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Abstract

Analysis of the average numbers of vertebrae in 21 year-classes of Atlantic cod, Gadus morhua L., produced on Flemish Cap
during 1940-66, indicated minimal variation in vertebral averages among year-classes. Although variances of the vertebral frequencies
for these year-classes were found to be heterogeneous and their means significantly different, the variances of 17 vertebral
frequencies were homogeneous and their means, ranging from 54.37 to 54.78, did not differ significantly. It was concluded that the
factors responsible for determining the vertebral numbers in cod on Flemish Cap are not subject to great variation.

Introduction

The discreteness of the cod population on Flemish
Cap has been demonstrated by a variety of techniques,
including meristic characters, tagging studies, para-
site incidence, biochemical criteria, and growth differ-
ences.

Templeman (1962) indicated that the average
number of vertebrae in cod on Flemish Cap was
slightly lower than in cod on the neighboring northeast
corner of Grand Bank. Stanek (MS 1968) found that
cod on Flemish Cap possessed, on the average, one
additional fin ray in the second dorsal fin than did cod
on the eastern edge of Grand Bank. Lear et al. (MS
1979) reported that the variances of the vertebral fre-
quencies for the cod year-classes of 1956, 1957, 1958
and 1959 on Flemish Cap were in every case signifi-
cantly less than those for the corresponding year-
classes on Grand Bank.

From Canadian tagging of cod on Flemish Cap in
1964, only 1 of 98 recaptures in 1964 and 6 of 40 recap-
tures after 1964 were taken west of Flemish Channel
(>1,000 m deep) which separates Flemish Cap from
eastern Grand Bank (Templeman, 1979). From USSR
tagging of cod on Flemish Cap during 1961-66, all
recaptures were reported from that bank (Konstan-
tinov, 1970). Extensive Canadian tagging of cod mainly
in coastal Newfoundland areas during 1954-55 and in
both coastal and offshore areas of Labrador and New-
foundland during 1962-66 resulted in more than 20,000

recaptures, of which only four tagged in the latter
period werereported to have been recaptured on Flem-
ish Cap (Templeman, 1974, 1979). Also, there were no
records of tagged cod having migrated to Flemish Cap
from other areas of Subareas 2 and 3, based on 35,000
cod tagged by USSR during 1960-66 (Konstantinov,
MS 1967).

Templeman et al. (1957) found no evidence of the
nematode, Terranova decipiens, in the fillets of cod
from Flemish Cap, although they were presentin about
2% of the cod from northeastern Grand Bank. There
was also no infection of cod by the parasitic copepod,
Lernaeocera branchialis, on Flemish Cap, whereas
0.6-2.3% of cod from the neighboring Grand Bank
were infected (Templeman et al., 1976). Postolaky
(1962) found that plerocercoids of the cestode, Pyra-
micocephalus phocarum, were absent in cod from
Flemish Cap but present in cod from southern Labra-
dor and northern Grand Bank (10 and 4% infestation
respectively).

Jamieson (1975) found highly significant differen-
ces intransferrin allele frequencies in blood sera of cod
from Flemish Cap and those of northeastern Grand
Bank. Likewise, Cross and Payne (1978) showed that
the cod population on Flemish Cap was distinct from
those on other parts of the continental shelf, there
being a significant difference in allele frequencies at
the PGI-2 locus (skeletal muscle phosphoglucose
isomerase). Because of the genetic difference between
the cod population on Flemish Cap and those on the
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North American shelf, they suggested that the Flemish
Cap population may have persisted in isclation since
the last glaciation.

Thompson (1943) reported that the average
number of circuli in the first annuius of scales from a
small sample of cod from Flemish Cap (12.4) was
greater than that in cod of the northern Grand Bank
(9.6). Stanek (MS 1968) reported that, although growth
of cod up toage 5'on Flemish Cap was similartothaton
northern Grand Bank, the average length increments
for ages over 5 years were lower on Flemish Cap than
on neighboring areas of Grand Bank.

Considering the apparent discreteness of the cod
population on Flemish Cap, the purpose of this paper is
to investigate the variation in vertebral averages
among year-classes of 1939-67. Available water
temperature data are utilized in an attempt to deter-
mine if the variation in vertebral averages can be
explained by this environmental factor.

Materials and Methods

During 1949-51, 1961-62, 1964 and 1968, several
cod samples, each containing more than 100 speci-
mens, were collected from otter-trawl catches on
Flemish Cap by research vessels of the St. John's Bio-
logical Station. Examination of the material in the
laboratory included extraction of the otoliths for age
determination and removal of the flesh from the skelet-
ons to facilitate counting the number of vertebrae. All
counts include the urostylar half-vertebra as a verte-
bra. Toeliminate errors caused by inaccurate ageing of
cod older than 10 years, only the vertebral numbers for
fish aged 1 to 10 years were used in the analysis. Speci-
mens with fused vertebrae were not included in the
calculation of vertebral averages, which are listed by
year-classes (1939-67) in Table 1. Year-class data
represented by less than five specimens (1939, 1951,
1955 and 1967 year-classes) were omitted from the
analyses, because such small sample sizes may not be
truly representative of the population and because the
critical values of the Brown-Forsythe statistic (F*) and
the Welch statistic (W) are only reasonably valid for
more than five observations (Brown and Forsythe,
1974a).

Al available water temperature observations in
March, April and May for four grids covering the Fiem-
ish Cap area (Fig. 1) and in July for a station on the
center of the bank at depth levels 0f0, 10, 20, 30, 50, 75,
100 and 125 m were obtained from the Marine Environ-
mental Data Service, Ottawa. Unfortunately, the time
series was limited to 1953-65 and the observations
sporadic in some months and grids.
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Fig. 1. Area map showing the location of Flemish Cap and the four
grids on Flemish Cap from which temperature data were
analyzed.

Results

Levene's test for homogeneity of variances (Brown
and Forsythe, 1974b), performed on the vertebral data
for 21 year-classes of cod produced during 1940-66
(Table 1), indicated that the variances of the vertebral
averages were heterogeneous (P<0.01). The F-
statistic from the one-way analysis of variance
(ANOVA) is sensitive to a lack of homogeneity of
within-group variances, and consequently the modi-
fied F-statistic (F*) which does not assume equality of
variances (Brown and Forsythe, 1974a) was calculated
using the Biomedical Computer Program (BMDP7D)
{Dixon and Brown, 1979). Aiso, the Welch statistic (W)
(Welch, 1951) was calculated using the same program.
Both the F*-statistic and the W-statistic indicated sig-
nificant differences in vertebral averages for the 21
year-classes (P<0.01). However, multiple comparison
tests (Brown and Forsythe, 1974c) failed to show sig-
nificant differences at P = 0.05. The F*-statistic was
calculated for various groups of year-ciasses to deter-
mine those which did not differ significantly. The verte-
bral averages for 17 year-classes (1940-44, 1946-47,
1953-54, 1956-59, 1961-62, 1964-65) had homogene-
ous variances according to Levene’s test and did not
differ significantly (P<0.01) according to the F*-
statistic (Table 1).

Fused vertebrae occurred occasionally in the sam-
ples (Table 1), the overall average being 1.95%, but
there was no significant difference among year-
classes.

An attempt was made to investigate the relation-
ship between cod vertebral averages and water
temperatures on Flemish Cap. In the absence of suffi-
cient data for March, the month of peak spawning,
available observations in April and May for four grids
covering the bank and slopes (Fig. 1) were examined.
The data for grids 1 and 2 were too sparse for regres-
sion analyses. For grid 3 in April 1953-54, 1956-59,
1961-65 and in May 1953, 1956-60, 1963-65, the
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TABLE 1. Vertebral data for cod year-classes in samples coliected on
Flemish Cap during 1940-66. Analysis of variance
(F*-statistic) indicated that the asterisked ('} vertebral
means did not differ signiticantly at P = 0.01.

Fused vertebrae Vertebral counts

Year- Number

class sampled No. Y% No. Mean S.D.
1940 9 0 0.0 9 54.556" 0.527
1941 43 2 47 41 54.366" 0.698
1942 37 0 0.0 37 54.541" 0.691
1943 153 2 1.3 151 54.669" 0.719
1944 72 3 4.2 69 54.667" 0.741
1945 15 0 0.0 15 55.000 0.826
1946 163 5 3.1 158 54.684* 0.669
1947 36 0 0.0 36 54.778* 0.722
1953 43 0 0.0 43 54.721* 0.701
1954 52 ¢] 0.0 52 54.673" 0.810
1956 87 2 23 85 54.753* 0.739
1957 124 3 2.4 121 54.736" 0.716
1958 208 5 2.4 203 54.522* 0.733
1959 57 1 1.8 56 54.518* 0.763
1960 72 1 1.4 71 54.324 0.692
1961 18 1 5.6 17 54.529* 0.515
1962 84 2 21 92 54.576* 0.667
1963 148 3 2.0 145 54.869 0.604
1964 37 0 0.0 37 54.622* 0.794
1965 170 2 1.2 168 54.673* 0.730
1966 22 0 0.0 22 54.046 0.653
1939° 2 0 0.0 2 54.500 0.707
1951° 2 0 0.0 2 55.000 0.000
1955° 4 0 0.0 4 55.500 1.000
1967° 1 8} 0.0 1 54.000 —

*These four year-classes not included in the analysis.

temperature (°C) at each depth level of 0, 10, 20, 30, 50,
75, 100, 125 m and the average of 0-125 m were
regressed against the vertebral averages of the corres-
ponding year-classes. No significant correlations were
found. Similar regressions were undertaken for grid 4
in April 1954, 1956-59, 1961-64 and in May 1953,
1956-60, 1963-64, with no significant correlations.

Discussion

Various researchers have demonstrated experi-
mentally that low and high temperatures during late
egg and early larval developmental stages tend to pro-
duce higher vertebral numbers in fishes than interme-
diate temperatures: Taning (1944, 1952) for sea trout,
Salmo trutta; Lindsey (1954) for paradise fish, Macro-
podus opercularis; and Molander and Molander-
Swedmark (1957) for plaice, Pleuronectes platessa.
However, the higher vertebral numbers caused by high
temperatures are not always observed under experi-
mental conditions and not as a rule evident in nature.
Fahy (1972, 1976) found that embryos of Fundulus
majalis reared continuously in temperatures regimes
ranging from 13° to 32° C developed vertebral numbers
which were on the average inversely related to temper-
ature. Dannevig (1950) reported, for plaice eggs deve-
loped at temperatures of 4.9° and 5.4°C, that the
average number of vertebrae in the resultant larvae was

0.4 lower at the higher temperature. Taning (1952), for
sea trout reared at temperatures of 3° to 6°C, stated
that the phenocritical period in which the number of
vertebrae was established occurred within 13-23 days
after fertilization and long before hatching of the egg.
He also noted that there was a short supersensitive
period of about 20 degree days (i.e. 145-165D°) when
the number of vertebrae was extremely sensitive to a
change in temperature.

Under natural conditions, Clark and Vladykov
(1960) noted that there was an inverse relationship
between average number of vertebrae in haddock,
Melanogrammus aeglefinus, and surface water
temperature at spawning time for both the Northeast
and Northwest Atlantic stocks. They suggested that a
single vertebral number-temperature relationship app-
lied to the species throughoutits range. Brander (1979)
indicated that there was an inverse relationship
between surface water temperature during early devel-
opment and mean vertebral number for cod popula-
tions throughout the North Atiantic. He also found that
the vertebral averages for different year-classes of cod
in the North Sea showed some dependence on water
temperature, and suggested that year-class should be
taken into account, where possible, when seeking evi-
dence of stock separation.

Cod on Flemish Cap spawn mainly during March
but some spawning occurs in February, April and May
(Templeman, 1976). Larval stages have been taken
over the central part of the bank in April (Serebryakov,
1965). It is evident, therefore, that late egg and early
larval stages, during which the numbers of vertebrae
are determined, are present on Flemish Cap at least
from March to June but mainly in March-April. Possi-
ble reasons for the lack of correlation of the year-class
vertebral averages with April-May temperatures are
the year-to-year variation in the dates and locations of
the temperature observations, the large area of each
grid for which the temperature data were averaged,
including stations south of the bank not inhabited by
eggs and larvae, and consequently the lack of coinci-
dence of the temperature data with the actual tempera-
tures during the short phenocritical period when
vertebral numbers are established. Also, there were no
temperature data for some year-classes, particularly
that of 1945 which had the highest vertebral average,
that of 1966 which had the lowest average, and that of
1941 which also had a low average.

Temperature conditions on Fiemish Cap are prob-
ably relatively stable, as evidenced from temperature
profiles in late July (1953-66) for a station on the center
of the bank (Table 2). This may explain the general lack
of great variability in cod vertebral numbers. Another
possible explanation may be the isolation of this popu-
lation which may have less genetic variability than
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TABLE 2. Temperature observations (°C) at various depths on the central part of Flemish Cap (47°00'N, 45°00'W) in late July-earty August, 1953-54 and 1956-66.

Depth 26 Jul 26 Jul 1 Aug 1 Aug 29 Jul 27 Jul 25 Jul 25 Jut 26 Jut 29 Jul 25 Jul 24 Jul 27 Jul
(m} 1953 1954 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966
0 11.99 13.58 11.59 11.38 10.54 11.30 13.10 12.20 11.30 10.70 12.70 11.80 15.70

10 11.43 12.28 11.04 11.32 10.45 1119 13.30 11.87 11.12 10.69 12.68 11.80 12.58
20 10.86 10.98 10.49 11.26 10.36 9.94 12.80 11.63 10.54 10.67 12.58 9.70 9.04
30 9.72 9.24 9.23 9.95 10.22 8.15 9.60 10.36 9.85 6.59 7.03 8.40 7.81
50 6.29 4.90 5.29 4.82 9.81 4.93 5.80 3.83 6.58 4.76 4.81 5.40 5.82
75 4.04 4.04 3.96 3.71 4.98 3.25 3.80 3.49 6.65 3.76 4.40 4.30 5.02
100 475 3.74 3.64 3.08 4.59 2.85 3.50 3.44 4.13 3.39 3.94 4.20 4.59
125 3.93 3.80 3.48 3.05 4.20 2.87 3.45 3.49 4.64 3.22 3.80 410 4.50
150 312 - 3.86 3.15 3.01 3.81 2.89 3.40 3.54 414 3.57 3.7 4.00 4.41
Bottom 3.02 3.87 3.25 3.01 3.72 2.90 3.40 3.56 4.05 3.69 3.7 4.00 4.41

(153 m) (154 m) (160 m) (152 m) (156 m) (158 m) (160 m) (158m)  (1565m)  (155m)  (155m)  (155m) (150 m)

Av. 0-150 7.35 7.38 6.87 6.84 7.66 86.37 7.64 7.09 7.66 6.37 7.29 7.08 7.72

other larger cod populations, such as those of the
Labrador-eastern Newfoundland stock complex.
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