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Morphometric characteristic of southern blue whiting is
presented. It embraces 31 measurable and 9 meristic features.
Studies were made on 119 fishes (44 females and 75 males)
caught near the Burdwood Bank in the period March — April,
1981. The results were taken advantage of in discusing the
homogeneity of southern blue whiting stocks inhibiting
various waters of the south hemisphere. Problems of sexual
dimorphism in this species have also been discussed.

INTRODUCTION

Situation of the shelf fishing grounds as well as increasing depletion of the
traditionally exploited fish stocks resulted in the need of finding out new fish resources
that could substitute the fish species caught so far. It appeared that blue whiting
resources do constitute such a reserve. Stocks of this fish have hardly been exploited till
now.

In 1983 Polish catches of southem blue whiting amounted to 281.3 thousand tons, in
this 258 thousand tons were caught in the shelf of Argentina (Yearbook of Fishery
Statistics, 1983). *

Resources of this fish have been estimated at 1—2 milion tons (Lopez and Belisio,
Moisiejew and Gullard, cit. after Zukowski and Liwoch 1977).

Meat of blue whiting (Liwoch 1978a) is considered as highly valuable, typical of
Gadide fishes. On the other hand high infestation of this fish with parasites, reaching
100%, constitutes considerable drawback (Grabda 1978). Some authors (Nodzyriski and
Zukowski 1972) stated that blue whiting should not be permitted for human consump-
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tion, and can only be used to produce fish meal. Notwithstanding this, it should be noted
that parasites of southern blue whiting (Protozoa Kudoa sp.) are not harmful for humans
but only lower the fish meat quality.

Literature on southern blue whiting is scarce. The data on the biometric features of
this species are almost non-existent. So far, most papers dealt with the exploitation of
southern blue whiting. Only Spak (1975), Sust (1971, 1978), Liwoch (1978, 1979),
Zukowski and Liwoch (1977), and Kijek (1981) discussed some aspects of the biology of
this fish.

An attempt has been made in the present paper to explain the homogeneity of the
southern blue whiting stocks inhabiting different waters of the south hemisphere.
Problems related to the sexual dimorphism in this fish have also been discussed.

MATHERIAL AND METHODS

Matherials consisted of 119 specimens of southem blue whiting (Micromesistius
australis), 44 females and 75 males. The fishes were caught in the region of Burdwood
Bank (Fig. 1) in March-April 1981.

Biometric features were studied —31 measurements were made and 11 meristic features
were determined for each fish. In doing this, advantage was taken of the scheme prepared
by Michin for Gadidae fishes, as given in the paper Prawdin (1966) with an apropriate
modification (Fig. 2).
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Fig. 1. Sampling stations — Burdwood Bank
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Fig. 2. Scheme of the measurement of biometric features

Xq — total body length X1g -~ length of the base of first dorsal fin
Xy — caudal length X9 ~ length of the base of second dorsal fin
X3 — body length Xp0 ~ length of the base of third dorsal fin
X4 — head length X971 distance between first and second

Xg — head height dorsal fin

Xg — preorbital length Xyp distance between second and third

X7 — postorbital length dorsal fin

Xg — horizontal eye diameter X93 — length of the base of first anal fin

Xg — vertical eye diameter Xo4 — length of the base of the second anal fin
X190 ~ length of upper jaw Xy5 distance between anal fins

Xy7 — length of lower jaw Xy — maximal body height

X{p — antedorsal length Xp7 = minimal body height

X135 — preanal length Xyg — height of the first dorsal fin

X14 — length of pectoral fin Xpg9 — height of the second dorsal fin

X15 — length of ventral fin X309 height of the third dorsal fin

X6 distance between ventral and X317 — length of the caudal part

pectoral fin
X197 -~ distance between ventral and anal fin

Data given in the same paper by Prawdin were used to calculate percentage of the
length of particular fish body parts in total body length.

The fishes were divided into females and males (sex was determined during dissection).

The results were treated statistically. Standard deviation, coefficient of variability,
and standard error were calculated. Ruszczyc (1981) stated that coefficients of variability
were significant only when their value reached 8—10%. Biometric features for which the
coefficient of variability was below 8% were considered as of low plasticity, those with
variability coefficient of 8—15% as modertely plastic, and those with coefficient over 15%
as highly plastic. )

In order to verify the null hypothesis on the lack of differences between average values
for males and females, test C (Cochran-Cox) was used after Oktaba (1980).
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In all cases when the samples differed as to their number (n1=# nz), ie. for
comparisons between males and females, but showed normal distribution and different
variance (512 822), the following equation (testC) was used to verify the null
hypothesis:

o AT
VZ,tZ,
where:
2 2
_ S _ 0,35,
- 2
nl(nl—l) n,(n,—1)
812,522 — variance,
n;, n, — number of observations,
}71-, )72 — arithmetical mean. *

Numerators of the two last fractions represented the sums of squared deviations from
the average for the first and the second sample respectively. At the assumed error risk of
5%, the critical value is calculated from the equation:

Z,t, + Lt

@)

0.05 Z,+Z,

where:
t — critical value of t; ;5 from the Student’s t tables at n-1 degrees of freedom
t, — critical value from the Student’s t tables at n, — 1 degrees of freedom.

Values C° and Cp o5 are compared to find out whether the difference between the
averages is a mgmﬁcant one IfCc° > Cp o5 the difference is significant.

Correlation coefficient was also calculated (linear correlation between two features)
for the whole material, and for the females and males separately.

The correlation coefficient was calculated using the equation:

2 (X=x) (Y-y)

Ve E

(Ruszczyc 1981)

This can be presented as:

nZxy — 2ix Zly

Vﬁpzx —1Zx? ] [nZy*~ | 2yl*]
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where:
n — number of observations
2 xy — sum of the product of the two consecutive variables
Zx — sum of the values of the first variable
Ty — sum of the values of the socond variable
T x2  — sum of the squares for the first variable
> y?>  — sum of the squares for the second variable.

Correlation was calculated for the fish age and length. Square of the correlation
coefficient expressed in % gave the coefficient of the determination r* (Oktaba 1980).
This coefficient reflects the percentage effect of the independent variable on the
dependent one. (In this case the effect of age on the fish length).

Fish age was determined from the otoliths on the basis of annual rings. The materials
embraced southem blue wihiting 7 to 15 years of age, divided into 8 age groups.

RESULTS

Length structure.

The sample consisted of 119 fishes (37% males, 63% females, Fig. 3). The fish length
ranged from 43 cm to 58.5 cm. The fishes were grouped using 2 cm intervals. Two length
groups were most numerous: 49—51 cm and 51—-53 cm. These groups were represented
by 63.9% of all specimens. Length group 43—45 cm was represented by only 0.833%
specimens, group 45—47 cm by 1.667%, and group 57—59 cm by 2.5%.

Length of the females ranged from 43 cm to 58.5 cm, 51—53 c¢m group being the most
numerous (25.2%), and groups 43—45 cm and 45—47 cm the least numerous ones (2.3%
of the specimens in each group).

Length of the males ranged from 45 cm to 57 cm. Two consecutive length groups were
most numerous: 49—51 cm and 51-53 cm. These two groups embraced 73.8% of all
males. Length class 45—47 cm was the least numerous (1.3%). *

Analysis of the measurable features.

Measurable features have been expressed in relative units i.e. as the indices of body
proportions in relation to the fish length. Overal data are given in Table 1.

The following features were classified as of low plasticity (i.e. those for which the
coefficient of variability did not exceed 8%): total length, caudal length, body length,
head length, horizontal eye diameter, length of lower jaw, precaudal length, length of
ventral fin, base length of the first anal fin, height of the first dorsal fin. These 11 features
constituted 35.5% of all measurable features under study. Features of medium plasticity
(coefficient of variability 8—15%) were "as follows: head height, preorbital length
(longitudo praeorbitale), postorbital length (Jongitudo postorbitale), vertical eye dia-
meter, length of upper jaw, anterdorsal length, distance between pectoral and ventral fin,
distance between ventral and dorsal fin, base length of the first, secend and third anal fin,
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Fig. 3. Length composition of the fishes under study

the largest body height (altitudo corporis maxima), the smallest body height (altitudo
corporis minima), height of the second and third dorsal fin, length of the caudal part
(longitudo peduncli caudae), base length of the second anal fin, distance between the first
and the second and the third dorsal fin. These features of medium plasticity (19 features)
represented 6 1.30% of all measurable indices. Only one feature was very plastc. This was
the distance between the first and the second anal fin (variability coefficient over 15%).

Features characterized by low variability (variability coefficient below 8%) can be
considered as relatively stable. They are fairly useful in distinguishing the features
characteristic for males and females.

In case of females (Table 2) the features of low plasticity were as follows: total length,
caudal length, body length, head length, vertical eye diameter, length of lower jaw,
preanal length, length of pectoral fin, length of ventral fin, base length of the second anal
fin. These 10 features represent 32.3% of all measurable features.

The second group, embracing features of medium plasticity (coefficient of variation
8—15%), wias represented by: head height, preorbital length, postorbital length,
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Table
Indices of body proportions in relations to body length,
in %% for the whole material (n = 119)
No{ Linear values Range M Range M *m " v
(cm) (cm) (cm) (%) (%) (cm (%)
1 | Total length (1.t) 43.0-58.5}| 51.40 108.3—111.7| 109.55 0.23 2.54 4.94
2 | Caudal length
(1. caud.) 40.5-56.0 | 49.03 103.7-105.2( 104.50 0.23 2.53 5.16
3 | Body length (l.c.) 38.5-54.0 | 46.92 100 100.00 0.23 2.51 5.35
4 | Head length 8.9-14.51 10.47 23.12-26.85 22.31 0.08 0.82 7.83
5 | Head height 5.1- 8.1 6.57 13.25—-15.00 14.00 0.05 0.58 8.83
6 | Prorbital length 2.7-4.2 3.37 7.01-7.78 7.18 0.03 0.30 8.90
7 | Postorbital length 2.7-6.7 4.76 7.01-12.41 10.14 0.05 0.54 11.34
8 | Horizontal eye
diameter 2.2-32 2.75 5.71— 5.93 5.86 0.02 0.21 7.64
9 | Vertical eye diameter 2.2-43 2.65 5.71— 7.96 5.65 0.02 0.26 9.81
10 | Length of upper jaw 2.5-4.3 3.18 6.49— 7.96 6.78 0.03 0.35 11.00
11 | Length of lower jaw 3.6-5.6 4.21 9.35-10.37 8.97 0.03 0.29 6.89
12 | Preanallength 12.1-17.8 14.34 | 31.43-32.96 30.56 0.10 1.07 7.46
13 | Antedorsal length 12.9-18.5 15.17 33.51-34.26 32.33 0.11 1.23 8.11
14 | Length of pectoral
fin (P) 5.6—8.0 6.82 14.55-14.81 14.53 0.03 0.29 4.25
15 | Length of ventral
fin (V) 4.4-5.7 4.84 10.56—11.43 10.32 0.02 0.25 5.17
16 | P — V distance 2.2-3.8 3.15 5.71— 7.04 6.71 0.03 0.34 10.79
17 | V — A distance 3.8-8.2 5.62 9.87-15.19 11.98 0.07 0.78 13.88
18 | Length of D1 base 2.6—4.8 3.56 6.75— 8.89 7.59 0.03 0.36 10.11
19 | Length of D2 base 3.4-59 4.29 8.83-10.93 9.14 0.05 0.51 11.89
20 | Length of D3 base 6.0-9.4 6.65 15.58-17.41 14.17 0.06 0.69 11.38
21 [D1 — D2 distance 2.7-4.6 3.55 7.01— 8.52 7.57 0.03 0.37 10.42
22 [ D2 — D3 distance 4.8-7.9 6.75 12.47-14.63 14.39 0.06 0.61 9.04
23 | Length of Al base 13.7-20.7 | 17.51 35.58-38.33 37.32 0.11 1.19 6.80
24 | Length of A2 base 6.9-10.2 8.16 17.92—-18.89 17.39 0.06 0.68 8.33
25 | Al — A2 distance 0.7-2.3 1.27 1.82— 4.26 2.71 0.03 0.32 25.20
26 | Maximal body height 5.8-9.5 7.42 15.06—17.59 15.81 0.07 0.79 10.65
27 | Minimal body height 1.2-2.4 1.89 3.12— 4.44 4.03 0.02 0.19 10.05
28 | Height of D1 fin 4.2-6.5 5.51 10.91-12.04 11.74 0.04 0.44 7.99
29 | Height of D2 fin 3.5-6.4 5.13 9.09-11.85 10.93 0.04 0.47 9.16
30 | Height of D3 fin 2.6-5.6 3.97 6.75-10.37 8.46 0.05 0.56 14.11
31 | Lenght of caudal part 3.2-5.5 4.23 8.31-10.19 9.02 0.04 0.41 9.70
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Table 2
Indicies of body proportions in relation to body length.
in % for the females (n = 44)
Noj Linear values Range M Range M *om s v
(cm) (cm) (%) (%) (cm) (cm) (%)
1 | Total length (1.t.) 43.5-58.51 52.23 108.3—113.0] 109,54 0.49 3.23 6.18
2 | Caudal length
' (L. caud.) 40.5-56.0 [ 50.08 | 103.7—105.2{ 105.03 0.48 3.21 6.41
| 3 Body length (l.c.) 38.5-54.01 47.68 100 100.00 0.48 3.18 6.67
I 4 } Head length 8.9-12.81 10.71 23.11-23.70|  22.46 0.12 0.82 7.66
5 | Head height 5.1-8.1 6.68 13.25—15.00 14.01 0.10 0.63 9.43
6 | Preorbital length 2.9-4.2 3.48 7.53— 17.78 7.30 0.05 0.33 9.48
7 | Postorbital length 4.0-6.3 4.93 10.39-11.67 10.34 0.08 0.51 11.36
8 | Horizontal eye
diameter 2.3-3.2 2.80 5.93— 5.97 5.87 0.03 0.23 8.21
9 | Vertical eye diameter 2.2-3.1 2.65 5.71— 5.74 5.56 0.03 0.21 7.92
10 | Length of upper jaw 2.5-4.3 3.25 6.49— 7.96 6.82 0.06 0.39 12.00
11 | Length of lower jaw 3.6—4.8 4.29 8.89— 9.35 9.00 0.05 0.31 7.23
12 |} Preanal length 12.1-17.8 | 1547 |31.43-32.96 3245 0.19 1.29 8.34
13 | Antedorsal length 13.2—-18.5 ) 15.88 | 34.26—34.29 33.31 0.19 1.26- 7.93
14 | Length of pectoral
fin (P) 5.6—7.9 6.83 14.55—-14.63 14.32 0.05 0.34 5.00
15 { Length of ventral
fin (V) 4.5-5.7 4.91 10.56—11.69 10.30 0.05 0.33 6.72
16 |P —V distance 2.3-3.7 3.17 5.97— 6.85 6.65 0.06 0.38 11.99
17 |V — A distance 4.2-8.2 5.96 10.91-15.19 12.50 0.12 0.78 13.09
18 | Length of D1 base 2.9-4.7 3.69 7.53— 8.70 7.74 0.06 0.39 10.57
19 |Length of D2 base 3.6-5.9 4.41 9.35-10.95 9.25 0.08 0.52 11.79
20 |Length of D3 base 6.2-9.1 7.63 [16.10—16.85 16.00 0.11 0.73 9.57
21. | D1 — D2 distance 2.8-4.6 3.73 7.27— 8.52 7.82 0.06 0.38 10.19
22 | D2 — D3 distance 5.3-7.9 6.68 113.77-14.63 14.01 0.10 0.65 9.73
23 | Length of Al base 13.7-20.7 { 17.68 |35.58-38.33 37.06 0.21 .42 8.03
24 {Length of A2 base 6.9-9.8 8.60 |17.92-18.15 18.04 0.10 0.68 7.91
25 1Al — A2 distance 0.7-23 1.22 1.82—4.26 2.56 0.05 0.36 29.51
26 [Maximal body height 5.8-9.5 7.63 15.06—17.59 16.00 0.13 0.85 11.14
27 |Minimal body height 1.2-2.4 191 3.12— 4.44 4.01 0.03 0.22 11.52
28 |Height of D1 fin 4.2-6.5 5.41 10.91-12.04 11.39 0.08 0.50 9.24
29 [Height of D2 fin 3.5-6.4 5.10 9.09-11.85 10.70 0.08 0.53 10.39
30 |Height of D3 fin 2.6—5.6 3.89 6.75—-10.37 8.16 0.10 0.64 16.45
31 [Length of caudal
part 3.6-5.5 4.39 9.35-10.19 9.21 0.06 0.43 9.79
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horizontal eye diameter, length of upper jaw, antedorsal length, distance between
pectoral and ventral fin, base length of the first secon and third domal fin, distance
between the first and second, and between the second and third dorsal fin, base length of
the first anal fin, the largest and the smallest body height, length of the first and second
dorsal fin, and length of the caudal part. These are 19 features representing 61.3% of all
measurable features. Two features (6.5%) were very plastic: distance between the first
and second anal fin, and height of the third dorsal fin.

In case of males (Table 3) the following features appeared to be of low plasticity
(variation coefficient up to 8%): total length, caudal length, body length, head length,
preorbital length, horizontal eye diameter, length of lower jaw, antedorsal length, preanal
length, length of pectoral fin, length of ventral fin, base length of the first anal fin, height
of the first dorsal fin. These are 13 features (41.9% of all measurable features).

Medium-plastic features in males were as follows: head height, postorbital length,
vertical eye diameter, length of upper jaw, distance between pectoral and ventral fin,
distance between ventral and anal fin, base length of the first, second and third dorsal fin,
distance between the first and second, and between the second and third dorsal fin, base
length of the second anal fin, the largest and the smallest body height, length of the
second and third dorsal fin, length of the caudal part. These are 17 features (54.8% of all
measurable features). Only one feature appeared to be very plastic: distance between the
first and second anal fin.

Features of low plasticity (variation coefficient below 8%), common for both males
and females, were as follows: total length (average length bigger for females), caudal
length (bigger for females), body length (as before), head length (as before), length of
lower jaw (as before), preanal length (as before), length of pectoral fin (average bigger for
males). These are 7 features, i.e. 22.3% of all measurable ones. They can be used to
determine the sex dimorphism.

In order to establish whether the differences between the average values for males and
females were significant, the Cochran-Cox test was used.

Measurable features with significant values of the variation coefficient (i.e. pointing to
sex dimorphism) were: preorbital length, length of ventral fin, preanal length, height of
the third dorsal fin. However, they did repeat only in two age-groups (from among the
8 distinguished ones). Hence, we can only speak of a slight sexual dimorphism with
respect to the above given measurable features.

Correlation and determination coefficients were also calculated for total fish length
and age. Correlation coefficient between total length and fish age amounted to 0.645 for
the whole material. With n-2 degrees of freedom, this coefficient is significant at
probability level of 5% as well as 1% (tables of the significance of correlation coefficients,
Ruszczyc 1981).

Correlation between total length and age of the females was expressed by the
coefficient of 0.768. It was also statistically significant.

In case of females the respective coefficient of correlation amounted to 0.425. Also
this coefficient proved to be statistically significant.
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Table
Indices of body proportions in relation to body length,
in % for the males (n = 75)
No Linear values Range M Range M *m *s \%
(cm) (cm) (%) (%) (cm (cm) (%)
1 | Total length (1.t.) 45.5-55.5 | 5091 107.8—111.0f 109.53 0.22 1.87 3.67
2 | Caudal length
(L. caud.) 44.0-54.0 | 48.43 104.9-107.3) 104.20 0.22 1.90 3.92
3 { Body length (l.c.) 41.0-51.5| 46.48 100 100.00 0.22 1.88 4.04
4 | Head length 9.0-14.5 | 10.33 |21.95-28.16{ 22.22 0.99 0.82 7.93
5 | Head height 5.5-8.0 6.52 {13.41-15.53| 14.03 0.06 0.54 8.28
6 | Preorbital length 2.7-4.0 3.28 6.59-17.77 7.06 0.03 0.26 7.92
7 | Postorbital length 2.7-6.7 4.66 6.59—13.01{ 10.03 0.06 0.50 10.73
8 ) Horizontal eye
diameter 2.2-3.2 2.69 5.37-6.21 5.79 0.02 0.20 743
9 | Vertical eye
diameter 2.2-4.3 2.62 5.37-8.35 5.64 0.03 0.29 11.07
10 [ Length of upper jaw 2.5-4.3 3.14 6.10—8.35 6.76 0.04 0.32 10.19
11 | Length of lower jaw 3.7-5.6 4.17 9.02-10.87 8.97 0.03 0.27 6.47
12 | Preanal léngth 12.8-16.9 | 13.68 |31.22-32.82| 29.43 0.10 0.84 6.14
13 | Antedorsal length 12.9-17.3 1 14.87 |[31.46-33.59] 31.99 0.12 1.04 6.89
14 | Length of pectoral
fin (P) 6.5-8.0 6.87 15.85—15.33| 14.78 0.03 0.26 3.78
15 | Length of ventral
fin (V) 4.4-5.6 4.81 10.73-10.87} 10.35 0.02 0.18 3.74
16 P —V distance 2.2-3.8 3.14 5.37-7.38 6.76 0.04 0.32 10.19
17 | V — A distance 3.8-6.8 5.43 9.27-13.201 11.68 0.08 0.70 12.89
18 | Length of D1 base 2.6—4.8 3.47 6.34-9.32 7.47 0.04 0.35 10.09
19 { Length of D2 base 3.4-59 4.22 8.29-11.46| 9.08 0.06 0.49 11.61
20 | Length of D3 base 6.0-9.4 7.67 |14.36—18.25| 16.50 0.08 0.67 8.73
21 | D1 — D2 distance 2.7-4.5 3.45 6.59-7.38 7.42 0.04 0.37 10.72
22 | D2 — D3 distance 4.8-7.8 6.79 11.71-15.15| 14.61 0.07 0.58 8.54
23 | Length of Al base 14.3-19.5 | 17.41 }34.88-37.86| 37.46 0.12 1.02 5.86
24 | Length of A2 base 7.0-10.2 7.90 {17.07-19.81| 17.00 0.08 0.66 8.35
25 | Al — A2 distance 0.7-2.2 1.30 1.711-4.27 2.80 0.03 0.28 21.54
26 {Maximal body height 5.8—-8.8 7.30 [14.15-17.09| 15.71 0.08 0.73 10.00
27 |Minimal body height 1.5-2.4 1.89 3.66—4.66 4.07 0.02 0.17 8.99
28 | Height of D1 fin 4.3-6.2 5.57 110.49-12.04{ 11.98 0.05 0.39 7.00
29 |Height of D2 fin 3.7-5.9 5.15 9.02-11.46( 11.08 0.05 0.44 8.54
30 | Height of D3 fin 2.0-5.0 4.01 7.32-9.71 8.63 0.06 0.50 12.47
31 | Length of caudal part 3.2-5.3 4.13 7.80—10.29|| 8.89 0.05 0.39 9.44
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Table 4
Number of rays in the fins of southern blue whiting — whole material
(n=119)
. Number + + v
Type of fin of rays M -m -S @
Dorsal fin (D1) 11-14 12.27 0.10 0.69 5.32
Dorsal fin (D2) 10-15 12.84 0.16 1.09 8.49
Dorsal fin (D3) 21-26 23.64 0.12 1.25 5.29
Anal fin (A1) 30-39 34.98 0.19 1.93 5.52
Anal fin (A2) 21-28 25.14 0.24 1.59 6.32
Pectoral fin @ 18-24 20.18 0.20 1.30 6.44
Caudal fin ©) 33-46 42.00 0.43 2.83 6.74 ,
Table §
Number of rays in the fins of southern blue whiting — females
(n=44)
Number *n +g v
Type of fin of rays M %)
Dorsal fin (Db1) 11-14 12.09 0.09 0.76 6.29
Dorsal fin (D2) 10-17 12.81 0.20 1.74 13.58
Dorsal fin (D3) 20-26 23.46 0.16 1.37 5.84
Anal fin (A1) 30-39 35.01 0.22 190 5.43
Anal fin (A2) 21-30 24.95 0.19 1.62 6.49
Pectoral fin @) 16-24 20.30 0.16 1.40 6.90
Caudal fin © 32-48 42.22 0.29 2.50 5.92
Table 6
Number of rays in the fins of southern blue whiting — males
(n=175)
£ fi Number + + v
Type of fin of rays M -m -S @)
Dorsal fin (D1) 11-14 12.16 0.07 0.74 6.09
Dorsal fin (D2) 10-17 12.82 0.14 1.51 11.78
Dorsal fin D3) 20-26 23.53 0.12 1.33 5.65
Anal fin (A1) 30-39 35.00 0.18 1.81 5.46
Anal fin (A2) 21-30 25.02 0.15 1.61 6.43
Pectoral fin ®) 16-24 20.25 0.13 1.37 6.77
Caudal fin ©) 32—-48 42.14 0.24 2.63 6.24
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Coefficient of determination for the whole material was 41.60% (i.e. age determined
the fish length in 41.60%, whereas it was in 58.40% determined by other factors). This
coefficient amounted to 58.98% for the fish females, and to 18.06% for the males.
Analysis of the meristic features (calculable).

Number of rays in the first dorsal fin varied from 11 to 14 (Tab. 4). Most of the fishes
had 12 rays, both as regards females (Tab. 5) and males (Tab. 6).

Number of rays in the second dorsal fin ranged from 10 to 17, mostly 12. Males
usually had 12 and females 13 rays in this fin.

Number of rays in the third dorsal fin ranged from 20 to 26. Fishes with 23 or 24 rays
predominated. Females usually had 23 rays and males 24.

Number of rays in the three dorsal fins was always higher for females than for males.

Number of rays in the first anal fin ranged from 30 to 39,35 being the most frequent
value, both with respect to fish males and females.

The second anal fin had 21 to 30 rays, but fishes with 25 rays predominated (24 rays
for females and 25 for males). Average number of rays in the first anal fin was higher in
males, and in the second anal fin —in females.

Number of rays in the pectoral fins ranged from 16 to 24. Fishes with 21 rays
predominated. Females usually had 20 rays in this fin, and males had 21, so average
number was higher for males.

Number of rays in the caudal fin was from 32 to 48, 42 rays being most frequent.
Females usually had 42 and males 43 rays in this fin, so the average number was again
higher for males.

Ventral fin of the fishes had always 6 rays.

Number of rays in the suboperculum membrane was also constant and amounted to 7.

Number of gill rakers ranged from 33 to 48 (33—46 in females, 36—48 in males,
Tab. 7). It was not possible to state whether number of the gill rakers was related to the
fish sex.

Table 7
Number of vertebrae and of gill rakers in southern blue whiting

Number A2 Number
Specification of M *m *ts (%) of gill

vertebrae rakers
All fishes 53-56 54.85 0.07 0.76 1.39 33-48
Females 53-56 54.66 0.12 0.79 1.45 33-46
Males 53-56 54.96 0.08 0.72 1.32 3648

— arithmetical mean
average error of the mean
— standard deviation

<»ng X
I

— coefficient of variation
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Number of vertebrae ranged from 53 to 56 (Tab. 7). Fishes with 55 vertebrae
predominated (both males and females), but the average number amounted to 54.66 for
females and to 54.96 for males. This feature was of low plasticity in both sexes.

The analyses revealed that the meristic features were generally more plastic in the fish
females than in males.

DISCUSSION

Biometric features of southem blue whiting have been characterized by Sust (1971,
1978), Spak (1975), Liwoch (1978, 1979), Zukowski and Liwoch (1977). Data presented
in these papers can be used as a comparative material in discussing my results.

The fish sample under study (119 specimens) was predominated by males which
represented 63% of the materials. This confirms the results obtained by Liwoch (1978,
1979) who stated that males usually represented 55 to 76% of the fish stock. However,
older fishes were predominated by females, this being also in agreement with the results
of Liwoch. Hence, females tend to live longer than males.

Total length of southem blue whiting from the region of Burdwood Bank varied
from 43 to 58,5 cm (most specimens were 49—53 cm long). Zukowski and Liwoch
(1977) stated that length of this fish from the region of Falkland Islands ranged from 18
to 61 cm (most fishes being 42 to 48 cm in length). On the other hand, Subnikow et al.
(cit. after Zukowski and Liwoch 1977) found that near Patagonia this fish was 37 to
60 cm in length (modal values 44—52 cm). According to this author, southern blue
whiting attained 44—58 cm in the Sea of Scotia. Also Sust (1971) stated that fishes in the
region of Falkland Islands and Burdwood Bank were smaller than in the Sea of Scotia,
this being probably caused by the food availability in the regions with more intensive
water mixing as well as by different sample size.

Comparison of my results with those given by Sust (1971) revealed considerable
differences as to the measurable features. Fishes analysed by Sust originated from the
region of Falkland Islands and Patagonia and from south Orkneys.

Sust (1971) underlined considerable variability of the measurable features, pointing to
significant differences even between the samples obtained in one region but in different
years. As regards specimens from different regions, this author found that from among 23
features as many as 17 differed significally. Still,he stated that there was no satisfactory
proof on the genetic heterogeneity of blue whiting populations.

Contrary to this, Spak (1975) suggested that populations of this species may differ.

My results suggest that the measurable features are characterized by high plasticity.
They did not confirm Spak’s (1975) conclusion that the coefficient of variability
decreased for some features along with the fish length. No such trend was noted. The
same author stated that the sex dimoprhism in southem blue whiting (Compbell’s
Shallow region) was reflected in higher average values of 4 measurable features in the fish
males (the highest body height, length of ventral and pectoral fins, eye diameter). My
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studies confirmed this statement for one feature only, i.e. length of the pectoral fin.

Analysis of the meristic features revealed that they were less plastic that the
measurable ones. The same was found by Sust (1971). However, even these features
differed considerably in the specimens from various regions. Considerable differences
were noted even in these features which Spak (1975) had classified as stable (number of
rays in the dorsal fins, number of vertebrae). Comparison of my results with those of Sust
(1971) revealed that only the average number of vertebrae was fairly similar.

Sust (1978) gave the range of variations of particular meristic features in the two
subspecies of southem blue whiting: Micromesistius australis australis and Micromesistius
australis pallidus. These data as well as the results of my studies revealed that the number
of rays in the first dorsal fin (i.e. range of variation) was constant in all cases. Number of
rays in the second dorsal fin and number of gill rakers in M. australis pallidus was similar
as in my material, whereas as regards the third dorsal fin my results were similar to those
obtained by Sust for M. australis australis. The latter was also true of the two anal fins
and the number of vertebrae. Hence, most features were characteristic of M. australis
australis, although not all and the numerical values were only roughly similar (with the
exception of the number of rays in the first dorsal fin).

Spak (1975) confirmed the differences as to the meristic features of the fishes from
different regions. The same was found by Lopez and Bellisio (cit. after Zukowski and
Liwoch 1977). These authors consider the differences to be significant and suggested that
blue whiting may form different stocks contrary to the opinions expressed Subnikow et
al. (cit. after Zukowski and Liwoch 1977).

The results of my studies suggest that particular features, especially the measurable
ones, are characterized by considerable variability. This variability is observed in the
fishes from the same region as well as from different regions.

CONCLUSIONS

1. Southem blue whiting is characterized by considerable variability of the measurable
and meristic features.

2. Statistically significant differences between males and females (determined with
Cochran-Cox test) were found only in a few age groups. Consequently, it may be
stated that sex dimorphism is weakly pronounced in this fish, this being true of the
meristic and measurable features.

3. Correlation between fish age and length was confirmed for all specimens as well as
separately for males and females. Coefficient of variability was significant in all three
cases.

4. Coefficient of determination was much higher for the females.

. Number of rays in the ventral fin was constant, being 6 for both sexes.

6. Number of rays in the gill membrane was constant, being 7 for both sexes.

w
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7. Range of variations in the number of rays in particular fins of southem blue whiting
from the region of Burdwood Bank was as follows:

a) first dorsal fin 11-14
b) second dorsal fin 10-17
c) third dorsal fin 20-26
d) pectoral fin 1624
e)  first anal fin 20-39
f)  second anal fin 21-30
g)  caudal fin 32-48

8. Number of gill rakers ranged from 33 to 48, and number of vertebrae from 53 to 56.

9. Measurable features in the fish under study were characterized by considerable
variability, while meristic features were relatively stable.

10. The results on biometric features of southern blue whiting were within the range
characteristic of the two fish subspecies defined by Sust.
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Beata Wiecaszek

MORFOMETRIA BLEKITKA POLUDNIOWEGO — MICROMESISTIUS AUSTRALIS
(NORMAN, 1937) Z REJONU £AWICY BURWOOD

STRESZCZENIE

Zawarta w niniejszej pracy charakterystyka morfometryczna dotyczy btekitka potudniowego
Micromesistius australis (Norman, 1937) ztowionego w rejonie Lawicy Burdwood w miesiacach
marzec — kwiecieri 1981 roku. Badania objety 31 cech wymierzalnych oraz 11 cech merystycznych.
Wykazaty one duzy zakres wahani wspétczynnika zmiennosci dla obu grup cech. Cechy merystyczne
btekitka potudniowego z Eawicy Burwood mozna opisa¢ nastepujaco: D1(11—14), D2(10-17),
D3(20—26), A1(30-39), A2(21—30), V(6), P(16-24), C(32—48), kregi (53—56), wyrostki filtracyjne
(33—48), promienie podskrzelowe (7).

Badania autorki potwierdzity udowodniong juz korelacj¢ pomiedzy dtugoscia a wiekiem ryby —
zaréwno dla materiatu w catosci, jak i oddzielenie dla samic i samcéw.

Zastosowany test istotnos$ci Cochrana-Coxa, majacy wykazaé réznice istotne pomigdzy $rednimi
dla samic i samcdéw, nie potwierdzit istnienia tychze.

Na podstawie wartosci wspétczynnika zmienno$ci i poréwnania ich z wynikami innych badaczy,
stwierdzono tylko jedna ceche¢ wymierzalna charakterystyczna dla danej ptci — wigksza dtugosé
ptetwy piersiowej u samcéw. Dymorfizm piciowy u tego gatunku nalezy uznaé wigc za stabo
zaznaczony.

W zbadanym materiale bigkitka potudniowego z Yrawicy Burdwood stwierdzono cechy
charakterystyczne zaréwno dla podgatunku M. australis pallidus jaki M. australis australis (z przewagg
dla tego drugiego). Nie mozna wigc wyodrebnié zadnego z dwéch podgatunkéw na podstawie badan
biegkitka w niniejszej pracy.
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