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1. Objective 

 
The deliverable aims to experimentally explore the possibilities of monitoring technologies to detect 
the fish stress event among different species (salmon, sea bass, seabream) and different production 
units (tanks and cages). The deliverable concludes on the possible use of monitoring technologies in 
tanks and cages to determine welfare indicators across fish species, which can be used as a guide for 
researchers to improve welfare indicator monitoring. 
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3. Methodology 
 
The experiments and data collection described in the next paragraph were conducted at four 
institutes: HCMR, NOFIMA, SINTEF, and CSIC. Table 1 summarizes the experiments.  
 
Table 1. Summary of the experimental sites, sensors and fish species.  

    HCMR CSIC NOFIMA SINTEF 
Sea 
cage 

Video 
Seabass 

x x 
Salmon 

Echo sounder x x 

Tank 
Video Seabass 

Sea bream Salmon 
x 

Tag x x 
 
The experiments in sea cages were done in Norway (SINTEF) with Atlantic salmon (Salmo salar) and in 
Greece (HCMR) with European seabass (Dicentrarchus labrax). Video monitoring was used at both 
sites, but the echosounder was only by SINTEF. The fish crowding and net cleaning were used as short-
time fish stressors at both sites. 
The experiments in tanks were done in Norway (NOFIMA) with Atlantic salmon, Greece (HCMR) with 
European seabass and Spain (CSIC) with sea bream (Sparus aurata). The video monitoring was used at 
all sites, but the tags were used only by NOFIMA and CSIC. The fish crowding was used as a short-time 
fish stressor at all sites. 
The aim was to compare the same technologies for different cultivation units and different species 
but with similar stressors. Therefore, fish crowding was used as a stressor in all experiments. Still, due 
to site and species specificities, not all sites were able to use the same monitoring technologies and 
follow the same experimental plan.  
 

3.1. Data collection 

3.1.1. Cages 

     SINTEF (Norway) 
 
The experiment took place at Tristeinen (Frohavet, mid-Norway), one of the SINTEF ACE research farm 
sites. Fish behaviour measurements were conducted between 4.4.2023 and 19.05.2023 in pen 8, 
located in the middle of 10 net pens installed in a double-row perpendicular to the main current 
direction. The pen had a circumference of 160 m with straight side walls of 15 m depth stabilised by a 
bottom ring. The net cone below had a depth of 15 m, giving the pen a total depth of 30 m and a 
volume of 40 856 m3. The pen contained approx. 190 000 Atlantic salmon (Salmo salar) with an 
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average weight of 1.7 kg resulting in a stocking density of 7,9 kg m-3. The lice skirt installed around the 
pen was lifted between 7th of April and 3rd of May  to allow good water transport through the pen and 
ensure sufficient oxygenation during the experimental period and specifically during the crowding 
phases. Fish were typically fed for 3 hrs using a surface feed spreader, remotely controlled from a 
land-based feed centre. As feeding has a strong impact on fish behaviour (e.g., location in the pen), 
specific feeding times were recorded and included in the analyses of fish behaviour. 
 
After a 13-day baseline period where the typical behaviour of the fish was recorded, net cleaning and 
inspection were conducted (Fig. 1). On the next day, the bottom ring of the net was raised, effectively 
shortening the upper net walls from 15 m to 7 m, reducing the pen volume to 60% and increasing fish 
density 1.7 times to 13.2 kg m-3. After 24 hrs, the upper net walls were shortened further to 3 m, 
reducing the pen volume to 40% and resulting in 2.5 x the fish density at 19.8 kg m-3. After 24 hrs, the 
net was returned to its original shape and inspected. The operation of raising/lowering the net took 
approx. 60-90 mins and was typically started at 8 am on the day. After a 7-day recovery period, the 
net was again cleaned and inspected. Three days later, the net was raised for two 24-hour periods, 
similarly to before, then returned to its original state and inspected. After an 8-day recovery period, 
the net was cleaned. The monitoring stopped nine days after that.  
Crowding was conducted by experienced farm personnel, and fish behaviour and oxygen 
concentrations in the pen were monitored throughout the entire duration so that the operation could 
have been cancelled at signs of impacted welfare. At no point in time did the volume reduction exceed 
the allowed maximum stocking density of 25 kg m-3.  
Net cleaning was conducted using an in-situ pressure washing rig (FNC, AkvaGroup) and took approx. 
2 hrs. The cleaner is equipped with cameras and is used simultaneously for inspection of the net. 
Inspection after net cleaning was conducted without active use of the washing units and took approx. 
90 mins.  

 
Figure 1: Experimental timeline. Experimental duration of 46 days (4.4. to 19.5.2023) indicating timing 
of net cleaning, inspection, and crowding days (with volume reduction to 60% and 40%).  
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Fish behaviour was monitored using an underwater camera and four echosounders installed in the 
pen (Fig. 2).  
The camera (Fyssalis V5, Elementtech, Greece) was mounted on a gimbal and installed at approx. 5 m 
depth. 10 m from the net wall, looking up towards the surface. The camera was operated using Intel 
Nuc running SmartPSS software for video acquisition (at 25 FPS at 1080x1920) between 6 am and 6 
pm. In addition to saving data on a local hard drive, an online live feed was available. 

Wind data (direction, middle wind and wind gust) from Halten Fyr was downloaded from 
seklima.met.no after the confinement trials ended. The data has a spatial resolution of one hour and 
a measurement period from trial start to end. 

Four echosounders of the type EK15 200-28CM (SIMRAD) were installed, pointing downwards from 
the surface with even spacing on a diagonal mooring rope that crossed 1/3 of the pen surface.  

To monitor environmental conditions and ensure fish safety, oxygen was monitored in three places: 
(i) in the centre of the echosounder mooring rope, a string with four oxygen sensors (Innovasea, 
Norway) at 1m, 5m, 8m, and 15m was installed. (ii) An additional string of two oxygen sensors was 
installed 5m from the cage wall with sensors at 1m and 5m depth. (iii) Outside the net pen in the 
middle of the farm array, a reference station with four oxygen sensors at 1m, 5m, 8m, and 15m was 
installed. Oxygen values never dropped below normal values and are not presented here.  

 
Figure 2: Monitoring set-up in SINTEF. Overview of the sensors installed in the net pen and at the 
reference station (not to scale). 

 

HCMR (Greece) 
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potential damage caused by crowding. Feeding was taking place three times daily (at 08:00, at 12:00 
and at 16:00). 

 
Figure 4. Experimental timeline for the seabass stress experiment in cages at HCMR. 
 

Simultaneously with fish monitoring, continuous environmental monitoring (of dissolved oxygen and 
temperature) was conducted. The purpose of this monitoring was to identify any behavioural changes 
unrelated to the stressors. 

3.1.2. Tanks 

HCMR (Greece) 
 

A trial was performed in the marine Recirculating Aquaculture System (RAS) of HCMR (Greece), where 
juvenile European seabass of approximately 250 g were subjected to a protocol of repeated stressing, 
induced via crowding, at intervals of 15 days over a two-month period. Over this period, growth 
performance was monitored (weight measurements, FCR) along with visual inspection for external 
abnormalities (ulcers, scales, fins, and tail issues). At sampling points, blood from both groups (the 
control and the stressed group) was collected from the caudal vein centrifuged, and plasma cortisol 
measurements were performed using commercial kits to quantify the baseline stress levels. For the 
duration of the trial, the behaviour of the fish was recorded via IP cameras, and behavioural indicators 
such as speed were analysed using a methodology previously developed (Georgopoulou et al., 2024). 
The fish were hand fed to apparent satiation, and the feeding schedule was twice per day, at 08.30 - 
09:30 and 14:00-15:00. 
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Figure 5. The experimental setup of the tanks at HCMR  (left) and the camera (right). 
 
In more detail, 240 fish (of 267±30 g weight and 33±3 cm length) arrived from the HCMR pilot scale 
farm on the 3rd of October 2022 and were kept at the AquaLab facility of the HCMR, a certified 
laboratory for fish rearing (EL91-BIOexp-04) in accordance with legal regulations (EU Directive 
2010/63) and after approval by the Ethics Committee of the IMBBC and the relevant veterinary 
authorities (Ref Number 255344). The fish were divided into 6 groups of 40 fish and were randomly 
distributed into 6 cylindroconical tanks of 2 m3 volume and 1.5 m diameter at a thermoregulated 
marine RAS (see Figure 5) and kept under typical rearing conditions for the species (T = 20°C, pH = 8.0, 
salinity = 37 psu, and a 12 h L:12 h D photoperiod cycle). Three of the tanks were used as the control 
and three as the treated group. The groups were monitored using network cameras (HIKVISION DS-
2CD1623G0-IZS) capturing at 6 fps with frame resolution 1280x720 for a period of one month (from 
27 October to 27 November 2022), from 08:00 to 19:30. The cameras were positioned over the tanks, 
pointing downwards (Figure 5). Due to network connectivity issues in the IP cameras, we ended up 
using 4 out of the 6 tanks (two control and two treated). 
During normal days, fish were fed twice a day (~08:40 and ~14:40). In addition, there was human 
presence in the facility between 08:00 and 15:00 every day except Sundays. Fish were left to acclimate 
for a month before the stress trial occurred. 
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Effects of high stocking densities and limited oxygen availability on gilthead sea bream were assessed 
by means of biometric, behavioural, physiological, and tissue damage assessments. Behavioural 
monitoring was conducted using the tri-axial accelerometer-based data logger AEFishBIT attached to 
the operculum of 12 randomly selected fish per experimental condition. Devices were programmed 
for data acquisition of physical activity and respiratory frequency for 2 min every 15 min for two 
consecutive days, in which fish remained unfed. The sampling frequency of the AEFishBIT device was 
100 Hz. At the end of the recording period, all AEFishBIT devices were successfully recovered, and pre-
processed data was downloaded to track the recorded behavioural traits. Growth performance was 
assessed through weight measurements, specific growth rate (SGR), and feed conversion ratio (FCR). 
Blood samples were analyzed for glucose and cortisol levels, and liver and muscle tissue samples were 
collected for gene expression profiling. Additionally, fish were photographed and scored for external 
tissue damage, fin erosion, and skin lesions. 

 
In the trials conducted in the summer of 2022, high-quality 4K video cameras (Vivotek FD9391 EHTV, 
at 2560 x 1440 resolution) were placed on top of each tank, covering their entire volume. Camera 
placement was optimized to avoid light reflection that could distort the recording. Distortion due to 
air bubbling was also minimized. The species-specific stress responsiveness was studied in three-year-
old gilthead sea bream (mean weight 1200 g) and European sea bass (mean weight 950 g) in similar 
conditions of temperature, O2 concentration (4.5-5 ppm), and stocking density (18-20 kg/m3) 
cultivated in 3000l tank. Behavioural responses were assessed before, during, and after exposure to a 
confinement stressor. The confinement stress test was designed to be applied as a reproducible and 
single/repetitive stressor without directly handling the fish or compromising water quality. This test 
consisted of a temporary (45-minute) 66% reduction of available space by means of a self-made PVC 
structure during two consecutive days (illustrative video available at 
https://vimeo.com/1015372239); see Fig 8. 
 

https://vimeo.com/1015372239
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Figure 8. Left-  Fish cultivation tank with sea beam at CSIC. Right - confinement to 33% of the volume. 
 
The structure was removed after confinement, enabling the fish to resume free swimming. The 
assessment of the behavioural response was performed using the AEFishBIT data logger, externally 
attached to the operculum of 12 fish of each species one day before the stress test, for the 
simultaneous monitoring of physical activity and respiratory frequency every 15 minutes over two 
days. Camera recorded during one hour before confinement, the confinement procedure and three 
additional hours after the end of confinement. Growth and physiological parameters were also 
measured, including body weight, feed intake, muscle fat content, and external tissue damage. 
Hematological analyses included hematocrit, hemoglobin, and gene expression profiling of stress-
related markers in liver and muscle samples. 

 
The habituation to high stocking density was assessed using gilthead sea bream individuals reared at 
different stocking densities (CTRL: 10 kg/m3; high density, HD: 18 kg/m3) for over two months prior to 
being subjected to the repetitive stressor stimulus on two consecutive days. For 8 fish per 
experimental condition, blood samples were taken to assess the haematocrit (Ht) and haemoglobin 
(Hb) concentrations. Muscle fat content was determined, and photographs were taken to evaluate 
the external damage of fish (cataracts, exophthalmia, gill status, fin damage, and skin lesions; n=28 
fish per condition). Portions of dorsal white skeletal muscle were collected for gene expression 
analyses. Four days after sampling, AEFishBIT devices (20 per experimental condition) were externally 
attached to the operculum of anaesthetized fish (2 min every 15 min for 2 days. Sampling frequency 
100 Hz), and fish from both stocking densities were exposed to the repetitive stressor during two 
consecutive days. Data analysis was conducted considering three time periods during the light phase 
of the day: pre-stress (3 hours), stress (60 minutes from structure placement until structure removal), 
and post-stress (9 h). 
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3.2.  Data processing 

3.3. Video  
 
To compare the results of video data analysis for different species and from different sites, we defined 
the basic parameters to extract from video footage. Different techniques were used for different 
datasets. Classical image processing techniques based on background subtraction and object 
detection were compared with modern approaches based on convolutional neural networks.  
 
Both the group behaviour and individual fish behaviour parameters were used. The following are 
parameters that describe the general trend of behaviour considering the collective action of fishes in 
the group. The parameters for individual fish are estimated over short tracks and distances, then 
aggregated for group parameterization, with the average value serving as the main metric. 
 
Parameters: 

1. Cohesion: It will provide the space occupied by 
fishes, which helps to determine the closeness of 
the grouping of fishes within their respective 
environments. This is important to understand how 
they interact with one another and space, which 
influences their welfare.  

Fig 10: Sample cohesion from the data 

2. Position: The fish's location within the 
experimental environment (tank or cage) provides 
insight into their movement patterns and spatial 
distribution. The position is determined using the 
(x, y) centroid of each detected object (fish). The 
centroid is extracted using any tool that finds the 
detected blob's centre (object). 

  

 
Fig 11: Sample positions of the fish. 

3. Speed (Activity): Speed is calculated using the 
displacement of the object's centroid between 
consecutive frames. Speed is an important 
indicator of activity levels and can be correlated 
with fish welfare, as reduced movement may 
indicate stress or poor health.  

Fig 12: Sample fish movement. 
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Through the detections, initial plans included utilizing features such as the centre of mass of the area 
occupied by the fish, cohesion, direction, and speed. However, preliminary analysis indicated that 
direction, which represents the swimming orientation, provided the most significant insights into 
crowding effects. Consequently, further analysis focused on directional changes and how they were 
influenced during crowding events. 

 
Figure 15. The data processing pipeline is shown here. The frame features are the mean and sum of 
the deviations of detection per frame and have been used to analyse the fish behaviour during the 
entire crowding experiments. 

The pipeline of the process has been depicted in Fig. 15. The centre of the tanks was marked using the 
developed tool, and a direction vector was computed for each fish based on the detection, defined as 
the vector from the dorsal fin to the snout. The deviation was measured as the difference between 
this direction vector and the tangential vector relative to the tank centre, as illustrated in the 
corresponding figure. 

For the selected crowding events, detections were obtained for all frames sampled at 1-second 
intervals. In each frame, the deviation from the tangential vector was computed for every detected 
fish based on the dorsal fin orientation. To quantify these deviations, two features were extracted per 
frame: the mean deviation and the sum of all deviations across detected fish. These features were 
then plotted against time to track variations throughout the crowding events. 

This analysis aims to identify changes in these features, as deviations from expected swimming 
behaviour may indicate anomalies in the dataset associated with crowding effects. 

 
We processed the video data using the statistical background subtraction method to compare the 
CNN-based and classical image processing approaches. The following STEPS (1) is used to compute the 

23.06.2023 Post-crowding data 
available 

Post-crowding data 
available 

Post-crowding data 
available 
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the time taken for recovery, providing insight into behavioural adaptation after stress. 
The sample processing view on the CSIC tank video using Step 1 is shown in Figure 16. 
 

 
Figure 16.  CSIC video data processing using Step 1. 

 

HCMR - Tank 
 
To investigate the effect of stress on fish behaviour, we employed a two-level analysis approach. First, 
we examined the characteristics of the acute stress response occurring on the day of the stress event. 
Second, we assessed the short-term response and recovery of the fish over a one-month period.  
To assess the acute response of the group to stress and determine the time required for the fish to 
return to their usual distribution, we measured the area covered by the fish at each time point. 
Immediately after experiencing stress, the fish tended to aggregate at the bottom of the tank, making 
them less visible. Gradually, they returned to their normal behaviour, predominantly occupying the 
upper area of the tank (Figure 17). 
To quantify this behaviour, we first processed the images by removing the background using the 
GMM/KNN background subtractor from the OpenCV library (Itseez, 2015), which implements the K-
nearest neighbours' background subtraction method described by Zivkovic and Van Der Heijden 
(2006). This method also detected as foreground any significant background motion caused by sudden 
light variations or irrelevant movements such as air bubbles or organic particles. We applied 
morphological operations to eliminate these falsely detected foreground elements and retain only the 
actual fish (see Fig. 16). 
As the cylindroconical tank used in this study was dark-coloured (i.e., black walls resulting in low-
contrast images; see Fig. 16), fish near the surface were more easily detected. After processing the 
image, the area covered by the fish was proportional to the number of fish approaching the surface, 
indicating their preference for the upper tank region. This preference was quantified as the 
percentage of the image area covered by fish and was calculated by dividing the number of white 
pixels in the foreground image by the total number of pixels in the image. Low values indicated that 
most fish remained at the bottom of the tank, whereas high values signified a higher preference for 
the surface. 
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Figure 29. The dominating swimming direction is to NW and SE on April 12th and April 13th, and a 
weight towards NW at 14th and 15th, with a slight weight back towards SE on the 17th. There is no 
specific pattern, both swimming direction- and velocity is different from day to day. 

   

   
 
Figure 29.  A plot illustrating the average swimming velocity and direction per day, six days before first 
confinement (April 18th). 
 
Erreur ! Source du renvoi introuvable.30 shows that there is a significant change in the swimming 
pattern from 14th to 16th, this is most likely due to high winds on the 13th, calming down around the 
16th (Figure timeseries plot), this could also explain the increase in schooling behaviour around the 
same date.  
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Figure 31. A plot illustrating the average swimming velocity and direction per day, for 1st confinement 
(18th- and 19th of April) plus the day after 1st confinement (20th of April). And 2nd confinement (1st- 
and 2nd of May) plus the day after 2nd confinement (3rd of May) 
 

Erreur ! Source du renvoi introuvable.32 suggests that there are no significant changes in behaviour 
during- or after confinement for both trials. The swimming pattern parameter are slightly lower for 
the first confinement, but not significantly lower. 
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Figure 37. Close up of the two crowding periods, with the first crowding shown in graphs A-D and the 
second crowding in graphs E-H. The vertical red line indicates when crowding was started, the dotted 
red line when crowding was intensified and the vertical black line when crowding ended. A and E show 
the depth of maximum Sv in all channels, while B and F shows the Sv-data analysed using the depth of 
maximum Sv-data used to calculate the mean of the subset above shown in C and G. D and H show the 
comparison of the data in C and G, but combined into groups of left and right and centre and outer. 
Data in all figures has been smoothed using a 5-step moving mean window.   
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Net cleaning activities 
As described above, the fish were typically making use of the entire cage volume, indicated by similar 
echosounder signals from the four channels. However, during net cleaning, deviation from this pattern 
was observed. The cage was cleaned on the 17th of April, 28th of April and 10th of May. During these 
periods the fish appear to avoid either Channel 1 or Channel 4, which are the channels closest to the 
cage net (Figure 38). This is particularly clear on the 17th of April where the fish first avoided Channel 
1, before later avoiding Channel 4 (Figure 37). On the 10th of May and the 28th of April, avoidance 
concentrated on Channel 1 Figure 38(B).  
In addition to these net cleaning operations there are also other periods showing such abrupt 
avoidance, for instance 12th of May. It is uncertain what might have caused a similar reaction this day, 
as there was no cleaning activity registered on this day.  

 
Figure 38. Examples for observations during periods with known net cleaning activity, A) and C) show 
the first netcleaning, B) and D) the third. On the 17th of April net cleaning was conducted from 09:00 
to 11:00 UTC and on the 10th of May from 07:45 to 10:30. In both cases, an abrupt drop in signal 
strength is observed in some of the channels nearest the net wall (Channels 1 and 4). Note that the 
data Is limited to the top 14.5 meters.   
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and maximum values of area. This time interval defines the recovery duration. Monitor-5 and Monitor-
6 are the treated groups. Monitor-1 and Monitor-3 are the control groups.   
 
 
Short-term stress response 
Regarding short-term effect of behaviour, our results suggest that there are no differences in the 
speed caused from the stressor (Fig. 43). The treated group appeared to have a lower swimming speed 
than the control group, but this difference was apparent throughout the whole experimental period, 
even before any stressor was applied. After the stressor applied, the difference between the control 
and the stressed group increased slightly. This could possibly indicate a weak effect of the stressor on 
the behaviour of the treated group.  Moreover, towards the end of the trial differences between the 
groups are negligible, possibly indicating habituation of the treated group to the repeated stressor. 

 
Figure 43. Daily speed variation of the control (orange) and treated group (blue) for a period of a 
month.  
 

4.6. CSIC 
Only one video which includes three distinct phases: before stress, during stress, and after stress is 
available, Fig. 44. Specific timestamps are provided, with stress beginning at 02:02:00 and ending at 
03:09:30. Additionally, Fig. 45 presents extracted parameters from the CSIS video, including area, 
position, speed, orientation, and distance. 
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CSIS Before stress During stress After net removal Remarks 
- Total 
Video 
length is 
07:10:29 

 
-View before the 
stress 

 
-View 20 min 
before stress i.e. at 
-02:22:00 

 
-View during the 
stress 

 
-View immediate 
after removal of 
stressor 

 
-View 10 min after 
removal of stressor 

-Stress stat at 
02:02:00 
-stress ends at 
03:09:30 
-extracted 
parameters are 
presented in Figure 
43 

Figure 44. Overview of the CSIS video, breaking it down into key phases: Before Stress: Includes a 
view 20 minutes prior to stress (at -02:22:00). During Stress: Captures the stress phase from 02:02:00 
to 03:09:30. After Net Removal: some view after immediate net removal, and a view after 10 minutes 
post-stressor(net) removal with can be seen that the fish are returning back to their normal behavior 
movement in the tank (accordingly with human eye point of view). 
 
 
  

CSIS Tank   
Area 

 
Position 
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Speed 

 
Orientation 

 
Distance 

 
 
Figure 45. Graphical Representation of extracted metrics data: This table visually represents the 
extracted data from the CSIS video, including Area (size occupied in the tank), Position (movement 
coordinates), Speed (rate of movement), Orientation (direction faced), and Distance (total distance of 
each fish from the tank center point) 

4.7. NOFIMA 
 
NOFIMA video data consists of the records  three tanks (108, 113, and 115). However, although in the 
videos data, the fish experienced significant stress at different times or repeatedly over short intervals 
following the removal of the net, which was the primary stressor. Additionally, other disturbances 
contributed to further stress, affecting the reliability of the results for these tanks. All the three tanks 
have recorded data from different days for each tank, i.e.  
Video 1-May 19, June 3, and June 18 of 2023 as normal behaviours data.  
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Video 2-May 24, June 8, and June 23 of 2023 were the days for confinement with 25% stress with the 
net in the tank and removed the stressor on the same day. Whereas, we have   
Video 3-on May 27, June 11, and June 26 of 2023 are the data recorded after 2 days after the stressor, 
and unfortunately the fish are already recovered from primary stressor. 

 
But, during the confinement recording we have some data which have some recording on the fish 
behavior data on the immediate removing of the primary stressor, though these video data are few 
seconds of time, and we have computed these data just to check if any behavior changes are visible. 

 
Table 7 presents a detailed breakdown of the Tank 108 short video data sequence recorded on the 
specific day for better clarity and it also shows the result detailed computed or processed using the 
STEPS 3.2a.  

 
Table 7. NOFIMA tank 108 details 

Data Before Stress(Video 1) Data after stress recovery(Video 2) Data 2 days after stress 
recovery (Video 3) 

 

Date Remark  Date Remark 1 Remark 2 Date and Tank View RESULT 
19-
05-
202
3 

Total Video Time 1:01:23 24-05-2023 Total video Time is 
00:01:51 

The Net was removed at 
00:01:45, leaving us with 6 
seconds of data to process.  

27-05-2023 
Total video Time is 
00:48:37 

 

 -  Pre-Stress View 

 

25% confinement 

 

-Some fish were 
removed during the 
stress phase, and 
water was filled after 
net removal until the 
end of data recording. 

-View after Stress End 

 

-View in the tank 

 

-6 seconds 
of spike or 
drop in 
movement 
(refer to  
Table 4.1b 
(1)) 

03-
06-
202
3 

Total video Time 1:01:37 08-06-2023 Total video Time 
00:04:03 

The Net was removed at 
Time - 00:03:33. Thus, we 
have 00:00:30 data to 
process 

11-06-2023 
Total video Time is 
00:48:03 

 

 -- View before Stress Start 

 
- Minor movement or 
disturbance occurred during 
data recording 

25% confinement 

 

-Some fish were 
removed during the 
stress phase. Water 
was filled both during 
stress and after net 
removal at 00:03:50 
until the end of the 
video. 

-View after Stress End 

 
-View during water filling 
affter the net removal 

 

- View in the tank 

 

-Slight 
spikes in 
area 
observed, 
but all 
parameters 
appear 
similar 
before and 
after 
stress. 
Refer to  
Table 
4.1c(1) 

18-
06-
202
3 

Total video Time 1:08:01 23-06-2023 Total video Time 
00:11:59 

The Net was removed at 
Time - 00:04:07 
Thus, we have 00:7:52 data 
to process 

26-06-2023 
Total video Time is 
00:59:28 
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This structured timeline and detailed observations provide a comprehensive understanding of 
behavioral changes associated with stress events. 
Table 8 presents the graphical analysis of data collected from Tank 108 on the specific dates as 
mentioned in Table 7. The table focuses on five key behavioral parameters: Area, Position, Speed, 
Orientation, and Distance. 
 
Table 8: Graphical presentation of the extracted data from the videos from tank 108. 

Tank 108 Results for Data from 19-05-2023, 24-05-2023 and 
27-05-2023 

03-06-2023, 08-06-2023 and 11-06-2023 18-06-2023, 23-06-2023 and 26-06-2025 

Area 

   
Position 

   
Speed 

 
 

 
Orientation 

  
 

Distance 

   
 
  By comparing these metrics across the three different dates, the table offers a comprehensive 
view of the behavioral impact of stressors on the fish in Tank 108. Since we have very little data    
extracted after the stress from Video 2, which is represented as data 2 or D2 in the graphical 
representation, it is important to note that in column 2 we have data in only 6 seconds long, Column 




















































