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Hake is one of commercially most importan.t fish species 
in the Adriatic Sea. However, nevertheless they count among 
commercially important species, our lrnow ledge on their 
rates of fishing and natural mortalities o-f the exploitable 
stock, and their variation with changes in the intensity of 
exploitation and natural factors are relatively scare. 

Therefo.re the authors here have tried to present some 
of the results of studies of biology and population dynamics 
of the hake, Merluccitis merluccius (L.), in the Adriatic. 

INTRODUCTION 

The first data on biology and exploitation of hake in the channel area 
of the middle Adriatic may be found in a treatise on harmiul effects of 
intensive trawling written in the seco:1.d half of the XVIII century (Mo 11 e r, 
1775). 

The decrease in hake catches this author attributed to trawls capturing 
»the adolescent and small« f.ish. 

Tms problem of the decrease in the average catch and size of specimens 
within populations of economica1ly important species was until lately consi­
dered one of the fundamental indiications of overfishing. In this oonnection 
an intensive devel,opment of trawling ;in the Adriatic, particularly in XX cen­
tury, posed the problem of relationship between fishing intensity and fishery 
resources. This problem of the effects of fishing intensity on the Adriatic 
fishery resources was dealt with by a number ,o,f authors between the two 
wars (Gast, 1918, 1925; D' A.neona, 1926; Kotthaus, 1938; Kot­
thaus and Zei, 1938; Zei, 19,10; Zei and Sabioncello, 1940). 
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A large amount of more i:ntensive work was carried out after World War 
II, deali:ng w ith the relationship between fish populations and fishing 1nten­
sity (Z e i, 1949; D' A n c o !Il a, 1949-1950; :Z u pano vi ć, 1953, 1956a, b, 
1959, 1961a,b,c, 1963, 1964, 1968, 1971, 1974; Karlovac, O., 1957, 1959; 
Crnković, 1959, 1970; Lepetić, 1965; Scaccini aind Piccinetti, 
1968, 1969; Merker and Ninčić, 1973; Jukić and Crnković, 197'1 ; 
Jukić, 1975; Jukić and Piccinetti, 1979, 1981, 1985; Froglia and 
Gr a mit t o, 1986; B e 11 o et al., 1986). 

Biology, population dynamics, exploitation and stock assessment o.i the 
hake, that lis hake in relation to other demersal species were also investiga­
ted by a number of authors after World War II (Mat ta, 1953, 1954; Ka r-
1 ova c, O., 1959; G hir a r d e 11 i, 1959; županovi ć, 1964, 1968; Ka r-
1 ova c, J., 1.965; P i c cine t ti and P i c ci 111 e t ti - Ma n f r i 111, 1971; Ju­
k i ć; 1972, 1975; Lev~ and Gianetti, 1972; Froglia, 1973; Muži­
n i ć a:nd Ka r 1 ova c, O., 1975; Ja r da s, 1976; Ju ki ć a:nd P i c cine t ti, 
1978; Gr a !11 i ć et al., 1980; Grani ć and Ju ki ć , 1932; A 1 e gr i a H e r­
n a n d e z et. al., 1982; F 1 a migni, 1983; G i ovan a r di et al., 1986). 

The relationship between hake behaviour and applied gear was described 
in several papers published also after World War II (:Z u pano vi ć and 
Grub i š i ć, 1958; :Z u pano vi ć, 1963, 1969; Le vi et al., 1971; Ju ki ć, 
1975; Jukić aind Piccinetti, 1985; Froglia and Gramitto, 1986). 

Catch of hake suddenly increased in the Adriatic between 1970 and 1980 
with maximum in 1975-1977. The question is posed by the exploitation of 
hake fishery Ln the Adriatic, to what extent is the said trend of catch 1ncrease 
associated with better biological conditions in recruitment or year class stren­
gth, resulting from more favorable hydroclimatic factors. It is evident frorn 
the question posed that suf:liicient knowledge an continuous appraisal of the 
hake environment is essential. 

Therefore, the determination of the rates of fishing and natura! mortali­
ties of the exploitable stock, and their variation with changes dn the intensity 
of exploitation and in natura! factors for the hake fasheI"i,es :in the Adriatic 
requires a better knowledge of hake selectivity by trawls, length composition 
of catches of various fleets, the age structure of the stocks, growth rates and 
fishing aind natural mortality rates. 

Majority ,of these data are stiU unknown. However, a limited amount of 
data precludes ain accurate assessment of the degree of exploitation of the 
Adriatic hake. This is especially important for a<n estimate of the effective 
pathwidth of a trawl - using hake data relating the fishirng mortality (F). 

MATERIALS AND METHODS 

The material essential for the study of hake biology and population dyna­
mics in the Adriatic was collected by means of 696 one-hour trawil hauls 
during the 1956-1967 explorations undertaken with the research vessel BIOS. 
Of that total 560 hauls were made i:n the open part of the Adriatic, and 136 
in the channel area. 
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Table 1. Location of stations bz regions where hake samples were taken (1956-1967) 

Area Station Position Depth Structure Trawling 
N E (m) of bottom hauls 

l. Open middle H-40* 43°35, 15°24, 181 Clay loam 17 
Adriatic H-43 43°24,5' 15°17' 220 Loam 15 
(Blitvenica, H-44 43°35' 15°32' 220 Loam 21 
Jabuka Pit) H-46 43°14' 15°12,5' 216 Loam 17 
(30 stations) H-47 43°25,5' 15°27,5' 199 Loam clay 21 

H-48 43°34' 15°39,5' 188 Clay loam 29 
H-50 43°03,5' 15°07' 264 Clay 9 
H-52 43°17' 15°25' 193 Loamy clay 18 
H-53 43°28' 15°40' 181 Clay 22 
H-54 43°31,5' 15°45' 172 Loamy clay 17 
H-56 43°07,5' 15°20' 190 Clay loam 13 
H-57 43°19' 15°35' 157 Loamy clay 21 
H-58 43°27' 15°46' 157 Loamy clay 21 
H-60 42°58' 15°15,5 ' 210 Clay 1 
H-61 43°10,5' 15°32,5' 150 Loam 17 
H-62 43°22' 15°46,5' 157 Clay 24 
H-65 43°00' 15°27,5' 170 Clay 1 
H-66 43°12' 15°43' 135 Loam 22 
H-67 43°21' 15°54,5' 127 Loamy sand 27 
H-67-71 43°22' 15°53,2' 117 Loamy sand 101 

43°15,6' 15°55,6' 126 Loamy sand 
H-70 43°03' 15°40' 110 Sand 1 
H-71 43°15' 15°54' 125 Loamy sand 27 
H-72 43°22,5' 16°03,5' 110 Loamy clay sand 14 
H-74 42°53' 15°37,5' 157 Loamy clay 1 
H-75 43°05' 15°51' 115 Loarny clay sand 1 
H-76 43°15,5' 16°03' 111 Clay loamy sand 16 
H-79 42°55,5' 15°48' 130 Loamy clay sand J 
H-80 43°08,5' 16°02' 111 Loamy clay sand 1 
H-81 43°18,5' 16°13' 120 Clay loamy sand 14 
H-86 42°58' 15°57' 88 Sand 1 

2. Channels of 1 43°30,6' 16°23,4' 12-38 Loam 12 
the middle 2 43°23,3' 16°22' 53 Clay loam 13 
Adriatic 3 43°22' 16°52,2' 76-78 Clay 14 
(11 stations) 4 43°16,5' 16°26' 82-85 Loamy clay sand 14 

5 43°14,4' 16°56' 65-68 Clay 14 
6 43°07,5' 16°19,5' 85-87 Sand 14 
7 43°03,5' 16°44,5' 66-68 Clay loamy sand 14 
8 43°04' 17°00' 59-63 Clay sandy loam 13 
9 43°01,3' 17°24,2' 27-32 Clay 14 

10 42°57' 17°31' 27-29 Clay 13 
11 42°50' 16°58,2' 64 1 

3. Islands - H-91 42°53' 16°05' 136 Clay loam 1 
Vis-Lastovo H-94 42°58' 16°14' 119 Loamy clay 1 
-Mljet H-96 42°46' 16°12,5' 148 Clay sandy loam 1 
(13 stations) H-100 42°50,5' 16°22' 132 Clay loam 1 

H-101 42°59' 16°27' 99 Loamy clay sand 1 
H-107 42°42,5' 16°28' 143 Clay sand 1 
H-108 42°52' 16°33' 110 Loamy clay sand 1 
H-111 42°43' 16°36' 134 Clay 1 
H-114 42°32,5' 16°39' 188 Loamy clay 1 

* Stations marked with letter H correspond to the stations of HVAR expedition 
1948-1949. 
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Are<1 Station Position Depth Structure Trawling 
N E (m) of bottom hauls 

H-118 42°38 ,5' 16°47' 153 Loam 1 
12 42°39,6' 16°48,8' 143 1 
13 42°39,6' 17°02,6' 128-130 1 
14 42°42,2' 17°25,4' 115 1 

4. Island H-89 42°49' 15°55' 154 Loam 1 
Palagruža H-90 42°37' 15°52' 139 Clay sand 1 
(9 stations) H-93 42°42' 16°02,5' 169 Loamy clay 1 

H-95 42°29,5' 16°00' 137 Clay 1 
H -99 42°33,5' 16°11' 174 Clay 1 
H - 102 42°20' 16°13' 130 Clay sandy loam 1 
H-105 42°20,5' 16°23' 130 Sand 1 
H-106 42°31' 16°25,5' 190 Clay 1 
H-110 42°22' 16°32' 168 Sand 1 

5. Montenegro 15 42°15' 18°41' 102-112 Clay and clay 1 
coastal 16 42°11,6' 18°38' 123 sandy loam are 1 
<1rea 17 42°01 ,4' 18°36,2' 160-172 present in the 1 
(27 stations) 18 42°04,8' 18°39,3' 113-128 whole area 1 

19 42°08,1' 18°42,4' 80-117 1 
20 42°04,5' 18°46,8' 83-83 1 
21 42°03,8' 18°46' 105-135 1 
22 42°00,5' 18°43' 142-175 1 
23 41°53,4' 18°42,4' 110-165 1 
24 42°00' 18°58,2' 70-88 1 
25 41 °56,7' 18°55' 90-100 1 
26 41 °55,7' 18°51' 95-100 1 
27 41 °58,6' 18°49' 85-90 1 
28 41 °56,6' 19°02,7' 75-87 1 
29 41 °53,2' 18°59,6' 90-92 1 
30 41°47,4' 18°54,2' 102-105 1 
31 41°50,9' 18°49,6' 102-110 1 
32 42°06' 18°55,9' 70-72 1 
33 42°02,9' 19°00' 67-70 1 
34 41°59,8' 19°00,8' 72 1 
35 41 °56' 19°05,2' 72-75 1 
36 41 °50,6' 19°04,9' 77-86 1 
37 41 °53,3' 19°08,7' 65 1 
38 41°50,3' 19°10,8' 73-85 1 
39 41°44' 18°58,8' 85-105 1 
40 41°47,3' 19°01,8' 95 1 
41 41°49,8' 18°51,4' 95-102 1 

The stations where the samples were taken are 1shown ,in Fig. 1 and 
Table 1. 

The mater,ial was analyzed according to the size of the catches. All the 
individuals were tested in poor yields but only representative samp1es were 
taken from abunidamt catches. 

The analysis invoived length measuring, weighing, determination of sex 
and of the degree of sexual maturi ty, taking of otoliths and examinatioo of 
stomach contents. Morpholog 'cal characters were examined on fresh fish. 

The age of individuals was determined from otoliths. 
Trend of hake catches was analyzed from commercial catches. Data on 

temperature and salinity were also takem. 
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RESULTS AND DISCUSSION 

Morphology 

External morphology 

Morphometric characteristics of the Adriatic hake were expressed as 
percentages of total length (Županovi ć, 1968). Several most important 
body characteristics were measured: head length in relation to total length ; 
length from the t ip of snout to inserti-on of first dorsal fin ; length from the 
tip of snout to insertion of second dorsal firn; length from the tip of snout 
to linsert'ion of anal fin and diameter of the eye in relation to the head 
length. 

A total of 213 specimens were analyzed. Of this number 121 were caught 
from the open middle Adriatic and 92 from the channel area of the middle 
Adriatic. 

Mean values of analyzed characteristics of fish from these two areas exa­
mined by t distribution sho;wed no stl.gnif.icant .clifferences in these cha,racte­
ristics between fish from the open middle Adriatic and channel area. They 
at the same 1lime :indicate that they belong to a single po.pulation of the 
Adriatic hake. 

Mat ta (1954) analyzed morphometric pooperties of hake from the 
northern Adriatic and G hir a r d e 11 i (1959) kom the western part of the 
middle Adriatic. The results of these authors generally coincide with our 
findings. 

Vertebrae 

P i c cine t ti and P i c cine t t i - Ma n f r i n (1971) studied vertebral 
counts im the hake fr.om the northenn and middle Adriatic. They found that 
all the a,nalyzed specimens belonged to the same population. 

Comparing the vertebral count in the Adriatic hake (M = 51.99) w.ith that 
in the Mediterranean hake (Ma urin, 1965) it was suggested that the diffe-­
rences in the mea:n number of vertebrae between the hake from both areas 
were not great so that did not exist two hake populations. The Adriatic hake, 
after the same authors, represent something like an intermediate species 
between eastern and western· Mediterranean. This similar:ity the authors tried 
to associate with the respective hydrographical factors in the middle Adriatic 
(Jabuka Pit), known as the hake spawning groU1I1d in the Adriatic (Župa­
n o vi ć, 1968). Similarity ilil the vertebral co.unts is particularly marked in 
the hake from the western Mediterranean (Gulf of Ly;Qn, Carska, Tuscany 
archipelago) and that from the B wne in the northern Adriatic (P i c ci n e t t i 
and P i c cine t ti - Ma n f r i n, 1971). This similarity in the vertebral counts 
in the hake fr.om the Adriatic and hake from the northern part of the we­
stern Mediterranean may be associated with the divergence 21ones. The same 
phenomenon was reoorded near Bane des Esquerquis off TUIIlisia (F u r n e­
s ti n, 1960; A 11 a i n, 1960; F urne sti n and A 11 a i n, 1962; A 11 a i n 
et al. , 1965; Ma urin, 1965, 1968a, b) . 

It should be taiken into consideraUon that fish which spend very early 
part of their life in cold water (like hake from the Jabuka Pit, Gulf of Lyon, 
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etc.) will develop more my.omeres, and oonsequently more vertebrae, than 
will fish which griow in wa,rmer water (Libyan water, Sea of Marmara). This 
apparent negative correlation between the number of vertebrae and water 
temperature has been IIloted for many species (Ma r r, 1953). The same was, 
to a certain exteint, proved by a progressive imcrease in the number of verte­
brae in hake along the shores of north Africa (Ma urin, 1968a) probably 
consequent to the digression inflow of the Atlantic current. 

Geagraphical distributian 

For geographica1l distribution of hake in the Adriatic the papers of a 
number of authors were used: far the apen Adriatic: Ka r 1 ova c, O., 1957, 
1959; Županović, 1956, 1959, 1961a, 1968, 1971; Kirinčić and Lepe­
tić, 1955; Matta, 1954; Ghirardelli, 1959; Picc:inetti and Pic­
cinetti-Manfr.in, 1971; Merker and Ninčić, 1973; Froglia, 
1973; Jukić, 1975; Jukić and Piccin~tti, 1981; Flamigni, 1983; 
J u k i ć and A r iil e r i, 1983; far the channel area af the middle Adriatic: 
Kotthaus and Zei, 1938; Zei, 1940, 1949; Zei and Sabiocello, 
1940; župan ovi ć, 1953, 1956; Ki r inč i ć and Le pet i ć, 1955; Ka r-
1 ova c, O., 1959; Crnković, 1959, 1970; Lepetić, 1965; Rij avec, 
1966; Jukić, 1972, 1975; Jukić and Crnković, 1974; Hure (ma­
nuscript) and f!ield data of the authors (1956-1967). 

The available data show that hake are distributed throughout the Adria­
tic (Fig. 2) counting among markedly eurytopic species. Their bathymetric 
distribution in the Adriatic, fr.om several metres in the coastal area to 800 
metres in the South Adriatic Pit (K i r i n č i ć and L ep e t i ć, 1955) is amo­
ther proof of this fact. 

As shown by the data of HVAR Expedition, 1948-1949, hake were poody 
represented in the northern, middle as well as southern Adriatic in relation 
to other species. In the narthaern Adr.iatic hake made up 2.40/o of the number 
and 6.60/o of the weight; in the middle Adriatic 13.2°/o of the number and 
16.00/o of the weight and in the southern Adriatic 5.1 O/o of the number and 
13.60/o of the weight (Ka r 1 ova c, O., 1957). The relatiOIIlship between the 
number and weight of hake from the southern Adriatic is i:ndicative of larger 
specimens in this Adriatic part (Muž ini ć and Ka r 1 ova c, O., 1975). 

Depth preferences 

After the data of HVAR Expedition (Muž ini ć a,nd Ka r 1 ova c, O., 
1975) hake were caught by trawls at 20 to 382 m depths, and by }ong-lines 
at still greater depths (443 and 765 m). Of trawl catches 291 or 980/o were 
pos:itive. The highest number of hake catches, 238 or 81.8°/o, was realized 
between 51 and 100 m depths (75 or 25.90/o), between 101 and 150 m (100 or 
34.50/o) and between 151 and 200 m (62 or 21.40/o). As to the abundance of 
catches per an hour hauD., 22 or 760/o were recorded from 45 tol 220 m (mean 
depth 162.8 m) (with 100-199 individuals), 13 or 4.50/o from 135 to 256 m 
(mean depth 178 m) (with 200 and more specimens). 

Ki r i n č i ć, and L ep e t i ć (1954, 1955) reported lOIIlg-liine hake catches 
in the southern Adriatic from all the depths between 100 and 800 m. These 
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authors recorded greatest abundam.ce at 300 m (31.80/o of the number and 
33.60/o of the weight). 

Me r k e r and ·Nin č i ć (1973) reported hake to be caught by trawls 
at all the operati111g depths, from 10 to 500 m, .in the deep southern Adriatic, 
vvith the greatest abundance at 200 m. 
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F'ig. 3. Mean of the number of hake in­
dividuals per hour experimental 
trawl haul on bottoms of def­
ferent granulometric composi­
tion (from fine to rough bot­
toms) : CB - clayeay bottoms, 
LB - loamy bottoms, SB -
sandy bottoms, C - clay, LC -
loamy clay, se - sandy clay, 
CL - clayey loam, L - loam, 
CSL - clayey-sandy loam, SL -
sandy loam, CS - clayey sand, 
LS - loamy sand, LCS loamy­
-clayey sand, CLS - clayey--
-loamy sand, S - sand; the 
number of analyzed catches is 
given within brackets (after the 
data of HV AR Expedition, 
Ka r 1 ova c, O., 1959) 

After our available data for the Jabuka Pit in the 1956-1967 period hake 
were caught from mean depths of 104 to 219 m, that is throughout the study 
area. Mean value of 62 specimens per trawl haul was obtained far mean 
depths of 100 to 150 m, that of 152 specimens far mean depths of 151 to 200 
m and that of 336 specimens at depths exceeding 201 m. 

To conclude, hake are iin the Adriatic most abundant ,in deeper areas of 
the continental shelf, that is at depths of about 100 m to depths slightly 
exceeding 200 m. 

Substratum preferences 

The analysis of published data of HV AR Expedition for the open Adriatic 
(K a r 1 ova c, O., 1959a) showed that hake abode all types ,of sea bed .in the 
open Adriatic. The densest populaUons were recorded from fine and tenacious 
clayey substrata am.d from loamy bottoms. The lowest hake density was recor­
ded from coarser and loose sandy bottoms (Fig. 3). Out of the total of 79 
exper:imental trawl hauls realized on clayey bottoms 49.350/o hake :individuals 
were recorded, out of 74 hauls on 1oamy bottoms 27.950/o and out of 119 hauls 
on sandy bottoms 22.700/o. Rake caught from clayey bottoms made up 31.09% 
of the total weight of hake catch, those from loamy bottoms 38.920/o and 
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those from sandy bottoms 30.00°/o, that is a total of 700/o from muddy bot­
toms. 

The densest population was recorded from the narrower area of the 
Jabuka Pit (statiOIIls: 43 and 46-59). A total of 27 trawl hauls on clayey, 
loamy-clayey, loamy and clayey-loamy bottQID.S of ithe above stations gave 
5,000 hake specimens or 40.1 O/o of a total of hake specimens caught by 153 
trawl hauls on muddy bottoms. However, the hake caught from the above 
mentioned area made up not more than 14.70/o of the total hake weight of 
the hake caught from muddy bottoms. This means that predominantly small 
spec:mens were caught. • 

After our data for the Jabuka Pit for the 1956-1967 period the mean 
number of hake inclJi.v1duals per trawl haul on muddy (clayey and loamy 
bottoms) was htgher than tha;t on sandy bottoms mixed with mud. The former 
bottoms gave the average of 183.4 speoimens per haul and the latter 40.6. 

This clearly marked preference of hake muddy bottoms in relation to 
muddy-saindy bottoms arn.d sandy bottoms, is in agreement with the data 
from the channel area of the middle Adriatic in the 1957-1958 period 
(Župan ovi'ć, 1961c). 

Bionomics and Life-history 

Maturity 

Z e ,i (1949) found male hake to mature in the Adriatiic at 22 to 30 cm 
length. 2 u pano vi ć (1968) analyzed stages of hake in the middle Adriatic 
and found that males are mature first time at 20 to 28 cm and females 
between 23 and 33 cm. The hi,ghest percentage of ripe males were 23-25 cm 
in length and of females 29-32 cm. S'.imi:lar results were obtained by 
Ja r da s (1976) for the hake from the open middle Adriatic. After this 
author the inflexion point of allometric weight-length relationship between 
adolescent and adult growth phases was for males at mean length of 26.5 cm 
and weight of 118.1 g, and for females at mean length of 30.5 cm and weight 
of 201.6 g. These da,ta als0i show that males weigh less and are, on the 
average, 4 cm shorter than females at the end of adolescent stage. 

Ma t ta (1956b) obtained the ~nflexion point for females at 32 cm and 
for males at 29 cm at the same we'iight-length relationship in the Mediterra­
nean hake exceeding 16 cm li.n length. These va'lues may be taken as mean 
length at which hake mature. 

L a r r a fi eta (1970) sug.gested that bake smaller than 40 cm behaved 1iike 
pelag'c or semi-pelagic fish. Hi c k 1 i n g (1933), Grah a m (1956), W h e e-
1 e r (1969), Gr ino 1 s and Ti 11 ma ,n (1970) held that European hake 
abode surface or intermediate layers during juvenile stage inhabiting bottom 
not earlier than after the seoond year of age, at length of 20 cm. 

The relationship between growth and maturation of the hake from 
different areas of their geographical distribution is different. Thus after some 
authors (Belloc, 1929; Hickling, 1933; Hart, 1948; Svetovidov, 
1948; Maurin, 1954, 1968; Bagenal, 1954; Figueras, 1955, 1964, 
1965; Castro, 1955; Bas, 1964; Zupa111ović, 1968; Wheeler, 1969; 
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Bou h 1 a 1 and K tari, 1975) the differences between the Mediterranean 
aind Atlantic hake are considerable. 

Spawning 

:Z u p a nov i ć (1968) reported a spawning ground of hake in a shallower 
area of the open middle Adriatic (between 100 and 150 m) in summer. Catches 
realized from that area ,in summer oontained rather large number of mature 
individuals, in spawning or spent conditions. This author also found ripe 
male and female hake between the islam.ds Vis and Palagruža in winter 
(Fig. 4). 
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The earliest spawning begins in deeper waters in winter aind as the 
spawning season progresses hake spawn in shallower waters (spring-summer). 

Ma urin (1968a) established that during spawning the hake spawning 
stock from the Morocco waters concentraterl between 100 and 200 m; older 
individuals coming from greater depths and younger individuals from different 
layers o.f the continental shelf. 
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Fig. 5. Distribution of hake larvae and postlarvae in the Adria tic. Dotted areas = study area; black c-ircles = positive sta­
tions; circles with numbers = stations of the HVAR Expedition - 1948/1 949 (after J. Ka r 1 ova c, 1965) 
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K a r 1 o v a c, J. (1965) recorded young hake larvae from October through 
June. The highest numb2rs were recorded in January and February. Larvae 
and postlarvae were maiinly distributed between 40 and 200 m, the highe3t 
number of rindividuals ma'inly caught between 50 and 100 m (Fig. 5). 
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Temperature ranged from 11.1° to 20.3°C. On the average, the highest 
number of specimens per haul was caught at temperature ranging from 
12.6°C and 13.0°C and between 14.1°C a,nd 14.5°C. Sali'Ility varied from 37.09 
to 38.75 X 10-3 at the same stati,ons. Frequency of the number o.f specimens 
was hi-ghest at saLinity rangmg between 38.01 and 38.10 X 10-3 and between 
38.41 and 38.50 X lQ-3_ 

Juveniles 

The occurrence of juvenile hake (7-15 cm) in the populatiOIIl in spring 
and autumn (Fig. 6) is probably due to the long spawning season. Females 
with ripe gonads were abundamt both in winter a:nd spring in the middle 
Adriatic. Males with ripe sperms were encountered all year round (2. u pa­
n O V i Ć, 1968). 

Juvenile hake were taken from a wide area over deep water only, off 
the edge of the shelf m the Jabuka Piit. This our assumption was supported 
by commercial trawl catches in the same area. Tog. 7. depicts rthe average 
catch of large, medium amd small hake per day of filishing iin the 1956-1966 
period. Max;imum commercial trawl catches of juvenile hake show two 
pronounced peaks. Both maxima of small hake i,n the Bl:itvenica fishing 
ground, in the Jabuka Pit, may be b"rought tinto connexion with the intensity 
of summer and wti:nter spawn:ing resp.ectively in the middle Adriati.c. 

Distribuhon of juvenile hake in the Jabuka Pit has always beem. asso­
ciated with strong, well defined and continuous pelagic traces cm echograms 
which presented diurnal m'igrations w.ith lthe movement of DSL in the same 
area. 
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Flow of gradient currents in the middle Adriatic (Zore, 1956 and 
Z o r e - A r m a n d a, 1968) in spring, summer, autumn and winter periods 
may have some connex.i.on with the distmbutiorn of larval and .postlarval hake 
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(see Fig. 5) as well as Wlith the continuous reoo.rds of juvenile hake in the 
Jabuka Pit (Fig. 8). 

LongitudLnal flows are prevalent in summer and winter a;nd transversal 
flows in spring and autumn. Northward directions prevail i,n spring antl 
southwesternward d:i1rections lin autumn along the eastern Adriatic ooast. 
These Hows in transient periods mean that the flow of the onshore direction 
prevails along the coast in sprmg causiing divergence. Such a divergence is 
probably related to water upwelling on the bisecting line in the Jabuka Pit 
(Z o r e - A r ma n da, 1968) 

In autumn, we have convergence imstead of divergence, because the flow 
shows an off-coast tendency. It is probably connected with the influence of 
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coastal water which cools down in cold periods (in autumn), sinks i:nto the 
depths and flows towards the Jabuka Pit in the bottom layer (Zore -
Armanda, 1968 ; Županović, 1969). 

The occurrence of divergence and converge:nce in the Jabuka Pit in spring 
and summer, caused by offshore and onshore flows, may accounlt for the 
rich catches of juvenile hake im the Jabuka Pit, particularly in the Blitvenica 
fishing ground. This was proved by B u 1 j a n (1974): »Possibly big catches 
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in Blitvenica are due to the effects of deep water upwelling from the adjacent 
Jabuka Pit, which - as we have seen - is pretty nutriient rich at the bottom«. 

Adolescents 

Measurements of morphometric characters of hake from the open middle 
Adriatic and channel area showed that they be:long to a single populati0111 
(2 U pa iil O V i Ć, 1968). 
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Local movements of juvenile and adolescent hake (F'igs. 9a-d and 10) not 
yet maiture, towards shallower-, channel waters of the middle Adriatic (Z u­
p a n o v ri ć, 1961 c) take place in &pring and autumn (Ta!ble 2). Length fre­
quency distribution in relation to depth is also indicative of the possibility 
of such a movement (Fig. 11). 

On the basis of bathymetric distrbiution in Fig. 11 it is appareint that 
adolescent hake "are present in the channel area of the middle Adriatic (below 
100 m) in the same period. After Ja r da s (1976) the ado~escent stage of 
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the Adriatic bake lasts approximately from 18 to 26.5 cm in le ngth aind 25 
to 118.1 g in weight for males, and up to about 30.5 cm in length and 201.6 g 
in weight for females. 

Thi,s onshore movement o.f adolescent hake is better shown in Fig. 12 
which depicts the movement of bake in August 1960 in the channel area in 
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relation to the open middle Adriatic. Bimodal curves for juvenile and adult 
hake and unimodality for adolescents in the charmel area are best illustrative 
of this fact. 

Adults 

In general, adult and juvenile hake migrate onshore, towards shallower 
waters of the middle Adriatic in sprimg, adults for spawning and juvemiles 
and adoiescents for food. After spawning (100-150 m) adults migrate itowards 
deeper waters in winter, wintering toghether with the juveniles in the same 
area (Fig. 13). 
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Onshore migrations of adult hake and vice versa can be seen in Table 2, 
as well. 

Analogous movements of European hake in the waters of Great Britain 
and Ireland were reported by Hi c k 1 i n g (1927). 
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Table 2. Hake catches in the areas of open and channel middle Adriatic (1956-1958) 

No. of 
No. of Mean Weigth hauls of 

Season Are a specimens length (kg) an hour 
(cm) duration 

Summer 0pen middle Adriatic (1956) 1.479 23.95 214.13 24 
Channel area of the middle 
Adriatic (1957) 478 20.73 40.90 24 

Autumn 0pen middle Adriatic (1956) 522 25.22 93.81 24 
Channel area of the middle 
Adriatic (1957) 964 21.73 94.37 24 

Winter 0pen middle Adriatic (1957) 604 22.22 81.23 24 
Channel area of the middle 
Adriatic (1958) 701 21.00 68.07 24 

Spring 0pen middle Adriatic (1957) 518 25.12 81.04 24 
Channel area of the middle 
Adriatic (1958) 577 25.02 67.35 24 

Total 0pen middle Adriatic (1956/1957) 3.123 24,02 470.21 96 
Channel area of the middle 
Adriatic (1957 /1958) 2.700 2.2.04 270.69 96 
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Nutrition and growth 

Feeding 
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Ju ki ć (1972) found feeding intensity of hake from the charrunel area of 
the middle Adriatic to show two peaks, one in winter amd the other in spring. 
Both maxima this author brought into connexicm with the occurrence of 
large quantities of small pelagic fish @ which ha1ke inrtensively feed. Tem­
perature variations at bottom and variations i.Jn feeding intensity showed 
no correlation. In addition to small pelagic 'fish (Sardina pilchardus /Walb,/ 
and Engraulis encrasicolus /L./), Crustacea, w,ith peaks in autumn and spring, 
are very .important ~rod. 

Food 

Food habits of hake in the Adriatic and Mediterranean was studied by 
a 111umber of authors. Hake nutrition in the Mediterrainean, Adriatic and 
eastern Atlantic was studied in detail by M u ž ini ć aind K a r 1 o v a c, O., 
(1975) . Ka r 1 ova c, O., (1959) analyzed hake nutrition from the data of 
HVAR Expedi'.tion, 1948-1949. This autho:r found that smaller hake, up to 16 
cm, fed on orust.acea and la[':ger f.ish ma:iJnly on f:ish. Very ,irnportant among 
the Adriatic hake fish food items are sardine (Sardina pilchardus /Walb./), 
followed by Engraulis encrasicolus (L.), Scomber scombrus L., Boops boops 
(L.). Trachurus sp., etc. Kli r inč i ć and L ,ep e ti ć (1955) found stomachs 
of hake caught between 100 and 800 m fmm the southern Adriatic in 1951 
and 1952 to contain Crustacea (Nephrops norvegicus IL./ and Parapenaeus 
longirostris IH. Lucas/), Cepha1o,poda (Ommatostrephes sagittatus /Lam./ and 
Octopus vulgaris Lam.) and fishes (Scomberesox saurus /Walb ./, Scomber 
scombrus L., Trachurus sp. and Merluccius merluccius /L./). 

Crnko vi ć (1959) reported that stomach oontents of hake oaught from 
the northern Adriatic channels showed well represented s.prat (Sprattus 
sprattus sprattus /L./). 

:Z u pano vi ć (1968) examined stomach contents of hake from the middle 
Adriatic. This author found fish to make up 81.800/o of tihe total oontent, 
(mainly Sardina pilchardus . /Walb./ and Sprattus sprattus spratus /L./), 
Crustaoea 6.51%, Cephalo,poda 6.740/o and unidentifiled species 4.590/o, Analyzing 
stomach contents of hake from the same area Ju ki ć (1975) rproved findings 
of Ka r 1 ova c (1959) and :Z u pano vi ć (1968) tnat hake no t exceeding 1G 
om in length f.ed mainly on Crustacea and larger hake almo'st exclusively on 
fish . Food of hake exceeding 16 cm in length oontained mainiy the followjng 
fish species : Engraulis encrasicolus (L.), Cepola rubescens L., Sardina pilchar­
dus (Walb.), Spicara smaris (L.), and Boops boops (L.); the following Crustacea 
species: Stylocheiron sp., Penaeus sp. and Paramysis helleri (G. Sars) and the 
following Cephalopoda s,pecies: Loligo marmorae Ver. and Sepiola oweniana 
D'Orb. Ja r da s (1976) studied qualitative-quantitatiive composition of the 
food of hake from the open middle Adriatic (Jabuka Pirt) . Thi.is author also 
found that hake food contained fish, Crustacea and Cephalopoda. Fish oonsti­
tuted 62.80/o, Crustacea 35.70/o and Cephalopoda 1.6°/11. Of fish Trachurus sp. 
were best represented (20.40/o) , of Crustacea Alpheus glaber (Olivi) (28.90/o) 
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and of Cepha1opoda Alloteuthis subulata {Lam.) and Sepiola sp. (1000/o) . Fish 
made up 97.50/o ,of the total weight, Crustacea 2.3°/11 a.nd Cepha10tpoda 0.40/o. 
Obtained freq.uency index showed that hake prefered fish (f = 0.74), Crustacea 
are secondary food (f = 0.38) and Cephalo,poda occasional food (f = 0.02) . 

The analysis of stomach contents of hake from the channels of the middle 
Adriatic in the 1957-1958 (:Z u pano vi ć, 1961c) and from the same stations 
in August 1960 is presented by months in Table 3. 

As shown by Table 3. f:ish -(Sardina pilchardus /Walb./, Sprattus sprattu5 
sprattus /L.I, Cepola rubescens L., Spicara maena flexuqsa Raf., and Engraulis 
encrasicolus /L./) were dominant. Thi,s is rin broad agreetnent with the findings 
of authors who studied hake feeding in the middle Adri1;ttriie. 

Piccinetti and Pic,cinetti-Manfrin (1971) also reported fish 
to dominate the food of the hake from the northern Adr~atic (56 .30/o) at length 
Olf 14.0 to 42.5 om. Best rE\presented ·fiish were Sprattus sprattus sprattus (L.), 
Engraulis encrasicolus (L.), Sardina pilchardus (Walb.) iand Trachurus s,p. These 
authors a1so reported larg.er quantities of Crustacea in stomachs of smaller 
size hake. F r ,o g 1 ia (1973) also analyzed stomach contensts of hake from 
the middle Adrjiatic (Jabuka Rit). A year ,old fish mainly fed on Crustacea 
(Euphausiacea, Mysidacea and Amphipoda) and on mesopelagic fish Maurolicus 
muelleri (Gmelin). Larger fish ate other .fish species, primarily Clupei:fonnes, 
and of Crustacea Decapoda. 

Y anno po u 1 o s (1976) also reported Crustacea to be the princiipal food 
o-f smaller size hake fr.om the Greek waters. 

H i c k 1 i n g (1935) found larger hake ,f.rom the northern Atlantic to prey 
on fish and Cepha,lopoda. Fish, blrue whiting (Micromesistius poutassou /Risso/), 
mackerel, smaller hake, horse mackerel and herring a:ssumed dominance as 
the fish grew liarger while smaller hake included Euphausiacea (Meganyctipha­
nes norvegica IM. Sars/). 

L ara fi -eta (1970) was of the apini,on that small hake, up to 10 cm in 
length, from the levantine coasts of Spain, fed mainly on pelagic Crustacea; 
in 11 to 19 cm fish Crustacea oonstituted 50°/o of taken food whHe fish larger 
than 20 cm fed mainly on fish of which Sardina pilchardus (Walb.) and 
Engraulis encrasicolus (L.) dominated in these waters as well. For larger fish 
small Crustacea items oonsumption was liamted to Macrura Natantia, Decapoda 
larvae and Euphawsiaoea. 

M auri n (1954) found ha:ke from Movoccan waters to feed mainly on 
anchovy (Engraulis encrasicolus '/L./), Crustacea and Cepha1opoda. 

D om a ne v s ki and Pat okin a (1981) reported for hake from the 
oontiinental shelf waters of Moroccan Atlantic ooast to feed mainly on fish 
(89-430/o), Crustacea (8.070/o), Cephalopoda (1.211 O/o), P.olyohaeta (0.080/o) and 
Eohinodermata {0.020/o) . Of fish Trachurus trachurus (L.) (27.36°/&), Scomber 
japonicus Hout. (21.500/o), Engraulis encrasicolus (L.) (15.260/o) were most 
frequent, of Cm~tacea Euphausidae (5 .35-0/o) and of Cephalopodc\ Alloteuthis 
subulata (Lam.) (1.090/o). 



Table 3. Composition of ha_ke stomach contents in the channel area of the middle Adriatic during 1957/1958. 

M o n t h 

VI VII VIII IX X XI XII I II III IV V VI Total 

Pisces: 

Sardina pilchardus (Walb.) 6 2 36 9 4 9 3 4 19 92 

Sprattus sprattus sprattus (L.) 3 8 10 2 12 10 2 47 

Cepola rubescens L. 3 1 3 7 3 1 1 19 

Spicara maena flexuosa Raf. 2 2 8 4 16 

Lesueurigobius friesii (Malm.) 14 14 

Engraulis encrasicolus (L.) 1 2 2 3 1 1 2 1 13 

Antonogadus megalokynodon (Kolombat.) 1 1 2 3 3 1 11 

Boops boops (L.) 3 3 1 2 9 

Merluccius merluccius (L.) 1 3 2 2 8 

Spicara smaris (L.) 1 2 2 8 

Trisopterus minutus capelanus (Lac.) 2 1 1 3 7 

Aphia minuta (Risso) 4 2 1 7 

Scomber (Scomber) scombrus L. 1 1 2 2 6 

Citharus linguatula L. 1 1 2 1 1 6 

Deltentosteus quadrimaculatus (Val.) 1 1 2 4 

Serranus hepatus (L.) 1 1 2 4 

Gobius sp. 1 1 1 3 

Gobius niger L. 1 1 2 
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Diplecogaster sp. 

Mullus barbatus L . 

Syngnathus sp. 

Callionymus maculatus Raf. 

Pagellus erythrinus (L.) 

Trachinus draco L. 
Atherina sp. 

Unidentified fish 

Crustacea: 
Penaeus sp. 

Upogebia litoralis (Risso) 

Alpheus glaber (Olivi) 

Squilla desmaresti Risso 

Unidentified 

Cephalopoda: 

Sepiola oweniana D'Orb. 

Sepia elegans D'Orb. 

Loligo marmore Ver. 

Undientified 
' ·- - --- ... ----------~ 
Rest 

Total 

1 

2 

1 

7 11 

1 1 

1 

3 

1 

4 

1 

1 

6 47 39 
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2 

1 

1 

1 

2 14 15 
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3 1 

1 1 

1 1 
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3 
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1 
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9 11 4 
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1 1 
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7 6 2 

1 
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3 

1 

1 

2 

2 
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1 
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1 
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81 
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3 

22 
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Growth rate 
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Growth rate of hake shows chversity wit hin the limits of their geographi­
cal distribution. In the Mecliterranean, after B e 11 o c (1929), hake from the 
northern Afrti.can ooasts arttain mean length of 30.0 <lffi in 8 years. On the 
other hand, hake fo:•,om Spanish waters atta:i!n 75 .0 cm in 7 years. In the 
Atlantic, in the vicinity of Ire1and, Scotland, the Bay of Biscay and Morocco, 
hake attain the lengths of 65-67.9 cm; 68 cm, 61-71 cm and 78 cm 
respectively in 8 y,ears (Figu era s, 1964; Ina da, 1981). 

Females often attain greater lengths than males w,hich g,ro;w slower 
after maturation at age of 3 or 4. B age na 1 (1954) held that there was no 
difference m growth rates between male and female ha~e up rto 3 years 
of age. Ja r da s (1976) obtained (tin the Jabuka Pit) that inflexion points 
between different growth phases in allometric relationship of weight and 
length occurred always at smaller 1'ength and weight in males than in females. 
At the inflection pomt between adolescent and adult stage this difference was 
4 cm in length and 84 g in weight. This is indiicative of the .fact that in the 
maturabon phas.e some differences in growth rate ocour. 

As distinct kom the eastern At1antiic, the areas .of hake faster and slower 
growth were observed in the Mediterranean. This is well evtlident in Fig. 14 
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Fig. 14. Graphical presentation of hake growth 
in the Mediterranean 

which presents hake growth rates in the Med~terranean. B e 11 o c (1929) held 
that the Mediterranean hake belonged to the nain growth (36 om for indivi­
duals of 13 years of age in relation to Atlantic 80 ,cm) in relation to the 
Atlantic hake. Mat ta (1956,a and b) also recorded slow g:rnwth of hake 
from Libyan waters which is ,i,n agreement with the results of B el l o c. Slow 
hake growth was recorded also by Kut a y g i 1 (1965) from the Marmara 
Sea. 
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On the other hand, the analyses of hake growth rate in the waters of 
Tunisia (B o u h 1 a 1 and K tari, 1975), for the middle Adriatic (G hir a r­
d e 11 i, 1959; Z u pano vi ć, 1968; F 1 a migni, 1983), for Sardinia (D u­
p on t, 1972), and the Gulf of Lyon (Let a c on no u x, 1955) p.ointed to a 
very siimilar growth trend. Data on hake growth on the levantiine coast of 
Spain (Figu era s, 1955, 1965) are indicative •Of slightly s1ower growth in 
relation to the northern Med:iiterranean. 

Obtained values of hake growth rate iin the Mediterranean are, to a 
certain extent, in agreement with the data on vertebraI oounts in respective 
areas (Ma urin, 1965). 

Behaviour 

Diurnal changes in the catches of hake 

Diurnal and seasonal migrations of hake can affect the catch oonsiderably. 
Diurnal changes in the number of hake are often f.ollowed .by oorresponding 
changes in theiir size compositlion. Hi c k 1 i n g (1933) stated that .in catches 
of hake off Ireland smaller fish showed the greatest diurnal variations in the 
catch decrease with liincrease in size of fish. 

Variations in size col'Illposition have been evident, not only between niight 
and day but also within di:Merent .periods of day. W o od h e a d (1964), ana­
lysing the trawl catches in the Nortih Sea from dawn to dusk, showed that 
the average lengths of both whiting and haddock tended to increase during 
diurnal trawling. The greatest number of simall fish was caught in the 
first haul after sunnse while the largest fish were obtained in the catches at 
dusk. 

Diurnal variations in catoh rniight a1so be related to the behaviour of 
hake in response to the gea,r used. The results •of ex.perimerlts performed in 
the middle Adriatic during dayhght hours in summer, autumn, winter and 
sprin,g periods were analyzed and the diru:rnal changes in tihe catches of hake 
are shown dn Fig. 15 (Z u pano vi ć, 1969). 

F:rom the data presented iit may be seen that the largest catches were 
obtained mainly in the first haul after sllru:4'>e. The only exc~ption was the 
catch olbtajned in lohe summer per:iod, when tihe g,reatest number of mature 
males and females was caught (Z u pano v ~ ć, 1968). Changes in physlological 
oonditi.ons probably brought about this variation in the pattern of diiurnal 
apperance of hake in the oatches. In ,other seasons the diurnal changes in the 
catches do not show essential variations. 

In all the seasons there is a gradual decrease in the number of hake 
oaught, as the day ,progresses. ThiJS might be due to the ohanges .in light 
intensity and the visual reactions of hake to bright daylight. This is in con­
formity with the res,ults of observations made by B 1 a x t e r et al. (1964) in 
tank.s ai11d at the sea, that vi:sion is the most irnportant factor determining 
the behaviour of fish :in relation to fishing gear. But the visual ca.pabilriti.es 
of hake appear to be better ex:pressed in the greater average lengths of hake 
in these catohes which might be associ.ated with the greater transparency 
of the sea water and the greater capability of smaller fish to escape through 
the meshes of the net es.pecially its front part. This jg probably the reason 
far the relatively less number of smaller fish in these catches. 
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Fig . 15. Diurnal fluctuations in hake catches 
(from dawn to dusk) for summer, au­
tumn, w,inter and spring in the middle 
Adriatic 

In!Jressions and hake catch 

Le Dan o i s (1922, 1938) establiished the -correlation between rtransgres­
si,ons of more saline Atlantic water and movements of many demersal fishes 
along the eastern Atlantk coast. This author believed that there was a 
correlation between the flow of more saline transgressfon Atlantic water at 
the bottom and abiding or mig.ratton of a hake population. This may be 
a,pplicable to the catches of hake in the Adriahlc. Salted aspect of the Adriati-c 
caused by ingressions of more saline Mediterranean waters is associated with 
the temperature increase in the Adriatic as well as with an increase of pri­
mary production (B u 1 j a n, 1953, 1957; Zore - A r ma n da, 1963, 1969, 
1984). Increased saldmty and temperature in the Adr:iatic in individua! years 
due to ingression probably results in a better smvival of larval and postlarval 
stages, like lin sardine, ('.Z u pano vi ć, 1985). The r esults are felt a few years 
later by better commercial catches of hake. 

Such a relationsh'irp between the catch of small, medium and large hake 
in the al'ea of Blitvenica and salinity variatiiions at the bottom of the Jabuka 
Pirt and Palagruža Sili in the 1951-1980 period is given in Fig. 16. 
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Fig. 16. Relationship between catches of large. 
medium and small hake in the area of 
Blitvenica and salinity variations at bot­
tom in the Jabuka Pit and on the Pa­
lagruža Sill in the 1951-1980 period 
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Fig. 17. Relationship between surface tempera­
ture var<iations in February, March and 
April and catch of small, medtum and 
large hake in the area of Blitvenica in 
the 1953-1980 period 
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High salinity and the oocurrence of small hake in the area of BHtvenica 
in the 1958-1967 periiod and strong ingression from the Mediterranean iii. 
1968-1970 are presumably a.ssociated with tthe big catches of medium and 
large hake after the perii0d of ingression (1971-1977). At ithe same time better 
survival of la.rval and postlarval sta,ges was reflected as a sudden increase of 
catch -of juverrile hake in the 1974- 1977 period. 

F1uctuations of srnall hake were r eonrded by H i c k 1 i n g (1946) as well 
in the waters of Seven Stones Lightship. 'Mass occurrence of small hake this 
aruthor br-0ught into oonnexion with the fav-ourable and unfavourable surface 
sea water temperatures during postlarval stages of hake. Moreover, this aruthor 
obtained the ,posilive oorrelation (r = ± 0.742) between high surface tempe­
rature at Seven Stones Lightship and hake abundance 5 years later. 

Studies of sur,fa.ce temperature variations in the Jabuka Pit in February, 
March and ApriJ in the 1953 rflhrough 1980 period when the highest number 
of larval and postlarval hake was recorded (J. Ka r 1 ova c, 1965) and 
observations of catches of small, med'iJum and large hake are iiildlicative of 
their interrelations (F:iig . 17). Hi.gh surface temperatures in February and March 
were mainly acoompanied by better commer-cial catches of hake several years 
later and vice versa. 

Population 

Density 

Values of relative and absolute hake :population density witrnn. demersal 
stoc~ in the Adriatic has been so far observed in the channel area of the 
middle Adriiati-c (Županovi ć, 196'1c) ,in the 1957-58 period, open southern 
Adriati,c (Me r k e r and Nin č i ć , 1973) and in the Bay of Boka Kotorska 
(Le pet i ć, 1965) in the 1963-1964 period. 

Relative dens:i,ty defines -the position of a species by frequency in a stock 
during the year on a continulity bas:is, while absolrute density defines the 
posi,tion of a species with resipect to the total number of reoorded specimens 
-irrespective of the frequency i.n the course of a year. 

Compar:ison of the data for dif:f.erent study areas showed hake to occupy 
hi;g:hest positi!Ons as to 1Jhe density in demersal stocks on muddy bottoms in 
deeyer waters of the open m:iddle Adriatic (Table 4). On these bottoms hake 
occurpied 1 th to 3:rct positions as to the relative density and 1 th to 4th positions 
as to 1Jhe abs.olute density. As to the number of indivdduals hake made up 
9.54-66.94°/o. On mix,ed muddy-sandy bottoms and in less deep waters hake 
occu:pi-ed 5th to 9th positions with .percentage presence of indiv:iduals of 
2.12-5.660/o. After earlier data •of HVAR Expediition the most ,abundant 
catches of an hour duration w,ere realized in the middle Adriatđ.c, that ilS in 
the J atbuka Pit as well as more &outhwa:rid (K a r 1 o v a c, O., 1959; M u ž i­
ni ć and Ka :r 1 ova c, O., 1975). 

Hake occupied lower positions in demersal stocks of other study areas. 
'I1hus in the channel area of tihe middle Adriatic they occupi-ed 4th -to 14th 

positions (relati-ve density) and 5th-14th positions (absolute dens,ity), with the 
percenta.ge pr,opo:rmon of individua1s of 0.18 to 6.920/o (Županovi ć, 1961c). 
Hake ocoup:ted higher positions, as in the middJe open Adriatic, on muddy 
bottoms. 
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Table 4. Position of hake with respeet to relative and absolute density within 
demersal stoeks in the areas of Jabuka Pit and Blitveniea (1956-1967) 

Station 

H-40*** 
H-43 
H-44 
H-46 
H-47 
H-48 
H-50 
H-52 
H-53 
H-54 
H-56 
H-57 
H-58 
H-61 
H-62 
H-66 
H-67 
H-71 
H-7:? 
H-76 

Depth 
(m) 

115-181 
210-220 
199-220 
216-223 
186-199 
164-188 
241-256 
183-188 
166-178 
146-168 
168-188 
150-170 
137-180 
146-159 
153-170 
130-135 
126-137 
117-123 
97-112 

104-111 

Bottom Relative Absolute 
type* Position Points MNPP** Posi- No. of 

e.l. 
I. 
I. 
L 
Le. 
e.L 
e. 
Le. 
e. 
Le. 
e.l . 
Le. 
Le. 
L 
e. 
L 
Ls. 
Ls. 
Le.s. 
e.l.s. 

2 
1 
1 
1 
2 
1 
1 
2 
1 
3 
2 
2 
2 
3 
2 
3 
5 
5 
6 
6 

77 
68 

139 
87 

115 
146 

50 
95 

128 
89 
65 

115 
117 

78 
136 
95 

111 
75 
25 
42 

120 
80 

150 
100 
140 
160 

50 
120 
140 
110 

80 
140 
140 
100 
170 
140 
190 
160 

60 
110 

tion indiv. 

2 
2 
1 
1 
1 
1 
1 
3 
2 
3 
2 
2 
3 
3 
3 
4 
5 
5 
6 
9 

1,701 
1,710 
8,842 
1,947 
2,502 
5,507 
1,306 
1,574 
3,005 
1,630 

590 
1,643 
2,028 

820 
1,351 
1,039 
1,097 

550 
171 
293 

O/o 

15.49 
31.34 
53.66 
23.68 
27.95 
33.31 
66.69 
20.04 
24.93 
17.71 
14.58 
18.82 
17.10 
12.18 
13.27 
9.54 
5.66 
3.48 
2.59 
2.12 

* e. = clay, 1. = loam, e.L = clayey-loamy, Le. = loamy-clayey, l.s. = loamy-sand, 
Le.s . = loamy-clayey-sandy, e.Ls. = clayey-loamy-sa ndy 

** Maximum no. of points possible 
* * * Stations m a rked with letter H eorr espond to the stations of HV AR expedition 

1948-1949 

Me r k e r and Nin č i ć ·(1973) establrished that hake occuipied 2nd to 
9th,(12th) positions (relatirve density) and 2 nd to 11 th positions (absolute density) 
w,ith :percenitag-e presenoe of 1.47 to 9.490/o between 100 and 200 m depths in 
demersal stocks ranging from 10 to 500 m . At .greater depths (200-500 m) 
hake occupied -llth to 19t h ,p.ositions {relative density) and 9th to 20th positions 
(aibs.olute dens:itty) with the ,percentage presence of 0.27 to 2.100/o. 

Rake showed lowesrt densii.ties in the bay of Boka Kotorska occupying 
10th to 15th .positions (relative densirty) and 10th to 18th posit1ons (absolute 
density), with .percentage presence o·f 0.24-0.770/o (Le pet i ć, 1965). 

These data dearly show that positions of hake in stocks with res1pect to 
density and percentage presence are more clearly marked in the open middle 
A,driatilc than in other study areas as well as on muddy bottoms than on 
other ones (muddy-sandy and sandy bottoms) as well as at depths of about 
200 m. These data ,are also indicatiive of optimum ecological factors relevant to 
hake distribution. 

Sex ratio 

Sexual dimoi,phism of hake is given in Fig. 18. Male/fema1e hake ratio 
showed males from the channel area of the imiddle Adriatiic to be more 
aibundant at smaller lengths, and females at ,greater lengths. Maximum male 
length was 37 cm and that of female 55 om. 
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Age composition 
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Ha:ke from the middle Adriatic was aged using otoliths. Standard otolith 
types showed clearly distinct hyaline zones from the op.aque zones. Fig. 19. 
s:hows several specimens of standard otolith types in ha:ke caught from the 
Jaibu.ka Pit in October 1963 and July 1965. Given otoliths are from O to third 
age group. 
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Fig, 18. Length frequencies of male and 
female bake in the channel 
area of tbe middle Adr'iatic in 
1957/1958 

Central zone or nudeus consisted of opaque substance in a majoriity of 
otoliths. Other opaque zone appeared on several occasions as double or multi­
ple structure, consisting of two or more thin tapes separated .from one another 
by that thdn hyaline tapes. Those >►false rings« in summer period between 
age 2 and 3 are presented in Fig. 19.7. They may be due to some sudden 
changes of environmental factocs or to some physiological changes (spawning) 
duxing a normal year. ►►False rings«, oonsisting of several unfinished and 
closely arranged sclerites may also be rthe result of some changes in the way 
of life of juvenile fish. Two this type otoliths of O age group of hake are 
given in Fig. 19 (8a and b). Narrow concentric and unfinished annuli round 

-----------------------------------
F i g 19. 1. Otolith of tbe bake L = 10.0 cm, group I, October 23, 1963 

2. Otolith of the hake L = 10.9 cm, group I, October 23, 1963 
3. Otolith of the hake L = 13.6 cm, group II, October 23, 1963 
4. Otolith of the hake L = 15.2 cm, group II, October 22, 1963 
5. Otolith of tbe hake L = 27.4 cm, group II, June 26, 1965 
6. Otolith of the hake L = 30.0 cm, group III, June 26, 1965 
7. Otolith of the bake L = 31.8 cm, gropu III, October 4, 1965 
8. a) Otolith of the hake L = 6.7 cm, group O, October 23, 1963 

b) Otolitb of the hake L = 7.7 cm, group O, October 26, 1963 
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nucleus in ,the summer period are probably ind:icative of habiitat ohanges, 
that is from ,pelagic to demersal way of life, associated with the changes in 
food habits. This phenomenon is rather frequent in up to 6 months old bake 
from the Ja!b,uka Pit in summer-autumn period. In some oto1iths the first 
opaque zone was much wJder than normal, its center consisting of an indistinct 
mass of hyaliine and o,paque ZiOl!le. No clear opaque z;one oould be distin­
guished in the centra} part in this case. One ,possible explanation may be 
very marked indentation of otoliitbs during the first year of age of hake. 
The first opaque zone, consequently, appears much wider than in normal 
otoliths. 

Percentage age compos:ition of hake from the middle Adriatic (1963---1966) 
is showrn in Fig. 20. A total of 1487 specimens was analyzed. The maximum 
age recorded was 9 years . 
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Fig. 20. Percentage age composition of 
hake from the middle Adriatic 
(1963---1966) 

Firom hystogram on Fig. 20 it is possible to obtain the number of hake 
individuals per each age grou,p. Of 1487 analyzed individuals 7.260/o of fish 
be1onged to O age group, a year old individuals were represented by 29.460/o, 
two year old fish by 21.120/o,, three year old fish by 17.550/o, four year old 
fish by 13.850/o, five year old fish by 6.050/o, six year old fish by 3.23°/o, seven 
year old fish by 1.01 °/11, eight year old fish by 0.400/o and rone year old fush by 
0.070/o. 

Total .length frequency distri:butfon of all the analyzed hake individuals 
is given in Fig. 21. Polymodal curve is .i.ndicative of the fact that different 
age .groups were differently represented in the population. Juvenile hake 
dominated in catches. 

Length frequency distributions 

Length frequencies of hake from the Jabuka Pit were analyzed by months 
and years at depths of 150-200 m (Fig. 6). Shift of modal leng,ths in different 
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Fig. 21. Length frequencies of all hake 
specimens analyzed caught from 
the middle Adriatic from 1956 
to the end of 1966 

months may be not only a good inc;hcator of the population growth but also 
of juvenile hake movements. Mode.s of length of small hake show mainly 
two peaks in s,priing-summer and one peak in winter period. This a:bsence of 
second winter mode may be due to a ohange in food habits of small hake or 
reflect movement of srnall fish to shallower waters. 

Length frequencies of hake from ·the channel area, open middle Adriatic, 
between Vis and Palagruža islands, and in the coastal area of Montenegro are 
given .in Fig. 22. Mean size of hake from the Montenegro coastal area exceeds 
that of the hake from the middle Adriatic. 

Weight-length relationshiip 

Ja r da s (1976) examined the relation of weight to length in 295 hake 
specimens of 15 to 51.5 cm in length .from the central part of the open Adria­
tic. Author obtained three distinct growth phases in both sexes. These ,phases 
1ast slightly different in males and females. The first (juvenile) phase lasts 
in males until they reach 18 cm, the seoond (adolescent) phase extends from 
18 to 26.5 cm and th!ird (adult) beyond the limits of adolescent phase. 

In females the second phase extends up to the mean lengffi of 30.5 cm 
and third rn fish exceecling this length. 

Negative allometry was obtained 'in juvenile males (n = 2.625) . and posi­
tive allometry for other two phaces (n = 3.235 and n = 3.161). In adolescent 
females the relation of weight to length li.s alrnost ~deal (n = 3.033) while 
negative aHometry was obtained in adu1t females (n = 2.862). 
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Mat ta (1956b) obtained a constant relationship for both female and 
male hake exceeding 16 cm !in length (n = 3.01 for females and n = 2.80 for 
males). The inflexion point was at about 32 cm for females and about 29 cm 
for males. The inflexion point in the Adriiatic hake is after Ja r da s (1976) 
at slightly smaller lengths. 
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Y a u no po u 1 o s (1976) reported a constant relationship (n = 3.153, 
r = 0.89) for hake from Greek waters, on the basis of measurements of 504 
ind:ividuals of 10 to 53 cm in length. 

F 1 a migni (1983) obtalined for male hake from the northern and middle 
Adriatic from May and November 1982 the following values: n = 3.16- 3.35, 
and for females n = 3.26-3.317. 

Exploitation 

Catches 

The total catch of hake in the Adriatic amounts to about 2,600 tons per 
year (A le gr i a - H e r na n d e z et al., 1982). The largest hake catches 
(about 70 percent of the total) are realized from the middle Adriatic. Tnat 
is why some data relative to the hiology and stock assessment of these f.ish in 
this area are dmportant to biologists and economists, particularly since the 
largest hake catches occur in that area (Jabuka Pit) where the :impact of 
man's activities is most intensively felt. 

In addition to hake considerable quantities of Trachurus sp. Gadidae, 
Nephrops norvegicus (L.) and Alloteuthis sp. are also caught in this area. All 
of these species are of oommercial importance. 
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Hake catch by Yugosfav trawlers in the area .of Blitvenica (in the Jabuka 
Pit) in the 1956-1980 peri.od is given in Fig. 23. Data .on the number of 
effective fismng days by individual years are also given in Fig. 23. 

An analysis of hake catch variations in the area ,of Blitvenica in the 
1956-1980 period shows the total catch as well as the catch of medi,um and 
large fish to decrease up to '1970 with a sudden catch increase thereafter up 
to 1977. As distinct from medium and large hake small hake behaved quite 
differently in the same area. A considerably increased catch of small hake 
in 1958 and 1977 is presumably the consequence of ingression of more saline 
and richer Mediterranean water into the Adruatic, which also affects tempe­
rature increase. These fluctuations of small hake in the area of Blirtvenica 
are not a regular phenomenon repeating from one year to another, they are 
subject to the fluctuati-ons of »weather regime« (2 u pano vi ć, 1968). 

Variations in hake catch in the Blitvenica fishing ground are simdlar to 
those for the entire Adriatic (A 1 e gr i a - H e r n a n d e z et al., 1982). 

Le vi and G i a ne t ti (1972) established, on the basis of an analys.is of 
the relationshlp between the total hake catch and catch per unit effor,t for 
the 1958-1969 pedod, tha,t hake stock was overexplotted in the areas where 
Italian :fisbermen operated and tbat reglementation of fisbing effort was 
necessary. Similar trend was reported for the Blitvenica area for tbe same 
period (A 1 e g r i a - H e r n a n d e z et al., 1982). 

Fisbing inten.sity and fisb stock 

On the basis of cobort analysis 2 u pano vi ć (1968) esttmated coefficient 
of tortal mortality of hake from the middle Adriatic for tbe 1963-1966 period 
to be Z = 0.79. 

Tbis was proved by later analyses. Index of variations of bake abundance 
in tbe 1970-1979 period showed total mortality coefficient to be tbe same 
(Z =0.79). Similar values were obtained by tbe experiments of the codend 
selectiv1ty in bottom trawls (Z = 0.77). On the basis of obtained values 
A 1 e gr i a - H e r na n d e z et al. (1982) came ·to tbe conclusion tbat tbe 
level of hake exploitation in the middle Adriatic had remained more or less 
the same for the last 20 years. 

Tbe mentioned studies deal with the relationship between fisbing inten­
sity in the Adriatic hottom trawl fishing and hake stock size. From such 
relationship an attempt was made to assess tbe ma:ximum sustalinable yield 
(MSY) of the population with correspOIIlding optimum fishing effort (f. opt.) . 

On tbe basis of obtained parameters of bake exploitation in tbe Adriatic, 
A 1 e gr i a - H e r na n d e z et al. (1982) calculated maximum sustainable yield 
to vary between 2,819 tons/year (exponential model) and 3,373 itons/year 
(linear model) witb oiptdmum fishing effort between 54,349 (eXiponent.ial model) 
and 62,638 (lineair mo,del) fishing days per year. 

The first standing stock assessments of the hake in the Adriatic with 
respect to the exploitation intensity were given by J u k d ć and P i c ci­
ne t ti (1979). Applying »trawt-survey methodology« after A 1 v e r s on and 
Pere y r a (1969) they assessed tbat bake standimg stock in the Adriatic ran-
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ges between 3,657 and 7,383 tons (after A 1 e gr i a - H e r na n d e z et al., 
1982). 

The technique used to determine the sta:nding stock for demersal fish 
and the limitations of such estirnates have been discussed by A 1 v e r s on 
et al. (1964). The method is based on the assumption that catch per unit 
effort is a function of stock density within the r .• ·ea being surveyed and that 
chainges in catch per unit effort are rUrectly proportional to the changes i,n 
deinsity (Ricker, 1940; Gulland, 1964; Alverson, 1971). 

In these calculations of the standing stock of commercial catch the 
coefficieint of vulITT.erabiLity (q) is equal to 1.0 (A 1 v e r s on, 1971). 

It J:s unHkely that the coefficent of vulnerabillity ever reaches this value 
(q = 1.0) si:nce authors believe (K reu z e r, 1964) that a trawl captures and 
retains different percentage of the fish in its path, varying from the species 
to species. Although there was a marked increase in efficiency w~th speed 
(S ch a r f e, 1961) and a con!Siderable difforence between day and night it 
was determirned that a miinimum efficiency of trawl varied from 19 to 35 
percent (Jones, 1962; Dickson, 1975; Robertson, 1977). 

Therefore, an ,estimate of the effective pathw.idth of a trawl - using hake 
data from the Blitve.nica area - should indicate a degree of efficiency based 
on »catchability« figures from which an assessment of the trawl efficiency 
could be deduced. 

An estimate od' the effective pathwitdth of a trawl foom the Blitvenica 
area - using hake data. 

The. method used follows that devised by Jo ne s (1962) relating thP 
fishing mortality F (in the equation Z = M + F) to the percentage of each 
square mile that is effectively swept in one year. Details of the method are 
gj,ven as an appendix to a review of bo1Jtom trawl efficiency (Di c ks on, 
1974, 1975). 

The method is more easily UIIlderstood if tunned around so that the effi­
ciency of the trawl in taking a certain percentage of the fish withim its 
measured otter board spread !i.s known and the percentage of each sqare mile 
(on the average) that is swept each year is known, then fishirng mortality (F) 
can be calculated. On the contrary an independent estimate of (M) should 
make possible an estimate of trawl gear efficiency. 

Using hake data from the Blitvenica area (Table 5) a regression analysis 
of this table gives: 

intercept a 
slope b 

where F 
A 

H 

0.408 = esfamate of natural mortality M 
6.5 X 10-4 = F/AH, 
f1shing mortality at a g,iven rate of exploitation 
area of staltistlcal squares (Blitvenica) in which hake abound 
say between 150 and 210 m depth or 55 square nautical miles 
hours fisrnng per ~quare mile per year 

Since the data refer to no more than few years the 950/o confidence 
limits for the slope are wide and the foliowing estimates are no more than 
indicative I 

b = 6.5 X lQ-4 ± 4.6 X 10-6 
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Table 5. Estimated values of the total mortality coefficient (Z), fishing effort (fJ 
and fishing mortality coefficient (M) of the hake population in the open 
middle Adriatic (Blitvenica) for period 1970-1979 (after A 1 e gr i a -
H e r n a n d e z et al., 1982) 

Year f z F 

70/71 251 0,597 0,163 
71/72 356 0,777 0,231 
72/73 653 0,765 0,424 
73/74 594 0,954 0,386 
74/75 518 0,412 0,337 
75/76 705 1,137 0,458 
76/77 641 0,566 0,417 
77/78 866 0,943 0,563 
78/79 706 0,956 0,459 

Average 588 0,790 0,382 

q = 0,0006498 M = 0,408 

Proportion of each square mile that is effectively swept in each year, 

HWV 
followiing Jo ne s (1962), = ---

1852 

where W = effective width of gear, i. e. that pathwidth that would cap­
ture 1000/o of fish occurrLng within it 

V= trawling speed tn knots 

1852 = No. of m . i!Il one Nm 

also proportion of each square mile that is effectively swept clean in a short 

HWV ot 
interval of time ot = ----

1852 T 

where T = ,one year 

Furthermore by the usual definition of F the pmportion of each square 
ot 

mile that is effectively swe,pth clean in a short interval of time ot = F -­
T 

ot HWV ot 
therefore F-- = ----

T 1852 T 

HWV 
or bAH=----

1852 
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bA X 1852 
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in this case where the trawling speed of »Jadr.a1n« trawlers may be taken 
3.5 knots, the effective pathwidth of trawl 

6.5 X lQ-4 X 55 X 1852 
W = --------- = 18.9 m 

3.5 

To find the efficiency of a trawl its actual patwidth (2y0) between the 
otter boards has to be known. Then trawl gear efficiency 

w 
f = - (Fig. 24). 

2yb 

Yugoslav and Italian bottom trawl gears are known to be similar in 
this area (Jabuka Pit) and the f.ollowing typical operating dimensions for 
a Yugoslav bottom trawl on the Blitvenica ground was taken from S ch a r f e 
(1961). 

Yn Yn 

E/FFECTIVE PA771WIDTH OF TRIIWL GEAR 

Area densi ty of fish • P 
Otter board sp_read .,. 2yb 

Ne t spread • 2y n ";,- .,__.,_ 

Sweep effi~iency - ·r s 

Distance towed "" Vt 
Pish encountered by · .riet • { 2yn + F

5 
(21Jb - 2ynJ} PVt 

Net efficiency = F n '.r ;~. 

Yieli in codend = l".n {2yn +--F: (2yb - 2ynJJ PVt 

Gear efficiency ':'" F .... 
Effective pathwidth W • F • 2yb • Fn { 2yn + F5 (2)Jb : - 2ynl}._ 

Fig. 24. Effective pathwidth of trawl gear 
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The length of ... sweeplines« means here all the wire between otter boards 
and wiing tips. The spread between the otter boards was calculated from . 
divergence and length of the warps. The net spread is 2yn here taken as the 
mean of headliine and groundrope spread. The distance lbetween the wing 
tips was derived from this spread and the leinght of the sweeplines. 

sweeps etc. 

120 

2yb 

56 m 

2yn 

14 m 

18.9 
Thus gear efficiency f = -- = 0.34 

56.0 

(2yb - 2yn) (Fig. 24) 

42 m 

An overall gear efficiency of 340/o could mean, either that if all fish 
are below headline height, 340/o of those between the otter boards will be 
captured. 

In bottom trawl.iing for hake the vertical density profile may be expected 
to be most dense close to the bottom, but nevertheless bottom trawliing is 
often conducted where and whein bake are passing over the headline (D i c k­
s on, 1975). 

The figure 340/o eff.iciency means that on the aver.age 340/o of hake bet­
ween the otter boards and in the entire water column are captured. This does 
not meain that fishing at raindom, 340/o of bake in the water on the Blitve­
mca ground will be caught. The figure ,is based on oommercial fishlng data 
and bottom trawling is or should be concentrated on situati-ons where aind 
when the vertical density profile of bake is closely associated with bottom. 

The obtained results indicate a degree of gear efficiency based on 
»catchabiliity« figures from which an assessment of the t,rawl efficiency could 
be deduced. Therefore, if an overall gear efficiency of 34°/11 could be taken 
for the hake catch i111 the Adriatic than the estimates of Ju ki ć and P i c­
c ine t ti (1978) were higher than the true values. 

CONCLUSIONS 

A study of biology and population dy[lamics of bake, Merluccius· mer­
luccius (L.), in the Adriatic has shown the following: 

1. Rake are distributed almost throughout the Adriatic Sea inhabiting 
mainly the areas between 10 and 800, predominantly from 100 'to 200 (or 
slightly more) metres, with ma'I'ked preference to muddy bottoms even though 
were captured also from other bottom types. 

2. Morphometric and meristic properties proved the existence of a single 
bake population. 

3. Male bake mature at length of 20 to 28 cm and female bake at lenght 
between 23 and 33 cm. 
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4. Rake spawin .in summer and winter. The earliest spawniing begiins in 
deeper waters in winter and as spawn.ing season progresses hake spawn in 
more and more shallow waters (spring-summer period). 

5. The occurrence of juvenile hake (7-15 cm) in the Jabuka Pit i.n spring 
and autumn is probably associated with the long spawning season. 

6. Adolescent hake from the middle Adriatic mainly reside i.n more 
shallow channel waters until maturatiorn. 

7. Adult individuals showed a pertlio:ds o.f onshore movements and vice 
versa. These local movements of adults the authors attempted to associate 
with spawning and feeding . 

8. Rake fond habits change with age. Juvenile hake up to 16 crn ma5.nly 
feed on Crustacea (Euphausiacea) while adolescent and adult hake prey 
mainly on f:ish (Sardina pilcharduls, Sprattus sprattus sprattus and Engraulis 
encrasicolus). 

9. Hake growth in the Adriatic is analogous to the hake growth iin the 
northern Mediterranean amd TUJnisian waters. Authors tried to account for 
th:is similarity by the occurrence of dlivergence. 

10. Diurnal variations in hake catches showed better catches in early 
morn' ng hours and a tendency of decrease with the increase of daylight. The 
exception are the summer catches when biggest catches of mature individuals 
were realized in the same area. 

11. Ratio of females to males in the channel area of the middle Adriatic, 
showed the prevalence of males at smaller lengths amd that of females at 
greater leinghts. 

12. Studying of age composition of hake from the Jabulca Pit, using 
otoliths, showed highest IPresence of age groups 1 and 2. 

13. The analysis of length frequencies iin the middle and southern Adriatic 
showed two peaks iin spring-summer and one peak in winter in the hake from 
the :rn:iddle Adriatic. The authors tried to acoo;unt for lthe second winter mode 
absence by the metamorphosis in feeding of juvenile hake 1aind rthei:r move­
ments from the Jabuka Pit to the shallower charnJ!lel waters. Mean lengths oJ: 
hake from the Montenegro coastal area exceeded those of hake from the 
middle Adriatic. 

14. Weight-length relationship is indicative of three distiinct growth phases 
of hake from the Jabuka Pilt. The inflexlion point occurs at about 32 cm 
in females and about 29 cm in males (Ja r tla s, 1976). 

15. Hake catch has 1increased for tihe last decade (1970-1980). For a bettei· 
assessment of hake stock in the Adriatic and potential exploitation the authors 
tried to calculate the coefficient of efficiency of bottom trawl in the Blivein.ica 
fishing ground. Obtained fishing coefficient (q) is 34°/a. Authors hold that the 
assessed starnding stock of hake in the Adriatic js considerably in excess of 
its actual value. Obtained results are still preliminary. 
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Na osnovu izučavanja biologjje, dinamike populacije, eksploatacije i pro­
cjene stock-a oslića, Merluccius merluccius (L.), u Jadranu autori ovog rada 
došli su do slijedećih zaključaka: 

Oslić je u Jadranu rasprostranjen skoro ria čitavoj površini (Fig. 2). U 
odnosu na dubinu oslić u Jadranu naseljava područje od cca 10 do 800 m, 
abundantmije između cca 100 i 200 (:ili nešto više) m, a s obzirom na teksturu 
taloga dna preferira finija (muljevita) dna, međutim dobro je zastupljen i na 
ostalim dnima. 

Najgušća populacija oslića zapažena je u srednjem otvorenom Jadramu, 
tj. u Jabučkoj kotlini, koja je pozmata kao »nursery ground« za ovu vrstu. 
Abundantna populacija zapažena j-e i južnije od Jabučke kotline. 

Na osnovu izučavanja njegovih morfometrijskih i merističkih karaktera 
radi se o jednoj populaciji u Jadranu. Mužjaci oslića postizavaju prvu spolnu 
zrelost između 20 i 28 cm, a ženke pri dužini od 23 do 33 cm. • 

Mriještenje oslića u Jadranu se vrši u ljetnjem i zimskom periodu. Naj­
ranije mriještenje se vrši u dubljim vodama u zimskim mjesecima i kako 
sezOIIla napreduje, mriještenje se prebacuje u pliće vode u proljetno-ljetnjem 
periodu (Fig. 3). 

Pojava juvinilnih oslića (7-15 cm) u Jabučkoj kotlini u proljetna-jesen­
skom periodu, po rriišljenju autora, vjerojatno je povezan.o sa dugim perio­
dom mriještenja. 

Adolescentni oslići u sredmjem Jadranu se uglavnom zadržavaju u plićim 
kanalskim vodama do prve spolne zrelosti. 

Adultni individui takođe ukazuju na periode pomicainja obalnim, p.lićim 

vodama, i vice versa. Autori. pokušavaju povezati ta lokalna pomicanja adult­
nog oslića prema plićim vodama sa periodom mriještenja, odnosmo ishrane. 

Ishrana oslića varira sa uzrastom. Juvenilni oslići do 16 cm se uglavnom 
hrane racima (Euphausiacea), a adolescentni i adultni uglavnom ribama 
(Sardina pilchardus, Sprattus -sprattus sprattus i Engraulis encrasicolus). 

Rastenje oslića u Jadranu je analogino rastenju u sjevernom Mediteranu 
.i u vodama Tunisa. Autori su navedenu sličnost pokušali povezati sa pojavom 
divergencije. 

DneVIIle promjene u 1ovimama oslića su pokazale da su najbolji ulovi 
postignuti u zoru i sa povećanjem dnevne svijetlosti ulov pokazuje tendenciju 
opadanja. Jedina iznimka u ulovu je registrirana u ljetnjem per 'odu kad je 
na fatom području ulovljen najveći br,oj zrelih indivdidua (Fjg. 14). 

Odnos spolova oslića u srednjem Jadranu ukazuje da su mužjaci pred/J­
minantni u kanalskom području kod manjih, a ženke kod većih dužina. 



146 S. !2:upanovlć and I. Jardas 
Blology and populatlon dynamics of the Adriatlc hake 

Acta Adriat., 27 (1/2) : 97-146 (1986) 

Izučavanja starosti oslića u srednjem Jadra:nu pomoću otolita je pokazalo 
da su u ulovu btle najbrojillije zastupane prva i druga starosna grupa u 
periodu 1963-1966. 

Analiza frekvencije dužina oslića u srednjem Jadranu u odnosu na Juzm 
Jadran, je ukazala da su oslići u srednjem Jadranu pokazivali dva maksimuma 
u proljetno-ljetnjem periodu i samo jedan u zimskom. Autori su nestajanje 
drugog modusa u zimskom periodu pokušali objasniti metamorfozom ishrane 
kod juvenilnih oslića i njihovim pomicanjem iz Jabučke kotline, prema plićim 
kanalskim vodama. 

I frekvencije dužine oslića u Crnogorskom primorju u ljetnjem periodu 
pokazuju dva maksimuma. Prosječne dužine oslića u lwlovo.zu 1961. g. na 
ovom području su bile veće od dužina izmjerenih u srednjem Jadramu (Fig. 22). 

Odnos između dužine i težine oslića u Jabučkoj kotlini (prema Ja r­
d a s-u, 1976) ukazuje na tri faze rastenja. Infleksiona točka se susreće kod 
cca 32 cm za ženke. i oko 29 cm za mužjake. 

Ulov oslića u Jadranu u posljednjem desetljeću ukazuje na izvjestan 
porast. Analiza indeksa promjena abundancije oslića u Jadranu, u periodu 
1976-1969. je pokazala, da je stopa eksploatacije oslića u Jadranu ostala, više 
ili manje, konstantna (A 1 e gr i a - H e r na n d e z et al., 1982). 

Radi bolje procjene biomase oslića i mogućnosti eksploatacije iste, autori 
su pokušali na osnovu izračunavanja prirodnog mortaliteta i dobivenog koefi­
cijenta regresije (A 1 e gr i a - H e r na n d e z et al., 1982), izračunati lovni 
koeficijent (q) dubinske povlačne mreže (koće) brodova »Jadran« poduzeća -
Split na ribolovnom području BLitvenice. Prema dobivenim rezultatima, lovni 
koeficijent (q) mreže iznosio je 0,34. Po mišljenju autora, a na osnovu dobive­
nog lovnog koeficijenta mreže od 340/o, proizlazi, da je procjena biomase 
oslića u Jadranu veća od njegove prave vrijednosti. 




