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In this paper the authors dealt with the biology and 
population dynamics of Pagellus erythrinus (L.) in the 
insular zone of the Middle Adriatic. 

Studies carried out were: zoogeographical distribution , 
length as characteristic of population, length and sexual 
dimorphism, ratio length-weight, age, growth and mortality. 

Data were collected on 10 stations in the insular zone 
of the Middle Adriatic. Althogether 117 trawltlng hauls were 
accomplished from June 1957 through June 1958. 

INTRODUCTION 

The material providing the basis of this paper was collected foom June 1957 
of biological investigations. S y r s k y (1876) and Gr a e f f e (1888), for 
example, investigated - among other species - also the reaching of maturity 
and the spawning season of Pagellus erythrinus in the northern Adriatic 
waters, basing their stu.dies upon the specimens brought to the fishmi).rket of 
Trieste. D' a n c on a (1949) deal with the condition of gonads and sex inver
sion of this species observed in the Ro,vinj area . Z e i and ž u p a n o v i ć 
(1961) studied the sexual cycle and sex reversion of the species in the waters 
of Istria and Dalmatia. županovi ć (1961) analyzed the relatton between 
the physical factors and distdbution of the speoies Pagellus erythrinus in the 
sounds o.f the Middle Adriatic. Rij a v e c and Ž u.pa n ovi ć (1965) dealt 
with the biology and dynamics of Pagellus erythrinus in the Middle Adriatic. 
Rij a v e c (1975) studied the biology and population dynamics of Pagellus 
erythrinus in the Bokakotorska and on Montenegrean shelf (South Adriatic) . 

The results obtained on biology and population dyna,mics of Pagellus 
erythrinus in the insular zone of the Middle Adriatic are represented in 
this paper. 

The authors wish to express their thanks to their labo.ratory technicians, 
Messrs. Mladen A 1 a j beg and Miroslav K o .ž u h, for the assistance rende
red in the preparation of figures and photographs. 

• F.A.O. Fisheries Expert 
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I MATERIAL AND METHODS 

The material providing the basis of this paper was oollected from June 1957 
lhrough June 1958. The location :of stations , at which samples were taken in the 
insular zone of the Middle Adri,at ic, is shown in Figure 1. (Nos. 1 to 10). The tech-
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Figure 1. Insular zone of the Middle Adriatic. Trawling 
stations (-) . 

nique of sample t aking was identical for each station, and each trawl haul lasted 
exactly one hour. While all the netted specimens were analyzed when the 
catches were less abundant, only representative samples were taken with 
abundant catches. The examinations of analyzed specimens involced the length 
and weight of their body, their sex and stage of sexual maturity. The age 
of the individuals was determined from their scales. The scales were taken 
from two diferent places situated below the ►►lateral line«, one of them being 
near the head and the other near the tail. Before the age of the individuals 
was determined, the scales had been left in distilled water for one day, where
upon they were well cleaned. The scales wer-e observed in water through 
the binocular as we have learnt through experience that the age determination 
from scales is much easier and clea.rer if performed in this way than if the 
scales are mounted on a glass slide. We did mount them, however, in order 
to photograph them, using a glass sHde and orgariic paste (540/o albumen, 
450/o glycerin, and 1 O/o natrium silicium). 

In addition to the arithmetical mean and the standard error, calculated 
by the usual methods, regression was also calculated. 

A home-made type of (cotton) net was used, the main dimensions of 
which were the following : 

Length of wings 
Distance between the wings 
and the cod end 
Length of cod end 

6.27 m Mesh size 

15.00 Mesh size 
3.00 • Mesh size 

57 mm 

27-14 mm 
14-13 mm 
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II RESULTS AND INTERPRETATION 

A. Zoogeographical Distribution 

By surv,eying our data, and the data resulting from the HVAR Expedition 
in 1948/49 (Ka r 1 ova c, 1959), shown in Figure 2, we can .o,btain a rather 
distinct idea of the distrilbut ion of the species Pagellus erythrinus in the 
Middle Adriatic. As we can see in Figure 2, the distrd!bution of this speci.es 
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Figure 2. Average numher of individuals per hour of net hauling. 
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in the Middle Adriatic is strictly limited by the 100 m isobath. According to 
the obtained data, PagelLus erhthrinus seems to be a typ;ical species of the 
ciroalittoral zone. The number samples from which the average catch values 
were calculated for the stations in the insular zone of the Middle Adriatic 
was 12, wiith the exception of the Station No. 10, where the average catch 
value was calculated from 9 samples. As to the other stations in the Middle 
Adriatic area where the species Pagellus erythrinus occurred, either during 
the HVAR Expedition or resulting from our analyzes covering the open part 
of the Middle Adriatic from 1958 through 1963, the average catch values were 
calculated from the following num'ber of samples. 

Station No. 81 
Station No. 82 
Station No. 83 
Station No. 86 
Station No. 101 

2 samples 
6 

4 

3 
3 

" 
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Table I 

Depth Number o.f Relative QuaHtiy of 
Station No. (m) · individuals number** bottom*** 

1. (Split Sound) 58 184 15 M 
2. (Vrulja) 76.5 22 2 M 
3. (Maslinica) 104 178 15 CMS 
4. (Kabal) 
5. (Sumartin) 

85 80 7 M+sM+CMS 
68.5 94 8 C 

6. (Pakleni otoci) 85.5 1133 94 s 
7. (Šćedro) 72 1896 158 cs+s 
8. (Lovište) 62.5 3812 318 CMS 
9. (Kardeljevo) 37.5 554 46 M 

10. (Malostonsko more) 29.5 3733 415 M+S 

11686 

• • Stations Nos. 1-9 trawled from June 1957 through June 1958. 
Station No. 10 trawled from October 1957 through June 1958. 

*** C = clay 
M=mud 
S= sand 

The edaphic factor, most prdbaibly, does not play an important part in the 
distribution of the species Pagellus erythrinus in the Middle Adriatic. Maxi
rrium catches occurred not only in the areas with a mud bottom (Station No. 
10), but also in those with a loamy san'd bottom (Stations No. 7, 8), and with 
a bottom consisting exclusively of sand (Station No. 6) . See Talble I. 

The effect of hydrograrphic factors on the size of catches (Z u pano vi ć, 
1961) is much more evident. In the course of investigation of that effect, 
h 'Jwecer, the question of exiploitatiori must not be ov.erlooked. 

In addition to the already mentioned factors , the authors also emphasizes 
the importance of the factor of nourishment (R i j a v e c and Z u p a n o v i ć, 
1965; Rij a v e c, 1975). The question of distribution and density of occur
rence in various areas is then a very complex one and none of the mentioned 
factors, with the excepti,on of the depth factor , can be considered too nar
rowly. 

B. Biometric analysis 

1. L e n g t h .a s c h a r a c t e r i s t i c o f p o p u 1 a t i o n 

• Durihg the period between June 1957 and June 1958 the body length of 
4,589 individuals was measured. The total length, i.e. the interspace between 
the tip · of the mandible and the tail fins drawn t'Jgether, was employed. All 
the individuals were measured with millimetric precision. The individuals 
measured in this way can be arranged within the length interval of from 
4.0 to 28.0 c-entimetres. The average body length of the complete population 
was 14.76 ± 1.26 cenhmetres. By comparing the ave rage body lengths as result
ing for individua! stati,ons (Table II), considerable diversity is found . 

The analys'is of the aibove data shows that there is no regularity in the 
distribution of average body lengths according to locality or to population 
abundance respectively. The minimum average value of the body length (8 
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Table II 

Station No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Total 

Number of Number of analyzed Average lenght 
individuals individua1s (cm) 

184 
22 

178 
80 
94 

1133 
1896 
3812 

554 
3733 

11686 

184 
22 

178 
80 
93 

666 
1065 
1207 

501 
593 

4589 

14.14 
8.00 

17.67 
16.23 
14.05 
13.93 
13.93 
14.96 
16.16 
15.12 

centri.metres), for example, was found at Station No. 2, situated near the 
mainland, where the smallest nUIIllber of individuals was caught, while the 
maximum average value of body length (17 .67 cm) was found at Statine No. 3, 
si-tuated at some distance f.rom -the mainland, which ranked seventh as regaTds 
the number of caught individuahs. The stations Nos. 6 and 7, which are situa
ted still farther from the mainland, present the reverse picturre, with an 
abundant occuTrence of the species Pagellus erythrinus. The average body 
lenth found at those stationis was very small (13.93 cm), while the Mali Stan 
area , situated in the close vicinity of the mainland (Station No. 10), yielded 
the maximum catch size and the average value of body length (15.12 cm) 
ranking fourth as regards the numlber of caught individuals. This irregulerity 
of body length values oould perhaps be explained by the existing seasonal 
migrations within one and the same population of the species Pagellus ery
thrinus in the Middle Adriatic sound area ('.Z u pano vi ć, 1961). 

The shifting of the Pagellus erythrinus population from the shallow waters 
of ' the Middle Adriatic sound ar-ea to the deeper ones, and vice versa, must 
inevitabiy affect also the qualitiative changes of the body }ength of individuals 
in various months (Table III) . 

·Table III 

Date 

26. VI-1. VII/ 1957 
25. VII-29. VII 

2. IX-8. IX 
6. X-9. X 
6.XI-13. XI 
7. XII-10. XII 
7. I-11. I/1958, 
4. II-7. II 

28. II-5. III 
1. IV-3. IV 
5. V-9. V 
4. VI~7. _VI . 

Numberof 
analyzed 
individuals 

362 
308 
323 
449 
367 
440 
471 
463 
170 
153 
381 
702 

4589 

Lenght of 
interval 

(cm) 

6.0-23.0 
4.0-20.0 
7.0-25.0 
6.0-28.0 
4.0-26.0 
4.0-25.0 
4.0-22.0 
5.0-24.0 
6.0-26.o · 
4.0-24.0 
4.0-28.0 
5.0-25.0 

14.96+0.12 
14.07+0.13 
14,99+0.15 
14.56+0.14 
14,76+0.16 
15.00+0.15 
14.68+0.13 
13.66±0.13, 
16.45+0.28 
14.65+0.35 
14.75+0.19 
14.76±0.10 
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The fluctuation of the dominant modus of length frequencies in various 
months he1ps us follow the population dynamics. The dominarit modus of 
13.0 centimetres, for example, applies to July, September, and October; the 
dominant modus of 14.0 centimetres applies to August, December, February, 
May, and June; the dominant modus of 15.0 centimetres applies to November 
and January; while the domimmt modus of 16.0 centimetres applies do March 
and April (Figure 3.). 
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Figure 3. Length frequencies of Pagellus erythrtrius grouped by months in 1957/195!). 
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2. L e n g t h a n d S ex u a 1 D i mo r p h i s m 

By applying the statistical method of length frequencies to the both sexes, 
we obtain the following picture: 

1. A very high ratio (almost 100 per cent) of females is found with the 
body length up to 130 mm. 

2. The rati-o of females decreases and the ratio of males increases with 
the body lengths between 140 and 160 mm. 

3. The number of males begins to predominate with the body length of 
160 mm until their r,atio reaches 100 per cent with the body length 
of 230 mm (Table IV, Figure 4.) . 
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Figure 4. Length frequencies of females (hol'izontal line) , 
males (vertical line), and hermaphrodites (bold 
line) of Pagellus erythrinus in the Middle Adriatic 
sound region in 1957/1958. 

Table IV 

Lenght 
(cm) 

1 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Total 

Number of analyzed individuals 
Females Males Hermaphrodites Total 

1 
1 
2 

10 
11 
49 

112 
127 
99 
61 
25 
11 

2 

1 
1 

513 

9 
11 
18 
29 
21 
14 

8 
3 
2 
3 

118 

1 
1 
2 

10 
11 
49 

112 
136 

4 114 
8 87 

14 68 
9 41 
5 21 
3 11 
2 6 
1 4 
2 5 

1 1 

49 680 

Relative value of quantity (O/o) 
Females Males Hermaprodites 

100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 

93 .40 6.60 
86.90 9.60 3.50 
70.10 20.70 9.20 
36.80 42.60 20.60 
26.80 51.20 22.00 
9.50 66.70 23.80 

72.70 27.30 
16.70 50.00 33.30 
25.00 50.00 25.00 

60 .00 40.00 

100.00 
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A sex inversion taikes place with this species between the third and the 
fourth year of life of individuals, i.e. when their body length reaches aboot 170 
mm, and only males are found among bigger individuals (Z e i and župa
n O V i Ć, 1961). 

The sex of 2,636 individuals wa,s determined and their body length mea
sured from June 1957 to June 1958. The sex of most of the individuals was 
macroscopically determined on the spot. The microscapic sex deterimination 
ih the laboratory involved on'ly 680 individua1s from Table IV. The macr_o
scopic sex determination of undersized indivi,duals was ahinost impossible, and 
such individuals were nat induded in the analysis. This fact must inevitably 
affect the average body length of each sex since it has beetl calculated on the 
basis of individuals netted at various stations. Thus the absolute values of the 
average body length for each sex have probably resulted too high (Table V) . 

Table V 

Station 

1 
2 
3 
4 
5 

6 
7 
8 

9 
10 

Total 

Station 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 

Number of analyzed individuals 
Males Females Hermaphrodites Total 

51 11 -62 
5 5 

24 109 82 3 
9 60 50 1 

23 21 44 

91 357 250 16 
68 656 461 27 
93 745 514 38 

117 333 211 5 
72 265 185 8 

Males 

19.10 

18.55 
18.63 
19.56 
17.30 
16.68 
17.24 
17.60 
18.54 

1832 98 

Average body lenght (cm) 
Herma

phro-
Females di tes 

15.37 
12.94 
17.48 22.30 
16.33 15.20 
14.97 
15.11 18.86 
13.94 17.73 
14.66 18.06 
15.41 21.60 
14.85 20.35 

2636 

_ , . --- -------------------
x.,=17.47 X 1 = 14.83 Xb= 18.41 

Xm = Average lenght of males; x1 = Average lenght of females; 
Xb = Average lenght of hermaphrodites 
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The relative difference between the male body lengths, however, is rather 
obvious. The maximum difference between the average body length of male 
and female individuals was found at the Station No. 5 (4.59 centimetres), and 
the minimum one at the station No . 3 (1.07 centimetres) . The average dif
ference in body length between the two sexes amounts t-o 2.79 centimetres. 
All the differences are in favour of male indivi:duals. 

3. R a ti o 1 e n g t h - w e i g h t 

The ratio of length to weight has become a standard method in fishery 
biology. It has a twofold application as it serves us, first of all, to obtain the 
corresponding mathematical formula enabling us to calculate the weight from 
the known body length of one or two indivi'duals. And, second, any deviation 
from the eXipected, i.e. theo.retical value can be helpful as an indication of the 
c:mditions of fishes, e.g. the development of gonads, etc. The ratio of weight 
(y) to length (x) is expressed by the formula 

y = axn 

or, transformed into the linear form: 

log y = loga + n log x 

The constants a and n are calcula ted in the usual way by the linear 
regression method. 

Fo.r the purpose of analysis, both sexes of the species Pagellus erythrinus 
were taken together owing to the inversion of sexes. The number of analyzed 
individuals was 192. Their exact weight (in grams) was found out, and the 
analyzed specimens were arranged in classes 1 cm. Average weight values 
were calculated for each class. The thus obtained formula for both sexes reads 
as follows: 

y = 0,134 x2,981 

The theoretical values ob1Jaiined for y are shown in figure 5. The thus 
drawn curve of rela'tive growth discloses two inflection points: 

1. The first inflection point, between 110 a,nd 120 mm, corresponds to the 
first stage of sexual maturity in females (the smallest of the female 
individuals with mature gonads, netted in the sounds of the Middle 
Adrfatic, had a body length of 121 mm). 

2. The second inflection point is situated between 160 and 170 mm, and 
i..s- a coindicant of the sex inversion - a regular occurrence with the 
individuals of this species whose body length is greater then 170 mm 
(D'Ancona ,1949; Larrafieta, 1953, 1964; Zei and Zupa
n ovi ć, 1961; Rij a v e c, 1975). 

C. Biology 

1. Age 

The method suggested by L a r r a fi e t a (1964) was employed for the 
purpose of age determination. Two kinds of rings are found in the scales of 
the species Pagellus erythrinus: the so-called winter rings, resul'ting from the 



212 S. 2UPANOVIC AND L. RIJAVEC 

-.,eiqht (9rJ 

ftJOO 

900 

000 
700 

600 

500 

400 

>OD 

200 

/00 ,. 
so 
70 

60 

so 

•o 

JO 

20 

11• 192 
M,~J 

y = o, 13t ,,_1,111 

60 90 fOO 110 120 fJD ,,o ISO 160 110 IIO (IJO aoo 2,0 mm 

Figure 5. Average weight values of male and female indi
viduals of Pagellus erythrinus in relation to length 
(semi-logarithmic curve). 

discontinuation of growth caused by unfavourable trophical conditions in 
winter, and the condition rings, resulting from the discontinua'tion of growth 
of sexually ma'ture individuals during the summer spawning. The determina
tion of the age of individuals caught in the Mediterranean waters would be 
rather problematic owing to frequent mild winters in the region and to the 
resulting ahsence of winter rings, essential to . the finding out of the exact 
age, unless the method used by L a r r a fi eta (1963) with ctenoid scales is 
applied. The occurrence of inflexions of radii have been observed by this 
author - concave ones (considering the edge of the scale) in winter rings, 
and convex ones in condition rings. Thus it is possilble, in case of non-occur
rence of rings, to determine the age of fishes with a degree of accuracy by 
judging from inflexions a1'one. 

The example o~ a three-year old female is shown in Figure 6 where all 
the five rings are noticeable. Without the application of the described method 
it would be very difficult, if not impossi:ble, to determine its age. 
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The si tua tion becomes w orse when all the rings are not regularly formed 
(Iirst a winter ring, then a conditfon ring, then a winter ring etc.) which 
precludes the poss~bility of estimating the age by taking into account every 
other ring. In such a case we are really compelled to observe the inflexions. 

Four rings are noticeable in the scales of a three-year old male (3 winter 
rings and 1 cJndition ring) , the third one being a condition ring, which can be 
judged only from the well developet inflexions of the second and third winter 
rings . (Figure 7.) 

It frequently happens that the winlter ring is not noticeable at all. In 
such a case, the age can be d,etermined by inflexions alone (Figure 8) . 

Six age grou,ps bave been recorded in our analysis (Fig. 9). 

z 3 ;;;;; winter ring~ . 
~;;;;; condition ringa 
z2 ~ winter ringa 
~ - condition ringa 
_ .1. ;;;;; W1nt1r ringa 

Figure 6. Scale of a three-year old female - 18,2 cm (10 times englarged). 

z ;;;;; winter ringa 
• ~ "' condi tion ringa 
. z2 ;;;;; winter ringa 

~ --. z1 ;;;;; w:!.nter ringa 

Figure 7. Scale of a three-year old male - 16,8 cm (10 times enlarged) . 

z2 - winter ringa 

Zi ;;;;; wint•r ringa 

Figure 8. Scale of a two-year old male - 15,6 cm (10 times enlarged) . 
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Fligure 9. Scales of fishes from 1st to 6th age group (10 times enlarged). 

Generally speaking, the determination of the age of Pagelius erythrinus 
individuals was suffidently clear and safe, particularly for the first four age 
groups. Comparations and combinations, requiring a number of scales belong
ing to the examined individuals, were made in order to arrive at a result 
where the fifth and si.xth age group were involved. To render the age deter-
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mination as unlbiased as possilble it was performed at random, i.e. without 
having any previous knowledge of particulars relating to the analyzed indi
viduals (such as length, etc.) . 

Tihe total number of analyzed individuals amounted to 311; it was com
pos-ed of 125 males, 179 females, and 7 hermaphrodites. Absolute and relative 
values of the analyzed indiviiduals, arranged in age groups and by sexes, are 
given in Table VI. 

Table VI 

Age group Males 
I 40,00 
II 25,00 
III 42,98 
IV 68,89 
V 85,71 
VI 100,00 

Table VI 

Age group Males 
I 2 
II 33 
III 52 
IV 31 
V 6 
VI 1 

Total 125 

Relative Value (O/o) 
Females Hermaphrodites 

Females 
3 

99 
64 
12 
1 

179 

60,00 
75,00 
52,89 4,13 
26,67 4,44 
14,29 

Hermaphrodites 

5 
2 

7 

Total 
5 

132 
121 
45 

7 
1 

311 

The small number of individuals appearing in the firrs,t group is nat the 
consequence of the select'ivity of the net, i .e. of its ability of allowing them 
to pass wh:ile retaining the bigger ones (which would be a positive quality), 
but of the faat that individuals measuring under 13 centimetres in length 
(with the exception of 3 specimens) cnuld not be analyzed since their otoliths 
and scales had nat been collected. ks will be shown in the next chapter, 
dealing with groWTth, the second age grouip was also unrepresentative owing 
to the same cause. If, bearing in mind the unreal value of the first age group. 
we consider the distribution .of sexes within v.arious age groups, we shall 
arr.ive at the same conclusion as in the case of distribu!tion of sexes according 
to the body length of individuals (Table IV). 

Females pred6:inina'te in the beginning, generally up to the age of three; 
then both sexes beocme equally strong ; and then the numiber of males starts 
growing until it completely oultnuanlbers the other sexes. The inverision of 
sexes, occurring in the third and fourth years of age, is shown by the herma
phrodi te specimens belonging to the corresponding age groups. 

2. Gro wth 

Amplitudes of body lengths within eaoh age group, and average values 
of body length of all the analyzed individuals, separated by sexes, as well 
as the avera,ge totals irrespective of sex are given. 
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The first column in Ta:ble VII is digrammatically represented in Figure 
10. As we can see in that picture, the analyzed individuals are rather . ordina
rily distributed according to their age groups. We can also find that the ampli
tudes of body lengths are rather large as far as some ages are cJncerned. This 
is easily explained by the fact . that samples far the purpose of growth analy-

N 
51 

48 

45 
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36 

33 

30 

27 

21. 

21 

18 
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I) 
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cm !O lf I? /3 /I, 15 16 11 18 /I) 20 21 22 23 U 25 26 27 

Figure 10. Frequency distribution of Pagellus erythrinus in 
the insular zone of the Middle Adriatic in 
1957/ 1958 - according to the length and age ·of 
individuals. 

ses were taken all the year round. Thus it is possible tha't, in an extreme 
case, a two-year old speoimen was net'ted early in spring, i.e. when its growing 
had stopped, while another tw:o-year old one had been netted la;te in autumn, 
i.e. befare irts growing stopped. It is quite understandable tha't their lengths 
can differ widely from each other. If also some common genetic and ecologic 
factors are cons'idered - fadons that may accelerate or retard the growth -
we shall no.t deem it unnormal to find, far exa:mple; that the difference 
between the lengths of the biggest and the smallest indiv:iduals belonging to 
the fourth age group should amount to 5.9 centimetres. 

The mode of curves of the first three age groups are too near one another. 
From the so ob'tained mode we could draw the conclusion that the average 
body lengths of vair~ous age groups differ but liittle in the beginning (the last 
four columns in the Table VII). This would then signify that the grow;th of 
indiv,iduals is a slow one until they reach the age of three and that their 
subsequen:t development becomes quicker, which would be qu'ite unusual. This 
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Table VII 

Length ::.vrean body lenths 
Age group amplitude Males Females Hermaphrodites Total 

(cm) (cm) (cm) (cm) 

I 11,5-14,3 13,20 13,40 13,30 
II 12,6-18,0 15,15 15,36 15,20 
III 14,6-20,1 17,86 17,18 17,58 17,49 
IV 18,3-24,2 21,02 21,15 22,95 21,20 
V 22,2-25,6 24,42 24,10 24,21 
VI 26,70* 26,70* 

* Only one specimen 

apparent anomaly is caused by the unrepresentativeness of the first two age 
groups which has already been discussed (which the exceptLon of three speci
mens) were not cons1idered which, in the opinion of the authors, added a 
great deal to the avera,ge body leng'th of the two first age _groups. 

Von Bertalanffy's equa,tion of growth, modified according to B e v e r t o n 
and H 'O 1 t (1957), was used to calcu1'ate the measure of growth. In the equa
tion, reading as follows, 

(1) 

theree constanlts are given : 

L = limit value of body length, i.e. the theoretical maximum length attainable 
in the life history of an individual. 

K = growth coefficient or, in mathematical language, the measure by which 
the shope of a curve is estima'ted. The grea,ter the K the stepper the 
slope, i.e. the curve draws nearer the upper asymptotic value, this signi
fying a quicker growth of individuals . . 

t 0 = hypQlthetical value of time where the individuals, if they were always 
growing in the w,ay as given by the equation (1) would have a length 
of O cenitimetres. 

Time (t) is an indepedenit value, while length at a given time (1 1) ,is a 
dependent v,alue (i.e. it ~s \the ,a,verage body lengith of all the individuals wiithin 
a given age group). As un1ivernally used in 'theoretical investigations, e is the 
base of the natura! logarithm. While ;the l t is measured by us, two consibants 
remain unknown, ithe K and L-;;:;· , bult the are easy b calculate by entering 
in the equation (1) ithe values of average body lengths for the periods t - 1, 
t, and t + 1. The equatiions obtained in this way will read as follows: 

l t - lt- I 

K = loge----- (2) 

(lt+1 -l1)(lt- l1. -1) 
L oo = 11 + ---------- (3) 

The growth coefficient K can be calculated in this way for any period 
of life; the same applies to the estimaite of the L00 • 
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The theoretical value of the t 0 constant for all lt sample values is caicu~ 
lated from the obtained K and L oo constants on the basis of the following 
equation : 

1 (L oo - lt) 
t

0 
= t -1- --1'og

0 
------

K Loo 

The mean value (t0 = - 0.093) is calculated frnm the values obtained 
f.:ir t 0 and is then inserted in 1the equat'ion (1). Thus we a·:.Tive at theoretical 
mean values 1Qf body leng1th !involving all :the age groups. Values of average 
body leng'ths involving the first and second age groups (7.71 centimetres, and 
13.10 centimetres) the sample values of which were unrepresentative, are the".l 
obtained 1by extrnpolati'on. I,t is obvious ithat, owing to their abn : rmal d,evi
ations from 'theoretioal values, the first two ,age g:mups will be left ouit of 
consideration in our further analyses of growth as if not completely represen
ted in 'the caitches (owing t'o selectivlty of the l'ike). Figure 11 contains two 
curves showing the growth of Pagellus erythrinus. The curve obitained from 
samples is shown by the bold line, while -the dashed line represents the theore
tical curve of growth obtained. 
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Figure 11. Growth Curve of Pagellus erythrinus in the insu
lar zone of the Middle Adriatic in 1957/1958. 

The exponential equation o.f growth 11 = B - Ce-Kt (B, C, and K are con
stants) is given for the right hand half of the curve (Figure 11), taking a 
slighter slape and thus being more illusfrative for age groups irnnolving older 
individuals (R i c k e r, 1958). So the lack of representativeness in the case of 
the first two age groups does not make our growth analysis essentially 
difficult. 

Judging from the values resulting from our arithmetical method, i.e. 
K = 0.20, and L ex, = 37.88, we can conclude that the grnwth of Pagellus 
erythrinus is relatively a slow one in the sounds of the Middle Adr-iatic, and 
tha t the species, therefore, reaches a considerable size. Growth parameters of 
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Pagellus erythrinus in the Boka Kotorska Bay dbtained by arithemetical 
method were: K = 0,239; Lioo = 30,92 cm (Rij a v e c, 1975). 

In a much simpler and quicker way, but wi•th a lesser degree of accuracy, 
the value of the equation (1) constiants can be obtained graphically by employ
ing the well-<known method sug,gested by W a 1 f o r d (1946) or the one sug
gested by G u 11 a n d and H o 1 t (1959); the differences between the body 
lengiths of two adj oining age groups (Lt + 1 - lt) are erntered in the ordfoate, 
and the mean body lengrth of those two age groups are entered in the abscissa 
(Figure 12) . The resulrting poinrts are conneoted (the f.irst and the second age 
groups .ar.e again omiltted), and the slape ooefficient of rthe so obtaine:i straight 
line is K = 0,201 while :the point of intersection of that line with the abscissa 

. is L<oo = 37,7 cm. Growith paTruneters of Pagellus erythrinus in :the Boka Ko
torska Bay obtained by graphic method were: K = 0,245; L oo = 30 cm (R i
j :\ V e C, 1975). 

2 

L •, 31,7cm 

Figure 12. Growth-graphic representation of the parameter 
K and Loo 

3. A n a 1 y s i s o f G r o w it h b y S e x e s 

The rarte of growith of marine animals is usually higher in fomales than 
in males. Being interested to learn whether this applies to the species Pagellus 
erythrinus too, we have oalculated, availing ourselves of the methods meniti-o
ned in the foreg,oing pages, the growth coefficients for both sexes. The result
ing cJefficients, K = 0.165 for rnales, and K = 0.30 for females, oonfirm our 
surmise as to the different raites of gr'owth wi-th •regard to sexes . 

4. Mo r ta 1 i t y 

The mortali,ty of a sea fish species represents the most interesting factor 
in fishery biology the estimaihon of which is highly problematical. When the 
mortality is calculated, it is supposed that the p:ipulation is equally distributed 
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over an area, that -it is equally exploiited, and that tt is not subject to migra
tions. This, however, rarely happens under natura! conditions. 

Let us suppose that ,all the above condi,tions have generally been fulfille:i. 
If we now have a defaniv-e numerical value of individuals N1 in the age 
group a, the numerical value N2 in the next age group a + 1 will ,then be 
expressed by the following equa tiion: 

N1 
N2 = N1e-z or Z = log0 --

N2 

where e stands for the ibase of the natural logarithm, while Z represents the 
total mortality coefficiem. Z is, consequently the natural logarithm of the 
quotient of N1 and N2 values. 

In our ,example, where the Z has ithe value of 1.50, the annual proportion 
of the surviving population is only 21 per cent. Such a htgh value of the 
to.tal mortality coeff.ioient (provided the estimate is accurate), mainly results 
from the intensity of exploitation causing a high fishing mortality preceding 
our inve.stigations. 

The total mortali-ty coefficient (Z) is usually abtalned by the graphic 
method as we have seen while discussing the calculation of the growth coef
ficient (K). If the Z, for exampl,e, remains constant all the time, we can then 
calculate, for each time value t , the number of individuals (N1) of a definite 
age after the total mortalilty took its toll. 

Since Nt = N0e-zt, or lo-g0 N t = log0 N0 - Zt 

where ,the N 0 is the number of individuals in the time t = O. 
If we now enter in the coordinate system the v:alues log0 Nt in the time t 

and connect the resulting points, we obtain the so-called catch curve. A stra
ight line can be drawn connecting the points belonging to representative age 
groups (in our example, from the third age group on) whose slope (tg a) is 
just our total mortality -coefficient Z (figure 13). Deviatbns of points from 

o(. 

I ; 

,, IV 

Figure 13. Mortality-graphic calculation of the coefficient Z. 



POPULATION DYNAMICS OF THE PAGELLUS ERYTHRJNUS (L.) 221 

that line are the oonsequence of non-fulfilment of the condition mentioned 
in the beginning of this paper. The advantage of this graphric method lies 
in the fact that te possible variations in the availability o.f a fish population 
can only alter the position of the curve, without affecting its shape or s~ope 
as it happens when the numerical values of an age grnup at different periods 
are entered. 

As evident from Figure 13, the obta,ined estimate of the total mortality 
coefficient Z (1,57) is almost completely identical with the estimate obtained 
in the arithmetical way which indicates that the Z (1,50) was rather constant. 

DISCUSSION 

By surveying our diata shown in Figure 2 we can see that the edaphic 
fador, most pr,ohaibly, does not play an imp::irtant part in the diistribution of 
PageUus erythinus (L.) in the insular zone of the Middle Adriatic. Rij a v e c 
(1975) has also found thrat lthe textural caracteristics of the bottom did not 
effect the distriJbution of this species in the Bokakotornka Bay. According 
to the same author the most 'important factor which seemed to affect the 
distributiion of Pagellus erythrinus was the quantity of the available food. 
županovi ć (1961) has supposed that the effect of hydrographic factors 
(temperature and saHnity) on the s,ize of catches of Pagellus erythrinus is 
much more evident. 

Seas-onal emigration and immigrat'ions of Pagellus erythrinus from the 
shallow waters to the deeper, ones, and vice versa, was observed in the insul'ar 
zone of the Middle Addatic. Rij a v e c (1975) has also registered the same 
phenomenon in the Bokokotorska Bay. 

The theoretical curves of weight in relation to length show two inflexion 
points which correspond to the first maturity of females (110-120 mm) and 
to the process of -sex inversion • (160-170 mm). The inversion of sexes occured 
in the third and fourth year of age as shown by the hermaphrodite specimens 
belonging to the corresponding age gr-oups. 

The theoretical curve of relative grnwth of the species Pagellus erythrinus 
in the waters of the Tuscan archipelago shows-according to Mat ta (1959) 
- only one inflexion point (between 120 and 130 centimebres) . The resulting 
difference, in our opinion, could be expla-ined by the insuffi~ient number of 
analyzed individuals (49) netted in the waters of the Tusaan archipelago. 

Rij a v e c (1975) has found two points of inflexi-on (125-135 mm and 
185-195 mm) in the Bokakotorska Bay. 

Giving a description of his own method of age determination from 
ctenoid scales, L a r r a ii eta (1964) illus'traited a number of pictures of the 
Pagellus erythrinus scales. Specimens as big as 170 and 196 mm, belonging 
to the first and second age groups res:pectively, etc., are indlicating a possibility 
of quioker growth of Pagellus erythrinus at Castellone than in the Adriatic. 
A higher average temperature of sea water both in summer and in winter, 
and a larger plancton biomass (according to the estimate o.f the FAO 56/8/6299), 
in that a•rea twice ias large as the Adriatic, and probably also a larger amount 
of zoomass in general, may substant·i.ate the above hypothesis. • 
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It has been found by D' A n c on a (1949) that Pagellus erythrinus indivi
du,als of the Adriatic area reach a length from 170 to 175 mm in their third 
year of life which is in agreement with the results obtained by us. 

The growth parameters of Pagellus erythrinus in the insul:ar .zone of the 
Middle Adriatic were: K = 0,201 and L'c,o = 37,7 ,crn. Judging from the values 
resulting from our graphic method we can conclude that the growth of Pagel
lus_ erythrinus is relativevy a sl,Jw one and that ,the species, therefore, reaches 
a considerable leng.th. 

Growth ,parameters of Pagellus erythrinus in the Bokakotorska Bay were: 
K = 0,245 an::l L oo = 30 cm (Rij a v e c, 1975). The obtained values show 
an inverse relation. 

The total mortality coefficient ,(Z) in the insular zone od the Mid<lle Adria
tic was relatively very high (Z = 1,57). Such a hiigh value of the mortality 
ocJefficient (provided the estiimate is accurate) was obrt:ained as result of an 
exploitation causing a h:iigh Hshing mortaMy precedin,g our investigations. 

As the trnwl'ing in the Bokakotorska Bay has been for:bidden for many 
yea,rs the total mortality coefficient is relatively low (Z = 0.63) so tha1t more 
than half of the popuLation remains in life each ,year (in the insular zone of 
the Middle Adria1tic the annual survi·ving population is only 21 per cent). 

Unfortunately enough, the concern'ing data includes a period of only one 
yea•r and, oonsequently, the age-grol.llp frequencies are oo,mparable only within 
that one-year space -of time. The error of our estimate may be paritially 
avoided only if a large number of a,ge groups is avail:a/ble, so that the esti
mated total mor,tality coefficient represernts the mean value of all the calcu
lated coefficients for various age groups. 

CONCLUSIONS 

The following conclusions can be drawn on the basis of the obtained 
results: 

1. The distribution of the species Pagellus erythrinus in the insular zone 
of the Middle Adriaitic is strictly limite<l by the 100 metres isobath. 

2. The body length of 4,589 specimens, aut of 11,686 netted ones, was 
measured. The mean body leng,th of the whole population a=ounts 'to 
14.76 ± 1.26 centimetr,es. 

3. Frequent mi,grations occur within the Pagellus erythrinus population 
in the insular zone of the Middle Adriatic. Migrations of the species from 
shallow wa ters towards de~er ones were observed in the period between 
October and April, and in the op:p'osite di:reotion between May and October. 
These seasonal migrations are reflected bo'th in the variations of population 
abundance at various stauions and in varu.aus months, as well as in the varia
tionis of body lenigrt;h and dominant mode in the area in var'ious months. 

4. Females predominate in the po.pul1ation u,p to the body length of 130 
mm; the number of females starts dropping and that of males growing with 
body lengths between 140 and 160 mm; the number of males starts predo
mtnating until its reaches its highest value (100 per cent) with the body 
length of 230 mm. 
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5. The value of the equilibrium constant (n) in the ratio length to weight 
is eqUJal to 2.981. The theoretical curve shows two points of ,inflecti m: between 
110 and 120 mm, corresponding to the occurrence •of the early sexual maturity, 
and between 160 and 170 mm, coinciding with the normal sex inversion 
occurring wiith this species. 

6. The sexes were distributed in six age groups. Females predominated 
until the third year ·of a.ge, an'd then the males toO'k over. The appearance 
of hermaiphrodi tes in the third an!d :f\ourth age groups indicates the occurrence 
of sex invers.ion. 

7. The calcula1ted theoretical growth curve is in good iagr,eement with the 
empiric curve, except .ii.n CJnnexion with the first two age groups which appear 
to be unrepresentartive owing to the fact that their scales were not collected 
for the purpose of age determination (with the exceP'tion of 3 specimens). 

8. Gr-owth parameters of Pagellus erythrinus in the insular z.one of the 
Middle Adriafic were: K = 0.201; L oo = 37,7 cm. The conclusion can be drawn 
that the rate of growth of .Pagellus erythrinus in the insular z.one of the Mid
dle Adri,altic -is relatively low and that the individuals, consequently, reach a 
considerable length. 

9. The g.rowth analysis performed for each sex separately has shown that 
the females of the species Pagellus erythrinus grow faster than the males, 
which is ,a frequent phenomenon with sea fishes. 

10. The estimate of .the total mortality oo•effici,ent Z obta,ined in the grap
hical way (Z = 1.57) is . qlmost completely identioal wi,th the arithmetically 
obtained esti.mate which indicates that the Z was rather constant. The high 
value of thus cailculated Z can generally. be attributed to the high degree of 
exploitation of the a,rea preceding our investigations. 
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BIOLOGIJA I DINAMIKA POPULACIJE PAGELLUS ERYTHRINUS (L.) 
U OBALNOM PODRUč:JU SREDNJEG JADRANA 

Šime ž u p a n o v i ć i Leo R i j a v e c* 

Institut za oceanografiju i tribarstvo, Split 

KRATKI SADRŽAJ 

U ovom su radu autori iznijeli rezultate istraživanja biologije i dinamike 
populacije arbuna (Pagellus erythrinus L.) u obalnom području srednjeg Ja
drana. 

Izučavanja su obuhvatila slijedeću problematiku: zao-geografsku distri
buciju, sezonske varijacije, odnos dužine i spolnog dimorfiz,ma, odnos dužine
-težine, starost, rastenje i mortalitet. 

Na osnovu dobivenih rezultata izvedeni su slijedeći zaključci: 

1. Zao-geografska distl:ribucija arbuna (Pagellus erythrinus, L.) u pod
ručju srednjeg Jadrana ne prelazi izoibatu od 100 metara dubine (Slika 2) . 

2. Srednja duljina Pagellus erythrinus u istom području, izmjerena na 
osnovu 4589 primjeraka, iznosila je 14,76 ± 1,26 cm. 

3. Uočene su izvjesne migracije Pagellus erythrinus-a u obalniom području 
srednjeg Jadrana. Lokalna pomicanje iz plićih u dublje vode konstatirane su 
između listopada i travnja mjeseca i vice versa od sviibnja do listopada. Te 
sezonske varijacije Pagellus erythrinus-a odTažavaju se ne samo na varijacije 
gustoće populacije na raznim postajama, već i na varijacije duljina i dominant
nog modusa u vremenu i prostoru. 

4. ženke su dominantnije u populadiji do tjelesne duljine od 130 cm; 
između 140-160 cm broj ženka opada, a mužja1ka ras te. Nakon toga broj 
mužjaka raste i postaje (1000/o) sa tjelesniom duljinom od 230 mm. 

5. Odnos između duljine i težine Pagellus erythrinus u obalnom p:idručju 
srednjeg Jadrana bio je: n = 2,981. Teoretska krivulja pokazuje dvostruku 
tačku infleksije: između 110-120 i drugu između 160-170 cm, što koincidira 
sa normalnom inverzijom spola kod ove vrste. 

6. Spolovi su bili raspoređeni u šest sta'rosnih grupa. Ženlke su dominiraie 
do treće starosne grupe, a nakon toga mužjaci. Poj,ava hermafrodHa u trećoj 

i četvrtoj starosnoj grupi, ukarzuje na poja1Vu inverzije spola kod Pagellus 
erythrinus. 

* Od 1969. godine suautor se ovog rada nalazi u službi organizacije za ishranu 
poljoprivredu Ujedinjenih naroda (FAO) kao ribarstveni stručnjak. 
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7. Izračunata teoretska krivulja rasta doibro se poklaipa sa empirijskom, 
osim kod prve dvije starostne grupe, koje se pokazuju reprezentativne zbog 
malenog broja prtmjeraka. 

8. Parametri rastenja Pagellus erythrinus u obalnom području srednjeg 
Jadrana bili su ovi: K = 0,201; Loo = 37,7 cm. Na osnovu d Jlbivenih vrijed
nosti izveden je zaključak da je rastenje Pagellus erythrinus u obalnom pod
ručju srednjeg Jadrana relativno sporo i da zbog toga postizava zna•tnu 
dužinu. 

9. Analiza rastenja, podijeljena po spolovima, ukazuje' da ženke Pagell'f!,S 
erythrinus rastu brže od mužja ka, š'to je česti fenomen ko~ riba. 

10. Procjena totalno.g mortaliteta (Z) , dobiivena grafičkom mevodom, bila 
je: Z = 1,57. Tako visoka vrijednost Z ukazuje na zna-tan stepen eksploatacije 
doti,čnog područja prije samog istraživanja. 


