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Abstract

We evaluated the use of a short term saltwaterarsion (10 minutes in isotonic
saltwater) to alleviate handling stress in juvestieelhead. Fish were assigned to either a control
(freshwater recovery) or treatment group (saltwetenersion followed by freshwater recovery)
and were blood sampled at five time periods (@, B, and 24 hours) during recovery from a
standardized stressor to determine plasma contensaf the primary stress hormone cortisol
and changes in plasma osmolality related to expasusaltwater. Significant increases in
plasma cortisol and osmolality indicative of themary and secondary stress response were
noted in fish in both the control and treatmentugat the 0 and 1 hour sampling periods.
However, saltwater immersion had no effect on eithe magnitude or duration of the stress
response. Based on these findings, the use ajratelm salt bath provides no benefit for

mitigation of the stress response due to handlasgp@ated with tagging operations.

Introduction

When confronted with an external stress, an orgaeisperiences a series of biochemical
changes targeted at allowing the individual to reamhomeostasis and survive (Barton and
lwama 1991; Barton 2002). In fish, these biochamitianges include the release of
catecholamines (adrenaline/noradrenaline) fronckimemaffin tissue that induces the release of
cortisol (colloquially termed the 'stress hormom@ijch, among many physiological changes,
promotes the mobilization of energy reserves amdrdion of blood flow to locomotary muscles
and sensory organs (Barton and lwama 1991; Morgdriveaama 1997; Barton 2002). Over
short time periods similar to predation eventsnfient acute stress), these changes provide the

individual with the necessary energy and blood ftovavoid the stressor and survive (Barton



and lwama 1991; Barton 2002). However, if the stwepersists over extended time periods or is
repeated multiple times (termed chronic stresg)ptiganism can experience many negative
consequences due to the fact that cortisol is ggeseen as incompatible with daily life
functions (Barton and lwama 1991; Barton 2002) ro@ft stress has been shown to cause
decreases in immune function (and increased subidigypto disease; Fries 1986; Barton and
lwama 1991), decreases in reproductive functiomazell et al. 1992, 1994; Contreras-
Sanchez et al. 1998), and increases in mortdlitya typical hatchery setting, juvenile Pacific
salmon Oncorhynchuspp.) encounter multiple stress events assocatadearing such as the
air exposure, handling, and injury induced durimglantation of coded wire tags (CWT) and
passive integrated transponders (PIT), and thesstresociated with these events has been
implicated in causing juvenile mortality. As sutiatchery managers have long sought methods
to mitigate the effects of these stress eventpaenkent associated delayed mortality.

A technique that has been proposed to alleviagssin salmon production facilities is
immersing fish in a saltwater bath following the&'Ragging event. Immersing fish in salt water
has been theorized to prevent loss of blood iorestd@acute stress events (Wedemeyer 1972,
Carmichael et al. 1984). While originally counteuitive as changes in salinity can induce a
stress response in fishes (Fiol and Kultz 200dyist of the effects of saltwater immersion to
aid in recovery from handling stress have notetlithenersion in isotonic saline water after a
stress event can aid in decreasing recovery tirmegdB and Peter 1992; Barton and Zitzow
1995; Reubush and Heath 1997). However, confiatasults have emerged as to whether
immediate transfer to a salt bath after an acuésstevent can wholly attenuate the
corticosteroid stress response. Some studiesriwed increases in plasma cortisol continue to

occur in fish treated with salt (Harrell 1992; Rartand Zitzow 1995), while other studies have



shown that the cortisol response is muted whendishrecovered in salt baths (Mazik et al.
1991; Carneiro and Urbanati 2001). Of the preWpuagentioned studies, two (Barton and
Zitzow 1995; Reubush and Heath 1997) focused solelglacing fish in slightly saline water
during extended recovery periods (between 1 anab48s), and both of these studies noted that
the cortisol stress response was lessened ankfiskiered from stress faster in saline recovery
tanks. However, as recovering the number of f@hmonly handled during mass marking in a
production facility in saltwater for 24 hours ikdly impossible, Abernathy Fish Technology
Center (AFTC) proposed to determine if saltwatemension for a short time period (10
minutes) immediately following an acute stress@n®ffective method of ameliorating handling

stress associated with PIT tagging of juvenile sanm hatchery settings.

Materials and M ethods

Juvenile steelhead were sampled on Novemb8mhd 18, 2009, concurrent with
hatchery PIT tagging. Untagged fish (N = 60) waredomly selected for inclusion in the study.
After overnight acclimation, all fish in each tresnt group were subjected to standard acute
stressor of air exposure for 120 seconds. Follgwiness, salt treated fish were placed in a 1.0%
saline solution for a 10 minute immersion being ewto a recovery tank (~90 L aluminum
hatchery incubation tank) supplied with a conssaiply of freshwater. Conversely, control
fish were transferred directly to recovery tank$ofeing acute stress. A subset of fish (N = 6)
was blood sampled via caudal venipuncture at fime fperiods (0, 1, 4, 6, and 24 hours)
following stress and treatment by being rapidlyhenized with a lethal dose of anesthesia to
minimize stress effects due to handling and bla@d@ing. Following sampling, blood was

centrifuged at 10,000x gravity and plasma vialsenstored at -80°C until further analysis.



Plasma samples were analyzed for concentratioasanflating cortisol, indicative of the
primary stress response, using a commercially avi@lELISA kit (Cat. #901-071, Assay
Designs, Ann Arbor, MI) following protocols includevith the kit. Plasma was also analyzed
for plasma osmolality (mOsm/Kg.B) using an automatic osmometer (Osmette || MoA6b5
Precision Systems Inc., Natick, MA). To determirthere were differences for each response
variable (plasma cortisol and osmolality) betwaeatiments, between time periods, and if there
was an interaction between these factors, a futlgsed two way analysis of variance (ANOVA)
with Tukey's post hoc tests was used (Zar 1999) arfalyses were performed in the statistical
package JMP v7.0 (SAS Institute, Cary, North Casjliand the level of significance for all tests
(o) was assessed at 0.05 (Zar 1999). All values ptedeepresent mean + S.D. unless otherwise

noted.

Results

Plasma levels of cortisol declined over time reftegrecovery from the handling stress
event in fish from both treatments (Table 1, Figlye However, there was no difference
between treatments in plasma cortisol contentyabéthe time periods (Figure 1), indicating
that saltwater immersion did not have any effeceibimer dampening the stress response or
shortening the recovery period. During the fivgd time periods (0 and 1 hour after stress), fish
subjected to saltwater immersion had higher legktsrculating cortisol than fish that were
recovered in freshwater indicating that the sakkwahmersion potentially served as a second
stressor (Table 1, Figure 1). Additionally, plasosaolality followed a pattern similar to that of
plasma cortisol as fish from both treatment graggevered from handling stress (Table 1,

Figure 2). Again, no significant treatment effe@ts noted (Table 1, Figure 2).



Discussion

During an acute stress event such as handling exjposure, the gills of a fish become
more perfused with blood allowing for greater oxyggtake for the metabolic demands of
coping with the stressor, and, subsequently, iortee blood stream are inadvertently lost to the
environment and later must be replaced (Bartonlaacha 1991; Morgan and lwama 1997;
Barton 2002). Given this, placing fish in a salvébath of a similar concentration to the blood
stream (isotonic) has been theorized to preveniodseof blood ions by preventing the passive
movement of ions across the gills (Wedemeyer 1&&2michael et al. 1984). This has been
used to beneficial effect during transport wheh fian be kept in an isotonic saline for the
duration of the recovery period (Barton and Pe8£2] Barton and Zitzow 1995; Reubush and
Heath 1997). While the short duration of saltwatemersion used in the present study would
have temporarily stopped ion loss immediately follay the stressor, fish would have continued
to lose ions when moved from the saltwater batinetshwater recovery tanks. In effect, the
saltwater immersion was too short of a duration\andld need to take place on the same time
scale as the full recovery process (greater thanHours in this study). Additionally, fish
placed in the salt water bath had higher cortiee¢ls during the recovery indicating that salt
water immersion may have had a negative effechbreasing the stress response in this group.
Finally, there are many other physiological compus®f the stress response (i.e., hormone
changes, glucose liberation, increased cardiagigctbehavioral changes, etc. [Barton 2002])
that are unrelated to ion loss and would not bectéd by saltwater immersion.

From a practical standpoint, the use of a lon@tom (over four hours) saltwater

immersion to prevent ion loss at a production fgcwould be most likely unfeasible. Particular



care would be required to ensure that stockingitlessvithin the saltwater bath are not high
enough to induce chronic stress in the fish andegmerecovery from handling. Additionally, if
the salt bath deviated from an isotonic concermnatt would either have no benefit (if too low)
or could impart an additional stress (if too highipl and Kltz 2007).

Based on the data from this study, the use oba $trm salt bath provides no benefit for
mitigation of the stress response due to handlasgp@ated with tagging operations. On the
contrary, exposure to a salt bath increased |Iefdlse primary stress hormone cortisol,
potentially indicating that the salt bath cause@dditional stressor and may have impeded
recovery from handling stress. While not exphctisted in this study, subjecting fish to
multiple acute stressors in a short duration oétsimilar to that of handling stress followed by
osmotic shock (rapid changes in salt concentratighe blood stream) can lead to suppression
of the immune response, increases in prevalencengtsity of disease, and long term

mortality. For these reasons, the use of a short salt bath after handling should be avoided.
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Tables
Table 1: Two-way ANOVA results for physiologicaaovery from an acute stress event in
juvenile steelhead from Hagerman NFH. Bold anlicifant indicates statistically significant

differences at. = 0.05.

Physiological variable Source d.f. F value P value
Cortisol (ng/mL) Treatment 1 14 0.2
Time Period 4 16.7 <0.001
Treatment * Time Period 4 2.8 0.04
Osmolality (mOsm/Kg KO) Treatment 1 0.9 0.3
Time Period 4 11.9 <0.001

Treatment *Time Period 4 0.8 0.6




Figures

Figure 1. Recovery pattern of plasma cortisol rfrig/ following exposure to an acute stress in
juvenile steelhead at Hagerman NFH. Grey barsesgmt fish treated by a saltwater immersion
(SW) following stress, while black bars represestt fecovered entirely in fresh water (FW).
Numbers indicate statistically significant diffeces in cortisol levels between time periods.

There was no treatment effect.
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Figure 2: Recovery pattern of plasma osmolalitpgm/Kg HO) following exposure to an
acute stress in juvenile steelhead at Hagerman NEitdy bars represent fish treated by a
saltwater immersion (SW) following stress, whiladk bars represent fish recovered entirely in
fresh water (FW). Numbers indicate statisticalgngficant differences in cortisol levels

between time periods. There was no treatmentteffec
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