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The recruitment of leaping grey mullet, Liza saliens juveniles in the Neretva River estuary (mid-
dle eastern Adriatic Sea, Croatia) started in July, was highest in August, decreased in September,
and was unobserved later. The juveniles firstly occupied mouths of rivers and channels and then
started migrating to more freshwater habitats. By feeding investigation, the harpacticoid copepods
were the dominant prey in the stomachs of L. saliens juveniles during the period from August to
December and nematodes replaced those as the dominant prey from January to April. Plant material
in the stomachs started to appear at 24 mm of standard length, and was common prey in fish larger
than 26 mm. In comparison with other Adriatic mullet’s species, the leaping grey mullet juveniles
first started to recruit during July and August, while other grey mullet species appeared later (in
September) in the Neretva River estuary. Such intraspecies spawning and recruitment segregation
together with the optimal quantity and quality of available and preferable prey could provide an
explanation for the recent success and propagation of this species in this area.
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INTRODUCTION

The Neretva River estuary is the only typical
estuary on the eastern Adriatic coast. During the
estuary’s history, fishery was of the highest eco-
nomic importance to the local population. How-
ever, changes in the estuary’s natural properties
due to conversion of wetlands into agricultural
land and building of large port facilities in the
past 50 years significantly modified the com-
position of fish communities and subsequently
influenced the economic importance of the
fishery in the delta (GLAMUZINA & GLAMUZINA,
2001). These changes limited available habitats
for the recruitment and feeding of many typical
estuarine species, with mullet (Mugilidae) being
the best example. According to a recent survey
on grey mullet recruitment and fisheries in the
Neretva River estuary (BARTULOVIC, 2006), the
leaping grey mullet, L. saliens became a domi-
nant species in this area.

The leaping grey mullet is a pelagic spe-
cies found in various habitats, from shallow
brackish and marine waters, to lagoons, estuar-
ies, rivers and freshwater lakes (JARDAS, 1996).
However, the economic importance of L. saliens
is the lowest among the grey mullet species in
Adriatic, and its dominance has lead to a lower
economic value of mullet fishery in the area.
Like most Mugilidae, this species reproduces at
sea, after which fry undertake a trophic migra-
tion shoreward to continue their development in
food-rich lagoons, rivers and even lakes (KOUT-
RAKIS et al., 1994). According to older findings,
leaping grey mullet spawns in the south-eastern
Adriatic during summer and autumn (JARDAS,
1996), and juveniles appear along the middle
Adriatic coast in August (KATAVIC, 1980; JUG-
DUJAKOVIC, 1988). In other areas of the Medi-
terranean Sea the periods of recruitment differ
from that mentioned earlier. So, it starts in June
in Israel (ZISMANN & BEN-TUVIA, 1975), Greece
(KOUTRAKIS et al., 1994), and Canal Vell lagoon in
Spain (GISBERT et al., 1995). Recruitment in the Po
River delta (FERRARI & CHIEREGATO, 1981) was
recorded in July while in Languedoc-Roussillon
lagoons in France (CAMBRONY, 1984) recruitment
starts even later, in September - one month later

than in the Adriatic Sea. These reveal an obvious
latitudinal gradient, with delayed recruitment at
higher latitudes for this species distribution in
the Mediterranean.

Food type and its availability is of the high-
est importance for the success of recruitment
of fish species. In general, L. saliens juveniles
with a total length shorter then 35 mm feed
mainly on animal prey (ZISMANN ez al., 1975; FER-
RARRI & CHIEREGATO, 1981; TOSI & TORRICELLI,
1988; TORRICELLI et al., 1988; GISBERT et al., 1995),
while longer and older juveniles and adults feed
mainly on detritus (DRAKE et al., 1984).

This paper evaluates recruitment of the leap-
ing grey mullet at five stations in the Neretva
River estuary, including natural and artificial
habitats, and feeding habits in terms of the
composition of prey species in stomach content.
Those factors can be useful as possible explana-
tions for the successful progress of L. saliens
population in the past 10 years and for future
monitoring of this and other Mugilidae species
status, as well as for their specific interrelation-
ship in this area.

MATERIAL AND METHODS

Juvenile fish were sampled between July
2003 and April 2004 at five stations in the Ner-
etva River estuary, Croatia where the geographic
position of the site is: 40°52°N; 17°40°E (Fig.
1). Station 1 was in the Port of Ploce, along a
30-year-old seaside promenade exposed to the
flow of municipal sewage and rainwater drain-
age. Depth at this site is 1 - 2 m and the bottom
is composed mainly of small rocks. Station 2
was located by the mouth of Kanal channel,
an artificial channel which connects freshwater
ecosystems (Vlaska Lake and the Crna Rijeka
River) with the sea. It is 50 m wide and 10 m
deep, banks are vertical and covered with marsh
vegetation, and at the mouth there are muddy-
sand beaches. Station 3 was a muddy beach on
the left side of the Neretva River, one hundred
meters from the mouth of the Neretva River. The
depth of water there is up to ten centimeters,
with a bottom covered with mud and sometimes
clay. There is no vegetation. A shallow beach
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Fig. 1. Map of the researched area (geographic position of the site is: 40°52°N; 17°40°E)

composed of fine sand in the Mala Neretva
River estuary was chosen as Station 4. There,
depth was up to twenty centimeters. Station 5
was along the Crna Rijeka River, near the vil-
lage of Rogotin, where the river bank and bot-
tom are composed mainly of artificially placed
rocks covered with mud. The depth ranged from
0.5to 1 m.

Temperature and salinity were measured
with portable digital instruments (WTW) and
the values are presented in Fig. 2 a, b.

The different characteristics of the stations
demanded different types of gear for effective
sampling. Owing to the depth and nature of the
bottom, a small net mounted on a 2-m-long pole
was used at Station 1 and Station 5. A 22 m long
beach seine with wings of 7.5 m and central col-
lecting area of 7 m was used to sample at Sta-
tions 2, 3 and 4. The outer wings were of 4 mm
mesh size and the central sac of 2 mm. The net
was always hauled from deep (max. 2 m depth)
to shallow water.

Fish were preserved in 4% formalin imme-
diately after sampling, then transported to the
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Fig. 2. Temperature (a) and salinity (b) values at sampling
stations in the Neretva River estuary (Station 1:
Port of Ploce; Station 2: Kanal channel; Station
3: Neretva River,; Station 4: Mala Neretva River;
Station 5: Crna Rijeka River)
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laboratory where total (TL) and standard (SL)
length were measured to the nearest 0.01 mm
with a digital caliper and body wet weight
(W) was measured to the nearest 0.0001 g
with an analytical balance. Prey composition
in the stomachs of 50 randomly selected fish
from each sample was determined to the low-
est possible taxon with a binocular microscope
at 400 x. Sub-samples of stomach contents
were examined using an inverted microscope
(Olympus IX 71) at 400 x to determine micro-
algal taxa. Diatoms were identified following
standard techniques (BATTARBEE, 1986). The
relative numerical contribution of each micro-
algal taxon was determined from 50 randomly
selected fields of vision.

Following HUREAU (1970), the methods used
to quantitatively and qualitatively describe the
diet were: a) numeric (%N = (n/N)x100), where
n was the number of prey items of a particu-
lar taxon and N was the total number of prey
items found in all stomachs; b) frequency of
occurrence %F, which was the proportion of all
stomachs examined which contained a particular
taxon or prey group; c¢) the coefficient of empti-
ness: CV=(total number of empty stomachs/
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calculated (HUREAU, 1970).

RESULTS

Monthly values of temperature and salin-
ity for all five stations are presented in Fig. 2a
and Fig. 2b. Temperature ranged from 8.7°C in
winter (January, Station 5) to 34.0°C in sum-
mer (July, Station 3). Salinity ranged from 15.4
in spring (April, Station 4) to 34.7 in summer
(August, Station 3).

A total of 1566 juveniles were collected:
158 at Station 1 (Port of Plo¢e), 348 at Station
2 (mouth of Kanal channel), 199 at Station
3 (mouth of Neretva River), 721 at Station
4 (mouth of Mala Neretva River) and 140 at
Station 5 (Rogotin). The juveniles were found
at all stations from August to September, and
later were concentrated only at Station 3 and
Station 4.

The recruitment started in July, was high-
est in August, and decreased in September. No
recruits were observed in October. The period of
recruitment lasted for 60-80 days. From October
to April the juveniles were caught only at Station
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Fig. 3. Length frequencies of leaping grey mullet, Liza saliens length classes during the recruitment period in the Neretva

River estuary
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4 (mouth of Mala Neretva River) and ranged in
length from 25 to 70 mm (Fig. 3).

The strongest recruitment was recorded dur-
ing August. The highest number of juveniles
was caught at Station 2 (Kanal channel), fol-
lowed by Station 4 (Mala Neretva River mouth)
and Station 1 (Port of Ploce). During August
juveniles were also caught at the freshwater
Station 5 (Rogotin) due to saltwater inflow into
the Cma Rijeka River. During September the
highest number of juveniles was caught at Sta-
tion 4 (Mala Neretva River mouth) followed by
Stations 3 (Neretva River mouth) and Station
2 (Kanal channel mouth). Length frequencies
from 10 mm to 70 mm of L. saliens recruits and
newly settled juveniles are presented in Fig. 3.
indicating that July was the first time that L. sali-
ens entered in the estuary habitats in summer.

Juveniles of leaping grey mullet dominated
in the area of the sand-muddy beaches of Station
4 (mouth of Mala Neretva), Station 3 (mouth of
Neretva River) and Station 2 (mouth of Kanal
channel) in September. The juveniles ranging in
total length from 15 mm to 20 mm dominated,
while the percentage of those ranging from 10
mm to 15 mm was considerably less than in
August. In general, recruits of leaping grey mul-
let occupied a wide area of the Neretva River
estuary and were found at all sampling stations
during the summer months. From October,
juveniles started to concentrate at the shallow
muddy and sandy beaches of Station 2, Station
3 and Station 4, and were not found at Station 1
and Station 5.

The index of emptiness of juveniles of L.
saliens at Station 4 (Mala Neretva) varied from
0% during February, August and October to
30% in March. This value fluctuated and was
9% in January, 18% in April, 7% in September,
3% in November and 4% in December. At Sta-
tion 2 (mouth of the Kanal channel), vacuity
index was 14.29% in July, 8.7% in August and
0% in September. There were no empty stom-
achs in leaping grey mullet at Station 1 (Port of
Ploce) during August. Vacuity index was 5% at
the Station 5 (Rogotin) in August. Vacuity index
was 0% for samples from Station 3 (mouth of
the Neretva River) in September.

The dominant prey in stomachs of the leap-
ing grey mullet juveniles at Station 4 (Mala
Neretva River mouth) during the period from
August to December was harpacticoid adults
and copepodites. This percentage fluctuated
from 100% in August to 20% in February, but
dominated from August to December (> 80%).
Nematodes were the dominant group found in
stomachs from January to April, with a pres-
ence of 75% in January-February, and around
50% in March-April. All other groups of prey
represented less then 7% during the entire period
of investigation, except in November when
Cyclopoida-oncaeid copepodites represented
20% of prey in the analyzed stomachs. In the
period from January to April when nematodes
dominated in the stomachs of fish larger than 30
mm, harpacticoid copepods were also present
(from 22% in February to 48% in April). During
the entire period of recruitment these two prey
groups represented more than 95% of prey. The
exception was the sample from November when
oncaeid copepodites represented 18% of prey
and those from March with 6% comprising of
polychaete larvae. Other groups did not repre-
sent significant prey (Fig. 4). Results of feeding
analysis are shown only for Station 4 (Mala Ner-
etva mouth) because L. saliens juveniles were
the most abundant here and were present for the
longest period.

At Station 4 (Mala Neretva mouth), from
August to December, the most frequent prey
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was harpacticoid copepods, ranging from 100%
in August and October to 86.2% in November.
Nematodes were the most frequent prey in Janu-
ary (90%), February (76%) and April (77.77%).
The frequency of oncaeides was 34.48%
in November, oligochaets 22.22% in April,
cladocerans 21.05% in October and insects
33.33% in April. All other groups represented
less than 20% during the entire period. Diversity
of prey varied from two groups in August and
October to six during the period from September
to November (Fig. 5).

At Station 2 (Kanal channel mouth) har-
pacticoid copepods dominated with more than
95%. Nematodes were present as 4.02% of prey
in August. Other groups (Insecta, Turbellaria,
Rotatoria, Bivalvia, Cladocera and Calanoida,)
were present at less than 0.2%. In August har-
pacticoid copepods dominated as a prey at all
stations with higher salinity; from more than
95% at Station 2 (mouth of Kanal channel) and
Station 1 (Port of Ploce) to 100% at Station 3
(mouth of the Neretva River). At freshwater Sta-
tion 5 (Rogotin), insects dominated as 68.66%
percent of prey although marine organisms such
as harpacticoid copepods (29.11%) were also
present.

Harpacticoid copepods were the most fre-
quent prey at sites with higher salinities in
August, and insects were the most frequent prey
(89.47%) at the freshwater Station 5 (Rogotin).
The most diverse composition of prey (eight
different groups) was found at Station 5. The
lowest diversity of prey (only two groups) was
found at Station 4 (Mala Neretva River mouth).
The most frequent prey found at Station 2
(mouth of the Kanal channel) from July to Sep-
tember were also harpacticoid copepods. Other
groups, with the exception of nematodes in
August (27.27%), represented less than 12% of
the prey found. The highest prey diversity was
observed during September when eight different
groups were recorded (Fig. 6).

The difference in food composition at dif-
ferent stations was evident during August, when
harpacticoid copepods had the highest frequen-
cy of occurrence at all brackish stations. This
prey was found in 100% of juveniles on Station
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Fig. 6. Frequency of prey in stomachs of leaping grey
mullet Liza saliens, from Station 1 (Port of Ploce),
Station 2 (mouth of Kanal channel), Station 4
(Mala Neretva) and Station 5 (Rogotin) in August

4 (Mala Neretva River mouth) and Station 1
(Port of Ploce) and in 95% of juveniles at Sta-
tion 2 (Kanal channel mouth). However, at the
freshwater Station 5 the most frequent prey were
insects (90%). They also appeared at Station 1
with a frequency of 33% and at Station 2 mouth
with a frequency of 10%. Insects were not found
in the stomachs of juveniles caught at Station 4.
Evidently, the diet composition profile of
the juveniles showed two distinct periods of the
year: January to May and August to December.
This indicated that the prey preference of the
juveniles changed significantly over the year
regardless the fact that harpacticoid copepods
were the most frequent prey items in the diet.
In stomachs of L. saliens juveniles from
Station 4 (mouth of the Mala Neretva River)
during winter plant material was present in a
great number of specimens; 85% in January,
100% in February, 53% in March and 45% in
April. Sand was found in the stomachs of all
sampled fish. There was no plant material in the
samples in September and October. The pres-
ence of plant material was 48% in November
and 42% in December. Moreover, all of those
individuals caught in late autumn were longer
than 30 mm. The most represented species,
temporally and quantitatively, was Navicula dis-
tans, from November to March, with the highest
presence during the period from December to
February. Achnanthes longipes was present in
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Table 1. List of phytoplankton species found in the stomachs of leaping grey mullet, Liza saliens at the Mala Neretva River
mouth. Frequency of occurrence is expressed as: r = <20%, rr = 21-60%, rrr = 61-100%.

Taxa/Month-Year

11-2003  12-2003 01-2004 02-2004 03-2004

Bacillariophyta

Achnanthes longipes C. Agardh

Bacillaria paxillifera (O.F. Miiller) N.I. Hendey
Diploneis bombus Ehrenberg

Fragilaria ulna (Nitzsch) Lange-Bertalot
Grammatophora oceanica Ehrenberg
Licmophora flabellata (Carmichael) C. Agardh

Navicula distans (W. Smith) Ralfs (incl. other naviculoid cells) r T r It T

Nitzschia longissima (Brébisson) Ralfs
Pleurosigma angulatum (Quekett) Wm. Smith
Striatella unipunctata (Lyngbye) C. Agardh
Synedra fulgens (Greville) W. Smith

Synedra sp.

Thalassionema nitzschioides (Grunow) Grunow ex Hustedt

Cyanobacteria
Oscillatoria limosa C. Agardh ex Gomont
Oscillatoria sp.

Undetermined algal cells (2-20 um)

1T

1T . T

stomachs of sampled fish from November to
February. Licmophora flabellata was present
from November, when it was abundant, to
December and January, when its numbers
decreased. Pleurosigma angulatum was present
in December, while Thalassionema nitzschio-
ides was present in significant quantities in the
stomachs of fish in January. Other plant material
was present though varying with time and in
lower quantities (Table 1).

There was plant material in the stomachs of
30% of fish samples from Station 2 (mouth of
the Kanal channel) and in 10% of those from
Station 5 (Rogotin), but only small quantities
were observed in both.

The profile of ontogenetic changes in the
feeding of leaping grey mullet juveniles in the
estuary of the Mala Neretva River is shown in
Fig. 7. Only animal food was found in juveniles
smaller then 24 mm. The plant food appeared in
the stomachs of fish from the 24-25 cm group,
and was composed of different diatom species.
The diatoms represented the only plant food in

juveniles from 24 to 31 mm. In fish from 31 mm
length plant material of higher marine algae and
plants (mainly decomposed Cymodocea nodosa
leafs) appeared frequently in stomachs, together
with sand. However, animal food was always
found in the stomachs of fish of length up to 45
mm (Fig. 7).

DISCUSSION

The shallow bottoms of inland waters, estu-
aries and lagoons play an important role in the
life stages of many fish. Many species have a
complex life cycle that begins with a pelagic lar-
val stage in open waters, followed by a demer-
sal stage in coastal habitats (GARCIA-RUBIES
& MACPHERSON, 1995). Temperature and salin-
ity, as well as food availability are important
regulating factors for the spatial and temporal
distribution of fish species in estuary systems
(KOUTRAKIS et al., 1994). All demographic param-
eters, particularly population size, growth and
mortality of all fish species strongly depend on
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Fig. 7. Different type of prey frequency in stomachs of leaping grey mullet, Liza saliens from Station 4 from June to April

success of recruitment and quantity of available
food (GISBERT et al., 1996). Therefore, knowledge
of these parameters is necessary for understand-
ing dynamic population processes of any fish
species.

The first appearance of L. saliens juveniles
in the Neretva estuary were observed in July,
and highest rate of recruitment was observed in
August and September. The smallest specimen
of 8.9 mm total length was caught in August.
KATAVIC (1980) reported that the first appearance
of L. saliens juveniles in the coastal waters of
the central eastern Adriatic was in August and
that the smallest specimen was 16 mm. JUG-
DUJAKOVIC (1988) found the first appearance of
those young specimens in the Kornati Archi-
pelago, eastern middle Adriatic, in August. The
earliest recruitment was noted in June along
the coast of Israel, with the fry varying from
about 17-20 mm in total length, and continues
to appear at sizes of about 20 mm or more until
October or November (ZISMANN & BEN-TUVIA,
1975). In western Greece the first occurrence
was also in June and in the estuarine systems
of the Strymonikos Gulf (Greece) the small-
est observed specimen was 12 mm of standard
length (KOUTRAKIS, 2004). In the Porto-Lagos
lagoon and Lake Vistonis (Greece) recruitment
of leaping grey mullet started in July, reached
the highest rates in August and September,
and was prolonged during the entire of Octo-
ber (KOUTRAKIS et al., 1994). Similar to other
coastal and estuarine species, such as sand smelt

Atherina boyeri (BARTULOVIC et al., 2006), the
spawning starts earlier and lasts longer in south-
ern parts of the Mediterranean while it is shorter
and starts later in its northern part, such as in the
Adriatic Sea.

The grouping profile between the Mala Ner-
etva River and the Kanal channel sampling sta-
tions is consistent with the temperature profile
and the sea bottom morphology. The juveniles
seem to prefer sand-muddy bottoms during their
first appearance along the Croatian coast. This
is also consistent with the fact that during this
period of first appearance (July-September) the
juveniles show greatest preference for harpacti-
coid copepods which usually are more abundant
in fine-grained bottoms like sand-mud (CHERTO-
PRUD et al., 2007; FECHTER et al., 2004). Food type
and its availability is of the highest importance
for the success of recruitment of fish species.

Harpacticoid copepods was the most frequent
prey at sites with higher salinities in August, while
insects were the most frequent at the freshwater
sites. At the sites where insects were found as
prey, the banks were covered with vegetation,
forests and meadows. This is the explanation for
the presence of insects which, taken by wind and
water, arrived to the sea and became the prey of
mullet juveniles. On the other side, the mouth of
the Mala Neretva River is sandy and lacks vegeta-
tion which results in a smaller number of insects.

Our results show that the leaping grey mul-
let juveniles between 15-24 mm of total length
feed exclusively on animal prey; between 24-55
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mm SL the food is mixed, and after 45 mm is
almost completely of plant origin. Similar was

observed in France (ALBERTINI-BERHAUT, 1973;
ZISMANN et al., 1975; FERRARRI & CHIEREGATO,
1981; TOSI & TORRICELLI, 1988; TORRICELLI et

al., 1988; GISBERT et al., 1995), while DRAKE et al.
(1984) reported that longer and older juveniles
and adults feed mainly on detritus. The smaller
juveniles of leaping grey mullet (SL<30 mm) in
the Po River delta in spring feed on animal prey
while those with SL>30 mm feed preferentially
on benthic elements (nematodes, polychaetes
and algae). In the July-August samples, the
favored food of the smaller-sized juveniles was
nauplii of copepods and of barnacles, harpac-
ticoid copepodites, decapod larvae and adult
insects. In Marseille Bay (France) harpacticoid
copepods represented 85% of grey mullet stom-
ach contents (ALBERTINE-BERHAUT, 1973; FECH-
TER et al., 2004; CHERTOPRUD et al., 2007).

TOSI & TORRICELLI (1988) grouped speci-
mens from the Ao River (Tyrrenian coast) in
two size classes (first: SL=10-29 mm; second:
SL=30-75 mm), but the obtained results did not
reveal a qualitative differences in diet between
those groups. However, the quantitative data
revealed that larger specimens preferred larger
prey, i.e. insects. The total quantity of ingested
animal prey was lower than in the smaller fish
size class. Copepods were the most important
food item in the gut, in every period of the year
and for all sizes of mullet (ZISMANN et al., 1975).

Diatoms started to appear sporadically in
juveniles of 24 mm TL, while at TL greater
than 30 mm plants and sand started to dominate.
Similar findings were reported by CARDONA
(2001). The benthic and planktonic diatoms are
abundant on the shallow beaches of the Neretva
River estuary (JASPRICA & HAFNER, 2005). In
the stomachs of leaping grey mullet juveniles
from the mouth of the Mala Neretva River dur-
ing winter, plant material was present in a large
number of specimens. However, during summer
and early autumn the presence of plant material
in stomachs was not found frequently. Sand was
recorded in the stomachs of all sampled fish dur-
ing the winter period. Also, in the period from
January to April nematodes dominated in the
stomachs of fish larger than 30 mm. Although

frequent, it is also possible that they might be
parasites instead of ingested food.

As a conclusion, L. saliens fry prefer harpac-
ticoid copepods and probably swallow diatoms
when preying on the former. Only when and
where harpacticoid copepods are rare they shift
to insects. Our results support previous research
regarding the transition from carnivorous fry to
herbivorous-detritivorous juveniles reported for

other grey mullets (GISBERT et al, 1966; CARDONA,
2001).

The recruitment of L. saliens that started in
July was strongest in August and had a duration
of 60-80 days. Not a single recruit was observed
in October. The period of recruitment lasted for
60-80 days. From October, juveniles started
to concentrate on shallow muddy and sandy
beaches, and were not found in deeper brackish
and freshwater habitats. During the recruitment
period of the leaping grey mullet, especially
in July and August, there were no juveniles of
the other mullet species found at the research
stations, and only in later September flathead
grey mullet Mugil cephalus juveniles started to
appear (BARTULOVIC, 2006). Hence, during two
months of recruitment the leaping grey mullet
solely occupied beaches and freshwater bodies
in the Neretva River estuary, exploiting alone
all the available food resources without intraspe-
cific competition within mullet species. The
lowest level of intraspecific competition at the
fry stage of leaping grey mullet among all grey
mullet species was also described by GISBERT
et al. (1996), while CARDONA (2006) demonstrated
that such low levels of competition at the fry
stage causes leaping grey mullet to be one of the
most abundant species in the Balearic Islands.
Later on, from October to February, they shared
the same habitats with two other mullet species,
flathead grey mullet (M. cephalus) and golden-
grey mullet (Liza aurata) juveniles, which prey
mostly on similar food (harpacticoid copepods).
The competition between these three species
is significant (BARTULOVIC, 2006). However, as
the other two are smaller and younger than the
leaping grey mullet, it has a great advantage due
to higher mobility and consumption of a greater
amount of food per single fish.
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The evident raising dominance of the leap-
ing grey mullet in the River Neretva Estuary
should be caused by recruitment during the
favored summer season, when food is abundant
and competition with other mullet species is
lower. The other potential reasons including
better recruitment due to the recent warming
of shallow estuary ecosystems preferred by L.
saliens and lower fishery efforts if compared
to other grey mullet species. On the other side,
climate change causes the strongest inflow of

eastern Mediterranean water in the southern
part of the Adriatic Sea, and as a consequence
a number of aggressive piscivorius fish such as,
for example, bluefish Pomatomus saltatrix enter
the Neretva River estuary where they establish a
large population with a strong predation prefer-
ence for all grey mullet species including L. sali-
ens (TUTMAN, pers. comm.) as the most dominant
one. All of these aspects should be investigated
in detail, in order to predict future changes to the
leaping grey mullet population status.
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SAZETAK

Novacenje mladi cipla dugasa, Liza saliens na podrucju estuarija rijeke Neretve pocinje u srpnju,
najvece je u kolovozu, smanjuje se u rujnu, nakon ¢ega nije zabiljezeno. Mlad se najprije pojavljuje
na us¢ima rijeka i kanala, a zatim pocinje migrirati prema vodama nize slanosti. U prehrani mladi
cipla dugasa od kolovoza do prosinca su dominirali harpatikoidni kopepodi, a od sijecnja do travnja
obli¢i. Biljni materijal se pocinje pojavljivati u probavilima jedinki najmanje ukupne duzine 24 mm,
a uobicajen je u probavilima riba vec¢ih od 26 mm. Usporedujuci s ostalim vrstama cipala u podrucju
estuarija rijeke Neretve koje se mrijeste u ljetno-jesenskom razdoblju, dugas se pocinje novaciti prvi,
tijekom srpnja i kolovoza, dok se ostale vrste pojavljuju u rujnu. Ovo ranije mrijestenje i novacenje
mladi bez nazocnosti drugih vrsta cipala, tijekom razdoblja optimalnog sastava i brojnosti hrane,
moze biti jedan od razloga recentne propagacije cipla dugasa na podrucju estuarija Neretve.

Kljuéne rije€i: cipal dugas, Liza saliens, mlad, novacenje, prehrana, Neretva, Hrvatska



