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“York population ‘as differ1ng the most.

.+ ABSTRACT
i . ’ II . . . : . . . . v ' ~ -
The tomcod Ancrogadusbtomcod as compared to ‘the other spec1es

of the same fam11y, Gad1dae, 1s a 11tt1e known spec1es. It-inhabits

both mar1ne and freshwater enV1ronments and se]dom undertakes Tong

m1grat1ons

'

The musc]e myogen lactic dehydrogenase (LOH} andlliVer estérase
J batterns obtained by stareh gel e}ecﬂrophorests and the morphemetr{c
. variatioh in spebimens of the tomeod (Aﬁcrdgadus tohcdd?Afrom five
-'Jocaiities are compared. The‘pattern variatidns bbserved'{n the

,electrophoret1c ana]ySIS and the var1at1ons observed in the morpho—

<

log1ca1 ana]ys1s are d1scussed in re]at1on to geograph1c locat1on and -

.8 . K

temperature. - ' . .

-

The morpho]ogica] and meristic data revealed-a.strohg northward

"lat1tud1na1 cline. The main muscle myogén, LDH and esterase patterﬁs

are s1m11ar for a]] the podu]at1ons but with’ po]ymorph1sm occurr1ng 1n.

)

<, : - ) ©

patterns obtained. . L

Numer1ca1 c]uster1ng analysis revealed three populat1ons us1ng 3

the morphometric data. Us1ng the biochemical data it revealed the New‘

t

o

4 .

each The popu]at1ons can be separated using the ratios of the ma1q,' o

‘ .

i}
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.- the organism over an area,\%\The most frequent]y stud1ed characters__are_
b

S .INTRODUCfIO,N N R

The purpose of detectmg geographtc var1at1on m b1o]og1ca1 NI <

systemat1cs is to describe and summanze the limits of expresswn of -

¥

the  morphological ones, recently there' have been studies of o

b1ochem1ca1 . phys1o1og1ca1 »-~immunological and genet1c characters .
These 1nvest1gat10ns can resu]t 1n information useful fo‘iﬁ‘the aﬂocatwn
of unknown Spemmens.to a given popu]atio,n or,geograpmo 1oca11ty.

" Mierogadus tomeod (Wa1b'aum, 1792) shows several qvah'ties

. -which make it a su1 tab]e spec1es to study 1ntraspec1f1c heterogene1t_y.

M tomcod 1nhab1tsrs‘naﬂow coasta1 and brack1sh water Ffrom Vi rg1n1a to : :

: southe‘rn Labrador (Leim and Scott 1966) It is 1andlocked in Lac St.

Jean Quebec (Legendre and’ Lagueux 1948) and in Deer Lake, Newt’ound]and!

(Scott and Crossman, 1964). The spec1es therefore occupies -a wade
range of habitats but since it. se1dom strays from shore (Le1m and
'Scott, ]966) it may be that there 1s mimma] movement between
1oca11t1es o ,
‘ In December and January, tomcods usua]]y m1grate upstream where
spawmng takes place. The eggs have been degcmbed as being free and C~—
heavy (Baird,. 1887; Booth, 1969). " Booth® des‘cmbes tomcod Iarvae as :"3’"
rell atwe]y non bUOyant The prev1ous authors and Svetov1 dov, 1945
Herman, 1963 Merrtman 1947 Percy and Rithards, 1962 Per]mutter,
’1939 »-and Ri chards, 1959, ha‘ve only reported pel agic stages of '

e -

A
G ‘

~)
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khcrogaﬂgf 1arvae from EStuar1ne s1tuatf§ns. These character1st1cs
of M. fomcod presumably g1ve the popu]at1ons of thls spéc1es a degree

of geograph1c 1so1at1on not genera]]y found ,in spec1es W1th pe]ag1c
‘c’

eggs and ]arvae wh1ch can be W1de1y d1spersed L

The obJect of th1s study is ‘to determ1ne whether geograph1cal

j1solates .of the tomcod can be identified on the bases of morphometr1c

and some "b1ochem1ca]" characters._ Also, the type and quantwty of

1ntraspec1f1c heterogene1ty will- be cons1ﬁered The use of the term

',Gecgraphica1 Isolate conforms to Mayr's (1969) definition. ,A11

. as geograph1ca1 1solates.’

’popu1at1ons or graﬂps\of pppu1at1ons which have on1y 11m1ted or no

n

- gene exchange with, other populations of the spec1e9, are des1gnated
4
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(1) New Brunswick

. . - RATERIALS -AND METHODS . !
MATERIALS= Lo S S

&

The mater1a1 studled compr1sed 474 specqmens from 5 1oca11t1es

(Tab]e I) The specimens were kept frozen at -30°C unt11 used.

~TABLE'I—-Loc31ffies from thch M, . tomeod Specimens were Examined.

~

el a ~Jotal ‘Number Specimens
‘ o - ‘ ' Examined
Pop} L . ! Approx.
_No. - Locality | . lat.N -Tong.W . Morpho]ogica] Biochemical-

[

45°06' 67°10' . 60 - 175 7
‘Passamaquoddy Bay . - . e
viD1gdequash River) . . ‘
(2) Newfound]and o 48 30 58 30 60 . 154
: St. George s Bay . - . L .-
(Harry S R1ver) R
. Quebec ’ . .o S
"(3)  St. Lawrence estuary 46 33 72'18 . 60 - 107
. ,(Ste., Anne-de-la-Perade) - T
(5) - Lac Stk Jean - <. 48,34 72 8+~ 13 6

(4) New York* . la140 75 50 ‘60 ' 32
' “Hudson River ) CoL
(Peekskill) .

¢
c

¢ The_tompéQ'popu]afipns will be identified either by locality name or .

o

pobulat{bn nunber, as ip Tab]e is'throughout the text.

¢ .

L]




METHODS |

: - A ‘-", ‘, . . ’
. Meristic Characters -

¢
Y . .

:‘: The fo110w1ng‘mer1st1c characters were counted dorsal fin rays,

ana] f1n rays, pectora] fin rays, pe1v1c f1n rays wertebrae (precauda1

"and cauda]), 1atera1 line scaies, sca]es above Tlateral 11ne, scales .

(below 1atera1 Tine, g111 rakers, and py1or1C!caeca Counts were taken"

o @

. as def1ned by Hubbs and Lagler (1958) w1th the, fo110w1ng except1on

Latera] line sca]es. counts on the first row be]ow the 1atera1

'11ne on the right s1de

The’ vertebrae were counted from X-ray photographs

. ‘¢
Measurements

~The fo]]oning morphome ‘ c charaetérs were measured: standard
length, caudaT peduncle 1éngth, caudal peduncTe depth, predorsal 1ehgth,
,preanaT 1ength,,head 1en§th,'snout length, eye 1ength,:upper jawilenoth,
'and'first, second, and-third pelvic fin ray length. Measurements were
taken as_ def1ned by Hubbs and Lag]er (19587 with the fo]towing exceptions;

Caudal peduncle depth. depth at the origin of caudal fin,

Preanal length: d1stance from the t1p of the snout to the
+

structura] base-of the first. ana] fln ray. o :

Upper Jjaw 1ength: Tength from the anter1ormost po1nt of the .

" snout to the posterﬁormost point of the maxillary.

Fitst, _second, and third pelvic fiﬁ'ray'1ength; distance from

(
the structura] base of the pelvic fin to the farthest tip of the-ray.

Measurements were taken to the nearest tenth of a m1111meter f
) e

us1ng~He11os d1a1 ca11pers
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Electrophoretic Procedure

"

"‘Pregaration of muscle .samples.- A 0.2 to 1.0 gm. of skeletal

muscle was taken between the first and second dofsal.fins'from the left.
side of the épecime%. This sample was diluted 1:1 with distilled water,

homogehized with a Viritis 45 Micro Homogenizer until a smooth consiitency

. '{wasAobtained (about 15 to 20 sec8nds), centrifuged at 30,000 x g for one

“hour at 0° to 1°C and the supernatant was decanted and stored at 0° to
1°C. Prior to use, the samples were recentrifuged at-1,700 x g for at

least 4 hrs.

Preparation of liver.samples. A 1.0 to 3.0 gm. of liver.was

w

taken, diluted 1E1’with distilied waters homogenized with a Bronwill’

v

.E.Biosonik'III using between 21 watts/cm2 to 63 watts/em? for 5 to 15 secs.

and centrifuged one hour at 30,000 x g at 0° to 1°C. Prior to use, the

supernétant was recentrifuged aft 1,700 x g for at Teast 12 hrs.

Starch gel electrophoresis. Micro starch.gel electrophoresis

wasaperformed according ,to Tsuyuki et al. (1966a). The bridge anq‘ggl’.
buffer system was Bo};t pH 8.5 of 0.3 and 0.023 M. respectively. The’
gels were made 12% hs'ng Connaught L@boratories, Toronto, hydrolized

. starch. A]fefnate buffer systems were employed but resolution was

found to be best with the borate system.

. L .
- Electropheretic runs were made at 0° to 2°C using 210 volts and

run time being 30 minutes for esteraset\;zg:;::fes for muscle myogen

and 90 minutes for lactic dehydrogenase

A 0.01% solution of Amido Black 10B in gel wash (5:5:1,

-
§



distilled water, methanol and acetic acid) was used in the detection

of muscle myﬁﬁeh patterns."LDH isézyme patterns were detected utilizing
a formezﬁﬁe precipitation reaction as described by Colowick and Kaplan

. (1963). Esterase-patterns were detected using the method of Markert -
" and Hunter (1959) with alpha napthyl.acetate. '

Analysis of Data -

The data was stud1ed us1ng analysis of var1ance (Stee] and
Torr1e, 1960; p. 99) Student-Newman-Keuls (SNK) compar]son among
ordered means (Sokal and Roh]f,/196§; p. 239) and Pearson's correlétion
coefficients.” T-tests were eqrried out to test:for sexual eimorphism.
1 ~Graehic 60mparison?of meristic data was plotted using a modtr
fication of the Hubbs and Hubbs (1953) method by Eberhardt-(1%68).
The difference is that the standard error is not multiplied b§ two tut
by the square root of the number of populations studied.

. The unweighted group method was used for the numerical c]uster1ng

analysis (Soka] and: Sneath 1963; pp. 290-311).

Chi-square test was used to ana]yze the significance of bands
present among the popu]at1ons for the b1ochem1ca1 results.

Coeff1c1ent of Difference (CD) values were calculated as -
described by Mayr (1969). Values of 1.28 and h1gher are indicative of

subsbecific level of differentiation. At this va]ue QOA of the an1mals

in each of the two popuiations being compéred differ from one another.
v - - a . | ’ ’



© . RESULTS

. MORPHOLOGICAL TNVESTIGATION

‘ . . .
o ‘ :

)

-

Meristic Characfers:‘ Geographic Variation v

Significant differences occurred in all the meristic chdrdcters
investigated except for the first ahal, peptoga]’ang be]vfc fin ray . |

number. Results are shown in Figures 1 and 2, and Téb]e I[I. Coeffitient
b . l. * . ‘ .
of difference (CD) values are listed in Table VII. 4 .

Meristic Characters: Sexual Dimorphism - 5
. l e ~

<

~ ;exua1 dimorphism was examined for each locality and combination

3

of all five localities (Table VII{).',

New Brunsw{ck: s]ight;sexual dimorphism was expressed. Signi-

. ficant differences occurred in the third dorsd1‘%in, gill-rakers, precaudal

Qertebrae and scales above-lateral line. Except for gi]]—rakérs, the

femé]es had ‘the higher mean.

14

Newfoundland: lateral line scales in which the males had a higher

mean was the 'single character showing significant sexual dimorphism.
New York: second and third dorsal fin ray‘number'showed a signi-

"ficant difference. In both, the females have the larger mean.

-

" St. Lawrence estuary and Lac St. Jean: no sexual dimorphism
was evident. # = ¢

Combination of.all 5 localitjes: first dorsal fim , precdudal‘

and total vertebrae showed-significant differences. :Females had a larger
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’ eI : FIGURE 1

Graphic comparison of meristic characters of M. tomeod for five -

: Tocalities. The\mean is shown by short vertical Jne, and the- ‘range

by a horizonta] Tine. The black part of each bar indicates standard -

error of the _mean X vno. of 1oca11t1es on either side of the mean.

One half of each black" bar plus the white bar at e1ther end represeﬁt
one standard deviation on either side ‘of the mean. Localities shown

north to south. - : v : y C
s o‘(.f’..'{""
. Population Number . " 'Locality q
‘ ] y S New'Brunswick
2 Newfoundland )
' ’3 St. Lawrence estuary (Quebec)
K ‘-‘..~ .ﬁgw York |
5 .. Lac St. Jean’ (Quebbc)
. R
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o ... FIGWRE2- - g J

Graphic comparison of meristic characters of M. tomeod for five . SR ///
Jocalities,. The .nean is shown by short vertical line, and the range A

by a horizontal line. The b]aék,part of each bar, indicates standard '
error of. thé mean x /no. of localjties on either side of the mean. ‘
One half dﬁ.éach black bar plus the white bar at .either.end represent

one: standard deviation on either side of the mean. .Localities shown

~north tP”SOUth. ' _ \ o A i
‘ . ‘ S r
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Significance Matfites of Inteﬁpopu]étion Variation in Meristic

Characters of M. tomeod {significance indicated by **, p < 0.05);
* Results are summarized on the right.

same line'are significantly different.

|

i

Pobu]ation Number

., ,3
. L

2

3
4
>

1

’

v
4
.

_TABLE II.

Locality
‘ New‘Brdnswick
. Newfoundland

[y

, NeW.YoFk

LaqiSt. Jean:(Quebec) .

1

~

-

St. LaWrence esfdary:(Quebec)

Any ‘means not underscored by .the

P4

A

~e



2 k.

Second Dorsal Fin Rays’

3.
)
5

. First Dorsal Fin Rays

*% -
*%k

I F S )

2.3 4.

2 -
3 k% o
4 - _—
5 k% .*~*'. *k dok
1 2 3 4
C. * Third Dorsal Fin Rays
2. -- _
-3 kk kk
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B kk Ak __ o
1 2 34
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D. Second Anal Fin Rays
‘ l2' Xk
3 *%  **
4 __', Kk **;5"'_‘
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1. 2-3 4

o,

2 5

3 4 . 1

13.93 13.92°

o

5 1.
]8.54 17.87

13.43 - 13.42 13.27 -

2 4 3

5 3
20.15 19.9

17.27 16:92 16.72

4 2

- 18.73 18.7 18.67

.

5 .. 3

19.85 19.8

%

4

t

2 1 4
19.0 18.45 18.22




PE ol

© E. Gill-Rakers o B T
p ek ' o o |
~¢,;>-:.3 o .. : - e . 5 q -

e \ L R L4
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5 *% A

1 2 3 4 S

A ]

F. Pyloric Caeca
D Kk ; . ‘ . ‘ S
3 w0 1 2 "3 4 5
foax Ak kx T . 40,2  37.85.35.03 29.5 21.33 ..
B okko dk kk  kk : . e el o ,j
:1 2 3 & ST S
v : . ' ';I ‘ . L - e " . h ;ﬂ' .
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| - o | TN
3w wx 2 1 s 3 4y
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5
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e
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. 3 kk o kk

g **x KK  kk

g L
v L
e 5
- 57.77
kk, S
4
Scales

v

1

56,28 55.87  53.

2

é :

©160.43"

3

-1 -2 3 ¢
: /’ K. Scales AbovevLateral Line
2 - | 1. 2 4
3 hk KA 26.33
g , "4 *k kk . W
1 2 3 oo
L. Scales Below Lateral Lie .
Z 4 3
3 a-, kX 49,03 49.0- '48.6
§ - ** .
) 1 23
3 .
.,‘“ |

3.

26.07 24.73 "28.7- -

o 12
by
33 52.0, . -
3 -
4

159.4 . 152.68 -141.05 o



S

,ten had differences due to fhe presence of the other 1oca1itie*) St ' - .

‘ -
‘These were standard head, snour, upper jaw and preana] 1engths Féma]es

a

mean for the first dorsal and males for the vertebrae. v
. . ! ' ¢ Q ' ’ . ; ’ L4 '
o . P N o
‘Morphometric Characters (Raw Measurements) b L . rﬂ‘?‘ ni\,
Geographic Variation 3 . : i; . . P '

S . . - -

Of the twe]ve raw measurements studied, ten had Significant

‘ differences. No differences were found in first and third pe1v1c fin

g - >

ray length. _A11,Significant di fferences were.due to the presence of the‘

samples from either Lac St. Jean or New York or both 0n1y four dT the .

“_ Lawrence estuary accounted for four differences’and New- Brunsw1ck)for _ f'l B
one. Except for one case, Lac- St. Jeanilocality had the highest mean’ .; N
whereas New York had the 1owest mean | a11 instances. Resu]ts are - ,. ; _;.\\\
shown in Table III. ' _" ’ . ! S B f;- | :
'Morphometric Characters (Raw Measurements) - Co S '-h.—:°‘

.- Sexual Dimorphism . , R

New Brunswick.~ of ththweive raw measurements'investigated < e

differences odCurred‘in eight.. The ones that showed no differences were

the lengths of first, second and. third pe1v1c fin ray and caudal

pedunc]e depth. Fema]es had a greater mean for all eight variaties.

-

Newfound]and fiye characters were significantly different.'
1 )

°

had a greater mean for the five variabies

L]

St Lawrence estuary: two characters did not show any significant -

\
difference. , The two were the first and third pe]wic fin ray 1engths T

i ‘ '
Again the femaies had the greater mean -in a11 the Significant variables.. L
P A

. ‘New York and Lac St Jean: exhibited no differences.

a

4

Taking a11 five localities as. a Singie unit sexual dimorz;;jm
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16

S

B 3 . N . . .
appeared in eight variables in which the females had the greater mean

-for all. The four variah]es not showing‘any differences:were eye length

4

and first, sécond, and third pelvic fin ray Tength., Results are

-summarized in Table VIII.

~

Morphometric Characters (Ratio Measurements)E\

Geograph1c Variation

With the twelve measurements taken fourteen ratios were obta1ned

The three ratios.that did not differ were first pelvic fin ray length/

'second and third pelvic fin ray length and second peluic fin ray length/

third pelvic -fin ray Iength. ‘ o ‘ S e

Morphometric Characters (Ratio Measurementsl_

.

Sexual Dimorphism

New Brunswick: of the fourteen ratio measurements taken, only

one had a Significant difference for sexual dimorphism. This was

’ standard Iength/preana] length. in which the males had a greater rat1o .

(TabIe VIII)

+  St. Lawrence estuary: five significant differences occurred. .-

These uere Sstandard 1ength/predorsal length, standard ]ength/preana]

,length standard Iength/second pe1v1c fin ray 1en2ﬁh head Iength/eye -

Iength and caudal peduncle Iength/cauda] pedunc]e depth Ma]es had

 greater ratios for the f1rst two and fema]es for the Iast three

New York: four signiffcant d1fferences occurred For standard
————iny
1ength/preana1 length and head Iength/snout Iength maIes had a greater

ratio and for standard Tength/second pelvic f1n ray length and "head

¢

0f these fourteen ratios, eIeven had significant differences (Table V). .
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o TABLE V. * S e

: .Significance.Matrices of Interpopulation Variation in Morphometric’
Characters (Ratio Measurements) of M. tomcod T®ignificance.indicated .
by **, p < 0.05). #Results are summarized on-the right. Any means not

*. underscored by the same line are significantly different. ) ‘

*

©

[

Population Number . Locality . Ce
1 o New Brrunswick Sl
" ) . . . /
2 . Newfoundtand
v 3 ** 'St. Lawrence estuary (Québec) °
< - . E
‘ | New York ST T LT,
5 Lac St. ‘Jean (Quebec)-
- : N . ‘) ~ ’
[ ]
. ! . . g? - .
{ 7o . o
0 — N - ’
i b Vd
" P . - k-]
- 4 Fd
.f
L .
" ’ S ‘
3 " -t K] )
’ ¢ §
. , . .
1 o ° ) o . .
’ a v



rd
o - i
Standard Length/Head Length _ R _ L -
‘3** xk L "] 5 2 3 4
g kk KE ok T .77 414 4 3.99  3.85 © 3.7
‘5__@, kk  dk **," " ‘ ’ L
. ‘ - / N ) ‘ , .
1.2 3,4 -
a ) co . R
Standard Length/Predorsal -Length . P
2 - P
QR , 5 4,71 3.2
R AR 3.25  3.15° 3.13 -3.11 . 3.05
§ kk wk L ! i — o
12 3 4 g
X 7
: ‘ /»// .
Standard Length/Preany/Lengthr ’
. 2 — . // i
3wk wx S B .3 4. 5
AR e o 223 2,22 2.18.2.14 2.1
\5 ki kk Kk __ ' —
1: 27 3 4
Standard Length/Caudal PeduncTe Depth
.2 o ) 3 Lt . . - -
3okx hx - . .5 3 040 1 2
§ wxe Kk owk o 17.61 17.15 16.2 15.22 14.83 |
G k% kk __. k% . A . S <o,
1 2 3.4
- ‘x - N



« E.
I — ’ . o -
< QPR 2 1 5 3 4
4 -- wx ., . 7.5 7.38 7.3 1.23 '6.97
B omm em om e S
1 2 3 4
. y
. F. Standard Length/Second Pelvic Fin Ray Length
2 . .
cIP S5 2 v 3 g
4oRx ok kx o 7.04 _6.99 6.90 6.68 6.09
B e an k% **" ' ' ) o ' =
- ,,ﬂl 2 3 4 S
G. 'Head Length/Snout Length
2 ;-.- 4 ‘ ' _ ‘ ' ; . 'u - . . .
3 ** "‘**l . ) . 5 4 ’ \j~. 2 - 3
R 3,06 3.04 3.01 2.97 °2.87
5 e —- ¥k . ’ -
1 2 3 4 )
H.. Head Lengthi/Eye Length *

i 2 sk ' : ‘ .

, 3 k*x Kk o . 3 4 \ 5 2 1
4 ¥ ee - B 6.61- 6.49° 6.35 6.21° -5.83
5 %%k ol cw - ’

12 3. 4 .
. .

Standard Length/Caudal Peduncle L-%Q‘{Jt,h.
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2 **- Co l
3 ex wx 1.2 5 .4 3
B *x wx ok 2,62 2.54 _2.49 2.46 2.37"
- S5 Rk L kk - : —=
1.2 3 4 '
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‘2 —— ' : .K ) : ' . - ’ L]
° QR 2 -3 5 .1 . 4
8 - *% . 1.76 1,74 1.71__1.67 .1.65
.1 2 3 4 P
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2 e . 3 v a | |
3wk 5 3 a1 20
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B okx kk L ' '
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K 1ength/secdnd'pe1v1'é fin ray 1eng}th the femgles had the larger ratio.
4‘ Lac St. Jean: significant differences occurred for four ratios.

The females had a greater ré_tio for standard length/head 1ength,.standard
fength/cauda'] peduncle length and head length/s'n(;ut length whereas for
_caudal pedunc'l\e length/caudal peduncle depth males had a g'reater'ratio/.
Newfoundland: no sexual dimorphism was evident.

Pl

Lumpmg all five 1oca11t1es, five s1gmf1cant d1 ‘fferences

oct_:urred " These were ‘standard length/head 1en‘gth, standard 1ength/
preanal 1engtl/1, s_tandard Tength/second pelvic fin ray length, head
. ]e;ngth/ey‘e length and h%xd length/secend pe]vic fin ray Aength. Forﬂ_
the first two’, ma]es had the greater ratio and for the last three, '

‘ 7

females had the greater ratio. ' - R

A summary for sexual dimorphist-is given in Table VIII.

Morm\mogical Summar_y

.

Table V summarizes- the s1gn1f1cant d1fferences which were detected

between pairs of popu1at1ons for meristics, measurements (raw and rat1os)

and total morphological study (

Table VI summarues the difference for each 1nd1V1dua1 populatwn
v \Q 4 ~.
compared to a'l'l the other four 1oca’l1t1es u‘

T

Table VII summarizes the s1gn1f1cant CDs present.

J

Numerical Clustering of Morphological Data

Twenty~five morpho]dgical characters were used in the cluster.
. analysis. The resu]tant c1uster1ng is ﬂh.tstrated in F1gure 3 agreemg

somewhat with the statistical analysis of Tab]es V and VI. Two major

¥
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TABLE ,V.--Number‘ and Percentage Differences Between. Populations in

Meristic and Morphqlogical {(Raw and Ratio Measurements.)
Characters: New Brunswick, Newfoundland, St. Lawrence
estuary, New York, and Lac St. Jean (Popu]atwn 1-5,

2

RespectWe]y)
. Pap. No. Meristics " Morphologica “Total
o o Raw Ratio
N % N % N % NO%
2-4 8 53.3 9 75.0' 9 64,3 - 26 63.4
4-5 ° . 8-66.7 - 10 83.3 4 28.6 22 57.9
1-4. 8 53.3 . 7 58.3 7. 50.0 22" 53.7
35 . 6 50.0 8 66.7 6 42.9 20 52.6
2-3 10 66.7 3 25.0 8 57.1 21 5.2
“1-5 8 66.7 5 41.7 6 42.9 " 19 '50.0.
' 1-3 9 60.0 '3 25.0 7 50.0 19 46.3
3-4 .. 6 40.0 8 66.7 5 35.7 19 46.3
2-5 7 58.3 ' lé 25.0 5 35.7 ~ 15 39.5
1-2 7 46.7 <:i‘i1 8.3 3 21.4 11 2.8
. / — / — -

“.TABLE VI.--Number and Percentage Differences for Each Individual
Population in Meristic and Morphological (Raw “and Ratio
Measurements) Characters:

New Brunswic
St. Lawrence estuary, New York, and Lac St Jean

(Population 1-5, Respect1ve1y)

, Newfoundland,

“Pop. No. Meristics "*Morpho]ag?cd] Total
. .o Raw Ratio ™~
s N NooZ N % N4
4 - 30 52.6 34 70.8 25 44.6 89 55.3
5 . 29Y60.4 26" 54.2 21 37.5 s 76 50,0 °
. 3. © 31 54.4° 22 45.8 26 46.4 79 49.1
e 2 32 56.1 16 33.3 25- 44.6 73 45.3
M 33.3 23 411 T

) 32 56.] e

16

. L,
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Respect1ve1y) N .
! 5 .
<
5 _ Popu]at1on Combinations
Variable. -5  2-5 35 - 3 1-4 15 2-3 2-4--1-2 34

—t . ) - — \ ’ [}
Pyloric Caeca - 1.98 1.79 - - 1.93 - - - -
‘Precaudal Vertebrae 1.84 - 154 173 2.08 -.- 2.30 2.66 7’ -
Caudal Vertebrae ) .1.52 7 1.6l - v - - - z - < -
Total 'Vertebrae . 3.45 156 .2.66 1.48 2.15 -  1.50 2.28. - -
. Standard Length 1.29 - - - - - - - -
Standard/Head . 129 - - 1.30 1.3 - - - - -
Standard Length/Caudal - 173 - _ L lae - i i i

— -
.

Table VII.=-Significant Coefficients of D1f%erénce (cb) vaiues fbr M, tomcéé

~

New Brunswick, .

Newfoundland, St. Lawrence estuary, New York, and Lac St. dJdean (P0pu1at1ons 1-5,

Peduncle Depth’

Zz .



TABLE VLI o

Colparison of Sexual D1morph1 sm Data for Meristic and Morphometmc
(Raw and Rat1o Measurements) Characters {p < 0.05). °

-

" Population. Number . Locality -

._. 1 " New BrunsWiqk‘

Newfoundland
_ St. Lawi'enclzeqe‘stuér‘__y (Quebec)
‘Nev;l York -

. lac St. Jean, (Quebec)-

D U W N

o o Comb'ina,ti'dn'“; of al1 Tlocalities,

o .=



e

v

\\‘ '

—~—
'Popu'l ation Number 1 2 3 4 5 6
, Males 50 18 35° 16 - 4 123
SEX Females 10 42 25 44 9 130
‘ " % Males 83.3% 304  58.3% 26.5&% 30.7%  48:6%
Numher of ) 5 .
. S1gn1f1cant 13 6 15 6 . 4 .16
Al Di fferences - L2 ﬁ )
?gg?gg;'; % Significant ‘ at .
Characters.mfferences 31.7% 14.6% 36.6% . 14.6% 9.8% 39.0%
(41) Number of 4 _
. Males with 2 ] 2 2 ] 4
Greater Means
Number of . ;
-Significant 4 T 0 2 0 3
Differences /
P % Significant - oo
Meristics . . o ]
. Char&cters Di fferences 26.6% 6.6% 0% 13.3% 0% 20.9%
(15) Number of i
. Males with 1 1 0 0 0 2
i Greater Means :
Number of . v . .
Significant 8 5 .10 0 0 S
. - Differences '
\ - - v .
\\ Raw . . - . % Significant o : - ,
-\\ Measuvs-  Differences . 66.6% -41.6% 83.3% ® 03 0% 66.6%
ments : o - : -
Number of -
o \\ (12)_ . Males with 0 0 0- 0. 0 > 0
\. Greater Means ( . °
\ Numbeyr of N , "
\, Significant 1 0- 5 4 4. 5
. Di fferences
Ratio % Significant. . _° v N C o
Measure- Differences = 7.1% 0% 35.7% 28.5% 28.5%.  35.7% .
ments ’ N b f ’ . - ~
(14) . Number o _
: Males with 0 2 2 1 2

Greater Means

T
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Dendrogram of Numerical ReTationships based on Morphometric Data.
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. clusters, NéWfodnd]and_with New Brunswick and New Ydrk|With St. Lawrence

-estuary are shown. A single line depict§ the Lac St. Jean'population.

-

"

.. BIOCHEMICAL INVESTIGATION | - o

'
_/,.,-, -

" Mustcle myogen and ]act1c dehydrogenase were stud1ed for 472

N

and 356 f1sh respect1ve1y, from five 1oca11t1es Lfver esterase

a

patternSewere stud1ed for 336 fish from four 10ca11t1es ' .
" Thé results . for the'New Yorkqpopu1at10n (musc]e myogen and
liver esterase study).cannot be taken as conclusive because the sahb]eé

did not arrive in a completely frozen state. Thus there might have .

~

‘been some protein denaturation.

Liver esterase patterns were detected-using aipha paphthyl
' g i

<

_ propionate, butyrafe and acetate with best resu]ts'bcing'wfth the |

-

latter. ( - o : L
Glutamic and malic dehydrogenase wewe tried but’enzymes'Were

‘not in sufficient quantity for analysis. :
"No sexual dimorphism éxisted for any of the biochemical data.

~

Muscle Myogen B . ‘ . oo A o /

There océurred'Zé dif%erent patterns anong thé five popu]ations
*stud1ed and of these, 26 occurred less than 3.18% of the time. The = °
two ma1n paf%erns occurred 61. 65% and 13. 14% (F1gure 4, B and C,
respectively). ; i I o B S L,

A totgj a£”16 different bands (Figure 4A and Tablc IX))occurréd

"among the five populations. Ten;of the_bands qccurred at

"least 90% of the tine in all the'popu1ations with the_excention of -
New York. S L
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o ~ s :
TABLE IX.--Percentage Occurrence for:Main Muscle Myogen Patterns and
Bands ' for M. tomcod: NewBrunswick, Newfoundland,- St.
Lawrence estuary;‘New York, and Lac St. Jean (Populations
*1-5, Respectively). ! "
POPULATION ‘
N 2 . 3. 4 5
n=175 n=154 A n=105 n=32  .n=6
Total No. of Patterns 18 9 9 4 1
* B | 65.71%  65.58%  65.71% - 100%

C 10.28 16.23 18.09 - -
PATTERN "D 8 - e - -

' ‘E - U - 46.87 -

F - - - 37.5- -
g:@ﬁ;nlggsp$§§§r"5 2.28"  3.89 5.71 9.37 -
Total No. of Bands 14 14 15 10 10

. 1 10.85% 0% 0-95% 0% 0%
2 12 2.59 7.6] 0. )
3 94.20 - 100 97.14. 90.62 100
4 12 7.79 6.66. 0 0
5° 97.14 - * 93.5 100 6.26 100 °
, "6 99.42. 9.1 -~ 100 0 100
, 7 100 J100 100 100 100.
BAND NO. 8 100 100 100. 15.62 100
9. 98.28° 100 100 - 15.62 100
10 0 0 0.95 . 0o 0
11 98.28 100 © 100 100 100
) 12 0.0 3.89 0 0 0
.13 -] 977 196,10 , 100 100 100
14 100 100 1100 100 100
) 15 10.28 16.23 19.04 53.12 /0
~ 16 ° 95 97.4 100

.42

' "94.28

100

R
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Siéﬁifiéance"Matrices of Interpopulation Vargation in the ‘Muscle

1]

TABLE X .

MyogenzBands.ofJM. tomcod (significance indicated by **, p < 0;05);_

cw " Population Number
o 1
2.
A 3
4
B
o l% '
:I] . r v
& b s b
£

Locality L
New Bruﬁswick

_ Newfoundland’

Sti,Lawrenée estuary (Quebec) - .-

Neinork'

Lac St. Jedn (Quebkc)

R



A Musplé Myogen
E 2 kx
3 Ak
Ches

B. Mugcle Myogen
2
’ 3 -a -
4 o ae -
5..- = -
1 2 .3
v L
.-
C. Muscle Myogen
P k¥
- S
4 - ** _.
5 am om -
1 2 3

D. Muscle Myogen

2 —--

3 --
_4 .** *% ok
5

1. 2 °3

Barid 3 -
- 7/ ]

Band 5

*k

2

3
4
5

sk

-

1

*k

.

Lok

Muscle Myogen

Fl
2 -~
3 - --
'.4 *k | Kkk **.
5 -- - -
1 2 3
P .
.- Muscle. Myogen
J2 -
Bi-m -
4 *k  kk kA
a -
1. 2 3
H. "Muscle Myogen

E. Muscle Myogen:Band 6

f- .
i
B 3
b

*%

Bénd,B

a4

sk

‘Band 9

*k

Band 15



“r

‘Pattern and band occurrénce are summarized in Table IX and -
{ : : , . ‘
.Figure 4, Muscle myogen band stgnificance was tested for each band
' Vus1ng a ch1—square,test. The'resu1ts of these tests are. presented in

. Table X. -+ - b

v

«Lact1c Dehydrogenase

A total of 12 patterns of which 10 had Tess than 6. 74% _
- frequency, occurred for the LDH study. The two:main patterns had
67.42 and 13.76% frequency (Figure 5,B and C, respectively). f

Ten separate bands occurred among the 12 patterns (Figure 5A
and Tab]e XI). Three of the bands occurred at least 90% of the t1me
(Bands 3, 4 and 7)a_ A A .

LDH bapd1ng and pattern frequency are summar1zed in Tab]e XI .
+ and F1gure 5. The results of the ch1-square s1gn1f1cance tests for EDH

' bands are presented in Table XII. CL ‘ L

Liver Esterase

Six patterns were present 1n the liver esterase of the tomcod

JThe two h1ghest frequency patterhs were patterns A and B: (Figure 6) w1th

: ~56 25% and 33.93% frequency respect1ve1y The rema1n1ng had 6.85% or

]ess frequency (Tab]e XII1).

Four bands occurred among the 6 patterns. " Two ofithe‘bands
./’

occurred at least 90% (Table XIII)

]

L1ver esterase band and pattern frequency are summarized in

Table XIII and'F1gure 6. Tab]e XIV presents the results of the chi-

P e e ——

square significance tests for ]1ver\esterase bands.
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TABLElXIt--Per&entage~Qccurrence for Main LDH Patterns and Bands for

M. tomeod:

New Brunswﬁgk, Newfoundland, St. Lawrence estuary,

New York, and Lac St. Jean (Populations 1-5, Respectively).

POPULATION
o 1 2. 3 5
n=151 n=71  n=103 n=25 n=6
Total No. of Patterns . 8 1 5 '8 2
B . 62.91%  100% . 68.93% 12.0% -
PATTERN - C .| -16.55 - 10.67 ~  48.0 16.66
. D 463 - 8.73 12.0 83.33
Remaining Patterns ) . ' _
"Occur Less Than - 5.96 | ' 8.73 8.0
Total No. of Bands 7 3 5 9 5
ot 11.9% 0% 0% 16% 0%
2 0 . 0 0 4 0
3 100 | 100 100 100 100 -
4 100 100 91.:26 100° 100
5 0 0 0 8 0
"BAND NO. - : :
.8 0 0 . 0 4 0
: A '
7 100 100 100 100 100
8 33,1 0 2233 88 100
g 26.49 0 " 13.59 68. - 16.6
10 0.66 0 0 0 - 0
e ,
A : .
* @ : (//// :
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/

-Population Number

So

i

2
3
4
5

eg ”

)

‘ Locality

New Brunswick

Newfoundland

St. Lawrence esfuary (buebéc)

New Yofk

" Lac St. Jean (Quebec)

-, e

-

of InterpopuTat1on Variation in the’ ADH Bands.
s1gn1?1cance indicated by **, p < 0.05)% .

!
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