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Interactions between wild and farmed fish 
Objectives 
This newsletter addresses Workpackage 3 of 
the MERAMED project: Fish assemblages 
around cage farms and their effect on the 
flux of solid wastes. During earlier studies on 
Mediterranean fish farms we noticed that, in 
contrast to northern salmon farms, large 
numbers of wild fish occur around the cages, 
in mid-water and near the seabed. This sug-
gests that these fish may consume a 
significant portion of the feed pellets wasted 
on these farms and thus wild fish have to be 
taken into account when modelling the 
particle flux from Mediterranean fish farms 
(Fig. 1). But how can the feed consumption 
of wild fish be measured or at least 
estimated? 
Furthermore, we were interested how fish 
farms modify communities of wild fish. How can the species composition, abundance, and bio-
mass of wild fish communities be measured in-between net cages, ropes and moorings?  Will all 
fish species benefit from the rich supply of food, and can certain species of wild fishes indicate 
the strength of the environmental impact of a fish farm? All this information is important for 
establishing a scientifically sound monitoring system for aquaculture in the Mediterranean, and it 
is also a challenging task to develop methods for assessing the required data. 
 
Feed Consumption by wild fish 
Initially we planned to use sediment traps to estimate 
the abundance of waste feed consumed by wild fish. 
Two sets of six traps were deployed, one set attached 
directly to the lower net of a fish cage (upper traps), the 
other on the seabed (ground traps, Fig. 2). The basic 
principle was to estimate the amount of pellets 
consumed by wild fish by difference in contents of 
upper and ground traps, taking into account the 
horizontal translocation by currents using the DEPMOD 
model (Cromey et al. 2002).  
 
To determine the ratio between collected feed and 
faeces, a carbon-nitrogen analysis was conducted. For 
faeces of sea bass (Dicentrarchus labrax) we found an 
average C/N ratio of 9.6, for faeces of sea bream 
(Sparus aurata) a ratio of 14.0. In fish feed the C/N 
ratio is significantly lower, in feed pellets for bass and 
bream we found an average C/N ratio of 5.9. Un-
fortunately, in many cases the C/N ratio found in the 
trap samples was higher than the value measured for 
faeces and the C/N ratio in the lower traps was often 
lower than in the upper traps. Obviously, feed and fish 
faeces were not the only components of the material 
collected in the traps. Fouling from the nets, tissue of 
fish died in the cages, plankton, and benthic in-
vertebrates (e.g. amphipods, small snails and bivalves) 
and suspended sediments may be the reason for these unexpected results. So, we decided to 

Figure 1. Wild fish feeding on wasted pellets. 

Figure 2. Sediment trap on the seabed 
underneath a fish cage. 



 

 

abandon this method for estimating the consumption of waste feed by wild fish. Nevertheless, 
with the trap experiments we collected valuable data for verifying DEPMOD.  
 
From direct diver observations we knew that during 
feeding events, wild fish aggregated in the water 
column below fish cages and fed vigorously on waste 
pellets. After feeding, we rarely found feed pellets on 
the seabed. Huge amounts of lost pellets on the 
seabed (Fig. 1) could in most cases be ascribed to 
accidents (e.g. damaged bags, disconnected feed 
pipes) and careless workers. For modelling the impact 
of fish farms on the seabed below cages it is of little 
interest whether waste feed pellets are consumed in 
the water column or on the ground. To find out whether 
pellets, which had not already been eaten by wild fish 
while sinking, are consumed by benthivorous fish, we 
designed a simple ground-feeding experiment. 
 
After a regular feeding event a SCUBA diver placed a 
certain number of feed pellets (same size and brand as 
those fed to the fish in the corresponding cage) inside a 
frame of 50x50 cm on the seafloor. The diver waited at 
a distance of at least 10 m for 5 minutes and then recounted the number of pellets inside the 
frame and took a photograph of the frame. If all pellets were eaten, the experiment was 
terminated, otherwise the counting was repeated after several hours. Depending on the visibility 
and the type of the ground, direct counting may be difficult and even on the photo images it isn’t 
always easy to locate and distinguish feed pellets from faecal pellets and other particles, 
especially when they start to disintegrate. For this reason we marked the intact pellets on the 
first picture on a separate layer of the digitized image, copied this layer to consecutive pictures 
and adapted size and perspective in order to determine the original positions of the pellets 
(Fig. 3). 
 
We conducted nine ground-feeding experiments during 
March, April, September and October of 2002. The 
experiments took place at six different fish farms. In 
eight experiments extruded pellets of a size from 3.5 to 
6.5 mm were used. The only experiment with non-
extruded pellets failed because the pellets disintegrated 
within a few minutes. In seven of eight experiments the 
pellets disappeared within a period of a few seconds to a 
few hours. Seven species of fish were observed, feeding 
on pellets from the ground: Spicara maena, Pagellus 
acarne, Boops boops, Diplodus annularis, Sparus aurata 
Serranus cabrilla,and Serranus hepatus. In one 
experiment no pellets were consumed until the end of 
the experiment (4:45 h). However, plenty of wild fish 
(mainly Boops boops) were feeding nearby on a spilled 25-kg bag of feed, which was probably 
broken and dumped into the water during feeding operations. It can be assumed that the ex-
periment was affected by this event. 
 
In summary, our results suggest that for Eastern Mediterranean fish farms, in most situations 
when pellets are lost during normal feeding operations, they are consumed by wild fish. Feed 
pellets, which are not already eaten by pelagic fish during their descent through the water 
column, are typically consumed within periods of a few seconds to a few hours. However, if 
there is a surplus supply of feed, waste pellets may remain uneaten by wild fish. This result must 

 
Figure 3. Count of pellets 
disseminated on the seabed inside a 
square steel frame. 

Figure 4. In most cases wild fish 
detect and feed on the distributed 
pellets quickly. 



 

 

be considered when modeling the environmental impact of fish farms in Greece and probably 
also for other fish farms in the Mediterranean. 
 

Wild Fish Abundance and Biomass 
Conventional fishing methods are difficult to 
employ for assessing the abundance and size of 
wild fish at fish farms because of the complexity of 
the structure of this artificial habitat, which 
consists of net cages with narrow corridors in-
between, many ropes and moorings. In complex 
habitats, especially in coral and artificial reefs, 
visual census methods are approved and used as 
non-destructive, quantitative or semi-quantitative 
sampling techniques. For reasons of simplicity, 
visual census is often based on direct diver 
observations or mono-video. Stereo-video is used 
to enhance the accuracy and reliability of length 
measurements. Details on precision, accuracy, 
statistical power, and calibration stability have 
been published by Harvey and Shortis (1998) and Harvey et al (2000). 
 
The method we selected is based on a diver-operated stereo-video system similar to that 
described by Harvey and Shortis (1996) (Fig. 5). To make the system less bulky and to reduce 
scaring of fish we decided not to use a blinking LED to synchronize the recordings of the pair of 
cameras (the LED must be attached to a plate 2.5 m in front of the base bar). Instead, char-
acteristic sound signals are used for synchronisation of the cameras. For orientation in space a 
console is attached to the base bare providing a depth gauge, a compass and a spirit level. 
 

Figure 6. Calibration frame. Figure 7. Calibration Procedure. 
 

 
Each census starts with recordings of the calibration frame (Fig. 6). The calibration frame (ca. 
1.5 x 1.5 x 1 m) supports a three-dimensional array of 72 target points which have to be 

Figure 5. Stereo-video system used by 
Harvey and Shortis (1996). 



 

 

recorded from 24 positions / roll angles: Eight roll angles (45° steps) from a camera position 
vertically above the centre of the frame and two roll angles (90° difference) from each of eight 
camera positions aiming at an angle of 45° towards the surface of the frame (Fig. 7). 
 
Video recordings of the calibration frame and the actual census are transferred to a PC and 
synchronised frame-accurately in a video-editing software (Fig. 8). For progressive (non-in-
terlaced) PAL video, the maximum error of synchronisation is half a frame (20 ms). 
Corresponding still images or synchronised video sequences sequences are evaluated with the 
aid of a photogrammetry software (e.g. VMS by M.R. Shortis, University of Melbourne, and S. 
Robson, University College London). 
 
The recordings of the calibration frame are used to determine the exact characteristics of the 
cameras (principal distance, positions of the principal point, lens distortions, and anomalies of 
pixel spacing on the CCD sensor) and the relative orientation of the two cameras to each other. 
In the first place, the location and orientation of each photograph has to be established 
(resection) and initial coordinates of the target points on the calibration frame determined 
(intersection). Then, a photogrammetric network solution (bundle adjustment) has to be 
computed in order to update the initial values for photograph orientations, target coordinates and 
camera calibration parameters. Finally the relative orientation of the video cameras (six rotation 
angles and the base separation) can be calculated from the photo orientation data. 
 
Using the internal and external camera 
calibration data, the actual census 
recordings can be analysed 
interactively. Corresponding fish must 
be identified manually in stereo-pairs 
of video frames (pictures) and 
measured by point and click with the 
computer mouse on snout and tail of 
the fish in each picture (Fig. 9). The 
photogrammetry  software calculates 
size, distance, angle of view, relative 
3D-coordinates, and the corresponding 
precision values. 
 
We tested the accuracy of our size 
measurements by recording wooden 
fish silhouettes of known size (Fig. 10). 
The mean error of measurement (±SD) 
was 1.28±0.75 cm. 
 
To estimate absolute values of fish 
abundance and biomass the sampling 
volume needs to be determined. Our 
volume calculations are based on pho-
togrammetric distance measurements, 
camera angles of view, stereoscopic 
overlap, and objects which restrict the 
volume available for wild fish (sea bed, 
surface and fish cages). 
 

Figure 8. Sound signals were used to synchronise 
video sequences for the consecutive photogrammetric 
analysis. 

Figure 9. Point and click measurement in VMS (from 
the manual of the programme). 



 

 

Selection of wild fish eco-indicator species  
Our preliminary results suggest that although abundance, 
biomass and overall biodiversity of the ichthyofauna is much 
higher at fish farms, not all wild fish species benefit from farming 
activities. The benthic and epibenthic fish community is especially 
affected by environmental changes underneath fish cages. 
Species to be selected as eco-indicators species should have 
high site fidelity because their local abundance varies less with 
time and so they can be monitored more easily than roving 
species. Furthermore, abundant species should be selected as 
indicators in order to minimize the time needed for a survey. 
 
Various species of labrids are common at undisturbed control sites, while they are rare over 
highly impacted seabeds. As indicators for less impacted sites, some of the most common 
labrids could be used: Coris julis, Thalassoma pavo, and Symphodus mediterraneus. An even 
better indicator might be the number of labrid species found in a certain area. The only territorial 
species we commonly found on heavily impacted seabeds were Gobius niger, Serranus cabrilla 
and Serranus hepatus (at some farms only one of the two Serranus species). Also Muraena 
helena was found on heavily polluted seabeds but due to its cryptic behaviour it is difficult to 
detect (hides in tires, canisters etc.). There are also roving species close to the seabed below 
cages, especially sparid species, but aggregations of these are related to feeding events and 
thus vary over time. 
 
In the water column near and in between fish cages Mugilids, Sparids (especially Boops boops), 
Dicentrarchus labrax, and Carangids dominate. The damselfish, Chromis chromis, which is one 
of the most common fish species in shallow water areas (maximal 40 m) of the Mediterranean 
Sea, especially above shallow rocky grounds and seagrass beds, was rarely found close to fish 
cages (predation or predator avoidance?) 
 
Since the high abundance of wild fish around cages cannot be explained by the attraction to the 
floating structures alone, the abundance/biomass of Mugilids and Sparids may be an indicator 
for the organic input of the fish farm into the ecosystem (consisting of wasted feed, faeces and 
epiphytes/epifauna on nets and moorings). A high abundance of Dicentrarchus labrax indicates 
mass escapes of farmed sea bass. The escapees can often be identified as such by the 
occurrence of a high proportion of crippled opercula which is a common deformity found in 
hatchery reared fish. 
 
We conclude that at fish farms in the Eastern Mediterranean Sea, there are strong interactions 
between farmed and wild fish. On one hand wild fish mitigate the close-range impact of fish 
farms on the benthos by consuming waste feed pellets. On the other hand the fish farms have a 
strong impact on species composition and biomass of local fish assemblages. These 
interactions must be considered in monitoring strategies. The stereo-video technique is very 
promising for assessments of wild fish assemblages in complex habitats but  still needs both 
refinement and simplification in order to deliver accurate and verifiable data at a passable effort 
in routine monitoring. The ground-feeding experiments are striking in simplicity and are relevant 
for modelling purposes and thus should become an integral part of a toolset for monitoring fish 
farms in the Mediterranean. 
 

Figure 10. Wooden fish. 




