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PRILOG IZUCAVANJU BIOLOGIJE I DINAMIKE POPULACIJE
JADRANSKOG OSLICA, MERLUCCIUS MERLUCCIUS (L.)

Sime Zupanovié and Ivan Jardas

Institute of Oceanography and Fishertes, Split, Yugoslavia

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

Therefore the authors here have tried to present some
of the results of studies of biology and population dynamics
of the hake, Merluccius 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 harmful! effects of
intensive trawling written in the second half of the XVIII century (Moller,
1775).

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

This problem of the decrease in the average catch and size of specimens
within populations of economically important species was until lately consi-
dered one of the fundamental indications of overfishing. In this connection
an intensive development 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 of authors between the two
wars (Gast, 1918, 1925; D’ Ancona, 1926; Kotthaus, 1938; Kot-
thaus and Zei, 1938; Zei, 1940; Zei and Sabioncello, 1940).
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A large amount of more intensive work was carried out after World War
II, dealing with the relationship between fish populations and fishing inten-
sity (Zei, 1949; D’ Ancomna, 1949—1950; Zupanovié, 1953, 1956a,b,
1959, 1961a,b,c, 1963, 1964, 1968, 1971, 1974; Karlovac, O. 1957, 1959;
Crnkovié, 1959, 1970; Lepetié¢, 1965; Scaccini and Piccinetij
1968, 1969; Merker and Nincié¢, 1973; Jukié¢ and Crnkovié, 1974;
Jukié, 1975; Jukié and Piccinetti, 1979, 1981, 1985; Froglia and
Gramitto, 1986; Bello et al., 1986).

Biology, population dynamics, exploitation and stock assessment of the
hake, that is hake in relation to other demersal species were also investiga-
ted by a number of authors after World War II (Matta, 1953, 1954; Kar-
lovac, O., 1959; Ghirardelli, 1959; Zupanovié¢, 1964, 1968; Kar-
lovac, J.,, 1965; Piccinetti and Piccimetti-Manfrin, 1971; Ju-
kié, 1972, 1975; Levi and Gianetti, 1972; Froglia, 1973; Muzi-
nié and Karlovac, O, 1975; Jardas, 1976; Jukié¢ and Piccinetti,
1978; Gramié et al., 1980; Granié and Jukié, 1982; Alegria Her-
nandez et. al., 1982; Flamigmni, 1983; Giovanardi et al., 1986).

The relationship between hake behaviour and applied gear was described
in several papers published also after World War II (Zupanovié and
Grubigié, 1958; Zupanovié, 1963, 1969; Levi et al., 1971; Jukié,
1975; Jukié and 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 in the Adriatic, to what extent is the said trend of catch increase
associated with better biological conditions in recruitment or year class stren-
gth, resulting from more favorable hydroclimatic factors. It is evident from
the question posed that sufficient knowledge an continuous appraisal of the
hake environment is essential.

Therefore, the determination of the rates of fishing and natural mortali-
ties of the exploitable stock, and their variation with changes in the intensity
of exploitation and in natural factors for the hake fisheries 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 and natural mortality rates.

Majority of these data are still unknown. However, a limited amount of
data precludes an accurate assessment of the degree of exploitation of the
Adriatic hake. This is especially important for an estimate of the effective
pathwidth of a trawl — using hake data relating the fishing 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 trawl hauls
during the 1956—1967 explorations undertaken with the research vessel BIOS.
Of that total 560 hauls were made in 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

1. 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°017,5° 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 43022 15°46,5’ 157 Clay ) 24

H-65 43°00’ 15927.5" 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—T71 43°22’ 15953,2’ 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 42053’ 15°37,5° 157 Loamy clay 1

H-75 43°05’ 15°1° 115 Loamy clay sand ik

H-76 43°15,5’ 16°03’ 111  Clay loamy sand 16

H-79 42°55,5’ 15048’ 130 Loamy clay sand ]

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%7 88 Sand 1

2. Channels of 1 43°30,6’ 16°23,4” 12—38 Loam 12
the middle 2 43923.3' 18922’ 53 Clay loam 13
Adriatic 3 43°22’ 16°52,2’ 76—178 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°017,5° 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 42057 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°12.57 148 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 i

H-107 42°42.5 16°28’ 143 Clay sand 1

H-108 42°52’ 16°33’ 110 Loamy clay sand 1

H-111 42043 16°36’ 134 Clay 1

H-114 42°32,5° 16°39’ 188 Loamy clay 0

* Stations marked with letter H correspond to the stations of HVAR expedition
1948—1949.
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Area Station Position Depth Structure Trawling
B (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 — I
14 42°42,2’ 17°25,4° 115 — i
4, Island H-89 42°49’ 15°55° 154 Loam 1
Palagruza H-90 42°37 15°52%" 139 Clay sand 1
(9 stations) H-93 42042 16°02,5’ 169 Loamy clay 1
H-95 42°29,5’ 16°00’ 137 Clay d;
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 42022’ 16°32’ 168 Sand i
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
area ) 5 g 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° 18042 4’ 80—117 I
20 42°04,5° 18°46,8’ 83—83 1;
21 42°03,8’ 18°46’ 105—135 1
22 42°00,5’ 18043’ 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’ 18049’ 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 i
33 42°02,9’ 19°00° 67—170 1
34 41°59,8’ 19°00,8’ 72 1
35 41°56’ 19°05,2’ 72—175 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 i

The stations where the samples were taken are shown in Fig.

Table 1.

1 and

The material was analyzed according to the size of the catches. All the
individuals were tested in poor yields but only representative samples were
taken from abundant catches.

The analysis involved length measuring, weighing, determination of sex
and of the degree of sexual maturity, taking of otoliths and examination of
stomach contents. Morphological 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 taken.
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RESULTS AND DISCUSSION
Morphology

External morphology

Morphometric characteristics of the Adriatic hake were expressed as
percentages of total length (Zupanovié 1968). Several most important
body characteristics were measured: head length in relation to total length;
length from the tip of snout to insertion of first dorsal fin; length from the
tip of snout to insertion of second dorsal fin; length from the tip of snout
to insertion 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 showed no significant differences in these characte-
ristics between fish from the open middle Adriatic and channel area. They
at the same time indicate that they belong to a single population of the
Adriatic hake.

Matta (1954) analyzed morphometric properties of hake from the
northern Adriatic and Ghirardelli (1959) from the western part of the
middle Adriatic. The results of these authors generally coincide with our
findings.

Vertebrae

Piccinetti and Piccinetti-Manfrin (1971) studied vertebral
counts in the hake from the northern and middle Adriatic. They found that
all the analyzed specimens belonged to the same population.

Comparing the vertebral count in the Adriatic hake (M = 51.99) with that
in the Mediterranean hake (Maurin, 1965) it was suggested that the diffe-
rences in the mean 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 similarity the authors tried
to associate with the respective hydrographical factors in the middle Adriatic
(Jabuka Pit), known as the hake spawning ground in the Adriatic (Zupa-
novié, 1968). Similarity in the vertebral counts is particularly marked in
the hake from the western Mediterranean (Gulf of Lyon, Corsica, Tuscany
archipelago) and that from the B zone in the northern Adriatic (Piccinetti
and Piccinetti-Manfrin, 1971). This similarity in the vertebral counts
in the hake from the Adriatic and hake from the northern part of the we-
stern Mediterranean may be associated with the divergence zones. The same
phenomenon was recorded near Banc des Esquerquis off Tumisia (Furne-
stin, 1960; Allain, 1960; Furnestin and Allain, 1962; Allain
et al., 1965; Maurim, 1965, 1968a, b).

It should be taken into consideration 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 myomeres, and consequently more vertebrae, than
will fish which grow in warmer water (Libyan water, Sea of Marmara). This
apparent negative correlation between the number of vertebrae and water
temperature has been moted for many species (Marr, 1953). The same was,
to a certain extent, proved by a progressive increase in the number of verte-
brae in hake along the shores of north Africa (Maurin, 1968a) probably
consequent to the digression inflow of the Atlantic current.

Geographical distribution

For geographical distribution of hake in the Adriatic the papers of a
number of authors were used: for the open Adriatic: Karlovac, O, 1957,
1959; Zupanovié, 1956, 1959, 1961a, 1968, 1971; Kirimnéié and Lepe-
tié¢, 1955; Matta, 1954; Ghirardelli, 1959; Piccinetti and Pic-
cinetti-Manfrin, 1971; Merker and Ninéié¢, 1973; Froglia,
1973; Jukié¢, 1975; Jukié and Piccimetti, 1981; Flamigni, 1983;
Jukié and Armeri, 1983; for the channel area of the middle Adriatic:
Kotthaus and Zei, 1938; Zei, 1940, 1949; Zei and Sabiocello,
1940; Zupanovié, 1953, 1956; Kirincéié and Lepetié, 1955; Kar-
lovac, O, 1959; Crnkovié, 1959, 1970; Lepetié, 1965; Rijavec,
1966; Jukié, 1972, 1975; Jukié and Crmkovié, 1974; Hure (ma-
nuscript) and field 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, from several metres in the coastal area to 800
metres in the South Adriatic Pit (Kirinc¢ié and Lepetié, 1955) is ano-
ther proof of this fact.

As shown by the data of HVAR Expedition, 1948—1949, hake were poorly
represented in the northern, middle as well as southern Adriatic in relation
to other species. In the northaern Adriatic hake made up 2.4% of the number
and 6.6%0 of the weight; in the middle Adriatic 13.2%¢ of the number and
16.0% of the weight and in the southern Adriatic 5.1% of the number and
13.6%0 of the weight (Karlovac, O. 1957). The relationship between the
number and weight of hake from the southern Adriatic is indicative of larger
specimens in this Adriatic part (MuZinié and Karlovac, O, 1975).

Depth preferences

After the data of HVAR Expedition (MuZinié and Karlovac, O,
1975) hake were caught by trawls at 20 to 382 m depths, and by long-lines
at still greater depths (443 and 765 m). Of trawl catches 291 or 98% were
positive. The highest number of hake catches, 238 or 81.8%, was realized
between 51 and 100 m depths (75 or 25.9%), between 101 and 150 m (100 or
34.5%) and between 151 and 200 m (62 or 21.4%). As to the abundance of
catches per an hour haul, 22 or 76°% were recorded from 45 tol 220 m (mean
depth 162.8 m) (with 100—199 individuals), 13 or 4.5% from 135 to 256 m
(mean depth 178 m) (with 200 and more specimens).

Kiriné¢ié, and Lepetié (1954, 1955) reported long-line hake catches
in the southern Adriatic from all the depths between 100 and 800 m. These
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authors recorded greatest abundance at 300 m (31.8% of the mumber and
33.6% of the weight).

Merker and Ningié (1973) reported hake to be caught by trawls
at all the operating depths, from 10 to 500 m, in the deep southern Adriatic,
with the greatest abundance at 200 m.

120

L Fig. 3. Mean of the number of hake in-
) dividuals per hour experimental

trawl haul on bottoms of def-
I ferent granulometric composi-
= 86 - tion (from fine to rough bot-
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Karlovace, 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 for mean
depths of 100 to 150 m, that of 152 specimens for mean depths of 151 to 200
m and that of 336 specimens at depths exceeding 201 m.

To conclude, hake are in 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 HVAR Expedition for the open Adriatic
(Karlovac, O., 1959a) showed that hake abode all types of sea bed in the
open Adriatic. The densest populations were recorded from fine and tenacious
clayey substrata and from loamy bottoms. The lowest hake density was recor-
ded from coarser and loose sandy bottoms (Fig. 3). Out of the total of 79
experimental trawl hauls realized on clayey bottoms 49.35%0 hake individuals
were recorded, out of 74 hauls on loamy bottoms 27.95% and out of 119 hauls
on sandy bottoms 22.70%. Hake caught from clayey bottoms made up 31.09%
of the total weight of hake catch, those from loamy bottoms 38.92% and
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those from sandy bottoms 30.00%, that is a total of 70% from muddy bot-
toms.

The densest population was recorded from the marrower area of the
Jabuka Pit (stations: 43 and 46—59). A total of 27 trawl hauls on clayey,
loamy-clayey, loamy and clayey-loamy bottoms of the above stations gave
5,000 hake specimens or 40.1% 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 14.7% of the total hake weight of
the hake caught from muddy bottoms. This means that predominantly small
specimens were caught.

After our data for the Jabuka Pit for the 1956—1967 period the mean
number of hake individuals per trawl haul on muddy (clayey and loamy
bottoms) was higher than that on sandy bottoms mixed with mud. The former
bottoms gave the average of 183.4 specimens per haul and the latter 40.6.

This clearly marked preference of hake muddy bottoms in relation to
muddy-sandy bottoms and sandy bottoms, is in agreement with the data
from the channel area of the middle Adriatic in the 1957—1958 period
(Zupanovié, 196lc).

Bionomics and Life-history

Maturity

Zei (1949) found male hake to mature in the Adriatic at 22 to 30 cm
length. Zupanovié (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 ecm. The highest percentage of ripe males were 23—25 cm
in length and of females 29—32 cm. Similar results were obtained by
Jardas (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 data also show that males weigh less and are, on the
average, 4 cm shorter than females at the end of adolescent stage.

Matta (1956b) obtained the inflexion point for females at 32 cm and
for males at 29 cm at the same weight-length relationship in the Mediterra-
nean hake exceeding 16 cm in length. These values may be taken as mean
length at which, hake mature.

Larraneta (1970) suggested that hake smaller than 40 cm behaved like
pelag'c or semi-pelagic fish. Hickling (1933), Graham (1956), Whee-
ler (1969), Grimols and Tillmamn (1970) held that European hake
abode surface or intermediate layers during juvenile stage inhabiting bottom
not earlier than after the second 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 (Belloec, 1929; Hickling, 1933; Hart, 1948; Svetovidoyv,
1948; Maurin, 1954, 1968; Bagenal, 1954; Figueras, 1955, 1964,
1965; Castro, 1955; Bas, 1964; Zupamovié, 1968; Wheeler, 1969;
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Bouhlal and Ktari, 1975) the differences between the Mediterranean
and Atlantic hake are considerable.

Spawning

Zupanovié (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 contained rather large number of mature
individuals, in spawning or spent conditions. This author also found ripe
male and female hake between the islands Vis and PalagruZza in winter
(Fig. 4).

Spawning area:
% ‘Summer ' Winter

Fig. 4. llake winter and summer spaw-
ning grounds in the middle Ad-
riatic

The earliest spawning begins in deeper waters in winter and as the
spawning season progresses hake spawn in shallower waters (spring-summer).

Maurin (1968a) established that during spawning the hake spawning
stock from the Morocco waters concentrated between 100 and 200 m; older
individuals coming from greater depths and younger individuals from different
layers of the continental shelf.
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Larvae

Karlovac, J. (1965) recorded young hake larvae from October through
June. The highest numbers were recorded in January and February. Larvae
and postlarvae were mainly distributed between 40 and 200 m, the highest
number of individuals mainly caught between 50 and 100 m (Fig. 5).

%
154 IV 1957 n=1316
" ‘

By TN R E T EE ALY AT ¥E
154 I 1958 n= 977
10- : i
5-‘
154 V1 1959 n= 623
5..

Tt i TfTiTrYrrtrtiToriaat l_rl ¥
154 X 1962 n =668
10 /f-\/\/
5-

A LR TR S R
154 VI 1966 n=1760
10
5_

lllll!llrll{alllllx
251 IX 1966 n=1207
204
15
10-
i B

mz & 6 8‘10‘)2%161820*

Fig. 6. Distribution of juvenile hake in
the middle Adriatic in spring-
-autumn
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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 and 14.5°C. Salinity varied from 37.09
to 38.75 X 10~ at the same stations. Frequency of the number of specimens
was highest at salinity ranging between 38.01 and 38.10 X 103 and between
38.41 and 38.50 X 10-3,

Juveniles

The occurrence of juvenile hake (7—15 cm) in the population in spring
and autumn (Fig. 6) is probably due to the long spawning season. Females
with ripe gonads were abundant both in winter and spring in the middle
Adriatic. Males with ripe sperms were encountered all year round (Zup a-
novidé, 1968).

Juvenile hake were taken from a wide area over deep water only, off
the edge of the shelf in the Jabuka Pit. This our assumption was supported
by commercial trawl catches in the same area. Fig. 7. depicts the average
catch of large, medium and small hake per day of fishing in the 1956—1965
period. Maximum commercial trawl catches of juvenile hake show two
pronounced peaks. Both maxima of small hake in the Blitvenica fishing
ground, in the Jabuka Pit, may be brought into connexion with the intensity
of summer and winter spawning respectively in the middle Adriatic.

Distribution of juvenile hake in the Jabuka Pit has always been asso-
ciated with strong, well defined and continuous pelagic traces on echograms
which presented diurnal migrations with 'the movement of DSL in the same
area.
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Fig. 7. Mean catch of large, medium and
small hake in catches by com-
mercial trawlers of »Jadran« or-
ganization in the Blitvenica fi-
shing ground per day in the
1956—1966 period (arranged by
months)

Flow of gradient currents in the middle Adriatic (Zore, 1956 and
Zore-Armanda, 1968) in spring, summer, autumn and winter periods
may have some connexion with the distribution of larval and postlarval hake
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(see Fig. 5) as well as with the continuous records of juvenile hake in the
Jabuka Pit (Fig. 8).

Longitudinal flows are prevalent in summer and winter and transversal
flows in spring and autummn. Northward directions prevail in spring and
southwesternward directions in autumn along the eastern Adriatic coast.
These flows in transient periods mean that the flow of the onshore direction
prevails along the coast in spring causing divergence. Such a divergence is
probably related to water upwelling on the bisecting line in the Jabuka Pit
(Zore-Armanda, 1968)

In autumn, we have convergence instead 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 into the
depths and flows towards the Jabuka Pit in the bottom layer (Zore-
Armanda, 1968; Zupamnovié, 1969).

The occurrence of divergence and convergence in the Jabuka Pit in spring
and summer, caused by offshore and onshore flows, may account for the
rich catches of juvenile hake in the Jabuka Pit, particularly in the Blitvenica
fishing ground. This was proved by Buljan (1974): »Possibly big catches

*lo STATION- 9

1.VILS7.

) 71X,
onear J\/\/\"\, N / STATION 10

J ol T A ; 8.X.57.
5 " /\\M 5
| n=es " =13 L
T T T T T T T T T
ks o X1,
" o V‘/\/\M § \AM.
n= ° o . n=37 = oa,
. . - : . - . . .
9.XI1. 9.XII.
10- o
3 A : 020 ot s Lt s
54 : j Q . L T g | T T
n=9 = o o o 9.1.58.
{ 9.1.58. ;
i g
= = =36
DELH o N . " A

. IS T b T
nz77 A 31 ' L1,
.59 - L [
. T BAER v Lo sx P

31V 2.1V
4 f“\f\\/\ ] P
n=46 . osoe AR o e n=25 " J a5
T T T t T T T T
. 6.V. i
6.V
n=59 ‘oo’ & . n=5§ . &
ety : CLE: S S ; :
6.VIL. 6.VI
5 e 5
n_.)9 "‘\.ev\ o 00 ns? L oe® & o
T T T T T T T T T
1Vl .
o o viL
= - ns —
cm ‘10 20 +30 40 50 cm 10 20 30 40 50

Fig. 9. Length frequency distributions of hake from the channel area of the middle
Adriatic in 1957/1958, by months (mean in Fig. 9 is given by a vertical line)



8. Zupanovié¢ and I. Jardas

Biology and population dynamics of the Adriatic hake
Acta Adriat., 27 (1/2) :97—146 (1986)

113

in Blitvenica are due to the effects of deep water upwelling from the adjacent
Jabuka Pit, which — as we have seen — is pretty nutrient rich at the bottom«.

Adolescents

Measurements of morphometric characters of hake from the open middle
Adriatic and channel area showed that they belong to a single population

(Zupamnovié, 1968).
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Local movements of juvenile and adolescent hake (Figs. 9a-d and 10) not
yet mature, towards shallower, channel waters of the middle Adriatic (Z u-
panovié 1961c) take place in spring and autumn (Table 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 apparent that
adolescent hake are present in the channel area of the middle Adriatic (below
100 m) in the same period. After Jardas (1976) the adolescent stage of
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the Adriatic hake lasts approximately from 18 to 26.5 cm in length and 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.

This onshore movement of adolescent hake is better shown in Fig. 12
which depicts the movement of hake in August 1960 in the channel area in



116 S. Zupanovié and I. Jardas
Biology and population dynamics of the Adriatic hake
Acta Adriat., 27 (1/2) :97—146 (1986)

% 3
a2 1 Uq s
|
1 e
1 3!

114 2
10 204
94 ¢ 1956/1358 184 1963/1964
i (VL X-X1,1L,1V) ) (XLVLIX ]
e | 1
, Isobaish ¥ Iscbatsh
" J — <womin=3057) 11 —mm  <100m(n=561)
Y ,"f; === 101-150m(n=3539) —— 10-150m(n = 560)
i 3 i} o S0 m=3es) 2] s 161-210mln = 4291)
10+
o

s 15 25 35 45 @ s vb‘ |§\‘z'o 25 3 ‘3'5 ) I-'s 05
Fig. 11. Bathymetric length frequency distribution of hake
from the middle Adriatic in 1957/58 and 1963/1964.

18 1960 (VIIT)

------- 151-210(n=1035) -
==== 101-150 (n= 262)
—— < 100(n=393)

in5 M 15 20 25 30 35 40 45 50 55
Fig. 12. Length frequency distribution
of hake in the channel area in
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in the open middle Adriatic

relation to the open middle Adriatic. Bimodal curves for juvenile and adult
hake and unimodality for adolescents in the channel area are best illustrative

of this fact.

Adults

In general, adult and juvenile hake migrate onshore, towards shallower
waters of the middle Adriatic in spring, adults for spawning and juvenmiles
and adolescents for food. After spawning (100—150 m) adults migrate towards
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 Hickling (1927).
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Fig. 13. Frequency poligon of male and
female hake in the channel
area in 1957/1958 and in the
area of the open middle Adria-
tic in 1956, 1957 and 1958

Table 2. Hake catches in the areas of open and channel middle Adriatic (1956—1958)

No. of
No. of Mean Weigth hauls of
Season Area specimens length (kg) an hour
(cm) duration
Summer Open middle Adriatic (1956) 1.479 23.95 214.13 24
Channel area of the middle !
Adriatic (1957) 478 20.73 40.90 24
Autumn Open middle Adriatic (1956) 522 25.22 93.81 24
Channel area of the middle
Adriatic (1957) 964 21.73 94.37 24
Winter Open middle Adriatic (1957) 604 22.22 81.23 24
Channel area of the middle
Adriatic (1958) 701 21.00 68.07 24
Spring Open middle Adriatic (1957) 518 25.12 81.04 24
Channel area of the middle
Adriatic (1958) 577 25.02 67.35 24
Total Open middle Adriatic (1956/1957)  3.123 24.02 470.21 96

Channel area of the middle
Adriatic (1957/1958) 2.700 22.04 270.69 96
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Nutrition and growth

Feeding

Jukié (1972) found feeding intensity of hake from the chanmel area of
the middle Adriatic to show two peaks, one in winter and the other in spring.
Both maxima this author brought into connexion with the occurrence of
large quantities of small pelagic fish on which hake intensively feed. Tem-
perature variations at bottom and variations in feeding intensity showed
no correlation. In addition to small pelagic fish (Sardina pilchardus /Walb,/
and Engraulis encrasicolus /L./), Crustacea, with peaks in autumn and spring,
are very important food.

Food

Food habits of hake in the Adriatic and Mediterranean was studied by
a mumber of authors. Hake nutrition in the Mediterranean, Adriatic and
eastern Atlantic was studied in detail by Muzinié and Karlovace, O,
(1975). Karlovac, O, (1959) analyzed hake nutrition from the data of
HVAR Expedition, 1948—1949. This author found that smaller hake, up to 16
cm, fed on crustacea and larger fish mainly on fish. Very important 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. Kirinéi¢ and Lepetié (1955) found stomachs
of hake caught between 100 and 800 m from the southern Adriatic in 1951
and 1952 to contain Crustacea (Nephrops morvegicus /L./ and Parapenaeus
longirostris /H. Lucas/), Cephalopoda (Ommatostrephes sagittatus /Lam./ and
Octopus wvulgaris Lam.) and fishes (Scomberesox saurus /Walb./, Scomber
scombrus L., Trachurus sp. and Merluccius merluccius /L./).

Crnkovié (1959) reported that stomach contents of hake caught from
the northern Adriatic channels showed well represented sprat (Sprattus
sprattus sprattus /L./).

Zupanovié (1968) examined stomach contents of hake from the middle
Adriatic. This author found fish to make up 81.80% of the total content,
(mainly Sardina pilchardus. /Walb./ and Sprattus sprattus spratus /L./),
Crustacea 6.51%0, Cephalopoda 6.74%¢ and unidentified species 4.59%, Analyzing
stomach contents of hake from the same area Jukié¢ (1975) proved findings
of Karlovac (1959) and Zupanovié (1968) that hake not exceeding 16
cm in length fed mainly on Crustacea and larger hake almost exclusively on
fish. Food of hake exceeding 16 cm in length contained mainly the following
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 species: Loligo marmorae Ver. and Sepiola oweniana
D’Orb. Jardas (1976) studied qualitative-quantitative composition of the
food of hake from the open middle Adriatic (Jabuka Pit). This author also
found that hake food contained fish, Crustacea and Cephalopoda. Fish consti-
tuted 62.8°/0, Crustacea 35.7% and Cephalopoda 1.6%. Of fish Trachurus sp.
were best represented (20.4%), of Crustacea Alpheus glaber (Olivi) (28.9%)
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and of Cephalopoda Alloteuthis subulata (Lam.) and Sepiola sp. (100%). Fish
made up 97.5%0 of the total weight, Crustacea 2.3 and Cephalopoda 0.4%.
Obtained frequency index showed that hake prefered fish (f = 0.74), Crustacea
are secondary food (f = 0.38) and Cephalopoda occasional food (f = 0.02).

The analysis of stomach contents of hake from the channels of the middle
Adriatic in the 1957—1958 (Zupanovié, 196lc) and from the same stations
in August 1960 is presented by months in Table 3. '

As shown by Table 3. fish (Sardina pilchardus /Walb./, Sprattus sprattus
sprattus /L./, Cepola rubescens L., Spicara maena flexuosa Raf., and Engraulis
encrasicolus /L./) were dominant. This is in broad agreement with the findings
of authors who studied hake feeding in the middle Adriatic.

Piccinetti and Piccinetti-Manfrin (1971) also reported fish
to dominate the food of the hake from the northern Adriatic (56.3%0) at length
of 14.0 to 42.5 cm. Best represented fish were Sprattus sprattus sprattus (L.),
Engraulis encrasicolus (L.), Sardina pilchardus (Walb.) and Trachurus sp. These
authors also reported larger quantities of Crustacea in stomachs of smaller
size hake. Froglia (1973) also analyzed stomach contensts of hake from
the middle Adriatic (Jabuka Pit). 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 Clupeiformes,
and of Crustacea Decapoda.

Yannopoulos (1976) also reported Crustacea to be the principal food
of smaller size hake from the Greek waters.

Hickling (1935) found larger hake from the northern Atlantic to prey
on fish and Cephalopoda. Fish, blue whiting (Micromesistius poutassou /Risso/),
mackerel, smaller hake, horse mackerel and herring assumed dominance as
the fish grew larger while smaller hake included Euphausiacea (Meganyctipha-
nes norvegica /M. Sars/).

Laraneta (1970) was of the opinion that small hake, up to 10 e¢m in
length, from the levantine coasts of Spain, fed mainly on pelagic Crustacea;
in 11 to 19 em fish Crustacea constituted 500 of taken food while 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 consumption was limited to Macrura Natantia, Decapoda
larvae and Euphausiacea.

Maurin (1954) found hake from Moroccan waters to feed mainly on
anchovy (Engraulis encrasicolus /L./), Crustacea and Cephalopoda.

Domanevski and Patokina (1981) reported for hake from the
continental shelf waters of Moroccan Atlantic coast to feed mainly on fish
(89.43%), Crustacea (8.07%), Cephalopoda (1.21%), Polychaeta (0.08%0) and
Echinodermata (0.02%). Of fish Trachurus trachurus (L.) (27.36%), Scomber
japonicus Hout. (21.50%), Engraulis encrasicolus (L.) (15.26%) were most
frequent, of Crustacea Euphausidae (5.35%) and of Cephalopoda Alloteuthis
subulata (Lam.) (1.09%0).



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

Sardina pilchardus (Walb.) 6 2 36 9 4 9 3 19 92
Sprattus sprattus sprattus (L.) 3 8 10 2 12 10 2 47
Cepola rubescens L. 3 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 2 1 13
Antonogadus megalokynodon (Kolombat.) 1 1 2 3 11
Boops boops (L.) 3 3 1 9
Merluccius merluccius (L.) 1 3 2 2 8
Spicara smaris (L.) 1 2 2 8
Trisopterus minutus capelanus (Lac.) 2 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.)
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Atherina sp.
Unidentified fish
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Crustacea:
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Upogebia litoralis (Risso)
Alpheus glaber (Olivi)
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Loligo marmore Ver.
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Growth rate

Growth rate of hake shows diversity within the limits of their geographi-
cal distribution. In the Mediterranean, after Belloc (1929), hake from the
northern African coasts attain mean length of 30.0 ecm in 8 years. On the
other hand, hake from Spanish waters attain 75.0 em in 7 years. In the
Atlantic, in the vicinity of Ireland, 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 years (Figueras, 1964; Inada, 1981).

Females often attain greater lengths than males which grow slower
after maturation at age of 3 or 4. Bagenal (1954) held that there was no
difference in growth rates between male and female hake up to 3 years
of age. Jardas (1976) obtained (in the Jabuka Pit) that inflexion points
between different growth phases in allometric relationship of weight and
length occurred always at smaller length and weight in males than in females.
At the inflection point between adolescent and adult stage this difference was
4 cm in length and 84 g in weight. This is indicative of the fact that in the
maturation phase some differences in growth rate occur.

As distinet from the eastern Atlantic, the areas of hake faster and slower
growth were observed in the Mediterranean. This is well evident in Fig. 14
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Fig. 14. Graphical presentation of hake growth
in the Mediterranean

which presents hake growth rates in the Mediterranean. Belloc (1929) held
that the Mediterranean hake belonged to the nain growth (36 cm for indivi-
duals of 13 years of age in relation to Atlantic 80 em) in relation to the
Atlantic hake. Matta (1956a and b) also recorded slow growth of hake
from Libyan waters which is in agreement with the results of Belloc. Slow
hake growth was recorded also by Kutaygil (1965) from the Marmara
Sea.
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On the other hand, the analyses of hake growth rate in the waters of
Tunisia (Bouhlal and Ktari, 1975), for the middle Adriatic (Ghirar-
delli, 1959; Zupanovié¢, 1968; Flamigni, 1983), for Sardinia (D u-
pont, 1972), and the Gulf of Lyon (Letaconnoux, 1955) pointed to a
very similar growth trend. Data on hake growth on the levantine coast of
Spain (Figueras, 1955, 1965) are indicative of slightly slower growth in
relation to the northern Mediterranean.

Obtained values of hake growth rate in the Mediterranean are, to a
certain extent, in agreement with the data on vertebral counts in respective
areas (Maurin, 1965).

Behaviour
Diurnal changes in the catches of hake

Diurnal and seasonal migrations of hake can affect the catch considerably.
Diurnal changes in the number of hake are often followed by corresponding
changes in their size composition. Hickling (1933) stated that in catches
of hake off Ireland smaller fish showed the greatest diurnal variations in the
catch decrease with increase in size of fish.

Variations in size composition have been evident, not only between night
and day but also within different periods of day. Woodhead (1964), ana-
lysing the trawl catches in the North 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 small fish was caught in the
first haul after sunrise while the largest fish were obtained in the catches at
dusk.

Diurnal variations in catch might also be related to the behaviour of
hake in response to the gear used. The results of experiments performed in
the middle Adriatic during daylight hours in summer, autumn, winter and
spring periods were analyzed and the diurnal changes in the catches of hake
are shown in Fig. 15 (Zupanovié, 1969).

From the data presented it may be seen that the largest catches were
obtained mainly in the first haul after sunrise. The only exception was the
catch obtained in lthe summer period, when the greatest number of mature
males and females was caught (Zupano vié, 1968). Changes in physlological
conditions probably brought about this variation in the pattern of diurnal
apperance of hake in the catches. 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
caught, as the day progresses. This might be due to the changes in light
intensity and the visual reactions of hake to bright daylight. This is in con-
formity with the results of observations made by Blaxter et al. (1964) in
tanks and at the sea, that vision is the most important factor determining
the behaviour of fish in relation to fishing gear. But the visual capabilities
of hake appear to be better expressed in the greater average lengths of hake
in these catches which might be associated with the greater transparency
of the sea water and the greater capability of smaller fish to escape through
the meshes of the net especially its front part. This is probably the reason
for the relatively less number of smaller fish in these catches.
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Fig. 15. Diurnal fluctuations in hake catches
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Adriatic

Ingressions and hake catch

Le Danois (1922, 1938) established the correlation between transgres-
sions of more saline Atlantic water and movements of many demersal fishes
along the eastern Atlantic coast. This author believed that there was a
correlation between the flow of more saline transgression Atlantic water at
the bottom and abiding or migration of a hake population. This may be
applicable to the catches of hake in the Adriatic. Salted aspect of the Adriatic
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 (Buljan, 1953, 1957; Zore-Armanda, 1963, 1969,
1984). Increased salinity and temperature in the Adriatic in individual years
due to ingression probably results in a better survival of larval and postlarval
stages, like in sardine, (Zupanovié, 1985). The results are felt a few years
later by better commercial catches of hake.

Such a relationship between the catch of small, medium and large hake
in the area of Blitvenica and salinity variations at the bottom of the Jabuka
Pit and Palagruza Sill in the 1951—1980 period is given in Fig. 16.
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High salinity and the occurrence of small hake in the area of Blitvenica
in the 1958—1967 period and strong ingression from the Mediterranean in
1968—1970 are presumably associated with the big catches of medium and
large hake after the period of ingression (1971—1977). At!the same time better
survival of larval and postlarval stages was reflected as a sudden increase of
catch of juvenile hake in the 1974—1977 period.

Fluctuations of small hake were recorded by Hickling (1946) as well
in the waters of Seven Stones Lightship. Mass occurrence of small hake this
author brought into connexion with the favourable and unfavourable surface
sea water temperatures during postlarval stages of hake. Moreover, this author
obtained the positive correlation (r = 4 0.742) between high surface tempe-
rature at Seven Stones Lightship and hake abundance 5 years later.

Studies of surface temperature variations in the Jabuka Pit in February,
March and April in the 1953 through 1980 period when the highest number
of larval and postlarval hake was recorded (J. Karlovac, 1965) and
observations of catches of small, medium and large hake are indicative of
their interrelations (Fig. 17). High surface temperatures in February and March
were mainly accompanied by better commercial catches of hake several years
later and vice versa.

Population
' Density

Values of relative and absolute hake population density within demersal
stocks in the Adriatic has been so far observed in the channel area of the
middle Adriatic (Zupanovié, 196lc) in the 1957—58 period, open southern
Adriatic (Merker and Ninéié¢, 1973) and in the Bay of Boka Kotorska
(Lepetié, 1965) in the 1963—1964 period.

Relative density defines the position of a species by frequency in a stock
during the year on a continuity basis, while absolute density defines the
position of a species with respect to the total number of recorded specimens
irrespective of the frequency in the course of a year.

Comparison of the data for different study areas showed hake to occupy
highest positions as to the density in demersal stocks on muddy bottoms in
deeper waters of the open middle Adriatic (Table 4). On these bottoms hake
occupied 1th to 3rd positions as to the relative density and 1th to 4th positions
as to the absolute density. As to the number of individuals hake made up
9.54—66.94%. On mixed muddy-sandy bottoms and in less deep waters hake
occupied 5™ to 9th positions with percentage presence of individuals of
2.12—5.66%. After earlier data of HVAR Expedition the most abundant
catches of an hour duration were realized in the middle Adriatic, that is in
the Jabuka Pit as well as more southward (Karlovac, O. 1959; Mu?zi-
ni¢ and Karlovac, O. 1975).

Hake occupied lower positions in demersal stocks of other study areas.
Thus in the channel area of the middle Adriatic they occupied 4th to 14th
positions (relative density) and 5th—14th positions (absolute density), with the
percentage proportion of individuals of 0.18 to 6.92% (Zupanovié, 196lc).
Hake occupied higher positions, as in the middle open Adriatic, on muddy
bottoms.
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Table 4. Position of hake with respect to relative and absolute density within
demersal stocks in the areas of Jabuka Pit and Blitvenica (1956—1967)

Station Depth Bottom Relative Absolute /o
(m) type* Position Points MNPP** Posi- No. of
tion indiv.

H-40%** 115—181 cl. 2 77 120 2 1,701 15.49
H-43 210—220 1. 1 68 80 2 1,710 31.34
H-44 199—220 1. 1 139 150 1 8,842 53.66
H-46 216—223 1. 1 87 100 I 1,947 23.68
H-47 186—199 lc. 2 115 140 1 2,502 27.95
H-48 164—188 al. 1 146 160 1 5,507 33.31
H-50 241—256 C; 1 50 50 1 1,306 66.69
H-52 183—188 l.e 2 95 120 3 1,574 20.04
H-53 166—178 C. 1 128 140 2 3,005 24.93
H-54 146—168 l.ec. 3 89 110 3 1,630 1711
H-56 168—188 c.l. 2 65 80 2 590 14.58
H-57 150—170 l.c. 2 115 140 2 1,643 18.82
H-58 137—180 l.c. 2 117 140 3 2,028 17.10
H-61 146—159 18 3 8 100 3 820 12.18
H-62 153—170 [ 2 136 170 3 1,351 13.27
H-66 130—135 s 3 95 140 4 1,039 9.54
H-67 126—137 15, 5 111 190 5 1,097 5.66
H-T71 117—123 1s. 5 75 160 5 550 3.48
H-72 97—112 les 6 25 60 6 171 2.59
H-76 104—111 cls 6 42 110 9 293 2.12
* ¢, = clay, 1. = loam, cl. = clayey-loamy, l.c. = loamy-clayey, 1.s. = loamy-sand,

l.c.s. = loamy-clayey-sandy, c.l.s. = clayey-loamy-sandy

**  Maximum no. of points possible

*** Stations marked with letter H correspond to the stations of HVAR expedition
1948—1949

Merker and Nindéié (1973) established that hake occupied 2nd to
9th(12th) positions (relative density) and 2 ™d to 11*h positions (absolute density)
with percentage presence of 1.47 to 9.49% between 100 and 200 m depths in
demersal stocks ranging from 10 to 500 m. At greater depths (200—500 m)
hake occupied 11t to 19th positions (relative density) and 9t to 20th positions
(absolute density) with the percentage presence of 0.27 to 2.10%s.

Hake showed lowest densities in the bay of Boka Kotorska occupying
10th to 15 positions (relative density) and 10th to 18th positions (absolute
density), with percentage presence of 0.24—0.77% (Lepetié, 1965).

These data clearly show that positions of hake in stocks with respect to
density and percentage presence are more clearly marked in the open middle
Adriatic 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 indicative of optimum ecological factors relevant to
hake distribution.

Sex ratio

Sexual dimorphism of hake is given in Fig. 18. Male/female hake ratio
showed males from the channel area of the middle Adriatic to be more
abundant at smaller lengths, and females at greater lengths. Maximum male
length was 37 cm and that of female 55 em.
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Age composition

Hake from the middle Adriatic was aged using otoliths. Standard otolith
types showed clearly distinct hyaline zones from the opaque zones. Fig. 19.
shows several specimens of standard otolith types in hake caught from the
Jabuka Pit in October 1963 and July 1965. Given otoliths are from 0 to third
age group.
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Fig. 18. Length frequencies of male and
female hake in the channel

area of the middle Adriatic in
1957/1958

Central zone or nucleus consisted of opaque substance in a majority 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 thin 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 factors or to some physiological changes (spawning)
during a normal year. »False rings«, consisting of several unfinished and
closely arranged sclerites may also be the result of some changes in the way
of life of juvenile fish. Two this type otoliths of 0 age group of hake are
given in Fig. 19 (8a and b). Narrow concentric and unfinished annuli round

»

Fig 19. 1. Otolith of the hake 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 the 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 hake L = 31.8 cm, gropu III, October 4, 1965

8. a) Otolith of the hake L = 6.7 cm, group 0, October 23, 1963

b) Otolith of the hake L = 7.7 ecm, group 0, October 26, 1963
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nucleus in the summer period are probably indicative of habitat changes,
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 hake
from the Jabuka Pit in summer-autumn period. In some otoliths the first
opaque zone was much wider than normal, its center consisting of an indistinct
mass of hyaline and opaque zone. No clear opaque zone could be distin-
guished in the central part in this case. One possible explanation may be
very marked indentation of otolitlis during the first year of age of hake.
The first opaque zone, consequently, appears much wider than in normal
otoliths. ‘

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

o
30 -

Age

Fig. 20. Percentage age composition of
hake from the middle Adriatic
(1963—1966)

From hystogram on Fig. 20 it is possible to obtain the number of hake
individuals per each age group. Of 1487 analyzed individuals 7.26%0 of fish
belonged to 0 age group, a year old individuals were represented by 29.46%o,
two year old fish by 21.12%, three year old fish by 17.55%, four year old
fish by 13.85%, five year old fish by 6.05%, six year old fish by 3.23%s, seven
year old fish by 1.01%0, eight year old fish by 0.40% and nine year old fish by
0.07%%o.

Total length frequency distribution of all the analyzed hake individuals
is given in Fig. 21. Polymodal curve is indicative 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 lengths 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 indicator of the population growth but also
of juvenile hake movements. Modes of length of small hake show mainly
two peaks in spring-summer and one peak in winter period. This absence of
second winter mode may be due to a change in food habits of small hake or
reflect movement of small fish to shallower waters.

Length frequencies of hake from the channel area, open middle Adriatic,
between Vis and Palagruza 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 relationship

Jardas (1976) examined the relation of weight to length in 295 hake
specimens of 15 to 51.5 e¢m in length from the central part of the open Adria-
tic. Author obtained three distinct growth phases in both sexes. These phases
last slightly different in males and females. The first (juvenile) phase lasts
in males until they reach 18 cm, the second (adolescent) phase extends from
18 to 26.5 cm and third (adult) beyond the limits of adolescent phase.

In females the second phase extends up to the mean lengfh of 30.5 cm
and third in fish exceeding 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 is almost ideal (n = 3.033) while
negative allometry was obtained in adult females (n = 2.862).
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Matta (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 Adriatic hake is after Jardas (1976)

at slightly smaller lengths.

65-175m 100 -250 m
Montenegro coastal region Jabuka Pit
n= 814 n= 1297
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Fig. 22. Length frequencies of hake from the Jabuka Pit, channel area of the middle
Adriatic, open middle Adriatic and Montenegro coastal area in 1960 and 1961
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Yaunopoulos (1976) reported a constant relationship (n = 3.153,
r = 0.89) for hake from Greek waters, on the basis of measurements of 504
individuals of 10 to 53 ecm in length.

Flamigni (1983) obtained 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 (Alegria - Herndndez et al, 1982). The largest hake catches
(about 70 percent of the total) are realized from the middle Adriatic. That
is why some data relative to the biology and stock assessment of these fish in
this area are important 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 commercial importance.

58+
541 == Large
1 ====Medium
50 —==Small
T sreceer Total catch
46 ~=n= Effective days fishing

METRIC TONS

Total catch (M.T)

—
e et or %

W56 55 60 62 64 66 68 0 72 7% 76 78 80

Year

Fig. 23. Hake catches and number of fishing days of com-
merial trawlers in the Blitvenica trawling area from
1956 to 1980
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Hake catch by Yugoslav trawlers in the area of Blitvenica (in the Jabuka
Pit) in the 1956—1980 period is given in Fig. 23. Data on the number of
effective fishing 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 medium 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 Adriatic, which also affects tempe-
rature increase. These fluctuations of small hake in the area of Blitvenica
are not a regular phenomenon repeating from one year to another, they are
subject to the fluctuations of »weather regime« (Zupanovié, 1968).

Variations in hake catch in the Blitvenica fishing ground are similar to
those for the entire Adriatic (Alegria-Hernandez et al., 1982).

Levi and Gianetti (1972) established, on the basis of an analysis of
the relationship between the total hake catch and catch per unit effort for
the 1958—1969 period, that hake stock was overexploited in the areas where
Italian fishermen operated and that reglementation of fishing effort was
necessary. Similar trend was reported for the Blitvenica area for the same
period (Alegria-Hernandez et al., 1982).

Fishing intensity and fish stock

On the basis of cohort analysis Zupanovié (1968) estimated coefficient
of total mortality of hake from the middle Adriatic for the 1963—1966 period
to be Z = 0.79.

This was proved by later analyses. Index of variations of hake abundance
in the 1970—1979 period showed fotal mortality coefficient to be the same
(Z =0.79). Similar values were obtained by the experiments of the codend
selectivity in bottom trawls (Z = 0.77). On the basis of obtained wvalues
Alegria-Hernandez et al. (1982) came 'to the conclusion that the
level of hake exploitation in the middle Adriatic had remained more or less
the same for the last 20 years.

The mentioned studies deal with the relationship between fishing inten-
sity in the Adriatic bottom trawl fishing and hake stock size. From such
relationship an attempt was made to assess the maximum sustainable yield
(MSY) of the population with corresponding optimum fishing effort (f. opt.).

On the basis of obtained parameters of hake exploitation in the Adriatic,
Alegria-Hernandez et al. (1982) calculated maximum sustainable yield
to vary between 2,819 tons/year (exponential model) and 3,373 tons/year
(linear model) with optimum fishing effort between 54,349 (exponential model)
and 62,638 (linear model) fishing days per year.

The first standing stock assessments of the hake in the Adriatic with
respect to the exploitation intensity were given by Jukié¢ and Picci-
netti (1979). Applying »trawt-survey methodology« after Alverson and
Pereyra (1969) they assessed that hake standing stock in the Adriatic ran-



134 S. Zupanovi¢ and I. Jardas
Biology and population dynamics of the Adriatic hake
Acta Adriat., 27 (1/2) : 97—146 (1986)

ges between 3,657 and 7,383 tons (after Alegria-Hernandez et al,
1982).

The technique used to determine the standing stock for demersal fish
and the limitations of such estiinates have been discussed by Alverson
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
changes in catch per unit effort are directly proportional to the changes in
density (Ricker, 1940; Gulland, 1964; Alverson, 1971).

In these calculations of the standing stock of commercial catch the
coefficient of vulnerability (q) is equal to 1.0 (Alversomn, 1971).

It is unlikely that the coefficent of vulnerability ever reaches this value
(a@ = 1.0) since authors believe (Kreuzer, 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 with speed
(Scharfe, 1961) and a considerable difference between day and night it
was determined that a minimum efficiency of trawl varied from 19 to 35
percent (Jones, 1962; Dicksomn, 1975; Robertson, 1977).

Therefore, an estimate of the effective pathwidth of a trawl — using hake
data from the Blitvenica area — should indicate a degree of efficiency based
on »catchability« figures from which an assessment of the trawl efficiency
could be deduced.

An estimate of the effective pathwidth of a trawl from the Blitvenica
area — using hake data.

The method used follows that devised by Jones (1962) relating the
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
given as an appendix to a review of botltom trawl efficiency (Dickson,
1974, 1975).

The method is more easily understood if turmed around so that the effi-
ciency of the trawl in taking a certain percentage of the fish within its
measured otter board spread is known and the percentage of each sgare mile
(on the average) that is swept each year is known, then fishing 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 = 0.408 = estimate of natural mortality M
slope b = 6.5 X 10-% = F/AH,

where F = fishing mortality at a given rate of exploitation
A = area of stalistical squares (Blitvenica) in which hake abound
say between 150 and 210 m depth or 55 square nautical miles
H = hours fishing per square mile per year

Since the data refer to no more than few years the 95% confidence
limits for the slope are wide and the following estimates are mo more than
indicative

b = 6.5 X 10-% =+ 4.6 X 10-6
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Table 5. Estimated values of the total mortality coefficient (Z), fishing effort (f)
and fishing mortality coefficient (M) of the hake population in the open
middle Adriatic (Blitvenica) for period 1970—1979 (after Alegria —
Hernandez 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
following Jones (1962), =
1852

where W = effective width of gear, i. e. that pathwidth that would cap-
ture 100%0 of fish occurring within it
V = trawling speed in knots
1852 = No. of m. in one Nm

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

HWYV ot
interval of time it = ——M——
1852 T

where T = one year

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

mile that is effectively swepth clean in a short interval of time 6t = F —
1T
ot HWV 6t
therefore F =
T 1852 T

HWYV
or bAH =
1852
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bA X 1852
W s
v

in this case where the trawling speed of »Jadran« trawlers may be taken
3.5 knots, the effective pathwidth of trawl

6.5 X 10~% X 55 X 1852

W= =189 m
3.5

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

W .
f=— (Fig. 24).
2¥y

Yugoslav and Italian bottom trawl gears are known to be similar in
this area (Jabuka Pit) and the following typical operating dimensions for

a Yugoslav bottom trawl on the Blitvenica ground was taken from Schédrfe
(1961).
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Fig. 24. Effective pathwidth of trawl gear
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The length of »sweeplines« means here all the wire between otter boards
and wing tips. The spread between the otter boards was calculated from
divergence and length of the warps. The net spread is 2y, here taken as the
mean of headline and groundrope spread. The distance between the wing
tips was derived from this spread and the lenght of the sweeplines.

2yb 2yn (2yb — 2yn) (Fig. 24)
sweeps etc.
120 56 m 14 m 42 m
18.9
Thus gear efficiency f = —— = 0.34
56.0

An overall gear efficiency of 34% could mean, either that if all fish
are below headline height, 34% of those between the otter boards will be
captured.

In bottom trawling for hake the vertical density profile may be expected
to be most dense close to the bottom, but nevertheless bottom trawling is
often conducted where and when hake are passing over the headline (Dick-
son, 1975).

The figure 34%y efficiency means that on the average 34% of hake bet-
ween the otter boards and in the entire water column are captured. This does
not mean that fishing at random, 34% of hake in the water on the Blitve-
nica ground will be caught. The figure is based on commercial fishing data
and bottom trawling is or should be concentrated on situations where and
when the vertical density profile of hake is closely associated with bottom.

The obtained results indicate a degree of gear efficiency based on
»catchability« figures from which an assessment of the trawl efficiency could
be deduced. Therefore, if an overall gear efficiency of 34%¢ could be taken
for the hake catch in the Adriatic than the estimates of Jukié and Pic-
cinetti (1978) were higher than the true values.

CONCLUSIONS

A study of biology and population dynamics of hake, Merluccius mer-
luccius (L.), in the Adriatic has shown the following:

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

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

3. Male hake mature at length of 20 to 28 cm and female hake at lenght
between 23 and 33 cm.
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4. Hake spawn in summer and winter. The earliest spawning begins in
deeper waters in winter and as spawning 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 in spring
and autumn is probably associated with the long spawning season.

6. Adolescent hake from the middle Adriatic mainly reside in more
shallow channel waters until maturation.

7. Adult individuals showed a periods of onshore movements and vice
versa. These local movements of adults the authors attempted to associate
with spawning and feeding.

8. Hake food habits change with age. Juvenile hake up to 16 cm mainly
feed on Crustacea (Euphausiacea) while adolescent and adult hake prey
mainly on fish (Sardina pilcharduls, Sprattus sprattus sprattus and Engraulis
encrasicolus).

9. Hake growth in the Adriatic is analogous to the hake growth in the
northern Mediterranean and Tunisian waters. Authors tried to account for
this similarity by the occurrence of divergence.

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 and that of females at
greater lenghts.

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

13. The analysis of length frequencies in the middle and southern Adriatic
showed two peaks in spring-summer and one peak in winter in the hake from
the middle Adriatic. The authors tried to account for 'the second winter mode
absence by the metamorphosis in feeding of juvenile hake and their move-
ments from the Jabuka Pit to the shallower channel waters. Mean lengths of
hake from the Montenegro coastal area exceeded those of hake from the
middle Adriatic.

14. Weight-length relationship is indicative of three distinct growth phases
of hake from the Jabuka Pit. The inflexion point occurs at about 32 cm
in females and about 29 cm in males (Jardas, 1976).

15. Hake catch has increased for the last decade (1970—1980). For a better
assessment of hake stock in the Adriatic and potential exploitation the authors
tried to calculate the coefficient of efficiency of bottom trawl in the Blivenica
fishing ground. Obtained fishing coefficient (q) is 34%0. Authors hold that the
assessed standing stock of hake in the Adriatic is considerably in excess of
its actual value. Obtained results are still preliminary.
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PRILOG IZUCAVANJU BIOLOGIJE I DINAMIKE POPULACIJE
JADRANSKOG OSLICA, MERLUCCIUS MERLUCCIUS (L.)

Sime Zupamovié i Ivan Jardas

Institut za oceanografiju i ribarstvo, Split, Jugoslavija

KRATKI SADRZAJ

Na osnovu izuéavanja biologije, dinamike populacije, eksploatacije i pro-
cjene stock-a osliéa, Merluccius merluccius (L.), u Jadranu autori ovog rada
dosli su do slijedeéih zakljudaka:

Osli¢é je u Jadranu rasprostranjen skoro na ¢itavoj povrSini (Fig. 2). U
odnosu ma dubinu oslié¢ u Jadranu naseljava podruéje od cca 10 do 800 m,
abundantnije izmedu cca 100 i 200 (ili nesto vise) m, a s obzirom na teksturu
taloga dna preferira finija (muljevita) dna, medutim dobro je zastupljen i na
ostalim dnima.

Najguséa populacija osliCa zapaZena je u srednjem otvorenom Jadranu,
tj. u Jabuckoj kotlini, koja je poznata kao »nursery ground« za ovu vrstu.
Abundantna populacija zapaZena je i juznije od Jabucke kotline.

Na osnovu izuéavanja njegovih morfometrijskih i meristickih karaktera
radi se o jednoj populaciji u Jadranu. MuZjaci osli¢a postizavaju prvu spolnu
zrelost izmedu 20 i 28 cm, a Zenke pri duZini od 23 do 33 cm.

MrijeStenje osliéa u Jadranu se vrsi u ljetnjem i zimskom periodu. Naj-
ranije mrijeStenje se vr§i u dubljim vodama u zimskim mjesecima i kako
sezona napreduje, mrijeStenje se prebacuje u pliée vode u proljetno-ljetnjem
periodu (Fig. 3).

Pojava juvinilnih osliéa (7—15 cm) u Jabuckoj kotlini u proljetno-jesen-
skom periodu, po misljenju autora, vjerojatno je povezano sa dugim perio-
dom mrijestenja.

Adolescentni osli¢i u srednjem Jadranu se uglavnom zadrzavaju u pli¢im
kanalskim vodama do prve spolne zrelosti.

Adultni individui takode ukazuju na periode pomicanja obalnim, plié¢im
vodama, i vice versa. Autori. pokusavaju povezati ta lokalna pomicanja adult-
nog oslica prema pli¢im vodama sa periodom mrijeStenja, odnosno ishrane.

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

Rastenje osliéa u Jadranu je analogno rastenju u sjevernom Mediteranu
i u vodama Tunisa. Autori su navedenu sli¢nost pokusali povezati sa pojavom
divergencije.

Dnevne promjene u lovinama oslica su pokazale da su najbolji ulovi
postignuti u zoru i sa poveéanjem dnevne svijetlosti ulov pokazuje tendenciju
opadanja. Jedina iznimka u ulovu je registrirana u ljetnjem periodu kad je
na istom podruéju ulovljen najvedi broj zrelih individua (Fig. 14).

Odnos spolova osliéa u srednjem Jadranu ukazuje da su muZjaci predo-
minantni u kanalskom podruéju kod manjih, a Zenke kod veéih duzina.
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Izuéavanja starosti osliéa u srednjem Jadranu pomoéu otolita je pokazalo
da su u ulovu bile najbrojnije zastupane prva i druga starosna grupa u
periodu 1963—1966.

Analiza frekvencije duzina osliéa u srednjem Jadranu u odnosu na juZni
Jadran, je ukazala da su osli¢i u srednjem Jadranu pokazivali dva maksimuma
u proljetno-ljetnjem periodu i samo jedan u zimskom. Autori su nestajanje
drugog modusa u zimskom periodu poku$ali objasniti metamorfozom ishrane
kod juvenilnih osliéa i njihovim pomicanjem iz Jabucke kotline, prema pli¢im
kanalskim vodama.

I frekvencije duZine osliéa u Crnogorskom primorju u ljetnjem periodu
pokazuju dva maksimuma. Prosjeéne iduzine oslica u kolovozu 1961. g. na
ovom podrucju su bile veée od duzina izmjerenih u srednjem Jadranu (Fig. 22).

Odnos izmedu duzine i teZine oslica u Jabuckoj kotlini (prema Jar-
d as-u, 1976) ukazuje ma tri faze rastenja. Infleksiona tofka se susreée kod
cca 32 cm za Zenke i oko 29 cm za muZjake. '

Ulov osliéa u Jadranu u posljednjem desetlje¢u ukazuje na izvjestan
porast. Analiza indeksa promjena abundancije osliéca u Jadranu, u periodu
1976—1969. je pokazala, da je stopa eksploatacije osliéa u Jadranu ostala, vise
ili manje, konstantna (Alegria-Hernandez et al., 1982).

Radi bolje procjene biomase osliéa i moguénosti eksploatacije iste, autori
su pokusali na osnovu izrac¢unavanja prirodnog mortaliteta i dobivenog koefi-
cijenta regresije (Alegria-Hernamndez et al, 1982), izracdunati lovni
koeficijent (q) dubinske povlaéne mreze (koce) brodova »Jadran« poduzeéa —
Split na ribolovnom podruéju Blitvenice. Prema dobivenim rezultatima, lovni
koeficijent (q) mreZe iznosio je 0,34. Po misljenju autora, a na osnovu dobive-
nog lovnog koeficijenta mreZe od 34%,, proizlazi, da je procjena biomase
oslica u Jadranu veéa od njegove prave vrijednosti.





