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Abstract  Fish are attracted to floating structures, 
including coastal cage fish farms, sometimes in dense 
aggregations. To understand the influence of aquaculture on 
wild fish stocks, three samplings were carried out by fishing 
bait and trammel netting around two Eastern Mediterranean 
farms. A total number of 54 individuals belonging to 12 
species were captured. Striped mullet, salema and white 
trevally were the species that consumed pellets in great 
quantity. The results of this preliminary study indicates that 
feeding behavior of wild fish around fish cages can have 
important ecological consequences on reducing the 
environmental effects of aquaculture in Pagasitikos gulf. 
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1. Introduction
Intensive finfish aquaculture, as commonly practised in 

net pens in the Mediterranean Sea, involves the supply of 
high quality artificial feeds. This generates large amounts of 
organic wastes (uneaten food and faeces), which are directly 
released into the receiving environment [1]. This leads to 
attraction of wild fish aggregations in great biomass [2,3,4] 
to feed upon this source [3,5]. 

Several previous studies have investigated assemblages of 
wild fish associated with marine fish farms in the North 
European and Mediterranean temperate locations [6, 
2,3,5,7,8]. Nevertheless, only few of them have examined 
the stomach content of wild fish in order to determine the 
percentage of uneaten pellets that consumed by them [3,5,6]. 
No publication has addressed this topic in the Eastern 
Mediterranean. Furthermore, as the Mediterranean Sea is 
oligotrophic and fish populations are overexploited [9], any 
expansion of this industry will require research into how 
aquaculture and natural living resources interact. Therefore, 
the specific aims of this preliminary study in a semi-enclosed 
gulf of the Eastern Mediterranean were to investigate the 
temporal persistence of wild fish around coastal aquaculture 

and to study the diet of these fish in order to determine the 
percentage of uneaten pellets that consumed by them. 

2. Materials and Methods
This preliminary study was carried out in Pagasitikos gulf 

which is located in the Western Aegean Sea (Eastern 
Mediterranean). Two marine fish farms were examined: The 
first (31 to 36 m depth) is situated at the southeast part of 
Pagasitikos (39º07´38´´ N, 23 º09´17´´ E); the second (28 to 
38 m depth) is situated at the southwest part of Pagasitikos 
(39 º07´13´´ N, 22 º57´53´´ E). These are henceforth referred 
to as AS and BS farm, respectively. Sea bream Sparus aurata 
and sea bass Dicentrarchus labrax are intensively cultured in 
these farms where they are fed both pelleted and extruded 
diets. At the time of the study, the average annual standing 
stocks were 130 and 92 t for AS and BS farms, respectively. 

This study applied two different sampling methods. One 
sampling was carried out at the AS farm by fishing bait and 
two samplings at the BS farm by trammel netting in order to 
catch wild fish under fish cages. The fishing bait at the AS 
farm was made in one day (in September) from the walkway 
of the cages, directly after the early feeding time. The 
trammel nettings at the BS farm were carried out in two 
nights (one in September and one in October) and the 
purpose of the sampling time was to catch as many wild fish 
around fish cages as possible. The net was 28 to 30 mm 
square mesh and hauls were made directly adjacent to cages 
and around the fish farm by lowering the net into the water 
using a fishing boat. 

All fish were iced after landings and analysed in the same 
day. Individuals were identified, measured (TL) and weighed 
before and after removing the stomach contents (TW and 
NW). To study diet, their stomachs removed and the contents 
washed into Petri dishes for examination. The stomach 
contents sorted by hand under a stereomicroscope (Olympus 
SZX9, New York, USA) into two major categories (pellets 
and other food). These two major categories of food were 
dried at 600C to constant weight and the amount of pellets in 
a stomach was calculated as the proportion rate of the total 
contents dry weigh [10]. 
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3. Results 

A total number of 23 individuals belonging to 6 species 
and 31 individuals belonging to 9 species were captured at 
the AS and BS farms, respectively (Table 1). Sea bass 
Dicentrarchus labrax, striped mullet Mugil cephalus and sea 
bream Sparus aurata were the common species of the two 
studied farms (Table 1). Among these species only striped 
mullet at the AS farm was captured with stomach full of 

pellets, while rest of them were caught with empty stomachs 
(Table 1 & Figure 1). Furthermore, white trevally 
Pseudocaranx dentex and salema Sarpa salpa were captured 
with stomach full of pellets (AS farm), while in all other 
cases fish were caught with empty stomachs or without 
pellets (Table 1). White trevally P. dentex and common 
pandora Pagellus erythrinus were the most dominant species 
at the AS and BS farms, respectively (16 and 18 ind.; Table 
1). 

Table 1.  Size, weight and stomach content analysis of wild fish captured around sea cages of the AS and BS farms 

Farm Species n TL (cm) TW (g) NW (g) Pellets % 

AS Boops boops 1 38.2 (0.0) 676.1 (0.0) 634.6 (0.0) + 

 Dicentrarchus labrax 1 28.8 (0.0) 239.38 (0.0) 205.9 (0.0) + 

 Mugil cephalus 1 41.0 (0.0) 687.3 (0.0) 582.4 (0.0) 100.0 (0.0) 

 Pseudocaranx dentex 16 33.1 (1.3) 361.1 (35.2) 342.2 (34.1) 98.5 (1.5) 

 Sarpa salpa 3 39.5 (1.0) 1001.1 (68.8) 898.1 (64.2) 100.0 (0.0) 

 Sparus aurata 1 26.8 (0.0) 301.4 (0.0) 284.6 (0.0) + 

BS Dentex dentex 1 29.1 (0.0) 337.2 (0.0) 325.0 (0.0) 0.0 (0.0) 

 Dicentrarchus labrax 2 31.8 (1.4) 356.1 (49.5) 312.9 (37.8) + 

 Diplodus sargus 1 23.0 (0.0) 216.7 (0.0) 205.7 (0.0) 0.0 (0.0) 

 Mugil cephalus 2 50.1 (1.8) 1130.0 (3.5) 939.4 (45.9) + 

 Mullus surmuletus 4 18.6 (0.6) 86.1 (9.3) 79.7 (8.9) 0.0 (0.0) 

 Pagellus erythrinus 18 26.8 (0.6) 263.0 (21.6) 245.5 (18.9) 0.0 (0.0) 

 Sparus aurata 1 26.7 (0.0) 308.7 (0.0) 290.8 (0.0) + 

 Torpedo torpedo 1 29.4 (0.0) 547.2 (0.0) 457.2 (0.0) + 

 Uranoscopus scaber 1 17.2 (0.0) 80.3 (0.0) 73.9 (0.0) 0.0 (0.0) 

Values in parenthesis are standard errors. n, number of individuals analysed; TL, total length; TW, total weight; NW, net weight; Pellets %, percentage of 
pellets in the stomach content; +, empty stomach 

 

Figure 1.  Stomach content of a Mugil cephalus captured at the AS farm, which was filled with pellets 
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The stomach content analysis of wild fish captured around sea cages of the AS farm’s indicated that 53% of these were fed 
exclusively on pellets, 4% were fed on a large proportion of pellets, while the rest 43% were empty of food (Figure 2). 
Furthermore, in the first netting sampling of the BS farm (September), stomach content analysis showed that 39% of wild fish 
were fed on natural food and the rest 61% of stomachs were empty, while in the second netting sampling of the BS farm 
(October) the percentages were 69% and 31%, respectively (Figure 2). 

 
Figure 2.  Stomach content analysis of wild fish around sea cage’s over all samplings 
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4. Discussion 
This preliminary study demonstrates that sampling by 

fishing bait directly after the feeding time was the most 
appropriated method in contrast with trammel netting during 
the night since all the wild fish that captured with this 
method were fed on natural food or had an empty stomach. 
This finding may imply that pellets were digested until the 
night or that nets stressed fish causing them regurgitation 
[10]. In the Western Scotland, Carss [6] utilized beach-seine 
netting in order to catch wild fish around farm cages and to 
examine the stomach content for pellets, while a similar 
study in the Western Mediterranean employed spear fishing 
[3]. Furthermore, Carss [6] reported that catching efficiency 
of beach seines varies and is dependent on both study 
location and species and the catching efficiency can be 
increased for many species by keeping the lead lines of the 
net on the bottom at all times. 

In the present preliminary study, we found 12 different 
species of fish associated with the two farms studied, 
belonging mainly to the Sparidae and Carangidae (75% of 
the total captured fish). Combining this total number with 
similar observations from Fernandez-Jover [3], with 
seasonal visual censuses around three Western 
Mediterranean farms over 2 years, yields a total of 33 species, 
belonging mainly to the Clupeidae, Sparidae, Mugilidae and 
Carangidae. 

The sea bass and sea bream that were captured around sea 
cages of the AS and BS farms thought to have escaped from 
the farms itself. Fish may escape during the grading or 
harvesting of stock and when nets are damaged by vandals or 
during storms. Many of them probably remain close to the 
cages because of the almost constant supply of food [6]. 
Nevertheless, it is paradox the fact that these two species 
were caught with empty stomachs. For the samplings at the 
BS farm this finding is maybe due to the regurgitation 
process but for the AS farm sampling it is not justified. 

Striped mullet, salema and white trevally were the species 
that consumed pellets in grate quantity (57% of the total 
captured fish at the AS farm). In previous studies, 
Fernandez-Jover [3], reported that Mugilids were the taxa 
that consumed pellets in greatest quantity, while Carss [6] 
reported that saithe was the most commonly caught of 21 
species of non-salmonid wild fish and the only marine 
species found to have eaten pellet food. The feeding of wild 
fish around fish farms diminishes the total waste produced 
by the cages by 80% [1]. 

The results of this preliminary study contribute to an 
improved understanding of the methods that can be used in 
future research to investigate the temporal persistence of 
wild fish around coastal aquaculture and to study the diet of 
these fish. Furthermore, these preliminary results indicates 
that feeding behavior of wild fish around fish cages can have 
important ecological consequences on reducing the 
environmental effects of aquaculture in Pagasitikos gulf, 

which is in agreement with the results of previous studies in 
this region [11,12]. 
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