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Abstract 

The influence of cortisol on oxygen consumption and osmoregulatory variables was examined in coastal 
cutthroat trout (Oncorhynchus clarki clarki) parr kept in fresh water (FW) and transferred to seawater (SW). 
Intraperitoneal implants containing cortisol (50 ~tg g-~) in vegetable oil resulted in elevated plasma cortisol 
titres similar to those observed in fish following a 24h SW exposure. Cortisol treatment significantly in- 
creased the oxygen consumption and plasma glucose levels of  trout in FW, consistent with the 
glucocorticoid role of cortisol. Cortisol treatment did not cause any changes in plasma ion concentrations or 
gill Na+,K+-ATPase activity in FW after 10 days. Cortisol-implanted fish exposed to SW for 24h showed 
slightly improved ion regulatory ability compare to non-implanted controls. The results of this study suggest 
that during SW transfer in juvenile salmonids, increases in cortisol may act as both a mineralocorticoid and 
a glucocorticoid, depending on the developmental state of  the fish (e.g., smolt versus parr). Furthermore, the 
relative energetic costs of osmoregulation and that of the stress associated with SW transfer cannot be dis- 
cerned using whole-animal oxygen consumption rates. 

Introduction 

Considerable attention has been given in recent 
years to the physiological aspects of seawater 
(SW) adaptation in sahnonids. The transfer of  
juvenile salmonids from fresh water (FW) to SW 
is accompanied by a number of physiological 
changes, including increases in plasma cortisol 
levels, gill Na+,K+-ATPase activity and metabo- 
lism (see reviews by Folmar and Dickhoff 1980; 
McCormick and Saunders 1987; Hoar 1988). In a 
recent study, we found that oxygen consumption 
rates of rainbow and steelhead trout (Oncor- 
hynchus mykiss) and fall chinook salmon (Oncor- 
hynchus tshawytscha) fry were higher in SW com- 
pared to FW (Morgan and Iwama 1991). The data 
suggested that the energetic demands for osmo- 
regulation increased in SW, but we also speculated 
that some of the increase in oxygen consumption 
rates in the SW fish may have been related to the 

secondary effects of  increased cortisol production 
on other metabolic processes (Morgan and Iwama 
199l). That assertion was supported indirectly by 
published evidence that plasma cortisol levels are 
elevated in the long term (2-3 wk) in juvenile 
salmonids after entry into SW (Redding et al. 
1984a; Young et al. 1989; Avella et al. 1990), and 
that elevated cortisol levels have been associated 
with higher rates of oxygen consumption in FW 
fish (Chan and Woo 1978; Barton and Schreck 
1987). In order to better understand the effects that 
elevated plasma cortisol levels may have on oxy- 
gen consumption rates in juvenile sahnonids, we 
examined the effects of exogenous cortisol addi- 
tion on oxygen consumption rates of coastal cut- 
throat trout (Oncorhynchus clarki clarki) parr. In 
the only other study of cortisol effects on oxygen 
consumption rate in fish (Chan and Woo 1978) 
Japanese eels (Anguillajaponica) were given a sin- 
gle intramuscular injection of cortisol, and oxygen 
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Table 1. Length, weight, and plasma cortisol and ion concentrations of cutthroat trout parr following a 24h seawater challenge test 

Treatment 

Plasma 

Fork-length Body weight Cortisol [Na'] [C1 ] [K*] 
(cm) (g) (ng ml ~) (raM) (raM) (raM) 

FW 16.3 (0.5) 45.6 (5.1) 59.2 (12.6) 156.5 (4.5) 130.3 (1.7) 4.0 (0.1) 
SW 15.2 (0.2) 33.5 (1.5) 151.2 (12.6)" 184.4 (6.4)" 182.5 (2.7)" 4.0 (0.2) 

Values are the mean (+ SEM) of 10 fish per treatment; " indicates significant differences between treatments (p < 0.05). 

consumption rates were determined over the fol- 
lowing 24h. Plasma cortisol levels were not meas- 
ured and may have been outside of the physiologi- 
cal range due to the mode of administration. 

The primary objective of the present study was 
to achieve elevated cortisol levels similar to those 
observed in cutthroat trout parr following SW en- 
try, and observe its effects on the rate of oxygen 
consumption. In addition, changes in plasma levels 
of glucose and major ions, as well as branchial 
Na+,K+-ATPase activity were measured to exam- 
ine the effects of plasma cortisol elevation on glu- 
cose metabolism and SW adaptability in cutthroat 
trout parr. Cortisol treatment has been shown to 
stimulate hypo-osmoregulatory ability in several 
species of salmonids (e.g., Madsen 1990a,b; Bisbal 
and Specker 1991), but comparable data are lack- 
ing for cutthroat trout. 

Determination of dose for cortisol implants 

To determine plasma cortisol levels after SW entry 
and establish a dosage for the cortisol implants, the 
fish were subjected to a 24h seawater challenge 
(SWC) test (Blackburn and Clarke 1987). Ten fish 
were transferred into each of two 2001 tanks, one 
supplied with FW (15~ and one containing aer- 
ated SW (30 ppt, Instant Oceaff ~) with continuous 
filtration. After 24h, the fish were anaesthetized in 
neutralized MS222 ( 100 mg I J), killed by a blow to 
the head, and blood was collected from the caudal 
vessels into heparinized syringes. Blood was cen- 
trifuged and the. plasma removed and frozen at 
-75~ for cortisol and ion analyses. From this pre- 
liminary experiment (Table I), it was decided to 
use a dose for the slow-releasing cortisol implants 
that would achieve a chronic plasma cortisol con- 
centration of about 150-200 ng ml -~ (see below). 

Materia ls  and m e t h o d s  

Animals 

Sea-run cutthroat trout eggs were taken at the 
Chehalis River hatchery near Harrison, B.C. in 
March, 1993 and reared at the University of British 
Columbia Aquaculture Unit. The fish were main- 
tained in 8001 tanks continuously supplied with 
dechlorinated Vancouver City tap water (Na + = 
1 mM, CI- = 1 mM, Ca z+ = 0.03 mM, seasonal tem- 
perature variation: 4-16~ and the lighting was 
controlled to provide a simulated natural photo- 
period. The fish were fed a diet of commercial 
salmon pellets (EWOS Canada, salt content -- 0.9% 
NaCI). The cutthroat trout were 16-month-old parr 
(mean length = 15.6 cm, mean weight = 37.6 g) at 
the time of the experiment in the fall of 1994. Sea- 
run cutthroat trout juveniles typically spend 2 years 
in FW before migrating to the sea (Trotter 1989). 

Cortisol implantation 

The cutthroat trout were injected with slow-releas- 
ing cortisol implants, using the method described 
by Specker et al. (1994). The cortisol (hydrocor- 
tisone, Sigma Chemical Co., St. Louis, MO) was 
dissolved in a 1:1 mixture (w/w) of coconut 
oil:vegetable oil heated to liquification (42~ at a 
concentration of 10 mg cortisol per ml of oil. The 
injections were made while the mixture was still 
fluid (25~ and the implant solidified in the ambi- 
ent water temperatures. The injections were made 
using a 1 ml plastic syringe attached to a 21 gauge 
1" needle, and the insertion point into the peritoneal 
cavity was on the ventral body surface, midway 
between the pelvic and pectoral fins. 

To achieve plasma cortisol concentrations simi- 
lar to those seen in the SWC, fish were implanted 
with a dose of 50 gg cortisol g ~ body weight. The 



fish were lightly anaesthetized (50 mg 1 -~ MS222) 
prior to injection and weighed to determine injec- 
tion volume (50 ~tl per 10 g). The treatment groups 
were: untreated controls; sham-implants (oil only); 
and cortisol-implanted fish. The three groups were 
held in separate 2001 tanks at a stocking density of 
40 fish per tank (8 g 1-1). The fish were fed once 
daily, and food was withheld 24h prior to sampling 
or being placed into the respirometer. Water tem- 
perature and dissolved oxygen were also moni- 
tored daily in the tanks and ranged from 14.0- 
15.5~ and 0.29-0.32 mmol 1 -t (93-99% satura- 
tion), respectively, during the experiment. 

Resp i rome t l y  

Respirometry experiments were performed on fish 
from the three treatment groups in the following 
order: controls; cortisol implants; and sham im- 
plants. Measurements for the sham and cortisol im- 
plant groups began 1 and 3 days after injection, re- 
spectively. Oxygen consumption rates were meas- 
ured in a Brett-type swimming respirometer (e.g., 
Brett 1964; Steffenson et al. 1984; Gerhke et al. 
1990), modified for use with juvenile salmonids. A 
swimming respirometer design was chosen to con- 
trol the swimming speed of the fish and reduce 
variations in oxygen consumption caused by spon- 
taneous activity (Brett and Glass 1973). The total 
volume of the respirometer was 5.3 1, and the trans- 
parent swimming section was 21.0 cm long and 6.5 
cm in diameter. Water flow in the respirometer was 
generated by a stainless steel centrifugal pump 
(Jabsco), powered by a 0.25 HP electric motor (Re- 
liance DC-1). Motor speed, and thus water veloc- 
ity, was controlled by a variable speed controller. 
Velocities in the swimming section could be regu- 
lated up to 52 cm s -~ and were measured by a 
Signet flow transmitter (Signet Scientific Co., El 
Monte, CA) installed upstream of the swimming 
section. The respirometer apparatus was oriented 
in a horizontal plane and supported in a 200 1 reser- 
voir, with the exception of the pump and motor 
which were externally mounted. Water supplied to 
the reservoir was directed into the respirometer 
through a valve assembly, which allowed the sys- 
tem to be operated in a flow-through (acclimation) 
or recirculation (measurement) mode. Water tem- 
perature in the reservoir was controlled by an at- 
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tached temperature control unit (Lauda RM6 circu- 
lator), and temperature was monitored using a 
thermistor (Cole Panner, Chicago, IL) mounted in- 
side the respirometer. 

Water oxygen partial pressure (Po,) in the 
respirometer was measured using a Rhdiometer 
oxygen electrode (E-5046) mounted in a thermo- 
statted jacket (D-616) and connected to an oxygen 
meter (manufactured by the Max Planck Institute 
for Experimental Medicine, G6ttingen, Germany). 
The oxygen electrode was calibrated to zero with a 
sodium bisulphite solution and to saturation with 
FW equilibrated with air. A constant water flow 
from the respirometer was passed over the elec- 
trode, using a Piper peristaltic pump (Dungey Inc., 
Agincourt, ON) and gas impermeable tubing, be- 
fore being returned back into the respirometer. Sig- 
nals from the thermistor, oxygen and flow meters 
were transferred to an IBM-compatible microcom- 
puter using a 12-bit analog-to-digital converter 
(PC-LabCard 812, Advantech Co., Sunnyvale, 
CA). Data acquisition was performed using the 
program Labtech Notebook version 7.1.1 (Labora- 
tory Technologies Corp., Wilmington, MA). 

Prior to each respirometry trial, individual fish 
from a treatment tank were immobilized with buff- 
ered MS222, measured for length, and then placed 
into the swimming section through a removable lid. 
The fish were placed in the respirometers in flow- 
through water for 24h and were not fed for 48h 
prior to testing to ensure a postabsorptive digestive 
state (Brett 1964). The respirometer was covered 
throughout this period and testing to shield the fish 
from visual disturbances. After acclimation, the 
swimming speed was set to 1 body length s -I and 
the water flow to the respirometer was stopped. 
The subsequent decline in water Po, was then 
monitored for 90 min, with values recolded very 5 
min. After a trial was completed, the fish was re- 
moved from the swimming chamber within 30 s, 
killed, weighed, and blood sampled for plasma 
cortisol and glucose as described above. Concur- 
rent blood samples were also taken from fish main- 
tained in the holding tank, to assess the effect of the 
respirometry trial on plasma cortisol and glucose 
levels. The fish were dissected to locate the im- 
plants, which formed a soft pellet and were gener- 
ally found at the posterior end of the body cavity. 
The trials were conducted at approximately the 
same time each day to minimize diurnal variation 
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in metabolism due to entrainment to a feeding 
schedule or photoperiod (Brett and Zala 1975). 
Water temperature during the trials were kept simi- 
lar to the holding tanks (mean 15~ Background 
oxygen consumption was measured by running 
blanks (i.e., no fish) throughout the experimental 
period, and a correction was applied to all mea- 
surements with fish. 

Water Po, decreased at a constant rate and about 
25% of theinitial oxygen was consumed during 
each trial. Measured Po, values (mm Hg) were con- 
verted to oxygen contefit (mg 1 -~) using the conver- 
sion tables found in Colt (1984). Oxygen consump- 
tion rates were estimated using linear regression 
analysis and expressed as mmol 02 kg -l offish h -l. 

Seawater challenge 

Ten days after implantation and 2 days after 
respirometry, control and cortisol-implanted trout 
were sampled in FW and then subjected to a SWC 
test, to determine the effect of  exogenous cortisol 
addition on SW adaptability. Ten fish were trans- 
ferred from the two treatment groups into a com- 
mon 2001 tank containing aerated SW (30 ppt, 
15~ The two groups were identified by adipose 
fin-clips. After 24h, the fish were sampled for 
plasma cortisol, glucose and ion determinations as 
described above. Immediately following blood col- 
lection, gill tissue was removed from the first 
branchial arch on the left side, blotted dry, and 
stored in 1 ml of SEI buffer (0.3 M sucrose, 0.2 M 
Na 2 EDTA, 0. I M imidazole, pH 7.1) at -75~ for 
measurement of Na§ activity. The cri- 
terion used for proper SW adaptation was the abil- 
ity to maintain plasma sodium ion concentrations 
less than 170 mM, 1 day after transfer to SW 
(Clarke et al. 1981). 

sodium [Na § and potassium [K § concentrations 
were measured on an ion chromatograph 
(Shimadzu Model HIC-6A, Shimadzu Corpora- 
tion, Kyoto, Japan). Plasma samples were depro- 

teinated with acetonitrile, diluted with distilled 
deionized water and injected into the ion chroma- 
tograph with 5 mM nitric acid as the mobile phase. 
Plasma chloride concentrations [C1-] were deter- 
mined by coulometric titration (Hakke Buchler In- 
struments digital chloridometer). 

Gill Na§ activity (~tmoles of ADP 
mg protein -~ h -i) measurements were made using 
the method described by McCormick (1993). In 
this kinetic assay, the ouabain-sensitive hydrolysis 
of ATP is enzymatically coupled to the oxidation 
of  NADH, which is directly measured in 96-well 
microplates at 340 nm for 10 min. Na+,K§ 
activity in crude gill homogenates was determined 
at 25~ in a temperature-controlled plate reader 
(Thermomax, Molecular Devices Corp., Menlo 
Park, CA). Protein content of the gill homogenates 
was determined in the microplate reader using the 
bicinchoninic acid procedure (Smith et al. 1985). 

Statistical analyses 

Data are presented as means + 1 SEM. When 
analysis of variance indicated significant differ- 
ences, Student-Newman-Keuls multiple compari- 
son test was used to identify significantly different 
treatment means (p < 0.05). Comparisons between 
two sample means were accomplished using a Stu- 
dent t-test (p < 0.05). 

Results 

Oxygen consumption rates 

Analytical procedures 

Plasma cortisol levels were determined using a 
[125I] cortisol radioimmunoassay kit (Coat-a- 
Count, Diagnostic Products Corporation, Los An- 
geles, CA). Plasma glucose levels were measured 
using a modification of Trinder's (1969) glucose 
oxidase method (Sigma Procedure 315). Plasma 

The average oxygen consumption rate of  cortisol- 
implanted fish was 14.9+0.4 mmol 02 kg I h i. 
This was significantly (53%) higher than measured 
for the control (9.5+0.6 mmol 02 kg -~ h -1) and 
sham (10.0+1.2 mmol 02 kg -l h -~) groups (Fig. 1). 
Implantation with oil alone did not significantly af- 
fect the rate of oxygen consumption compared to 
the untreated controls. 
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Fig. 1. The effect o f  cortisol treatment (50 lag g ~) on oxygen 
consumpt ion rate in cutthroat trout. Control fish were not 
treated, while sham fish received an oil implant only. Data are 
shown as means  4- SEM (n = 6). Means with a common  letter are 
not significantly different by Student -Newman-Keuls  test 
(p > 0.05). 
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Plasma cortisol and glucose levels 

During the respirometry trials, plasma cortisol lev- 
els in the cortisol-implanted fish averaged 
257.04-62.9 ng ml -t, and were about five times 
higher than measured for the control and sham 
groups (46.4• and 44.0-4-23.5 ng ml q, respec- 
tively). There was no significant difference in 
plasma cortisol titres between the control and sham 
groups (Fig. 2A). Plasma cortisol levels in fish 
sampled from the respirometer were slightly higher 
than the concurrently sampled tank fish, but the 
differences were not statistically significant. Fol- 
lowing the 24h exposure to SW, plasma cortisol 
levels in the control group were significantly el- 
evated, but there was no further increase in the 
cortisol-implanted group (Table 2). 

Plasma glucose levels were significantly higher 
in the cortisol-implanted fish than in the control 
and sham groups, both in the respirometer and the 
holding tanks (Fig. 2B). In the SWC test, plasma 
glucose increased significantly in the control 
group, but showed no further increases in cortisol- 
implanted fish (Table 2). 

Plasma ion concentrations 

Cortisol treatment did not significantly affect 
plasma [Na+], [C1-] or [K +] of cutthroat trout parr in 
FW (Table 2). After the 24h SWC, plastna [Na +] 
and [CI-] were significantly elevated in both 
groups, but plasma [Na § in the cortisol-implanted 
fish was significantly lower than the control fish, 
and below the 170 mM threshold value (Clarke et 
al. 1981). There were no changes in plasma [K § in 
control or cortisol-implanted fish following expo- 
sure to SW. 

4-- 

Fig. 2. Plasma cortisol and glucose concentrations ill control, 
sham and cortisol-implanted (50 lag g ~) cutthroat trout, 
sampled from the respirometer and holding tanks. Data are 
shown as means  • SEM (n = 6). Means for each group with a 
common  letter are not significantly different by Student- 
Newman-Keuls  test (p > 0.05). There were no significant 
differences between respirometer and tank values within a 
treatment (p > 0.05, t-test). 



390 

Table 2. Plasma cortisol, glucose and ion concentrations, and gill Na',K'-ATPase activity in non-implanted and cortisol-implanted 
cutthroat trout parr, before and after a 24h seawater challenge test 

Plasma 

Treatment Cortisol Glucose [Na ~] [CI ] [K'] Gill Na*,K+-ATPase 
(ng ml ~) (mM) (raM) (raM) (raM) (p.mol ADP nag protein ~ h t) 

FW-Control 29.6 (8.6) 3.4 (0.1) 141.8 (4.0) 135.8 (1.1) 3.0 (0.1) 0.75 (0.06) 
FW-Cortisol 203.8 (23.7)" 5.1 (0.2)" 134.4 (4.3) 135.0 (2.5) 2.7 (0.1) 0.69 (0.06) 
SW-Control 282.3 (49.1) * 5.7 (0.4)' 197.1 (4.0)' 178.8 (4.2y 3.1 (0.1) 0.90 (0.09) 
SW-Cortisol 249.8 (36.3) 5.9 (1.6) 169.5 (7.2)" 174.0 (3.1) + 3.0 (0.2) 1.18 (0.16)' 

Values are the mean (:1: SEM) of 10 fish per treatment; " indicates significant difference between control and cortisol-implanted groups 
in fresh water or seawater (p < 0.05); t indicates significant difference between freshwater and seawater values within a treatment group 
(p < 0.05). 

Gill Na +,K+-A TPase 

Cortisol treatment for 10 days did not affect gill 
Na+,K+-ATPase activity of  cutthroat trout parr in 
FW (Table 2). After the 24h SWC, only the cortisol 
implant group in SW showed a significant increase 
in enzyme activity compared to the cortisol implant 
group in FW. 

Discussion 

Plasma cortisol levels in the cutthroat trout parr 
following the two 24h SWC tests were quite high 
(means: 151 and 280 ng ml -l) and resembled FW 
stenohaline fish rather than euryhaline fish during 
acclimation to SW. A number of studies with 
salmonids have shown that following an initial 
peak at 1-2h, plasma cortisol levels return to basal 
levels within 6-12h after SW entry (e.g., Strange 
and Schreck 1980; Nichols and Weisbart 1985; 
Franklin et al. 1992). These cases generally in- 
volve smolt and post-smolt stages which can read- 
ily adapt to SW and may involve an increase in the 
clearance rate of cortisol in SW-adapted fish 
(Redding et al. 1984b; Nichols and Weisbart 1985; 
Patifio et al. 1987; Balm et al. 1995). In contrast, 
the plasma cortisol values obtained for cutthroat 
trout in this study were more comparable with 
other salmonid parr stages and non-salmonid spe- 
cies during exposure to saline environments. For 
example, Franklin et al. (1992) found that 15- 
month-old sockeye salmon (Oncorhynchus nerka) 
smolts which adapted to SW had a marked (to 231 
ng ml -J) but brief(6h) rise in plasma cortisol, while 
nine-month-old parr that did not fully acclimate 

had sustained increases in plasma cortisol levels 
( 150-250 ng ml-I). Carp (Cyprinus carpio) showed 
elevated plasma cortisol concentrations (120-190 
ng ml -~ ) for up to 3 days when transferred from FW 
to 15 ppt salinity (Abo Hegab and Hanke 1984). 
Goldfish (Carassius auratus) also showed a 
chronic (9 day) elevation of plasma cortisol (100- 
250 ng ml ~) when exposed to 9 ppt salinity 
(Singley and Chavin 1975). These cyprinid species 
are considered to be FW stenohaline fish which do 
not nornaally encounter SW, and the increase in 
cortisol can be interpretated as being related to a 
stress response rather than having any osmo- 
regulatory function (Strange and Schreck 1980). In 
fact, the plasma cortisol values in the SWC tests 
were very similar to those associated with acute 
handling stress in juvenile salmonids (see Barton 
and Iwama 1991). The increase in plasma glucose 
levels following SW exposure is also consistent 
with the concept of  a stress response, and has been 
recorded previously for rainbow trout (Abo Hegab 
and Hanke 1986; Madsen 1990a). It is apparent 
then, that the cutthroat trout parr used in this study 
were stressed by the abrupt exposure to SW, and 
that the measured cortisol levels reflect a general- 
ized stress response in addition to any osmo- 
regulatory role. 

The cortisol implant procedure employed in the 
present study proved effective in producing an el- 
evation in plasma cortisol titres similar to those ex- 
perienced by the cutthroat trout parr soon after SW 
entry. This increase in plasma cortisol concentra- 
tion with the cortisol implant in FW fish resulted in 
increased plasma glucose levels and oxygen con- 
sumption rates. The increase in plasma glucose 
levels observed in the cortisol-implanted fish is 



similar to results obtained in other studies (Chan 
and Woo 1978; Leach and Taylor 1982; Vijayan 
and Leatherland 1989) and probably resulted from 
a stimulatory effect of  cortisol on gluconeogensis 
(Vijayan et al. 1994). In this study, the SWC test 
did not result in any further increases in plasma 
cortisol or glucose levels in cortisol-implanted fish. 
A similar result was obtained by Redding et al. 
(1984a) using coho salmon (Oncorhynchus ki- 
sutch), and suggests that there may be an upper 
limit to the glucocorticoid response of  juvenile 
salmonids to SW exposure. 

The increases in oxygen consumption rate fol- 
lowing cortisol implantation corroborate the find- 
ings of Chan and Woo (1978) using Japanese eels, 
and support the hypothesis that at least some of the 
increases in oxygen consumption rate in juvenile 
salmonid parr in SW may be caused by the 
glucocorticoid effects of  cortisol, in addition to en- 
ergy required to maintain ionic and osmotic ho- 
meostasis (e.g., Morgan and Iwama 1991). As 
mentioned above, SW likely is a novel environ- 
ment for life stages which are not preadapted for a 
marine existence and elicits a generalized stress re- 
sponse. The subsequent increase in cortisol pro- 
duction would stimulate several aspects of  inter- 
mediary energy metabolism and result in an el- 
evated rate of  oxygen uptake. This type of response 
might be expected for life stages such as salmonid 
fry and parr (e.g., Morgan and Iwama 1991; 
Franklin et al. 1992), salmonid smolts which have 
been held beyond the normal smolting 'window' 
prior to SW transfer and undergo parr-reversion 
(e.g., Folmar et al. 1982; Avella et al. 1990), and 
other stenohaline FW species (e.g., Toepfer and 
Barton 1992). The metabolic response of these fish 
to SW undoubtedly includes both stress and 
osmoregulation components, but the relative ener- 
getic demands of  these processes cannot be dis- 
cerned from whole-animal oxygen consumption 
measurements and requires further study. The 
metabolic cost of acute physical stress in juvenile 
salmonids has been described by Barton and 
Schreck (1987), who demonstrated a linear asso- 
ciation between oxygen consumption rates and 
plasma cortisol levels in stressed juvenile steelhead 
trout kept in FW. In that study, a five fold increase 
in plasma cortisol levels was associated with a 70% 
increase in oxygen consumption rate; a response 
similar to that observed in the present study. 
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Given the apparent relationship between cortisol 
and oxygen consumption rate in fish presented 
here, it is also reasonable to propose that oxygen 
consumption rates would be elevated during the 
parr-smolt transformation in salmonids when there 
is a large transient increase in plasma cortisol lev- 
els (Specker and Schreck 1982; Hoar 1988). Rest- 
ing oxygen consumption rates of Atlantic salmon 
(Salmo salaO smolts have been shown to be higher 
than parr of similar size (Higgins 1985). 

Although cortisol plays an important role during 
SW acclimation in salmonids, it is unlikely that 
cortisol acts exclusively in causing an increase in 
oxygen consumption rate in SW. There are other 
osmoregulation hormones which show increases 
following SW entry and also have metabolic ac- 
tions, most notably growth hormone (Sakamoto et 
al. 1993) and thyroid hormones (Dickhoff and 
Sullivan 1987), which are thought to interact with 
cortisol. Seddiki et al. (1995) have recently re- 
ported an increase in oxygen consumption in rain- 
bow trout treated with trout recombinant growth 
hormone, both in FW and SW. 

Gill Na+,K+-ATPase activity of untreated cut- 
throat trout parr in FW was similar to levels found 
for juvenile Atlantic salmon by McCormick (1993) 
in the fall, when activity of this enzyme is at its 
lowest level. Cortisol treatment did not signifi- 
cantly affect plasma ion concentrations or gill 
Na+,K+-ATPase activity in FW after ten days, con- 
trary to the findings of Richman and Zaugg (1987), 
Madsen (1990a,b), and Bisbal and Specker (1991), 
but in agreement with Redding et al. (1984a), 
Langdon et al. (1984), and Eib and Hossner (1985). 
These differences among various studies may be 
due to interspecific differences, or changes in re- 
sponsiveness of the gill tissue to cortisol treatment 
related to life history stage and season. McCormick 
et al. (1991), tbr example, found that coho salmon 
parr in the fall were not responsive to cortisol treat- 
ment in increasing gill Na+,K+-ATPase activity, 
compared to smolts in the following spring. Recent 
evidence has also indicated that cortisol can stimu- 
late gill H§ activity, which is linked to Na § 
uptake in FW fish (Lin and Randall 1993). If sig- 
nificant, this would result in an increase in plasma 
[Na +] following cortisol treatment in FW, rather 
than a decrease normally associated with increased 
gill Na+,K+-ATPase activity (Madsen 1990a). H § 
ATPase activity was not measured in the present 
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study, but as mentioned above, cortisol did not sig- 
nificantly change plasma ion concentrations in 
FW. 

Plasma [Na +] and [C1] of untreated fish were 
significantly elevated in both SWC tests, indicating 
that the cutthroat parr were not fully acclimated to 
SW. Similar plasma [Na +] values following 24h 
SWC tests were reported for coastal cutthroat trout 
by Yeoh et al. ( 1991). Plasma [K +] was unaffected 
by entry into SW, which was also observed for 
yearling coho salmon by Avella et al. (1990). The 
electrochemical gradient for K + between the blood 
and SW is much less than for Na § and CI- and does 
not appear to pose a problem for regulation (Evans 
1993). Cortisol treatment resulted in lower plasma 
[Na § following SW exposure compared to un- 
treated controls, similar to the findings of Madsen 
(1990a,b). This is consistent with the known 
stimulatory effects of cortisol on branchial ion ex- 
cretion (McCormick and Bern 1989). The increase 
in plasma [CI-] after SW entry was not ameliorated 
by cortisol treatment. The reason for this is not 
clear, as the transport ofNa + and CI from the chlo- 
ride cells into the external medium are thought to 
b~ linked to maintain electroneutrality (Zadunaisky 
1984). Following the 24h SWC test, gill Na+,K +- 
ATPase activity showed a significant increase only 
in the cortisol-implanted fish. The relatively short 
exposure time may have prevented detection of 
this response, as increases in gill Na+,K+-ATPase 
associated with SW entry usually occur after a de- 
lay of several days (Folmar and Dickhoff 1980). 

The present study demonstrates that oxygen con- 
sumption rates in juvenile salmonids may be el- 
evated by cortisol concentrations similar to those 
found in pre-smolts following SW entry. The in- 
creases in cortisol which occur after SW transfer 
may be related to a stress response in addition to 
any mineralocorticoid role. The metabolic cost of 
the novel SW environment to the animal may be 
substantial, however, its impact on the energy de- 
mands for osmoregulation are not yet clear. It is 
apparent that studies which attempt to quantify the 
energetic cost of osmoregulation based on com- 
parisons of oxygen consumption rates in fish 
acutely exposed to different salinities may be over- 
estimating the true cost of this homeostatic proc- 
ess. Lastly, cortisol treatment did not significantly 
stimulate hypo-osmoregulatory mechanisms of 
cutthroat trout parr in FW, but it did appear to im- 

prove plasma Na + regulation following an acute 
(24h) exposure to SW. 
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