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Morphometrie and meristic differences between 
shallow- and deep-water populations of white 
hake (Urophycis tenuis) in the southern Gulf of 
St. Lawrence
T hom as H urlbut and  Douglas Clay

Abstract: L inear d iscrim inanl function analysis o f  m orphom etric and m eristic  characters w as used  to assess the extent 
o f  differentiation  betw een shallow - (<100 m) and deep- (>200 m) w ater populations o f  w h ite  hake (Urophycis tenuis) 
from the southern  G u lf  o f  St. L aw rence (N A FO  D ivision 4T). A lthough m eristic characters provided som e evidence for 
stock separation , the best statistical separation w as obtained with m orphom etric  characters. M orphom etric  discrim inant 
functions derived from  “ learning” sam ples w ere ab le  to  correctly classify  82 and 84%  o f  th e  “test” sam ples fo r both 
fem ales and  m ales, respectively. A greater relative snout length in fish  sam pled from  along the Laurentian Channel 
com pared w ith  those from  the N orthum berland S trait area w as the prim ary d iscrim inating  character fo r both sexes. Our 
m orphological ev idence and previous tagging and d istributional stud ies suggest that the populations from  these tw o 
areas represent separate  stocks; therefore, the traditional m anagem ent unit for w hite hake in N A FO  D ivision 4 T  may 
no longer be appropriate .

R ésu m é : N o u s avons effectué une  analyse discrim inante linéaire d 'u n e  série de  caractè res rnorphom étriques et 
m éristiques afin  d ’évaluer le degré de différenciation entre  la population de  m erluche b lanche  (U rophycis tenuis) vivant 
en eau peu profonde (< 100  m ) e t la population vivant en  eau plus profonde (> 200  m ) d an s le sud du golfe du Saint- 
Laurent (d ivision 4 T  de l'O PA N O ). Si les caractères m éristiques ont révélé d 'tine  façon p lus ou m oins nette la 
présence de deux stocks d istincts, les caractères m orphom étriques se son t révélés beaucoup p lus efficaces à  ce t égard. 
L es fonctions d iscrim inantes m orphom étriques dérivées des échantillons d 'ap p ren tissag e  on t perm is de  c lassifier 
co rrectem ent 82  e t 84%  des échantillons «  expérim entaux » de fem elles e t de  m âles, respectivem ent. L a longueur 
relative du m useau é ta it le principal caractère discrim inant, les valeurs é tant chez les deux sexes plus élevées chez les 
spécim ens provenant du  chenal Laurentien que chez ceux capturés dans le détroit de  N orthum berland. N os observations 
m orphom étriques e t les résultats d 'é tu d es antérieures de  m arquage e t de  répartition donnent à cro ire  que les 
populations associées à  ces  deux régions constituent des stocks différents. Il n ’est donc p lus approprié de m aintenir 
l'u n ité  de  gestion  qui e st actuellem ent prévue pour la m erluche blanche dans la div ision  4 T  de l ’OPANO.

[Traduit pa r la R édaction]

Introduction
The w'hite hake (Urophycis tenuis) is a dem ersal fish that 

inhabits the continental shelf and upper continental slope of 
the western A tlantic Ocean. They occur from southern Lab­
rador. and the Grand Bank southw ard to N orth Carolina, oc­
casionally straying to deep w aters o ff Florida (Mtisick 
1974). W hite hake are exploited throughout their geograph­
ical range by seasonal fisheries, but the most important di­
rected fishery for this species has occurred in the southern
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G ulf o f  St. Lawrence (N orthw est A tlantic Fisheries 
Organization (NAFO) D ivision 4T).

The current m anagem ent o f  m arine fish stocks in Atlantic 
Canada assum es the presence o f  a  single stock per m anage­
ment area (Parsons 1993), w ith no stock m ixing during peri­
ods o f  fishing. Despite the fundam ental im portance o f  this 
concept and the significant local com m ercial fishery for 
w'hite hake in the southern G ulf o f  St. Lawrence, there have 
been no studies o f  stock structure in the northw'est Atlantic.

A  tagging study conducted o ff  eastern Prince Edward Is­
land in the late 1960s suggested that white hake in the south­
ern G ulf o f  St. Lawrence are distinct from  white hake in 
other areas o f  the northwest A tlantic (K ohler 1971). Conse­
quently, NAFO Division 4T  w'as adopted as the management 
unit for white hake in the southern G ulf o f  St. Lawrence, 
which are currently assessed and m anaged as a single stock 
(Morin and Hurlbut 1994). However, white hake exhibit a 
disjunct distribution in the southern G ulf during the summer 
and early fall, occurring either in shallow (<100 m) inshore 
areas in the vicinity o f  the N orthum berland Strait o r in deep 
(>200 m) w ater along the Laurentian Channel (Fig. In)
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Fig. 1. (a) D istribution o f  w hite hake catches during the 
S ep tem ber 1986 dem ersal fish survey o f  the southern  G u lf o f  St. 
Law rence. <b) Sam ple sites during  the tw o RV La d y  H am m ond  
surveys o f  1986 (num bers indicate the sam ple size a t  each 
location and  the ellipses enclose sam ples front depths betw een 
100 and 200 m). In both panels, the dashed line represents the 
border o f  N A FO  D ivision 4 T  and the dotted line represents the 
200-m  depth  contour.
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(Koeller and LeGresley 1981; Clay and Hurlbut 1989; Clay 
1991; M orin and Hurlbut 1994). C lay and H urlbut (1989) 
and Clay (1991) postulated that these two com ponents may 
represent com pletely o r  partially independent stocks. They

T ab le  1. M orphom etric and m eristic  characters and their 
acronym s that w ere assessed in th is investigation.

C haracter acronym D escription

M orphom etric
PECTBGIR Pectoral body girth
O TOLHSL Length o f  the sagittal o to lith  (left side)
O TORH SL Length o f  the sagittal o to lith  (righ t side)

M eristic
FDORFR First dorsal fin  rays
SDORFR Second dorsal fin rays
ANALFR A nal fin  rays
PFCTFR Pectoral fin rays (left side)
CAUDFR C audal fin  rays
TOTVERT T otal vertebrae
A BD VERT A bdom inal vertebrae
EPIRAK Gili rakers on the epibranchial o f  the 

first le f t arch
CERRA K G ili rakers on  the ceratobranchia! o f  the 

first left arch

Note: See Fig. 2 for the other morphometric characters.

referred to the inshore and offshore com ponents as the Strait 
and Channel com ponents, respectively.

O ur objective was to test the hypothesis that w hite hake 
from the Strait and Channel groups represent discrete stocks 
by assessing m orphom etric and m eristic differences between 
the two groups.

M aterials and  m ethods

Sam p le co llection
Sam ples o f  white hake were co llected  during tw o  consecutive 

bo ttom  traw l surveys (RV Lady H am m ond) conducted from  A ugust 
4  to  Septem ber 24. 1986. Seasonal groundfish surveys o f  the 
southern  G ulf indicate that at th is tim e o f  year, w h ite  hake from 
the Strait and C hannel groups are m ost w idely distributed and have 
reached the lim its o f  their sum m er distribution (C lay  1991). Sur­
vey procedures are described in H urlbut and C lay (1990).

Specim ens betw een 35 and 5 0  cm  (total length) w ere selected  to 
m inim ize the effects o f  a llom etric grow th  within the sam ples. The 
co llected  fish w ere bagged and packed in an undistorted condition 
in  cardboard cartons and then w ere rap id ly  frozen ( -1 6 .CPC). The 
resulting collection (Fig. 16) had a  preponderance o f  sam ples from  
the northern and southeastern ex trem es o f  N A FO D iv ision  4T, a l­
though there  w ere som e from  as fa r  w est as the m outh o f  th e  St. 
L aw rence River.

L ab oratory  m ethod s
Previously, there  has been a great deal o f  confusion regarding 

the species o f  Urophycis that occurs in the G ulf o f  St. L aw rence 
(Leim  and Scott 1966; M usick 1969, 1972). This confusion  pe r­
sisted  until M usick (1969, 1972) revised  the taxonom ic characters 
that perm it d istinction  betw een U tenuis  and its m orphologically  
sim ilar congener Urophycis chuss  (red  hake). T hese characters 
w ere exam ined for each  specim en, and any that could  not be  p o si­
tively  identified as w hite hake w ere forw arded to  the A tlan tic  R ef­
erence C entre (St. Andrews, N .B .) fo r confirm ation. A ll specim ens 
w ere confirm ed to  be  U tenuis.

For each specim en, nine m eristic and 20 m orphom etric charac­
ters w ere counted o r m easured (Table 1; Fig. 2). M ost o f  the 
m orphom etric characters were m easured as described by H ubbs 
and L agler (1958). The exceptions included tw o o f  the characters
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F ig . 2. M orphom etric  m easurem ents (m m ) used in this investigation.
STANDL

HEADL-L  PFD O RFL

HEADL-M
-PS  DOR FI.

SDORFBAS

A NALFBAS-------PEC TFL

PPELVFL

TO TA LL

HEADW ID

described by M usick  (1969. 1972) specifically  fo r m orphom etric 
com parisons o f  U tenuis  and  U chuss. T hese  characters are d iffer­
entiated  from  analogous characters described by H ubbs and L agler 
(1958) by use o f  the ex tensions -M  o r  -L in the character names.

T hree different sizes o f  calipers w ere used for the m orphom etric 
m easurem ents. SN O U T L -L . SN O U TL-M . EY ED IA M . HEAD L-L. 
H EA D L-M . H EA D W ID . UPJAW L. and PECTFL. w hich were 
<30 cm  long fo r  a ll o f  th e  specim ens, w ere m easured to  the nearest 
0.1 mm w ith  vernier callipers. SD O R FB A S, AN ALFBAS, 
PR EA N A LL, PFD O R FL , PSDORFL. PPEC TFL. and PPELVFL 
tended to  be > 3 0  cm  and w ere  m easured to  th e  nearest m illim etre 
w ith m odified  callipers constructed  from  a m eter stick  w ith sliding 
needle points. O T O L H SL  and O TORH SL w ere m easured to the 
nearest 0.01 m m  with d ia l vernier callipers. TOTALL and 
STANDL w ere m easured to the nearest m illim etre on  a  m easuring 
board. PE C T B G IR  w as m easured w ith a piece o f  nylon tw ine to 
the nearest m illim etre.

M eristic  counts w ere m ade from  X -ray im ages. T he left pectoral 
fin and first right g ili a rch  w ere excised and X -rayed separately 
from  th e  rem ainder o f  th e  carcass. All vertebrae w ith hem al arches 
o r spines w ere  counted  as abdom inal vertebrae, and the total verte­
bra counts excluded the urostyle.

S ta tistica l an a lysis
A nalyses w ere perform ed using Statistical A nalysis System  so ft­

w are (SA S Institu te Inc. 1985). D ue to  the d istributional d iffer­
ences betw een m orphom etric  and m eristic characters and because 
m orphom etric characters are size dependent (Sokal and R ohlf 
1981). the tw o  types o f  characters were analyzed separately. M or­
phom etric m easurem ents w ere transform ed to  com m on logarithm s. 
Because sexual d im orphism  w ith respect to  g row th in w hite hake 
(C lay 1987) cou ld  result in g reater variations in m orphology than 
m ay be attributable to  geographic variation betw een populations, 
we used ANCOVA. w ith TOTALL as the covariate , to test fo r d if­
ferences in  shape  betw een m ales and fem ales. We a lso  used 
ANOVA to  test fo r differences betw een the sexes in the m eristic 
characters because  it has been dem onstrated that sexual dim or­

phism  m ay a lso  be  m anifest in the expression o f  m eristic  charac­
ters (K irp ichn ikov  1981; L indsey 1988). Sex and its interaction 
w ith a rea  w ere included in the AN CO V A  and A N O V A  m odels.

T he m orphom etric characters w ere standardized to  the overall 
m ean total length before d iscrim inan t function analyses using  
pooled w ithin-group slopes determ ined by ANCOVA and the fol­
low ing form ula:

A D JC H A R  =  O R G C H A R

-  [SLO PE X (TO TA LL -  M EANTOT)]

where A D JC H A R  is the value o f  the size-adjusted character, 
O R G C H A R  is the orig inal value o f  the character, SLO PE is  the 
pooled w ith in-group slope o f  the respective characters, TO TA LL is 
the total leng th  o f  each  fish, and M EA N TO T is  the overall mean 
total length fo r each sex (43 .9  and 42.2 cm for fem ales and  m ales, 
respectively).

We confirm ed that the slopes did not differ significantly  am ong 
the tw o groups by  com paring m odels w ith a constant slope o v er all 
groups w ith  those w ith separate  slopes w ithin each group. In  all 
cases, co rre lation  coefficients differed  betw een the tw o m odels by 
<5% , confirm ing that there w ere no  significant differences in allo- 
inetric relationships betw een the areas. A w ide varie ty  o f  statistical 
procedures, in  addition  to  pooled  w ithin-group slopes, have been 
used to  adjust fo r the effect o f  s ize  on shape in stock identification 
stud ies u sing  m orphom etries, bu t there is currently  no c lear con­
sensus as to  w hich procedure is  superior (i.e.. Reist 1985; C laytor 
and M acC rim m on 1986). An a lternative  approach is  to  use the 
overall regression slope (i.e ., the slope over all the groups co m ­
bined). To confirm  that th e  resu lts w ere  not contingent on the p ro ­
cedure used fo r size adjustm ent, we also perform ed the analysis 
using characte rs adjusted w ith overall regression slopes. T h is anal­
ysis, not p resented  here, led to  the sam e conclusions reached using 
characters adjusted  with pooled w ithin-group slopes.

D iscrim inant function  analyses contrasted white hake sam pled 
from  depths <100 m (Strait com ponent) w ith those from  depths 
>200 m (C hannel com ponent). Sam ples from depths betw een 100
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T ab le  2. M orphom etric characters (m eans ±  SD ) o f  fem ale and m ale w hite hake standardized to  th e  overall m ean to ta l length (43.9 
and 42 .2  cm  for fem ales and  m ales, respectively) using pooled w ithin-group regression slopes and  resu lts o f  ANCOVA for sexual 
d im orphism  in m orphom etric  characters.

M orphom etric
character

Sam ple

Strait Channel p  value

Fem ales 
(n  = 92)

M ales 
(n  = 167)

Fem ales 
(n  = 171)

M ales 
(n  = 169)

Sex
effect

Area
effect

Sex X area 
interaction

STA N D L 384.6+2.6 369.6±2.6 384.7+2.6 368.9±2.3 0.8462 0.1944 0.0742
SN O U TL-L 23.9±1.8 22.1±1.8 24.3±1.8 22.6±1.4 0.0001 0.0006 0.6387
SN OUTL-M 42.2±2.4 40 .5±2 .4 44.7±2.5 43.1+2.0 0.5161 0.0001 0.4352
EYED1AM 16.0+0.9 15.9±1.0 16.3+1.1 16.3+1.3 0.0001 0.0021 0.5479
HEA D L-L 96.7+3.1 91.1*3.1 97.7±3.0 92.4±2.5 0.0001 0.0001 0.5685
HEADL-M 91.9±3.0 86.7±3.2 93.1+3.0 88.0±2.6 0.0001 0.0001 0.8796
HEAD W ID 56.1±5.3 53.6±3.9 55.2+5.8 51.8±5.0 0.9155 0.0009 0.2419
UPJA W L 42.9+3.2 40.5±3.0 42.3±3.1 39.9±2.8 0.0138 0.0293 0.7329
PEC TFL 70.2±3.1 67.6+2.7 70.4±2.8 67.3±3.3 0.5411 0.8830 0.2201
SD O R FB A S 220.4±4.9 214.0+4.7 219.9+4.8 213.3±4.5 0.0001 0.0862 0.8678
A N A LFB A S 171.6±4.7 166.0+4.1 169.6±5.2 I65.2±4.5 0.002S 0.0001 0.0991
PREAN ALL 183.6±4.2 173.7±4.4 183.1 ±5.3 172.4±4.7 0.0001 0.0422 0.1923
PFD O R FL 331.3±2.8 3 2 0 .0 ± 3 .1 330.2±3.5 319.1±3.0 0.0001 0.0001 0.6643
PSD O R FL 295.9±4.1 285.8±3.5 294.9±4.2 285.5±3.4 0.0001 0.0284 0.2856
PPEC TFL 345.9±3.7 334.2+3.6 346.1 ±4.1 334.1 ±3.7 0.0001 0.8292 0.8248
PPELV FL 374.0+5.4 360.9±4.7 375.4±4.7 361.8±4.4 0.0013 0.0061 0.5997
PE C T B G IR 2 1 1.5±12.3 202.5±13.1 214.7± 14.5 202.5±  13.9 0.5358 0.1521 0.1724
OTOLHSL 18.8±0.7 18.2+0.6 18.6+0.7 I8.2±0.6 0.0739 0.2934 0.1793
O TO R H SL 18.7±0.7 18.1±0.7 18.6±0.6 I8.2±0.6 0.0650 0.4870 0.0364

and 200 m w ere not included in the d iscrim inant function analyses 
(24 fem ales and 43 m ales; see Fig. lb). A forw ard, stepw ise d is­
crim inant function analysis w as used to  se lec t the characters that 
best d istinguished betw een the tw o areas and to  evaluate the re la ­
tive contribution  o f  each  character. In  the case  o f  highly correlated 
m orphom etric  characters (i.e ., SN O U T L -L  and SN O U T L -M  and 
H E A D L -I. and H EA D L-M ), th e  characters w ith the low est W ilk’s 
lam bda (SN O U TL-L and H EA D L-M ) w ere elim inated  from  subse­
quen t discrim inant analyses. W e used th e  kappa (K ) statistic to  de­
term ine the im provem ent over chance o f  the classifications derived 
from  the d iscrim inant functions (Titus e t al. 1984). A K  o f  zero  in ­
d icates that no  im provem ent over chance w as provided by the 
d iscrim inant analysis, w hile  a AT o f  1 occurs only w ith perfect 
agreem ent. T o obtain a bette r estim ate o f  th e  m isclassification rate, 
the sam ples w ere sp lit into tw o  data sets (even versus odd fish 
num bers). T he first data set w as then used  to derive the d is­
crim inant function  (“ learn ing '’ sam ple) and the second to  deter­
m ine the efficiency o f  the function (“tes t"  sam ple) (Pella  and 
R obertson 1979). The sam ples from  depths betw een 100 and 
200 m  w ere classified w ith  discrim inant functions derived from  the 
previous classification o f  sam ples from  the Strait and Channel 
com ponents.

R esu lts
The ANCOVA for differences in m orphom etric characters 

betw een fem ale and m ale w hite hake (Table 2) revealed sex­
ual dim orphism  ( p  <  0.01) in 11 o f  the 19 morphometric 
characters. A  difference (p  < 0.01) w as also detected be­
tween female and male white hake for the number o f  ab­
dom inal vertebrae (Table 3). Therefore, the analyses of 
morphometric and m eristic characters w ere conducted with 
the sexes separated.

Differences (p  <  0.01) betw een the shallow- and deep- 
water areas w ere observed for nine o f  the morphometric 
characters (Table 2) and three o f  the m eristic characters (Ta­
ble 3). The interaction between sex and area was not signifi­
cant for any o f  the characters except for the num ber of 
pectoral fin rays (Tables 2 and 3).

Character correlations were m uch lower after size adjust­
ment using the pooled w ithin-group regression slopes and 
averaged 0.017 and 0.009 for fem ales and males, respec­
tively.

Forward, stepw ise discrim inant function analysis revealed 
that six o f  the 19 m orphom etric characters contributed sig­
nificantly to the m ultivariate discrim ination between the two 
areas for fem ale white hake (Table 4). In contrast, eight o f 
tlie 19 m orphom etric characters contributed to  the m ulti­
variate discrim ination between the areas for m ale white hake 
(Table 4). A  greater relative SNOUTL-M  in fish sampled 
from along the Laurentian Channel (Channel com ponent) 
com pared w ith those from  the southern G ulf (Strait com po­
nent) was the primary' character difference for both  sexes. O f 
the remaining m orphom etric characters selected in the step­
wise discrim inant function analyses, HEADL-L and 
PREANALL were the m ost im portant, in term s o f  their d is­
criminating power, for fem ale and male white hake, respec­
tively.

Forward, stepwise discrim inant function analysis applied 
to the m eristic data resulted in  four characters contributing 
to the discrim inant functions for fem ales and two characters 
for males (Table 4). PECTFR w as the primary character dif­
ference between fem ale white hake o f  Strait and Channel o r­
igin (Channel fish >  Strait fish), and CER RA K  w'as the
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T ab le  3. M eristic  characters (m eans ± SD ) o f  fem ale and m ale w hite hake and results o f  ANOVA fo r sexual dim orphism  in m eristic 
characters.

M eristic
character

Sam ple

Strait Channel p  value

Fem ales 
(a  = 92)

M ales 
(n = 167)

Fem ales 
(it = 171)

M ales 
(it =  169)

Sex
effect

Area
effect

Sex X area 
interaction

FDORFR 9.6±0.7 9.4±0.7 9.4±0.7 9.4±0.8 0.1959 0.2250 0.1953
SD O R FR 53.9±1.9 54.2±1.9 54.5±2.0 54.3±1.9 0.7467 0.0464 0.2348
C A U D FR 35.0±1.1 35.0±1.I 35.3±1.1 35.0±1.0 0.1700 0.0680 0.1330
A N A LFR 47.8±1.6 47.9±1.8 47.6±1.8 4 7 .9 ± l.8 0.1835 0.2869 0.4473
PEC TFR 16.2±0.8 16.3±0.6 16.6±0.7 16.3±0.8 0.0437 0.0001 0.0023
T O T V E R T 48.7±0.6 48.7±0.6 48.8±0.6 48 .8±0 .6 0.7504 0.3497 0.6677
A B D V ER T 15.9±0.4 15.8±0.5 16.1 ±0.5 I5 .9± 0 .4 0.0092 0.0001 0.1584
C ERRA K 13.0±0.9 12.9±0.8 13.4±1.0 13.3±0.8 0.2701 0.0001 0.9379
EP1RAK 2.1 ±0.3 2.1±0.2 2.1 ±0.3 2.1 ±0.3 0.5315 0.1490 0.3745

T ab le  4. R esults o f  forw ard  stepw ise and canonical discrim inant function analyses using m orphom etric and m eristic characters.

C haracters Sex Total no.

C haracters selected  in 
forw ard  stepw ise discrim inant 
function analysis

Standardized 
coefficients o f  first 
canonical variable

A verage %
correctly
classified K  statistic

M orphom etric Fem ale 239 SN O U TL-M -1 .5 4 2 3 81.30 0.59
HEA D L-L 0.6833
UPJA W L 0.4986
PECTBGIR -0 .3 6 2 6
PR EA N A LL 0.5776
AN ALFBAS 0.4654

M ale 293 SN OUTL-M -1 .4 1 1 3 83.57 0.66
HEA D L-L 0.2418
PR EA N A LL 0.8592
UPJAW L 0.5603
PECTBGIR -0 .2 6 7 5
AN ALFBAS 0.5083
SD ORFBAS -0 .2 4 9 2
PSD O R FL 0.0917

M eristic Fem ale 239 PECTFR 0.5876 62.67 0.24
A BD VERT 0.4458
C A U D FR 0.3697
C ERRA K 0.3824

M ale 293 C ERRA K 0.8628 56.31 0.16
EPIRAK 0.4732

p r im a ry  c h a ra c te r  d i f fe re n c e  b e tw ee n  m a le  w h ite  h a k e  
(C h a n n e l f ish  >  S tra it  fish ).

A  p o s te r io r i  c la s s if ic a t io n s  o f  w h ite  h a k e  in to  th e  tw o  a r ­
e a s  u s in g  d is c r im in a n t  fu n c tio n s  d e r iv e d  fro m  m o rp h o m e tr ic  
c h a ra c te rs  w e re  8 1 %  c o r re c t  fo r  fe m a le s  a n d  8 4 %  c o r re c t  fo r  
m a le s  (T a b le  4 ) .  T h e  K  s ta tis t ic s  in d ic a te  th a t th e s e  c la s s if i­
c a tio n s  w e re  s ig n if ic a n tly  b e tte r  th a n  c h a n c e  a lo n e  (0 .5 9  and  
0 .6 6  fo r  fe m a le s  a n d  m a le s , re sp e c tiv e ly ) . In  c o n tra s t ,  a  p o s ­
te r io r i  c la s s if ic a t io n s  u s in g  d isc r im in a n t fu n c tio n s  d e r iv e d  
fro m  m e r is t ic  v a r ia b le s  w e re  c o n s id e ra b ly  le s s  su c c e s s fu l  in 
th e ir  a b il i ty  to  c o r re c tly  c la s s ify  s a m p le s  (6 3  a n d  5 6 %  c o r ­
re c t  fo r  fe m a le s  a n d  m a le s , re sp e c tiv e ly ; T ab le  4 ) . T h e se  
c la s s if ic a t io n s  w e re  o n ly  m a rg in a lly  b e tte r  th a n  c h a n c e  a lo n e  
(K  = 0 .2 4  a n d  0 .1 6 . re sp e c tiv e ly ) .

T h e re  w a s  c o n s id e ra b ly  m o re  o v e r la p  in th e  d is tr ib u tio n s

o f  f irs t  c a n o n ic a l  v a r ia b le  s c o re s  w i th  th e  m e r is t ic  d is c r im in ­
an t fu n c tio n s  (F ig . 3 b )  th a n  w ith  th e  m o rp h o m e tr ic  d is c r im ­
in an t fu n c tio n s  (F ig . 3 a ) . T h e  m a jo r i ty  o f  th e  sp e c im e n s  th a t 
w e re  m is c la s s if ic d  b y  th e  m o rp h o m e tr ic  d isc r im in a n t fu n c ­
tio n s  (7 7 %  o f  th e  fe m a le s  a n d  6 0 %  o f  th e  m a le s )  w e re  sa m ­
p le d  fro m  s ta tio n s  n e a r  th e  2 0 0 -m  d e p th  c o n to u r  (F ig . 4 ) . 
T h e se  m is c la s s if ic d  sp e c im e n s  re p re se n t  19%  o f  a ll o f  th e  
f ish  (b o th  s e x e s )  th a t w e re  s a m p le d  fro m  th is  a rea .

T h e  te s t  s a m p le s  c o u ld  n o t b e  e ff ic ie n tly  c la s s if ie d  w ith  
e ith e r  o f  th e  m e ris tic  d is c r im in a n t  fu n c tio n s  ( i .e .,  m a le s  o r  
fe m a le s ) . T h e  o b se rv e d  p e rc e n ta g e s  o f  c o rre c t c la s s if ic a t io n  
(6 3 %  fo r  fe m a le s  a n d  5 3 %  fo r  m a le s )  w e re  o n ly  s lig h tly  
b e tte r  th a n  w o u ld  h a v e  b e e n  o b ta in e d  b y  c h a n c e  a lo n e  (K  =  
0 .1 8  a n d  0 .0 8 . re sp e c tiv e ly ; T a b le  5 ). In  c o n tra s t ,  m o rp h o ­
m e tr ic  d is c r im in a n t  fu n c tio n s , d e r iv e d  fro m  le a rn in g  sa m -
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Fig . 3 . M ean first canonical variable scores fo r the d iscrim inan t function analyses o f  {a) m orphom etric  and (b) m eristic characters o f 
fem ale and m ale w hite hake.
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Fig. 4 . N um ber and positions o f  fem ale and male w hite hake 
that w ere m isclassified by  the m orphom etric discrim inant 
functions. The first num ber a t each location represents the 
num ber o f  fem ales and the second the num ber o f  males.

p ie s , w e re  a b le  to  c o r re c tly  c la s s ify  8 2  a n d  8 4 %  o f  th e  
fe m a le s  a n d  m a le s ,  re sp e c tiv e ly , f ro m  th e  te s t sa m p le s . 
T h e se  c la s s if ic a t io n s  w e re  s ig n if ic a n tly  h ig h e r  th an  c h a n c e  
a lo n e  (K  = 0 .5 8  a n d  0 .6 8 , re sp e c tiv e ly ;  T a b le  5 ).

W h e n  th e  s a m p le s  f ro m  d e p th s  b e tw e e n  100 a n d  2 0 0  m 
w e re  c la s s if ie d  w ith  d isc r im in a n t fu n c tio n s  d e r iv e d  fro m  th e  
c la s s if ic a t io n  o f  s a m p le s  f ro m  th e  S tr a i t  a n d  C h a n n e l co m -

T ab le  5. R esults o f  the c lassification  o f  test sam ples using 
discrim inant function  ra les derived from learning sam ples.

C haracters Sex

No. in 
test data
set

A verage %
correctly
classified

K
statistic

M orphom etric Fem ale 113 82.30 0.58
M ale 143 83.92 0.68

M eristic Fem ale 106 63.21 0.18
M ale 150 53.33 0.08

p o n e n ts ,  th e m a jo rity (5 9 % )  w e re c la s s if ie d a s  S tra it
c o m p o n e n t.

D iscussion
T h is  s tu d y  d e m o n s tra te s  th a t th e re  is  c o n s id e ra b le  m o r ­

p h o lo g ic a l d iv e rg e n c e  b e tw e e n  w h ite  h a k e  fro m  th e  so u th e rn  
G u lf  (d e p th s  < 100  m ), p r in c ip a lly  th e  N o r th u m b e r la n d  S tra it  
a re a , a n d  w h ite  h a k e  fro m  a lo n g  th e  L a u re n tia n  C h a n n e l 
(d e p th s  > 2 0 0  m ). T h e  b e s t s ta tis t ic a l  c la s s if ic a t io n  o f  th e se  
p o p u la t io n s  w a s  o b ta in e d  w ith  m o rp h o m e tr ic  c h a ra c te rs , a n d  
m e r is t ic  c h a ra c te rs  p ro v id e d  lim ite d  b u t c o n g ru e n t e v id e n c e  
fo r  se p a ra tio n . I f  a  “ s to c k ”  is  c o n s id e re d  to  b e  an  in tra -  
sp e c if ic  g ro u p  o f  in d iv id u a ls  w ith  re c o g n iz a b le  g e o g ra p h ic  
b o u n d a r ie s  th a t e x h ib it  u n iq u e  p h e n o ty p ic  o r  g e n o ty p ic  a t ­
tr ib u te s , th e n  b a se d  o n  th e s e  re su lts , w h ite  h a k e  fro m  th e  
S tra it  a n d  C h a n n e l a re a s  s h o u ld  b e  r e g a rd e d  a s  se p a ra te  
s to c k s . T h is  c o n c lu s io n  is  c o n s is te n t  w ith  th e  re su lts  o f  p re ­
v io u s  a n a ly s e s  o f  th e  d is tr ib u tio n  o f  c a tc h e s  o f  w h ite  h a k e  
d u rin g  se a so n a l  a n d  a n n u a l su rv e y s  o f  th e  so u th e rn  G u lf  
(K o e lle r  a n d  L e G re s le y  1 9 8 1 ; C lay  a n d  H u r lb u t 1989 ; C lay  
1991 : M o rin  a n d  H u rlb u t 1994) a n d  w ith  th e  re su lts  o f  a
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rence o f  two stocks in it, during the sum m er and early fall, 
when there has historically been an im portant directed fish­
ery for this species. From a fishery m anagem ent perspective, 
subdividing the NAFO Division 4T  m anagem ent unit into 
two zones (< 100 and >200 m) would create the problem  o f 
how to apportion catches from depths between 100 and 
200 m. Since the m ajority (59% ) o f  the sam ples in this study 
from  depths between 100 and 200 m were classified as Strait 
stock, the most tractable approach to  this problem would be 
to subdivide NAFO Division 4T  into tw o zones (<  200 and 
>200 m). An additional fishery m anagem ent problem  occurs 
when fish from  the Strait stock m igrate to overw inter along 
the Laurentian Channel, conceivably outside NAFO D ivi­
sion 4T , when they would becom e vulnerable to harvest 
with fish from  the Channel stock. In th is case, m orphom etric 
discrim inant functions could be used to apportion catches in 
the m ixture to their respective stocks.
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