis with covariance to morphometrics

on S. mentella and S. fasciatus and found that seven characters provided good separation
between These speclas. ~They employed standard length as a covariate because specimens of

S. fasclatus were smaller than those of S. mentella. This would warrant the correctlion of
morphomefric dlfferences due to size (BITss; 1970). Previously, there hadn't been any attempt -
* to quantitate morphometrics as balng useful criterla to separate S. marinus from beaked

redf Ishes. Discrimlinant analyslis with covarlance Is, therefore, adop¥ed on morphometrics by
using standard length as covarlate to discover good discriminators between S. marlnus and
heaked redf |shes. : -

This study has three purposes: 1) to statistically evaluate the discriminatory power of
morphometrics between S. marinus and beaked redfishes, 2) to discover whether other ,
morphometric characters not used In the Initlal classification may be useful discriminators
and 3)'+o determine the best subset of all available morphometrics using stepwise discriminant
analysise

MATERIALS»AND METHODS

Speclimens were collected during groundfish research surveys by the Newfoundland
Biologlcal Station In 1958 on the Flemish Cap and Hamilton Inlet Bank (Table 1). - 1in this
study specles were Initlally classifled by size of eye, bony protrusion on the lower jaw and
coloration (Templeman and Sandeman 1957). - A description of morphometric measurements and
thelr abbreviations is listed In Appendix 1. The common log transformation was applied to the
data as multivariate normality Is usually more closely approximated by logarithms than
original variables. All statistical analyses Incorporated In this study were performed using
BMDP programs (Dixon et al. 1981).

A valld discriminant analysls must be preceded by a significant difference In population
mean vectors.  Multivarliate analysis of covarlance (MANCOVA) Is a technique used to test the
equallty of mean vectors (centrolds) between groups whlle controlling for the effects of some
unwanted variable. In this study, sample specimens of S. marinus (with mean standard length
354.8 mm) are larger than beakad redfishes (x = 297.4) So T¥ Ts desirable to eliminate thils
effect, as reflected In standard length, because any real dlfferances between these groups
might be masked simply by differences In standard length. The analysls comblnes regression
analysls (BMDOP6R program) with multivarlate analyslis of varlance (BMDP4V program). fach
variable Is regressed upon covariate and thereby provides a means of removing the effect of
the covarlate. :The procedure In this study Is to remove from the variable that part which Is
linearly related to standard length as determined from the regression equation and perform all
subsequent analyses on the residuals of those varlables. The résult is the same as 1f we
compared groups at the same standard length so that any differences now are Independent of
standard length. The technique assumes that the slope of the regression line of each varlable
on the covariate Is the same between groups.

The test statistic used to compare these populations for differences was Hotelling's 7
(Anderson, 1958).. If a multivariate difference was found to exlist between specles, we then
looked at univarlate statistics to show which morphometrics differed. Levene's test for
equal ity of varlances was calculated by BMDP3D program which Is more robust to departures from
normality than the usual F statistic (Brown and Forsythe, 1974). The appropriate t-test was
then conducted for equality of means. |f population variances were found to be equal, the
varlance estimate used In computing the value for the t-statistic was pooled (averaged)
between the two sample variances, If not found equal, the variance for each group was
estimated separately. '

Discriminant analysis was then performed by the BMDPTM program which calculates the
function in a stepwlise manner. Initlally the variable chosen at Step 1 Is the variable with
the hlghest univariate F-statistic, that Is, the vartable which best discrimlinates hetween
groups on one single dimension. The variable Included in the function at each subseqeunt step
Is the one that results In the most signiflicant F-value (F-to-enter) after adjusting for
varlables already Included in the function (the F-value, calculated for each varlable not In
the function at a particular step, Is that from a one-way analysis of covarlance where the
covarlates are the varlablaes already In the function). The stepping continues until no
further iInformation that Is useful In discriminating between groups Is galned by the addition
of more variables. Stepwise discriminant analyslis allows examination at every step the
Importance of varlables Included In the functlion and those stil| available to enter the
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The second discriminant analysls used set B which Incorporates metric representatives of
two traditional discriminators, OUTSBEAK and ORBIT (Templeman and Sandeman, 1957), both
adjusted by STANLENG. Of the 446 specimens, 389 (87.2%) were correctly classlfled by both the
Jackknlfe and regular methods of classiflication (Table 3). Both varlables entered the
function and the relative Importance of each varlable decreased from OUTSBEAK (F=83.0) to
ORBIT (62-.7). Wilk's lambda Is 0.5093 after OUTSBEAK entered the function and 0.4459 after
ORBIT entered the function. - This Indicates agaln good discriminatory power using only two
varlables In a discriminant function. The functlon explained 56% total varlability.

The discriminant analyslis on set C morphometrics (excluding OUTSBEAK and ORBIT) shows
good discrimination between groups based on.percentage of correct classifications (Table 3).
Jackknife classification correctly classifled 390 of 437 (89.2%). specimens while the regular
method classified 393 specimens (90.3%). Partial F-values at the final step resulted in the
followlng decrease In importance of varlables: INTEREYE (F=40.9), CAUDPEDS (40.6), BODEPPEC
(29,5) ,, CRANRIDG (20+9), PECTLENG (15.4), PECTBASE (13.1), SNOTLENG (13.0), HEADLENG (4.9).
The funcflon explalned 58 2% of the +ofa| varlability be+ween specles, whlch represenfs an
Increase In varlabllity explalned by the function of set B.

Discriminant analyses on the three sets of varliables performed well !n classifyling
specimens by the classification functions (Table 3). However, one would |ike to achleve
parsimony In the number of varlables, especlally If such a function Is to be applied In fleld
studies, and still be confident that it is reliables A function of two variables, OUTSBEAK
and ORBIT, did as well as a function retaining 11 variables (set A) and almost as well as the
function retalning 10 (set C). .

Absolute distance between gfoup centrolds Is 2.81 for varlables retained in a
discriminant analysls using set A, 2.43 for set C and 2.30 for the set B. It Is clear to see
that a discriminant functlion of se+ B agaln results In as good as separation.

The adjustment of the data by standard length Is warranted as some variables actually
show no significant difference (P> 0.05) after the adjustment was made (Table 2) Implying
that these variables showed a difference because of ‘the iInfluence of standard length.

Figure 1 shows a hlstogram of values obtalned by each specimen's observations evaluated by the
canonlcal variable functlon. The plot of values not adjusted by STANLENG show a ger
separatlion between groups that then adjusted plot indicating graphically that STANLENG Is

. perhaps distorting ftrue relationships between groups for soie variables.

" In. conclusion, morphometric characters can be considered statistically of value In
di'scriminating between Sebastes marinus and the beaked redfishes (S. mentella and
S. fasciatus). Good discriminators, suggested by discriminant analysTs, are orbit+ width,
TnferorbT¥al width, length of symphsial tubercle (beak), depth of caudal peduncle,; width of
fleshly attachment of pectoral -fins and body depth at the level of the pectorals.
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Table 1. Details of samples collected in 1958 research cruises. Sampling was
by bottom-trawl net tows from Flemish Cap and Hamilton Inlet Bank.

Approximate

(3M)

' Bottom No. of
- Locality Position Depth ranges temp. redfish
~(NAFO area)  Month Catitude Longitude (m) (°C) in sample
Flemish Cap ‘June - 48°00' 45°00' 276-314 4.0-4.1 58 marinus
(3M) 39 beaked
Hamilton Inlet August 54°50" 53°50" 256-549 1.3-3.5 78 marinus
Bank (2J) o 164 Deaked
Hamilton Inlet October ~ 53°00' 52°20' 256-549 2.6-4.0 61 marinus
Bank (2J) 96 beaked
Flemish Cap November ~47°40' 46°00" 272-457 3.7-3.9 36 marinus

30 beaked




Table 2. Mean values, standard error of mean (SE), and univariate Levene's test
and t-test of morphometric characters for S. marinus (N =165)and beaked redfish
(N=269). Significant levels are at P<.05 (¥) and P<.01 (**). Measurements (in
millimeters) were transformed by| common log. Abbreviations are listed in
Appendix 1. : '

Beaked Sebastes marinus Levene t-test

Character  Mean SE . Mean SE test BeforeP Afterb,
STANLENG 2.4665 0.0047 2.5415 = 0.0068 NS *k -
HEADLENG 2.0101 0.0049 2.0671 0.0065 NS *k ok
SNOTDORS 1.9618 0.0049 2.0189 0.0065 NS *k *k
POSTPECT 2.2442 0.0045 2.2973 0.0061 NS *k *ok
SNOTANAL 2.2936 0.0049 2.3732 0.0071 NS@ *k NS
BODEPPEC 2.0042 0.0055 2.0781 0.0074 NS Kk *k
BODEPANA 1.8801 0.0052 1.9649 0.0070 NS *k *ok
ORBIT 1.5229 0.0044 1.5243 0.0056 NS NS *x
INSIBEAK 1.0229 0.0066 1.0438 0.0083 NS * *k
INTEREYE 1.3207 0.0047 1.4219 0.0069 NS *ok * %
CRANRING 1.1590 0.0054 1.1944 0.0068 NS *k *k
OUTSBEAK 0.6977 0.0074 | 0.5930 0.0075 =~ 4 *k *k
SNOTLENG 1.3577 0.0054 1.4356 0.0069 NS *k NS
BODYWIDT 1.6278 0.0055 1.6952 0.0073 Nsd *k ko
PECTLENG 1.8912 0.0043 1.9402 0.0063. NS *k *k
CAUDPEDS 1.4018 0.0052 1.5505 0.0066 NS@ *k *k
PECTBASE 1.4145 0.0049 -1.5042 0.0067 NS k.o Kk
BODYWEIG 2.7468 0.0147 2.9688 0.0205 NS@ *k NS

dvariables have significant difference (P<.05) in variance estimates before
log transformation applied to data. '

bt-test before adjustment and after adjustment for covariate STANLENG.




Table 3. Summary table of variables used and retained in three discriminant
analysis applied to morphometrics and an estimate of their performance as
reflected in correct classification and variation explained by discriminant
function (canonical correlation squared). After each variable Wilk's lambda or
U-statistic is given in brackets that is the multivariate test of equality of
group means at each step. Variables are listed in the order they entered the
discriminant function. Covariance adjustment for STANLENG made on variables.
Abreviations of variables 1isted in Appendix 1.

Variables used in computing classification functions
- v AlT vartables

_ Only except
A1l Variables = OUTSBEAK, ORBIT ~ OUTSBEAK, ORBIT
(Set A) (Set B) (Set C)
Sample size® 434 445 _ 438
. 'OUTSBEAX  (.5092)  OUTSBEAK (.5079) INSIBEAK . (.7551)
ORBIT (.4468)  ORBIT (.4449) INTEREYE (.6271)
INTEREYE (.4054) CRANRIDG - (.5314)
PECTBASE (.3986) - PECTLENG (.4947)
Variables BODEPPEC ~ (.3874) : CAUDPEDS - (.4630)
‘ CAUDEPDS  (.3729) BODEPPEC (.4434)
SNOTLENG  (.3660) PECTBASE (.4307)
SNOTANAL (.3611) SNOTLENG  (.4224)
PECTLENG (.3561) HEADLENG (.4176)
INSIBEAK (.3521)
Correct 91.5% 87.2% : 89.9%
classification : - .
Jackknife 190.3% 87.2% 89.2%
classification : .
Canonical correlation 65.1% 55.5% 58.2%

squared (x100)

a:AnaTySis pérformed on specimens with values for all variables in the
function (complete cases only used in BMDP7M discriminant analysis).




Apendix 1. Methods of Morphometric Measurenent
Measurements were made after preservation to the nearest mm, unless noted and where applicable

on the left hand side of the fish.
STANLBMNG (standard Length)
HEADLENG (head length)

SNOTDORS? (predorsal Tength)
POSTPECT? (postpectoral Tength)
SNOTANAL? (preanal length)
BODEPPEC (body depth at pectorals)

BODEPANA (body depth at anal fin)

ORBIT? (orbit width)
‘ b . .
INSIBEA® (beak length includin
Jjaw attaghthreng? g
INTEREYE (interorbital width)
CRANRIDG (width between cranial
ridges
b .
QUTSBEAK" (beak Tength excludin
ok gt

Jaw attachment

SNOTLENG (snout length)

BODYWIOT (body width )

PECTLENG (length of pectoral fin)

CAUDPEDS (depth of Caudal
gg’&nc?e) .

PECTBASE (width of base of
pectoral fin

BODYEIG (body weight)

Anterior part of upper jaw to end of hypural
Anterior part of upper jas to posterior part of operculum
Snouth to anterior base of 15 dorsal spine

Snout to posterior end of pectoral fin ray

Snout to anterior base of 15t

Measured from a position just anterior to the 15tdorsal

spine to a point on the opposite ventral surface and at
rignt angles to the main longitudinal axis of the fish

Meastred frong point on the vertical surface on the broad
base|of the 1°>*anal spine to a point on_the dorsal surface
%1]; E" ght angles to the min longitudinal axis of the

s

Ante‘Liov; e of orbit opposite the most anterior nostril
to a|point diametrically opposite to this

Anterior end of beak (syphysial tubercle) to inside of
Tower jaw '

Width bebyeen orbits at the Tocation of spines on the
anterior dorsal edge of the eye

widtﬁ taken at anterior end where ridges cease to be
visable

anal spine

Anterior end of symphysial tubercle to center of outside
of lower jaw

] v jay to point on orbit site most anterior nostril
w1ppt?1ni]3u'd1 opg?\ed oppo .

Width of etween_lateral Tine at right angles to the
base|of the ¥ i gt ang

dorsal spine
Measurarent from crease made when left pectoral is raised
away;fmn body to longest ray when fin Ties flat to body

Dors jnventral measuretent at narrowest point of caudal
peduncle

Width of fleshy attachment of pectoral fin

Gilled and gutted weight of fish in grams

dMeasurement made on line parallel to maiin axis of fish, to the nearest 0.5 mm

bu\'easurement mede to the nearest .01 mm.
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