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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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Sampling procedures in cages for physiological data 

1. Introduction and 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. 

Firstly, a crucial point is to estimate the minimum number of animals required to get a 

representative sample of the population or detect an effect if it exists. The latter case is called 

Type II error (β), which in statistical terms is the retaining of a false hypothesis as opposed to 

Type I error (α) which is the rejection of a true hypothesis. So, it is desired to reduce type II 

error in order to be able to detect possible differences between treatments and the probability 

of not performing this type of error is termed power of the test (1-β). Conventionally, the 

minimum acceptable statistical power is set at 80%.  

Statistical power largely depends of the effect size (ES) of the treatment; a treatment with large 

effect size produces more easily detectable differences and requires less sample size for these 

differences to be detected. Moreover, statistical power depends on the background variation, 

which is the variation between experimental units (s2), as well as on the sample size for each 

treatment group (n). Finally, it is depended on the level of the probability of Type I error (a), 

which however is usually set at 5%. For most types of analysis power of the test is: 

(𝟏 − 𝜷) ∝
𝑬𝑺𝒂√𝒏

𝒔
 

Therefore, the appropriate sample size for a known power of the test is: 

√𝒏 ∝
𝒔(𝟏 − 𝜷)

𝒂𝑬𝑺
 

In order to be able to calculate the sample size it is important to know the power of the study, 

the background variation and the ES. Out of these, power of the study is commonly set by the 

researcher, whereas background variation can be retrieved from pilot studies or respective 

literature, and finally ES can be estimated by Cohen’s d, using the following equations: 

𝒅 = (𝐱̄𝟏 − 𝐱̄𝟐)/𝒔𝒑𝒐𝒐𝒍𝒆𝒅 

𝒔𝒑𝒐𝒐𝒍𝒆𝒅 = √
(𝒏𝟏 − 𝟏)𝒔𝟏

𝟐 + (𝒏𝟐 − 𝟏)𝒔𝟐
𝟐

(𝒏𝟏 + 𝒏𝟐 − 𝟐)
  

The calculated sample size required to get a power of 80% 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 extreme cases, for instance in cortisol which can show 

high variation, samples sizes as high as ~500 fish have been calculated when using highly 
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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 
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bitten. The whole procedure from biting to anaesthesia lasted approximately 1 minute (as 

presented in the results; table 1). 

 

Fig 2. Photograph presenting the hook method. The fishing line is equipped with 12 hooks, which were 

immediately inserted in the cage from side to side. 

The net method consisted of sampling fishing by restricting a random subpopulation using a 

net pre-attached to the net of the cage (Fig. 3). Specifically, one side of the net was tied to one 

side of the cage (Fig. 3A), while the other part was thrown in the water and pulled in order to 

create a cavity where the fish were restricted (Fig. 3B). Once this was accomplished fish were 

immediately collected by a fish net and placed in anesthesia.  

  

Fig 3. Photographs presenting the net method. The left photograph depicts the net prior to insertion in 

the water, while the right shows how the fish are confided prior to sampling. 

Finally, lift was accomplished by lifting the net of the cage to confine fish and subsequently 

sampling them using a fish net. Lift was the most time-consuming method (Table 1) as well as 

led to a more vigorous confinement of the fish (Fig. 4). 
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Fig 4. Photographs presenting the lift method. The left photograph shows how the bottom of the cage 

net is lifted to confine fish and the right depicts the confined fish.  

In all sampling methods fish after capture were immediately anaesthetized in ethyl-glycol 

monophenyl ether (0.2 ml l-1), weight and length measurements were recorded, and blood was 

immediately collected through the caudal vessel via heparinized syringes and placed in 

heparinized collection tubes. Finally, blood was centrifuged at 2,000 g for 10 minutes, and 

stored at -20°C until analyzed for further analysis. 

In total three samplings took place for each different sampling method, which are referred to 

as S1, S2 and S3, respectively. These samplings were performed during December 2017 – 

February 2018. 

 

2.3 Analytical procedures 

2.3.1 Physiological parameters 

Plasma cortisol concentration was quantified by a commercial enzyme immunoassay kit 

(DRG® Cortisol ELISA; Germany) previously evaluated in seabass (Samaras et al., 2016). 

Glucose and lactate were quantified by commercial colorimetric assays (Biosis, Greece for 

glucose; Spinreact, Spain for lactate). Finally, haematocrit was measured in capillary tubes 

after centrifugation in a haematocrit microcentrifuge. 

2.3.2 Serum lysozyme activity 

Lysozyme was measured using the turbidimetric method described before (Kokou et al., 2012). 

Briefly, the kinetic of lysis of the membrane of Micrococcus luteus (0.2 mg ml-1) by 10μl of 

serum was followed at 450 nm for 20 min (Genios Pro, Tecan, Austria). Results are expressed 

as units/ml of serum. 

2.3.3 Serum complement activity 

The antibacterial activity of the complement in serum of the fish was determined as described 

before (Kokou et al., 2012). It was expressed as the percentage of bacterial killing against a 

luminescent strain of E.coli.  

2.3.4 Serum antiprotease activity 
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The method to determine the anti-protease activity of the serum, which evaluates the ability of 

the fish immune system to fight parasites, was adapted from Magnadóttir et al. (1999). Briefly, 

5 μl of serum or phosphate buffer saline (PBS for negative control) were incubated with 20 μl 

of standard trypsin solution at 5 mg/ml for 10 min at 22 °C in a round-bottom 96-well microplate. 

A standard curve was prepared with increasing volumes of trypsin diluted with PBS. Then 60 

μl of 1% (w/v) azocasein solution were added and incubation further lasted for 1 h. Then, 100 

μl of 10% TCA were added and incubated for 30 additional minutes. The microplate was then 

centrifuged and 100 μl of the supernatant were transferred to a clean flat-bottom 96 well 

transparent microplate and 100 μl of 1 N NaOH were added in each well. The OD was then 

read at 450 nm. Results were expressed as the percentage of trypsin inhibition calculated 

using the standard curve as a reference (Henry and Fountoulaki, 2014).  

2.3.5 Serum myeloperoxidase activity 

The myeloperoxidase activity of serum was determined as described before (Kokou et al., 

2012) but using 50 μl of the stopping solution (Henry et al., 2015). Briefly, 15 μl of serum were 

diluted with 135 μl HBSS and 50 μl of the TMB-H2O2 solution were incubated for 2 minutes 

before 1 N H2SO4 was added to stop the reaction. OD was measured at 450 nm (Genios Pro, 

Tecan, Austria). 

2.3.6 Serum nitric oxide 

The nitric oxide concentration in serum was determined as described before using the Griess 

reaction (Henry et al., 2009). 

2.3.7 Serum ceruloplasmin activity 

The ceruloplasmin oxidase activity, which is considered to be a marker of the inflammatory 

response, was measured following the previously described method (Dunier et al., 1995) using 

10 μl of serum incubated with 100μl of the 0.1% para-phenylenediamine solution. The kinetic 

of increase of absorbance was followed at 550 nm for 15 min (Genios Pro, Tecan, Austria) and 

1 unit was defined as an increase of OD of 0.001/min (Henry and Fountoulaki, 2014). 

2.4 Statistical analysis 

Statistical analysis was performed using the SigmaStat 3.1 statistical package (Systat 

Software, Inc; USA). Before analysis data were checked for meeting the assumption criteria of 

the respective statistical test. Data on each sampling were analysed separately by one-way 

ANOVA in S1 (comparing the three sampling methods), and t-test in S2-S3 (comparing Net 

and Lift). When statistically significant differences were observed in the one-way ANOVA, 

Tukey’s multiple comparisons were performed. The reason for not using a two-way ANOVA to 

test the factors “method” and “sampling time” simultaneously was due to the fact that (i) in 

Hook only data for S1 were available, therefore not allowing the use of a two-way ANOVA, and 

(ii) the main interest of the present study was to examine the effects of different sampling 

methods in each sampling period and not between different samplings.  
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3. Results 
Out of the three sampling methods tested only net and lift were successful in all trials and in 

both population. 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 (Table 1). In both populations hook was the 

fastest sampling method. Since, however, only one trial was successful it was not feasible to 

calculate the average time. Moreover, in both population net was the second fastest method, 

and lift was the slowest. In the small fish, especially, net was very fast compared to lift. 

Table 1. Time from the initiation of the sampling till the fish were immersed in anaesthesia. 

Time is presented as mean (SD) in minutes. In the case of hook less than 1 minute was 

needed. 

 Large Small 

Hook ~ 1 ~ 1 
Net 9.67 (4.54) 3.83 (1.04) 
Lift 15.83 (1.04) 15.00 (6.54) 

 

3.1 Large fish 

No differences were observed between the sampling methods in the weight, length and 

condition factor of fish (Fig. 5).  

 

Fig 5. Weight (A), length (B) and condition factor (C) of the large seabass sampled using the 3 different 

sampling methods in the 3 samplings. The box-plot represents the interquartile range between the 1st 

and 3rd quartiles, while the horizontal line inside the box-plot represents the median. Whiskers represent 

the minimum and maximum values. n = 8 in Hook; n = 15 in Net and Lift. 

Cortisol, on the other hand, was influenced by the sampling method (Fig. 6A). Specifically, low 

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

lift, however, showed no consistent pattern of differences between them. In details, no 

statistically significant differences were observed in S1 and S3, while in S2 higher cortisol 

levels were observed in the lift compared to the net method.  
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Fig 6. Concentrations of cortisol (A), glucose (B), lactate (C), and HCT% of the large seabass sampled 

using the 3 different sampling methods in the 3 samplings. The box-plot represents the interquartile 

range between the 1st and 3rd quartiles, while the horizontal line inside the box-plot represents the 

median. Whiskers represent the minimum and maximum values. n = 8 in Hook; n = 15 in Net and Lift. 

Different letters indicate statistically significant differences between sampling methods in each sampling 

(P < 0.05). 

Glucose was also affected by the sampling method, being lower in the hook compared to the 

other methods. Moreover, higher glucose levels were observed in lift when compared to the 

net in S2 and S3 (Fig. 6B). Differences in lactate existed only between hook and lift in S1, 

being statistically significant higher in the latter (Fig. 6C). Finally, no consisted pattern was 

observed in haematocrit, showing a significant difference only between net and lift in S3 (Fig. 

6D). 

 

3.2 Small fish 
Sampling using the hook method seemed to collect fish with significantly higher weight, but not 

length nor condition factor, than net and lift (Fig. 7). No differences were observed between 

net and lift in any sampling period. 
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Fig 7. Weight (A), length (B) and condition factor (C) of the small seabass sampled using the 3 different 

sampling methods in the 3 samplings. The box-plot represents the interquartile range between the 1st 

and 3rd quartiles, while the horizontal line inside the box-plot represents the median. Whiskers represent 

the minimum and maximum values. n = 12 in Hook; n = 15 in Net and Lift. Different letters indicate 

statistically significant differences between sampling methods in each sampling (P < 0.05). 

Cortisol levels in the small population were not intensively influenced by the sampling method. 

The only differences that were observed regarded increased levels between lift and the other 

two methods in S1 and between net and lift in S3 (Fig. 8A). The only difference observed in 

glucose regarded the significantly lower levels in hook compared to net and lift (Fig. 8B). 

Lactate showed differences only between net and lift in S2, being lower in the latter (Fig. 8C). 

Haematocrit differed only between net and lift in S3 (Fig. 8D). 

 

Fig 8. Concentrations of cortisol (A), glucose (B), lactate (C), and HCT% of the small seabass sampled 

using the 3 different sampling methods in the 3 samplings. The box-plot represents the interquartile 

range between the 1st and 3rd quartiles, while the horizontal line inside the box-plot represents the 

median. Whiskers represent the minimum and maximum values. n = 12 in Hook; n = 15 in Net and Lift. 

Different letters indicate statistically significant differences between sampling methods in each sampling 

(P < 0.05). 
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3.3 Comparison between large and small fish in cortisol 
When the two populations were compared in terms of cortisol (Fig 9), which is one of the main 

hormones regulating stress responses, it was observed that large fish tend to show lower 

cortisol levels than small fish (Table 4). Specifically, this was observed in the hook and lift 

method, and in S1 and S2 of the net method. 

 

Fig 9. Concentrations of cortisol in large and small fish in S1 (A), S2 (B), S3 (C), sampled using the 3 

different sampling methods in the 3 samplings. Different letters indicate statistically significant 

differences between sampling methods in each sampling (P < 0.05). 

Table 2. ANOVA (F) table for cortisol between large and small fish.  

Sampling   Factor Df1 Df2 F p 

S1   Method 2 73 36.18 < 0.0001 
   Population 1 73 7.28 0.009 
   Interaction 2 73 11.16 < 0.0001 
S2   Method 1 54 1.61 0.210 
   Population 1 54 225.1 < 0.0001 
   Interaction 1 54 10.50 0.002 
S3   Method 1 56 0.76 0.387 
   Population 1 56 61.55 < 0.0001 
   Interaction 1 56 3.94 0.052 
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3.4 Immunological parameters 
The figures below presents the results related to the immunological parameters estimated 

during the trial 

 

Fig. 10. Lysozyme antibacterial activity in the serum of small (open bars) or large (black bars) fish 

sampled using different sampling methods from the sea cages (hooking, lifting or netting). Bars 

represent mean ± S.E.M. Different Latin letters show significant differences between sampling methods 

in small or large fish as different groups (Kruskal-Wallis, P=5.10-6, Tamhane). Different Greek letters 

show significant differences between fishing techniques in all fish, small and large together (General 

Linear Method, P=0.002) and asterisk show significant difference between small and large fish (GLM, 

P=0.009). n=12-45. 

 

Fig. 11. Complement antibacterial activity in serum of small (open bars) or large (black bars) fish 

sampled using different sampling methods from the sea cages (hooking, lifting or netting). Bars 

represent mean ± S.E.M. Different Latin letters show significant differences between sampling methods 

in small or large fish as different groups (Kruskal-Wallis, P= 0.0002, Tamhane). There were no significant 

differences between fishing techniques or fish sizes (GLM, P>0.05). n=12-45. 
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Fig. 12. Trypsin inhibition in the serum of small (open bars) or large (black bars) fish sampled using 

different sampling methods from the sea cages (hooking, lifting or netting). Bars represent mean ± 

S.E.M. Different Latin letters show significant differences between sampling techmethodsniques in small 

or large fish as different groups (Kruskal-Wallis, P= 0.0003, Tamhane). Different Greek letters show 

significant differences between fishing techniques in all fish small and large together (General Linear 

Method, P=0.012). There were no significant differences between small and large fish (GLM, P>0.05). 

n=12-45. 

 

 

Fig. 13. Myeloperoxidase activity in the serum of small (open bars) or large (black bars) fish sampled 

using different sampling methods from the sea cages (hooking, lifting or netting). Bars represent mean 

± S.E.M. Different Latin letters show significant differences between sampling methods in small or large 

fish as different groups (Kruskal-Wallis, P>0.05, Tamhane). There were no significant differences 

between fishing techniques or fish sizes (GLM, P>0.05). n=12-45.  
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Fig. 14. Nitric oxide concentration in the serum of small (open bars) or large (black bars) fish sampled 

using different sampling methods from the sea cages (hooking, lifting or netting). Bars represent mean 

± S.E.M. Different Latin letters show significant differences between sampling methods in small or large 

fish as different groups (Kruskal-Wallis, P= 0.0002, Tamhane). Different Greek letters show significant 

differences between fishing techniques in all fish small and large together (General Linear Method, 

P=0.004) and asterisk show significant difference between small and large fish (GLM, P=0.014). n=12-

45. 

 

Fig. 15. Ceruloplasmin activity in the serum of small (open bars) or large (black bars) fish sampled using 

different sampling methods from the sea cages (hooking, lifting or netting). Bars represent mean ± 

S.E.M. Different Latin letters show significant differences between sampling methods in small or large 

fish as different groups (Kruskal-Wallis, P=0.03, Tamhane). There were no significant differences 

between fishing techniques or fish sizes (GLM, P>0.05). n=12-45. 
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0.05 in large fish) and to nitric oxide (P = 0.073; P = 0.002 in small, P = 0.047 in large). The 

complement activity was strongly positively correlated to both the lysozyme (P = 0.0001, P > 
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= 0.00006 in large fish) mainly because of large fish. The lysozyme activity was strongly 

negatively correlated to the nitric oxide (P = 8.10-7; P > 0.05 in small fish; P = 0.003 in large 

fish) and to a lesser degree to the ceruloplasmin activity (P = 0.003) but, like the complement 

antibacterial activity, it was positively correlated to the anti-protease activity (P = 0.0032) due 

to results in large fish. 

Table 5. Pearson’s correlation between all immune parameters. “+” denotes a positive correlation; “- 

“denotes a negative correlation. 1 symbol represent a significance at P<0.01; 2 symbols at P< 0.05; 3 

symbols at P<0.001 and 4 symbols at P<0.0001. In brackets are shown the correlation concerning only 

the small or only the large fish (small/large). 

 Complement APA MPO NO Ceruloplasmin 

Lysozyme ++++ 
(0/++++) 

+++(0/++++) 0(-/0) ----(0/----) ---(0/--) 

complement  ++++(0/++++) 0(0/0) 0(0/0) 0(0/--) 

APA   0(0/0) 0(0/0) 0(0/0) 

MPO    +(+++/++) ++(+++/0) 

NO     0(++/0) 

 

The lysozyme activity was significantly reduced in fish sampled by lifting the net or netting them 

compared to fish fished out of the cage especially so concerning the larger fish (Fig. 10). Small 

fish were not affected by the fishing technique and lysozyme activity remained unchanged. 

The anti-protease activity was also significantly lower in fish netted compared to fish fished out 

of the cages, especially so in large fish (Fig. 12). Myeloperoxidase activity was not significantly 

affected by any of the fishing techniques, although it tended to be reduced in larger fish 

compared to small ones (Fig. 13). This difference was not present in the netted fish.  

On the contrary, the nitric oxide concentration in the sera of the fish was significantly increased 

in fish large fish compared to the small fish in the cage which was lifted to sample the fish (Fig 

14). The ceruloplasmin activity was increased in large fish compare to small netted fish 

suggesting an inflammation process in these fish (Fig, 15). However, standard error was 

relatively high denoting strong inter-individuals differences and a high variability of the 

ceruloplasmin activity in fish sampled the same way with values varying between 0 and 760. 

4. Discussion 
Sampling fish from cages faces three major challenges. The first is to collect a representative 

sample of the population, both in terms of individual characteristics (for instance netting usually 

captures larger fish first), as well as in terms of sample size. The second is to use a method 

that promotes welfare and minimizes stress that can negatively influence the results. Finally, 

the third challenge is about using a sampling method that manages to cover the above-

mentioned issues in fish of different sizes. 

For these reasons, the present study aimed at comparing three different methods for the 

sampling fish from sea cages in two seabass populations of different size. The methods that 

were used were the common practice of lifting the bottom of the cage to confine fish; a newly 

developed method of using a net to confine fish before sampling; and finally catching fish using 

baited hooks. All three methods were tested in a population of commercially-sized fish (~ 500 

g; termed as “large”) and a population of smaller (~ 200 g; termed as “small”). 
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Results showed that net and lift methods were consistently successful in sampling fish, 

whereas hook was only successful in the first sampling. Specifically, during the second and 

third sampling no fish bite the hooks in both populations. Such a learned hook avoidance 

behavior is not universal among fishes and for many species it is a viable sampling method. 

However, it has been reported for species such as rainbow trout, pike and carp (Askey et al., 

2006). In many cases it seems to be a trait that individuals pick up fast, often within a single 

hook encounter which is in agreement with the findings of this study. Although the mechanisms 

underlying hook avoidance have not been fully disentangled, recent studies suggest that there 

is no social element to learning this behaviour which is rather based on prior experience 

regarding the morphology of hooks (Louison et al., 2019).   

No significant differences in the morphometric features of the fish sampled with the different 

methods were observed. The fact that no consistent differences existed among the sampling 

methods indicates that there was an equal representation of the population using each of these 

methods. There was only a statistically significant difference with heavier, but not longer, 

(neither with larger condition factor), fish sampled using the hook method in the population of 

small fish. This might indicate a size-dependent difference between large and small fish, where 

in the latter heavier fish tend to be the first to approach food due to social interactions and 

hierarchies (Andrew et al., 2002). 

Physiological parameters showed to be influenced by the different sampling methods, but not 

in a consistent pattern. Specifically, in the first sampling where fish were caught using the hook 

method, lower plasma cortisol concentrations were observed in the large fish sampled by the 

hook than the other two methods, while in small fish sampling by hook and net resulted in lower 

cortisol than the lift method. As the sampling time was apx 1 min, this was not enough period 

to elicit a response in the parameters that were tested. Given the fact that cortisol concentration 

starts to increase few minutes after stress (Flik et al., 2006; Rottlant et al., 2003), lower levels 

were expected when using the hook method, which was observed in the population of large 

fish (71.4 ± 89.0 ng ml-1), but not in small (235.7 ± 169.1 ng ml-1). This fact could probably 

suggest either that small fish population was stressed due to an unknown, uncontrolled factor 

or that these fish were more susceptible to the same stimuli (i.e. hook) than the large fish. The 

size of the fish should not per se be the driving force between the differences in cortisol, since 

no differences in resting and post-stress cortisol levels have been observed between seabass 

of the same size order (127.0g Vs 351.5g; Fanouraki 2010). It is important to notice however 

that in large fish a part of the fish is expected to be sexually mature, and especially at the time 

of spawning. In general, reduced cortisol levels are observed during the spawning period, 

which however coincides with the low winter sea temperatures and it is not clear whether this 

is due to the reproductive state or temperature (Planas et al., 1990; Pascoli 2011; Samaras et 

al., 2016). In support of a strong temperature effect is the fact that low cortisol levels have been 

observed in sexually immature seabass reared at low temperature (Samaras et al., submitted). 

In general, no consistent differences were observed between the net and lift methods in neither 

populations. Specifically, in large fish significantly higher levels of cortisol where observed in 

fish sampled using the lift method than the net in S2. On the other hand, the same difference 

was observed in small fish in S1, while the opposite was true (i.e. higher levels in net than lift) 

in S3. Therefore, it is hard to conclude that a consistent effect of the sampling method exists 

between the net and lift methods. However, when examining the population of large fish, a 
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very high variation in cortisol is observed when using the net method (Fig 5A), indicating that 

some fish do not show a cortisol response while other fish do. It seems therefore that net is a 

somehow milder method to sample fish, possibly due to the fact that it is faster than the lift 

method. The difference in the duration of the procedures (9.7 Vs 15.8 minutes in net and lift, 

respectively) could also have slightly affected cortisol outcome due to the time-dependence 

nature of the response, which reaches max levels between 0.5 and 1 hour post-stress 

(Fanouraki et al., 2011). In small fish, however, such differences were not evident (even though 

net was even faster), which accompanied with the high cortisol levels in the hook method, 

suggests that these fish were more susceptible to stress. This is also supported by the fact 

that the population of small fish showed higher cortisol levels than the large fish in all 

samplings. 

Glucose is another indicator commonly used to assess the welfare of fish. In both populations 

lower glucose levels were observed in hooked individuals compared to the other sampling 

methods. This further suggests that hook is the less stressing method due to its rapidness, 

especially because glucose reaches peak values at 2 hours post-stress (Fanouraki et al., 

2011). In large fish statistically significant lower values were observed in net than lift in S1 and 

S3, supporting the idea that net is a milder stressor than lift in those fish. In small fish, however, 

no differences were observed, suggesting that both methods are equally stressful. 

Lactate is also commonly used as a stress indicator especially in cases of physical stress since 

it is the end-product of the anaerobic metabolism. In large fish there was a statistically 

significant effect of sampling, being lower in hooked animals than lifted in S1. No other 

differences were observed. In small fish a significant difference was observed only in S2, with 

lift resulting in lower levels than net. It seems therefore that there is no constant effect of 

sampling method in lactate values in both populations.  

Haematocrit (HCT) showed no differences between sampling method apart from the lower 

levels in lift in both population in S3. These differences were possibly derived from seasonal 

and/or daily fluctuations in HCT rather than influenced by the sampling methods, since they 

were seen only in S3 in both populations. 

Lysozyme activity was significantly reduced in fish sampled by the lift and net methods 

compared to hook in large fish. Past experiments have suggested that acute stress can quickly 

enhance the lysozyme activity of European sea bass while chronic stress may reduce it while 

complement was only affected after a longer lasting stress (data not published). Large fish 

showed lower antibacterial activity against both Gram-positive (lysozyme) and Gram-negative 

(complement) bacteria than smaller fish, significantly so concerning the lysozyme activity of 

fish lifted or netted and the complement of the netted fish.  

In general, immunological data show high variability. Although, it was observed significant 

differences between the sampling methods for several immunological parameters (high NO in 

large fish lifted; high APA and lysozyme in large fish hooked) suggesting that some immune 

parameters are affected quickly by acute stress, it was difficult to recommend a specific way 

of sampling the fish in view to reduce the potentially adverse effects of the sampling technique 

on the immune status of the fish. However, lifting the net gave relatively stable results except 

for the nitric oxide concentration and may be considered as the best sampling method for 

immunological determinations in fish. 
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5. Conclusions 
In conclusion, it seems that all methods tended to sample fish in a representative way in terms 

of morphometric characteristics. There was an indication that in the population of small fish, 

heavier fish were caught using the hook method, possibly due to social and hierarchical 

reasons. 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. However, 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. Lactate and HCT showed no major influence by the 

sampling method. 
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Glossary 
 

AQUAEXCEL2020: AQUAculture Infrastructures for EXCELlence in European Fish Research 

towards 2020 

 

.
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Definitions 
 

DO: Dissolved Oxygen 

FCR: Feed Conversion Ratio 

HCMR: Hellenic Centre for Marine Research 

HSP: Heat Shock Proteins 

HTC: Haematocrit 

RMR: Resting Metabolic Rate 

rpm: rounds per minute 

SGR: Specific Growth Rate 
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