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Several aquatic organisms, including fish, release chemicals that may serve as 
alarm signals (Mirza et al, 2001). However, the function of the chemical signals 
is not clear. Several fish species utilize chemical alarm signals to warn 
conspecifics of a predation threat (anti-predator response) (Pfeiffer, 1982; 
Smith, 1992). The chemicals that elicit anti-predator responses, or “fright 
response”, in nearby conspecifics are generally produced, or contained in the 
epidermal cells (Smith, 1992). There are reports showing that the receivers 
(nearby fish) of the chemical alarm signals responded by changing behavioral 
(Brown and Goding, 1997; Smith, 1992) and physiological states (Rehnberg and 
Schreck, 1986). The goals of the present study were to determine whether a 
chemical signal, released by rainbow trout, would elicit a physiological 
(heamatocrit, plasma cortisol, and glucose levels) and cellular stress response 
(liver 70kDa heat shock protein), in their conspecifics.  
 
We exposed rainbow trout for one hour to; 1) skin extract from a non-stressed 
fish, 2) skin extract from a stressed fish, 3) water from a stressed fish, and 4) 
head tank water as the control. There were 2 replicates per treatment and 5 fish 
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in each treatment. To prepare the skin extract from non-stressed fish, 5 grams of 
epithelium from a fish in the stock tank was collected from the dorsal section of 
the juvenile fish along the lateral line and placed in 100 ml of distilled water. 
Then the tissue was homogenized by Polytron homogenizer (Polytron, 
Switzerland), filtered, further diluted to 4L, and added to the test tanks. For 
preparation of stressed fish skin extract, a juvenile rainbow trout was first 
physically stressed by being chased in a bucket of water for one minute before 
the epithelium was sampled. For the water from a stressed fish, a juvenile 
rainbow trout was netted and placed in a 4L bucket of water, chased for one 
minute and the water was filtered and directly transferred into the test tanks. 
One-hour after adding the water to the test tanks, we sampled for blood and 
liver from each fish. Then we determined haematocrit (% red blood cells), 
plasma cortisol, and glucose levels as physiological stress responses, and liver 
Hsp70 levels as cellular stress response. Results are reported as mean + SEM. 
Data was analyzed by ANOVA and to discern differences among treatments (P< 
0.005), the Student-Newman-Keuls test was applied. 
 
Plasma cortisol levels were significantly increased in fish exposed to water from 
a stressed fish and to the skin extract of the non-stressed fish (Fig. 1). All treated 
groups represented significantly higher haematocrit levels than the control 
group., and plasma glucose levels remained fairly constant in all treatments and 
there were no significant differences (data not shown). Hepatic Hsp70 levels 
were significantly higher in the group exposed to the water from a stressed fish 
(Fig. 2).  
 
Our results demonstrated that juvenile rainbow trout elicited a stress response 
when exposed to conspecific chemical alarm signals. It has been shown that 
rainbow trout increased anti-predator behavior (fright response) when exposed 
to conspecifics skin extract (Brown and Smith, 1997). The authors suggested 
that this response would likely increase their chance of survival by reducing the 
risk of detection. In our study we did not examine the behavioral fright response 
but it is well known that stimuli that produce fright, discomfort, and pain 
generate a 
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Fig 1: Effects of chemical stimuli on plasma cortisol levels 
in Rainbow Trout
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Fig 2: Effects of chemical stimuli on hepatic Hsp70 levels in 
Rainbow Trout
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stress response reaction in fish. Therefore, the increase in cortisol and hepatic 
Hsp70 levels we observed indicates that fish elicited physiological changes 
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probably in an attempt to compensate for the challenges imposed upon it. 
Further examination of the physiological, cellular and behavioral responses 
under the exposure to chemical alarm cues, as well as determination of the 
chemical component functioning as the alarm cue, may add new insights to 
understanding the functional importance of chemical alarm signals in fish under 
stress. 
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