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Abstract
Yellow Perch Perca flavescens were subjected to handling stress
and salt treatments at different temperatures to determine their
physiological changes. Yellow Perch, held at 8–10◦ C, were divided
into three groups with four replicates and subjected to water temperatures of 14, 20, and 26◦ C to acclimate. Then they were subjected to acute handling twice within separate intervals, in addition
to a salt treatment at a salinity of 5‰ for each of the fish groups.
Plasma cortisol was used as a stress indicator, and blood samples
were taken periodically for plasma cortisol concentration analysis. An increase in plasma cortisol after handling occurred in all
groups, but the lowest level of plasma cortisol was in fish subjected
to 20◦ C. We concluded that the optimum water temperature for
handling Yellow Perch that results in minimal stress may be 20◦ C.
Salt treatment after handling further stimulated the stress response
and increased plasma cortisol levels. Research is needed to identify
the optimal salinity to use for Yellow Perch and other fish species
when handling fish during common aquaculture practices.

Fish exposed to stressors can exhibit physiological and behavioral changes; these alterations are often referred to as the
stress response. The stressors are environmental factors, such
as temperature extremes, salinity, water-borne pollutants, social interactions, or aquaculture practices such as handling
and sorting (Stratholt et al. 1997). A fish’s response to stress
represents the perception of an altered state and is characterized by many responses; the primary response includes the release of catecholamines (Reid et al. 1998) and stimulation of
the hypothalamic–pituitary–interrenal (HPI) axis to release the

corticosteroid hormones into the circulation (Wendelaar Bonga
1997; Barton 2002; Lowe and Davison 2005; Hight et al. 2007;
Hosoya et al. 2007; Pankhurst 2011), and secondary stress responses include changes in metabolism, respiration, acid–base
status, hydromineral balance, immune function, and cellular responses (Mommsen et al. 1999). When the stressor is acute
and short term, the response pattern is stimulatory, and the fish
immune response shows an activating phase that specially enhances innate responses; but, if it is chronic, the immune response shows suppressive effects, and therefore the chance of
infection may be enhanced (Tort 2011).
The predominant corticosteroid in teleost fishes is cortisol, which has long been used to quantify the stress response
(Romero 2002). Under stressful conditions, cortisol and catecholamines are important for several reasons, including central
nervous system stimulation and blood glucose elevation; cortisol
mobilizes energy to provide metabolic substrates to adjust physiology and behavior aimed at restoring the organism to homeostasis (Rottmann et al. 1992; Vijayan et al. 1997; Mommsen
et al. 1999; Barton 2002; Skomal and Mandelman 2012).
Fish immersion in salt water has been theorized to prevent
loss of blood ions due to acute stress events (Wedemeyer 1972;
Carmichael et al. 1984). While changes in salinity can induce
a stress response in fish (Fiol and Kültz 2007), some studies
have reported that fish immersion in isotonic saline water after
a stressful event can help to reduce the stress and decreasing
recovery time (Barton and Peter 1982; Barton and Zitzow 1995;
Reubush and Heath 1997). Measurement of the corticosteroid
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stress response after salt treatment has shown conflicting results;
some studies recorded an increase in the plasma cortisol level
of fish treated with salt (Harrell 1992; Barton and Zitzow 1995),
while other studies noted a decrease in cortisol response (Mazik
et al. 1991; Carneiro and Urbinati 2001).
The response of fish to typical stressors in aquaculture practices has been extensively examined in the literature (Barton
2002; Acerete et al. 2004; Bertotto et al. 2011). Most of these
studies have been carried out on some major aquaculture species,
but other species such as Yellow Perch Perca flavescens have
received less attention. The Yellow Perch is an important potential candidate species for aquaculture in North America and
is highly prized as a recreational and food fish. Its culture is
limited by its high sensitivity to handling and disturbances in
intensive culture conditions (Head and Malison 2000). In order
to overcome this limitation, more information on the cortisol
stress response in perch is required.
The objective of this study was to develop a greater understanding of the stress response in Yellow Perch through the
assessment of the effect of handling stress under different temperatures on the plasma cortisol level in Yellow Perch and to
characterize the physiological changes associated with environmental exposures to varying temperatures and salinities.

was adjusted to take place 1 h after handling. During this study,
fish were sampled before handling (time = 0, prehandling samples), immediately after handling (i.e., 10 min after handling
was completed), and 24 h posthandling (Figure 1).
Salt treatment study.—One hour after the samples were collected for the handling stress test, the remaining fish in experimental groups (two tanks from each experimental group and two
other tanks as control) were subjected to a daily salt treatment
at a salinity of 5‰ for 6 d. The salt treatment procedure was
performed daily by adding 5‰ to treat fish in tanks for 2 h: a
preweighed amount of salt for each tank was dissolved in water
of the same temperature in a large bucket; water flow in each
tank was stopped just before the salt water was added. Half of
the salt water was added to each tank at the beginning of the
trial, and then the other half was added an hour later. Water flow
was restored at the end of 2 h at the rate of 1 L/min. Fish were
sampled at 72 and 144 h after the last salt treatment.
Second handling stressor.—After the last samples were collected from the salt treatment and control groups, the fish groups
were subjected to handling stress using the same protocol as in
the first handling stress trial. Samples were collected immediately after handling and again 24 h later. Salt treatment was
performed daily in the same manner as before and the last samples were obtained 144 h after the second handling.

METHODS

Data Collection and Analysis
Blood sampling.—Fish were quickly captured and immediately placed in a bucket containing water and a lethal dose
(400 mg/L) of tricaine methanesulfonate (Syndel Laboratories,
Vancouver, British Columbia). Blood samples, collected from
the caudal vein using a 5-mL heparinized syringe, were obtained
within 2 min of the fish being captured. The blood was then
stored on ice, and then plasma was separated by centrifugation
(1,000 × g for 10 min) at 4◦ C, removed, and stored in 1.5-mL
microcentrifuge tubes at −80◦ C for subsequent analysis.
Determination of plasma cortisol.—Total plasma cortisol
levels were determined using an enzyme-linked immunosorbent
assay (ELISA kit; NEOGEN, Lexington, Kentucky) according
to the manufacturer’s instructions, and plates were read with a
BioTek microplate reader (BioTek Instruments, Winooski, Vermont) at an absorbance of 650 nm.
Statistical analysis.—An ANOVA was performed with the
SPSS Statistical Package using GLM (SPSS 2004). The Duncan’s multiple range test was used for testing mean differences
and a t-test was used for determining statistical differences between groups at a significance level of P < 0.05.

Experimental Fish
Yellow Perch (48 ± 10 g, mean ± SD) were obtained from
the Aquaculture Research Center, The Ohio State University
South Centers, Piketon, Ohio. Fish were held at a water temperature of 8–10◦ C in 800-L experimental tanks before transfer.
Fish were fed twice with a commercial diet at a rate of 2.5%
of average body weight daily. Two weeks prior to experimentation, fish were transferred to twelve 400-L experimental tanks
(80 fish/tank) to acclimate them to the experimental system and
the target temperatures of 14, 20, and 26◦ C. Fish were acclimated to the final temperatures by increasing the temperature in
each tank gradually until the target temperature was reached for
each group, and then the final temperature was maintained.
Experimental Design
First handling stressor at different temperatures.—Three experimental groups (four replicates in each) represented the fish
acclimated to the different temperatures: 14, 20, and 26◦ C (Figure 1). Weighing fish from all groups tank by tank using standard
practices was used as the handling stressor. Before weighing the
fish, half of the water from the tank was siphoned into an empty
tank for holding the weighed fish. After the fish were weighed,
they were returned to the original tank by netting them from the
second tank and transferring them by means of a net, and then
the water was returned to the tank. The same method and timing of the handling stressor were applied to all tanks. Handling
time was monitored and recorded for each tank. This procedure
was carried out at 1000 hours and the timing for one feeding

RESULTS
Plasma Cortisol Levels after the First Handling Stressor
The total plasma cortisol concentrations in the prehandling
samples from Yellow Perch subjected and acclimated to 20◦ C
and 26◦ C were approximately two- to threefold higher than in
those subjected to 14◦ C (Table 1).
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Group (14ºC)

Group (26ºC)

Group (20ºC)

Sampling group before handling (Pre-handling)

Stress handling procedure for all experimental fish
groups

Downloaded by [74.126.73.10] at 09:46 15 July 2013

Sampling immediately after 10 minutes and
24 h post-handling

Salt Treatment 5 ppt daily

Group (14ºC)

Group (20ºC)

Group (26ºC)

Two tanks as treatment and
two as control

Two tanks as treatment and two
as control

Two tanks as treatment and
two as control

Sampling at 72 h and 144 h post-salt treatment

Second stress handling

Sampling immediately within 10 minutes and 24 h after the
second stress handling.

Salt treatment again daily
Sampling 144 h post-second handling.
FIGURE 1. Experimental design and sampling schedule used to assess handling stress responses in Yellow Perch. Bold text indicates the times at which the
stressors were applied.
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TABLE 1. Plasma cortisol concentrations (ng/mL) of plasma in Yellow Perch subjected to handling and salt treatment (ST; 5‰) at different temperatures; values
are mean ± SD. Values followed by the same letter are not significantly different from each other (P < 0.05).

Water temperature
14◦ C

Handling time

Downloaded by [74.126.73.10] at 09:46 15 July 2013

Prehandling
Immediately after first handling
24 h after first handling
72 h after first handling with ST
72 h after first handling with ST: controls
144 h after first handling with ST
144 h after first handling with ST: controls
Immediately after second handling
24 h after second handling with ST
24 h after second handling with ST: controls
144 h after second handling with ST
144 h after second handling with ST: controls

33.25
169.75
72.50
119.75
111.75
128.25
106.0
185.50
142.50
163.50
110.75
131.00

±
±
±
±
±
±
±
±
±
±
±
±

18.6 y
12.5 z
45.9
29.9 zy
19.5 y
19.1 y
37.7
7.0
24.2 zy
31.4
57.9
40.1

20◦ C
92.0
107.75
85.70
79.75
103.50
126.00
147.25
187.25
116.75
168.00
118.75
86.75

±
±
±
±
±
±
±
±
±
±
±
±

26◦ C

8.4 z
53.5 y
54.4
51.9 y
45.9 y
7.7 y
31.4
1.7
34.7 y
23.1
47.1
71.6

110.0
157.50
78.48
165.50
184.25
166.75
107.25
189.75
166.00
156.50
126.50
92.25

±
±
±
±
±
±
±
±
±
±
±
±

51.0 z
13.6 z
43.6
27.0 z
10.2 z
21.1 z
85.9
7.9
10.1 z
24.3
26.9
43.7

Plasma cortisol levels increased by approximately 0.5- to 5.0fold immediately after handling in all fish groups, but increased
levels were more prominent in Yellow Perch groups held at
14◦ C and 26◦ C than in the group exposed to 20◦ C (Table 1).
No significant differences between the three groups in cortisol
levels were detected 24 h after handling. However, cortisol levels
were decreased by approximately 50% 24 h after handling in
all groups compared with cortisol levels measured immediately
(10 min) after handling.
Plasma cortisol levels in the control groups at 72 and 144 h in
the daily salt treatment experiment had increased significantly
compared with those measured in the groups without salt treatment at 24 h after handling. Also, there was an increase in all
treatment groups, except for the plasma cortisol level of the
group exposed to 20◦ C (Table 1).

144 h after the second handling in all groups, and a significant
decrease was recorded in fish exposed to 20◦ C (Table 1).
General ANOVA of plasma cortisol concentrations for all
groups showed high significance with time (P = 0.000), temperature (P = 0.006), and time versus temperature (P = 0.020)
(Table 2). The t-test values were highly significant (P = 0.000)
for the comparisons between time and salt, temperature and
salt, and temperature and time (Table 3). The general mean determined for temperatures over all times showed that plasma
cortisol in the group subjected to 26◦ C was significantly different from the two other groups, and cortisol levels in fish
subjected to 14◦ C and 20◦ C were not statistically different (Table 1).No fish mortalities were observed during acclimation or
throughout either of the experiments.

Plasma Cortisol Levels after the Second Handling Stressor
The highest plasma cortisol levels for all Yellow Perch groups
occurred immediately after the second handling, and there was
no significant difference between groups. All three groups had
nearly similar cortisol levels comparised with all previous cortisol levels. Plasma cortisol levels showed a slight decrease 24 and

DISCUSSION
Cultured fish in intensive rearing facilities are continuously
exposed to management practices, such as handling or transportation, which elicit stress responses (Davis et al. 2002). Repeated or prolonged exposure of fish to common stressors activates the HPI axis leading to increased plasma cortisol and an
increased risk of disease (Wendelaar Bonga 1997; Mommsen
et al. 1999).

TABLE 2. General ANOVA results of plasma cortisol concentrations (ng/mL)
in Yellow Perch subjected to three different temperatures and two handling
stressors (significance: P < 0.05).

Source of variation

df

Time
11
Temperature
2
Time × temperature 22
Error
108
Total
144

Mean square F-value P-value
12,070.27
7,406.88
2,567.32
1,384.37

8.72
5.35
1.86

0.000
0.006
0.020

TABLE 3. Analysis (t-test) of plasma cortisol concentrations (ng/mL) in Yellow Perch subjected to three different temperatures and two handling stressors
(significance: P < 0.05).

Pairs compared
Time–salt
Temperature–salt
Temperature–time

df

t-value

P-value

143
143
143

18.80
8.46
15.17

0.00
0.00
0.00
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In the present study, Yellow Perch had relatively high cortisol levels at different water temperatures before handling. The
prehandling plasma cortisol levels in the groups held at 20◦ C
and 26◦ C were two- to threefold higher than in the Yellow Perch
exposed to 14◦ C. After handling, all groups exhibited a one- to
fivefold increase in plasma cortisol, which then decreased within
24 h after handling. Other studies have also illustrated that Yellow Perch responded with initial increases in plasma cortisol
right after handling, and then decreased gradually (Haukenes
and Barton 2004; Hosoya et al. 2007; Haukenes et al. 2008). Acerete et al. (2004) also observed that cortisol levels in Eurasian
Perch P. fluviatilis increased more than threefold after transportation. Transportation procedures induced rapid elevations
in plasma cortisol from 100 to 160 ng/mL within 15–30 min of
capture and loading in cultured juvenile Red Drum Sciaenops
ocellatus (Robertson et al. 1988). Striped Bass Morone saxatilis
after handling showed a 3.5-fold mean increase in cortisol level
up to 400 ng/mL (Cech et al. 1996). In Golden Perch Macquaria
ambigua, plasma cortisol increased to 240 ng/mL after 30 min
of netting and confinement stress (Carragher and Rees 1994).
In this study, Yellow Perch held at 20◦ C showed the lowest
increase in cortisol when first handled, and those held at 26◦ C
and 14◦ C exhibited significantly higher cortisol levels when
handled. This result suggests that Yellow Perch are minimally
stressed at a temperature of 20◦ C. A temperature of 22◦ C appeared best for growth of Yellow Perch in tank culture systems
regardless of the fish stocks (Brown et al. 2002), whereas a temperature of 28◦ C appeared sufficiently high to represent chronic
stress conditions in Yellow Perch (Tidwell et al. 1999). Scott
and Crossman (1973) and Brown et al. (2009) reported optimum
temperature ranges from 21◦ C to 24◦ C for Yellow Perch with an
upper lethal limit of 26.5◦ C for growth. The significantly higher
cortisol level in Yellow Perch subjected to handling at14◦ C may
be attributed to the cold water, which could be considered as an
additional stress factor other than handling, since the preferred
summer temperature of Yellow Perch ranges from 17.6◦ C to
25◦ C (Ferguson 1958; Krieger et al. 1983).
There was a significant increase in plasma cortisol from the
first handling in Yellow Perch after salt treatment. This is attributed to the increase in water salinity, which is considered to
be a stress factor due to alteration of the normal environment.
Salinity stimulated the stress response and increased the cortisol level, which may help promote salinity acclimation (Fiol
and Kültz 2007; Kammerer et al. 2010). Using saline water
(0.5% NaCl) as recovery medium did not attenuate the corticosteroid responses of Walleye Sander vitreus to handling, but salt
may have allowed the fish to recover more quickly (Barton and
Zitzow 1995; Forsberg et al. 2001). Some studies reported that
fish immersion in isotonic saline water after a stress event can
help to reduce the stress and decrease recovery time (Barton and
Peter 1982; Reubush and Heath 1997). In aquaculture practice,
aquaculturists usually treat fish with salt after handling to eliminate bacteria and disease. Based on current results, this practice
may increase the level of stress at the same time, as indicated by
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increased plasma cortisol. The salinity of 5‰ may be high for
treating Yellow Perch after handling, and research is needed to
identify the optimal dosage to treat Yellow Perch and other fish
species after handling for common aquaculture practices. Also,
lower cortisol levels occurred in groups that were subjected to
20◦ C during the period of salt treatment, and similar results were
observed after the second handling stressor. From this study, we
concluded that a water temperature of around 20◦ C may be
desirable for handling Yellow Perch, but salt treatment after
handling further stimulates the stress response and increases the
circulating cortisol level. Thus, research is needed to identify
the optimal salinity to treat Yellow Perch and other fish species
after handling during common aquaculture practices.
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