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DOPRINOS IZUCAVANJU HETEROGENOSTI POPULACIJE SRDELE 
(SARDINA PILCHARDUS WALB.) JADRANSKOG MORA 

V eronica. A 1 e ,g i!' i a H e i!' n a 111 d e z 

Institute of Oceanography and Fisheries, Split, Yugoslavia 

A study of the heterogeneity of sardine population inha
biting the eastern Adriatic Sea was made on the basis of 
variations of the head length and number of gillrakers in 
relation to the body length. Statistical methods were used 
to determine the extent of difference and overlap of these 
characters. Results indicate that tested groups of sardine 
from the northern and middle Adriatic are heterogeneous 
with i·es.pect to the number of gillrakers. 

INTRODUCTION 

Variations of heaid length arrd the munber ,of giillra'kers in relation to 
body length are numerical characteristics often used for the characterization 
of a fish population or subpopulation of the same species occurring in diffe
rent areas. These characteristics refer to the shape of the fish and may be 
indicative of a process of adaptation to environmental variations in time. 
This paper presents a study of the heterogeneity of sardine population living 
in . the eastern Adriati.c Sea based on the above mentioned cl).aracteristics. 

Heterogeneity of the northern and middle Adriatic sardine population 
was studied by some earlier authors who were mainly concerned with the 
variations in the number of vertebrae. Muž ini ć (1954) found that sardine 
population from • the middle Adriatic was characterized by a modal number 
of 52 vertebrae. Kraj nov i ć- O zreti ć and Z i ki ć (1978) reported the 
same modal number for the northern Adriatic sardine what was in agreement 
with the results of Muž ini ć (1958). Some earlier records, however, were 
quite different (F age, 1920; Zavodnik, 1962; Mo z z i et D u 6, 1968). 

Studies of the weight-length relationship and condition factor of sardine 
proved a physiological difference between the northern Adriatic sardine and 
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the middle Adriatic sardine during spawning season and indicated the possi
bility of mixing of these two populations (A 1 e gr i a - H e r na n d e z, 1933). 

Investigations of the migrations of this species (Muž ini ć, 1954, 1958 
and 1973; Za v o d ni k, 1968; Š kriv anić and Za v o d ni k, 1973) suppor
tcd the assumption that at least two sardine subpopulations co-exist in the 
eastern Adriatic, which differ with respect to the direction, time :md extent. 
of their migrations. 

MATERIAIJS AND METHODS 

Samples were taken from commercial catches realized at the northern 
and middle Adriatic fishing grounds, between October 1980 and April 1981 
(Fig. 1). 

Fig. 1. Position of sampled areas in 
the eastem AdrJatJic Sea 

Total body length of fish studied is expressed in milimeters. Total length 
of frozen specimens was corrected by the following transformation equation: 

L'-0.516 
L=-----

1.014 

where L' is the total length of specimens after melting and L the total length 
of .fresh fish. 

Data were grouped by length classes to the nearest 5 mm. Head length 
was measured to the nearest 0.1 mm from the anterior end of lower ;maxilla 
to the posterior edge of suboperculum. The gillrakers were counted on the 
first left branchial arch and lower edge or segment which comprises hypo
branchi.ail an,d ceratobranchial !bones of the same arch (Fig. 2). GilHs were 
prepared for gill:lraker oolliilting by the method of A n dre u (1969). 

The obtained data were statistically treated. Allometric relationship 
between fish body length and head length, on the one side, and the number 
oi gillrakers, on the other, were calculated by the exponential function: 
Y = aLb where L is the total length, Y head length and gillraker number 
respectively, b head growth coefficient and increase rate of gillraker number 
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Fig. 2. Morphological structure of the 
first left gill arch of sardine 
with gill fila ments removed: hb 
- hipobranchial, cb - cerato
branchial, eb - epibranchia l, 
fb - faringohranchrial, br - gill
rakers 
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r.espectively and a constant. Resuil.ts fo.r the same length grou1ps {125-195 mm} 
from either of the locations were statistically compared to avoid the effect 
of fish length variation on calculations. 

RESULTS 
Flead length 

,fi ... · .... ~~~":\,,w.v :i·~:~ :,-·;- J·r,:. ~-,:~~:r~F..-··T. ,4'' ··.::Yi'~:;?,rt•: .~1•~1.mrr;:r~~::;.~~::r;q~~~~i~~1~~;~~TP.'ri~~!?·1 ::··-· .. "lr~~@.Tr 
Head length frequencies by length classes with respective mean values 

and ithe variance of analyzed savdine samples from the nor,thern and middle 
Adriatic are given in Tables 1 and 2. 

Functional allometric relationships were also calculated (Table 3). Theo
retical curves given in Fig. 3 were obtained from these calculations. 

Table 1. Frequency distribution of head length (LC) by length classes of sardine from 
the northern Adriatic 

Length classes (mm) 

LC (mm) 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 Total 

24 5 2 7 
25 3 8 1 12 
26 15 12 .4 3 2 36 
27 1 8 20 28 7 64 
28 10 72 53 5 2 142 
29 1 42 110 68 8 229 
30 3 48 75 25 9 160 
31 5 20 30 26 5 86 
32 3 12 10 3 1 28 
33 2 8 7 4 20 
34 13 30 16 4 62 
35 2 12 13 13 10 49 
36 1 4 12 6 4 27 
37 7 8 17 6 6 44 
38 ,1 9 9 22 
39 1 1 3 5 

Tota:: 25 30 36 148 225 168 68 49 38 53 45 37 38 20 18 994 

Mean 25.5 25.9 27.2 28.1 28.9 29.7 30.4 31.1 32.8 34.0 34.8 35.6 36.5 37.3 37.8 30.4 

Varian'ce 0.73 0.81 0.58 0.62 0.74 0.53 0.62 0.57 1.30 0.71 1.45 0.88 1.14 0.73 0.56 9.16 
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T aible 2. Frequency distmbution of head leng,th (LC) by length classes of sardine 
:trom the mLddle Adriait ic. 

Length classes (mm) 

LC (mm) 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 Total 

24 1 1 
25 6 2 8 
26 3 4 5 12 
27 1 4 11 8 12 1 37 
28 2 15 16 7 1 41 
29 3 41 37 9 1 91 
30 18 80 78 19 195 
31 2 34 102 81 14 3 236 
32 1 26 54 53 18 1 153 
33 3 15 50 47 27 1 143 
34 2 21 64 40 17 3 147 
35 1 25 48 49 17 1 141 
36 5 14 34 35 6 1 95 
37 1 1 12 33 16 3 66 
38 4 6 11 12 33 
39 1 3 6 10 
40 2 3 5 

Total 11 10 18 26 89 160 219 172 139 163 131 117 95 39 25 1414 

Mean 25.3 26.3 26.8 27.8 28.8 29.9 30.7 31.4 32.6 33.7 34.4 35.4 36.2 37.4 38.3 32.3 

Variance 0.59 0.56 0.36 0.39 0.97 0.69 0.64 0.74 0.79 1.12 0.95 1.00 0.96 1.16 0.92 7.36 

Table 3. Parameters of regress'ion betwen total. length and head length 1n sardine 
from the northern and m.iddle Adr-iatic. 

Parameters 

Coef. corr. 
a 
b 
Y.X 

Conf. Hm. 950/o 
Sb 
s2 

Y.X 
d2 

Y.X 

Are a s 
Northern Adriatic 

0.994 
-0.5564 

0.9337 

±0.0246 
20.02 X 10-3 

2.13 X 10-5 

27.64 X 10-5 

Middle Adriatic 

0.996 
-0.5636 

0.9366 

±0.0145 
6.7 X 10-3 
0.24 X 10-5 

3.10 X 10-5 

Values of head length increase coefficient are indicative of a very small 
and not significant difference (F5 = 1.437, P > 0.05) between these two sardine 
groups. 

Gillraker numbers 

Results of gillraker counts on the lower edge of the first branchial arch 
are given in Tables 4 and 5. It was found that the northern Adriatic sardine 
-0f 125-195 mm in length had 50-68 cerato-hypobranchial giUrakers and 
mean value 59.61 + 2.37. 
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Fig. 3. Relationship between head length 
(LC) and total length (L) in 
sardine f.rom the northern and 
middle Adriatic 
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Table 4. Frequency distribution of cerato-hypobranchial gillrakers (Bri) by length 
classes of sarcLina from the ,northern Adria.tic. 

Length classes (mm) 

Bri 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 Total 

50 1 1 2 
51 1 2 1 4 
52 4 4 2 1 11 
53 6 1 1 8 
54 1 6 5 2 14 
55 2 3 5 7 5 1 23 
56 1 3 12 8 3 1 28 
57 1 8 12 8 1 2 1 33 
58 1 1 8 40 16 1 2 1 1 71 
59 7 22 14 4 4 1 52 
60 1 7 20 10 14 5 1 2 2 62 
61 4 12 16 10 5 5 6 1 2 1 62 
62 1 3 6 4 3 6 3 3 1 1 31 
63 1 4 2 4 4 8 6 3 2 1 35 
64 2 1 1 2 2 3 2 13 
65 1 1 1 2 3 7 4 2 21 
66 1 1 4 2 5 2 4 19 
67 1 1 2 2 6 
68 1 1 1 3 

Total 9 25 14 60 126 80 37 28 21 25 21 20 13 9 10 498 

Mean 52.5 53.3 55.3 57.3 58.5 59.5 60.5 60.4 61.9 62.3 63.7 63.9 65.1 65.3 65.7 59.65 

Variance 2.69 3.00 4.37 4.88 3.19 3.90 2.03 4.75 3.61 3.10 4.81 3.83 2.38 4.22 2.84 9.20 



114 V. H. Alegria 
Heterogeneity of t11e Adriatlc sardine populatlon 

Acta Adrlat., 26 (2) : 109-122 (1985) 

Table 5. Frequency distl'ibution of cerato-hypobranchial gillrakers (Bri) by Iength 
clas.ses of sardine from the middle Adriatic 

Length classes (mm) 

Bri 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 Total 

54 2 1 1 1 5 
55 1 2 1 2 6 
56 2 1 1 2 4 1 2 1 1 15 
57 2 3 3 2 9 8 5 3 5 1 41 
58 1 1 2 6 12 15 10 10 8 3 4 72 
59 2 1 1 3 15 19 23 8 8 7 7 1 95 
60 1 1 3 13 28 39 29 20 14 8 3 1 160 
61 1 9 22 ·15 30 17 14 9 7 3 157 
62 1 25 37 27 25 28 15 12 7 3 180 
63 1 1 8 Hl 18 24 23 17 16 8 1 2 137 
64 8 10 22 8 15 30 18 9 2 122 
65 1 9 4 8 12 12 13 7 5 2 73 
66 1 5 3 9 9 9 9 7 4 56 
67 2 2 3 7 10 12 4 6 46 
68 

/ 
1 1 2 3 7 7 4 2 27 

69 1 1 1 6" 3 2 14 
70 1 4 4 1 10 
71 1 1 2 1 5 
72 1 2 3 
73 1 1 
74 2 2 

Total 9 8 9 21 66 137 199 160 130 132 123 103 75 34 21 1227 

Mean 56.7 57.3 57.4 58.0 58.8 60.3 61.0 61.6 62.1 62.6 63.3 64.5 65.6 66.8 67.4 62.17 

Variance 3.11 3.35 2.02 4.43 2.98 4.00 3.67 4.83 5.38 5.22 6.16 6.83 7.48 7.04 7.85 4.60 

Table 6. Parameters of regression between total length and the number of cerato
-hypobranchial gi11rakers (Bri) and total number of gillrakers (Brt) of the 
first branchial arch in the northern and middle Adl'iatic sardine 

Parameters 

Coef. corr. 

a 
b 
Y.X 

Conf. film. 950/o 
Sb 
s2 

Y.X 
d2 

Y.X 

---------- --- .. .. -
A i' e a s 

Northern Ad'l'iatic Midclle Adriatic 
Bri Brt Bri Brt 

0.968 0.956 0.980 0.978 

0.6735 1.0043 0.9135 1.1570 

0.5028 0.4296 0.3978 0.3666 

+0.0589 +0.0461 -l-0.0237 +0.0294 
24:ii°5 X 10-3 21.36 X 10-3 10~5 X 10.-3 13.63 X 10-3 

3.30 X 10-S 2.42 X 10--5 0.64 X 10-:-5 0.98 X 10-5 

! 1fi.ft (~ '. ' ,. :' '. :1·· •: •,_,! • · :i:,·· { ... 

42.93 X 10-5 31.47 X 10--S 8.28 X 10-5 12.80 X I0-5 
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High range of gillraker number was recorded for every length class with 
variations of 7 to 11 gillrakers. Higher values were obtained for the m.iddle 
Adriatic sardine: the number of cerato-hypobranchial gillrakers varied from 
54-74 with mean value 62.17 + 1.93. All length classes show a variation of 
9---14 units. 

Calculated values of the allometric constant and other statistical values 
of the regression between the total length and gillraker number on the lower 
c:dge of the first branchial arch are given in Table 6. 

The relatioruhip between the cera.to-hypobranchi.ail giJ1lraker number and 
±otal :length are plotted 1n Fi,g. 4. 

Bri 

• Harthern Adri i}.tic 
o Centr0.l Adriatie 

6 8 

f. 0 

56 

52 · 

,: ·!~:-~ : .. 1 , 

• ,,~ij,;:~\t\t~~;)-::. \ \?.' '" 

120 140 160 180 200 L mm 

Fig. 4. Relationship between the num
ber of cerato-hypobrachial gill
rakers (Bri) and total length (L) 
in sardine from the northern 
and midd.le Adriatic 

T-method for significance of difference was applied to test t he difference 
between calculated rate of increase in the number of cerato-hypobranchial 
q,illrakers (b). Minimum significant difference was obtained .to be 0.072. The 
difference between coefficients b was 0.105. It exceeded the critical diffc:.. 
rence. The comparison intervals of coeff:icient b showed no overlap: 

Areas 

N orthern Adriatic 
Middle Adriatic 

Upper limit Coeffi cient b Lower limit 

0.5391 0.5028 0.4665 
0.4137 0.3978 0.3819 
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Calculated increase rate of the number of cerato-hypobranchial gillrakers 
in sardine .from the compared areas differ ccinsiderably CFs = 14.275, P < 0.05). 

The covariance analysis was used to test the homogeneity of the intercept 
a of the 'regression between sardine length and the number of cerato-hypo-
branchiail gi:lilrakers. The results are ais follows: 

Source of variation df SS X 10--4 MS X 10_,. Fs p 

Between groups 1 6.120 6.120 0.774 n.s. 
Within grpup 28 222.51 . 7.947 
Common slope of groups 1 214.542 214.542 727.894 .05 
Deviation from common slope 27 7.958 0.295 
Difference between slopes 1 2.812 2.812 14.275 .001 
Deviations in each grnup 26 5.121 0.197 
Between intercepts 1 6.144 6,144 20.827 .001 
Deviation from common slape 27 7.958 0.295 

Tested sardine groups showed p.eterogeneity. 
Frequencies of the total number of gillrakers of the first left branchia] 

air,ch of sardine from the northern ,a;nd middle Adriatic are ~hown in Tab1€s 7 

Table 7. Frequency distribution of total number of gillrakers (Brt) by length classes 
of sardine from the northern Adriatic 

Length classes (mm) 
Brt. 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 Total 
76 3 1 4 
77 1 1 2 
78 7 1 2 1 11 
79 4 3 1 8 
80 4 6 2 3 2 17 
81 1 3 4 6 3 17 
82 2 8 13 5 2 1 31 
83 I 2 6 16 11 4 40 
84 2 3 17 14 6 1 1 44 
85 1 4 19 18 8 2 52 
86 2 19 34 14 6 2 1 78 
87 1 18 40 22 6 2 2 3 1 95 
88 i2 41 25 8 4 2 2 1 1 l 97 
89 6 19 24 9 9 3 4 2 3 79 
90 2 16 23 9 6 4 3 3 2 1 1 70 
91 2 8 10 11 10 7 7 5 4 1 1 66 
92 2 5 11 4 5 3 9 6 5 2 2 1 55 
93 3 5 2 2 5 8 8 7 2 2 3 47 
94 1 3 2 1 2 4 6 6 3 1 4 33 
95 1 3 2 4 3 6 2 1 22 
96 1 1 2 1 1 8 1 2 17 
97 1 1 2 4 3 1 12 
98 - 2 2 1 5 
99 1 1 

100 1 1 1 1 1 5 
101 1 1 2 
102 2 1 2 1 6 
103 1 1 
104 1 1 2 
Total 20 22 34 136 221 158 65 44 30 45 41 38 33 18 15 920 
Mean 78.7 80.6 82.4 85.1 87.0 88.4 89.5 90.1 90.8 91.8 93.0 93.6 95.2 96.4 94.7 88.3 
Variance 2.81 7.05 6.53 7.29 6.44 6.68 8.38 6.60 6.39 7.07 10.3612.45 8.80 13.36 3.24 13.46 -----



V. H. Alegria 
Heterogeneity of the Adriatic sardine population 
Acta Adriat., 26 (2) : 109-122 (1985) 

117 

and 8. Meain ,gilllraker number of the northern Adriatic sardine was 88.29 ± 2.90 
wilth the gihlraker ra1nge 76-104. Gil!lraker number varied from 9 to 17 giUra
keirs in sardine specimens of tihe same ilength. The middJe Adriatic sardine 
showed the range of 80-111 gillrakers and mean value 92.85 ± 2.56. This 
number varied betwe€n 12 a!Ild 19 giillrakers withiin indilViiduaJ length classes. 

Calculated parameters of the allometric relationship between the total 
length and tota1 giillraJker nUIIIlber are given in TabJe 6. Theoretical curves 
obtained from these data are given in Fig. 5. 

Table 8. Frequency distribution of total number of gillrakers (Brt) by length classes 
of sardine from the middle Adriatic 

Length classes (mm) 
Brt. 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 Total 

--- - -- -------------------
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 

1 

2 

2 
2 
1 
1 

1 

1 

1 
1 
4 
5 
1 
1 
1 

1 

1 
1 
2 

2 
2 
4 
2 

1 
2 

1 

1 1 
1 1 1 

3 1 
1 1 3 2 
4 5 6 2 2 
3 14 11 5 8 
6 19 12 14 8 
1 7 21 14 13 
2 13 21 24 23 

7 18 30 20 
3 9 29 35 19 

1 14 34 17 
9 30 24 
6 11 10 
2 8 15 
1 3 5 

3 2 
2 
3 
1 

1 
4 1 
7 1 4 
9 5 2 
8 8 7 2 

10 14 5 8 
11 14 7 4 
17 19 13 11 
20 24 12 13 
17 20 14 16 
15 18 13 10 
8 12 15 14 
4 9 12 8 
3 6 11 9 
2 3 7 8 
2 3 2 2 
1 2 3 7 

2 2 3 
2 2 

2 
1 
2 

1 
1 
5 
3 
4 
7 

10 
7 
7 

1'1 
10 
4 
7 
5 
4 
5 

2 

1 

3 
1 
1 
1 
4 
4 
5 
2 
1 
1 
4 
4 
2 
1 
1 
1 
1 

1 

1 

1 
2 
5 
2 
1 
2 
2 
2 
1 
1 
2 
1 
1 

2 
2 
5 
6 
5 

16 
33 
59 
79 
83 

124 
118 
163 
140 
139 

94 
86 
55 
55 
36 
18 
24 
18 
14 
10 

3 
7 
2 
2 

TotaJ 10 16 17 23 81 155 215 172 139 161 131 122 93 38 25 1~86 

Mean 85.1 85.9 86.3 87.3 88.6 90.5 91.8 92.3 92.4 93.4 94.5 95.7 97.5 99.0 100.5 92.8 

Variance 9.86 5.73 8.09 5.06 5.16 6.87 6.18 9.45 10.66 9.60 12.6114.69 15.12 20.19 16.17 8.48 

In both :studied groups of sa,rdilne the number of ,gillraikers and its 
variation:s ililcrease with the increase of the body length. Small specimens of 
the middle Adriatic sardine have on the average more gillrakers and smaHer 
ililcrease rate than those from the northern Adriaitic. 

It was observed that the number of gillrakers was greater in females 
(Fig. 6) but differences -found between mailes and fema[es from both areas 
were not significant. 
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Fig. 5. Relationship between the total 
number of gillrakers (Brt) and 
total length (L) in sardine from 
the northern and middle Adna
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Fig. 6. Variation of the total gillraker 
number in male and female sar
dine from the northern (A) and 
middle (B) Adriatic 

The comparison of increase rates of the total gillraker number by T
-method showed their difference t o be 0.063. This values exceeded the critical 
difference of 0.061. The comparison intervals for the coefficients b were com
putem from these values: 

Areas 

Northern Adriatic 
Middle Adriatic 

Upper limit 

0.4607 
0.386'± 

Coefficient b 

0.4296 
0.3666 

Lower limit 

0.3985 
0.3468 

Acco,r-ding,ly, t here is no overlap of their ranges. This illldicaites that the incre
ase rates of total gillraker numbers differ s1gnificantly (F5 = 4.545, P < ·o.05) . 

Similar results were obtained by the covariance analysis: 

Source of variation df SS X 10--4 MS X 10-4 F s p 

Between groups 1 14.967 14.967 2.431 n.s. 
Within groups 28 172.420 6.158 
Common slope of groups 1 168.513 168.513 772.995 0.05 
Deviation from common slope 27 5.886 0.218 
Difference between slopes 1 1.053 1.053 6.194 0.05 
Deviations in each group 26 4.428 0.170 
Between intercepts 1 5.396 5.396 24.748 0.001 
Deviation from common slope 27 5.886 0.218 
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The proportion of the northern Adriatic sardine which had the same 
characteristics as those of the middle Adriatic sardine was estimated by the 
R o y c e's method (1957). Mean values of regression equation were used for 
each group as well as respective common standard deviation from the regres
sion. The percentage of the head length overlap is very high (93.580/o). It was 
estimated that the total gillraker number of the northern Adriatic sardine 
overlapped that of the midle Adriatic sardine by 43.80°/o. The percentage of 
the overlap of cerato-hypobranchial gillraker numbers was lower (38.78°1fr) . 

DISCUSSION 

Sardine, like all pelagic fishes, show a tendency towards alternant growth 
variations due probably to the habitat changes within annual cycle. As illu
strated in Figs. 3, 4 and 5 growth variations are of cyclic character, that is 
head growth and the increase of gillraker numbers exhibit a defined growih 
rhythm which is in agreement with annual life cycle. Accordingly, the first 
s.low growing period was recorded in length group around the 135 mm in 
total length, that is at the time of the first sexual maturation of sardine. 
The second dece!leration at 155 mm and the third one at 175 mm were 
observed during the second and third maturation respectively. Variations 
which occur in sardine with respect to the analysed growth processes, that 
is head growth and increase of gillraker numbers may be due not only to 
genetic factors but also to sexual and ecological factors. Gonad development 
'1nd maturation generally affect relative development, particularly that of 
the head and cephaEc organs, s1owiinig it down at the time of reproduction 
\.Vhen majority of energetic processes should be directed towards species 
f-Urvival. 

Obtained head growth coefficients showed an almost isometric head 
growth in relation to the sardine length. Equatiioln by wich these relationships 
were calculated showed that these relationships were similar in both the 
middle Adriatic sardine and the northern Adriatic sardine. Values of head 
growth coefficients were 0.934 and 0.937 respeoti:vely. A n dre u (1969) calcu
lated head growth coefficient for sardine from the middle Adriatic to be 
O. 775 based on the sample of 64 specimens. However, these individuals had 
considerably smaller total length of 105-165 mm. The same author recorded 
pronounced negative allometry in the Mediterranean sardine, that is head 
growth coefficient was somewhere between O. 7 and 0.8. 

Estimated curves which illustrate the variation of the gillraker numbe1· 
increase with sardine growth (Figs. 4 and 5) are almost parallel particularly 
when the total gillraker number of all three segments of branchial arch are 
taken into account. Slower increase of the number of gill1rakers may be 
observed in larger fish pa.rti,oulady in sardine from the middle Adriatic. 

A n d ,reu (1969) obtained con:siderably lower vaJues of increase rate of 
c2rato-hypobranchial gillraker number for the Adriatic (b = 0.291) and Me•
diterranean sardines {b = 0.300). Since the total length range of the sample 
of sardine from the Adriatic Sea which .the author used was smaJlier (105-165 
mm) the results are not comparable. Nevertheless, it was established that 
neotenia was more pronounced in the northern Adriatic sardine, what is to 
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a certain extent in a:greement with the results of A n dre u for the .&tlantic 
sardine (exponent b > 0.4). However, the value of gillraker number increase 
rate for the middle Adriatic sardine is in better agreement with that for the 
western Mediterranean sardine (exponent b < 0.4). 

Regression slape equality test and critical values of b coefficient diffe
rence obtained by T-test show significant difference, at 950/o level, b~tween 
the gillraker number increase rate in the middle Adriatic sardine and that in 
the northern Adriatic sardine. In addition the covariance analysis indicates 
a significant difference between but not within-sardine groups from these 
two areas. However, the amplitudes of variations of gillraker number of the 
first branchial arch show differences within each individua! length class. 
Maximum variaition of 17 gi1kaikers in the total number of gilirakers was 
recorded for the northern Adriatic sardine whilst the variation amounts to 
19 gillrakers for the middle Adriatic sardine. These high variation ranges of 
gillraker numbers in individuals of the same size and area limit in a way 
the possibility to apply this character for a population differentiation, even 
though the residual variations are considerably higher in the northern Adri
atic sardine. 

Lower increase rate of the gillraker number together with the smaller 
dhsperision around the regression line amd smaller variations are i.Jndicative of 
a tendency of this character to stabilize in the middle , Adriatic sardine. 

Let a c on no u x (1954) and Le e (1965) found that the gillraker number 
in Sardina pilchardus increased with the water temperature increase. Howe
ver, the studies of A n dre u (1969) disproved their statement. This author 
came to the conclusion that sardine population which exhibited smaller coe
fficient of gillraker increase lived in the area of more stable climatic condi
tions. 

It was suggested by š kriv anić and Zavodnik (1973) that hydro
graphic polarization is one of the essential properties of the Adriatic Sea, 
Northern part is shallow and more dynamic owing to the influence of land 
waters of the north Italia.n rivers, pal'ltioularly the Po River. The Mi,ddle 
Adriatic waters are deeper and more stable owing to the ingressions from t he 
Mediterranean. - • 

The covariance analysis and other tests used are indicative of the fact 
that, with respect to the giJJ.ralker number, sardine from • both areas show 
high degree of heterogeneity. However, the assessment of the significance 
of established morphological difference obtained by the comparison of over
lap shows relatively low o,verlap vailues what iJs another ilndicamon that at 
least two different sardine populations co-exist dn the eastern Adriatic. 
Nevertheless, the overlap is still high enough to assume that n:rixing of sar
dines from these areas is Mghly O.iikely. 

CONCLUSIONS 

From the variations of head lenght and gillraker number in relation to 
body lenght of the middle and- northen Adriatic sardine the following may 
be concluded: 
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Sardine from the northern and middle Adriatic were homogeneous m 
head growth. Head growth is almost isometrnc in relation to body growth 
in lenght. 
Considerarble degree of heterogeneity of sardine popu[ation with respect 
to giJlra!ker nUIIIlber was estarbhshed. The northern Adriatic sardine had 
sma!Ller number of gillrakers. The dtLfference lbetween grot1ips was hi.gher 
iil1 smailler fiish whill:st large size fish showed smaller difference.s. 
Results of the overlap comparison on the basis of the number of gillra
kers indicate that the northern and middle Adrfatic sardines ,are probably 
separate but related stocks. 
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DOPRINOS IZUCA VAN JU HETEROGENOSTI POPULACIJE SRDELE 
(SARDINA PILCHARDUS WALB.) JADRANSKOG MORA 

Ver6nica A 1 e g r i a - H e r n a n d e z 

Institut za oceanografiju i ribarstvo, Split, Jugoslavija 

K RATKISADRZAJ 

Na temelju varijacije dužine glave i broja branchispina u odnosu na 
dužinu tijela izučavala se heterogenost populacije srdele koja obitava u isto
čnom Jadranu. 

Koristeći uzroke srdele totalne dužine od 125-195 mm izračunati su 
alometrijski odnosi funkciona1nom regresijom. Rezultati su statistički uspo
ređivani. Slijedeći jednadžbe izražavaju odnos i:2l!Ileđu ukupne d uzi.ne (L) i 
dužine glave (LC) i ukupne dužine (L) i broja cerato-hipobrancijalnih braiil
chispina (Bri) te ulkupnog broja branshispina prvog šlkržnog hilka (Brt) : 

Sjeverni Jadran 

LC = 0,289 L0,9337 

Bri = 4,715 L0,5028 

B r t = 10,099 LĐ.4296 

Srednji Jadran 

LC = 0,273 L0•9366 

Bri = 8,194 L0,3978 

B-rt = 14,354 L0,3666 

Rast glave gotovo je izometrij ski u odnosu na dužinski rast tijela. Do
bijeni indeksi rasta glave nisu signifikantno različiti. 

Analizom kovarijance i drugim testovima potvrđeno je da postoji hete
rogenost među grupama u odnosu na broj branchispina. Vrijednosti koefici
jer.ta porasta broja cerato-hipobrancijalnih i ukupnih branchispina sredele iz 
oba područja su signifikantno različiti. Residualna varijacija ovih odnosa je 
veća kod primjeraka sjevernog Jadrana. Signifikantna razlika u broju bran
chispina potvrđuje pretpostavku da postoje dvije odvojene subpopulacije srde
le u razmatranim područjima. 

Procijenjen je udio populacije srdele jedne grupe koja ima iste karakte
ristike kao i druga grupa. Relativno niska vrijednost preklapanja u odnosu 
na broj branchispina (38,78°/1t, 43,800/o) subpopulacije sjevernog i srednjeg 
-Tadrana ukazuje također na razliku ali istovremeno i na određenu izmješa
nost. 

Zapaženo je da postoji određeni ritam rasta glave i povećanja branchi
spina tako da se razmaci manjih brzina rasta podudaraju s godišnjim pro-
mjenama spolnog cik1lusa, kad je g,lavnina energetskih procesa UJSmjerena na 
razmnožavanje. 


