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ABSTRACT. The physiological stress response of cutthroat trout,
Oncorhynchus clarki, 1o three methods of loading into truck tanks
for transport was evaluated. All loading methods caused a significant
decrease in chloride and increase in plasma cortisol levels, relative to
the baseline sample of unstressed fish. Based on plasma chloride
changes, the conveyor method appeared the least stressful to the fish,
while fish pump and dip netting were not significantly different from
each other. Differences in plasma cortisol responses suggested that
the conveyor and dip net method were less stressful than the fish
pump. Plasma glucose concentrations in the fish were not elevated
after loading and did not differ among loading methods. Overall, the
conveyor method was the least stressful method of loading, but the
differences were not of sufficient magnitude to preferentially use one
method over another.

INTRODUCTION

For several reasons, a substantial amount of research in the last

20 years has evaluated the effects of stress upon fish. Stress affects
osmotic balance, causing hemodilution in fresh water and hemo-
concentration in sea water (Mazeaud et al. 1977). Stress creates an
additional drain on the energy reserves of the fish, which use this
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energy to recover from the disturbance (Schreck 1982). Stress also
alters behavior. For example, Sigismondi and Weber (1988) found
that stressed chinook salmon, Oncorhynchus tshawytscha, took
longer to reach cover and were thus more susceptible to predation.
Olla and Davis (1989) and Jirvi (1989) both found that juvenile
salmonids showed a decreased ability to avoid predators after being
stressed. The immune system of fish can also be negatively im-
pacted by stress, leading to greater susceptibility to disease (Picker-
ing et al. 1989). Clearly, stress reduction has the potential to im-
prove the survival of stocked fish.

Several studies have assessed the stress associated with fish
transport (Barton et al. 1980; Davis and Parker 1986; Robertson et
al. 1987). Nikinmaa et al. (1983) demonstrated the stress-reducing
benefits of salt in the transport tank water. Use of anesthetics at
sedating doses during transport has also helped improve survival
(Mishra et al. 1983). Carmichael et al. (1984) increased survival of
largemouth bass, Micropterus salmoides, after hauling by treating
the fish for diseases before loading, by not feeding the fish for 72
hours before loading, and by hauling the fish in cooler temperatures
and in physiological concentrations of salts with an antibiotic and a
mild anesthetic.

The most stressful part of the stocking operation is loading the
fish at the hatchery (Barton et al. 1980; Maule et al. 1988). Several
methods are used to load fish into hauling trucks, three of which
were evaluated in this study in order to determine if one is superior
to another in reducing selected physiological stress responses.

METHODS

The Bear Lake Bonneville strain of cutthroat trout, O. clarki
utah, (mean length = 232 mm; mean weight = 102 g) used for this
experiment was raised at the Mantua State Hatchery, Mantua, Utah.
The experiment was conducted on October 23, 1990. Prior to load-
ing, a baseline sample of 20 fish was taken, combining fish sampled
from the upper and lower portions of the raceway. Blood was col-
lected in heparinized syringes from the caudal vein. The needle was
removed prior to ejection of the blood into microcentrifuge tubes.
The blood was kept in an ice water bath until it was centrifuged (5
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minutes at 13,000 g), and the plasma was transferred to 1.5-ml
microcentrifuge tubes. Plasma samples were transported to the lab
on dry ice, then frozen at —79°C until clinical analysis was per-
formed. Water quality parameters prior to loading were: tempera-
ture, 8.3°C; carbon dioxide, 25 mg/L; pH, 7.8; total alkalinity, 205
mg/L; total hardness, 256 mg/L.

Fish were loaded into each of two identical fish stocking trucks
equipped with four fiberglass tanks (1,700 L capacity per tank)
each. The Aqua Life! fish pump (Magic Valley Heli-Arc and
Manufacturing, Twin Falls, Idaho) was used first to fill one tank on
each truck. The loading of the first truck was then completed using
the Sartorius conveyor (Sartorius Company, San Francisco, Califor-
nia) to fill the second tank, and dip netting to fill the third tank.
Total loading time was about one hour. The second truck was then
filled in the same sequence, taking about 1.5 hours from start to
finish of loading. All tanks on both trucks were filled with fish from
the same raceway, with the exception of the fish dip netted for the
second truck. There were insufficient fish in the first raceway to
load all the tanks, so additional cutthroat trout were obtained from a
raceway serially upstream from the first raceway. About 409 kg of
fish were loaded per tank.

After transport from Mantua to Strawberry Reservoir, Wasatch
County, Utah, 20 fish from each tank were removed and anesthetized
with 60 mg/L. ethyl m-aminobenzoate methanesulfonate (MS-222).
The order in which the tanks were sampled was random, with the
tanks of one truck being completely sampled before those of the
second truck were sampled. Time from loading until sampling
ranged from 3.5 to 5.0 hours.

Plasma samples from the cutthroat trout were tested for chloride
ion concentration with a Haake-Buchler chloridometer. Plasma glu-
cose levels were analyzed by the ortho-toluidine method (Wede-
meyer and Yasutake 1977). Plasma cortisol was radioimmunoas-
sayed according to the modifications by Redding et al. (1984) of the
procedure of Foster and Dunn (1974). The standards used in the
radioimmunoassay were prepared from salmonid plasma stripped
of endogenous steroids with activated charcoal.

1. Use of trade or manufacturer names does not imply endorsement.
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The effects of different loading techniques on cortisol, glucose,
and chloride levels of cutthroat trout were tested with a general
linear model (GLM procedure; SAS Institute, Inc. 1988), blocking
for the two replicates. Replicates were treated as random variables
in the model. Mean comparisons were tested with Fisher’s LSD
test. The Fpax test was used to evaluate the assumption of equal
variances (Kirk 1982). One-way analysis of variance (ANOVA)
was used to test the null hypothesis of equal treatment means, if the
effects of the replicates and treatment-replicate interactions were
not significant (SAS Institute, Inc. 1988). A calculation of relative
efficiency (Kirk 1982) showed that one-way ANOVA was more
efficient than a randomized block design for analysis of the cortisol
data. There was a significant treatment-replicate interaction in the
chloride data, as well as heterogeneity of variance, so each replicate
was analyzed separately in a one-way ANOVA of rank transformed
data.

RESULTS AND DISCUSSION

Fish loaded by all three methods had lower (P < 0.05) mean
chloride levels than fish sampled prior to loading (Table 1). Mean
plasma cortisol concentrations also increased significantly in re-
sponse to each of the loading methods (Table 1). This indicates that
the process of loading is stressful, as other authors have reported
(Barton et al. 1980; Barton and Peter 1982). If no further stressors
act upon the fish, transported fish will likely survive. However,
since repeated stressors can cause cumulative increases in plasma
cortisol (Barton et al. 1986), additional stressors in conjunction with
transport could compromise fish survival. Additional stressors with
stocking could include large temperature changes (Wedemeyer
(1973), changes in pH (Goss and Wood 1988), osmotic differences
( Ferraris et al. 1988; Jirvi 1989), and the presence of predators
(Jarvi 1989). Combinations of these variables may act synergisti-
cally to affect mortality as well (Jarvi 1989).

In this study, the contribution of loading to the physiological
stress response was influenced by the loading method used. Fish
loaded by the fish pump had higher concentrations of plasma corti-
sol than those loaded by conveyor or dip net (P < 0.05). Mean
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TABLE 1. Mean plasma cortisol, plasma glucose, and plasma chloride con-
centrations + SD in cutthroat trout at rest or 3.5 to 5 hours after loading by
fish pump, dip net, or conveyor. Means in a row followed by the same letter
are not statistically different (P < 0.05).

Loading Method

At rest Fish pump Dip net Conveyor

Cortisol (ng/ml)  259+21.1a 1054+35.6b 90.0+21.9c 91.4+30.6¢c

Glucose (mg/dl) 89.2+19.9a 83.6+253a 91.7+252a 94.2+28.0a

Chloride (mEq/1)
Replicate 1 138.7+3.2a 1159+9.2b 116.9+3.6b 118.8+5.5b
Replicate 2 138.7£3.2a 117.427.0c 120.6+63c 127.3+4.7b

plasma chloride concentrations, which decline in response to stress
(Wedemeyer 1973), were significantly lower in fish loaded by fish
pump and dip net than in those loaded with the conveyor method in
the second replicate. In the first replicate, there were no significant
differences in plasma chloride concentrations among any of the
loading methods.

Although plasma cortisol was significantly lower in fish loaded
by dip net and conveyor than in fish loaded by pump, whether these
differences are biologically significant is debatable. The mean corti-
sol concentrations ranged from 90 to 105 ng/ml after loading—a
narrow range, given the inherent variability of cortisol among indi-
viduals. These values are less than the range of 136 to 170 ng/ml
reported for cutthroat trout subjected to 30 seconds of handling, 2
hours of transport, or continual confinement at 9 or 23°C (Barton
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and Iwama 1991). Poor water quality (a combination of reduced
oxygen, elevated free CO,, and elevated ammonia) has been shown
to suppress the stress response in brown trout, Salmo trutta, and
rainbow trout, O. mykiss (Pickering and Pottinger 1987). However,
in the present study, dissolved oxygen was maintained at saturation
in the truck tanks. Pickering and Pottinger (1987) noted no individ-
ual effects of reduced pH (from 7.1 to 6.3), elevated free CO,, or
elevated ammonia on the cortisol response.

The mean plasma glucose concentration (Table 1) in transported
fish did not differ significantly from that in unstressed fish in re-
sponse to any of the loading methods, nor did glucose concentra-
tions differ among fish subjected to any of the loading methods.
Glucose concentrations generally increase in fish in response to a
stressor (Mazeaud et al. 1977). Plasma glucose and chloride typi-
cally require 3 to 10 hours to peak (Mazeaud et al. 1977, Pickering
et al. 1982). In this experiment, both glucose and chloride levels
had enough time to peak, but only chloride responded to all three
loading methods. Results indicated that plasma glucose was a poor
indicator of stress for this experiment.

The order of loading did not appear to be a factor. If this were the
case, cortisol and chloride values in fish loaded by dip net (last in
order) would have been significantly different from values in the
fish loaded by the fish pump.

The plasma samples of this study were obtained upon arrival at
the stocking site, 3.5 to 5 hours after loading. Plasma cortisol typi-
cally peaks after 0.5 to 3 hours and remains high for 4 to 6 hours
after loading (Barton and Peter 1982; Thomas 1990). Davis and
Parker (1983) observed no significant differences in cortisol or
chloride between samples taken at 1 hour and 6 hours from rainbow
trout or Atlantic salmon, S. salar, but lake trout, Salvelinus namay-
cush, had higher chloride concentrations at 6 hours than at 1 hour.
Thus, the sampling time was adequate for evaluating the effects of
loading.

Continued sampling over a longer period of time (e.g., 24 hours)
would have provided additional information on the dynamics of the
stress response and possibly on the added stressors of stocking and
novel water quality. However, these responses have been well docu-
mented elsewhere (Barton et al. 1980; Davis and Parker 1983;
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Carmichael et al. 1984) and would not have provided additional
information regarding the response relative to various methods of
loading. It is reasonable to assume that the physiological stress
responses to additional stressors and return to resting or pre-stress
levels would be similar in fish among treatment groups, since all
groups were subjected to the same stressors after loading.

ACKNOWLEDGMENTS

This project was supported by Sport Fish Restoration Act funds
and the Utah Division of Wildlife Resources, project number
F-53-R. We thank the staff of the Midway, Mantua, and Whiterocks
hatcheries for their participation. We also thank Ralph Russell,
Dave Behunin, Chris Wilson, Kent Thompson, Russell Lee, Glen
Bell, and Scott Hauxhurst for their help during sampling.

REFERENCES

Barton, B.A., and G.K. Iwama. 1991. Physiological changes in fish from stress in
aquaculture with emphasis on the response and effects of corticosteroids.
Annual Review of Fish Diseases 1:3-26.

Barton, B.A., and R.E. Peter. 1982. Plasma cortisol stress response in fingerling
rainbow trout, Salmo gairdneri Richardson, to various transport conditions,
anaesthesia, and cold shock. Joumal of Fish Biology 20:39-51.

Barton, B.A., R.E. Peter, and C.R. Paulencu. 1980. Plasma cortisol levels of
fingerling rainbow trout (Salmo gairdneri) at rest, and subjected to handling,
confinement, transport, and stocking. Canadian Journal of Fisheries and
Aquatic Sciences 37:805-811.

Barton, B.A., C.B. Schreck, and L.A. Sigismondi. 1986. Multiple acute distur-
bances evoke cumulative physiological stress responses in juvenile chinook
salmon. Transactions of the American Fisheries Society 115:245-251.

Carmichael, G.J., J.R. Tomasso, B.A. Simco, and K.B. Davis. 1984. Characteriza-
tion and alleviation of stress associated with hauling largemouth bass. Transac-
tions of the American Fisheries Society 113:778-785.

Davis, K.B., and N.C. Parker. 1983. Plasma corticosteroid and chloride dynamics
in rainbow trout, Atlantic salmon, and lake trout during and after stress. Aqua-
culture 32:189-194.

Davis, K.B., and N.C. Parker. 1986. Plasma corticosteroid stress response of
fourteen species of warmwater fish to transportation. Transactions of the
American Fisheries Society 115:495-499.



26 JOURNAL OF APPLIED AQUACULTURE

Ferraris, R.P, J.M. Almendras, and A.P. Jazul. 1988. Changes in plasma osmolal-
ity and chloride concentration during abrupt transfer of milkfish (Chanos
chanos) from seawater to different test salinities. Aquaculture 70:145-157.

Foster, L.B., and R.T. Dunn. 1974. Single-antibody technique for radioimmunoas-
say of cortisol in unextracted serum or plasma. Clinical Chemistry 20:365-368.

Goss, G.G., and C.M. Wood. 1988. The effects of acid and acid/aluminum expo-
sure on circulating plasma cortisol levels and other blood parameters in the
rainbow trout, Salmo gairdneri. Journal of Fish Biology 32:63-76.

Jdrvi, T. 1989. Synergistic effect on mortality in Atlantic salmon, Salmo salar,
smolt caused by osmotic stress and presence of predators. Environmental
Biology of Fishes 26:149-152.

Kirk, R.E. 1982. Experimental Design: Procedures for the Behavioral Sciences.
Brooks/Cole Publishing Company, Belmont, California.

Maule, A.G., C.B. Schreck, C.S. Bradford, and B.A. Barton. 1988. The physiolog-
ical effects of collecting and transporting emigrating juvenile chinook salmon
past dams on the Columbia River. Transactions of the American Fisheries
Society 117:245-261.

Mazeaud, M.M., F. Mazeaud, and E.M. Donaldson. 1977. Primary and secondary
effects of stress in fish: some new data with a general review. Transactions of
the American Fisheries Society 106:201-212.

Mishra, B.K., D. Kumar, and J.R. Mishra. 1983. Observations on the use of
carbonic acid anaesthesia in fish fry transport. Aquaculture 32:405-408.

Nikinmaa, M., A. Soivio, T. Nakari, and S. Lindgren. 1983. Hauling stress in
brown trout (Salmo trurta): physiological responses to transport in fresh water
or salt water, and recovery in natural brackish water. Aquaculture 34:93-99.

Olla, B.L., and M.W. Davis. 1989. The role of leaming and stress in predator
avoidance of hatchery-reared coho salmon (Oncorhynchus kisutch) juveniles.
Aquaculture 76:209-214.

Pickering, A.D., and T.G. Pottinger. 1987. Poor water quality suppresses the
cortisol response of salmonid fish to handling and confinement. Journal of Fish
Biology 30:363-374.

Pickering, A.D., T.G. Pottinger, and P. Christie. 1982. Recovery of the brown
trout, Salmo trutta L., from acute handling stress: a time-course study. Journal
of Fish Biology 20:229-244.

Pickering, A.D., T.G. Pottinger, and J.F. Carragher. 1989. Differences in the
sensitivity of brown trout, Salmo trutta L., and rainbow trout, Salmo gairdneri
Richardson, to physiological doses of cortisol. Journal of Fish Biology
34:757-768.

Redding, J.M., C.B. Schreck, E.K. Birks, and R.D. Ewing. 1984. Cortisol and its
effects on plasma thyroid hormone and electrolyte concentrations in freshwa-
ter and during seawater acclimation in yearling coho salmon, Oncorhynchus
kisutch. General and Comparative Endocrinology 56:146-155.

Robertson, L., P. Thomas, C.R. Amold, and J.M. Trant. 1987. Plasma cortisol and
secondary stress responses of red drum to handling, transport, rearing density
and a disease outbreak. Progressive Fish-Culturist 49:1-12.



Wagner and Driscoll 27

SAS Institute, Inc. 1988. SAS/STAT User’s Guide, Release 6.03 ed. SAS Institute
Inc., Cary, North Carolina.

Schreck, C.B. 1982. Stress and rearing of salmonids. Aquaculture 28:241-249.

Sigismondi, L.A., and L.J. Weber. 1988. Changes in avoidance response time of
juvenile chinook salmon exposed to multiple acute handling stresses. Transac-
tions of the American Fisheries Society 117:196-201.

Thomas, P. 1990. Molecular and biochemical responses of fish to stressors and
their potential use in environmental monitoring. American Fisheries Society
Symposium 8:9-28.

Wedemeyer, G.A. 1973. Some physiological aspects of sublethal heat stress in the
steelhead trout (Salmo gairdneri) and coho salmon (Oncorhynchus kisutch).
Journal of the Fisheries Research Board of Canada 30:831-834.

Wedemeyer, G.A., and W.T. Yasutake. 1977. Clinical Methods for the Assessment
of the Effects of Environmental Stress on Fish Health. Technical Paper 89,
U.S. Fish and Wildlife Service, Washington, D.C.

for faculty/professionals with journal subscription recommendation
authority for their institutional library . . .

If you have read a reprint or photocopy of this article, would ~ W = b
you like to make sure that your library also subscribes to - .
this journal? If you have the authority to recommend sub- /fdl .
scriptions to your library, we will send you a free sample

copy for review with your librarian. Just fill out the form below—and make
sure that you type or write out clearly both the name of the journal and
your own name and address.

( ) Yes, please send me a complimentary sample copy of this journal:

(please write in complete journal title here —do not leave blank)

I will show this journal to our institutional or agency library for a possible
subscription.
The name of my institutional/agency library is:

NAME:
INSTITUTION:
ADDRESS:
CITY: STATE: ZIP:

Return to: Sample Copy Department, The Haworth Press, Inc.,
10 Alice Streel, Binghamton, NY 13904-1580




