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Abstract 
Stress in fish can be caused by any disturbance in their environment which may include electric shock 

and handling. In this study, stress responses of Red tilapia subjected to electric shock (T2) and handling 

stress (T3) were determined. Changes in ventilation rate (VR), eye color pattern (ECP) and body color 

were observed 2, 4, 6, 8, 10, 30, 60 and 90 minutes after subjecting the fish to stressors. Results showed 

that mean VR, ECP and body color of fish increased immediately after introduction to stressors. Fish in 

T2 had significantly faster VR, darker ECP and body color as compared to the control group (T1), after 

6, 2 and 10 minutes of exposure to electric shock. Fish in T3 had significantly darker ECP than the 

control group (T1), 6 minutes after subjecting to handling stress. Generally, fish subjected to electric 

shock (T2) had the highest stress level among the treatments. 
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Introduction 
Stress is a generalized response frequency in fish which can be modulated by specific stressor 

conditions [1]. It has been an important factor in the ability of vertebrates, including fishes, to 

perform necessary life functions [2]. Fish exposed to stress will undergo series of biochemical 

and physiological changes in an attempt to adapt to the stressful condition [3]. Their body 

responds under condition of stress which depends on the duration or magnitude of stress on 

fish [4].  

Stunning and slaughter methods used in fish causes high stress level most of the time which 

includes asphyxia in air or ice, gills cut, decapitation, gutting (with live animals), salt bath and 

thermal shock in ice and water [5]. Electro stunning is considered as one of the less stressful 

and humane fish stunning methods since it causes rapid stunning and less animal suffering. It 

is a clean and potentially efficient procedure used to provoke loss of consciousness prior to 

killing or slaughtering of animal [6]. Electric current passes through the water or directly passed 

to fish until complete loss of consciousness. High shock might provoke immobilization and 

serious injuries to the fish in few seconds of exposure [7]. Thus, even low electroshock (20v) 

induced a fast increased in plasma cortisol and glucose level [1]. Moreover, handling in fish 

also induces perturbations of various biological parameters which have been investigated or 

reviewed in an attempt to analyze and quantify the resulting stress [8]. In the study of Fatemeh 

et al. [9], fish subjected to handling stress for 30 seconds significantly increased its plasma 

cortisol level. Disturbances in the environment could elicit stress responses in fish species.  

Red tilapia (Oreochromis spp.) is one of aquaculture’s most adaptive species. It is abundantly 

found in the wild and known to be cultured in several parts of the world [10]. Well-pigmented 

red tilapia produced in saline water could also achieve higher prices than other farmed tilapia 

in local markets (i.e. restaurants) due to its physical resemblance to some high-valued marine 

species [11]. In this study, effects of electric shock and handling stress in the physiology and 

morphology of red tilapia such as ventilation rate (VR), eye color pattern (ECP) and skin color 

were observed. 
 

Methodology 

Experimental fish and units 
Twenty red tilapia (50-60 g) obtained from the Freshwater Aquaculture Center, Central Luzon 

State University, Science City of Muñoz, Nueva Ecija, were acclimated for one week in 
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concrete indoor tanks supplied with well-aerated tap water. 

Then, fish were isolated for 10 days in 10 x 10 inches aquaria 

containing approximately 12 liters of water and ECP was 

observed daily. Fish were fed daily at the rate of 3% of their 

body weight. After isolation, nine proactive fish (~those with 

mean ECP values of 0-3.5) were selected for the experiment.  

 

Experimental design and procedures 
The experiment was performed using the Completely 

Randomized Design. There were three treatments in the study 

(Table 1) and each having three replicates. The fish were 

stocked at one fish per aquarium and then the fish were 

subjected to the stressor (electric shock or handling stress). 

The VR, ECP and body color (BC) were monitored before the 

introduction of stressors (pre-stress); immediately after 

introduction of stressor and 2, 4, 6, 8, 10, 30, 60 and 90 

minutes later [12]. The VR, ECP and BC changes were 

observed 1 meter away from the aquarium. 

 
Table 1: Treatments in the study. 

 

Treatment Description 

Treatment 1 No stressors introduced 

Treatment 2 Electric shock for 5 sec. (12 V dc, 64 ± 34 mA) 

Treatment 3 Fish handled for 5 sec. 

 

Electric shock and handling stress 

Electric shock was applied with an electric stimulator having 

two electrodes; both electrodes were dipped in the aquarium. 

Electricity (12 V dc, 64 ± 34 mA) was emitted for 5 seconds 

in the water [13] with the use of 12 V AVR. Handling stress 

was administered by moving out the fish from the water and 

handled for 5 seconds.  

 

Ventilation rate 
Ventilation rate was measured visually by counting 20 

opercular or buccal movements and concomitantly registering  

the time elapsed.  

 

Eye color pattern 
Eye color pattern was quantified through observation of the 

darkened area of both iris and sclera [14]. The ECP value was 

determined by dividing the eye into eight equal parts using 

four imaginary diameter lines (Figure 1). Darkening of each 

division of the iris and sclera around the pupil was observed 

and for each measurement, a value ranging from 0 (no 

darkening) to 8 (total darkening) was recorded [15]. 

 

 
 

Fig 1: Eye color pattern of red Nile tilapia divided into eight 

imaginary parts 

 

Body color 

Body color of the fish receiving different treatments was 

compared by using a color chart, from pale pink (1) to intense 

orange (13) (Figure 2). Since the fish did not have fair color 

in each part of its body, the caudal fin, dorsal fin and the belly 

part of the fish were used to observe any changes in the color 

of the fish. 

 

 
 

Fig 2: Color chart used in the study 
 

Statistical analysis 

Data were expressed as means plus or minus standard 

deviation (SD) and were analyzed using one-way analysis of 

variance (ANOVA). Differences between means were 

analyzed using Duncan’ multiple range test. SPSS Version 16 

for windows was used in data analysis. 

 

Results and Discussion 

Ventilation rate 
The VR observed before the introduction of stressor showed 

no significant differences among the three treatments. Then, 

immediately after, 2, 4, 6, 8, 10, 30, and 60 minutes after the 

stressor, the mean VR increased (Table 2). Significant 

difference between mean VRs of the control (T1) and electric 

shock (T2) treatments was observed 6 minutes after the 

exposure of the fish to the stressor. The VR is a sympathetic 

response that quickly increases in response to stressors [16]. 

Sixty minutes after the exposure fish to the stressor, the mean 

VR of the electric shock (T2) treatment was significantly 

higher compared to those of the handling stress treatment (T3) 

and T1 which indicates that fish were stressed more due to 

electric shock than handling. Moreover, fish exposed to 

electric shock took a longer time to cope-up with stress as 

compared to fish subjected to handling stress as evidenced by 

increasing mean VR with time up to 60 minutes in T2 and 

only up to 6 minutes in T3. According to Roques et al. [13], 

fish exposed to electric shock has a slower recovery compared 

to handled-only fish. The VR can also be linked to metabolic 

rates [17]. Stress responses can induce catabolic responses and 

consequently modulate metabolism [18], therefore causing 

variation in the VR. Individual differences in metabolic rates 

have recently been proposed to be a physiological background 

of coping styles [19].  
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Table 2: The VR (beats/second) of the fish subjected to stressors. 
 

Time (min) Control (no stressors) Electric shock Handling stress 

Pre stress (0 min) 1.45±0.11a 1.72±0.27a 1.51±0.12a 

2 1.43±0.21a 1.89±0.45a 1.74±0.14a 

4 1.43±0.19a 1.88±0.32a 1.69±0.15a 

6 1.44±0.19b 2.03±0.25a 1.72±0.26ab 

8 1.45±0.18b 2.02±0.26a 1.68±0.21ab 

10 1.44±0.17b 1.99±0.25a 1.65±0.20ab 

30 1.43±0.17b 2.17±0.04a 1.58±0.17b 

60 1.43±0.16b 2.23±0.01a 1.52±0.17b 

90 1.41±0.17b 2.03±0.03a 1.49±0.17b 

*Means having different superscripts within a row are significantly different at each other by DMRT at 

the 5% probability level.

 

Eye color pattern 

The ECP of red tilapia was significantly increased after 

introduction to electric shock and 6 minutes after handling 

stress. Immediately 2 minutes after exposure to stressor, more 

than half of their eyes were covered by red or black pigment. 

However, there was only a slight difference between the ECP 

of fish that received electric shock (T2) and handling stress 

(T3), and the difference was not statistically significant. 

Results also conform to the results on VR but ECP seemed to 

be more sensitive stress indicator than VR as significant 

difference with that of the control was observed 2 minutes and 

6 minutes after exposure to stressor in T2 and T3, 

respectively. Fish is said to be more stressed as the total 

darkened area of the eye became higher. The ECP in fish has 

been proven to be a potentially easy, inexpensive, and non-

invasive way to measure conditions of fish stress [20]. It was 

also reported by O’Connor et al. [21], that changes in body 

color have a connection with eye darkening in salmonids. 

Since body color changes when fish are stressed, it is 

therefore concluded that eye color changes also when fish are 

introduced to stressors.  

 
Table 3: The ECP of the fish subjected to stressors. 

 

Time (min) 
Control 

(no stressors) 
Electric shock Handling stress 

Pre stress (0 min) 0.52±0.30a 1.05±0.36a 1.10±0.59a 

2 1.43±0.29b 5.38±2.51a 4.62±1.57ab 

4 1.19±0.16b 5.43±2.44a 4.62±1.84ab 

6 1.19±0.16b 5.43±2.44a 4.90±2.03a 

8 1.10±0.22b 5.43±2.44a 4.95±1.81a 

10 1.14±0.14b 5.43±2.44a 4.86±1.51a 

30 0.76±0.08b 5.43±2.44a 4.71±1.62a 

60 0.48±0.22b 5.48±2.32a 4.48±1.80a 

90 0.48±0.22b 5.26±2.12a 4.33±1.70a 

*Means having different superscripts within a row are significantly 

different at each other by DMRT at the 5% probability level. 

 

 
 

Fig 3: ECP of fish (a) before and (b) after subjecting to electric shock 

 

Body Color 
Body color of red tilapia intensified immediately 2 minutes 

after exposure to both electric shock (T2) and handling stress 

(T3) (Table 4). However, significantly darker shade of red 

was only observed in the bodies of fish in T2 as compared to 

that in T1, 10 minutes after exposure to electric shock 

stressor. Fish subjected to electric shock displayed more 

intense color than fish in the control treatment. 

In most of the animals, rapid change in color is associated 

with social signaling and breeding [22]. Moreover, in teleost 

fish, both external and internal factors (physical, nutritional, 

genetic, neuro-hormonal) have been known to influence the 

chromatic state of fish [23]. Their skin color can change in 

response to environmental conditions, physiological 

challenges, stressful stimuli [24] and cultural condition (in 

some fish such as red porgy, Pagrus pagrus) [25]. 

Evaluating all the stress indicators, generally, fish subjected to 

electric shock (T2) had the highest stress level among the 

treatments. However, no mortality was recorded all 

throughout the study but, fish displayed changes on some of 

its body parts such as arising of fins after subjecting to 

stressors. In the study of Templonuevo and Vera Cruz [12], 

subordinate red Nile tilapia had darker body color compared 

to the dominant fish. Subordinate fish was more stressed since 

it had undergone scale losses, skin lesions, and destruction of 

fins due to the attacks received from the dominant fish.  

 
Table 4: Body color of the fish subjected to stressors. 

 

Time (min) 
Control 

(no stressors) 
Electric shock Handling stress 

Pre stress (0 min) 3.48±0.68a 5.00±1.36a 3.62±0.08a 

2 4.38±0.70a 6.10±1.90a 4.67±0.30a 

4 3.57±0.62a 6.05±1.94a 4.57±0.38a 

6 3.57±0.62a 6.00±1.98a 4.67±0.36a 

8 3.48±0.79a 6.00±1.98a 4.48±0.22a 

10 3.43±0.74b 6.10±1.90a 4.48±0.22ab 

30 2.95±0.70b 5.95±1.90a 4.48±0.33ab 

60 2.62±0.79b 5.76±1.69a 4.29±0.14ab 

90 2.57±0.76b 5.71±1.61a 4.00±0.14ab 

*Means having different superscripts within a row are significantly 

different at each other by DMRT at the 5% probability level. 
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Fig 4: Body color of fish (a) before and (b) after subjecting to 

electric shock 

 

Conclusion 
The VR, ECP, and BC were proven to be effective and 

inexpensive stress indicators in red tilapia. Electric shock at 

12 V dc, 64 ± 34 mA and handling stress (both imposed for 5 

sec) greatly contributed to the stressed condition of red tilapia 

but they were not lethal to the fish since no mortality was 

recorded. However, electric shock with an intensity of 12 

volts had been observed to be more stressful to fish compared 

to handling stress. Stress responses of fish increased 

immediately after exposure of fish to stressor and gradually 

decreased with time, which was a result of the fish’s coping-

style. Fish exposed to electric shock took a longer time to 

cope-up with stress as compared to fish subjected to handling 

stress. 
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