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Abstract.—This study examined the potentially stressful
effects of tagging juvenile rainbow trout Oncorhynchus mykiss
with passive integrated transponder (PIT) tags by measuring
short-term (,120-h) changes in plasma concentrations of
cortisol and hepatic heat shock protein 70 (hsp70). In a
laboratory experiment, plasma cortisol levels were measured
in fish before they were tagged (0 h) and at 2, 6, 24, and 120 h
after being tagged. Hepatic hsp70 levels were measured at 0,
24, and 120 h. All results were compared with those for fish
that were handled but not tagged. Plasma cortisol levels were
significantly higher in both treatment groups (tagged and
handled but not tagged) at 2 h than in the pretreatment groups
(0 h). Plasma cortisol levels in the treatment groups returned to
near pretreatment levels by 6 h. However, there was a
significant difference in plasma cortisol levels between
treatment groups at 6 h. There were no significant differences
in hepatic hsp70 levels among the two treatment groups, and
hepatic hsp70 levels did not change through time. Our results
suggest that PIT tagging is a low-impact tagging procedure for
juvenile salmonids.

Passive integrated transponder (PIT) tags provide a
method for uniquely identifying and tracking the
movement of individual fish in streams (Prentice
et al. 1990b; Ombredane et al. 1998; Roussel et al.
2000, 2004; Cucherousset et al. 2005). In the Columbia
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River basin, this technology has been used to estimate
survival of juvenile salmonids and their travel times
between hydroelectric dams equipped with PIT tag
readers (Prentice et al. 1990a; Peterson et al. 1994;
Muir et al. 2001; Hockersmith et al. 2003). Studies
have reported that PIT tags have minimal effects on
fish growth and survival (Prentice et al. 1990a;
Peterson et al. 1994; Ombredane et al. 1998; Ruetz
et al. 2006).
Understanding the physiological response of fish to
PIT tagging is important when conducting in situ
physiological experiments with PIT-tagged fish. To our
knowledge, neither changes in plasma cortisol nor
those in heat shock proteins (hsps) have been measured
in rainbow trout Oncorhynchus mykiss after PIT tag
insertion. Physiological stress (e.g., handling) can
result in an elevated level of plasma cortisol (the
primary stress hormone). Long-term elevation of
cortisol can increase disease susceptibility, decrease
growth rates, and inhibit reproduction (Hazon and
Balment 1998; Schreck 2000; Schreck et al. 2001).
Plasma cortisol is also important for energy metabolism
and ion regulation and can interact with other hormonal
systems (Hazon and Balment 1998).
Heat shock proteins, also called stress proteins, are
molecular chaperone proteins that assist protein folding
and are involved with the cellular immune response
(Zugel and Kaufmann 1999). Constitutive heat shock
protein isoforms are synthesized under normal cellular
conditions, whereas inducible isoforms can be synthesized in response to both biotic and abiotic stressors
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(Hochachka and Somero 2002). As such, heat shock
proteins are potential biomarkers for environmental
stress in fish (Iwama et al. 1998).
One heat shock protein that has been used as a
biomarker is the hsp70 chaperone protein family. This
protein family is highly conserved, correlates with
thermal tolerance (Feder and Hofmann 1999; Basu
et al. 2002), and is highly temperature responsive
(Parsell and Lindquist 1993; Sanders 1993). Measuring
hsp70 levels has advantages over measuring stress
hormones (e.g., plasma cortisol) because the levels of
hsp70 in rainbow trout are not altered by handling
stress (Vijayan et al. 1997; Washburn et al. 2002).
However, previous studies examining hsp70 in response to handling stress have not examined the effect
of placing an object (e.g., a PIT tag) in the body cavity
of a fish.
The objectives of this study were to (1) determine
whether PIT tagging induces a stress response,
measured as a difference in plasma cortisol levels
between tagged and untagged juvenile rainbow trout,
(2) determine whether PIT tagging alters hepatic (liver)
hsp70 levels in juvenile rainbow trout, and (3) examine
the relation between cortisol and hsp70 levels in
juvenile rainbow trout.
Methods
Fish and rearing conditions.—The experiment was
conducted between 12 August and 14 September 2004
at Oregon State University’s Fish Performance and
Genetics Laboratory in Corvallis. Fish were age-0
hatchery rainbow trout from the Roaring River Fish
Hatchery on the McKenzie River, Oregon. On 12
August 2004, 180 rainbow trout were divided among
four outdoor 1-m-diameter circular fiberglass tanks (45
fish/tank) and exposed to natural photoperiod. Tanks
were supplied with 13–148C well water adjusted to1
L/min flow. The fish were acclimated to the experimental tanks for 21 d before the beginning of the
experiment. During the acclimation period, fish were
fed by hand to satiation twice per day during the week
and once per day on weekends with BioDiet Grower,
a semimoist commercial pellet manufactured by BioOregon. Fish were considered satiated when feeding
slowed and uneaten pellets remained on the tank
bottom. The fish were fasted for 48 h before the start of
the experiment. For 3 days after the start of the
experiment, all fish were fed 9–10 g of food per tank
each day and then fed to satiation one time each day for
the duration of the study. This study was conducted
under the auspices of the Oregon State University
Institutional Animal Care and Use Committee permit
3055.
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Experimental design and sampling procedures.—
Fish in two tanks were randomly assigned as handled
controls. The remaining two tanks of fish were
designated as the treatment group. We injected a
11.5-mm 3 2.1-mm PIT tag into the body cavity of
each fish in the treatment group using a modified
handheld syringe following the methods of Prentice
et al. (1990a). The PIT tagging took 3–5 s per fish.
Handled control fish were held out of the water for 3–5
s to simulate handling, but the body cavity was not
pierced.
Before processing each tank of fish, a fresh solution
of buffered tricaine methanesulfonate (MS-222) was
prepared in 5 L of water for both light anesthesia (50
mg MS-222/L þ 125 mg NaHCO3/L) and lethal dose
solutions (200 mg MS-222/L þ 500 mg NaHCO3/L).
The light anesthesia was used during tagging and
handling. At 0 h, six fish from each tank were rapidly
netted and given the lethal dose of MS-222. These fish
provided baseline resting values for cortisol and hsp70
before the start of the experiment.
Immediately after the initial samples were taken, the
remaining fish were rapidly netted from a tank, placed
in light anesthesia, and given the appropriate treatment
(i.e., either handled and PIT-tagged or just handled).
Fish were considered anesthetized and ready for
handling after equilibrium was lost and opercular
movements became irregular. After the fish were
handled, all fish were placed back in the experimental
tank and allowed to recover. Processing each tank of
fish (N ¼ 39/tank) took between 8 and 10 min.
After the preexperiment sampling (0 h), six fish from
each tank were lethally sampled at 2, 6, 24, and 120 h
posthandling. Fork length (mm) and mass (0.1 g) were
recorded for all fish. From each fish, we collected
blood and liver tissue. Blood was collected into
ammonium heparin–containing capillary tubes by
severing the caudal peduncle with a razor blade. Blood
was then transferred into microcentrifuge tubes and
centrifuged, and plasma was separated and stored on
ice. Next, fish livers were removed, wrapped in
aluminum foil, and flash-frozen in liquid nitrogen.
Plasma and liver samples were stored at 808C for later
analysis.
Tissue sample preparation and Western blotting.—
Liver samples were lysed and homogenized with a
tissue tearer in ice-cold lysis buffer (50 mM tris base,
20 mM NaCl, 5 mM EDTA; pH 7.5) containing
protease inhibitors (leupeptin, 0.5 mg/mL; phenylmethylsulfonyl fluoride, 2 mM; aprotinin, 1 mg/mL;
and pepstatin, 0.7 mg/mL). Lysates were centrifuged at
08C for 30 min at 2,700 3 gravity. The resulting
supernatant was divided into aliquots and stored at
808C. Protein concentrations in lysates were mea-

692

FELDHAUS ET AL.

FIGURE 1.—Logarithmic plasma cortisol levels 6 SEs prior
to treatment (0 h) and 2, 6, 24, and 120 h posttreatment. The
letter A indicates a significant difference between a treatment
value and the corresponding pretreatment value, the letter W a
significant difference between treatment values at a particular
sampling time, and an asterisk a significant difference from
other posttreatment (2–120 h) fish; N ¼ 12 for each bar.

sured in duplicate with the bicinchoninic acid assay
method (Smith et al. 1985).
Western blotting followed methods outlined in
Towbin et al. (1979). Samples were mixed with an
equal amount of sodium dodecyl sulfate buffer
(Laemmli 1970) and heated at 958C for 3 min.
Twenty-five micrograms of liver protein was electrophoretically separated on 8% tris–glycine gels (Invitrogen Corporation) for 2 h at 125 V. A calibrated
molecular weight marker (Biorad) and 52 ng of
recombinant Chinook salmon hsp70 protein (SPP763; StressGen Biotechnologies, Victoria, British
Columbia) were applied to each gel to serve as internal
standards for determining molecular weight and
blotting efficiency. Proteins were transferred to a
polyvinylidene difluoride membrane at 100 V for 1
h, then blocked overnight at 48C in blocking solution
(5% nonfat dry milk, 20 mM tris buffer, and 0.01%
Tween-20).
All incubations were performed at room temperature
for 1 h. The commercially available polyclonal hsp70
antibody (StressGen; SPA-758) and the secondary
antibody, an alkaline phosphatase conjugated goat–
anti-rabbit IgG (StressGen; SAB-301) were both
diluted 1:5000 in blocking solution. After incubation
with the primary antibody, the membranes were
washed three times at 10 min per wash. The first and
third washes used tris-buffered saline solution (TBS)
and the second wash used TBS with 0.5% Tween-20.
After washing, membranes were incubated with the
secondary antibody, and membranes were rinsed as
previously described. Proteins were visualized colorimetrically by using an alkaline phosphatase conjugate
substrate kit (Biorad; 170-6432). Blots were developed

for 15 min. The reaction was stopped by rinsing with
distilled water for 10 min. Relative hsp70 band density
was measured by using ImageQuant 6.1 (Amersham
Biosciences) densitometry software. Protein band
density is expressed by subtracting the background
and dividing the band density of the unknown sample
by the density of the hsp70 protein standard band.
Cortisol assay.—Plasma cortisol levels were analyzed by radioimmunoassay as described in Foster and
Dunn (1974) and adapted by Redding et al. (1984). All
values below the lowest standard (3.9 ng/mL) were
designated to contain 1.95 ng/mL cortisol.
Statistics.—Plasma cortisol data were log transformed to increase homogeneity of variance. For the
plasma cortisol analysis, fish from similar treatments
within a time block were pooled. Within a time block,
treatment groups were compared with a two-sample
t-test. Hsp70 data were analyzed with one- and twoway analysis of variance (ANOVA) on nontransformed
data. The significance level was 0.05. Multiple
comparisons through time were analyzed with a
Bonferroni multiple comparison test. Analyses were
conducted with the statistical software package SAS
(SAS Institute 2003).
Results
Retention of PIT tags during this experiment was
100%. The mean 6 SE fork length of fish sampled in
this experiment was 110 6 0.8 mm (range, 79–142
mm). The average mass was 16.7 6 0.4 g (range, 7.1–
34.6 g). Within each time block, there was no
difference in fish length among the experimental tanks
(ANOVA; P . 0.05).
Plasma Cortisol
Through time, there was a significant change in
plasma cortisol levels (F4, 114 ¼ 38.5, P , 0.001;
Figure 1). Differences between treatment groups were
not detected at 0 (P ¼ 0.69), 2 (P ¼ 0.24), 24 (P ¼ 0.42),
or 120 h (P ¼ 0.20). At 6 h, however, there was a
significant difference between treatment groups (P ¼
0.004), plasma cortisol levels being significantly
greater than the pretreatment levels in the PIT-tagged
group but not the handled control group.
Compared with that in fish at 0 h (i.e., pretreatment),
plasma cortisol levels increased significantly between 0
and 2 h in both treatment groups (P , 0.05; Bonferroni
multiple-comparison test). Between 2 and 6 h, plasma
cortisol levels decreased significantly in the handled
control, but not the PIT-tagged group. At 24 h, the
handled control group had significantly higher plasma
cortisol levels than the pretreatment group, but the
PIT-tagged group did not. Plasma cortisol levels in
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both treatment groups dropped significantly between
24 and 120 h; by 120 h, plasma cortisol levels were
similar to pretreatment levels in both treatment groups.
Hepatic hsp70 Levels
Hepatic hsp70 levels were measured at 0, 24, and
120 h after treatment (Figure 2). One hsp70 band of
approximately 70–75 kDa was detected. Hepatic hsp70
levels of fish were similar in all tanks at 0 h (F3, 20 ¼
0.68, P ¼ 0.57) and did not change through time (F2, 69
¼ 2.41, P ¼ 0.097). There was no evidence of a
treatment effect at 24 (F1, 22 ¼ 0.148, P ¼ 0.70) or 120
h (F1, 22 ¼ 0.028, P ¼ 0.87). Hepatic hsp70 levels were
not correlated with fish length (F1, 70 ¼ 0.86, P ¼ 0.356,
r2 ¼ 0.046) or mass (F1, 70 ¼ 0.837, P ¼ 0.36, r2 ¼
0.012).
Discussion
Both handling and PIT tagging were stressful events,
as indicated by the increases in plasma cortisol levels
between 0 and 2 h. The increase at 2 h followed by a
decrease at 6 h indicates a quick response to these
stressors followed by rapid recovery. This type of
response to handling has been well documented
(Barton et al. 1988; Mesa and Schreck 1989; Sharpe
et al. 1998).
Despite the decrease in plasma cortisol levels in both
groups between 2 and 6 h, there were significant
differences in plasma cortisol levels between treatment
groups at 6 h. The decrease in plasma cortisol levels
was not significant for the PIT-tagged group, suggesting that this group did not recover as quickly from the
effects of PIT tagging. At 24 h, plasma cortisol levels
in both treatment groups were significantly elevated
over pretreatment levels and were similar to the levels
measured in fish sampled at 6 h. We do not know why
plasma cortisol levels in the control group, but not in
the treatment group, increased between 6 and 24 h.
This increase could be the result of an unknown
disturbance (e.g., Sharp et al. 1998), or it could be a
natural secondary increase in cortisol in response to a
stressor that did not appear to be related to a secondary
disturbance (e.g., Barton et al. 1987; Schreck et al.
1989). For example, McCormick and Smith (2004)
measured plasma cortisol levels in PIT-tagged and
untagged groups of the marine damselfish Ambon
damsel Pomacentrus amboinensis 63 d after tag
insertion and reported that plasma cortisol levels were
‘‘considerably lower’’ in the control group but not
significantly so at a ¼ 0.05. McCormick and Smith
(2004) reported standard error values for nontransformed plasma cortisol data of 10.33 and 11.93 for the
PIT-tagged (N ¼ 12) and control groups (N ¼ 12),
respectively. For comparison, the standard errors for

FIGURE 2.—Relative heat shock protein 70 (hsp70) levels
before (0 h) and 24 and 120 h after experimental treatment.
The values shown are the mean densitometry values of protein
bands expressed as density relative to the positive control in
the Western blot band density 6 SE; N ¼ 6 for each bar.

nontransformed plasma cortisol in the present study
ranged from 1.6 to 7.2.
We did not find any change in the expression levels
of hepatic hsp70 during the course of this experiment.
Furthermore, the primary antibody used to measure
hsp70 in this study in liver tissue detected only one
hsp70 band. For this reason, we did not attempt to
differentiate between the constitutive and inducible
isoforms of hsp70. According to the manufacturer, the
polyclonal rabbit anti-hsp70/hsc70 antibody detects
proteins of approximately 70 and 73 kDa, corresponding to the apparent molecular mass of hsp70 (hsp72)
and hsc70 (hsp73), respectively (Stressgen technical
specifications, SPA-758). Given the lack of change in
overall hsp70 levels through time and no differences
between treatment groups, we concluded that PIT
tagging had no effect on overall hsp70 levels.
Unlike cortisol, which is a fast-acting hormone that
can exhibit dramatic changes within minutes of a
stressor, heat shock proteins exhibit a different time
course in response to physiological stressors. When
cellular hsp70 protein levels increase, these levels can
remain elevated for extended periods (.24 h). For
example, in brook trout Salvelinus fontinalis, peak
hsp70 proteins in both red blood cells and white muscle
tissue reached peak levels 12 h after an acute
temperature stress and remained elevated for over 48
h (Lund et al. 2003). With juvenile Chinook salmon, a
single exposure to 268C for 10–15 min was sufficient
to produce significantly elevated hepatic hsp70 levels
for 14 d (Mesa et al. 2002). Therefore, we focused our
analysis of hsp70 protein levels at 24 and 120 h
posttreatment. If PIT tagging caused an increase in
hsp70 levels, we would expect to detect this response
in both the 24-h and 120-h sampling periods. The
finding that PIT tagging did not alter hepatic hsp70
levels supports other research showing that handling
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stress does not alter hsp70 levels (Vijayan et al. 1997;
Washburn et al. 2002).
We saw no evidence in this study that PIT tagging
and subsequent changes in plasma cortisol levels
altered hepatic hsp70 levels. This finding is important
because there is some evidence that cortisol plays a role
in mediating hsp70 levels in fish tissue after physiological stress (Basu et al. 2001), and chronically
stressed fish may have decreased ability to produce
hepatic hsp70 (Basu et al. 2002). Subsequently, if
plasma cortisol levels were increased in a chronic
fashion, it could decrease a fish’s ability to mount a
heat shock response to a stressor (e.g., temperature,
disease, and toxins). If increases in cortisol levels
associated with PIT tagging were to impair the heat
shock response, this would indicate that PIT-tagging
fish has unforeseen physiological consequences that
could compromise the fitness of PIT-tagged fish.
These results support a growing literature documenting the suitability of PIT tags as a low-impact
tagging procedure for juvenile salmonids. However,
because this experiment was completed in a controlled
setting where we were able to control factors such as
predation, density, feeding, and water temperature; in
an uncontrolled setting, differences, particularly those
in the plasma cortisol response, may emerge between
fish that are handled versus those that are handled and
tagged. Additionally, physiological responses to tagging may differ by fish species (McCormick and Smith
2004) or developmental stage. For example, Baras
et al. (1999) reported low survival (10–50%) in PITtagged Nile tilapia that was size dependent. Variation
in the stress response between species and the effects of
stress on development and immunocapacity are
discussed by Schreck et al. (2001).
In conclusion, changes in plasma cortisol levels
indicate that for fish in our experiment, PIT tagging
was moderately more stressful, as indicated by higher
plasma cortisol levels, in the PIT-tagged group 6 h after
sampling. Hepatic hsp70 levels, however, were not
altered by PIT tagging or handling. Because PIT
tagging does not alter hepatic hsp70 levels in juvenile
rainbow trout, PIT tags have the potential to be used as
individual fish identifiers during laboratory and field
manipulations when one is examining changes in
hsp70 levels.
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