ISSN: 0001-5113

AADRAY

ACTA ADRIAT.
35 (1/2): 69 - 82, 1994

Ichthyological analysis of catches from the
Mirna Estuary - eastern Adriatic

Miro KrRALJEVIC, Jakov DULCIC, Ivo KACIC, Armin PALLAORO
and Ivan JARDAS

Institute of Oceanography and Fisheries, Split, Croatia

Mirna Estuary has been fished once per year for more than 900 years. Ichthyologi-
cal analyzes started in 1989. Material was collected by special constructed big seine net for
this area. Twelve species were captured, though 4 of these are of commercial point. Family
Mugilidae was numerically dominant and constituted 93.6% of total catch (8 year period)
while Liza aurata and Liza ramada constituted 89.0 and 6.6% of that procent, respectively.
All other species were represented in very small numbers of which Lithognathus mormyrus
(4.1%) and Dicentrarchus labrax (1.7 %) were mostly abundant. Total length-weight rela-
tionship and condition factor were calculated for these comercial species. On the basis of age,
maturity of individuals, length frequency distribution according to first maturity, mean total
length of analyzed specimens and exploitation ratio (E), we concluded that the fishing pres-
sure exerted on the golden and thin-lipped mullet were light (underfished stock), while the
population of the sea bass (E=0.554) and striped sea bream (E=0.499) in a sufficient fish-
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ing condition in the area under study.

INTRODUCTION

The Mirna Estuary is specific and pro-
ductively rich habitat of a large number of com-
mercial fish species. Traditionally, estuary has
been fished once or twice a year for more than
900 years (PLANCIC, 1952).

The Mirna Estuary has for centuries been
either the property of different owners or rented
as a place of very profitable fishing. German -
Roman king Otto III, by his Chart of the year
983 AD confirmed the rights of Pore¢ Diocease
to fish in Mirna Estuary. These rights were later
confirmed by Henry, the king of Franks and
Lombards, in 1060 AD and the emperor
Rudolph Habsburg in 1291 AD. The beginning
of the proper management of this area may be
traced back to the year 1760 and in 1792 the

Pore¢ Diocese authorized the Pore¢ - Rovinj
municipalities for fishing in this area (ZJACIC,
1973).

The Mirna Estuary is situated on the
western coast of the Istrian penninsula, Eastern
Adriatic (13°30°N, 45°20’E) (Fig.1).

Depth at the estuary entrance reaches 23
m to be reduced in its inner parts to 8 m in the
Tar Cove, somewhere not exceeding 3 m. The
Mirna River discharges into Mirna Bay north-
east of the small town Novigrad, the eastern-
most and shallowest part of the bay called Tar
Cove. Delta-like end of the Mirna River mouth,
flooded plains, shoal belt and gradual increase
of depth from the eastern bay part (Tar Cove)
westward and offshore show that settling of par-
ticles carried by the river is going on pointing to
the fact that Tar Cove is the residue of sub-
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Fig. I.

The map of the study area, Mirna Estuary.

merged Mirna River valley (VESNAVER, 1905;
BAsioLI, 1956).

We started a preliminary fishery-biology
research of Mirna estuary in 1989. The scope of
this work was to study quantitative-qualitative,
length-weight catch structure and to establish
the percentage of immature specimens with a
final goal of fish species protection and develo-
pement of appropriate management practices in
this peculiar environment.

MATERIAL AND METHODS

Material was collected in winter (Decem-
ber 1989, 1990, 1991) by specially constructed
tow nets with beg - “ciplarice” (mullet nets).
These nets are used only in the area of the
Mirna Estuary. The total length of a net is 1450
m. They are set so as to enclose the whole bay
from one side to the other (north-south) at a
length of 1300 to 1350 m (see Fig. 1 - dashed
line). Net is deep from 15 to 30 m. Mesh diame-
ter is 22 mm. Prior to fishing operations the
entrance of a larger quantities of fish into the
estuary, or in fact into the Tar Cove is observed.
Upon the entrance of the fish the nets are set
one after another. Since the enclosed area is

very large, fish could be impounded for several
days. In the end, fish is pulled out in the Tar
Cove. Random samples were taken for ichthy-
ological analyses out of the total catch. Ana-
lyzed fish quantities expressed in percentages
by years are given in Table 1.

Table 1. Analyzed catch quantities from Mirna Estuary.

Year Total catch Analyzed catch
(kg) kg %
1989 27 428 103 0.37
1990 75 006 156 0.21
1991 18 445 216 1.17

Fish were determined by the key for
species identification (SoLJAN, 1975). Total
length (TL) and weight (W) were taken from
each analyzed specimen to the nearest 0.1 cm
and 1 g, respectively.

Total length-weight relationship was ex-
pressed as:

W=aLb,

where W=the weight, L=the length and a and b
are constants, commonly used by fishery biolo-
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Table 2. Total quantity (kg, %) of catches for the 1983-1991 by the best represented species
Fami‘liae/ Me?rket Y E A R
Species size
1983 1984 1985 1986 1987 1989 1990 1991 Total
kg kg % kg % kg % ke % kg % kg % kg % kg % kg %

Mugilidae 6216 98.71 19802 96.87 37934 96.29 4350 83.52 3220 81.27 22100 80.58 72000 95.99 17990 97.51 183612 93.59
L. mormyrus > 0.25 - 161 042 - 156 394 3000 1094 642 086 68 036 4027 2.05
L. mormyrus  0.25-0.10 102 050 220 0.56 32 061 202 510 1300 474 1300 173 103 055 3259 166
L. mormyrus ~ <0.10 21 033 - - 266 0.67 - - - 171 062 235 031 21 011 714 0.36
D. labrax >0.25 34 054 420 205 788 2.00 52 100 230 581 840 306 755 101 220 119 3339 170
S. salpa >0.20 - 36 018 - - 22 042 U7 295 - - - - 10 0.05 185 0.09
S. salpa 0.20-0.10 - - - - 510 979 - - - - 510 026
S. aurata >0.25 - - - - - - 5 010 - - - - - - 2001 7 0.00
S. aurata <0.25 26 0.42 8 0.04 - - 17 033 10 025 3001 47 0.06 6 003 117 0.06
L. amia - - - - 67 129 - - 2001 11 0.02 10 005 90 0.5
T. mediterraneus - - 20 038 - - - - - 3 002 23 001
U. cirrosa - - 25 0.06 - - 6 001 10 005 41 0.02
D. annularis 36 018 - - - - - - - 36 0.02
M. mustelus .. 133 256 - - .- - - 12007 145 0.07
Others 38 018 27 0.68 12004 10 0.01 - 87 0.04
Total 6297 100.0 20442 100.0 39394 100.0 5208 100.0 3962 100.0 27428 100.0 75006 100.0 18455 100.0 196192 99.98

* 1988 cove was not fished

gist (RICKER, 1975), was calculated by program
FB 1 (PAULY, 1984). Condition factor (CF) was
also calculated as:

W
CF=—x100.
L3

The stage of maturity of their reproduc-
tive organs and the percentage of immature
individuals of fish species caught in the largest
quantities (Liza aurata, Liza ramada, Lithog-
nathus mormyrus and Dicentrarchus labrax) dur-
ing fishing operations were determined
(ZuPANOVIC, 1958; after MOROVIC, 1960).

Age was determined on the basis of read-
ing scale rings under stereo-microscope at 400-
fold magnification.

Scales have been taken always from the
back of the belly fin, at the height of the lateral
line. For estimation of L., and K we used the
program ELEFAN II. We used this program
also for estimation of natural mortality (M)
using estimates of L., K and mean temperature
based on PAULY’s (1983) empirical equation and
estimation of F = Z - M, where F is fishing mor-
tality and Z is total instantaneous mortality rate.

Exploitation ratio was calculated by equation:
E=F/Z.

Method of annual fish growth studies by
scale readings proved suitable for Mugilidae
family since the scales are big enough to be eas-
ily read. We also used this method since it is
common in fishery-biology practice and was
used also by Jacor (1920), HELDT (1948) and
MoRroviC¢ (1960).

RESULTS

Family Mugilidae has been the best rep-
resented (93.59%; 183612 kg) (Table 2) in the
Mirna Estuary catches for the past eight years,
that is ever since the weight proportion of fish
in catches by species began to be observed. Ear-
lier data refered only to the total catch quanti-
ties (Table 3).

Table 3. Total catch quantities for period 1978 to 1982
Year Catch quantities (kg)
1978 13 182
1979 12 166
1980 32038
1981 33338
1982 54 840




72 ACTA ADRIAT,, 35 (1/2): 69-82, 1994

Of other fish species Striped sea bream
(Lithognathus mormyrus L.) provided 4.1%
(8000 kg) of the total catches and Sea bass
(Dicentrarchus labrax 1.) 1.7% (3339 kg). The
quantities of all the other fish species (Table 3)
were quite insignificant (> 1.0%) with the domi-
nance of Sarpa salpa with 0.4%. Quantities of
fish species were variable from one year to
another. For example, the quantity of Mugilidae
family had fallen from a maximum of 98.7%
(1983) to a minimum of 80.6% (1989). Even the
species the percentage of which did not exceed
1% of the total catch showed quantity variations.
Salema (Sarpa salpa L.), for example, in some
years mounted up to 10.2% (1986) whereas they
were completely absent in some years (1983,
1985, 1989, 1990).

Tables 2 and 3 show marked differences
in annual catch quantities (from 75006 to 3962
kg) with the mean 26288 + 20924 kg. Of six
mullet species in the Adriatic (Liza aurata, Liza
ramada, Liza saliens, Mugil cephalus, Chelon
labrosus and Oedalechilus labeo), five were re-
corded from the Tar Cove. Table 4 demonstrate
quantitative-qualitative structure of analyzed
individuals.

As shown by Table 4, golden mullet (L.
aurata) dominated the catches providing 89.0%

whereas the quantities of other species were
rather small (6.6 - 0.9%).

Annual means of total length and weight
of L. aurata are shown in Table 5. Length fre-
quency distribution is shown in Fig. 2 and
length-weight relationship in Fig. 3.
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Table 4. Presence of analyzed individuals of the family Mugilidae as reported by earlier studies of Mirna Estuary
(1989, 1990, 1991)
Soacd Year
PR 1989 1990 1991 N %
N
Liza aurata 104 541 286 931 89.0
(golden mullet)
Liza ramada 5 62 69 6.6
(thin-lipped mullet)
Mugil cephalus 9 14 24 2.3
(flathead mullet)
Chelon labrosus 13 13 1.2
(thick-lipped mullet)
Liza saliens - 9 0.9
(leapping mullet)
Total 118 553 375 1046 100.0
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Table 5. Annual mean lengths XL (cm), weights XW (g), and their ranges for analyzed individuals (N) of recorded

species
Species Yoot XL (cm) Range Xw (g) Range N Total
+SD (cm) +SD (g) N

Liza aurata 1989 27.9+3.02  21.0-36.0 167+55.1 40-430 104

1990 29.1£2.21  26.141.8 186+57.9 90-541 542

1991 29.1£2.84  22.3-36.6  205£58.9 85-358 286 931
Liza ramada 1989 39.5+4.56  33.545.0 521+186.0  280-770 5

1990 39.3+3.54  36.841.8  485+91.9 420-550

1991 37.7£7.44  29.0-62.0  485+349.8  188-2050 62 69
Mugil cephalus 1989 31.16£6.78  25.0-43.5  311£237.3 130-805 9

1990 52.8 - 1510 - 1

1991 42,8779  32.0-56.0  824+449.3  348- 1680 14 24
Liza saliens 1990 37.1£4.68  31.6-42.7  474%186.4  245-776 9 9
Chelon labrosus 1991 37.5¢4.01  33.5-44.0 569£199.5 357-1016 13 13
Lithognathus mormyrus 1989 24.5£3.32  18.5-31.5 191+82.4 70-395 47

1990 26.2£3.29  18.0-350  215+85.4 70-493 42

1991 25.9+3.75 15.7-32.7  224+92.8 48-502 108 197
Dicentrarchus labrax 1989 35.3t4.44  29.0-39.5  448+172.7  240-660 4

1990 47.6+1547  31.2-80.0 1377£14457  297-5268 21

1991 41.2£10.10  30.5-88.0  888+1092.1  275-7300 68 93
Sparus aurata 1989 20.0+1.89 17.5-23.5 109+39.9 70- 190 10

1990 20.8+3.35 17.4-28.0 125+73.3 66-307 13

1991 20.7+2.53 18.3-30.2 123+65.5 79-431 49 72
Lichia amia 1989 31.5 - 280 - 1

1990 37.5¢51.77  35.6-40.1 456+46.4 395-505 6

1991 33.7£2.62  27.539.0  360+85.2 190-561 27 34
Umbrina cirrosa 1990 459+11.35  36.2-61.1 1110£7354 5142130 4

1991 40.3£3.54  36.545.5 691£149.5  508-922 11 15
Alosa fallax nilotica 1990 35.044.12  28.0-40.0 348+133.2  197-537 5

1991 31.0£5.37  28.040.6  217+180.0 121-539 5 10
Sarpa salpa 1991 347+2.76  30.4-37.7  532+106.8  367-669 8 8
Trachurus mediterraneus 1989 27.0+1.41 26.0-28.0 145+35.4 120-170 2 2
Loligo vulgaris 1991 29.2£7.39  17.7-40.8  480+280.9 1621010 6 6

Annual means of total length and weight
of L. aurata point to a course of slight increase
(see Table 5 and Fig. 2). Analyzed speciméns of
21.0 to 41.8 cm length range belong from 3 to
8% and 117 year classes.

The growth coefficients of L. aurata
showed negative allometric growth in 1989, but
positive one in 1990 and 1991. The value of b
(2.95) in 1989 was not significantly different
from 3 (p > 0.05) while the values of b in 1990
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Fig. 3. Length-weight relationship of L. aurata from

Mirna Estuary

(3.14) and 1991 (3.12) were significantly differ-
ent from (p < 0.05). The value of condition fac-
tor was considerably higher in 1991 than in the
1989 and 1990 (see Fig. 3).

The species L. ramada of the family
Mugilidae followed by 6.6%. The annual means
of total length in 1991 was lower than in the two
preceeding years. This may be explained by a
small number of caught individuals (n=5, n=2
respectively) (see Table 5). Length-frequency
distribution shows that almost all caught indi-
viduals (n=69) exceeded 30 cm in total length
(Fig. 4). Length-weight relationship (calculated
for all analyzed specimens) points to a positive
allometric growth. The value of b (3.05) was not
significantly different from 3 (p > 0.05) while
the value of condition factor was similar with
the value for L. aurata (Fig. 5).

T =

Total lengthlcm)

Fig. 5. Length-weight relationship of L. ramada and D.

labrax from Mirna Estuary

A comparison ot annual mean total
lengths and weights of L. mormyrus (Table 5)
shows their slight and limited increase.

Analyzed specimens caught during all
three seasons in Mirna Estuary ranged from
15.5 cm to 35.0 cm in total length (Fig. 6). The
growth coefficients showed positive allometric
growth of striped sea bream at the beginning of
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winter. The values of b in 1989 (3.09) and 1991
(3.03) were not significantly different from 3
(p > 0.05), while the value of b (3.25) in 1990
was different from 3 (p < 0.05). The value of
condition factor (CF) oscillated from 1.164 to
1.238 (Fig. 7).
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Fig. 7. Length-weight relationship of L. mormyrus from

Mirna Estuary

Length-frequency distribution of L. mormyrus for three winter samples (1989, 1990, 1991) and in total

Sea bass (Dicentrarchus labrax) showed
greater variability of annual mean total length
and weight (Table 5). These oscillations are like-
ly due to a small number of analyzed specimens
in 1989 (n=4) and 1990 (n=21). Most of the
catch contained specimens of 30 to 46 cm in
total length, with only one specimen not exceed-
ing 30 cm (29.0 cm) (Fig. 4). Length-weight
relationship (calculated for all analyzed speci-
mens, n=93) shows positive allometric growth.
The value of b (3.11) was not significantly dif-
ferent from 3 (p < 0.05) . Condition factor was
0.966 (Fig. 5).

The total (Z), natural (M), fishing (F)
mortality and exploitation rate (E) were also -
calculated for these species (Table 6).

Table 6. The total (Z), natural (M), fishing (F) mortality
and exploitation rate (E) for L. aurata, L. ramada,
L. mormyrus and D. labrax from Mirna Bay for
the period 1989-1991.

Species Z M F E

L. aurata 0.649 0.387 0.262 0.404
L. ramada 0.627 0.432 0.195 0.311
L. mormyrus 1.030 0.516 0.514 0.499
D. labrax 0.567 0.253 0.314 0.554
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The exploitation rates indicate that the
fishing pressure exerted on the golden and thin-
lipped mullet left them underfished, while the
populations of the sea bass (E=0.554) and
striped sea bream (E=0.499) were a sufficient
fishing condition in the area under study.

DISCUSSION

Family Mugilidae is widely distributed
throughout the Mediterranean and Atlantic
from British to Canarian islands (BINI, 1968;
BEN-TUvIA, 1986; FISHER ef al., 1987). As dis-
tincly euryhaline (1-90 ppt) and eurythermal (2-
37°C) organisms all mullets usually are found in
the coastal shallow waters (0-30 m), river estu-
aries and harbours where there is some fresh-
water influence.

According to this investigations family
Mugilidae was dominant (93.5%) in the Mirna
Estuary. L. mormyrus (4.1 %) and D. labrax
(1.7%) were also important from commercial
stand point. Of a total of six species of Mugili-
dae family, five (L. aurata, L. ramada, M.
cephalus, C. labrosus and L. saliens) were recor-
ded from the Mirna Estuary. All six species,
both juvenile and adult, including O. labeo, were
found in the Krka River Estuary (MODRUSAN et
al., 1988; Juc-DuJAKOVIC, 1988) and in the shal-
low coastal waters of the eastern Adriatic
(Morovi¢, 1960). However, only four of them
(L. aurata, L. saliens, C. labrosus and O. labeo)
were recorded from the shallow coves of Kor-
nati Islands (KRALJEVIC and JUG-DUJAKOVIC,
1988; KRALIEVIC and PALLAORO, 1991). Of this
family only O. labeo was present with a few indi-
viduals (0.3-0.8%) since it is very rare in estuar-
ies and brackish waters along the Adriatic coast.
O. labeo closes its life cycle in open waters
(BOGRAD, 1961).

Of all fish species caught in the Mirna
Estuary, the species L. aurata (89.0%) is best
represented. Coastal waters of the eastern Adri-
atic are best inhabited by the species of the fa-
mily Mugilidae of which M. cephalus and C.
labrosus dominate constituting 33.8% and 24.8%
respectively (MOROVIC, 1960). Morovic (1960)
also reported an almost equal presence of other

three species, L. ramada (14.3%), L. aurata
(13.6%) and L. saliens (12.8%). Analyzing fish
fry of this family in the waters of the western
coast of Istrian Peninsula, the same author con-
firmed the dominance of L. aurata (29.8%) and
M. cephalus (28.1%). Our records and the re-
cords of VATOVA (1948) prove the dominance
of L. aurata in the waters of the western coast of
Istrian Peninsula.

The Mugilidae species C. labrosus were
dominant in the Krka River Estuary (middle
Adriatic) whereas other species of this family
were moderately present (MODRUSAN et al,
1988). The analysis of fish fry of Mugilidae
from the coastal area of the Krka Estuary also
showed the dominance of L. saliens (37.8%) and
L. aurata (22.6%) (Juc-Dujakovi¢, 1988).
Howeyver, the records from the shallow waters of
Kornati Islands coves (middle Adriatic) in
1984-1985, showed the highest contribution of
C. labrosus (47.5%) and O. labeo (25.2%) (Kra-
LJEVIC and JuG-DujakoviC, 1988) and in 1989-
1990 the dominance of O. labeo (87.2%) and
moderate presence of other three species (L.
aurata - 6.6%; C. labrosus - 5.4% and L. saliens -
0.8%) (KRALJEVIC and PALLAORO, 1991).

As reported, in several estuaries of Israel
L. saliens constituted 38.1% and L. ramada 24.7%,
but others were only present L. aurata (9.5%),
C. labrosus (13.6%) and M. cephalus (14.1%)
(BOGRAD, 1961). L. ramada is relatively much
more abundant (98.4%) than C. labrosus (1.6%)
in the Severn Estuary and Bristol Channel
(British coastal waters) while no L. aurata were
taken (CLARIDGE and POTTER, 1985). Euryther-
mal and euryhaline species of Mugilidae family
(except for O. labeo) inhabit physically and
chemically very diverse habitats and localities
(THOMSON, 1966; FARRUGIO, 1975). In spite of
the non-variable timing of the incidence of con-
centrations of this family, everything brought
out shows wide and diverse distribution of its
species.

For protection of commercially impor-
tant fish species it is necessary to leave fish to
spawn freely in a marine environment for one or
two seasons. It is common to most commercial-
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ly important fish species (Sparidae, Serranidae)
that they are not mature during the first or se-
cond year of age (1" - 2). Usually, in their se-
cond year (2') some species mature as males
and in the third (3") as females. Some authors
(MoRovIC, 1961) reported the same for Mugili-
dae with only a year lag. For the purpose of pro-
tection of commercially important fish species,
the time of spawning and total length at first
maturity (at least 50% mature males and fema-
les respectively) should be known so as to allow
normal species reproduction. MORroVIC (1961)
stated that, theoretically, for most of the fish
species, 10.0% of sexually mature individuals
spawned in wild marine environment would be
quite sufficient for normal reproduction.

After the same author (1961) the Mugili-
dae family spawns mainly in the open sea

Table 7. Spawning season of L. aurata given by other authors

waters. So it would be necessary to make possi-
ble for at least 20.0% of the population to reach
safely the spawning grounds to keep approxi-
mately unchanged state of population of an
area. Following the Book of Regulations of the
Republic of Croatia on Fish Fry in Catches, the
fishing is allowed provided the percentage of
immature specimens of the catch does not
exceed 20.0%. Many authors held that in this
way every commercially important fish species
could be normally reproduced in the open sea
and freely recruited in the area it inhabits.

The family Mugilidae shows significant
variance in growth rates, weight and spawning
time due to its heterobiotic way of life.

The data of a series of authors on the
spawning season of L. aurata differ considerably
(Table 7).

Author
Study area ]

—
>

S 0 N D J F M A M

Month

GRAEFFE, 1888
Gulf of Trieste - NE Adriatic

ROULE, 1917 (after ViALLI, 1937)
Gulf of Napoli - W. Mediterranean

Sanzo, 1936 :
Gulf of Messina - W. Mediterranean

Morovi¢, 1960
Eastern Adriatic Sea

BANARESCU, 1964
Black Sea

Bini, 1968
Italian coastal waters

ALBERTINI-BERHAUT, 1978
Gulf of Marseille

GRUBISIC, 1982
Eastern Adriatic Sea

CAMBRONY, 1984
Lion's Gulf - W. Mediterranean

BEN-TuviA, 1986
E. Mediterranean & Red Sea

JuG-Duiakovic, 1988
Eastern Adriatic Sea

Present work
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After our data L. aurata spawns from the
end of September to the end of November
which is in agreement with most of the reports
(see Table 6) since we recorded all aduit species
already spent (I and II gonad stages). L. aurata
are of separate sex. Their individuals mature at
22.0 to 27.0 cm (3° and 4°). Calculated annual
means of total length of total catches of L. aura-
ta from the Mirna Estuary (see Table 5) exceed
minimum total lengths at first maturity of 26.0
cm as reported by MORoVIC (1961) and 27.0 cm
as we obtained. The percentage of adolescent
specimens in analyzed sample was 8.9% (min.
L, =26.0 cm) and 16.8 % (min L, = 27.0 cm).
Thus it may be concluded that this species nor-
mally reproduces and therefore is not yet threat-
ened to be overfished in the natural reservoir of
the Mirna Estuary.

Thin-lipped mullet (L. ramada) leaves
shallow estuaries for spawning in the open
waters of the Adriatic (MODRUSAN et al., 1991)
just at the time of the Mirna Estuary fishing
operations. Therefore they were poorly repre-
sented in the total catch not exceeding 6.6%.
This confirms that these fish spawn between the
end of October and the end of December.

As suggested by the other authors, the
spawning season of L. ramada, dependently on
the area they inhabit in the Mediterranean,
extends from October to January. So in the
coastal waters of Tunisia (HELDT, 1948; FARRU-
Glo, 1975), Egypt (ZAKY-RAFAIL, 1968; EL-
MAGHRABY et al., 1974) and Israel (BOGRAD,
1961; BEN-Tuvia, 1986) this species matures
from October to the end of December. In the
coastal waters of the Adriatic it matures from
November to the first half of January (MOROVIC,
1961; SINOVCIC et al., 1986; MODRUSAN et al.,
1991). FISCHER et al., (1987) reported its first
maturity at 25.0-27.0 cm and 25.0-30.0 cm total
lengths respectively for males and females. The
first maturity of L. ramada from the Gulf of
Tunis occurs at the total length of 25.5-28.0 cm
(males) and 25.5-30.5 cm (females) (FARRUGIO
and QUIGNARD, 1973). The same authors repor-
ted males of this fish to be fully mature (100.0%
of mature males in the population) at total
length of 28.0 cm, and females (100.0% mature

females in the population) at 30.5 cm. MoOROVIC
(1961) believed that this species is completely
mature at total length of 30.0 cm (4°). As dis-
tinct from mentioned authors, MODRUSAN et al.
(1991) reported the first mature male speci-
mens at total length of 21.5 cm at the end of the
second year of age (2°), and the first mature
females at 24.5 cm during the fourth year (3*)
what is not in agreement with the reports of
other authors. Calculated annual means of total
length for total catches from the Mirna Estuary
considerably exceed minimum total length at
first maturity (L, = 30.0 cm) (Table 5). The pro-
portion of immature specimens of this species
in total catches is quite insignificant not exceed-
ing 1.5% (a single specimen). Accordingly, this
species also normally reproduces and is not
threatened to be overfished in the Mirna Estu-
ary. This is also confirmed by the value of the
exploitation rate (E=0.311).

Striped sea bream, L. mormyrus, is best
represented by 4.1% of Sparidae family. This
species is hermaphroditic protandrous. The first
mature males of this species were recorded at
19.0 cm total length and females at 20.5 cm.
Within total length ranges of 19.5-24.5 cm 77%
males and 23% females are present at spawning
(KRALJEVIC et al., 1995).

With respect to the percentage of mature
females and the fact that 10.0% of sexually
mature population spawned in a free marine
environment is sufficient for normal reproduc-
tion, the total length of 25.0 cm, which is prob-
ably the length which allows normal reproduc-
tion. Of the total (197) of analyzed striped sea
bream specimens 85 did not reach that mini-
mum length, that is there were 43.1% immature
specimens in the catch. So, striped sea bream
appears to be least protected species in the
Mirna Estuary. However, even though the value
of exploitation rate was relatively high (E=0.499)
it makes up not more than 4.1% of the total
catch and it is not presumably threatened by
overfishing by the present catch course.

The sea bass, Dicentrarchus labrax, is the
most sought and highly priced species of the
Mirna Estuary. During three year samplings, a
total of 93 individuals of 29.0-88.0 cm L, range
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Table 8. Total length and age of sea bass (Dicentrarchus labrax) at first maturity in different areas (BOUAIN, 1977, after
BARNABE, 1980)
Males Females
Study area and authors L, (cm) Age L, (cm) Age
KENNEDY and FITZMAURICE, 1972 33.7 4-7 37.7 5-8
British Islands
STEQUERT, 1972 31.9-37.2 4 42.5 6
Arcachon-Atlantic
BARNABE, 1973 28.0-30.0 2 37.1-40.0 3
Lion’s Gulf - W. Mediterranean
Boualn, 1977 23.1+-255 2-3 31.4-32.6 4-5
Tunisian coast
FISHER et al., 1987 23.0-30.0 2 31.0-40.0 3
Mediterranean Sea '

were analyzed. Even though, for the time being,
we do not have available any data on its length
and age at first maturity, we made use of the
reports of other authors to get some conclu-
sions. Total length and age at first maturity of
sea bass, Dicentrarchus labrax, in different
regions (BOUAIN, 1977; after BARNABE, 1980)
are listed in Table 8.

The first mature male sea bass specimens
in aquaria were found to be of 23.0 cm (2°) total
length, and females of 26.0 cm (2° - 3°). The
first maturity (at least 50% of males and females
mature in the population respectively) was
recorded at both male and female total length of
31.0 cm (KATAVIC, 1984). After the same
author, most males (60.0%-70.0%) in the popu-
lation were of 28.0-30.0 cm total length, and
females (60.0%-70.0%) of 32.0 cm on. Analyzed
mature male sea bass specimens from the Mirna
Estuary were of 31.0-34.0 cm total length. Avail-
able data point to the fact that first maturity of
this species in the Mirna Estuary occurs at 31.0
cm total length or at even smaller length. How-
ever, we could not establish it with certainty
since of the total of 93 analyzed specimens only
one fish was less than 31.0 cm long.

Annual mean total lengths of sea bass
(Table 5) show significant oscillations, due pre-
sumably to a too small number of analyzed spe-
cimens in 1989 (n=4) and 1990 (n=2). In 1991

L, mean was 41.2 cm exceeding considerably
minimum total length of sea bass at first matu-
rity (L, = 31.0 cm). The percentage of immature
specimens was not greater than 1.0% in the ana-
lyzed sample. So it may be concluded that this
species is relatively protected in the Mirna Estu-
ary, even though the value of exploitation rate
was high (E=0.554).

The growth coefficients (allometric fac-
tors) estimated for L. aurata, L. ramada, L.
mormyrus and D. labrax varied within species
and among species for the 1989-1991 period.
The changes in the body shape, physiological
changes, hydrology of the environment, differ-
ently accessible food during the life and biologi-
cal cycle, increase or hinderance of growth rate
affect the variations in allometric factors
(Frosr, 1945). It was also found that allometric
factors vary with the locality inhabited by a
species, with respect to its sex, length, age and
gonad maturity. The values of the condition fac-
tor also varied and seemed to be affected by the
factors such as sex, time of the year (season)
and maturity stage.
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Thtioloske analize lovina iz usca rijeke Mirne - isto¢ni Jadran

Miro KrRALJEVIC, Jakov DULCIC, Ivo KACIC, Armin PALLAORO i Ivan JARDAS

Institut za oceanografiju i ribarstvo, Split, Hrvatska

KRATKI SADRZAJ

Usce rijeke Mirne izlovljavano je jednom godiSnje vise od 900 godina. Ihtioloska istrazivanja
pocinju 1989. Materijal je bio sakupljan posebno napravljenom mrezom za izlov riba u prirodnom
staniStu Tarske vale. Dvanaest vrsta je ulovljeno od Cega su Cetiri od gospodarstvenog znacaja.
Porodica Mugilidae brojcano je previadavala s 93.6% od ukupnog ulova u razdoblju od 1983. do
1991. U toj porodici prevladavajuce vrste su cipal zlatac, Liza aurata (89.0%) i cipal balavac Liza
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ramada (6.6%). Sve ostale vrste bile su nazo¢ne u manjim koli¢inama od kojih su najzastupljenije
bile ovCica Lithognathus mormyrus (4.1%) i lubin Dicentrarchus labrax (1.7%). Duzinsko-maseni
odnos i indeks kondicije bili su izracunati za sve gospodarski znacajne vrste. Na temelju starosti,
zrelosti, raspodjele duZinskih ucestalosti i indeksa eksploatacije (E) zakljuceno je da populacijama
cipla zlatca i cipla balavca ne prijeti opasnost od prelova, dok se populacije lubina (E=0.554) i
ovcCice (E=0.499) nalaze u nedovoljnim koli¢inama za gospodarsko iskoriS§tavanje u dozvoljenim
granicama za sada.




