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An enormous arnount of work has been carried out to determine the averae,-e

nurnber cf vertebrae in different stocks of cod (~morhua morhua r,.) throuehout

the Horth !.tlantic, but althollgh the' relationship with temperature in the period

e durine and after spawning is often mentioned there 8eems to be no publiahed

attenpt to'plot'the correlation between thc two Ovar a wide area. T have taken

published data on vertebral numbers of cod stocks from a11 parts of the North

Atlantic and plottedthem a~ainst surface water temperature during the oonth

of spawninc (Ficure 1). The data on"'ertebral count are fromSchmidt (1'930),
Dannevic (1947), lhcken~ie und 8mith (1955), Thompson (1943), Stanek (1968),

Lefranc (1970), Seals Research Division of th~ InstitUte of }hrine Envircnmentnl

Research (Plyr.:outh) (unpublinheci) and ~ome of rn.y own from the Irish Sea and

Rristol Channel. The temperature data are fromStefannson (1962), ICHAF (191113),

Hydrographie Office, U. S. Uavy Dept. (1944), TeES (1962), Clark and Vladykov (1960)

and some of my own. In all sevünty s~mples raneing in size from 20 to 4 594 fish

and in area from the ;vestern En~lish Channel to Northern Labrador are included

(Table 1). In a seall number of cases the exaet'position of the sampIe und the

4It time of spawning had to be guessed and the average monthly temperature interpolated

from contour charts. ft seems rensonuble to expect that this will incrense the

variance in the relationship rQther thnn introducing bias.

7he equation for the regression line plott~d in Figure 1 is ns folIows:

Vertebral count (includinp,- urostyle) ,,; 54.45 - TemperQture (in Oe)
x: 0.361

~he c0rrelation coefficient (r) is - 0.906 for 68 degrees cf freedom

(pr01'ability of ~ > 0.302 is 0.01 for 70 d. f.). The reeression ncccmnts

for 82~: of the variance in vertebral count and an increase in water

temperature of 1oC'would b~ exrected to ßive a decrease in nvp.race

vertebral number of 0.361.
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A similar treatment of the: relationship between water, temperature and ..

vertebral count has been ~arried outby Cl~rk and 'Vi~dyk~v (1960), but they

fitted a curve to their data. In the present case square r~ot~d logarithmic

transformations of the vertebral count gave such tiny ioprovements in the

correlation coefficient that they are not worth considering. ,The curves'

produced by thc transfol"Illlltions cannot be plottcd on Figure 1 because they

are indistinguishable from the straight line.

Clark and Vladykov point out that'values whieh lie away from thc reeression

line nay ropresent fish not spawnod on the ground w~ere they were'caught~ It is

of courne extreoely dangerous to select outlying points for special consideration

since thio can ea:::lily be used to t1ioprovetl the correlation spuriously, but perhaps

one instance can be eited since it has been raisod elsewhere. The values ringed
. "

in FiGUre ,1. come from the English Cha~el and are all higher than might be

expected fro~ the water t~mperature during the sp~wnine period in that area.
~ ' , .

One of the values comes from the work of Lefrane (1970) and he cornpares itwith e
values found by o.the,r authoro and concludes ,that the ~ow, numberwhich he found··

is due tothe relatively wann water in the Streits of· Dover. Unfortunately his ... '.

counts do not include the urostylewherens.those of most other authors in his

cocparison dd. The evidenee therefore s~;gests thnt the cod sarnpled in the ...

English Channel may have corne from, ~he southern Uorth Sea •

. More detailed use of vertebral count data de~ands nore complete infOrmation

on the position of spawning areaa, the time of spawnine and the, year class of .the .
. '. . .

fish beine sanpled, since.the temperature during und after spawning is likely to

fluctuate from year to year. The importance of,thesc,year to year fluctuations
, .. ' ,. ' ,.. ....

can be seen from an analynio of.variance of vertebral,counts of· cod from the

North S~a' (ICES division IVb) sample~ at Lowestoft, G~msby,and NO~h Shields

by r,jr J Prioc of the Seals Research Division of the Institute of Harine

Environmental Research (Plymouth). 4Il
The data are set out in Table 2 and a preli6inary analysis shows that. .

for each.year claes the menn vertebral count in hiehest at Lowestof~, followed

by North Shields and then Grit'lsby. The order of the I:lelln vertebral counts for
. . ,

each yenr clacs'is also quite similar for the threeports, with 1963 bein~.

consistently hiehest. 'The range'of v.tllues for thc different year classes'

indicates a tenperature fluctuation of about 20 C fron the warmest to the
, •• t •

coldest year~ Tbe result of the analysis of variance,which shows significant

effects due to Port, yp.~;' Class and Port Je Year Claßs ~teraction~iS not .

surTH'isin,rr in view or what' has been said above. The residu~l'(or ~;~or) rle~'
. .

·s~uare can be Hsed t6 get some idee cf the sar.:ple sizes needed to se~rate

stockn, where'some hy?othesis about difference in water teI:lperature exists
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and the year c1ass effect can be allowed for. It i8 like1;y that in the present

case the port effect is due to a difference in the areas being samp1ed by the

three ports and perhaps also in their seasona1 pattern of fishing. Figure 2

shows the "centre of gravitylt of the sampling distribution for the three ports.

So far any possib1e genetic causes of differences in vertebral count have

been ignored, a1though it has been shown for p1aice (Purdom and Wyatt, 1969)

and other species that such differences do exist. Since the on1y way in which

such genetic differences can be established is by breeding experiments, the

possibi1ity of a genetic cause muat a1ways be 1eft as an open hypothesis.

This need not be a great handicap when studying stock structure, since a

consistent difference in mean vertebral count can be used as evidence of

separation regardlese of its cause. The absence of a clear difference due

to genotype in such a case does not constitute evidence that the stocks are

~ not separate. Only in the case where there i8 no difference in mean vertebral

count between two sampIes, but breeding experiments show that a genotypie

difference exists, does the genetie evidenee provide us with extra inforcation

on the separation.
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Te.ble 1 Hean vertebral c01mts of cod (inclnding urostyle) in the North Atlantic

Source Area of sampling IIumber Hean nUI:lber Standard Temperature
of fish of vertebrae deviation at sfawnine

°c)

Schmidt (1930) 66°53 'N20042 ''t'1 120 52.96 0.65 3.5
66°01 'N17°30' il 287 52.96 0.71 3.0
65°40 'N14°1 0'.'1 370 53.23 0.64 3.5
65017'H13059'U 290 5~.85 0.69 3.8
64°35'N13015'il 73 53.26 0.71 4.0
63°44'N22057'\'1 186 52.73 0.71 5.5
Faroe Plnteau 4 594 52.28 6.5

,

Schmidt ( 1930) 63°08 'N7°60 'E 79 53.76 0.62 4.5
680 00'N1400'E 148 53.67 0.71 4.5
69038'N33°'2'E 66 ~3.82. 0.68 1.5
70015'N19030'E 76 52.95 0.76 3.0
70024 t N32000'E 81 53.42 0.77 1.5

Dannevig (1947) 59033'N10027'E 3 242 51.94 0.71-0.88 7.7

Schmidt (1930) 41 018 t N70002'W 70 52.90 0.68 4.5
43059'N68008'lv 58 53.97 0.88 3.0
43036'~T62018'W 93 54.29 0.80 2.0
46°00'N61 °35 'lv 72 53.86 0.92 0.0
47035'N5901 0 '1-[ 49 54.16 0.85 0.0
47034'N52°42 ''('i .65 54.91 1.07 0.8
650~3'N52054 '1'1 183 53.60 0.80 0.8
61 000'N47°00'tl 200 53.42 0.69 0.8
65040'N37°10'W 183 53.14 0.67 1.5

!'lacke:lzie and 1r.gonish 2 172 53.96 0.0
Smith (1955) Canso 915 54.13 0.8

Quereau 3 481 54.22 0.6
Sable 1s land 7 031 54.04 0.77 1.8
St. Narearet 2 863 53.86 1.1
Browns 4388 53.80 2.4
Digby 1 730 53.51 ) 2.8

Thompson (1943) Danquereag 82 53.99 0.65 0.6
44°30'H51 OO'W 60 53.38 0.95 4.5
48040'N53000'V/ 99 55.43 0.87 0.8
52°00 'N53030' \v 90 55.20 1.01 0.2
53°00 'N55000 'lI 60 55.17 0.81 -1.0
53030'N55000 t W 91 55.07 0.97 -1.0
54°30 '1157000'1i{ 29 54.86 0.86 -1.0

Stanek (1968) 52°30 'N52000'i{ 55.26 0.0
51 020'N51030'W 55.34 -0.5
50030'N52030'W 54.83 0.0

Schmidt (1930) 60°52 'N 8°12'11 120 51.77 0.64 8.0
57000'N14000 t ,'1 91 51.47 0.62 8.7
53024'N 2°58'W 193 51.69 0.64 7.0
5S025'N 5030 t l'1 75 51.67 0.62 7.0
58°'4'N 6018'~'1 272· 51.87 0.55 7.5
58059'N 2°53'~" 200 51.91 0.61 6.8
56°01 'N 3°22 'l{ 84 52.24 0.61 5.5
54046'U 0028'E 165 52.04 0.64 5.8
53003'U 2007'E 94 52.09 0.74 5.3
53000'N 4045'E 97 52.19 0.63 5.0
54°'2'N 7053'E 205 52.30 0.63 4.0
56°39'N 7°58'E 150 52.06 0.65 4.3
55028'N 7°55'E 200 52.28 0.55 4.0
60023'N 5020'E 197 52.43 0.67 4.0
59°24'11 5017'E 93 52.44 0.74 4.0

Seals Research· Flamborough 465 52.23 0.70 5.5
Division of the Gt. Fisher 600 52.30 0.72 5.5
Institute of Dogger 531 52.44 0.70 5.2
J>1arine Southem N. Sea 531 52.30 0.67 6.0
Environmental off Hastines 20 52.25 0.64 7.5
Research (Plymouth) off Brixham 38 52.13 0.84- 9.2

Southernlrish Sea 473 51.72 0.68 8.0
N•I;. 1rish Sea 147 51.56 0.70 6.0
North Channel 283 51.72 0.78 7.2
West of Scotland 535 51.70 0.69 0.3
off Soutbend 36 52.47 0.61 6.0

Lefranc (1970) E. Channel 488 52.33 7.5

Present s tudy Bristol Channel 209 51.58 0.72 8.3
County Down 469 51.80 0.69 7.0
N. E. Irish Sea 363 51.60 0.87 6.0
s. Irish Sea 52 51.67 0.65 7.5



Table 2 Analysis of variance on vertebral counts of cod from the Uorth Sea (leES Division lVb)
sampled at Lowestoft, Grimsby and North Shields

DeTiation from Port
50 vertebrae
(inCludi~ Lowestoft Grimaby Uorth Shielda
uroatyle

Year-claes

1963 1964 1965 1966 1967 1963 1964 1965 19~6. 1967 1963 1964 1965 1966 1967----- ----- -----
0 1 2 1

1 5 2 5 18 2 3 6 37 18 2 10 15 27 15

2 23 26 54 90 31 4 12 28 117 73 10 33 58 127 58

3 36 25 41 72 30 5 3 23 76 49 15 12 59 88 33

4 9 4 3 3 2 2 2 11 3 2

Number of fiah 74 57 104 184 63 9 18 59 233 143 29 57 143 245 108

Kean number
52.64 52.54 52.38 52.32 52.44 52.56 52.00 52.36 52.18 52.20 52.59 52.04 52.46 52.24 52.20of vertebrae

Source

Sum of equares d.f. H.S. F

Port 11.372651 2 5.6863 10.81 **
Year-class 18.884006 4 4.7210 8.97**

Port and Year-clnss 33.186044 8 4.1483 7.89**

Error 794.913289 1511 0.5261
Total 858.30599 1525
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Fig.1. Relationship between temperature in the month of spawning

and vertebral count for cod in allparts of the North Atlantic'.
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Fig. 2. "Centres of gravity" o:t th.,) dist:dbution of vertebj:c.l

count samples at LO\iustoft, Grimsby and N. ShiGlCcS~
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