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SUMVARY

Transportation of mgrating chinook salnon snolts from
Snake River dans to the Colunbia River estuary has not
reversed a downward trend in Idaho stocks of this species
that first becane apparent in the late 1960s. Poor survi val
of transported snolts may be a consequence of physi ol ogi cal
responses to stressful events during collection and
transportation. This study was undertaken to evaluate the
intensity of stress responses in transported snolts, to
determne if stress responses decrease the viability of
transported snolts, and to investigate ways of avoiding or
mtigating stressful events during transportation.

Tests were carried out at Dworshak National Fish
Hat chery (Dworshak NFH) to establish baseline concentrations
for plasma cortisol, glucose and Na+ in spring chinook
sal non under stressed and unstressed conditions. The fish
were crowded at densities of 32, 64 or 128 g/liter (2, 4 or
8 pounds/cubic foot) for 2 to 96 hours. The stage of
smoltification was estimated by migration tests and
measurenent of gill (Na + K)-ATPase activity.

Cortisol was wundetectable (<3 ng/m) in plasma of
uncrowded spring chinook salnon sanpled in Mrch, but ranged
from?29 to 98 ng/m in plasma of the sane and three
addi tional groups of fish sanpled in April, wmy, or June.
These and other cited data indicate that plasma corti sol
concentrations rose during snoltification.

Plasma cortisol concentrations were higher in snolts
than in parr at each of the three crowding densities tested.
A ucose concentrations were higher and Na+ concentrations
were |lower (i.e. stress response was stronger) in snolts



than in parr at the two higher crowding densities and at
| onger (48 and 96-hour) test durations.

Concentrations of stress indices returned toward
control concentrations nore rapidly in chinook sal non (parr
and smolts) transferred to sea water (20°/00) after crowdi ng
than in those transferred to fresh water. Recovery in sea
water was usually conplete in 24 hours: recovery in fresh
water was often inconplete after 72 hours.

In 1982, spring chinook sal non were sanpl ed at seven
points in the collection process at Lower Ganite Dam and
after transportation to Bonneville Dam by truck or barge. On
three of the four sanpling dates, plasma  corti sol
concentrations in fish fromgatewells were simlar (40-60
ng/ ) to baseline cortisol concentrations in hatchery-
reared chinook sal non: cortisol concentrations were higher
(135, 154 ng/n) in fish from gatewells on the fourth
sanpling date (April 30). A diel cycle in both cortisol and
gl ucose levels in chinook salnon exiting the bypass pipe
indicated that the stress response becane progressively nore
pronounced in fish that could not find their way out of the
gatewel | s or bypass system Concentrations were highest in
fish passing through the bypass at the peak of the evening
mgration, and lowest in fish exiting the gatewells at
m dday (and presunmably del ayed since the previous evening).

Passage fromgatewells to raceways resulted in a large
change in stress indices relative to nost other steps in the
collection and transportation process. Overal | mean
cortisol concentrations were 112 ng/m in fish exiting the
bypass and 160 ng/ml in fish entering raceways. Only
loading on trucks and barges elicited an equally |arge
increase in plasma cortisol response. Fi sh swam vi gorously
in the bypass, as indicated by an elevated plasnma | actate
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concentration (67 ng/I0O m, conpared with 24 ng/IO0 n
after overnight recovery in a raceway).

Pl asma cortisol concentrations dropped rapidly during
the first 6-8 hours of raceway residence, then rose again
after snmolts were |oaded onto trucks or barges (overall nean
cortisol concentration after | oadi ng, 175 ng/ m) .
Concentrations declined during barge transportation on three
of the four dates sanpled, but rose on the last sanpling
date (April 30). Plasma cortisol remained elevated in the
one group of trucked fish sanpled at Bonneville. Pl asma
gl ucose concentrations increased (to highs of 135-145 ng/l QO
m) and Na+ concentrations decreased (to lows of 122-132
meg/liter) during collection and transportation.

Pl asma cortisol concentrations returned to the baseline
range (<60 ng/m) wthin 24-48 hours in chinook salnon
transported to Bonneville by truck and held in fresh water.
Pl asma gl ucose and Na+ concentrations recovered nore slowy,
but fish courdtolerate full strength sea water within 24
hours or |ess.

Vul nerability to predation increased in all stocks of
spring chinook salnon tested after the fish were crowded at
hi gh densities (193 and 385 g/liter) and |ong durations (96
and 240 hours). Predation rates and plasma cortisol
concentrations were significantly correlated. Chinook sal non
with plasma cortisol concentrations of 75-150 ng/nml or
hi gher were captured by predators at a higher rate than were
control fish. Pl asma cortisol concentrations in transported
chi nook sal mon frequently exceeded 150 ng/m at the tinme of
rel ease. The physiol ogi cal response to stressors associated
Wi th transportation probably would inpair the ability of
transported fish to escape predators imediately after
rel ease, but |osses would depend on nunbers of predators
near rel ease sites.



The effects of truck transportati on and of exposure to
an additional stressor (30 seconds out of water in a net) on
| ater survival in sea water were eval uated. Hi gh surviva
(90% 98% of chinook salnon snolts during |0-19 weeks of
seawater rearing was correlated with high survival during
previous freshwater rearing in the hatchery. The 30 seconds
of exposure to air at the tinme of truck unloading did not
decrease survival of transported fish. Seawat er survi val
was not closely correlated with the estimted incidence of
bacterial kidney disease (by fluorescent antibody technique)
in fish before transfer to sea water, put alnost all of the
fish that died in sea water had typical synptons of the
di sease.

The planned rel ease of nmarked stressed and unstressed
chinook snolts from Eagle Creek National Fish Hatchery
(Eagle Creek NFH) was not achieved in 1983. A rel ease of
marked "stressed" and "unstressed" fish was nade in spring
1984. Conparison of adult return rates fromthe two groups
shoul d indicate whether exposure of smolts to a strong
stressor before release to stress adversely affects
survi val

After chinook salnon smolts were transported and
handl ed, plasma cortisol declined nore rapidly in snolts
held in 5°00 or 1c°/oo sea water than in those held in
fresh water or 20°o0o0 sea water. Recovery of depressed
pl asma Na+ concentrations after transportation was slowest
in fish held in fresh water and fastest in fish held in
20°/ 00 sea water. Use of 5°/oco sea water (or salt water)
during transport of fish by truck should mnimze nortality
due to stress-caused ionoregul atory disturbances. Rel ease
of barged chinook snolts into brackish water should speed
recovery of stress hor none and bl ood el ectrolyte
concentrations.

Viii



1. 1 NTRODUCTI ON

Runs of spring chinook sal non have been declining in
| daho since the late 1960s. By the 1970s, the adult return
rate of smlts released from the Idaho Fish and Gane
Departnent's Rapid River Hatchery had declined from about
0.8%to 0.1% or below (Fig. 1.1). This decline in survival
rates coincided with an increase in the nunber of operating
turbine units on the Snake River from3 in 1968 to 24 in
1979 (Fig. 1.1). In an attenpt to reduce nortalities caused
by turbine passage and by predation, disease, and delay in
the eight reservoirs on the Snake and Colunbia R vers,
transportation of snolts fromthe Snake River to the |ower
Colunbia River was begun in the md 1970s (Fig. 1.1).
Traveling screens divert nmigrating chinook salnon and
steel head trout snolts from turbine intakes at Lower Ganite
and Little Goose danms, the two uppernost dans on the |ower

Snake River, into a bypass system The fish are held in
raceways, and then |loaded into either fish transport tankers
or barges for transport to the estuary. Results of the

transportation program have been encouraging for steel head
trout, but disappointing for chinook sal non. Al t hough 50%
or nmore of the chinook salnon mgrating down the Snake River
have been transported each year since 1977 (Fig. 1.1),
return rates have continued to be very poor. The exi stence
of Ildaho chinook salnmon stocks will soon be in jeopardy
unl ess return rates are substantially | nproved:
consequently, the failure of the transportation programis a
matter of serious concern.

W believe that the poor post-release survival of
transported snolts nmay be related to the physiol ogical
effects of events they experience during collection and
transportation. The stress response in fishes is
characterized by disturbances in endocrine, netabolic and
osnoregul atory function that either can be directly | ethal
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(Barton et al. 1980; Strange et al. 1977) or can reduce
ability to respond to environmental challenges. The conmmon
factor nediating non-specific physiological responses to
stressors is thought to be psychol ogical distress, which is
integrated with neuroendocrine activity viathe hypothal no-
pituitary axis (Mason 1975). Experimental work with
salnonid fishes has shown that handling and crowdi ng can
elicit a strong stress response (Barton et al. 1980; Strange
et al. 1978;  \Wedeneyer  1976). Smolts entering the
collection facility at Lower Ganite or Little Goose Dans
are exposed to a series of potentially traumatic events,
i ncl udi ng handling and crowdi ng.

In 1982 the Bonneville Power Adm nistration funded a
two-year study to investigate the possible |inkage between

stress and decreased viability of transported chinook
smol ts. Research objectives for 1982 and 1983 were to:

L. Devel op baseline information on the stress response in
Parr, snolts, and post-snolts of chinook sal non.

2. Determne relative intensity of the stress response (as
indicated by changes in physiological i ndi ces)
associated wth each step in the collection and
transportation procedures at Lower Ganite Dam

3. Determne if changes in plasma cortisol in chinook
salnmon are correlated with decreased ability to avoid
attacks by predatory fishes.

4. Determne whether collection and transportation of
chi nook sal non activates sub-clinical bacterial kidney
disease infections and later affects survival during
extended saltwater rearing, and how survival 1is
affected by overall fish health.
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Test the hypothesis that exposure of chinook sal non
smolts to stressful conditions before they enter salt
wat er adversely affects adult return rates.

Determine if a stress response can be avoided or
mtigated by releasing snoblts in dilute salt water
after transportation.
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2.  EFFECTS OF CROADI NG ON PLASMA CORTI SOL, GLUCCSE, AND
NA+ CONCENTRATI ONS | N CH NOOK SALMON PARR
SMOLTS, AND PCGST- SMOLTS

A primary objective of this project was to determ ne
the physiological response of nmigrating chinook salnon
smolts to col l ection and transportation procedur es
encountered at Lower Ganite Dam Changes in plasma
cortisol, glucose and electrolytes are characteristic
features of the physiological response of fish to many types
of stressors (Mazeaud et al. 1977, Strange et al. 1977).
Because adequate information was not avail able on expected
concentration ranges of plasma cortisol, gl ucose, and
electrolytes in juvenile chinook salmn before and after
exposure to stressors a study was undertaken to obtain this
i nformati on. Crowdi ng was selected as a stressor because
crowdi ng densities are both easily defined and reproducible.

Strange et al. (1978) reported plasma cortiso
concentrations in chinook salnon stressed by confinenent and
crowding, but did not investigate the interactive effects of
stressor intensity (crowding density) and duration. The
effect of snoltification on the stress response in salnonid
fishes had not been specifically investigated prior to the
present study, although Wedeneyer (1976) observed nore
extrene bl ood gl ucose changes in coho salnon snolts than in
parr follow ng netting and handling.

The objectives of the present study were to determ ne
changes in plasma cortisol, glucose and Nat+ in spring
chi nook sal non subjected to several crowding densities for
various periods, and to determ ne recovery rates for these
variabl es when fish were transferred to fresh water and salt
water after conpletion of crowding trials. The effects of
snol tification and of stressor i ntensity-duration
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i nteractions on changes in nonitored variables and on rates
of recovery were of particular interest.

Met hods and Material s

Sel ection and Mai ntenance of Test G oups

Ei ght groups of spring chinook salnon were used in
basel i ne stress response studies at Dworshak NFH in 1982

(Table 2.1). These groups were selected to represent a
range of rearing histories and degrees of severity of
bacterial kidney di sease (BKD). Dwor shak spring chi nook

salnmon (age 1, reared in unheated water) were tested three
tinmes (late March, md April and late June) to determne the
effect of the parr/snolt transformation wthin a cohort on
the stress response. A group of age O fall chinook sal non
were al so tested.

I ncidence of BKD and degree of snoltification were
estimated for each group. Fecal or frozen whol e-body
sanples were taken for later determnation of BKD infection
by the fluorescent antibody technique. Smolt status was
estimated on the basis of three factors: branchial (Na +
K)- ATPase activities (determned by W Zaugg), physical
appearance, and mgratory activity. Mgratory activity was
tested in an 80-m concrete channel divided by dam boards
into four pools. G oups of 100 branded fish were
periodically introduced into the uppernost pool, and fish
that mgrated were recovered in a trap below the | owernost
pool . Mgration tendency was expressed as the percent of
stocked fish that mgrated per day during the period of the
test.

"Indices of snoltification" are notoriously inaccurate
when applied to spring chinook (Ewing and Birks 1982),
because the devel opnental sequence of this species is so



Table 2.1. Characteristics of experimental groups of chinook salmon (spring run unless otherwise indicated) used in baseline
stress-response testing at Dworshak National Fish Hatchery, spring 1982. ATP is gill (Na + K)-ATPase activity (micro-mol P/mg
protein per hour), and MT is migration tendency (percent stocked fish migrating from test channel per day¥. REL-ATP and REL-MT
are, respectively, the relative ATPase activity and the relative migration tendency, both expressed as a fraction of the high-
est values observed in any group. SI, the "smoltification index,"” is the sum of REL-ATP and REL-MT. Percdentages of fish found
positive for bacterial kidney digsease (BKD) by the fluorescent :antibody techniqueare indicated.

- Total : -
- aeiand S ~ _ATP MT BKD
Group origin Abbreviation length, Aqge Dates tested (REL-ATP) (REL-MT) SI (%) Stage
range_{mm)

1. Mixed migrants, MM 100-190 =~ 1 Apr 24 - May 1 = —eeeo. eoeeo ——— -—— Smolt
Lower Granite Dam : :

2. Hagerman National HF 100-120 -0 Jun 7 - 17 46.04 6.3 2.00 0.0 Smolt
Fish HatcheryP : (1.0) (1.0)

3. Dworshak Natignal DLS .160-190 1 Apr 7 - 20 27.16 4.7 1.34 58.8 Smolt
Fish Hatchery (0.59) {0.75)

4. Dworshak National DSS-3 140-170 1 Jun 20 - 30 17.03 3.5 0.92 70.8 Smolt
Fish Hatchery (0.37) (0.55)

5. Dworshak National DSS-2 120-140 1 Apr 17 - 29 7.83 1.3 ' 0.42 70.8 Parr
Fish Hatchery . (0.17)  (0.25)

6. Dworshak National DSss-1 100-130 1 Mar 22 - Apr 3 - 5.82 0.0 0.12 70.8 Parr
Fish Hatchery (0.12) (0.0)

7. Kooskié National KS-1 110~-140 1 Apr- 12 - 26 9.21  ----- ———— 22.4 Parr
Fish Hatchery (0.20) (-=-=)

8. Kogskia National KS-0 100-130 0 Jun 20 - 30 23.94 0.9 0.66 -——- Parr
Fish Hatchery : . (0.52) {0.14)

9. Rapid River RR 100-150 1 Apr 1 - 7 ;12,43 ———=- -—-- 1.5 .+ Parr
State Hatchery : ‘ : (0.27) (---)

3 Abbreviations are used to identify data for individual groups shown in figures (results section).

b " L] 3 l

Fall-run" fish.
c

These fish were reared in reused and reconditioned water supplemented with electrolytes (20 ppm Na+, 8 ppm K+. 30 ppm c17).
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variable relative to other anadromous salnonids (e.g.,

Atlantic salmon, coho sal non and steel head trout). If a
smolt is defined as the devel opnental stage at which
mgration to the sea results in the highest adult returns,

then "snoltification indices" vary greatly between different
runs of chi nook sal nmon. Among anadr onous sal noni ds whose
transformation from parr to snolt is distinct and tenporally
conpressed, the nost reliable indicators of the occurrence
of smoltification are probably: (1) the devel opnent of high
| evel s of activity of the enzyne (Na + K)-ATPase (which
pronotes hyperosnotic adaptation), (2) the acquisition of
tolerance to full-strength sea water, (3) the |oss of
territoriality, and (4 the adoption of a downstream
m gratory disposition (Hoar 1976, Folnmar and Di ckhoff 1980).

Various popul ati ons of chinook sal non, however, may mgrate
downriver with or without el evated ATPase activities (Ew ng
et al. 1980) . Mor eover, salinity tolerance bears no
relationship to smoltification in chinook sal non, as any
fish of 80 mmor nore total length tolerates full-strength
sea water (Ewing and Birks 1982). Indeed, as stated hy
Ewing and Birks (1982), "the various conponents normally
associated with the snolting process--physiological changes,

mgration, ocean entry and survival to adulthood--nmay be
separated tenporally in chinook sal non, and the concept of
‘smolt,' as defined in other species, my Nhot be
applicable."” Nevert hel ess, Ewing and Birks presented
evidence of a correlation between the time of maximally
elevated ATPase activity and the tinme of downstream
mgration and ocean entry that resulted in the highest adult
returns in Rogue River spring chinook. The nost reliable
index of "snoltification" in chinook sal non seens to be the
si mul t aneous devel opnent of high |evels of ATPase activity
and a strong disposition to mgrate downstream

The relative degree of snoltification of fish used in
this study was assessed by conmparing physical appearance,



branchial ATPase activity, and migratory tendency. Fal |
chinook salmon reared at Hagerman National Fish Hatchery
(Hagerman NFH) had both the highest ATPase activity (46.04
mcro-nol P per ng protein per hr) and the highest mgration
tendency (6.3% per day) observed in any group. To
facilitate conparisons of snolt status between groups, the
ATPase activity and mgration tendency of each group was
expressed as a fraction of the val ues observed in Hagerman
fall chinook sal non. These relative ATPase and mgration
tendency values were then sunmed to give a conposite
"smol tification index" (SI; Table 2.1).

On the basis of the SI and the acquisition of a "smolt-
li ke" appearance resulting fromthe |oss of parr marks and
the devel opment of silvery coloration and slim body form
Hagerman fall chinook sal non and Dworshak large spring
chi nook sal non were considered to be snolts when sanpled in
June and parr when sanpled in March or April. The remai ni ng
groups of spring chinook sal non from Kooskia National Fish
Hat chery (Kooskia NFH) and Rapid R ver Hatchery were
consi dered parr because either ATPase activity or mgratory
t endency, or both, were |ow

Al tests were carried out in the incubation room of
Dworshak  NFH  under const ant artificial illumnation
(i ncandescent light, intensity not neasured). Filtered,
heated water fromthe North Fork of the Cearwater R ver was
supplied to the test and holding tanks at a nean tenperature
of 10.5 C (9.4-11.6 Q. Fish were held in 1.2- or 1.8-m
dianmeter circular tanks for a mninum of 4 days prior to
testing. They were fed Oregon Mist Pellets (3% of body
wei ght divided between two daily feedings) wuntil 2 days
before testing, and then were fasted through conpletion of
the test.
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Sanpling Procedure

Bl ood sanples were taken by dip-netting groups of 5
fish into a plastic bucket filled with 3 liters of unbuf-
fered tricai ne nethanesul fonate (Ms-222) at a concentration
of 50 ppm (Prelimpary studies indicated that plasma gl u-
case, cortisol and electrolytes were not appreciably af-
fected by short periods of exposure to unbuffered M5 222 at
50 mm) Fish were blotted dry and neasured after they
became anesthetized. Caudal peduncles were severed and bl ood
was collected in heparinized Caraway tubes (370 mcroliters
capacity, ammonium heparin coated), pooled (blood from 5
fish), and centrifuged to separate blood cells and plasna.
The plasma was divided between two 250-microliter sanple
cups (one for glucose and el ectrol yte anal ysis, t he ot her
for cortisol analysis), and frozen at -20 C for storage. A
sanpl e consisted of three 5-fish replicates (n = 15), except
for saltwater recovery sanples, which consisted of four 5-
fish replicates (n = 20). Total tinme in M5-222 (usually |ess
than 5 mnutes) and sanpling order (replicate 1, 2, or 3)
were recorded for each replicate.

Sanpl e Anal ysis

The physiological variables nonitored were plasm

cortisol, glucose and Na+. Pl asma cortisol was determ ned
with a commercial radioi munoassay kit (Biorad "quantimnmune"
cortisol)". The within-run coefficient of variation (C V.)

was cal cul ated at 8% and 13%in two runs (n = 10 each run);
the between-run C.V. ranged from 15% (58 ng/m control pool:
n =12) to 24% (255 ng/m control pool; n = 12). Percent re-
covery of added human cortisol was 75% in one test and 100%

1 Reference to a comercial product does not inply endorse-
ment of that product by the U S. CGovernnent.
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in a second test. Conparison of cortisol values for nine
sanpl es anal yzed at the University of ldaho with values for
the same sanples analyzed at QOegon State University
i ndi cated that val ues obtained at the University of I|daho
were significantly higher (signed rank test, P < 0.025: «x
difference = +24%

Pl asma gl ucose was neasured with a commercial enzymatic
kit (Sigma Chem cal 115A). In this procedure, glucose is
converted to glucose-6-phosphate in the presence of
hexoki nase, w th concurrent reduction of NADP to NADPH.  The
resulting increase in concentration of NADPH is determ ned
spectrophotonetrically at 520 nm Wthin-run and between-
run coefficients of variation (n = 8 and 6, respectively)
were 10%  The reduction in glucose concentration resulting
from repeated freezing (to -15 C) and rethaw ng over four
freeze-thaw cycles was 13% (n = 4 control pools).

Plasma Na+ was neasured with either an inductively
coupl ed plasma spectrophotoneter (ICPS; Applied Research
Laboratories model 143) or a flame phot onet er
(I'nstrunentation Labs nodel 142). The within and between-
run coefficient of wvariation for Na+ when the flanme
phot onet er was used was 5%

Test Protocol s

Loadi ng-Densi ty-Duration Tests. Fish were stressed by
netting them fromtheir holding tanks into floating nesh
cages in which the volunme had been adjusted to give |oading
densities of 32, 64, or 128 g/liter (2, 4, or 8 pounds per
cubic foot). Test fish were then left in crowding cages for
various periods of tinme (2, 8, 24, 48, or 96 hours).
Crowdi ng durations extended up to 96 hours because the total
duration over which fish are collected at Lower G anite Dam
and transported downriver frequently equals or exceeds 96
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hours. Loading densities were nultiples of 64 g/liter
because this density is the greatest density used during
transport. Styrofoam lids were strapped to the tops of the
crowdi ng cages, which were than allowed to float free in the
hol ding tanks (1.2- or 1.8-mdianeter). Fish that renmai ned
free in the holding tank for the duration of the experinment
were never |oaded in excess of 0.8 g/liter, and were used as
controls. Fresh water at an average tenperature of 10.5 C
was circulated through the holding tank throughout the
experi nent.

Fish from sonme hatcheries were not tested at all
conbi nations of |oading density and duration. The m ni mum
protocol enployed only the 64 g/liter |oading and durations
of 2, 8, 24, and 96 hours.

Recoverv in Sea Water. At the conclusion of selected
| oadi ng density-duration tests at 64 g/liter, lots of 30
test fish were transferred to each of two plastic cans
containing 70 liters (19 gallons) of natural or artificia
("Marine Environnent") sea water at a salinity of 20°/oo.
The cans were aerated and naintained at the sane tenperature
as the holding and crowdi ng cages. Fish were quickly
transferred from the crowding cages to the cans by dip-
netting themfromthe cage into a bucket of sea water and
then pouring the bucket into the can, so that they were
lifted fromthe water for only 1 or 2 seconds. At 24, 48,
and 72 hours after transfer to the cans of salt water, four
5-fish replicate sanples were alternately netted from each
of the cans. Uncrowded fish transferred from the hol ding
tank into 20°/00 sea water served as controls.

Recoverv in Fresh Water. At the conclusion of selected
| oadi ng density-duration tests at 64 g/liter, groups of 15
fish were transferred into each of three 190-liter (50-
gallon) tanks supplied with flow ng fresh water (sane source
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as hol di ng tanks). The nmethod used to transfer fish from
crowmding cages to recovery tanks was identical to that
descri bed above for groups recovering in salt water. One of
the lots of fish was sanpled at 24 hours, one at 48 hours,

and the third at 72 hours. Physi ol ogi cal variables were
conpared wth those of control fish

Response to M5-222. Because fish were often in the M>
222 bath for periods up to 5 mnutes--rarely up to 15
m nutes--we determned the effect of exposure to unbuffered
MS-222 on plasma gl ucose, cortisol and Nat. Large Dworshak
NFH spring chinook salnmon (DLS) were dip-netted from a
holding tank into an aerated, 50 ppm solution of unbuffered
MS-222, and individual fish were renoved and sanpled after
intervals ranging up to 60 m nutes.

Statistical Analysis

Even when the fish were undi sturbed, concentrations of
plasma cortisol, glucose and Nat+ differed substantially
anmong the various groups of fish tested. These differences
were probably attributable to differences in devel opnenta
stage and size, prior hatchery or transportation experience,
chem cal conposition of rearing water and, of course,
genetic differences (e.g., spring versus fall chinook
sal non) . Thus, stress-induced differences in nonitored
vari abl es between groups would be confounded with
differences attributable to stress-independent factors if
absol ute concentrations were conpared between groups. For
this reason, inter-group statistical conparisons were nade
only in terns of "relative concentrations"--concentration
changes relative to group-specific control val ues. For
pur poses of inter-group statistical conparison, the nean
control concentration of each parameter was subtracted from
t he absol ute concentration observed in test groups. The
rel ative concentration changes so obtained were considered
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to be deviations from group-specific control values, and

statistical tests Dbetween groups assessed conparative
degrees of deviation.

Data were analyzed by analysis of variance (ANOVA).
Two-way factorial, randonmized conplete block (RCB) or one-
way ANOVAs were used as appropriate. Mul ti pl e conparisons
bet ween treatnent neans were nmade by the PDI FF procedure of
the Statistical Analysis Systemis Ceneral |jnear Mdel s

program (Ray, Council and Sall 1982). The al pha | evel for
the null hypothesis of equal treatnent neans was 0. 05.

Enphasis was placed on elucidating the effects of
snoltification on the stress response and on determ ning how
the stress response varied with duration at different
stressor  (crowding) intensities. Data on the stress
response of individual groups were not treated: |npstead,
snolt groups were contrasted with parr groups (see Table 2.1
for description of groups). Al though statistical treatnents
were always nade on relative concentrations, most of the
values in the follow ng subsection are given in terns of

absolute concentrations. The relative deviations from
basel i ne concentrations are, for the nost part, discernible
in plots of absolute  concentrations. When  such

rel ationships are not apparent, relative concentrations were
used.

Resul ts
Pl asma Cortisol Concentrations

Concentrations in Control Fi sh. Plasma corti sol
concentrations in uncrowled, undi sturbed chinook sal non
differed between groups tested (Table 2.2). In five of the
seven groups, nean concentrations fell in the range 19-98
ng/m . In one group, the small Dworshak NFH spring chi nook
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Table 2.2. Mean plasma cortisol concentrations (absol ute)

in eight groups of chinook sal non sanpled at DNFH in 1982.
Fish were sanpled prior to crowding; val ues obtained are the
best estimate of "control" val ues.

Concentrati ons

Experinental group?® (ng/ni)
Mean
1. Mgrants fromL. Ganite Dam April 232.0 33.1
2. HNFH "falls", June 43.5 11.9
3. DNFH "large", April 97.9 19.3
4. DNFH "smal|l", June 29. 4 6.7
5. DNFH "snal ", April 36. 2 6.7
6. DNFH "snmall", March <1.0 <1.0
1. KNFH, June 41.7 9.1
8. KNFH, April 19.0 11.8

a Nunbers correspond to nunbers in Table 2.1, where character-
istics of groups are described.
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parr sanpled in March (DSS-1), cortisol was undetectable
(<1.0 ng/mM). In another group, the mgrating snolts
transported from Lower Ganite Dam (M), mean corti sol

concentrations were nuch higher, declining in uncrowded fish
from340 ng/mM on the first day of testing to 185 ng/m on
the last day (overall nean = 232 ng/n). Pl asma corti so

concentrations in migrating spring chinook salnon snolts
sanpled from the gatewells at Lower Ganite Dam in 1982
(discussed in section 3) were typically in the range 40-60
ng/m (discussed in a |ater section), suggesting that fish
transported to Dworshak NFH for testing never conpletely
recovered from the cunulative stresses of capture and
transport. If so, our estimtes of unstressed control

cortisol concentrations are not valid, and conparisons
between the mxed mgrant group and other groups nust be

qual i fi ed. If control cortisol concentrations were biased
upward, a positive deviation from the putative contro
concentration in a given test group would be an

underestimate of the "true" deviation.

In general, increases in plasma cortisol in response to
crowding were greater in snolts than in parr (Figs. 2.1,
2.2, 2.3). Rel ative cortisol concentrations wer e

significantly greater for snolts than for parr across all
test durations at each of the three |oading densities tested

(RCB ANOVA) .

Effect of Crowding Duration. Plasma cortisol was
significantly el evated above control concentrations in all
smolt groups and, to a |lesser extent, in parr groups 2 hours
after transfer to the crowding cages. No significant
further increase occurred after 8, 24, and 48 hours at any
| oading, but at 96 hours a significant increase occurred in
the groups held at 32 and 128 g/liter (RCB ANOVA across al
gr oups, Table 2.3).
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Plasma cortisol concentrations in seven groups
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Values at 0 hours are mean cortisol concentra-
tions in uncrowded fish (controls). See Table
2.1 for description of groups of €ish.
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Table 2.3. Comparison of mean (relative) plasma cortisol
concentrations by randomized complete block ANOVA in chin-
ook salmon (smolts and varr combined) crowded at three
loading densities for various periods of time. Means

that do not differ significantly are connected by a solid

line. 0 hours = concentration in control fish.
Loading density Crowding durations (hours)
{g/liter) 0 2 8 24 48 96
32 —— m—
64 —_—

128
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Effect of Loading Density. An effect of increasing
| oading density on plasma cortisol concentrations was

evident in snolt but not in parr. A one-way ANOVA of all
rel ative cortisol concentrations in snolts, wth |oad as
treat ment, indicated a significant difference between

concentrations in fish held at 32 and 128 g/liter
(concentrations in fish held at 64 g/liter were not
significantly different fromthose held at either 32 or 128
g/lliter). A simlar conparison of relative cortisol
concentrations in crowded parr indicated no significant
differences at 32, 64, or 128 g/liter.

Pl asma d ucose Concentrations

Basel i ne Concentrations in Control Fish. In six of the
seven groups of chinook salnmon tested, plasma gl ucose
concentrations in uncrowded, undisturbed fish were in the
range 58-91 ng/I QO M (Table 2.4). A higher nean concentra-
tion (124 ng/I0O mM) in mgrating snolts transported from
Lower Ganite Dam to Dworshak NFH was indicative of the
previously nentioned prolonged stress response to capture,
handl i ng and confinenent.

Snolts versus Parr. Plasnma glucose did not increase to
a significantly greater extent in snolts than in parr in
response to crowding at 32 or 64 g/liter (Figs. 2.4, 2.5,
2.6; RCB ANOVA of relative concentrations across all
durations). At 128 g/liter, relative glucose concentrations
were significantly higher in snolts than in Parr; this
difference was due to a greater increase in snolts than in
parr after 48 and 95 hours duration (Fig. 2.6).

Effects of Crowding Duration. Plasma gl ucose was
el evated significantly (except at 32 g/liter) above control
concentrations (all groups) 2 hours after the fish were
transferred to crowding cages, and increased progressively
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Table 2.4. Mean ﬁlasna gl ucose concentration (absolute) in
ei ght groups of chinook sal non sanpled at DNFH in 1982.

Fish were sanpled prior to crowding, and val ues obtai ned
represent the best estimate of "control" val ues.

Concentrations

Experinental group?® Nban(ng/|00ﬂ) <F
1. Mgrants fromL. Ganite Dam April 124.0 13.1
2 HNFH "fal | s", June 74.2 6.8
3. DNFH "large", April 87.7 3.5
4 DNFH "spal | ", June 91.2 5.1
5. DNFH "smal|l", April 87.2 7.5
6. DNFH "small", March 77.9 3.3
7. KNFH, June 63.7 3.5
8. KNFH, April 58.2 12.0

a Nunbers correspond to nunbers in Table 2.1, where character-
istics of groups are described.
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Wth increasing duration (Figs. 2.4, 2.5, 2.6; Table 2.5)
for 48 hours or longer. At the two |ower |oading densities,
gl ucose concentrations in sone groups declined between 48
and 96 hours. At the highest |oading density (128 g/liter),
pl asma gl ucose continued to increase in all groups for the
duration of the test, reaching 440-660 ng/IOCO m in the
three smolt groups tested (Fig. 2.6).

Effect of Loading Density. Sonme effect of increased
| oadi ng density on plasma glucose was evident in snolts, but
the effect was equivocal in parr. A one-way ANOVA of all
rel ati ve glucose concentrations in snolts with |oad as
treatnment indicated that concentrations did not differ
significantly at 32 and 64 g/liter, but were significantly
lower at 128 g/liter. A simlar analysis for parr indicated
that concentrations were not significantly greater in fish
at 64 and 128 g/liter than in those at 32 g/liter, but were
significantly greater in fish at 128 g/liter than in those
at 64 g/liter (i.e., least square mean glucose concentration
was greater at loading of 32 g/liter than at 64 g/liter).

Pl asma Sodi um Concentrati ons

Concentrations in_ Control Fish. Mean plasma Nat
concentrations in undisturbed, uncrowded fish ranged from
142 to 180 neg/liter for the various groups tested (Table
2.6). The highest mean concentrations were in the two
groups of fish with the highest indices of snoltification
(Dworshak NFH | arge chi nook and Hagerman NFH fall chi nook:
180 and 165 neg/liter, respectively), di sregardi ng the
mgrating smolts brought to the Ilaboratory from Lower
Ganite Dam (142 meg/liter). As previously pointed out, we
did not believe that the fish from Lower G anite Dam were
fully recovered from capture and handling at the tine of
testing.
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Tables 2.5. Conparison of mean plasma gl ucose concen-
trations by random zed conpl ete bl ock ANOVA in spring
chinook salnon (all groups) crowded at three | oading
densities for various periods of time. Means that do
not differ statistically from adjacent neans are con-
nected by a solid |ine. 0 hours = concentration in
control fish. The downward arrow i ndi cates a decrease
from the preceding nean concentration.

Loading density Crowdi ng durations (hours)
(g/liter) 0 2 8 24 48 96

32 _— .

64

128
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Table 2.6. Mean plasnma Na+ concentrations (absolute) in eight
groups of chi nook sal non sanpled at DNFH i n 1982. Fish were
sanpl ed before crowding, and values shown are the best estinmate
of "control" val ues.

concentrati ons

Experi mental group? (neg/liter)
Mean
1. Mgrants fromL. Ganite Dam April 142 12.1
2. HNFH "falls", June 165 0.7
3. DNFH "large", April 180 5.8
4, DNFH "small", June 153 8.6
5. DNFH "small", April 156 5.5
6. DNFH "small", March Tt T
1. KNFH, June 15s 5.6
8. KNFH, Apri | 155 4.7

a Nunbers correspond to numbers in Table 2.1, where character-
istics of groups are described.
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Snolts versus Parr. Data on changes in plasnma Nat
concentrations in crowded fish are given as relative
concentrations (Figs. 2.7, 2.8, and 2.9) because the
relative inpact of crowding across groups was not apparent
from plots of absolute concentrations. Plasma sodi um
concentrations initially rose in sone parr, but then
declined significantly after 24 hours of crowding at all
| oadi ng densities. Little additional change occurred at 48
and 96 hours.

Effects of Crowding Duration. Rel ati ve plasma sodi um
ion concentrations did not decrease significantly from
control concentrations 2 hours after transfer to crowdi ng
cages (Figs. 2.7, 2.8, 2.9: Table 2.7), but declined
significantly by 24 hours and changed little thereafter.

Effect of Loading Density. Loadi ng density had no
significant effect on relative Nat+ concentrations in either
snmolts or parr (one-way ANOVAs with all snolt groups and al
parr groups, wth |oad as treatnent).

Recovery of Physiological Characteristics

Plasma Cortisol Concentrations. Figures 2.10 and 2.11
show changes in relative cortisol concentrations in snolts
and parr recovering in fresh water and in salt water
following crowding at 64 g/liter for 96 hours. (Agai n,
plots of relative concentrations were used because the
tendency of individual groups to restore concentrations of
nonitored variables to their respective control values is
best displayed by such plots.) Data on recovery of parr and
snmolts recovering fromcrowding at 64 g/liter for 2, 8, and
24 hours followed simlar trends and are not shown (recovery
tests involved only fish crowded at 64 g/liter).
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Table 2.7. Conparison of nean plasma Na+ concentrations
by random zed conpl ete bl ock ANOVA in spring chinook
salmon (all groups) crowded at three |oading densities
for different periods of time. Means that do not differ
significantly are connected by a solid Iline. 0 hours =
concentration in control fish.

Loading density Crowding duration (hours)
(g/liter) 0 2 8 24 48 96
32
64

128




34
Plasma cortisol concentrations declined slowy in parr

recovering in fresh water from crowdi ng stress. In parr
previ ously crowded for 24 and 96 hour s, cortisol
concentrations were significantly elevated after 24 hours of
recovery (ANOVA). In the 96-hour group, cortisol was still
significantly elevated after 72 hours of recovery in fresh
wat er . In contrast, relative cortisol concentrations in

parr during recovery in salt water were not significantly
greater than control concentrations after 24, 48, and 72
hours of recovery, regardless of the duration of previous
crowdi ng.

As in parr, relative plasma cortisol concentrations
declined nore rapidly in those transferred to sea water
after crowding than in those transferred to fresh water
(Figs. 2.10 and 2.11). Cortisol concentrations in snolts
after 24 hours of recovery in fresh water were significantly
elevated in fish previously crowded for 8 and 96 hours;
after 48 hours  of recovery, concentrations wer e
significantly elevated in fish crowded for 8, 24, and 96
hours: and even after 72 hours of recovery, concentrations
were normally elevated in all test groups, but were
significantly elevated only in fish crowded for 8 hours.
Cortisol concentrations in snolts recovering in salt water
were not significantly elevated after 24 hours of recovery.

Plasma d ucose Concentrations. Relative plasma glucose
concentrations declined nore rapidly in parr transferred to
sea water after crowding than in parr transferred to fresh
water (Figs. 2.12, 2.13). Concentrations in parr recovering
in fresh water were significantly elevated after 24 hours of
recovery for fish crowded at 64 g/liter for 8, 24, and 96
hours; after 48 hours of recovery for fish crowded 24 and 96
hours: and after 72 hours of recovery, concentrations were
el evated in all groups, although only concentrations in fish
crowded for 96 hours were significantly el evated. I'n parr
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concentrations in seven groups of chinook sal non
after 6 to 72 hours of recovery in 209/c0 salt
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to four pooled, five-fish replicate sanples. See
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recovering in sea water, glucose concentrations declined
rapidly: after 24 hours of recovery, they were
significantly elevated only in fish previously crowded 24
hour s.

D fferences between rates of recovery in fresh water
and salt water were even nore pronounced in snolts than in
parr. Wiereas glucose concentrations were significantly
hi gher than control concentrations in all test groups after
24 hours of recovery in fresh water, none were higher than
control concentrations after 24 hours in salt water.

Plasma Na+ Concentrations. Recovery of plasma Na+
concentrations was slow, erratic and inconplete in fresh
water for both parr and snolts. In contrast, recovery was
rapid in salt water: plasma Na+ concentrations after 24, 48,
and 72 hours of recovery were higher than control
concentrations. Addi ti onal information on accel erated
recovery fromhandling stress after transfer of fish to sea
water is given in section 7 of this report.

Changes of Stress Indices in Anesthetized Fish

The slope of a Ilinear regression of plasma cortisol
concentration agai nst anesthesia tine was non-significant (P
= 0.52, n = 76). but was significant for glucose (P =
0.0025, n = 88) and for Nat+ (P = 0.15, n = 84) regressions:

glucose)conc. (m/ICO M) =81.0 + 0.58 (tine in mn-
utes).

Na+ conc. (meg/liter) = 158.0 - 0.1 (tine in mnutes).

Because fish were usually anesthetized for |ess than 5
mnutes before sanpling, changes in glucose and Na+
concentrations woul d have been negligible.
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D scussi on

In this study, plasma cortisol concentrations in
undi sturbed (control) chinook sal non ranged, for the nost
part | from19 to 98 ng/ni. Exceptions were the relatively
high cortisol concentrations in snolts transported from
Lower Granite Dam (which apparently never fully recovered

from collection and transportation), and the very |ow
concentrations in Dworshak "small" chinook sanpled in Mrch
(the nost "parr-like" of all the spring chinook salnon
tested). Very | ow concentrations of plasma cortisol in

chi nook sal non parr have since been confirmed for spring
chinook salnon (Little Wite Sal non and Rapid River stocks)
sanpl ed at Dworshak and Kooskia NFHs in the fall and w nter
of 1982. Plasma cortisol concentrations in these fish
ranged from non-detectable to 13 ng/m from Cctober 1982
t hrough March 1983, and then rose to 30-40 ng/m in md
April. Specker (1982) reported a simlar spring rise in
plasma cortisol concentrations in snolting coho salnon

Cortisol influences water and ion novenent in the gills,

intestine and urinary bl adder of fish (see review by Ful mar
and D ckhof f 1980), soO my play a Mmyjor role in
snoltification and adaptation to sea water.

Pl asma cortisol increased above control concentrations
within two hours after fish were transferred to crowdi ng

cages. Little additional change occurred after 8, 24, and
48 hours, but a significant secondary increase was evident
after 96 hours of crowding. The initial increase (of |ess
than 100 ng/m in all cases but one) was a response to
capture and handli ng. Confinenent and crowdi ng did not
cause an additional increase in cortisol during the first 48
hours, but no conpensation (recovery of cortisol

concentrations toward control concentrations) occurred, even
in the |east densely |oaded groups. The secondary increase
at 96 hours duration was clearly related to |oading density
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and was particularly evident in snolts. Physi ol ogi cal
mechani sms | eading to the del ayed secondary increase have
not been investigated.

Plasma cortisol concentration increases were higher in
crowded snolts than in crowded parr at each of the three
| oadi ng densities tested. In addition, increased |oading
density had a greater effect on cortisol in snolts than in
parr. These data are in agreenent with observations by fish
culturists that nortality rates after handling or crowding
are nmuch higher in snolts than in parr. Even after snolts
have begun to mgrate, the physi ol ogi cal response to
stressful conditions may continue to increase in intensity.
Cortisol concentrations in spring chinook snolts sanpled at
Lower Granite Damvaried from date to date, and were higher
in late April than in md April (section 3 of this report;
Congl eton et al. 1984).

Plasma glucose concentrations were sinilar (64-88
ng/100O M) in undisturbed spring chinook sal non parr and
snol ts. This range is in agreenent with that reported in
the literature for resting salmonid fishes (Wdeneyer 1972,
1976; Specker and Schreck 1980). Because plasnma cortiso
concentrations differed in parr and snolts at all | oading
densities and durations, simlar differences were expected
in plasma glucose concentrations. However, a significant
difference was apparent only at the highest |oading density
and |ongest durations tested (128 g/liter for 48 and 96
hours).

Plasma glucose concentrations in crowded parr and
smolts rose steadily over time, and did not plateau between
2 and 48 hours as did cortisol concentrations. Because
el evated plasma glucose is a secondary, netabolic response
to a primary elevation of cortisol (and adrenaline), glucose
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concentration changes lag behind cortisol concentration
changes foll ow ng exposure to a stressor.

Pl asma Nat+ concentrations responded to the initiation
of crowding nore slowy than plasma cortisol and gl ucose
concentrati ons. I ncreases in branchial perfusion and in
pernmeability to water and ions (due primarily to the effects
of adrenalin) resulted in a significant plasnma Na+ decline
after 24 hours of crowding. At the two higher |oadings (64
and 128 g/liter), Nat+ concentrations declined to a greater

extent in snolts than in parr, possi bly because the
physi ol ogical transition from hyperosnotic to hypoosnotic
regul ati on had already begun in the snolts. Anmong many
ot her  changes, smoltification involves a decline in

glonmerular filtration rate (Holnes and Strainer 1966),
thereby decreasing the extent to which diuresis can
conpensate for increased branchial water influx. In
addition, the nunber of branchial cells responsible for Nat
upt ake may decline as the nunber of cells responsible for
ion excretion (chloride cells) I ncreases (T. Br adl ey,
Dwor shak NFH, personal conmunication).

Pl asma cortisol, glucose and Nat+ concentrations
recovered to baseline control concentrations nore rapidly in
parr and snolts transferred to 20°/o0 sea water after
crowding than in those transferred to fresh water. Recovery
in sea water was usually conplete in 24 hours: recovery in
fresh water was often inconplete after 72 hours. The
prol onged depression of plasma Nat+ in fresh water after
crowmding indicated that branchial Na+ uptake could not
qui ckly restore blood Na to the pre-crowding concentration.
Restoration of plasma Na may have been especially slow due
to | ow anbient Na+ concentrations (about 1 ppm in the
hat chery water supply. In contrast, the steep Nat+ gradient
from sea water to blood caused a rapid increase in blood
Na+, which stabilized at a higher concentration in
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| grecoveryl' fish in 20°/0co0 sea water than in control fish
held in fresh water.

The rapid decline in cortisol and glucose concen-
trations in fish transferred to sea water denonstrated a
| i nkage between osnotic and ionic honeostasis and these

I ndi ces. One of the major effects of elevated cortiso
during stress is to bring about gluconeogenic nobilization
of energy reserves. Restoration of plasma Nat by transfer

to sea water would elimnate the need for Nat+ uptake by
branchial ion exchange, an energetically costly process,
all om ng plasma cortisol concentrations to decline nore
rapidly than possible in fresh water (see section 7 of this
report).

Summary

L Cortisol was undetectable in plasma of spring chinook
sal mon sanpled in March, but ranged between 19 and 98
ng/m in plasma of the same and three other groups of
spring chinook salnon sanpled in April, May and June.
These and other <cited data indicate that plasm
cortisol concentrations rise in snolting sal non.

2. Plasma  cortisol and glucose concentrations were
significantly above control concentrations 2 hours
after initiation of crowding and in all subsequent
sanpl es. Plasma Na+ was not significantly bel ow

control concentrations at 2 and 8 hours, but was
significantly depressed at 24 to 96 hours.

3. Plasma cortisol concentrations were higher in crowled
snolts than in crowded parr at each of the three
loading densities tested. In addition, gl ucose

concentrations were higher and Nat+ concentrations were
lower in snolts than in parr, al though these
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differences were apparent only at the two higher
| oading densities and |onger durations (48 and 96
hours) .

Plasma  cortisol, glucose and Na+ concentrations
returned toward control concentrations nore rapidly in
parr and snmolts transferred to sea water after crowding
than in parr and snolts transferred to fresh water
Recovery in sea water was usually conplete in 24 hours;
recovery in fresh water often was not conplete at 72
hour s.

Concentrations of cortisol, glucose and Na+ in the
pl asma of anesthetized fish changed slowy or not at
all.
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3. CHANGES IN STRESS | NDI CES ASSOCI ATED W TH EACH STEP
| N COLLECTI ON AND TRANSPORTATI ON PROCESS

Downstreammgrating snmolts of chinook salnon and
steel head trout entering turbine intakes at Lower Ganite
Dam are diverted upward into gatewells by traveling screens
(30%50% of +the fish entering the intakes are not
successfully diverted and pass through the turbines). Fi sh
t hen pass through orifices (two per gatewell, each 20 cmin
dianeter) into a collection flune, which carries themto the
upper end of a 1.07-m dianeter pipe (Fig. 3.1). This pipe
drops 18 mto the fish handling and |oading facility. H ow
velocities in the bypass pipe approach 9 nisecond and fl ow
is totally turbulent. Decel eration of flowin a stilling
basin at the termnus of the bypass pipe also produces
strong turbul ence. The fish pass over a dewatering plate
bel ow the stilling basin and through the subnerged bars of
a trash separator, enter a short, open flune, and fall into
a raceway. Fish are held in raceways for various periods
ranging froma few hours to 2 days before they are | oaded
onto fish transport trucks or barges and taken to the upper
Col unbi a estuary below the |owernost dam on the Col unbia
Ri ver.

Several of the events experienced by fish during
collection and transportation are potentially traumatic,
ei ther physically or psychol ogically. Experi nental work
with salnonid fishes has shown that a variety of traumatic
experiences can elicit a non-specific sStress response
simlar to that described for other vertebrate aninals
(Wedeneyer 1976; Strange et al. 1978; Barton et al. 1980).
The secondary effects of the stress response in fishes
include disturbances of netabolic and osnoregul atory
honeostasis and of inmmune responsiveness (Strange et al.
1977; Pickering and Duston 1983). These secondary effects
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coul d cause del ayed nortality of collected and transported
fish after release in the estuary.

To identify stressful steps in the collection and
transportati on process, we collected blood sanples from
chinook salnon at various points in the process and anal yzed
the sanples for three stress response indices--plasma
cortisol, glucose, and Nat.

Met hods and Materials

Chi nook sal non were sanpled at eight points in the
collection and transportation procedure «Lower G anite Dam
on four dates in 1982: April 14-15, 16-17, 21-22, and 27-
28. Mgrating steel head snolts were sanpled on April 29-30,
and fall chinook sal non were sanpled on June 6-7.

The first sanples on each sanpling date were usually
taken at or shortly after sunset fromthe bul khead gatewell
A- and C-slots of turbine no. 1 or no. 2 (exceptions were on
April 14, when gatewell 6A and 6C were sanpled, and April
16, when gatewells 1A and 5C were sanpled). A second sanple
was taken of fish passing over the perforated plate just
upstream from the wet separator at the termnus of the
bypass pi pe (post-bypass sanple; see Fig. 3.1). Next, a
nmovabl e crowder was used to clear fish fromthe upstream end
of one raceway. Fi sh leaving the separator were collected
inthis section of raceway for 45 mnutes and then sanpled
(2000- 2103 hours). After withdrawi ng the crowder, raceway
sanpl es were taken the follow ng norning at about 0400 to
0600 hours (6-8 hours after the fish entered the raceway, on
the average) and 0800-1000 hours (10- 12 hours after the
fish entered the raceway). Fish were |oaded from the
raceways into a truck (April 14-15 and 16-17 sanples) or
barge (April 21-22 and 27-28 sanples) between 1000 and 1200
hours, and . sanple was taken 30-45 mnutes after | oading
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was begun. Finally, sanples were taken at Bonneville
Hat chery of fish arriving by truck (after an 8-hour trip) or
barge (after a 38- to 40-hour trip).

We used a dip basket of the type described by Bentley

and Raynond (1968) to take gatewell sanples. Because | arge
nunbers of fish were captured wth this device, a subsanple
was taken fromthe dip basket with a dip net. VW collected

ot her samples (from raceways, trucks, and barges) with a
rectangul ar frame net, 30 cmx 60 cm that was |lowered to
the bottom and then rapidly hauled to the surface. Al nets
were fitted with resenroirs so that sanpled fish were never
renoved fromthe water.

Procedures followed for Dblood sanpling and for
cortisol, glucose and el ectrol yte analyses were described in
section 2. The standard sanple size was 15 fish: bl ood was
pool ed from each 5-fish subsanpl e. In addition, we also
determined lactic acid concentrations for plasma sanples
from sone spring chinook salnon collected at Lower Ganite
Dam (Sigma Chemical |actate analysis kit 826-W.

Resul ts

Changes in Stress Indices of Spring Chinook Sal non During
Col l ection and Transportation

Pl asma cortisol levels in spring chinook sal non sanpled
fromgatewells at Lower Granite Dam in April 1982 averaged
76 ng/m (four sanpling dates, three subsanples of five to
six fish each fromboth an A-slot and a Cslot gatewell on
each date). Mean cortisol concentrations were consistently
higher in sanples fromall sanpling points taken on April
27-28 than in simlar sanples taken on other dates (Fig.
3.2). Disregarding the April 27-28 data, cortisol
concentrations averaged 41 ng/m (95% Cl = 28-54 ng/m) in
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chi nook sal non sanpled from Cslot gatewells and 64 ng/m
(95% C = 29-93 ng/nm) in chinook sal non sanpl ed from A-sl ot
gatewel | s. Cortisol levels rose in sanples taken bel ow the
bypass pipe (¥ = 112 ng/nml for all dates) and in sanples
taken 45 mnutes after fish had entered a raceway (X = 160
ng/ m) . During the first 6-8 hours of nighttine raceway
confinenent, plasma cortisol fell to 69 ng/m (nean for all
dates) and remained relatively low (88 ng/m) through the
md-norning (0800-1000 hours) sanple. After fish were
renoved fromthe raceways and | oaded onto a truck or barge
(1000- 1200 hours), plasma cortisol levels rose to 176 ng/n
(mean for all dates). Cortisol levels were simlar after
| oadi ng onto trucks (146, 191 ng/nm) and onto barges (180,
189 ng/m) .

Plasma cortisol was nuch higher (249 ng/m) in the
single group of chinook sal non sanpled at Bonneville after
truck transport (April 17) than in three of the four groups
arriving by barge (sanple neans of 99, 107, and 117 ng/m;
arrival dates April 24, 26, and 28, respectively). The
fourth group of barged fish (arrival date April 30) had a
relatively high mean plasma cortisol concentration of 214
ng/m .

d ucose | evels were no higher in post-bypass and head-
of -raceway spring chinook sal non sanples than in gatewell
sanpl es (overall range of neans 102-112 ng/I 0O m for all
dates; Fig. 3.3). The first increase was seen in fish
sanpl ed after 6-8 hours of raceway residence (X = 146 ng/| QO
m for all dates); glucose concentrations were simlar in
m d-norning raceway and post-1|oading sanples. The increase
in glucose concentrations (gatewel I, post - bypass, and
initial raceway sanple neans versus subsequent sanple neans)
was significant (P < 0.01; Mann-Witney U test). A further
increase in plasma glucose (to 170 ng/I 0O nl) was seen in
the one group of chinook salnmon sanpled after transportation
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to Bonneville Dam by truck (April 17); glucose levels in the
four groups of barged fish were sonewhat |ower (118, 118,
152, 143 ng/1CO m on April 24, 26, 28, and 30,
respectively).

W determ ned plasma |actate concentrations in spring
chi nook sal non collected at the standard sanpling | ocations
on April 16-17, 1982. Concentrations increased from the
gatewell to the initial raceway sanple, reaching a peak
value of 67 ng/1 QO nm, and then declined (Fig. 3.4).

In the series of sanples taken at the collection
facility on April 21-22, plasma Nat+ declined progressively
from 166-179 meg/liter in gatewell sanples to 140 nmeqg/liter
in post-loading sanples (Fig. 3.5), and declined further to
123 meg/liter during barge transportation to Bonneville Dam
Pl asma Na+ |evels for other groups of barged and trucked
fish arriving at Bonneville were also low (122-131
meg/liter).

Plasma Ca++ also declined in concert with Nat+ in the
April 21-22 sanple series, averaging 4.4 - 4.7 nmeg/liter in
fish from gatewell sanples, and 3.2 neg/liter after their
arrival at Bonneville.

Pl asma Na+ concentrations in fish sanpled at the
standard sanpling locations on April 14-15 declined nuch
| ess than Na+ concentrations on April 21-22. The post-
| oadi ng Na+ level (144 neg/liter) was simlar to that on
April 21-22, but gatewell Na+ |levels were considerably |ower
(145-159 on April 14 versus 166-179 neg/liter on April 21).
Ca++ did not decline discernibly during collection and
transportation on April 14-15, fluctuating between 3.0 and
4.7 neg/liter.
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Recovery of Transported Fish at Bonneville

Spring chinook salmor smolts transported to Bonneville
by truck on April 17, 1982, were sampl=ad at arrival with a
reservolir net and transferred to 1.0-liter cans. The fish
were then driven to the nearby Ha*ioral Marine Fisheries
Service (NMFS) wet laboratory ard p-.ored into tanks 1.8 m in
diameter supplied with circulating Cclumbia River water.
Samples were taken for analysis cof p.asma cortisol, glucose,
and Na~ after tag fish were loaded =% Lower Granite Dam,
after arrival at Bonneville, and after 12, 24, 48, 72, 96,
and 120 hours of recoverv. Several .z2mples were also taken
from other groups of transgorted I <~ After various periods
of recovery. This work was carriead out in conjunction with
NMFS personnel also investigat:ng the effects of
transportaticn s*tress.

-~

Plasma cortisci averazed 41 ng,m. 1in chinook salmon

o)
ot
D
O
o]
=]
o]
ot
'—l
(]
=
w
o
(o)
c
[
n

sampied from the raceways at _Lower Griz:
on April 17. Ore hour la*ter, imreciately after fish had
been loaded cntoc a fish tanker, cortlsoil nad climbed to 102
ng/ml. It continued tc rise, reaching

miru<es and 249 ng,/ml when the tr.c- arrived at Bonneville,
8 hours later (Fig. 3.6). Curing the recovery period,
cortisol fell tc a lcw cf 33 ng/ml after 2 days and then
increased slight.y each suc-ezding day, reaching 88 ng/ml on
the 5th day. Similar cort:isol levels were measured in fish
transported at other times and sampled aifter 48, 72, and 144

hours of recovery.

Plasma glucose also rose in response to loading and
transportaticn, peaking at 2¢6 mg/100 ml after 12 hours of
recovery (Fig. 3.7). Fol.cwing this peak, glucose declined
to a low of 126 mg/100 ml after 4 days before rising
slightly to 156 mg/100 ml cn the following (5th) day.
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Pl asma Na+ was depressed (124 neg/liter) in this group
of chinook sal non when they arrived at Bonneville, as in
ot her groups sanpled after transportation. Recovery of
pl asma Na+ was steady over the 4-day sanpling period, but
val ues had not returned to pre-collection levels (160-180
meg/liter) by the end of this period (Fig. 3.8).

Plasma Na+ was also determined for chinook sal non
subj ected to 48 hours of saltwater challenge (28°/c0 "Marine
Envi ronment ") and then allowed to recover for various
periods in fresh wat er ( NVFS study). | npai red
ionoregulatory ability was wevident only in the group
challenged inmmediately wupon arrival at Bonneville (no
recovery); fish permtted 24 hours of recovery or |onger
regul ated plasnma Na+ in the range of 170-176 meg/liter (Fig.
3.8).

Del Variation in Stress Indices

On April 14-15, chinook salnon snolts were sanpled
above the separator at 4-hour intervals over a 20-hour
period. The objective was to determ ne whether a diel cycle
could be detected in stress indices of fish entering the
facility.

Pl asma gl ucose showed a distinct diel cycle (Fig. 3.9):
mean gl ucose concentrations were lowest in the [ate evening
and hi ghest at m dday. Plasma cortisol followed a simlar
pattern (Fig. 39 , except t hat the | owest mean
concentrations occurred earlier in the evening (1900 hours
versus 2300 hours for glucose), and a second |ow val ue
occurred in the 0700-hour sanple.



Figure 3.8.

59

190

48 Hours in Salt Water

\\ After Fresh Water Recovery

180 = \

. ‘/"\‘

-
S 160 1
w
€
‘o
Z
o 150
€ Fresh Water °
=z
Q.
14C-!
130 —
]/
]
0 T I T ] : 1
0 12 24 48 72 96

Hours Recovery in Freshwater

(Below) Mean plasma Nat+ concentrations in spring
chi nook sal non transported from Lower G anite Dam
to Bonneville Dam by truck ;April 17, 1982) and
held in fresh water for 4 days. (Above)  Mean
plasma Nat+ concentrations in spring chinook sal non
held in sea water (28°/00) for 48 hours after var-
lous intervals of recovery in fresh water (horizon-
tal scale on lower figure).



GLUCOSEmg/dL)

60

1207 —200

110+ —180

«— Glucose

100 1 160
? =
(3
~
o
s
90- =
—140 o
@
-
o
@)
80+ 20 ©

Cortisol
7 0 —100
i 1 1 | \ |
1500 1900 2300 0300 0700 1100
TIME(h)
ure 3.9. Diel variation in plasma cortisol and glucose levels

in spring chinook smolts collected above the separator
at the Lower Granite fish harndling facility (April
14-15, 1982). The mean and rance oI subsample values
is plozted for each sample n = 13 to 20).



61

Recovery from Anesthesia and Handling

We sanpl ed one group of spring chinook sal non that was
cromded from a raceway into the fish marking building,
anesthetized, and handled in a mnner sinulating the
handl i ng recei ved during normal procedures for brandi ng and
mcrow re-tagging (May 5, 1982). The fish did not actually
receive a brand or tag. The fish were sanpled once before
recovery fromthe anesthesia (50 ppm M5-222) and at |ater
intervals during 84 hours of recovery in an outdoor tank 1.2
m in dianeter. The sanple size was 10 fish; blood was
pooled in 2 subsanples of 5 fish each. Sanpl es were not
taken before the fish were crowded into the marking building
and anest heti zed.

Pl asma cortisol rose abruptly to 284 ng/m during the
first hour of recovery (Fig. 3.10). Cortisol declined to
109 ng/m after 12 hours of recovery and to 83 ng/m after
36 hours, but increased to 248 ng/ m after 84 hours.
G ucose rose to 260 ny/I QO M during the first hour of
recovery, and clinbed still further by 12 hours recovery
(Fig. 3.10). A subsequent slow decline extended to the |ast
sanple at 84 hours.

Changes in Stress Indices for Steelhead Trout and Fall
Chi nook Sal non

Changes in plasma cortisol and glucose levels in
steel head trout passing through the Lower Ganite facility
paral | el ed changes seen in these indices in spring chinook
sal non. Cortisol was low in gatewell sanples (30 ng/n),
considerably higher in post-bypass sanples (98 ng/ m,
peaked in the initial raceway sanple (160 ng/n), and
subsequent |y decli ned. A ucose levels did not rise above
110-130 ng/I GO mM in the gatewel |, pre-separator or initial
raceway sanples, but increased to 170-200 ng/1 0O m after
fish had been held in raceways for 6-9 hours.
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A gatewell sanple of fall chinook salnbn was not
obtained, and conplete sanples (n = 15) were not obtained at
some other sampling points. In addition, blood sanples were
smal | due to the smallsize of the fish, sonetines

precluding duplicate analyses. Man post-bypass and initial
raceway corti sol concentrations (50 and 102 ng/ n,
respectively) were |lower than for spring chinook salnon (and
steelhead trout), but in a later sanple of fish held in a
raceway for 6-8 hours were as high or higher (118 ng/m)
than for spring chinook salnon after simlar periods of
raceway residence. On the other hand, nean post-bypass and
initial raceway glucose concentrations (131 and 147 ng/l QO
m, respectively) were higher than obsenred for spring
chi nook salnon, but the concentration for the later 6- to 8-
hour raceway sanmple was simlar (146 ng/l10O mM) to those
observed for spring chinook sal non.

D scussi on

Stressful events during collection and transportation
are best identified by reference to plasma cortisol |evels,
which respond nore quickly than do plasma gl ucose or
electrolyte |evels. The seasonal nean cortisol Ievels of
40-60 ng/mM neasured in gatwell sanples at Lower G anite Dam
(di sregarding the higher cortisol concentrations in fish
sanpled from gatewells on April 27-28) were noderately
hi gher than baseline levels of 30-40 ng/ml neasured in
experimental groups of spring chinook salnon studied at
Dwor shak NFH (except for Dworshak NFH "l arge" chi nook sal non
smolts, wth a baseline level of 98 ng/n). Apparent |y
chi nook sal non were not highly stressed by being diverted
fromturbine intakes into gatewells on three of the four
dat es sanpl ed. On the other hand, the higher nean plasm
cortisol concentrations (135, 154 ng/m) in fish sanpled
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from gatewells on April 27-28 were well above baseline
concentrati ons.

El evated plasma cortisol levels in fish exiting the
bypass (seasonal mean 112 ng/nm) and after entering the
raceways (seasonal nean 160 ng/m) were a consequence of
passage through the bypass. Al though snolts could delay in
the reservoir beneath the separator for various periods of
time before passing out into the short flume leading to the
raceways, nhost fish sanpled after entering the raceways had
probably passed thorugh the bypass within the preceding few
mnutes to several hours.

Chi nook sal non snolts undoubtedly attenpted to swm
against the water flowin the collection channel within the
dam and in the bypass pipe leading from the dam to the

holding facility. Vigorous swinmmng was indicated by
el evated lactic acid concentrations in the blood of fish in
post - bypass and initial raceway sanples. The peak lactic

acid concentration of 67 ng/I QO m mnmeasured in fish present
in the raceway for 45 mnutes or |ess can be conpared Wi th
peak lactic acid concentrations of 50-150 ng/l QO m neasured
in the blood of rainbow trout after 15 mnutes of continuous
chasing in a shallow trough (Black et al. 1959, 1962). Fish
arriving in the raceways were probably affected by fatigue
as well as by the physiological effects of stress.

Cortisol levels dropped rapidly to 70 ng/m (seasonal
average) during the first 6-8 hours of raceway residence,
I ndi cating that holding of fish in raceways for short tine
periods was not highly stressful. Loading densities did not
exceed 30 g/liter (0.25 pound/gallon) during our 1982

sanpl i ng.

Cortisol levels rose to 180-190 ng/m in snolts | oaded
onto trucks or barges then declined to 99-117 ng/m in three
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of four groups of chinook salnmon arriving at Bonneville by
bar ge. Mean cortisol was much higher (214 ng/m) in the
fourth and last (April 30) barged group. The high cortiso

l evel in this group was consistent with elevated corti sol
| evel s observed in chinook salnon at other sanpling points
(gatewell's, pre-separators, raceways) in late April. The
cause of elevated stress indices in late April is not known,

but this period coincided both with the peak of the chinook
sal non run and with increased nunbers of steelhead trout in
the collection facility. Significantly, the descaling rate
increased from6%to 8% in the 2nd and 3rd weeks of April to
18% to 25% in the 4th week. W concl uded that, under the
conditions prevailing prior to late April 1982,  barge
transportation was a relatively unstressful step in the
process of collection and transportation, al though the
| oadi ng procedure did elevate cortisol levels. Factors that
may have contributed to elevated cortisol levels in barged
fish in late April are unclear.

Mean cortisol was elevated to 249 ng/m in the one
sanpl e of chinook sal non transported to Bonneville by truck.
Sampling of chinook salmn trucked to Bonneville the
foll owing year (Congleton et al. 1984) confirned that plasm
cortisol concentrations typically exceeded 200 ng/nml in
chi nook sal non trucked to Bonneville.

The first rise in blood glucose seen in fish passing
through the Lower Ganite facility was in fish that had been
held in raceways for 10-12 hours. This rise was a netabolic
response to the earlier cortisol peak (and to the assuned
concurrent adrenaline peak) occurring inmmediately after fish
entered the raceways. Bl ood gl ucose was still elevated in
two of the four barged groups (143, 152 ng/I 0O mM) and in
the one trucked group (176 ng/1 OO m ) sanpled after arrival
at Bonneville, indicating that metabolic honeostasis had not
been reestablished. However, in the remaining two groups of
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barged fish, glucose had declined to levels simlar to those
observed in gatewell sanples (118 ng/I 0O mM in barged fish
arriving on April 24 and 26).

Mean plasma Na+ concentrations declined from 150-180
meg/liter in fish sanpled fromgatewells at Lower Ganite
Dam to 120- 130 neg/liter i n fish sanpl ed after

transportation to Bonneville. Plasma Na+t (and ot her
unneasured ions) were lost as a result of stress-caused
di uresis. Significantly, plasma Nat did not return toward

baseline (gatewell) levels during barge transport to the
estuary: apparently the transit tme of approximately 40
hours was not sufficient for physiological mechanisnms to
reestablish hydrom neral equilibrium Both trucked and
barged fish were released into the estuary in a condition of
i oni c inbal ance.

Wien fish were transported to Bonneville and held in
fresh water, their plasma cortisol levels dropped to
baseline levels after 48 hours. Elevated plasnma glucose and
depressed plasnma Na+ | evels, indicating secondary metabolic
and osnoregulatory responses to stress, returned toward
baseline levels nore slowy. Possi bly plasma gl ucose and
electrolyte levels would not have conpletely recovered even
after a week or nore of freshwater recovery, since cortisol
began to rise again after the second day of confinenent.
Less than 24 hours of recovery was needed for full
restoration of ionoregulatory ability in sea water.

Hol ding of transported fish for 24 to 48 hours before
rel ease could i nprove post-release survival if elevation of
stress indices is correlated with increased nortality in the
lower river and estuary imediately after rel ease. On the
ot her hand, hol ding of transported fish would not be
beneficial if the stress response contributes to nortality
at a later tine. For exanple, reduction of stress indices
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before release would have little effect if the primary
effect of the stress response is a lowering of resistance to
endem ¢ pathogens carried by many individuals in the
popul ati on. In this event, nortalities mght occur weeks or
even nonths |ater.

The distinct diel cycles in plasma cortisol and glucose
observed in fish sanpled below the bypass on April 14-15 are
believed to have been related to the average duration of
residence in the gatewells. Cortisol  and gl ucose
concentrations were lowest in fish sanpled at 1900 and 2300
hours, roughly the period of peak novenent into the
facility. Because few hol dovers from Pish entering the
facility the previous night would still have been present,
nost fish nust have entered the facrlity sortly before
sanpling. The low cortisol concentration in fish sanpled at
0700 hours simlarly may have corresponded to a secondary
peak novenent into the facility about dawn, although a drop
in glucose levels was not seen in these fish. d ucose and
cortisol concentrations were highest jn fish sanpled at
m dday (1100 and 1500 hours), when nost fish |eaving the
gatewel | s were stragglers from the previous night rather
than fish that had recently entered from the forebay.

The procedures used for mcrowire tagging at Lower
Ganite Damelicited a strong stress response. No sanpl es
were taken to determne cortisol levels in the fish before
they entered the marking building, but values ranging from
41 to 136 ng/mM were neasured for fisn held in raceways
under simlar conditions at other tines. Pl asma corti so
was relatively high (168 ng/m) in fish sanpled inmredi ately
after anesthetization and sham narking, but rose further (to
284 ng/m) after the first hour of recovery. The first
value reflected a stress response to crowding of fish from
an outside raceway into the marking building and hol ding
there in a small tank (about 1.2 x 1.8 x 0.8-m deep) for up
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to several hours. The val ue neasured after one hour of
recovery reflected additional stress inposed by anesthe-
tization. The conposite effect resulted in a nore extrene
stress response than that experienced by unmarked fish
exposed only to routine collection and transportation
procedure.

Sumar

1 Chi nook sal nron were not highly stressed by diversion
into gatewells on three of the four sanpling dates in
1982: plasma cortisol concentrations in fish from
gatewells were simlar (40-60 ng/mM) to baseline
cortisol concentrations in hatchery-reared chinook
sal non. Pl asma cortisol concentrations were higher
(135, 154 ng/nm) in fish fromgatewells on the fourth
sanpling date (April 30).

2. A diel cycle in plasma cortisol and gl ucose
concentrations in spring chinook salnon sanpled after
exiting the bypass pipe was attributed to delay in the
gatewel s or bypass system Cortisol concentrations
were | owest and glucose concentrations were highest
(mini mum stress response) during the peak of the
evening mgration: cortisol concentrations were highest
and glucose levels were |owest (maxi mum stress
response) during m dday.

3. Passage fromgatewells to raceways resulted in a |large
change in stress indices relativ to nost other steps
in collection and transportation. Only truck and barge
loading elicited an equally large cortisol response.

4, Fish swam vigorously during bypass passage, as
indicated by an elevated plasma |actate concentration
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(67 my/I1OO mM, conpared with 24 ng/I0O mM after
overni ght recovery in a raceway).

Pl asma cortisol concentrations dropped rapidly during
the first 6-8 hours in a raceway, then rose again after
smolts were | oaded onto trucks or barges.

Plasma cortisol concentrations declined during barge
transportation on three of four dates but rose on the
last (April 30) sanpling date. Factors contributing to
hi gher cortisol concentrations in fish passing through
the collection facility in late April are unknown.

Pl asma gl ucose concentrations rose and Na+ concen-
trations fell during collection and transportation.

Procedures wused for mcrowire tagging of snolts
elicited a strong stress response.

Pl asma cortisol concentrations returned to the baseline
range wthin 24 to 48 hours after fish were transported
to Bonneville. Pl asma gl ucose and Na+ concentrations
recovered nore slowy, but fish could tolerate full
strength sea water in 24 hours or |ess.



4. CORRELATI ON BETWEEN STRESS | NDI CES
AND PREDATCR AVO DANCE ABI LI TY

Understanding the effects of the ~collection and

transportation system on critical aspects of snol t
performance is necessary for evaluation of the efficacy of
pcssible inprovements in the system By establishing a

correl ati on between physiol ogical stress indices (such as
el evated plasma cortisol or depressed electrolytes) and
inpaired performance in the [|aboratory, and by then
monitoring stress indices in transported snolts, an indirect
means of assessing the potential performance of transported
fish coul d be devel oped,

Ability to avoid fish predators was sel ected as a test
of snolt performance because predation is known to be a
major factor affecting suviva o+ juvenile salnonids
(Ricker 1941; Thonpson and Tufts 1957;. Also, predatory
fishes are abundant in the Colunbia R ver between dans and
near sites where transported fish are released (Thonpson
1959; UWrenovich et al. 1982).

Bi oassays have been devel oped to eval uate the predator-
avoi dance perfornmance of several species of juvenile
sal noni ds exposed to fish predators. Barns (1967) observed
the effects of several rearing reginmes on the ability of
juvenile sockeye salnon to avoid predation by cutthroat
trout. Hatfield and  Anderson (1972) tested the
vul nerability of Atlantic salnon parr to |arge brook trout
predators after exposure to several concentrations of two
or gani c i nsecti ci des. Cout ant (1973) tested the
vul nerability of juvenile chinook salnon and rainbow trout
subj ected to thermai shock to predation by rainbow trout,
and Snyder (1980) investigated the effects of starvation on
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the predator avoidance ability of pre-snmolt coho sal non
exposed to cutthroat trout.

Poor physical condition has been linked to increased
prey vul nerability under |aboratory conditions (Herting and
Wtt 1967; Mauck and Coble 1971), but the relation between
physi ol ogi cal stress indices and prey performance is poorly
under st ood.

W attenpted to determne if a relation exists between
stress response indices and vulnerability to predation in
juvenil e chinook sal non. Crowdi ng was used as a stressor
because it is reproducible and is acconpanied by little risk
of physical injury. W hypothesized the follow ng results:

1. Vul nerability of crowded fish to predation would
i ncrease as crowding density or duration increased.

2. Plasma cortisol concentrations would be positively
correl at ed, and pl asma Na+ | evel s negatively
correlated, with crowding density and duration.

3. Predation nortality would be positively correlated wth
plasma cortisol concentration above sone "Threshol d"
concentration.

4, Predation nortality would be inversly related to plasma
Na+ concentrations below sone "threshol d" concen-
tration.

Materials and Met hods

Predator-prey bioassays were performed with five groups
of chinook salnon prey, three predatory fish species, and
two artificial environments (Table 4.1). Al trials were
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conducted at the Hayden Creek Research Station near Lenhi,
| daho.

Five circular swnmng pools (2.4 min dianeter and 0.4
m deep) were utilized for trials with small nouth bass and
northern sguawfish predators. Cover for prey was provided
by a sloping shelf of cobble, 5-15 cmin diameter (mininmm
water depth 15 cm), partially covered by a small shade tent.
Cover for predators was provided by placing a second shade
tent opposite the prey refuge (Fig. 4.1). Spring water was
provided at 16 C and 11 C for bass and sguawish,
respectively, through the outlet fromthe pre-holding boxes.
Four to six smallnmouth bass (0.2 to 1.2 kg) or 8-9 northern
sguawfish (0.3 to 2.0 kg) inhabited each predation pool.
Predator-prey interactions were observed from a blind.

All trials wth rainbow trout predators were carried
out in an artificial stream channel (1.8-mwde x 1.2-m deep
x 18.3-mlong; Hg 42. Cover for chinook salnon prey was
provided by 2 riffles (1.8-m wide x 0.15-m deep x 1.2-m
long) in the artificial stream Boul ders on the riffles
al | owed chi nook salnon to nove freely anong the 3 pools but
restricted the rainbow trout to asingle pool.

During the tests, 28-30 large trout predators (0.3 to
1.3 kg each) were present in the channel. The channel was
provided with 11 C spring water at 0.014 n8 per second.
Chi nook sal non that noved downstream could enter a trap at
the | ower end of the channel.

Smal | nrout h bass were obtained from Brownl ee Reservoir
on the Snake River. Nort hern sguawfish canme from the St.
Mari es and Snake R vers. Koocanusa strain rai nbow trout
were brood stock from the Hayden Creek Research Station.
Both smal | nouth bass and northern squawfi sh are potenti al
predators on outmgrating chinook salnmon snolts in the |ower
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Tigure 4.1, Overhead view of pool used in predator avoi dance tests.
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" 2

Figure 4.2.

(Above) Artificial stream channel used for trials with
rainbow trout as predators: A) Incomng water sugoly,
B) outflow spillway and migration trap, c) barrier
screen preventing trout from escalpi ng head of channel.
(Below) Detail of head of channel: ~D) holding box

for prey control group, E) crowding cage for orey
treatment group, F) staging area for mxing of control
and treatnent group before rel ease into the channel.
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Col unbia River (Uenovich et al. 1980). Koocanusa strain
rai nbow trout are native to Lake Koocasnusa in northern
Montana: fish are the major conponent in the diet of |arge
I ndi vi dual s. Predation trials were staged at 4-day

intervals in an attenpt to standardize predator hunger and
behavi or .

Upon arrival at the station, all chinook sal non were
graded into 10-mm length classes and cold branded (wth
liquid nitrogen) on the right or left side between the

dorsal fin and the lateral |ine. Each group of fish was
then placed in a separate holding tank for a m ni num of 96
hours to recover from handling and branding. Juvenile

chi nook sal nron were fed at |evels recomended by standard
feeding chart.

To begin a run (I-3 simultaneous trials), one group of
right- or left-branded prey was randomy selected as the
treatment (crowded) group. A total of 30-70 fish were
netted fromthe hol ding tank, weighed, and | oaded into an
adj ustabl e vol une cage subnerged in a trough with running
water (snmallmuth bass trials) or subnerged at the head of
the artificial stream channel (rainbow trout trials). Prey
were al so crowded for northern squawfish trials at the head
of the stream channel to prevent thermal shocking of prey at
the trial of introduction to pools (bass and squawfish were

held at different tenperatures). Control fish (uncrowded
and unstressed) were transferred to prey holding tanks (Fig.
4.1, 4.2) 96 hours befcre the start of a trial. After fish

had been crowded for a designated period (Table 4.2), 10
fish from both test and control groups were renoved and
anesthetized in 50 mg/liter NB-222. Bl ood sanples were
obtai ned by severing the caudal peduncle of subsanpled fish
and collecting blood with heparinized capillary tubes.
Pl asma sanples were imediately centrifuged and frozen for
| ater anal ysis.



Table 4.2. Loading densities and durations for trials successfully completed with each stock of

chinook salmon prey (September 1982 to October 1983).

Loading Crowding Number
Stock of salmon densities durations trials Predators Environment
(kg/Zcubic meter) (hours) completed
Klickitat fall chinook 128 96 15 Smallmouth bass Pools
Kooskia spring chinook 385 48, 96, 192, 240 10 Squawfish Pools
12 Rainbow trout Channels

Kooekia spring chinook 128, 193 96 12 Smallmouth bass Pools
Little White Salmon
spring chinook 128, 193, 385 24, 48, 96 42 Smallmouth bass Pool5
Rapid River spring
chinook 385 48, 96, 240 5 Rainbow trout Channels

LL
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For predation trials with bass and sguawfi sh, 10 fish
were dip-netted fromthe crowding cage, transferred in a s-
gal l on bucket to the appropriate prey holding tank, and
allowed to mx wth control fish for about 2 mnutes. \Wile
test and control fish were mxing, a net on a rigid frane
was placed in the pool to restrain the bass in one section
of the pool. Sguawfish frightened easily and hid beneath
cover in the presence of an investigator, so restraining
nets were not necessary. The m xed group of test and
control fish was released into the pool by opening a sliding
door on the prey holding tank. Prey were allowed to
acclimate to the pool at l|least 10 seconds before the
restraining net was renoved and the bass released.
Predation was allowed to proceed for as long as 24 hours;
all  surviving prey were then netted from the pool and
i dentified. Figure 4.3 sunmarizes these procedures.

For stream channel trials, 25 control and 25 test prey
were released directly into a staging area at the head of
the channel and allowed to mx (Fig. 4.2). After 2 mnutes,
a screen at the end of the staging area was raised and prey
were released into the channel. As soon as all prey were in
the channel, the screen was |lowered to prevent them from
returning to the staging area. Predator-prey interactions
and differences in behavior between treatnent and control
fish were viewed through a series of w ndows along both
si des of the channel. After 24 hours, the water level in
t he channel was dropped, and surviving prey were netted and
i dentified.

The statistic wused to express the difference in
predation rates upon the two groups of fish (crowded and
controls) was the ratio dp, previously used in the predation
studies of Barns (1967) and Coutant (1973):
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PREDATION TRIAL PROCEDURE

COMMON PREY HOLDING TANK (SORTED INTQ 10 MM LENGTH RANGE)

'

BRAND (RIGHT OR LEFT1

RECOVERY RECOVERY

Y

WEIGH d CROWD TRANSFER TO PREY HOLDING

L TANKS (96 HRS)

|
SUBSAMPLE FOR PLASMA INDICES

MIX

INTRODUCE TO PREDATORS

# ( WAIT 24 HOURS )
NET & IDENTIFY SURVIVORS
Figure 4. 3. Predation trial procedure for introducing crowded

and control (uncrowded) chinook salnon prey to
fish predators.
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dp = ig/ig

where i, and i, are the instantaneous nortality rates of the
test and control groups. The instantaneous nortality rate
for one unit of time is given by:

i1 = -logg S
where S = survival ratio, i.e. (n at finish)/(n at start).

Linear correlation was used to test for significant
rel ati onshi ps between plasma cortisol or Na+ concentrations,
and dp. Curves were fitted to graphic data with the
assi stance of a SAS PROCREG program Chi -square anal ysi s
was used to test for significant differences in surviva
bet ween test and control groups.

Pl asna cortisol sanpl es wer e anal yzed by a
radi oi nmunoassay  procedure devel oped at Oegon State
Uni versity. Sone sanples were anal yzed there and sone were

anal yzed in our |aboratory by the same procedure. Corti sol
concentration determnations had wthin- and between-run
coefficients of variation of 10% 11% (determ ned for sanples
anal yzed at the University of I|daho). Pl asma sodi um was
nonitored in only three of the chinook sal non prey groups
tested (Rapid River, Little Wite Salnon and Age 0 Kooskia
stocks). Concentrations were neasured wth a flane
photoneter (Instrunentation Laboratory nodel 143); wthin-
and between-run coefficients of variation were 5%

Resul ts

Smal | mouth Bass as Predators in Crcul ar Pool s

Behavior of Predators and Prey: After introduction
into circular pools containing smallnmuth bass, juvenile
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chi nook sal mon formed | oose aggregations near the center of
the pool along the deep water margin of the gravel shelf.
An act of predation was wusually initiated by the slow
movenent of a single snallnouth bass from beneath the
pl ywood predator refuge to the center of the pool. Attacks
were |aunched when a prey fish failed to maintain a critical
di stance between itself and the approachi ng bass. Stri kes
were rapid and highly efficient, providing the prey little
opportunity for escape. Prey that avoided the bass when
initially approached were rarely attacked. Surprisingly,
prey that behaved in an overtly abnormal manner were al so
rarely attacked. Mori bund fish were not used in tests, but
in several trials prey lost their aguilibrium after
I ntroduction to the pool (due to the delayed effects of
stress or to injury from a previous attack) and swam
haphazardly throughout the pool for several hours, but were
totally ignored by the predators. In 2 trials prey that
died during the trial were untouched by predators.

Predation on Sorins Chinook Salnon, Little Wite Sal non
St ock: Forty-two trials were conpleted with Little Wite
Sal mon spring chinook salnon after the fish had been crowded
at densities of 128, 193, and 385 g fish/liter water (8, 12,
and 24 pounds/cubic foot) for durations of 24, 48, or 96
hour s. Mean cortisol concentrations ranged from8 to 226
ng/m for crowded fish and from8 to 187 ng/m for controls.
Cortisol concentrations were highly variable at the two
hi gher | oading densities for all crowding durations, but
were generally greater than levels observed in fish crowled
at 128 g/liter (Fig. 4.4). Absolute and relative (absolute
m nus control) nean cortisol concentrations for each set of
three simultaneously run trials were tested for |I|inear
correlation with depredation ratios (Fig. 4.5). [In one run,
bl ood sanples were not taken from control fish because of a
mechani cal failure: consequently, only absolute cortisol
concentration could be analyzed for the corresponding
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Meanplasma cortisol concentrations and depredation
ratios (dp) for Little Wite Sal non spring chincok
(age 1) and snall nouth Sass predators. Triangl es
indicate nean cortisol concentrations in treatnent
groups (nean of three Daired trials); circles indicate
relative (nean treatnent-nean control) cortisol con-
centrations.
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treatnent group. Linear correlations were significant (0.01
< P < 0.025 r = 0.51) for both nean and relative nean
cortisol concentrations of treatment fish. Wen all trials
with nmean cortisol concentrations exceeding 125 ng/m were
treated as one group, differential predation was highly
significant (P < 0.001, chi-square analysis). Differentia

predation was not evident when all treatnent groups wth
mean cortisol concentrations below 125 ng/m were anal yzed
as a group. Prey crowded at 128 g/liter (duration held at
48 hours) showed no reduction in ability to avoid bass
predators (overall dp = 1.1, 6 trials) and had relatively
| ow cortisol concentrations (neans of 51 and 73 ng/m for 2
runs). Prey |oaded at 193 g/liter (3 trials) for 24 hours
had subsanpl ed mean cortisol titers of 198 ng/m and were

captured by predators at greater rates (dp = 6.6) than at
greater crowding durations (48-hour dp = 1.4, 3 trials: 96-
hour dp = 1.3, 9 trials). Chi nook sal non crowded at 385

g/liter were nore vulnerable than controls after crowdi ng
for 24 hours (dp = 1.8, 15 trials) and 96 hours (dp = 1.6, 6
trials).

Mean plasma Na concentrations (meg/liter) ranged from
78-148 for crowded fish and from 139-155 for controls. An
I nverse correl ation between plasnma Na+ concentrations and
prey vulnerability was not significant (0.25 > P > 0.10, r =
0.31) but in seven of eight runs (21 trials) in which nean
pl asma Na+ concentrations fell below the range of neans
observed for controls, treatnent prey were nore vul nerable
than controls (Hg 46.

Predation on Spring Chinook Salnon, Kooskia Stock
Twelve trials were conpleted with Kooskia spring chinook
sal mon prey crowded at 128 and 193 g/liter for 96 hours.

Cortisol levels were not greatly elevated in any treatnent
group (range 22-95 ng/m treatnent, 14-82 ng/n controls)

but they appeared to be related to observed depredation




85

CONTROL RANGE Y

2
4
Q
-
<
Q
w
@
(=]
<+
PLASMA Na CONCENTRATION (meq/1)
Fi gure 4.6. Mean plasma Na+ concentrations and depredation ratios

(dp) observed in Little Wite Salnmon chinook prey.
Vertical lines indicate range of control neans.
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ratios (r = 0.88, 0.1 > P > 0.05; Fig. 4.7). Al t hough
differential predation was not observed at 128 g/liter, it
was significant at 193 g/liter (0.01 < P < 0.05, chi-square
analysis, 1 df). Depredation ratios rose from1.0 at 128
g/liter to 3.3 at 193 g/liter.

Predation on Fall Chinook Salnon, Klickitat Stock: Al
fall chinook salnon prey (15 trials) were crowled at 128
g/liter for 96 hours. Mean plasma cortisol concentrations
ranged from 18 to 153 ng/m for treatnment groups and from 16
to 65 ng/m for control groups. Significant differential
predation was not observed with this group of chinook sal non
prey (0.75 < P < 0.90). Depredation ratios remai ned near
1.0 over the range of observed cortisol concentrations in
crowded groups; this was also true when differences between

mean cortisol levels in treatnent and correspondi ng control
groups ("relativel' nmean cortisol levels) were considered

(Fig. 4.8).
Rai nbow Trout as Predators in Stream Channel s

Behavi or of Predators and Prey: I nteractions between
chi nook salnon and rainbow trout differed markedly from
t hose between chinook sal non and snal | nmout h bass. Upon
introduction to the head of the stream channel, chinook

salnmon forned a single |large school or aggregation at the
head of the uppernost pool. Trout would swi mrepeatedly

through this aggregation searching for salnon that behaved
differently than the rest of the school when approached.
These prey often swamin a different direction than the rest
of the school, darted excitedly when approached, or failed
to respond to the predator. Once an attack was | aunched on
an individual fish, a nunber of predators often participated
in the pursuit. Attacks often ended unsuccessfully when the
attacked prey reached the refuge of one of the two riffle
areas or re-entered the school of chinook sal non.
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Predation on Spring Chinook Sal nmon, Kooskia Stock (Age
0): Twelve trials were conpleted wth Kooskia age 0 chinook
salmon prey. Treatnent fish were held at 385 g/liter for 2,
4, 8, or 10 days. Mean cortisol concentrations for
treatnment groups ranged from 11 to 237 ng/m and for control
groups from 4 to 65 ng/m. Man plasma cortisol
concentrations did not increase consistently as duration of
crowdi ng increased (Fig. 4.9). Absol ute and rel ative nean
cortisol concentrations were tested for correlation with the
observed depredation ratios (Fig. 4.10). Data for 2 trials
were not anal yzed because of very low total prey consunption
(<15% conbined treatnent and control fish eaten)
Signi ficant correl ations exi st ed bet ween cortisol
concentrations of treatnment fish and dp (0.01 < P < 0.025, r
= 0.82) and relative nmean cortisol concentrations and dp
(0.025 < P < 0.05 r = 0.60). Wen all trials in the upper
hal f of the observed range of cortisol values were treated
as a group (>125 ng/m) differential predation was highly

significant (p < 0.001). Wien all trials wth prey
exhi biting nean cortisol concentrations elss than 125 ng/n
were grouped simlarly, crowded prey were still nore
vul nerabl e than controls, but differences were insignificant
(0.25 > P >0.1). Dfferential predation was also tested at
each crowding duration by treating all trials at a given
duration as a group. Significant differential predation

occurred at both the 4-day crowdi ng duration (0.025 < P <
0.05), due largely to 1 trial with very high dp, and 10-day
crowdi ng duration (P < 0.001, Fig. 4.11). In tests of 2 and
8 days, differential predation was not evident.

In only 4 of the 10 trials were the Na+ concentrations
in crowded fish below the range of neans observed for
control s. In each of these trials, however, crowded prey
were nore vulnerable to predation than were unstressed
controls (Fig. 4.12).
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Allowing prey fish to volitionally outmgrate fromthe
stream channel could have had an inpact on resulting prey
survival if crowded and control fish outmgrated at
different rates, because prey fish entering the trap at the
lower end of the channel were no longer exposed to

predators. However, outmgration rates were simlar for
crowded and control groups at all durations tested (Fig.
4.13). The largest difference in observed rates (for fish

crowded 96 hours) was insignificant (0.1 < P < 0.9, c¢hi-
square, 1 df).

Anot her factor affecting prey availability was |ocation

of prey within the stream channel. The two riffle sections
in the channel provided refuge for prey fish due to the
inability of predators to enter these shallow areas. Nbr e

stressed than control prey were observed on these riffles
over all durations tested, and prey fish used riffles nore
extensively as crowding durations were extended (Fig. 4.14).
Additionally, stressed prey were occasionally observed at
the water surface or in contact with the substrate, behavior
infrequently observed in control prey (Fig. 4.15).

Predati on on sprina Chi nook Sal non, Rapid R ver Stock:
Five trials were conpleted with Rapid R ver chinook sal non
prey and rainbow trout predators in the stream channels.
Crowdi ng density was held at 385 g/liter for 2, 4, and 10
days. Plasma cortisol concentrations were not greatly
el evated (treatnent range 22-91 ng/nm, control range 8-47
rgr) | were unaffected by crowding duration (Fig. 4. 16),
and were not highly correlated with dp (0.25 <P, r = 0.39,
Fig. 4.17). When depredation ratios were tested for
significance at each crowding duration, differentia
predation had occurred wth 10 days crowding (chi-square
test, P < 0.001) and was insignificant at 2 and 4 days (Fig.
4.18)
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Pl asma Na+ concentrations were not significantly
depressed in any trial with Rapid R ver chinook sal non prey,
regardl ess of crowding duration, and therefore were not
correlated with prey vulnerability- Mean plasnma Na+
concentrations were 134-141 meq/liter in stressed prey and
138-145 meg/liter in control prey.

Qutmigration rates were simlar for stressed and
control fish (Fig. 4.19)° Stressed prey were observed

occupying riffles nore often than controls (Fig. 4.20) and
were also nore likely to be located at the surface or in

contact wth the substrate (Fig. 4.21).
Nort hern Squawfish as Predators in Grcular Pools

Pr tion on rin [ nook | non, Kooski k: Ten
trials were conpleted with Kooskia chinook sal non prey and
northern sguawfi sh predators. (bservations of predator-prey
interactions were precluded due to the crepuscul ar feeding

habits of squawf ish; lighting levels were too low for
observati on. Crowdi ng density of prey was held at 385
g/liter for 2, 4, and 10 days. Mean plasma corti sol
concentrations were 33-237 ng/m in crowded fish and 4-49
ng/mM in controls. Pl asma cortisol concentration increased
with increased crowding duration (Fig. 4.22). Pr ey

vul nerability was related to plasma cortisol concentration
(0.025 < P < 0.05, r = 0.81; Fig. 4.23) and was also
correlated with crowding duration (P = 0.05, r = 0.99; Fig.

4.24). Depredation ratios climbed consistently wth
i ncreased crowdi ng duration (2-day dp = 10; 4-day dp = 1.7;

10-day dp = 2.8), but differential predation was
insignificant for all paired trials. This nonsignificance
does not inply that differential predation did not take
place with this group of prey: with all tests pool ed,

survival of treatment fish was significantly less than that
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of control fish (0.025 < P < 0.05). Mean plasma Nat
concentrations were 120-140 nmeg/liter for crowded fish and
131-141 meg/liter for controls. Correl ati on between Na+
levels and dp were insignificant, but nmore prey wth
depressed plasma Na+ concentrations were eaten than were
correspondi ng control fish.

D scussi on

Vul nerability to capture by predators, as indicated by
depredation ratio (dp) r increased significantly in all
stocks of spring chinook salnon after they were crowded at
hi gher densities (193 and 385 g/liter) and |onger periods.
Vul nerability to capture was not increased in Klickitat fal
chinook crowded at a lower density (128 g/liter for 96
hours), and was significantly increased in Rapid River
spring chinook salnmon only after 240 hours of crowding at
385 g/liter. However, only 4 trials of 48 and 96 hours
duration were conpleted with the Rapid River fish

Plasma cortisol concentrations increased with increases
in loading density, but did not consistently increase wth
increases in duration. Variation in cortisol concentrations
in fish used in replicated tests was high. For exanpl e,
cortisol concentrations in Klickitat fall chinook sal non
crowded at 128 g/liter for 96 hours ranged from 18 to 150

ng/m . Cortisol concentrations were also highly variable in
uncrowded control fish. O her workers have also reported
much variation in pl asma cortisol concentrations,

particularly in fish crowded for extended periods (Strange
et al. 1978).

Predation rates were generally increased on prey with
el evated plasma cortisol. Vul nerability of Little Wite
Salmon (with small nouth bass as predators) and Kooskia (with
rai nbow trout as predators) spring chinook salmon was
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increased when cortisol concentrations exceeded 75-125
ng/ . Plasma cortisol concentrations and depredation
ratios were significantly correlated in these tests. The
rel ationship between dp and cortisol concentrations was |ess
clear in tests wth Kooskia spring chinook salnmon in which
sguawfi sh were the predators, although dp was significantly
el evated when all 10 tests were pooled. In another group of
Kooskia spring chinook salnmon (with smallnmuth bass as
predators), the dp ratio was significantly elevated at a
pl asma cortisol concentration of 100 ng/m, but not at 65
ng/m.

Mean plasma cortisol levels in trucked and barged
chinook salnmon smolts frequently range from 150 to 300 ng/n
at the tinme of release (Congleton et al. 1984), therefore
are above the range of 75-150 ng/m found to be associ ated
with inpaired predator avoidance ability of snolts in the
present study. Releases of barged fish are nade at night in
md river, a procedure that should reduce exposure to
predators during the first hours of recovery. On the other
hand, releases of trucked fish are usually made at one

sel ected boat |aunch ranp, a procedure that could attract
predaci ous fishes to the site.

We believe that increased vulnerability of crowled
Kooski a spring chinook salnon to predation was to sone
extent a consequence of pathol ogical changes in the eyes.
The | enses of the eyes of many of these fish were cloudy or
degenerated after 240 hours of crowding at 385 g/liter. The
etiol ogy of these change is unknown. The eyes of chinook
salnon of the Little Wite Sal non and Kooskia strains did
not seem to be affected, perhaps because the naxinmum

crowdi ng duration in trials with these groups was 96 rather
than 240 hours.
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Test conditions were not identical for all stocks of
chinook salnon used in predator-prey trials, limting the
validity of between-stock conparisons. Sever al t est
habi tats and prdeatory species were used, and the degree of
snol tification of prey stocks also differed. Snmoltification
strongly increases the physiological response of spring
chi nook sal non (and presunmably all anadronous sal nonids) to

crowdi ng stress. Spring chinook sal non snolts sanpl ed at
Dwor shak NFH had higher baseline cortisol titers (20-40
wnm ! t han did parr (A0 wm), and cortiso

concentrations were higher in crowded snmolts than in crowded
parr (see section 2 of this report).

Only two groups of prey were tested during the nornal
period of snoltification and outmgration (spring to early
sumrer): the Little Wite Salmon (smallnouth bass as
predators) and Kooskia (trout as predators). Little Wite
Sal non chi nook outm grated froman experinmental mgrationa
channel at the station fromearly February (when trials were
begun) until My, when trials were discontinued. Kooski a
chi nook sal non had the external appearance of snolts and
actively outmgrated fromthe experinental stream channel
when trials were begun in early June, Wwth mgrational
t endency generally decreasing as the sumer progressed.
Maxi mum nmean plasma cortisol concentrations after crowdi ng

of fish fromthese stocks exceeded 200 ng/mi. Mean cortisol
concentrations also exceeded 200 ng/m in fish from the
Kooski a stock after crowding in early fall tests. In

contrast, peak cortisol concentrations in Kooskia chinook
sal nron subjected to crowding in md winter, and in Rapid
Ri ver chi nook sal non subjected to crowding in fall, did not
exceed 100 ng/m .

Necessarily artificial conditions in the test habitats
may have reduced differential predation on stressed
(crowded) prey- Test conditions could have affected
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perdation on stressed prey during each of the three phases
of the predation process described by Barns (1967):

L Di scoverv. Two groups of prey can be available
simul taneously but discovered at different rates,
resulting in differential predation. Due to the small
size of the pools used in trials wth bass and
sguawfi sh, stressed and control prey were available
nore or |less equally at all tines. | n stream channel
trials, however, the tendency of stressed chinook
salnon to seek refuge in the shallow riffle sections of
t he stream undoubtedly reduced the rate at which they
were discovered by the predators. Al though riffle
areas were a haven for prey in these trials, prey
entering shallow water under natural conditions would
be wvulnerable to attack by avian and manmmalian

predat ors.
2. Attack. After discovery, predators may attack prey at
random or select individuals discrimnately. Shaw

(1978) and Neill and Cullen (1974) both reported that
predatory fishes typically isolated individual prey
from school s before they attacked. Thi s behavi or was
observed repeatedly in both small nouth bass and rai nbow
trout in the present study. I nhibition of predatory
attacks on tightly schooled prey nmay have protected
stressed prey in our tests. Schooling could be
expected to mask subtle behavioral differences between
control and stressed prey, such as decreased reaction
di stance and increased reaction tinme to approaching
predators, or decreased peak sw nmm ng speed. | mpai red
stressed prey may have been able to school wth
uni npai red control fish nore successfully in our tests
than would have been possible in the natural
envi ronment because the dinensions of the test
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habitats used Iimted nobility of the school to only a
few feet in any direction.

Canture. Schooling has been shown to enhance the
ability of fish to respond to environmental stinuli
(Ral son 1981), so stressed chinook salnon may have
benefited fromthe greater vigilance and uni npaired
response of their conpanions in the school. Under test
conditions, stressed prey formed m xed schools wth
unstressed prey and presunmably gained sonme protection
from predators through this association. Al chinook
salmon released into the Colunbia R ver after
coll ection and transportation woul d be stressed, and
woul d not imrediately have the opportunity to school
W th unstressed fish.

Sumary

Vul nerability to predator attack was increased in
spring chinook salnon after they were crowded at
densities of 193 and 385 g/liter for 96-240 hours.
Vul nerability was not significantly increased in fish
crowded at |lower densities or for shorter intervals.

The relation between increased predation nortality and
plasma cortisol was highly variable, but predation

rates and pl asma cortisol concentrations wer e
significantly correlated in trials with three stocks of
chi nook sal non. Fish of two other stocks were either

used in only a few tests or were not tested after
exposure to high densities.

Crowding elicited a larger increase in plasma cortisol
and a greater increase in vulnerability to predators in
smolts of chinook salnmon than in Parr.
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Al t hough plasma Na+ concentrations and depredation
ratios were not significantly correlated (prey wth
nean Na+ concentrations within the range observed for
controls were often highly vul nerable), prey with
depressed pl asma Nat concentrations wer e nor e
vulnerable to predation than were corresponding
controls, in all tests.

In several groups of chinook salnon tested under
different conditions, predation nortality was higher in
fish wth plasma cortisol concentrations of 75-150
ng/mM and above than in fish with [ower concentrations,
Cortisol concentrations often exceed 150-250 ng/nl in
trucked and barged fish. Repeat ed rel eases of trucked
fish at one site could attract predators and result in
significant predation nortality. Predati on on barged
fish after release is less likely to be of significance
because repeated releases are not nade in the sane
| ocati on.
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5.  BACTERI AL KI DNEY DI SEASE AS RELATED TO STRESS AND
TRANSPORTATI ON OF CHI NOOK SALMON SMOLTS

Bacterial kidney disease (BKD) is present in varying
degrees in both wild and hatchery sal non snolts in |daho and
may be stress nedi at ed. In 1982, we found that sal non
passing Lower G anite and Little Goose dans were stressed
(el evated plasnma cortisol and gl ucose concentrations) and
hypot hesi zed that they m ght be nore vul nerable to BKD than
unstressed fish.

In 1982 and 1983, we tested chinook salnon snolts
transported from hatcheries to M-S in Puget Sound and held
up to 173 days in sea water to see if nortality due to BKD
woul d increase follow ng the stresses of transportation. I|f

sone groups transported to MFS survived well in sea water
then additional testing of fish collected at the dans woul d
be war r ant ed. Sal non change behavi oral | y and

physi ol ogically once they begin mgrating seaward, and thus
the stress response in fish taken froma hatchery may not be
exactly the sane as that of fish mgrating seaward and
col l ected at the dans.

Met hods and Materials

1982 Experinents

Three groups of age 1 spring chinook sal non (Dworshak
NFH “"srnallv@ and "large" and Rapid River Hatchery) and one
group of age O fall chinook sal non (Hagerman NFH) were
transported to MFS on Puget Sound, acclinmated to sea water,
and held for 3-6 nonths. The incidence of BKD in each
hat chery popul ation was estinmated by the direct fluorescent
anti body technique (DFAT). After transport, the fish were
routinely held for 2 days in fresh water, followed by 2 days
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at loo/o0 salinity and 2 days at 20°/oo salinity before
introduction to full strength (28 /00) sea water. The
effect of delayed entry into sea water was exam ned by
hol di ng sone groups in fresh water for a nonth or nore after
transport to MFS.

1983 Experinents

Yearling and age O spring chinook salnon and age 0 fall
chinook salmn were taken from Dworshak, Kooskia, and
Hagerman NFHs to conpare snolts of various stocks and with
different rearing reginmes, ages, and nortality rates in the
hatcheries (Table 5.1). W evaluated the effects of
transport nmedium (fresh water versus |oo/o0 sea water),
medi um at rel ease site (fresh water versus |oo/0o0 sea water
as in the estuary), transport stress level (low versus
purposely increased), and adm nistration of erythronycin in
the feed before transport (treated feed versus untreated
feed) by nonitoring subsequent survival of fish in tanks
supplied with sea water at M-S,

The response of chinook salnon snolts to the various
test conditions or treatnents was evaluated in terns of
nmortality, stress response (as neasured by plasma cortisol)
and BKD infection rates. Mortality and BKD infection rates
in each group of salnon tested were nonitored while in the
hat chery and during 78 to 130-day periods of rearing in sea
wat er . Plasma sanples were taken from snolts at the
hat chery before they were | oaded, 2 hours after | oading,
upon arrival at M-S (14 hours after |oading), and then 2,
24, and 96 hours after being placed in tanks at MFS to
assess stress levels (Fig. 5.1). Procedures for bl ood
sanpling and cortisol analyses were as described in
precedi ng sections of this report.
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Chi nook sal non of five stocks (Leavenworth, Kooski a,
Rapid River and Little Wite Salnmon spring chinook sal non,
and Snake River fall <chinook salnmon) reared at three
hat cheri es (Kooskia, Hagernman and Dworshak) were tested
(Table 5.1). Fish were taken to MS in early April
(yearling spring chinook salnon) and early June (age O
spring and fall chinook salnon). Rearing was term nated for
nost groups on 20-21 August after 78 (age O fish) and 131
(yearlings) days.

At the hatchery, fish were crowded in the raceway to
enable us to obtain a representative sanple. A dip net with
a sanctuary bag to keep the fish in water was used to
transfer fish fromthe raceway to a tank truck. Each test
group was transported in a separate, isolated section of a
transport tank at about 66 g/liter (0.55 pounds/gallon).
Fish were unl oaded fromthe tank truck at MFS using the sane
net (wWwth sanctuary bag) for light stress groups and with a
regular net for groups that were purposely stressed.
Pur posely stressed fish were suspended in a net out of water
for 30 seconds; at the end of this period, nost fish had
ceased struggling.

Kooski a stock yearlings in one raceway at Kooskia NFH
were fed Oregon Mist Pellets containing erythronycin (6.6
g/ pound of feed) for 21 days in late March and early April.
Fish in adjacent raceways were fed regular (unnedicated)
feed.

Water for fish transported in fresh water was obtai ned
at the hatchery. Dilute sea water (10'/00) for transport
was obtained by partly filling the tanks with sea water at
MFS and then adding fresh water at the hatchery to obtain
the desired dilution.
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After their arrival at MS, sone groups of fish were
placed in fresh water and sone in dilute sea water (10'/00)

for 6-7 days to recover from transportation. After the
recovery period, salinity was increased in three steps (10,
20, 280/ 00) at three 3-day intervals. None of the chinook

sal non showed evi dence of osnoregul atory problens with this
transition to sea water.

At MFS, fish were fed Oregon Mdist Pellets at a rate of
l.1%2.3% of body weight per day, depending on their size.
Sanpl es of fish were weighed and neasured at the start and
end of rearing in sea water.

At MFS, vyearling chinook sal non from Kooskia NFH were
held in 5-foot circular tanks (1300 liters), 4-foot circular
tanks (600 liters), and 2 x 2 x 6-foot troughs (577 liters)
at different density indices (Fig. 5.2). (Density index =
pounds of fish divided by the product of tank volume x fish
| ength.) End-of -test |loadings wth 95 fish per tank were
highest in 4-foot circular tanks and troughs (14 g/liter,
density index 0.10) and lowest in the 5-foot circular
tanks(6.3 g/liter, density index of 0.05). At the hatchery,
fish were loaded at 16.5 g/liter and a density index of 0.17
(Fig. 5.2). Water flows in the tanks were 3 gpm for the
first 5 weeks, and 2.5 gpm thereafter. At 2.5 gpm the
wat er exchange rate was 0.94 and 0.44 tines/hour for the 4-
foot and 5-foot tanks, respectively.

Resul ts
1982 Experinents
Al t hough survival of all groups was high during the
first few weeks in sea water, survival was |ow (15%67%

after 130 days (Table 5.2). Fl uorescent antibody tests
i ndicated a high incidence of BKD (59% and 70% in the two
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groups from Dmrhsak NFH, and a very |ow indicence (0%I|%
in Hagerman age O fall chinook salnmon and Rapid River
chi nook salnon (Table 5.2). Surprisingly, the group with
the highest intitial incidence of BKD (Dworshak NFH Vismall*9
chi nook sal non) survived in sea water at a higher rate than
ot her groups. Rapi d River chinook salnon, with an initial
BKD- positive score of only |% survived in sea water at a
substantially lower rate than other groups (Table 5.2: Fig.
5.3). Despite their initial BKD score, the Rapid River
group tested 70% positive for BKD after 10 weeks in sea
wat er .

1983 Experinents

Yearling spring chinook salnon snolts reared in the
raceways at Kooskia NFH survived at consistently high rates
in sea water at M-S regardl ess of feed nedication, transport
media, stress when unloaded fromtank truck, or recovery
medi a (Table 5. 3). Survival of fish held in 5-foot tanks
averaged 96% for the 131-day rearing peri od. Fish held in
4-foot circular tanks or 6-foot troughs survived at slightly
| ower rates (85% and 87% Fig. 5.4).

Only O1%0.2% of the Kooskia yearlings died during the
last three nonths of rearing at the hatchery, whereas, 4% of
the fish in 5-foot circular tanks died in 4.4 nonths of
rearing in sea water at M-S The loss rate was thus
appreci ably higher in sea water, but still relatively |ow
conpared with rates in other groups of chinook salnon
t est ed.

Stress caused bysuspending fish out of water in a net
for 30 seconds did not increase nortality in Kooskia
yearlings (Table 5.3) or age O snolts (Table 5.4).
Mortality in the Kooskia yearling salnon was low with or
without the extra stress: nortality of ageO chinook sal non
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Table 5. 2. BKD i ncidence and nortality in chinook sal non groups
held in sea water for 130 days (April-August 1982).

No % BKD % Sur vi val
Sour ce/ age & oubs in hatchery 21 days in 130 days 1In
P (April) sea water sea water
Me 19 ; 59 5 50
DNde"f’“all" 2 70 91 67
[1] lla
DNXQHe small 1 70 94 33
Hagerman NFH
Age 0 fall chinook 4 0 95 63
. o a
RaRglged ?ver FH 1 1 95 15

@ Maintained 41 days in fresh water before introduction to sea

water. Mortality in fresh water was mninmal (<1%) in Rapid
River group and 17% in DNFH "snall" group.
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Tabl e 5. 4. Bacterial kidney disease (BKD) incidence at hatcher)
and survival rates at Marrowstone Field Station of age 0 spring
and fall chinook salnmon in 1983. Al but Rapid R ver stock fish
were held in 4-foot circular tanks for 78 days. Rapid River fish
were held in 6-foot |ong troughs

BKD Survaival
G oup of fish i nci dence ‘(%)
(%) -
Kooskia stock reared at Hagerman NFH 56.0
Stressed 54.1
Unstressed 56.0
Rapid River stock reared at Hagerman XNFH 72.0
Stressed 32.1
Unstressed 37.
Leavenworth stock reared at Kooskia NFE 11.5
Stressed 64. 2
Unstressed 48. 6
Snake River fall chinoox reared at
Hagerman NFH 10.0
Stressed 75‘?2
Unstressed 63. 4

d ~nese groups were held an additional 40 days and had survivals

of 54.85 and 16.8% after 118 days of rearing.



124

smolts was high, but not higher in the groups exposed to
extra stress.

Among yearling spring chinook salnmon of the Little
Wiite Sal non stock, chronic |osses (10% during the final 3
nont hs of rearing at Dworshak NFH were typical of |osses in
fish suffering fromBKD (Table 5.3). Fish of this group had
a binodal length distribution and those taken to MFS in 1983
were divided into tw nodes: a large node (229 mm nean
total length) and a small node (143 nmm. At MFS, 15%of the
| arge-node fish died in 39 days of rearing, before a punp
mal function resulted in the suffocation of the remaining
fish. Anong small-node fish kept 131 days in sea water, 34%
died (Table 5.3). Mrtality was relatively high in this
group of fish despite transportation and recovery in dilute
sea water.

None of the groups of age O spring chinook sal non taken
to MFS in 1983 survived at acceptable rates in sea water
(Table 5.4). Since the two groups reared at Hagerman NFH
before transport to MFS had incurred |osses from BKD while
at the hatchery, we were not surprised when a large
proportion of the fish died in sea water. However, age O
snolts produced at Kooskia NFH incurred minor |osses while
at the hatchery (1.1%in last 74 days), but nevertheless
died at a high rate (45% in 78 days) at MFS (Table 5.4).
Virtually all the fish that died had typical signs of BKD.

Pl asma Corti sol

Two groups of yearling spring chinook sal non at Kooskia
NFH had significantly different nean plasma cortisol
concentrations of 22 and 77 ng/ml when sanpled at the
hatchery on April 4 (Fig. 5.5). The group with the |ower
mean concentration had been nedicated with erythronycin
during the previous 3 weeks: t hese concentrations were on
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the low end of the range we woul d expect in snolts. The
fish with the higher cortisol concentration had been fed
regul ar unnedi cated feed. Two hours after the fish were

| oaded into the transport tank, and again upon arrival at
MFS, cortisol concentrations in both groups of fish were
higher than before transport, but not significantly
different fromeach other (Fig. 5.5).

I n Kooskia yearling salnon transported in dilute sea
water, plasma cortisol concentrations 2 hours after |oading
into the transport tank did not differ fromthose in fish
transported in fresh water (Fig. 5.5). After the fish had
been in transport for 14-16 hours, cortisol concentrations
in those transported in dilute sea water had declined back
to pre-loading levels and were significantly [ower than
concentrations in fish transported in fresh water. Pl asma
cortisol concentrations in the fish during the first 96
hours in tanks at MFS were not clearly related to transport
media, stress when unloaded, or recovery nedia (Fig. 5.5).
After 96 hours in the tanks at MFS, cortisol concentrations
were near baseline levels (less than 50 ng/ml) in all
groups.

In yearling spring chinook salmon reared at Dworshak
NFH, plasma cortisol concentrations were simlar to those in
yearlings from Kooskia NFH Dbefore, during and after
transport to MFS (Fig. 5.6). Concentrations were |ess than
50 ng/ml before the fish were | oaded into the transport tank
but increased to over 100 mg/ml 2 hours after |oading. Upon
arrival at MFS, concentrations were still elevated (150
ng/ml) in fish of the large node, but were near the pre-
| oading levels in fish of the snall nmode, simlar to those
of Kooskia yearlings transported in dilute sawater (Figs.
5.5 and 5.6). After the fish had been at MFS for 96 hours,

the plasma cortisol concentrations were near pre-transport
| evel s
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In age O spring chinook salnon snolts of Leavenworth
stock reared at Kooskia NFH, and snolts of Kooskia stock
reared at Hagerman NFH, plasma cortisol concentrations
bef or e, duri ng, and after transport differed in sone
respects fromthose in yearling snolts (Fig. 5.6). Pre-
| oadi ng concentrations of cortisol were low (20 ng/m), as
in yearlings, and increased during transport in fresh water.
In age 0 spring chinook salnon snmolts, the concentrations of
cortisol were highest (100 and 155 ng/m) after the fish
were stressed in a net and while they were recovering in
fresh water. After the fish were in tanks at MFS for 96
hours, <cortisol concentrations had declined to 55 and 75
ng/m .

In age O fall chinook salnon snolts raised at Hager man
NFH, plasnma cortisol concentrations were relatively high
(100 ng/m) before the fish were |oaded in the transport
tank, and were the highest for any group 2 hours after
| oadi ng (Fig. 5.6). Cortisol concentrations had increased
still further by the tinme the fish arrived at MS and were
hi gher yet (302 ng/m) 2 hours after being stressed in the
net. After the fish had been noved to M-S, cortiso
concentrations had dropped to 154 ng/ml by 24 hours and were
nearly down to pre-transport levels after 96 hours.

Fall chinook salnon and age O spring chinook sal non
rai sed at Hagerman NFH were on the transport truck 24 hours
| onger than fish transported from Kooskia and Dworshak NFHs.
At all tinmes, plasma cortisol concentrations were higher in
the fall chinook salnon than in any of the spring chinook
sal non groups.
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Bacterial Kidney D sease

Survival of yearling and age O chinook salnmon snolts at
MFS in 1983 was not correlated with BKD incidence as
determ ned by DFAT. O the yearling spring chinook sal non
snmolts sanpled at Kooskia NFH in md March, 45% were DFAT-
positive, yet survival in sea water at MFS was hi gh (>90%
Table 5.3). Yearling snolts from Dworshak NFH al so had a
hi gh incidence of BKD (50% DFAT-positive), but survival in
sea water was not high (65% Table 5.3).

None of the age O salnon snolts survived at a high rate
in sea water at MS, despite the relatively Ilow BKD
i nci dence of some groups. Anong the age 0 snolts sanpled at
Kooskia NFH in May 1983, only 11.5% were DFAT-positive for
BKD, but survival at MFS was only 49% 64% during 78 days of
rearing (Table 5.4).

Kooski a stock chinook salnon reared at Hagerman NFH and
taken to MFS in 1983 were from parents that were DFAT-
positive for BKD at tine of spawning but only lightly
infected. While at Hagerman NFH, this group had |osses from
BKD early in the rearing period (1%4% weekly in February);
however, the |osses then decreased to negligible levels in
April and May. \Wen these fish were sanpled in March 1983,
t he BKD incidence was 56% At wmrs, only 55% of the fish
sunrived during the 78 days of rearing in sea water (Table
5.4).

In Rapid River stock chinook sal non reared at Hagerman
NFH and taken to MFS in 1983, |osses from BKD were high in

February and March while at the hatchery. I n March, 72% of
the fish sanpled at the hatchery were DFAT-positive for BKD.
The BKD infection rate of their parents was unknown. Only

32% 37% of these snolts survived the 78-day rearing period
at MFS (Table 5.4).



130

The BKD incidence in fall chinook salnon reared at
Hager-man NFH in 1982-1983 was relatively |ow (DFAT-positive)
when the fish were sanpled in June. At MFS, 63% 75% of
these snolts survived during the 7a-day rearing period, but
only 17% and 55% had survived after an additional 40 days of
rearing (Table 5.4).

D scussi on

Survival of yearling and age 0 chi nook sal non snolts
during 78-131 days of rearing in sea water at M-S correl ated

best with survival rate while at the hatchery. In yearling
sal non reared at Kooskia NFH, nortality was |ow at the
hatchery and also low in sea water (Table 5.1). Sunrival of

Kooski a yearlings was high irrespective of whether the feed
was nedicated and irrespective of transport nmedia, extra
stress, or recovery nedia. The fish were of good quality
and w thstood conditions encountered during transport and
rearing in sea water.

Q her groups of yearling and age 0 sal non were of
| esser quality, as judged by performance while in the
hatchery, and their survival rates were relatively I|ow
Stresses of transport to MFS or rearing in sea water
increased nortality of these fish. The inposition of extra
stress upon arrival of the fish at MFS (suspension in net
for 30 seconds) did not increase nortality.

Sumar y

1 Survival of chinook salnon snolts during extended
rearing in sea water correlated well with surviva
during rearing in fresh water.

2. Stresses associated wth transport of fish to MFS and
rearing in sea water did not cause increased nortality
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in good quality smolts, but did increase nortality in
snmolts of marginal quality.

most Of the fish that died at MFS had typical synptons
of BKD.

Pl asma cortisol concentrations of fish upon arrival at
MFS were lower in fish transported in dilute sea water
than in those transported in fresh water

Pl asma cortisol concentrations were signficantly higher
in fall chinook salnmon than in spring chinook sal non.

Plasma cortisol concentrations reached a peak after
transport and had declined to pre-transport |levels 96
hours after transport.

Survival in sea water at MFS was not correlated with
BKD i ncidence in the hatchery (as neasured by DFAT).

| nci dence of DFAT-positive fish equaled or exceeded 10%
in fish of all groups tested in 1983.
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6. EFFECTS OF EXPOSURE OF SMOLTS TO STRESS
ON RETURN RATE OF ADULTS

The hypothesis that exposure to stressful conditions
during collection and transport adversely affects the
viability of chinook salnon snolts seens cogent, in |ight of
the known del eterious effects of the stress response. The
stress response in fishes is characterized by osnoregul atory
dysfunction, increased demand on energy reserves, and
| mpai rment of the immune response, However, correlation
between exposure to stress and decreased snolt-to-adult
survival can be directly tested only by conparison of
returns of adults from marked groups of stressed and
unstressed snol ts.

To test the hypothesized correlati on between stress and
decreased survival, we proposed to release a group of 80, 000
mar ked chi nook salnmon snolts from Eagle Creek NFH that had
been exposed to sinulated <collection and transport
conditions, along with a marked control (unstressed) group
of equal size. The Eagl e Creek NFH was chosen because fish
rel eased there mgrate down the O ackanus and WI |l anette
rivers and enter the Colunmbia R ver downstream from
Bonneville Dam and thus are not subjected to either dam
passage or collection and transportation.

Mar ki ng and rel ease of Eagle Creek chinook sal non was
originally planned for spring 1983 (fish of the 1981 brood
year). However, disease outbreaks in the groups sel ected
for marking nmade it inadvisable to use them Fish of the
1982 brood year were then nade available for the test and
two groups (80,000 each) were tagged with coded wires in My
1983. Because marked groups of age O salnon at Eagle Creek
grew rapidly and were relatively large by late sumer, the
fish were rel eased in Cctober. Fall rel eases of |arge,



133

snolt-1i1ke chinook salnon fromother Oregon hatcheries in
the Wllanette River drainage have produced acceptable adult
returns.

Met hods and Materials

Qur objective was to duplicate in the Eagle Creek
"stressed" group the profile of changes in plasma cortiso
typically observed in fish collected and transported from
Lower Granite Dam Qur 1982 basel i ne studies at Dworshak
NFH suggested that we could do this by varying the |oading
density of fish in the raceways at Eagle Creek over periods
of tinme corresponding to the duration of each successive
step in the collection and transportation process at Lower
Ganite Dam Loading densities in the raceways were
adjusted by crowding fish into the downstream end of
raceways w th novabl e screens.

We carried out a prelimnary test at Eagle Creek on
Septenber 9-11, 1983. The crowding protocol followed was 10
m nutes at 2.3 pounds/gallon (simnmulation of bypass passage
from dam to raceways); 16 hours at 0.5 pound/gallon
(simulation of overnight holding in raceways at Lower
Ganite Dan); 10 mnutes at 2.3 pounds/gallon or actua
| oading into a small (300 gallon) fish tank by hand net
(alternative ways of simulating truck loading at the dam; 2
hours at 0.5 pound/gallon (abbreviated simulation of truck
transport): and rel ease back into raceways. Bl ood sanpl es
for cortisol analyses were taken at intervals during the
test fromthe stressed fish and from undi sturbed fish in
adj acent raceways. Sampling and cortisol anal ysi s
procedures were as described in preceding sections of this
report.

A simlar protocol was followed during the actual test
on Cctober 13- 15, 1983. The high-density crowding
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alternative was used to sinmulate truck loading (15 m nutes
at 2.1 pounds/gallon and sinulated truck transport (at 0.5
pound/ gal l on) | asted for 8 hours.

Resul ts

Ni ne raceways contai ning about 73,500 marked fish that
were stressed and an additional 73,500 narked fish that were
unstressed were involved in the Cctober 13-15 test. These
fish (estimated nmean fork length 158 mm W Zaugg, NVFS,
per sonal communi cat i on) were subsequently released on
COct ober 17. Because of a m sunderstanding wi th hatchery
personnel, we believed that each raceway of fish had
received a unique mark, and so matched adj acent raceways as
tests and controls (e.g., raceway 9 as test fish, raceway 10

as control fish, etc.). W | ater |earned that groups had
been split after marking, so that fish in adjacent raceways
had identical mcrowre tag codes. Thi s invalidated our

test: fish released as stressed and unstressed snolts wl|
not be distinguishable when they return to the hatchery as
adul ts. (Fish of the 1982 brood year were |ater nade
available to repeat the test; they were marked wth
oxytetracycline and released in spring 1984.)

Plasma cortisol data from the prelimnary test in
Septenber indicated that baseline |levels were about 8 ng/m,
or about 8% 13% of the baseline |evel neasured in various
groups of chinook salnon snolts at Dworshak NFH in spring
1982 (Congleton et al. 1983). Peak levels in fish stressed
by crowding were 35-47 ng/m (Fig. 6.1), in conparison with
| evel s of 120-200 ng/m typically seen in chinook sal non
snmolts in the collection and transportation system at Lower
G anite Dam However, peak levels in the Eagle Creek fish
represented roughly a 400% 600% ri se above baseline |evels,
compared with a 50%200% rise above baseline |levels
typically seen in fish at Lower Ganite Dam
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D scussi on

A release of stressed and control groups of spring
chi nook sal non from Eagle Creek NFH was made in spring 1984.
Addi tion of oxytetracycline to the food of these fish is
expected to produce distinctive ring patterns, visible under
ultraviolet light, on the otoliths of returning adults.

Despite their large size and snolt-Ilike appearance,
relatively |ow baseline cortisol levels indicated that
spring chinook salnmon released from Eagle Creek NFH in md
Oct ober 1983 differed physiologically from chinook sal non
snmolts that mgrate seaward in the spring. Specker (1981)
found that plasma cortisol was 8 to lo-fold higher in
salmonid snolts than in Parr, and suggested that the spring
rise in cortisol may be a useful index of snoltification.
W do not know if all chinook sal non that appear and behave
like smolts in the fall have | ow baseline cortisol |evels
conpared with those chinook sal non that becane of snolts in
spring.

Summar

L The objective of releasing mcrowi re tagged groups of
stressed and unstressed fish was not attained in fal
1983.

2. G oups of stressed and unstressed fish were marked with
oxytetracycline and released from Eagle Creek NFH in
spring 1984.

3. Cortisol levels in snolt-like chinook sal non sanpled at

Eagle Creek NFH in Septenmber 1983 (8 ng/m) were
simlar to |evels neasured in chinook salnon parr in
| daho hatcheries. Smolt-like fish in Idaho hatcheries
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have plasma cortisol |evels of 20-60 ng/m in April and
May. This difference could be seasonal or genetic.
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7. MODERATI ON OF STRESS RESPONSE BY TRANSFER
OF SMOLTS TO DI LUTE SEAWATER

Baseline studies of the response of spring chinook
salmon to crowding stress indicated that concentrations of
pl asma cortisol and glucose declined nore rapidly in snolts
recovering fromcrowding stress in 20°/00 sea water than in
smolts recovering in fresh water (section 2 of this report).
In tests by Long et al. (19771, exposure to salt water in
concentrations ranging from 5000 to 20"/oo markedly
i mproved short-term survival of spring chinook salnon
transported by truck fromLittle Goose Dam to Bonneville Dam
and subjected to stressful condi tions (periodic air
exposure) for an additional 24 hours.

In 1983 we undertook tests to determne the effect of
different sea water concentrations on plasma cortisol and
Nat+ levels in spring chinook salnmbn smolts after
transportation and handling. Cbjectives were to (1)
determ ne whether the stress response woul d be noderated by
exposure to dilute sea water and (2) if so, determne
optimal salinities for reduction of the stress response.

Met hods and Materials

About 400 spring chinook salnon were transported in a
300-gallon fish transport tank from Dwmorshak NFH to the
University of Idaho on April 13, 1983, and again on Apri
19. After arrival at the University (1.5-hour transit tine)
the fish were kept in the transport tank an additional 2.5
hours (total I[Wransport'V time, 4 hours). They were then
transferred, 5 at a tinme, into plastic containers holding 20
gallons of fresh water or dilute artificial sea water
("Marine Environment"). Salinities were 0, 5, 10, 15, and
20%/00, and each salinity wsduplicated either four or five
tines to allow sanpling at 2, 6, 12, 24, and 48 hours (2-
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hour sanples were not taken fromthe containers wwth 5 and

15°/00) . After 5 fish had been transferred to each
container, 5 nore were added to each in succession, until
all contained 15 fi sh. To insure that fish had been

adequately stressed, they were suspended out of water for 30
seconds in a dip net as they were being transferred fromthe
transport tank to the plastic container. Procedures for
bl ood sanpling and plasma cortisol and Na+ anal yses were as
described in preceding sections of this report.

Chi nook sal non used in the test had been presel ected
for size at the hatchery and averaged 145 mmin total |ength
(range 130-160 mm). Sal nron were held at the hatchery in
raceways at 4-5 C, transported in water of 7-9 C,  and held
in 7-8 C aerated water during the test.

Resul ts

In the first test (April 13-15; Fig. 7.1, Table 7.1),
the nmean plasma cortisol concentrations after 2 hours of
recovery were highest in fish in 0 and 20°/c0 salinity (114
and 120 ng/m cortisol). In fish held at 10°/00 salinity,
cortisol concentrations were relatively low (46 ng/m).
After 6 hours of recovery, cortisol concentrations were
highest in fish in 20 and 15°/00 sea water, followed by fish
in fresh water and those in 5 and 10°o00 sea water.
Cortisol concentrations declined during the first 12-24
hours of recovery; no further decrease was seen at 48 hours.

Cortisol concentrations were higher in the second test
(April 19-21; Fig. 7.2, Table 7.1) than in the first, but
the same groups of fish as in the first test (0 and 10°/c0)
had the hi ghest cortisol concentrations after 2 hours of
recovery. As in the first test, fish in 15 and 20°/00 sea
wat er had the nost el evated cortisol concentrations after 6
hours of recovery, followed by fish in fresh water and
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finally by those in 5 and 10°/oco sea water. Corti sol
concentrations declined for 12 hours; no further decreases
were evident at 24 and 48 hours. The drop in mean corti sol
concentration in fish in 20°/00 sea water between 6 and 12
hours was noteworthy: at 6 hours these fish had the highest
concentrations (130 ng/ml), and at 12 hours the |owest (16

ng/ml),

Plasma Na* concentrations were neasured for fish held
in 0, 10, and 20°/0o sea water in the April 19-21 test (Fig.
7.3). After 2 hours of recovery, fish in both 0 and 20°/c0
sea water had relatively |ow Na* concentrations (138 and 140
meg/liter; at 6 and 12 hours, concentrations in fish in
fresh water increased only slightly, whereas concentrations
in fish in 20°00 sea water increased to 151 meqg/liter.
Pl asma Nat concentrations in fish in 10°/c0 sea water were
i nternmedi ate between those of fish in 0 and 20°/00 sea
wat er . Pl asma Na™ concentrations in all groups ranged from
147 to 152 meq/liter after 24 hours of recovery.

D scussi on

Cortisol concentrations determned 2 and 6 hours after
handl i ng were highest in chinook salnon held in water with
15 and 20%/o00 salinity, sonewhat lower in fish held in fresh
water, and lowest in fish held in 5 and 10°/0c0 sea water.
Abrupt transfer to 15 and 20°/oco sea water stressed the
fish, adding to t he corti sol rise resul ting from
transportation and handl ing. Conversel y, corti sol
concentrations were reduced in fish held in salinities of 5
and 10°/o0o. Sea water at 10°/oo is approximately isotonic
to the blood of fish and the need for osnoregulatory
conpensation is least at that salinity. Redding and Schreck
(1983) reported that coho salnon in isotonic sea water
reduced plasma cortisol concentrations nore rapidly than did
fish in undiluted sea water or fresh water, and suggested
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t hat cortisol initially increases during stress to
facilitate nobilization of energy reserves. If osnotic
i bal ance is prevented by exposure of fish to isotonic
nmedi a, energetic needs for osnoregulation are nmet nore
easily than would otherwise be true, and cortisol
concentrations can decline rapidly.

Relatively low plasma Na®™ levels (138-140 meg/liter)
were neasured in fish held in 0 and 20°/co salinity after 2
hour s recovery--presumably a consequence of handl i ng
diuresis and ion loss during and following transportation.
Plasma Nat in the 20°/oco group increased to 151 meg/liter
after 6 hours of recovery, but rose nore slowy in fish held
in fresh water. At 20°/00 salinity a positive Na* gradient
from water to blood would have favored passive Nat uptake
and a rapid increase in plasma Na’, soon necessitating
initiation of active Na* excretion to prevent hypernatrenia.
In contrast, recovery from a condition of ion depletion in
fresh water depends upon energy-requiring branchial ion
uptake against a steep Dblood-to-water Na® gradient:
consequently, the process is relatively slow

D sturbance of osnotic and ionic regulation resulting
from stress of handling and confinenent is believed to have
been primarily responsible for the 15%-20% nortality rate
commonly seen in groups of chinook salnon held at Bonneville
Dam for several days after they had been transported from
Snake River danms in the |late 1970s (Long et al. 1977). Long

et al. (1977) demcnstrated that these short-term nortalities
could be virtually elimnated by hauling fish in dilute sea
wat er . Rel ease into brackish water following transportation
:n fresh water should also have a beneficial effect on
survival , although this option (hauling in fresh water
followed by recovery in dilute sea water) was not i ncluded
in the study by Long et al. (1977). Del ayed (48 hours)

mortality rates for chinook salmon snolts hauled to
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Bonnevill e Dam from the Snake Ri ver have not been determ ned

in recent years. | nprovenents in collection and
transportation procedures may have reduced short-term
mortality rates fromthose in earlier years. Therefore

short-termnortalities due to osnotic and ionic inbal ance
during and after transportation should not exceed 10%-20%
with current transportation practices and do not appear to
be an adequate explanation for the poor return rates of
| daho chi nook sal non.

Transportation-rel ated stress may  cause del ayed
nortalities after fish enter the estuary or ocean (e.g., by
supression of immune response, resulting in death from

di sease), but such a delayed effect has not been
denonst r at ed. Cortisol concentrations in transported fish
are elevated for 2-4 days, including a recovery interval of
1-2 days after release. The recovery period could be

reduced by approximately 1 day for trucked fish if they were
transported in salt water and for barged fish if they were
rel eased into brackish water in the lower estuary. The
benefits of these procedures could be deternmined by trial
rel eases of marked fish.

Summary

1. Peak plasna cortisol concentrations in spring chinook
after truck transportation (4 hours) and handling
(unl oading by hand net) were reduced when the fish
recovered in 5 or 10°/00 sea water rather than in fresh
water or in 15 or 20°/co sea water. The rate of
recovery of plasma Na* levels was directly related to
salinity and was nost rapid at 20°/oo.

2. The use of 5 to 10°%/c0 sea water or salt water in truck
transportation woul d reduce nortality due to
osnor egul at ory or i onoregul atory di st ur bances.
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Estimates of this nortality have not been made in
recent years, but were typically 15%20% in the early
years of the transportation program and would now
presumably be the sane (perhaps |ess).

Al though the use of salt during barge transportation is
not a practical option, release of fish into brackish
water in the |Iower Colunbia estuary, rather than into
fresh water in the upper estuary, could speed recovery
of stress indices to baseline |evels. Benefits of
accel erated recovery from stress should be determ ned
through trial releases of marked fish.
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