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In aquaculture, fish can be submitted to several stressors.  
Besides the inevitable handling at transport, counting, repro-
duction, etc., which are acute stressors, day-to-day conditions 
as noises, deterioration of water quality, competition among 
fish, for example, can act as chronic stressors and be a chal-
lenge to fish’s welfare and health.

The stress response includes a primary phase, with a fast (in 
seconds) secretion of cathecolamines and the activation of the 
hypothalamus-pituitary-interrenal axis, which results in secre-
tion of cortisol (in minutes) [1]. This cortisol response can be 
sustained for hours or even days, depending on the nature of 
the stressor and if the stressor persists. By action of cathecol-
amines, branchial oxygen uptake and the oxygen transport by 
blood increases, as well as the cardiac output; the level of blood 
glucose rises, mostly by glycogenolysis, but also through gluco-
neogenesis, mainly if hepatic glycogen is depleted [2]. Cortisol 
effects include the increase of blood glucose levels through 
gluconeogenesis, mainly using free fat acids as substrate, and 
also induce lipolysis and proteolysis, releasing substrate to be 
used in gluconeogenesis; cortisol also impairs the immunolog-
ical response, which can be energetically costly. In addition to 
its metabolic effect, cortisol also acts as a mineralocorticoid, 

controlling the hydromineral balance in fish, through the up-
take (freshwater fish) or extrusion (seawater fish) of ions by 
the branchial membrane [1].

All these effects of cathecolamines and cortisol prepare the 
animal to a “fight or flight” response, when the resources are 
allocated to cope with the stressor and secondary demands are 
impaired [1]. This physiological adjustment is important and 
highly adaptive when fish is confronted with a stressful situ-
ation where an “emergency state” is necessary to survive [3]. 
The concern is the persistency of the response, as in a chronic 
stress, leading to deleterious effects as reproduction failure, 
impaired growth, and depletion of immunological response 
[2]. In that way, the stress response is not maladaptive per se, 
but can become disruptive if sustained for a long period.

Once the stress response is not maladaptive, and is necessary 
for the fish to cope with situations where its homeostasis is 
challenged, the concern should not be in attenuating the stress 
response, but on avoiding, as much as possible, the stressors in 
aquaculture, specially the chronic ones. Good practices consid-
ering the welfare of fish should be applied, respecting the biol-
ogy of the species and their needs in terms of space, nutrition, 



and water quality. Also, the fish handling should be made con-
sidering that these animals can be sentient. There are growing 
evidences suggesting that fish can detect and respond to nox-
ious stimuli with behavioral and physiological alterations [4-6] 
and even that fish can perceive stressors differently based on 
its psychological state [7]. Although it is not possible to assert 
that fish feel pain, an ethical approach is treating them as they 
do, once we cannot prove that they do not feel [8]. In addition, 
at the economic point of view of aquaculture, to prevent the 
stress and avoid its deleterious effects are good choices to en-
sure good performance and minimize production losses.

References

1. Wendelaar Bonga SE. The Stress Response in Fish. Physiol 
Rev. 1997, 77(3): 591-625.

2. Mommsen TP, Vijayan MM, Moon TW. Cortisol in teleosts: 
dynamics, mechanisms of action, and metabolic regulation. Re-
views in Fish Biology and Fisheries. 1999, 9(3): 211-268.

3. Barton BA. Stress in fishes: a diversity of responses with 
particular reference to changes in circulating corticosteroids. 
Integ and Comp Biol. 2002, 42(3): 517–525.

4. Sneddon LU .The evidence for pain perception in fish: the 
use of morphine as an analgesic. Applied Animal Behaviour 
Science. 2003, 83(2):153-162.

5. Alves FL, Barbosa Junior A, Hoffmann A. Antinociception in 
piauçu fish induced by exposure to the conspecific alarm sub-
stance. Physiol Behav. 2013, 110-111: 58-62.

6. Wolkers CPB, Barbosa Junior A, Menescal-de-Oliveira L, 
Hoffmann A. Stress-induced antinociception in fish reversed 
by naloxone. PLoS ONE. 2013, 8(7): e71175

7. Galhardo L, Oliveira RF.  Psychological stress and welfare in 
fish. Annual Review of Biomedical Sciences. 2009, 11: 1-20.

8. Volpato GL, Gonçalves-de-Freitas E, Fernandes-de-Castil-
ho M. Insights into the concept of fish welfare. Dis Aquat Org. 
2007, 75: 165-171.

Cite this article: Serra M et al. The Stress Response and Fish Welfare in Aquaculture. J J Aquacul Res. 2014, 1(1): 006.

Jacobs Publishers 2

http://www.ncbi.nlm.nih.gov/pubmed/9234959
http://www.ncbi.nlm.nih.gov/pubmed/9234959
http://www.ncbi.nlm.nih.gov/pubmed/9234959
http://link.springer.com/article/10.1023%252FA%253A1008924418720
http://link.springer.com/article/10.1023%252FA%253A1008924418720
http://link.springer.com/article/10.1023%252FA%253A1008924418720
http://icb.oxfordjournals.org/content/42/3/517.full.pdf%2Bhtml
http://icb.oxfordjournals.org/content/42/3/517.full.pdf%2Bhtml
http://icb.oxfordjournals.org/content/42/3/517.full.pdf%2Bhtml
http://www.appliedanimalbehaviour.com/article/S0168-1591%2803%2900113-8/abstract
http://www.appliedanimalbehaviour.com/article/S0168-1591%2803%2900113-8/abstract
http://www.appliedanimalbehaviour.com/article/S0168-1591%2803%2900113-8/abstract
http://www.ncbi.nlm.nih.gov/pubmed/23262144
http://www.ncbi.nlm.nih.gov/pubmed/23262144
http://www.ncbi.nlm.nih.gov/pubmed/23262144
http://www.plosone.org/article/info%253Adoi%252F10.1371%252Fjournal.pone.0071175
http://www.plosone.org/article/info%253Adoi%252F10.1371%252Fjournal.pone.0071175
http://www.plosone.org/article/info%253Adoi%252F10.1371%252Fjournal.pone.0071175
http://www.int-res.com/articles/dao_oa/d075p165.pdf
http://www.int-res.com/articles/dao_oa/d075p165.pdf
http://www.int-res.com/articles/dao_oa/d075p165.pdf

