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In this study, the association between rnorpnoJ$liic, 
rneristic and osteological characters was used cornp�rati�;ly. 
Therefore, as a result of this work, five subspecies were dfter­
rnined along the coasts of NE-Atlantic, Mauritania, SWi.and 
S-Africa, and Mediterr11nea11 Sea; and one species off sh�res
of the Unite<j. States; namely: Merluccius merluccius atlai'fc.ti­

cus, M m. senegalensis, M m. capensis, M m paradoxus a;�
M m mediterraneus and M bilinearis.

INTRODUCTION 

Hake fishes of the genus Merluccius (Rafinesque, 1810) wandering in differenti
ipceans 

and Seas. Nowadays, its fishery is attra_cting many countries due to its economicaJli,1�mpor­
tance to their fishery industries. Since past time till recent days, it is subjected t� many
researches owing to its curious systematic and distribution. 

Among the previous work, those of Belloc (1929,1933,1935 and 1937) were o���pied 
the important position as a comprehensive studies on hakes. Belloc (1929) describ�d five · 

Id species of genus Merluccius: (European: Merluccius merluccius Linnaeus, '11758; 
American: M bilinearis Mitchill, 1814; South-African: M capensis Castelnau

i 
1 \1861; 

'I· 

North Pacific: M productus Ayres, 1855; and South Pacific: M gayi Guichenot, iil845). 
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Belloc {1933,1935 and 1937) noted the presence of M merluccius along the coast of 
Mauritania and announced the presence of a new form of hake off the shore of Senegal 
being distinguished from the European one by the mean vertebral counts. After the 
revision of Norman (1937) two species were added to this genus namely: M hubbsi

Marini, 1932 in South Atlantic, along the coasts of South America, and M australis

Hutton, 1872 in New Zealand. 
Many synonyms were given for each species of genus Merluccius Rafinesque, 1810: 
I. Merluccius merluccius (Linnaeus, 1758)

Synonyms: Gadus merluccius L.; Gadus ruber Lacepede, 1803; Merluccius smiridus 
Rafinesque, 1810; Gadus merlus Risso, 1810; Gadus maraldi Risso, 1810; Onus riali 
Rafinesque, 1810; Merluccius vulgaris Cloquet, 1824; Gadus �erluccius argentatus 
Faber, 1829; Merluccius ambigus Lowe, 1840; Merluccius sinuatus Swainson, 1840; 
Merlucius lanatus Gronovius in Grey, 1854; Epicopus gayi Gunther, 1860; Merluccius 
argentatus Gunther, 1862; Merluccius linnaei Malm, 1877; Trachinoides moroccanus 
Borodin, 1934. 

H. Merluccius bilinearis (Mitchill, 1814)
Synonyms: Stomodon bilinearis Mitchill, 1814; Gadus. albidus Mitchill, 1817; Merluccius 
albidus De Kay, 1842. 

III. Merluccius capensis Castelnau, 1861
Synonym: Gadus merluccius L. sensu Pappe, 1854. 

IV. Merluccius productus (Ayres, 1855)
Synonyms: Merlangus productus Ayres, 1855; Homalopomus trowbridgii Girard, 1856; 
Gadus productus Gunther, 1862. 

V. Merluccius gayi (Guichenot, 1848)
Synonyms: Merlus gayi Guichenot, 1848; Merluccius angustimanus German, 1899. 

VI. Merluccius hubbsi Marini, 1932
Synonyms: Merluccius gayi Cunningham, 1871; Merluccius bilinearis Mitchill, 1814 sensu 
Ribeiro, 1915. 

VII. Merluccius australis {Hutton, 1872)
Synonyms: Gadus australis Hutton, 1872; Merluccius gayi Guichenot, 1848 sensu 
Gunther, 1880. 

Since the revision of Norman (1937) till present time, many studies in relation to the 
systematics of fishes of genus Merluccius from different localities were published by 
various authors. Among them were those by Svetovidov (1948), Le Gall (1952 a and b), 
Letaconnoux (1952), Maurin (1952 and 1954), Cadenat (1952), Heldt (1952), Matta 
(1953, 1954 and 1956), Beaulieu and Corbeil (1964), Smith (1965), Leim and Scott 
(1966), Schmidt (1968), Komarov (1969), Sauskan (1969), van Eck {1969), Mombeck 
(1970 a, band 1971), and Haigh (1972). The discrimination between the different 
populations given by the previous authors was mostly based on the morphometric and 
meristic characters and scarcely on osteology. 

More recently, biochemical and serological identification of fish stocks are attracting 
the sight of many researchers. Few works were done on hakes, like those ofVasilev and 
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Serstnev (1969), Mackie and Jones (1971), and Pichot (1971). It is obvious from the 
previous researches that discrepancies are existing in the nominations given to different 
populations of genus Merluccius from various localities. 

Thus, the aim of this study is the revision of variations in morphonietric, meristic and 
osteological characters of hakes from different regions in the Atlantic Ocean and the 
Mediterranean Sea. 

MATERIALS AND METHODS 

Fishes from the Atlantic Ocean were supplied for this study by the Polish fishing 
vessels. In regard to the Mediterranean Sea, fishes were collected from fish markets in 
Alexandria. Locations and number of samples are given in Fig. 1. 
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Fig. 1. Locations and number of samples of: 

l. Merluccius merluccius �editerraneus;

2. M.m. atlanticus; 3. M.m. senegalensis;

--------�GO" 

4s•

4. M.m. capensis; 5. M.m. paradoxus;6. M. bilinearis
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In the present study, 925 fishes were esalf11ed, that is 323 individuals ofM. bilinearis

(September, 1970; April and September, 11971); 20 individuals of M m. atlanticus

(March, 1971); 190 individuals of Mm. senegalensis (August and November, 1971); 
174 individuals of M m. capensis (March, 19172), 85 individuals of M m. mediterraneus

(November and December, 1972); and 133 i�dividuals of M. m. paradoxus (March, 1972 
and January, 1973). As fishes brought in fro�en conditions, all the length measurements 
and other characters were taken after defrosting. 

For morphometric studies, 20 measurements were obtained from each fish (Le Gall, 
1952 and Laevastu, 1965) to the nearest millimeter using varnier calliper. Ratios of 
different body measurements were calculated for each individual fish according to the 
formula R = 1/s (where R = ratio, l = larger value and s = smaller value), and thereafter, 
the means were obtained. 

For meristic characters, counts of two dorsals, pectoral, ventral, anal rays, vertebrae 
(urostyl not included) and gill rakers (on the first gill arch ofthe left side) were done. The· 
variances and their square roots (standard deviation) were calculated according to the 
formula: 

s2 
Lf(X-X:)2 

n-1
(where, S2 

= variance, X = observed count, x = mean of count,. f = frequency of each
count, and n = total number of fishes). 

The difference between the means of different meristic counts. for alternative popula­
tions of NE-, SE-Atlantic and Mediterranean Sea were studied by applying the t-test: 

to = standard deviation of difference
. where, 

stand. deviat. of diff. = J L(X1 -x1 )
2 + �(X2 -Xz )2 

X �n1 +n2 -2 n1 Xn2 

For osteological studies, 108 skulls from all the fishes of different localities were 
studied. Each skull was semiboiled to remove the flesh and to obtain the bones without 
damage and then left to dry at room temperature. For the purpose of bleaching, the 
bones were immersed in hydrogen peroxide 40% for two hours, after that washed under 
tap water and left to dry. The otoliths were used for determining the age of fishes after 
sectioning and burning. 

RESULTS 
Biometric studies 

The influence of different items ·of environmental factors notably: temperature, 
salinity, oxygen, carbon dioxide and light, that can induce certain variations in morpho­
metric and meristic characters of fishes had been previously studied by many researchers. 
Gunter (1950) stated that certain constant differences in fishes which correlated with 
geographical distribution might be no more than differences produced derectly by the 
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variable environmental factors. Therefore, they must not be taken as indicators of genetic 
of hereditary separation at all. !vie Hugh (1954 a and b) found that duration of light on 
Leuresthes 'tenuis, during its _early development, decreased the number of vertebrae and 
anal fin rays; also other than temperature and salinity effects on Pacific herring, pressure 
and light penetration were ·a(f�cting. Garside (1966) during his study on developmental 
rate and vertebral number of salmonids� noted that the number of vertebrae decreased 
with increased temperature until an ihtermediate state was reached and then start ed to 
increase. For summing up tl\e- previous researchers on this subject, the included tables 
indicating the authors and the affected characters with different environmental factors. 
Bidgood and Berst (1967) found that rearing temperature and diets for rainbow trout 
could account for the variations in proportions of body parts. Martin and Sandercock 
(1Q67) presented a correlation between both counts of pyloric caeca, and number of gill 
rakers and their development, and the amount of plankton eaten by lake trout. Lee and 
Williams (1970) attributed the highly significant variations in number of second dorsal 
and anal rays in srecies of Taeniomembras to salinity differences. Ehrlich and 
Farris (1970) found that the myomer numbers in Leuresthes tenuis, seem to be suscep­
tible to changes in temperature. 

Desp.ite of faet that these morphometric and meristic characters variations are affected
by different environmental factors, they are still used as a tool for identification cif fishes. 

Morphometric characters 

The morphometric ratios of different body measurements were calculated from fishes 
ranged in length and age respectively in the following way: 

19.4-49.5 cm and II-VII years (M. m. mediterraneus); 40.0-71.0 cm and Il-XI 
years (M. m. atlanticus); 27.5-64.5 cm and I-XI years (Mm. senegalensis); 

23.1-66,1 cm and (I) III-XI years (Mm. capensis); 33.2-61.8 cm and IV-IX years 
(Mm. paradoxus);and 28.3-49.0 cm and I-VIII years (M bilinearis). 

The relation of mean ratios within the examined length range and age of different 
populations of fishes separately was studied. It was found that ratios of head length, first 
dorsal height, length of the pectoral, length of the ventral, caudal peduncle depth, 
preorbital distance and diameter of the eye beared an increasing or a decrease relationship 
to length or age. 

Ratios of head length in all populatios exhibited slight increase with length or age 
except M bilinearis in which they were variable. Ratios of first dorsal height, length of 
the pectoral and length of the ventral in all populations represented an increase with 
length or age. An increase in ratios of caudal'peduncle depth is seen also in all popula­
tions, except M m. mediterraneus in which the ratias are changeable. Ratios of preorbital 
distance in all populations always showed a decrease with length or age, except M bili­
nearis in which they showed a slight increase, and were variable in M m. capensis. Ratios 
increase, with length ;or age, in diameter of the eye was observed in all populations, 
except M m. paradoxus in which the ratios were variable. The studied ratios for all the 
fish populations show individual variations. Means of different ratios and number of 
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Mean morphometric ratios of fishes of genusMerluccius from different localities 

�--
M. m. mediterraneus M. m. atlanticus M. m. senegalensis M. m. capensis 

co111bi- combi- =bi; combi· 

Sex male female nod male female ned male female male female ned 
sexes oexes rexes sexes 

Number of fishes 19 66 85 9 11 20 77 113 190 83 90 174 
' 

Total leng\h I standard length 1.116 1.114 1.114 1.108 1.102 1.104 1.113 1.110 I.Ill 1.118 1.117 1.117 

Standard length I body length 1.394 1.392 1.392 1.355 1.360 1.358 1.35_9 1.359 1.359 1.411 1.406 1.409 

Standard length I head le;,gth 3.539 3.555 3.552 3.817 3.784 3.799 3.792 3.787 3.789 3.440 3.469 3.454 

Standard length I pre-first dorsal distance 3.291 3.292 3.292 3.390 3.439 3.417 3.415 3.440 3.430 3.231 3.240 3.235 

Standard length I pre-second �ors.al distance• 2.348 2.333 2.336 2.391 2.449 2.423 2.402 2.408 2.406 2.269 2.265 2.267 

Standard length / length of the fust dorsal 9.941 9.673 9.733 9.167 9.512 �.357 9.448 9.427 9.435 9.100 9.098 9.092 

Standard length / length of the second dorsal 2.096 2.093 2.093 2.075 2.056 2.065 2.048 2.047 2.048 2.f66 2.176 2.171 

Standard length I fust dorsal height 7.156 7.211 7.199 7.493 7.631 7.569 6.988 6.953 6.967 6.463 6.592 6.526 

Standard length I pre-anal distance 2.197 2.185 2.187 2.200 2.225 2.213 2.182 2.182 2.182 2.167 2.159 2.163 

Standard length / length of the anal 2.190 2.198 2.196 2.154 2.137 2.145 2.160 2.161 2.160 2.182 2.182 2.182 

Standard lel)gth I pre-pectoral diJ!ance' 3.654 3.658 3.657 3.802 3.856 3.832 3.795 3.841 3.822 3.485 3.505 3.495 

Standard length / length of the pectoral 5.735 5.825 5.805 5.830 5.887 5.861 5.165 5.153 5.IS8 4.491 4.583 4.537 

Standard length I pre-ventral distance• 4.414 4.436 4.431 4.403 4.469 4.439 4.419 4.465 4.446 4.144 4.206 4.176 

Standard length/ length of the ventral 5.313 5.504 5.461 6.112 6.317 6.224 5.959 S.904 5.926 S.632 5.776 5.705 

Standard lensth I caudal peduncle depth 23.782 23.257 23.375 22.469 22.857 22.682 20.272 19.450 19.783 20.531 20.832 20.676 

Head length I pre-orbital distance 3.189 3.118 3.134 2.885 2.880 2.882 3.093 2.969 3.019 3.064 3.045 3.056 

H�ad length / diameter of the eye 5.091 5.458 5.376 6.279 6.428 6.361 5.485 6.437 6.052 5.624 5.761 5.687 

Head length / length of the maxillary 2.180 2,213 2.205 2.151 2.138 2.144 2.429 2.388 2.405 2.432 2.397 2.414 

Head length I interorbital distance• 4.453 4.198 4.255 3.750 3.793 3.773 3.749 3.558 3.635 4.ol9 3.984 4.001 

1. For M. bilinearis, ratios indicated by the sign (*), the number of fishes examined were 4 7 males and 246 females.

2. For M. m. capensis, the number of fishes under combined sexes included one immature fish.

_
M. m. paradoxus 

combi-
male femole ned 

sexes 

33 100 133 

1.128 1.124 1.125 

1.370 1.374 1.373 

3.703 3.679 3.685 

3.375 3.354 3.359 

2.329 2.327 2.328 

8.695 9.101 9.001 

2.093 2.144 2.131 

6.429 6.681 6.618 

2.251 2.214 2.223 

2.126 2.171 2.160 

3.680 3.611 3.628 

4.645 4,762 4.733 

4.439 4.306 4.339 

5.635 5.969 5.886 

20.584 21.049 20.933 

3.183 3.062 3.092-

, 4.940 5.152 5.100 

2.436 2.388 2.400 

4.178 4.177 4.177 

Table 1 .$>. 

M. bilinearis 

combi-
male female ned 

sexes 

52 271 323 

1.108 1.109 1.109 

1.342 1.348 1.347 

3.930 3.871 3.881 

3.497 3.420 3.432 

2.278 2.273 2.274 

7.799 7.792 7.793 

2.096 2.124 2.!JQ

6.267 6.377 6.359 

2.136 2.120 2.122 

2.116 2.144 2.139 

3.924 3.908 3.911 

4.644 4.760 4.741 

4.390 4.393 4.393 

5.388 5.507 5.488 

22.165 22.324 22.298 

3.051 3.004 3.012 

5.349 5.694 5.638 

2.256 2.267 2.265 

3.899 3.838 3.848 



Table 2 

Ratio range rnorphornetric characters of fishes of genus Merluccius from different localities 

� M. m. mediterraneus M. m. atlanticus M. m. senegalensis M. m. capensis M. m. paradoxus M. bilinearis 
Morphometnc characters 

Total length /standard length 1.105 - 1.119 1.08&·- 1.117 1.098- 1.121 1.103 - 1.121 i.115 - 1.136 1.105 - 1.115 

Standard length I body length 1.361- 1.400 1.344- 1.378 1.333 - 1.384 1.362- 1.451 1.361 - 1.381 1.320- 1.364 

Standard length /, head length 3.506� 3.771 3.645 - 3.909 3.612- 4.000 3·,219 - 3.766 3.630- 3.784 3.746- 4.126 

Standard length I pre-fust dorsal distance 3.235 - 3.371 3.271 - 3.529 3.277 - 3.672 3.075 - 3.428 3.312- 3.482 3.344 - 3.549 

Standard length /_pre-second dorsal distance 2.298'- 2.392 2.281- 2.486 2.319- 2.523 2.226- 2.367 2.300- 2.382 2.243 - 2.327 

S>andard length / length of the first dorsal 9.352 - 10.776 8.344 - 10.130 9.135 - 10.380 8.937- 9.690 8.682 - 9.464 7.483 - 8.124 

Standard length / length of the second dorsal 2.054- 2.131 1.963- 27178 1.999- 2.177 2.123- 2.218 2.074- 2.198 2.076- 2.198 

Standard length/ frrst dorsal heigth 7.061- 8,030 7.244- 8.165 6.569- 8.238 5.886- 7.675 6.352- 7.063 6.074- 6.764 

Standard length / pre-anal distance 2.102- 2.2,47 2.080- 2.334 2.051 - 2.319 2.097- 2.236 2.147- 2.324 2.046- 2.188 

Standard length / length of the anal 2.164- 2.271 2.076- 2.236 2.135 - 2.230 2.143- 2.289 2.071 - 2.203 2.098 - 2.266 

Standard length I pre-pectoral distance 3:S93- 3.771 3.636- 4.055 3.533- 4.066 3.377- 3.864 3.510- 3.767 3.746- 4.129 

Standard length I length of the pectoral 5.652 - 6.268 5.634- 6.188 4.981- 5.857 4.292- 5.085 4.327- 4.923 4.585- 4.983 

Standard length / pre-ventral distance 4.375 - 4.508 4.031- 5.040 4-.134- 4.638 4.109- 4.851 4.157- 4.481 4.250- 4.571 

Standard length / length of the ventral 5.125 - 6.014 5.813 - 7.167 5.690- 6.654 5.421 - 6.761 5.197- 6.417 5.368 - 5.933 

Standard length I caudal peduncle depth 22.605 - 24.951" 20.688 - 24,340 18.554 - 21.625 18,727 - 22.885 20.098 - 22.754 21.573 - 24.556 

Head length I pre-orbital distance 2.950 - 3.243 2.793- 2.988 2.777 - 3.139 2.832 - 3.368 3.000- 3.318 2.855 - 3.150 

Head length I diameter of the eye 4.798 - 6.335 5.858 - 7.500 5.112 - 7.472 4.267 - 7.329 4.506- 5.318 4.500- 6.428 

Head length I lengtll of the maxillary 2.097 - 2.272 2.097 - 2.257 2.320 - 2.549 2.311- 2.462 2.286
-;-

2.495 2.070- 2.321 

Head length I interorbital distance 3.933 - 4.490 3.647 - 3.921 3.441 - 3.962 3.731- 4.133 4.034- 4.341 3.688 - 3.961 



Table 3 

First dorsal ray counts of genus Merluccius from different localities 

Number of Range Standard 
Name of fishes Mean Variance 

fishes 9 10 11 12 13 14 deviation 

M. m. mediterraneus 85 22 61 2 9.765 0.2297 0.4787 

M. m. atlanticus 20 19 1 10.050 0.0500 0.2232 

M. m. senegalensis 190 3 72 107 8 10.632 0.3503 0.5919 

M. m. capensis 174 38 117 18 1 10.897 0.3360 0.5797 

M. m paradoxus 133 25 86 22 10.977 0.3555 0.5962 

M. bilinearis 293 11 213 66 3 12.208 0.2613 0.5112 

Table 4 

Second dorsal ray counts of genus M erluccius from different localities 

Number of Range Mean Variance Standard
Name of fishes 

fishes 36 37 38 39 40 41 42 43 deviation 

M. m. mediterra-

neus 85 8 18 57 2 37.623 0.4756 0.6896 

M. m. atlanticus 20 4 13 3 38.950 0.3658 0.6048 

M. m. senegalensis 190 21 113 49 6 1 40.226 0.4935 0.7025 

M. m. capensis 174 1 11 56 74 28 4 39.741 0.8172 0.9040 

M. m. paradoxus 133 6 5 42 63 17 40.602 0.8476 0.9207 

M. bilinearis 293 30 106 108 4:2- 7 39.624 0.8723 0.9340 



Table 5
Anal ray counts of genus Merluccius from different localities 

Number Range Stand�d 
Name of fishes Mean Variance of fishes 35 36 37 38 39 40' 41 42 43 deviation 

. 

M. m. med�terra- .. 

. .

neus 85 1 11 41 29 -3 37.258 0.5989 0.7739 

M. m. atlanticus 20 5 6 9 38.200 0.6947 O.lr135

M. m. senegalen-
sis 190 8 61 100 19 2 38.716 0.5538 0.7442 

,M. m. capensis 174 3 5 46 76 42 2 39.891 0.8146 0.9026 

M. m. parado-
xus 133 2 9 46 51 25 40.662 0.8316 0.9114 

M. bilinearis 293 3 34 88 84 54 23 7 39.849 1.5527 · 1.24�1

Pectoral ray counts of genus Merluccius from different localities Table 6 

Name of fishes Number of Range Mean Variance Standard 
fishes 12 13 14 15 16 17 deviation 

M. m. mediterraneus 85 1 51 33 13.376 0.2614 0.5113 
, . 

M. m. atlanticus 20 13 7 13.350 0.2395 0.4894" . 

M. m. senegalensis 190 4 96 89 1 14.458 0.3025 0.5500 

M. m. capensis 174 11 97 64 2 15.328 0.3718 · 0.6098

M. m. paradoxus 133 36 89 8 14.789 0.2887 0.5373

M. bilinearis f93 27 188 73 5 14.191 0.3743 0.6_!18
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fishes are given in Table I for separate and combined sexes. It appears from these results 
that there are no apparent differences between sexes for different fish populations. Ratio 
ranges for different morphometric characters are given in Table 2. 

Meristic characters 

The same number of fishes. as in morphometric studies were used to determine the 
meristic characters, except those of M bilinearis which is represented by 294 fishes for 
vertebral counts and 293 fishes for the rest of meristic characters. Consequently, the same 
length range is similar, even that of M bilinearis.

Seven meristic characters were used in this study. The relation between mean counts 
of meristic characters and length or age of fishes revealed no clear differences. Comparing 
mean counts of each studied character for separate and combined sexes in different 
samples of the same population of fishes, no apparent differences was observed. For the 
sake of comparison between different populations of fishes, mean count for each 
character of combined sexes were used. 

1. Fin ray counts

In Tables 3, 4, 5 and 6, range of counts for single and paired fins, number of fishes
under each count, mean, variance and standard deviation for each population are 
given.4,5,6, Figures 2, 3, 4 and 5 represent the variation of frequency percentage with 
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Fig. 2. Frequency percentage distribution of First dorsal ray counts of genus Merluccius from different' 
localities 

range of counts for each,cl1aracter in different populatio,ns. It was noted that the ventrals 
were represented by seven rays, which were always constant in all studied populations. 
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Fig. 3. Frequency percentage distribution of second dorsal ray counts of genus Merluccius from different 

localities 
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Total vertebral counts of genus Merluccius from different localities 

Number of Rami;e 
·Name of fishes

fishes 48 49 ·so 51 52 53 51!1 55 56i 

M. m. mediterra

. neus 85 3 32 43 7 

M. m. atlanticus 20 7 8 5 

M. m. senegalen

sis 190 1 31 121 37 

· M. m: capensis 174 1 42 107 24 

M. m. parado-

xus 133 13 66 46 

M. bilinearis 294 1 65 159 64 5 

57 
Mean 

50.635 

49�900 

53.021 

49.885 

8. 55.368

54.023

Variance 

0.4725 

0.6211 

0.3805 

0.3913 

0.5526' 

0.5216 
.

' 

Table 7 

Standard 

deviation 

0.6874 

0.7881 

0.6169 

0.6255 

0.7434 

0.7222 
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2. Vertebral cot)llts

Range of vertebral counts, number of fishes under each count, mean, variance 
and standard deviation for different populations are given in Table 7. Variation of fre­
quency percentage of each count within the recorded range are shown in Fig. 6. The 
study of the partitioned vertebral column revealed that it consisted of six cervical 
vertebrae which were always constant in all populations. Frequency percentage for both 
abdominal and caudal vertebral counts are demonstrated in Figures 7 and 8. 
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Fig. 6. Frequency percentage distribution of total vertebral counts of genus Merluccius from different 
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3. Gill raker counts

Table 8 represents the range of variation in total gill raker counts on the whole gill 

arch for different populations. The 11.umber of fishes, mean, variance and standard 
deviation also are given. Figure 9 demonstrates the variation of frequency percentage of 



Table 8 

Total gill raker counts of genus Merluccius from different localities 

Name Number Range Varian- Standard 

of fishes of fishes 13 
Mean deviation 9 10 II 12 13 14 15 16 17 18 19 20 21 '22 ce 

M. m. medi-

t.:rraneus 85 49 29 7 9.506 0.4196 0.6478 

M. m. atlan-

ticus 20 1 17 2 10.050 0.1553 0.3941 

M. m. sene-

galensis 190 11 79 65 31 4 14.674 0.7924 0.8902 

M. m. ea-

pt'nsis 174 1 17 53 79 21 3 18.638 0.8103 0.9002 

M. m. pa-

radoxus 133 3 11 26 37 35 19 2 20.165 1.6845 1.2919 

M. hili-

ncaris 293 4 23 151 84 23 6 2 17.427 0.8482 0.9210 



Table 9 

Range of gill raker counts on upper and lower gill arch of genus Merluccius from different localities 

Number of Upper gill arch · Lower gill arch
Name of fishes 

fishes Range Mean Standard Range Mean Standard 
deviation deviation 

M. m. mediterraneus 85 1-2 1.400 0.4929 8-9 8.106 0.3095 

M. m. atlanticus 20 2 2.000 - 7-9 8.050 0.3941 

M. m. senegalensis 190 3-4 3.326 0.4701 10-13 11.347 0.6788 

M. m. capensis 174 4-6 4.828 0.4487 12-16 13.810 0.7322 

M. m. paradoxus 133 4-7 5.534 0.6461 12-17 14.632 0.9651 

M. bilinearis 293 3-5 4.140 0.4024 12-16 13.287 0.7166 
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each count within the recorded range for different populations. Range of gill raker counts 
on upper and lower gill arch, means and standard deviations in each populations are 
shown in Table 9. 

OSTEOLOGICAL STUDIES 

So far, little is known about the osteology of hake, except data, given for-M bilinearis, 
M. productus and M. merluccius (Svetovidov, 1948); and for M. bitine,ari� and M Pro­
ductus (abdul Mujib, 1967). The former gave drawings of the skull in diffe�ent views­
and ·of some separate bones. The latter, during his study on the cranial osteology of
the gadoid fishes, described detailly the bones of the cranium and its related bones,
illustrating them with drawings.

Therefore, in this study, the general features of 108 skulls and some selected bones, 
namely' hyomandibular, operculum, urohyal, post-temporal and os pelvis, from fishes 
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Fig. 10. Skull (dorsal view) of M. m. mediterrarieus (Lt: 37 .2 cm) 

Fig. 11. Skull (ventral view) of M. m. mediterraneus (Lt: 37 .2 cm) 



Fig. 12. Skull (dorsal view) of M. m. atlanticus (Lt: 40.0 cm) 

Fig. 13. Skull (ventral view) of M. m. atlanticus (Lt: 40.0 cm) 
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Fig. 14. Skull (dorsal view) of M. m. senegalensis (Lt: 38.0 cm) 

Fig. 15. Skull (ventral view) of M. m. senegalensis (Lt: 38.0 cm) 
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Fig. 16. Skull (dorsal view) of M. m. capensis (Lt: 40.0 cm) 

Fig. 17. Skull (ventral view) of M. m. capensis (Lt: 40.0 cm) 
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Fig. 18. Skull (dorsal view) of M. m. paradoxus (Lt: 41.0 cm) 

I:' 1g. 19. Skull (ventral.view) of M. m. paradoxus (Lt: 41.0 cm) 

4 - Acta Ichtiologica ... 
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Fig. 20. Skull (dorsal view) of M. bilinearis (Lt: 40.0 cm) 

Fig. 21. Skull (ventral view) of M. bilinearis (Lt: 40.0 cm) 
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Fig. 22. a. Hyo mandibular, b. Operculum, c. Urohyal, d. Post-temporal and e. Os pelvis (Lt: 37 .2 cm) 

of M.' m. mediterraneus 

Fig. 23. a. Hyomandibular, b. Opercuium, c. Urohyal, d. Post-temporal and e. Os pelvis (Lt: 71.0; 

46.6; 40.0; 40.0 and 46.6 cm) of M. m. atlanticus 
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Fig. 24. a. Hyomandibular, b. Operculum, c. Urohyal, d. Post-temporal and e. Os pelvis (Lt: 47.0; 
39.0; 47 .O; 47 .0 and 39.0 cm) of M. m. senegalensis 

Fig. 25. a. Hyomandibular, b. Operculum, c. Urohyal, d. Post-temporal and e. Os pelvis (Lt: 40.0; 
40'.0; 40.0 and 50.0 cm) of M. m. capensis 
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Fig. 26. a. Hyomandibular, b. Operculum, c. Urohyal, d. Post-temporal and e. Os pelvis (Lt: 41.0; 

41.0; 41.0; 41.0 and 45.0 cm) ofM. m. paradoxus 

Fig. 27. a. Hyomandibular, _b. Operclllum, c. Urohyal, d. Post-temporal and e. Os pelvis (Lt: 40.0; 

44.0; 40.0; 40.0 and 40.0 cm) of M. bilinearis 
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Fig. 28. Otoliths of M. m. mediterraneus (Lt: 
14.0; 19.7; 24.1; 28.2; 33.5; 37.2; 40.8 and 

48.0 cm) 

Fig. 30. Otoliths of M. m. senegalensis (Lt: 27 .8; 30.1; 
35.8; 40.0; 45.0; 50.6; 57.5 and 62.0 cm) 

Fig. 29� Otoliths of M. m. atlanticus (Lt: 
40.0; 46.0; 51.0; 56.5 and 71.0 cm) 

Fig. 31. Otoliths of M. m. capensis (Lt: 23.1; 
27.7; 32.4; 35.2; 40.5; 46.2; 50.6 and 61.2 cm) 
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Fig. 32. Qtoliths of M. m. paradoxus (Lt: 33.2; 37 .9; Fig. 33. Otoliths of M. bilinearis (Lt: 28.8; 32.3;
42.0; 47.5; 50.5; 55.7 and 61.7 cm) 35.7; 36.2; 44.3 and 49.0 cm) 

of different populations were dealt with. The cranium and bones (nearly of similar fish 

size as much as possible) from fishes of different populations were demonstrated. Besides,' 
otoliths were also taken into consideration. The otoliths are represented for fishes 
of 5 cm length groups within the studied length range in each population. 

The examination of the general features of skulls and bones for each population 

separately revealed no clear differences between length or sex. It was observed for 

otoliths of M. bilinearis that it had a notch in the broader part where it becomes more 

clear with increase in length. It was seen that the otoliths of hakes bore visible marginal 

serrations. Their deformation with the increase of fish size was observed in all popula­
tions, but it was clearly shown in M. bilinearis, M. m. atlanticus, and M. m. senegalensis. 

The photographes of skulls, bones and otoliths for each population are giveri in Fi� 

gures 10-33. 

DISCUSSION 

Due to the various methods used by different researchers to determine the mbrpho­
metric ratios, e.g., the smaller value percentage of the larger one, and ratio in total 

or stanandard length, it is difficult to refer the present results to those in the previous 

studies. 
Comparison of the range of mean morphometric ratios from different populations of 

hake revealed a close semilarity in some ratios or overlap of the others. In spite of these 

overlaps in the ranges, the'ratio means indicated to certain distinction between different 
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populations. As a result, there are some characters which demonstrated differentiation 
between them, namely: length of the first dorsal, first· dorsal height, length of t!ie 
pectond, lengthof the ventral, caudal peduncle depth, diameter of the eye and interorbital 
distance. Mean ratios of morphometric characters of hake populations from NE and SE 
Atlantic including. those from Mediterranean Sea will be compared separately. Fish 
populations from these regions in comparison with those fr9m NW Atlantic coast will be 
discussed. It �s clearly seen from the obtained result�, that a close similarity is occurred 
between the morphometric ratios of M .. m. capensis and M. m. paradoxus. The only 
o}?served difference was a slight decrease in the preorbital ratio of M m .. paradoxus

in relation to l�ngth or age, which did not appear in M m. capensis.

Sepa,ration of M. m. atlanticus and M m. senegalensis can be determined by the use 
of ratio means of standard lenght to first dorsal height, lenght of the pectoral, lenght of 
the ventral, caudal peduncle depth and head lenght to diameter of the eye. These charac­
ters are larger in M. m. senegalensis than in M m. atlanticus.

M m. medite"aneus differs from those of European, West and South African regions 
in possessing smaller length of first dorsal, this is due to the lower number of rays. 
Lower height>of first dorsal, smaller length of the pectoral end lower depth of caudal 
peduncle are similar in M m. atlanticus and differ in other populations. Length'of the 
ventral is similar in M. m. capensis, and larger than in M m. atlanticus, M m. senega­

lensis and M. m. paradoxus. Diameter of the eye is similar to those of M. m. capensis and 
M. m. paradoxus, on the other hand, it is slightly smaller than in M m. atlanticus

and M. m. senegalensis. Interorbital distance is alike in M. m. capensis and M. m. para­

doxus, while it is smaller than in M m. atlanticus and M. m. senegalensis.

Geographical relationship was also observed in ratios of length of first dorsal, first 
dorsal height, length of the pectoral and diameter of the eye, where they increased from 
the North to the South{see Table 1). 

Conceming the comparison o[M. bilinearis with hakes from eastern part of the Atlan­
tic, it was found that it had the same distinctive and similar characters as in other popula­
tions. It can be separated from other populations by larger length of first dorsal than in 
other�s is also attributed to the large number of ,rays. Means ratio of standard lenght 
to first dorsal height is close to M. m. capensis, white length of the pectoral is closer to 
M. m. paradoxus than to the others. Length of the ventral approaches to that of
M. m. medite"aneus, while caudal peduncle depth reaches to those of Mm. mediterra­

neus and M. m. at/anticus. Diameter of the eye is closer to M m capensis and differs
from the others, while the interorbital d,istances approaches those of M. m. atlanticus.

Examination of first ·dorsal ray counts of hakes from different populations revealed 
the discrimination between three groups of fishes from the peaks occupied by' the 
dominant number of fishes (see Fig. 2). The first group comprised M. m. mediterraneus

andM. m. atlanticus where they had the same peak at 10. The second group occupied the 
peak at 11 and was represented by M m. senegalensis, M. m. capensis and M. m. para-

. doxus. It was found also that when excluding fishes with nine rays in M. m. senegalensis

and those with thirteen rays like in M. m. capensis, as were are represented by small 
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number, this group would have the same range. The differentiation between European 
hake and M. senegalensis using first dorsal ray counts in also given by Maurin (1954). The 
mean counts of first dorsal ray for these populations serves to indicate to a geographical 
pattern among them. This pattern is represented by increase of mean count from the 
North to the South (see Table 3), which is confirmed also by the decrease in the ratio, 
standard length (length of first dorsal, for these populations. The third group is characte­
rised by domination of fishes with 12 rays where it occupies a separate peak and is 
represented by M. bilinearis (see Fig. 2). 

Second dorsal ray counts show another type of differentiation among these popula­
tions. M. m. mediterraneus, M. m. atlanticus and M. m. paradoxus were found to have 
separate peaks at 38, 39 and 41, respectively, whiJe M. m. senegalensis and M m. capensis

were associated in one peak at 40. The second dorsal ray counts were used also by 
Maurin (1954) for the separation between M. merluccius and M. senegalensis. The second 
dorsal ray courits for M. bilinearis are demonstrated by a blunt peak at 39-40 which is 
overlapped with M. m. atlanticus and M m. senegalensis (see Fig. 3). 

Anal ray counts shoved that in M. m. mediterraneus fishes with 37 rays predominated 
in M. m. capensis with 40 rays and in M. m. paradoxus with 41 rays. M. m. atlanticus and 
M. m. senegalensis both are represented by dominant fishes with 39 rays, while M. bili­

nearis has the dominating fishes with 39-40 rays. A clear overlap within the ranges of
these different populations was observed, despite of their occupating separate peaks (see
Fig. 4).

The similarity between M. m. mediterraneus and M. m. atlanticus is observed from the 
pectoral ray counts where they occupy the same peak at 13 rays. M. m. capensis and 
M. m. paradoxus occupied one peak at 15 rays, while the range of M. m. capensis

increased by one ray. The dominating count in M. m. senegalensis lies between
14-15 rays, while for M. bilinearis it is represented by 14 rays. An overlap of the ranges
in different populations is clearly seen from the pectoral ray counts (see Fig. 5).

On· the basis of total vertebral counts another form of differentiation within these 
populations is appeared. M. m. mediterraneus (51),M. m. senegalensis (53) and M m. pa-.
radoxus (55) were characterized by separate peaks, while M m. atlanticus and 
M. m. capensis occupied one peak (50), where their ranges overlapped with that
of M. m. mediterraneus. The separation between hakes using vertebral counts is confir­
med by the findings of Maurin ( 1954) for M. merluccius and M. senegalensis,

Sauskan (1969) for different species of hakes in the Atlantic Ocean, and van Eck (1969)
for M. m. capensis and M. m. paradoxus. M. bilinearis is represented by the range over­
lapping those ofM. m. senegalensis andM. m. paradoxus, where the fishes at (54)
dominate (see Fig. 6). The study of the partitioned vertebral column revealed that the
abdominal counts for M. m. atlanticus and M. m. cdpensis had the same peak at (18),
while M. m. mediterraneus (19). M. m. senegalensis and M. m. paradoxus were associated
in one peak (21 ). The abdominal count of M. bilinearis appeared to be identical with that
of M. m. paradoxus in the peak (Zl) or the range (see Fig. 7). Although an overlap is seen
from the caudal vertebral counts, we can separate between certain populations i.e.,
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M. m. atlanticus (25), M. m. mediterraneus, M. m. senegalensis and M. m. capensis (26),
M. m. paradoxus (28) and M. bilinearis (see Fig. 8).

The study of the total gill raker counts served to clear a discrimination between
different populations of hakes (see Fig. 9). This result is confirmed by the findings of 
Maurin (1954) and Sauskan (1969). This separation is also shown from the mean gill 
raker counts on upper, lower or whole gill arch (see Tables 8 and 9). The mean counts of 
gill raker demonstrated a geographical variation pattern within population� of NE-and 
SE-Atlantic. This variation is represented by an increase in the mean counts from the 

,, 

North to the South. 
Results of meristic characters measurements from different hake populations are 

compared with the findings of other authors (Table 10). General outlook on ranges of 
meristic characters of hakes from NE- and SE-Atlantic including Mediterranean Sea, 
indicated fo a visible discrepancies existing between these findings. It was shown that the 
range of first dorsal ray counts of the all populations lies between 9-13. The difference 
between the various populations is represented . by an in.crease of one ray over the 
minimum or a decrease of one or two rays.below the maximum. An overlap in the ranges 
given for other characters is shown also. Even in the rece.nt data given by van Eck (1969), 
the range of gill rakers noted for M. m. capensis is nearly the same as for M. m. senega­

lensis in the present study . While that of M. m. paradoxus is similar to that of M. m. ca­

pensis and increases by one ray in M. m. paradoxus in the present study. The range 
of vertebrae seems to be identical but he counted the urostyl. Therefore, from this 
comparison it is apparent that these characters may be affected by variable environmental 
factors which can produce the existing discrepancies. 

As it is shown from the previous discussion, there are overlaps in most of the count 
ranges of meristic characters. By applying the t-test between the mean of counts for each 
meristic characters of alternative populations revealed the existed significance of the 
means to identify the populations. It was found that the difference between the means is 
highly significant at t0_05 and t0_01 between most of populations for all meristic charac­
ters, except first dorsal count is nonsignificant M. m. capensis and M. m. paradoxus at 
both levels, while significant at t0.05 and nearly significant at to.o 1 M. m. mediterraneus

and M. m. atlanticus Al�o the difference is non-significant for pectoral counts 
(M. m. mediterraneus and M. m. atlanticus and vertebral counts (M. m. atlanticus and 
M. m. capensis), (see Table 11).

Comparative study of skulls from different populations gave an indication of the shape
of lateral ethmoid, frontal and sphenotic regions as an evidence for differentiation. The 
curvature resulting from the union of lateral ethmoid and frontal bone appears to be 
distinct in M. m. mediterraneus, M. m. atlanticus, M. m. senegalensis and M. m. para­

doxus. This area appears in M. m. capensis and M. bilinearis as a straight line. M. biline­

aris differs from other populations by a sharp straight anterior frontal which broadens 
posteriorly forming, with the sphenotic bone, the broad .distal part of the skull (see 
Figs. 10 �-21 ). It is shown from Figures 22-27 that a slight differences occurred between 
the similar bonesin different populations. Examination of the otoliths shape indicated to 



Table 10 

Meristic characters of fishes of genus Merluccius according to different Authors 

Name of Authors Norman (1937) Svetovidov Maurin Cadenat (1.952) 
(1948) 

(1952) ( 1954) Cape Cap Medi- Region Localities In respect to different species distribution Congo 
Casa- Aga- Oued Cap Mauri- Casablanca to Town Vert terra- of Ma-
blanca dir Draa Juby tania Mauritania nean melles 

Names of M. M. M. aust- M.pro- M.bili- M. ea- M.mer M.mer M.bili- M.sene M.mer- M. ea- M. M.sene M.m.me M.se-
Meristic fishes hubbsi gayi ralis ductus nearis pen sis luccius luccius nearis Different populations galensis luccius pen sis polli galensis diterra- neg a-
characters 

Namber of neus lensis 

fishes •4 17 15 887 14 20 40 39 77 77 61 24 

First dorsal eay counts (11)12-1, 1·1 II 11-12 12-13 10-11 el)I0-11 9-10 12 9-11 9-11 9-11 9-11 10-12 9-12 9-11 10 10 II 9.'..10 
Second dorsal ray counts 36-39 36-40 36-43 39-42 36-41 35-40 37-40 37-40 39 35-41 39-41 38-41 36-41 38-42 38- 43 36-43 40 38-39 38-40 38-39 
Anal ray counts 37-41 37-39 36-42 41-43 37-40 37-40 36-39 36-40 39-40 39 36 -37 36-39 36- 37 

Pectoral ray counts 12-14 15-16 13 16 13-14 about 12)13-14 
14 

13- 14 14--15 

Vertebral counts 49-55 51-55 50-55 50-55 50--55 51-55 49-52 51 53 53-56 52 53--56 

upper 2-4 3-4 
Gill raker 
counts lower 10-13 15-18 JO 15-17 10-14(15) 13-14 7-8 8-12 13 13 7-12 14-17 

total 17-18 13-16 9-11 

Name of Authors -Heldt Matta (1953) Sauskan (1969) van Eck (1969)* Soliman (present study) 
(1952) 

Archipe· NWSar- Mediter- South Mauri-
Angola 

SW and U.S. 
Localities Tunis lag dinia U.S., NE and SE Atlantic coasts South Africa Irland tania 

SW and 
S. Afrika coasts 

Toscano 
ranean S.Afrika 

Names of M.mer-
M. ea- M.pa- M.al· M.bili- M. sen M. ca- M.mer- M.m. ea- M. m. pa-

M.m.me- M. m. M.m. M.m. M.m. M. bili· 
fishes luccius M. merluccius 

pen sis radoxus bid us nearis galensis denat1 luccius pensis radoxus 
diterra- at Ian- senega- capensis 

para-
nearis ticus lensis doxus 

Meristic Namber of neus 

characters fishes 25 361 206 num erous more than 100 85 20 190 174 133 293 

First dorsal ray counts 9--11 9-11 9-11 I0--11 9--12 I0-13 10-12 11-14 
Second dorsal ray counts 35-41 34-41 36- 39 38-40 39 43 37-42 38-42 38..:.42 
Anal ray counts 35--39 37-39 37--41 37-42 38-42 37-43 
Pectoral ray counts 12-14 13-14 13 -16 14-17 14-16 13-16 
Vertebral counts 51-53 50-54 48-51 52-56 51-5,5 52-58 47-52 49-51 54-57 49-52 49--51 51 54 48--51 54 -57 52-56 

upper 1-2 1-2 4-6 4. 3-5 
Gill raker 
counts lower 7-9 10-14 12-16 8--9 7-9 10-13 12--16 12-17 12- 16 

total 8-12 15--19 12-17 8-12 8-12 9-11 9-11 13--17 16-21 17-23 15 -21 

* Vertebral counts (urostyl included)
V, 

\0 



t-test for the difference between the means of different meristic counts
of genus Merluccius from different localities 

First dorsal Second Anal 

Examined populations 
to.os to.01 rays dorsal rays rays 

t to to 0 

M. m. mediterraneus - M. m. atlanticus 1.982 2.626 2.589 7.918 4.831 

M. m. mediterraneus -- M. m. senegalen-
sis 1.972 2.601 11.870 28.551 14.832 

M. m. mediterraneus - M. m. capensis 1.972 2.601 15.587 19.064 23.076 

M. m. mediterraneus - M. m. parado-
xus 1.972 2.601 15.770 25.593 28.485 

M. m. atlanticus - M. m:senega-
lensis 1.972 2.601 4.356 7.819 2.915 

M. m. atlanticus - M. m. capensis 1.973 2.603 6.466 3.812 7.995 

M. m: atlanticus - M. m. parado-
xus 1.976 2.609 6.862 7.763 11.372 

M. m. senegalensis - M. m. capensis 1.968 2.592 4,3-10 5.743 13.599 

M. m. senegalensis - M. m. parado-
- xus 1.968 2.592 5.138 4.159 21.060 

M. m. capensis - M. m. parado-
xus 1.968 2.592 1.183 8.208 7.392 

Table 11 

Pectoral Total Total gill 

rnys vertebrae rakers 

to to to

0.206 4.186 3.596 

15.402 28.609 48.119 

25.466 8.772 83.550 

19.305 47.236 70.263 

8.649 20.932 22.948 
13.989 0.099 42.139 

11.286 30.428 34.498 

14.316 48.172 42.215 

5.372 30.881 45.119 

8.081 70.115 12.167 
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the similarity between M m. mediterraneus, M m. atlanticus, M. m. senegalensis and 
M. m. capensis. Since that of M. m. paradoxus is slightly different and resembles kidney­
shape, it is used to separate this species grom the M. m. capensis by Mombeck (l 970
a and b) and others. M. bilinearis has different otolith from which is used to distinguish it
from the others. It is elongated, broad at one end where there appears a notch and tap­
pers at the other end (see Figs. 28-33). Comparison of the shape of the skulls and bones
of M. merluccius and M. bilinearis given by Svetovidov (1948) indicated to the similarity
of skulls of both to those in the present study. The other bones show slight variability.

CONCLUSIONS 

From the previously mentioned interpretation of the results, we can summarise the 
following main points concerning the hakes of Ne-, SE-Atlantic and Mediterranean Sea: 

1. The majority of the morphometric ratios are similar for all populations.
2. Most of the characters used for separation between different populations bore

geographical variation patterns. 
3. The meristic characters indicated to an overlap within these populations.
4. The only meristic character which alloved in the discrimination between all popula­

tions was the total gill raker counts on the whole gill arch. The vertebrae can be used for 
certain populations. 

5. First dorsal ray and total gill raker counts represented geographical variations.
6. By applaying the t-test between the mean of counts for each meristic characters

of alternative populations reveeled the existed significance of the means to identinity the 
populations. 

7. Close similarity in the otoliths for all populations is existed.
As it is evident, the characters which are used for differentiation, :ire controled by

enviromental factors or geographical variations. In addition, the distribution of these 
populations noted in the literature, indicated that M. merluccius coexisted with M. sene­

galensis to the shores of Senegal and also indicated thei similarity to M capensis. The 
occurrence fo M. m. capensis and M. m. paradoxus in a wide overlapping areas is also 
observed. This means that there are no barriers for their isolation and they are mixed 
freely. 

It is obvious, from these facts, that fishes inhabiting these localities can be considered 
as local populations of Merluccius merluccius. Hence, it can be useful for the fishery 
experts to apply subspecific nominations for these fishes, namely: Merluccius merluccius

atlanticus, M. m. senegalensis, M. m. ca-pensis, M m. paradoxus and M. m. mediterraneus.

This opinion is reckoned upon by the definition of subspecies given by Regan (1925 
quoted by Norman, 1963). 

However, M. bilinearis can be separated from other subspecies due to other features. 
The most important ones are skull and otoliths type. Mereover, the topography of the 
NW-Atlantic Ocean bottom which provides the natural isolation of M. bilinearis from 
other populations in teh Eastern Atlantic. Consequently, it can be given the specific 
name: Merluccius bilinearis.
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I would like to indicate that during this study, there are no observed symptoms of the 
coexistence of these populations within the different localities. 

For future studies on this problem I would like also to recommend that it would be to 
find a solution through the chromosomes studies. 
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ZMIENNOSC RYB RODZAJU MERLUCCIUS W OCEANIE ATLANTYCKIM 
I MORZU SR6DZIEMNYM 

Streszczenie 
Systematyka rodzaju morszczuk - Merluccius jest bardzo ciekawa i zarazem kontrowersyjna dla 

wielu autor6w. Obok cech biometrycznych i osteologicznych stosuje si1e nawet serologi1e do wyjasnie­
nia sprzecznosci i wyr6inienia poszczeg61nych populacji. W niniejszej pracy zastosowano jednoczesn!l 
analiz1e cech morfometrycznych, merystycznych i osteologicznych dla rozwi.µ:ania r6znic i podo­
bieristw pomii,dzy poszczeg6lnymi populacjami. 
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Z przeprowadzonych badan wynika jasno, :i.e v!ie.kszosc morfometrycznych danych z pomiar6w 
r6:i.nych CZysci ciala, jest podobna dla wszystkich badanych populacji. Obserwuje sii. wzrost lub 
spadek wraz z wielkosciit i wiekiem ryb pewnych stosunk6w morfometrycznych. Indywidualne 
wahania r6wnie:i. wysti.puJ<\. Nalezy zanotowac, :i.e dlugosc pierwszej pletwy grzbietowej (D), jak jej 
wysokosc, dhigosc pfotw piersiowych (P), dlugosc pletw brzusznych (V), wysokosc trzona 
ogonowego, srednicy oka jak odlegl:osc mii.dzyocznej, wykazujit pewne r6znice u poszczeg6lnych 
populacji. Niestety wszystkie te r6znice mo:i.na odniesc do r6znic wyniUych na tle geograficznego 
oddalenia. 

Stosunek miydzy srednimi wielkosciami o .charakterze merystycznym a dlugosciit i wiekiem ryb 
u r6znych populacji nie przedstawia jasnych r6:i.nic. Nie wysti.pujit tez wyraine r6znice wielkosci 
srednich merystycznych w stosunku do calej populacji jak i oddzielnie dla osobnik6w jednej pfoi 
w obrybie jednej populacji. Jedynie r6znice ilosdowe r6zniitce badane populacje dotyczit ilosci 
wyrostk6w skrzelowych na luku. Liczba kryg6w moze bye uzyteczna jedynie w stosunku do pewnych 
populacji. Zaobserwowano ze liczba wyrostk6w na pierwszym luku jak i w cal:osci wykazuje 
zmiennosc geograficznii zmieniajiicii siy z polnocy na poludnie. Por6wnanie liczbowe cech merystycz­
nych z danymi innych autor6w ujawnia na ogol zgodnosc. 

Studia por6wnawcze czaszki wykazujii pewn<1 odri.bnosc u M. bilinearis w stosunku do pozosta­
lych populacji, przez ostro zarysowan<1 kosc czolowii. Natomiast por6wnanie otolit6w wykazuje 
podobienstwo mii.dzy badanymi populacjami wschodniego Atlantyku i M. Sr6dziemnego w odr6:i.nie­
niu od M. bilinearis. 

W rezultacie wyodrybniono piyc podgatunk6w wzdl:uz wybrze:i:y wschodnich Atlantyku: 
Merluccius merluccius atlanticus dla poln.-wsch. Atlantyku i M.m. senegalensis dla wybrze:i:y Maure­
tanii, M. m. capensis dla Pld.-Zach. Afryki, M. m. paradoxus dla Pld. Afryki i M.m. mediterraneus dla 
M. Sr6dziemnego oraz odri. bny gatunek M. bilinearis dla wybrzezy Pln. Ameryki.

PASHOOEPA31'1E PblE PO,Z(A MERLUCCIUS B ATJIAHT!ill!ECKOM 
OKEAHE W·CPE�WSEMHOM MOPE 

P e a 10 M e 

CYicTeMaTYIKa pOAa Mepnys - Merluccius - HBJIHeTCH oqeHn YIHTepeCHOiil YI 
BM6CTe c TeM BeCnMa npOTYIBOpeqYIBOiil B pa6oTaX MHOrYIX aBTOpOB. �Jlff BhlffCHe­
HY!ff npOTYIBOpeqYiii! YI BhlAeJieHYiff OTA6JlnHb!X norrynm:i;Yliil Hapff,1J;y C OYIOMeTpYiqecKYI­
MYI YI OCTeonorY1qecKlt1MY! IlpYl3HaKai,rn npYIMeHff6TCH Aall\6 ceponorYiff. B HaCTOffll\6iil 
pa6oTe npOB6A6H OAHO:DpeMeHHblilI aHaJIYl3 MOpqJOMeTpY!qecKHX, MepYICTYlqecKYIX YI 
OCTeOJIOrYlqecKHX npYI3HaKOB AJiff ycTaHOBJI6HYIH pa3JIHqYliil YI CXOACTB M6lKAY · OT­
'A6JlbHb!MYI nonyJIHIJ;ll!HMYI. 

1'13 npoBeAeHHb!X YICCJI6AOBaHYliil HCHO CJieAyeT, qTo OOJinlllll!HCTBO,MOpqJOMeTpYl­
qecKYIX AaHHhlX, rronyqeHHb!X rrpYIY13MepeHll!YI pa3Hb!X qacTeiil Tena, y BCex YIC-
CJieAyeMb!X TIOIIYJIHIJ;Yliil ffBJiffeTCH TIO'AOOHb!M. Ha6JIIOAaeTCff pocT YIJIYI yMeHnllleHYie 
BMeCTe C pasMepOM J,!, B03paCTOM pb!O HeKOTOphlX MOpqJOMeTpYiqecKHX COOTHOll!e-
HYiilI. 0TMeqaIOTCff TaKlKe YIHAYIBYIAYaJinHhle KOJieOaHYiff. CneAyeT TIOAqepKHYTn, qTQ 
AJIYIHa nepBoro CIIYIHHOro nJiaBHYIKa (D�, KaK YI ero Bb!COTa, AJill!Ha rpyAHb!X rrna­
BHll!KOB (P)' 'AJIY!Ha Op!Oll!Hb!X IIJiaBHYIKOB_ (V)' Bb!COTa XBOCTOBoro CTeOJiff, AHa­
MeTp rnasa, a TaKJKe MelKrJiaSHYiqHoe npocTpaHcTBO y OTAeJibHhlX nonyJiffIJ;Yiiil !l!Me-
·10T onpeAeJieHHhle pasn111tiiia. K coJKa,JieHYIIO Bee STYI pasnYiqYlff MOlKHO OTHeCTYI K
pasnY1qY1HM, Bh!TeKaIOll\YIM YIS reorpawYiqecKoro MeCTq o6HTaHYIH,
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COOTHOllieHTt!e MelK,1(y cpe;zi;HTt!MTt! BeJITt!qTt!HaMTt! MepTt!CTTt!qecKoro xapaKTepa Tt! ;1\JIH­
HOM B B03pacTOM pb16 pa3Hb!X nonyJIHUl'IM He MMeeT HpKO BblpaJKeHHblX pacxoJK;zi;e­
HTt!H, He npOHBJIHIDTCH QTqeTJITt!BO TakJKe Tt! pa3JITt!qTt!a cpe;zi;Hwc MepTt!CTTt!qecKWC Be­
JITt!qTt!H KaK ITO OTHOllieHTt!ID KO.BCeti nonyJIHUTt!Tt!, TaK Tt! OT;l\eJI»HO ;1\JIH oco6ew. o;zi;­
HOro IlOJia B rpaHTt!UaX OAHOH rrorryJIHUTt!Tt!, TOJI»KO KOJITt!qecTB8HHble paBJITt!qTt!a,OT­
JITt!'laID!IITt!e Tt!CCJieAyeMble rrorrynau,rn, KaCaIDTCH 'lTt!CJia JKa6epHb!X OTpOCTKOB Ha AY­
re. ROJITt!'leCTBO Il03BOHKO� MOJKeT l1MeT»·3Ha'leHTt!e TOJI»KO rrpTt!MeHTt!TeJI»HO K orrpe­
AeJieHHb!M rrorryJIHUTt!ffM. 3aMe'lilHO, 'ITO qwcno OTpOCTKOB Ha rrepBOti Ayre, KaK w 
B uenoM, OTpa�aeT reorpaww'lecKym Tt!3MeH'lTt!BOcT» B HarrpaBJieHTt!Tt! c ceBepa Ha 
mr. ROJITt!'l8CTB8HH08 cpaBH8HTt!8 M8pTt!CTTt!'l8CKTt!X rrpTt!aHaKOB C AaHHblMTt! Apyrwx 
aBTOpOB B o6meM rrpOHBJIH8T COOTB8TCTBTt!8, 

CpaBHTt!T8JlbH08 lll3Y'l8Hlll8 llepena yKa3b!BaeT Ha onp8A8JI8HHYID Tt!HAll!BTt!Ayam,,.. 
HOCT» y M. bilinearis. OTJllll'laID�YID ee OT OCTaJI»HblX norry JIHUTt!H 6narOAapa 
pe3KO BblpaJK€HHOW JI06HOW KOCTTt!. CpaBH8Hlll8 JK8 OTOJill!TOB yKa3b!Ba8T Ha CXOA­
CTBO Tt!CCJI8AY8Mb!X'IlOTiyJIHUl'IM BOCTOqHOM ATJiaHTTt!KTt! Tt! CpeATt!38MHOrO MOpH B OT­
Jllll'lTt!8 OT M. bilinearis. 

B peayJI»TaTe Bbl;l\8Jl8Hbl TIHTD TIOABTt!AOB BAOJI» BOCTO'lHOro no6epeJK»H ATJiaH­
TTt!KTt!: Merluccius merluccius atlanticus AJIH C8B8p0-BOCTO�Oi1 ATJiaHTTt!KTt!, 
ll'i.m. senegalensis AJIH no6epeJK»H MaBpTt!TaHTt!Tt!, M. m. capensis AJIH Klro-3a­
naAHOti AwpTt!KM, ll'i.m. paradoxus ;1\Jlff IOJKHOM AwpTt!KTt! Tt! M.m. mediterraneus AJIH 
Cpe;zi;waeMHoro Mopa, a TaKJKe oT;zi;en»Hhiiti Blll:zl M. bilinearis AJIH no6epeJK»H Ce­
BepHow !wpHKlt!. 
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