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Executive Summary 

Objectives  

Commercial cages in seabass aquaculture can hold up to tens of thousands of fish. Samplings 

for the estimation of the performance of the fish in terms of growth, health and welfare are 

commonly performed in such cages. It is therefore important to evaluate optimum sampling 

methods in terms of both randomization and reliable estimation of the traits of interest, as well 

in terms of welfare.  

The first issue to decide is the size of the sample which for common morphometrics, such as 

weight, and physiological indicators like cortisol and glucose, in a cage population of 10,000 

seabass ranges between 5-100 fish in order to provide the required accuracy. Sample size is 

however subjected to practical (time and costs) and ethical (animal welfare) constraints, 

encouraging thus researchers, under the concept of the 3Rs (reduce, refine, replace), to seek 

optimization of sample size and experimental resources according to the goals of the study 

under consideration. 

In terms of welfare, samplings should cause the least possible disturbance to the fish and 

secure that good welfare conditions are achieved. Furthermore, and in some cases of high 

importance, the sampling method displayed should cause the minimum possible disturbance 

to fish so that the physiological traits under study will not be influenced or masked by the 

sampling itself. 

The present study aimed at evaluating different sampling methods from seabass cages in 

terms of representative sampling for the physiological status of the fish.  

Rationale:  

Two population of European seabass (Dicentrarchus labrax) were used from the HCMR pilot 

scale farm in north-west Crete. The two populations differed in weight (and age), being 

534±145 g the for the large and 168±38 g for the small fish. Both populations were reared in 

cylindrical cages of the same diameter but different depth. Specifically, large fish were reared 

in a cage of 8 m depth, while small in 6 m. 

Three different sampling methods were evaluated. 

 Hook; where a set of 12 baited hooks was inserted in the cage and immediately drawn 

once fish were caught, 

 Net; where fish were caught after restricting them by the drop of a net attached to the 

net of the cages, 

 Lift; where fish were caught after lifting the bottom of the cages and restricting them. 

In all sampling methods, fish after capture were immediately anaesthetized, the weight and 

length of fish were measured, and blood was collected. Three samplings took place for each 

different sampling method during December 2017 – February 2018. 

The physiological parameters estimated were: plasma cortisol concentration, glucose, lactate 

and haematocrit. Additional immunological parameters were: the serum lysozyme and 

complement activity, the serum antiprotease and myeloperoxidase activity, the serum nitric 

oxide and the serum ceruloplasmin activity. 
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Statistical analysis was performed using the SigmaStat 3.1 statistical package. 

Main Results: 

Out of the three sampling methods tested only net and lift were successful in all trials and in 

both populations. Hook was only successful in the first trial, since in the next two trials fish 

avoided to bite the hook. 

The time needed from the initiation of the sampling effort until fish were placed in the 

anaesthetic varied between sampling methods. In both populations hook was the fastest, net 

was the second fastest, and lift was the slowest method.  

For the Large fish, no differences were observed between the sampling methods in the weight 

and length of fish. Cortisol, on the other hand, was influenced by the sampling method, with 

low values observed when hook was compared to net and lift in the first sampling. Net and Lift 

showed no consistent pattern of differences between them. Glucose was affected by the 

sampling method, being lower in the hook while higher levels were observed in lift. Differences 

in lactate existed only between hook and lift being higher in the latter. Finally, no consisted 

pattern was observed in haematocrit. 

For the Small fish, sampling using the hook seemed to collect fish with higher weight, but not 

length than with net and lift. No differences were observed between net and lift. Cortisol levels, 

lactate and haematocrit were limited influenced by the sampling method. In glucose lower 

levels were observed in hook compared to net and lift.  

When the large and the small populations were compared in terms of cortisol, it was observed 

that large fish tend to show lower cortisol levels than small fish. 

For the Immunological parameters, the lysozyme activity was significantly reduced in large fish 

sampled with lift or net compared to hook. Small fish were not affected by the sampling method 

and lysozyme activity remained unchanged. The anti-protease activity for large fish was 

significantly lower in net sampling compared to hook while myeloperoxidase activity was not 

affected by any of the sampling method. On the contrary, the nitric oxide concentration in the 

sera of the fish was significantly increased in large fish compared to small in lift. 

In conclusion, all methods tended to sample fish in a representative way. In terms of welfare, 

hook was the most rapid and less stressful method as suggested by the lower cortisol and 

glucose circulating levels. However, hook was not an effective sampling method since it was 

successful only in first trial. No consistent differences in physiological data were observed 

between net and lift in both populations, although in large fish a tendency for more fish with 

low cortisol levels in net compared to lift methods suggests that net might be a milder stressor.  
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dispersed data as the background variation. Sample size is however subjected to practical 

(time and costs) and ethical (animal welfare) constrains. This encourages researchers, 

especially under the concept of the 3Rs (reduce, refine, replace), to seek optimization of 

sample size and experimental resources according to the goals of the study under 

consideration. In particular, under the 3Rs concept in animal welfare, the number of animals 

used for experimentation should be reduced when possible, or otherwise use of large sample 

sizes should be justified when applying for experimental protocol approval, depending also on 

the severity of the procedure and the necessity and goals of the experiment. 

The second important aspect when considering cage sampling, is that the method used should 

ideally produce the minimum discomfort to sampled fish not affecting their physiological status. 

In terms of welfare, samplings should cause the least possible disturbance to the fish and 

secure that good welfare conditions are achieved. For that reason, it is important to study the 

possible effects that different sampling methods can exert to the fish. Apart from welfare 

aspects, the sampling method displayed should cause the minimum possible disturbance to 

fish so that the physiological traits under study will not be influenced by the sampling itself. 

Most fish species respond to physical disturbance by evoking a stress response; seabass 

especially is very susceptible to common handling processes responding with high cortisol 

circulating concentrations (Ellis et al., 2012; Fanouraki et al., 2011). The cortisol stress 

response is usually observed with a range of minutes after the stressful event (Flik et al., 2006; 

Rottlant et al., 2003), and the magnitude of the response can depend on the intensity and 

duration of the stressor (Fatira et al., 2014). Specifically, it has been shown that sampling fish 

from cages by lifting the bottom of the net leads to duration-dependent increasing in cortisol 

concentration (unpublished data; Fig 1). 

 

Fig. 1. Mean plasma cortisol levels from seabass sampled prior (pre), at the time (0) and at 15 

and 30 minutes after the lift of the bottom of the net (Samaras et al., unpublished data). 

Therefore, it is obvious that although a massive number of fish should ideally be sampled from 

a cage holding tens of thousands of fish, in practice this would contradict ethical (welfare) and 

practical (change in physiological parameters) aspects. In detail, sampling of such a number 

of fish from sea cages needs much time that will result is poor welfare for the fish, as well as 
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affect the results of physiological data, such as cortisol, glucose and lactate due to the stress 

that will be induced to the fish. Therefore, it is of major importance that the sampling is as rapid 

and as less stressing as possible. For that reason, in the present study a number of 15 fish per 

sampling was used as a compromise between the actual calculated sampling size based on 

previous experiments and the practically feasible number of sampled fish due to physiological 

(i.e. increased time to collect fish and blood samples will affect physiological data) and logistic 

reasons (i.e. simulating the practical number of personnel needed to sample fish in an 

aquaculture unit). 

In this context, the present study aimed at evaluating different sampling methods from seabass 

cages in terms of representative sampling for the physiological status of the fish. To do so, 

morphometric and physiological parameters were quantified for two population of seabass 

sampled from sea cages using three sampling methods. Briefly, the methods used were (i) 

sampling by hook and line; (ii) using an external net to rapidly restrict part of the population of 

the cage before sampling, and (iii) lifting the bottom of the cage-net to restrict all fish before 

sampling.  

  

2. Methods 

2.1 Site and rearing 

Two population of European seabass (Dicentrarchus labrax) reared in the pilot scale farm of 

Hellenic Centre for Marine Research (HCMR) located at Souda Bay in north-west Crete. The 

two populations tested differed in their weight (and age), being (mean (SD)) 534.85 (145.84) g 

in the large and 168.45 (38.04) g in the small population. Both populations were reared in the 

same stocking density (~8 kg/m3) in cylindrical cages of the same diameter but different depth. 

Specifically, large fish were reared in a cage of 8 m depth, while small in 6 m. 

Fish were offered standard extruded commercial diets (Irida S.A., Greece) of approximately 

44% protein and 19% lipids by automated feeders twice daily throughout the rearing period. 

The provided amount was calculated according to feeding tables for the species.  

2.2 Comparison of sampling methods 

Three different sampling methods were evaluated. Specifically, these methods were: 

1. Hook; where a set of 12 baited hooks was inserted in the cage and immediately drawn 

once fish were caught, 

2. Net; where fish were caught after restricting them by the drop of a net attached to the 

net of the cages, 

3. Lift; where fish were caught after lifting the bottom of the cages and restricting them. 

In more details, hook consisted of a fishing line equipped with 12 hooks. The fishing line was 

introduced in the cage extending from one side to the other (Fig. 2). Immediately after placing 

the hooks in the cages fish were caught and collected. In the first attempt, some fish bit the 

hooks in matter of seconds and were collected immediately, not waiting for all 12 hooks to be 














































