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ABSTRACT

The Water Budget is a volume of water used to enhance
environmental conditions (flows) in the Colunmbia and Snake rivers
for juvenile salnonids duri ng their seaward mgration. To nanage
the Water Budget, the Fish Passage Center estimates travel tines
of juvenile salnmonids in index reaches of the main-stem rivers,

using information on river flows and the mgrational
characteristics of the juvenile salnonids. This study was
initiated to provide physiological information on the juvenile

sal nonids used for these travel tine estinates.

The Bhysiol ogical ability to respond to stressors was
eval uat ed by neasuring concentrations of plasma cortisol, glucose,
and chlorides before and after a 30-s handling-stress challenge
test. As in 1988, nost groups responded satisfactorily to the
chal l enge. The scope for response was conprom sed anong two groups
of juvenile chinook salnon that were trucked to release sites and
in steelhead from one hatchery after wunusual nmarking and
transportation protocols were used.

The devel opnent of snoltification was assessed by neasuring
gill wNa'-x" ATPase activity and plasnma thyroxine concentrations.
Mean ATPase activities of marked hatchery groups of juvenile
chi nook sal non and steel head changed little duri ndg the nonth before
rel ease and rose sharply for about the first 20 d of the mgration
after release. Mean plasma thyroxine was hi ghest during the first
20 d after release. Mean gill ATPase activity of spring chinook
salmon from the mgration-at-large peaked at about the 90th
percentile of passage at Rock Island and Lower Ganite danms, and
at about the 50th Percentile of passage at McNary Dam  Mean gill
ATPase activity of wild steelhead was higher than gill ATPase
activity of hatchery steelhead at Rock Island Dam the Snake River
Trap, and Lower Ganite Dam but not at MNary Dam This was
attributed to a time-dependent relationship between increases in
ATPase activity and the nunmber of days fish mgrated before
recapture. Correlations of gill ATPase activity and/or plasm
t hyroxi ne concentrations wth condition factor, norphol ogy, or skin
guani ne concentration may be useful as non-lethal indicators of
smoltification for inclusion in a snoltification index.

Preval ence of bacterial kidney disease in spring chinook
salnon was generally higher than in 1988, ranging from 81-100%
using an enzyme-linked inmmunosorbent assay (ELISA) method. Fi sh
from Snake R ver hatcheries had nore severe infections than those
from m d- Col unbi a hatcheries. The percentage of fish wth severe
infections was |ower at two downstream dans than at the Snake River
hatcheries of origin, suggesting a bias in dam collection
facilities or that these fish ceased to mgrate, either of which
could lead to biases in travel tine estimtes.
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| NTRODUCTI ON

As a part of the Northwest Power Pl anni n? Council's Fish and
Wldlife Program the Fish Passage Center collects information on
the mgrational characteristics of juvenile salnmon (Oncorhvnchus
sp.) and steelhead (0. mvkiss) in the Colunmbia River Basin. This
information is used primarily to hel p nanage and eval uate the Water
Budget, a volune of water used to enhance environnental conditions
(flows) for seaward migrating smolts. Inplicit in the Water Budget
concept is that by augnmenting flows, travel tine of snolts can be
decreased, thereby increasing survival by reductions in delayed
mgration and exposure to predators. |In addition to river flows,
biological attributes or snolt condition, such as levels of stress,
extent of snoltification, and the prevalence and severity of
di seases have been shown to affect the travel time and survival of
smolts (Schreck et al. 1989; Zaugg 1989).

To manage the Water Budget, the Fish Passage Center estimates
travel times for nmarked groups of smolts. Travel tine is estinated
as the nunber of days between date of release and nedi an passage
date at a downstream nonitoring station, or as the number of days
bet ween nmedi an passage dates between two nonitoring stations, e.g.,
Rock Island Dam to McNary Dam on the m d- Col unbia River.

In 1989, this study was funded by the Bonneville Power
Adm nistration to measure |evels of stress, snoltification,
bacterial kidney disease (BKD), and to identify useful neasures of
snol tification suitable as indices for selected nmarked groups used
b% the Fish Passage Center to estimate travel time. Part one of
t hi
of

s report describes the biological attributes of marked groups

snolts used to estimate travel tine. Part two consists of
prelimnary investigations of physiological and norphol ogical
vari ables that may prove useful in the developnent of a snolt
cogdition index as an aid for in-season nmanagenent of the Water
Budget .




PART ONE: Bl OLOE CAL ATTRIBUTES OF SMOLTS USED TO ESTI MATE TRAVEL TI ME
STRESS AT RELEASE

| ntroducti on

The Snolt Monitoring Program uses marked groups of hatchery
reared fish to nonitor the onset and progress of the snolt
m gration throughout the Colunbia River basin. |ndividual fish of
each marked group are enunerated as they pass snolt nonitoring
sites at traps and danms in the Basin. These nobnitoring facilities
are sited at the upstream and downstream ends of index reaches of
the main-stem river that the juvenile fish nigrate through
| nformation derived from the numpbers of marked fish recorded at
fish collection facilities, traps, and dams enabl e the Fish Passage
Managers to manage the Water Budget for the maxi mum benefit of the
juvenile mgrants.

Sone of the marked groups of chinook salnon and steel head are
transported by truck to release sites away from the hatcheries as
part of larger production releases. The advanta?e of using these

roups is that the release sites are generally in the upper

ol unbi a and Snake river basins, providing data on fish with lon
m gration distances. The disadvantage is that the nunber of marke

fish recovered is occasionally low prohibiting an acceptable
estimate of travel time. |In the past, these releases have been of
concern because the transportation of juvenile sal monids can induce
variable levels of stress. Although the stress response is nornal
and has adaptive value,  elevated stress levels can have
del eterious effects on behavior and survival of juvenile sal nonids.

Sone groups of marked fish used for the program were released
directly fromthe hatchery while others were trucked for 0.5 to 7

h to remote release sites. Inasmuch as these procedura
differences could affect the subsequent mgration behavior and
survival, it was deened necessary to determne if any groups were

physi ol ogi cally conprom sed by the transportation. Because stress
and the acconpani ed physiol ogical changes are normal responses to
stressors, we selected the ability to respond to a standardized
stressor, a handling-stress challenge test, to determne if their
ability to respond to stressors had been conprom sed.

Met hods

_ Fish used in this study were from marked groups used by the
Fish Passage Center to estimate travel time in the Colunbia and
Snake rivers (Table 1). These fish included steelhead from Idaho
Department of Fish and Game (IDFG, US. Fish and WIdlife Service
(USFWE), Washington Departnent of WIldlife (WW, and the O egon
Department of Fish and Wldlife (COFW,; spring chinook sal mon from
hatcheries operated by USFWs and IDFG  fall chinook salmon from
hat cheri es Oﬁerated by Washington Departnent of Fisheries (WDF);
and summer chinook salnon from an | DFG hatchery.
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Table 1. The hatchery, species, Fish Passage Center lot number (FPCLOT#),brands,
and release site of fish sampled during 1989.

HATCHERY SPECIES FPCLOT# BRANDS RELEASE SITE
------------------------------ mid-Columbia River------—-———————————
Entiat NFH SPCH 89226 RA-7T-1/3 Hatchery
Leavenworth NFH SPCH 89227 LA-7C-1/3 Hatchery
Winthrop NFH SPCH 89244 22:3%:}/3 Hatchery
Priest Rapids SFH  FACH® 89013-1 tﬁRZNil Hatchery
FACH? 89013-5  LA-T-2 Hatchery
Wells SFH STHD 89361 RD-7F- 1/3 Similkameen R.
STHD 89362 LA-7F-1/3 Methow R.
—————————————————————————————————— Snake River---———————————
Dworshak NFH SPCH 89200 RA-7H-1 Hatchery
RD-7H-1/3
STHD 89210 -¢ Hatchery
Lyons Ferry SFH FACH? 89011 LA-U-1/3 Hatchery
FACHP 89010 LA/LD-7U-1/3  Hatchery
STHD 89353 RA-13-1/3 Hatchery
Irrigon SFH STHD 89118 LA/RA-J-4 Grand Ronde R.
Magic Valley SFH STHD 89264 ¢ Little Salmon R.
McCall SFH SUCH 89257 RA-R-1/2/3/4 S. Fork Salmon R.
Niagara Springs SFH STHD 89259 ¢ Hells Canyon
Rapid River SFH SPCH 89254 LA/LD-7H-1/3 Hatchery
SPCH 89255 -¢ Hells Canyon
Sawtooth SFH SPCH 89252 LA-R-1/2/3/4 Hatchery

i sub-yearling T
Yearling
® PIT tagged




Concentrations of plasma cortisol, glucose, and chlorides were
measured to assess baseline levels of these physiological
paranmeters in fish prior to release from each hatchery. In
addition to a sanple of 20 'undisturbed" fish as a baseline (pre-
test), a handling-stress challenge test was used to assess the
ability of fish to respond to a standardized stress (Barton et al.

1985). In this challenge, fish were netted, held out of water for
30 s, and returned t0 a container of water with a maxi nrum | oadi ng
of 30 g-L' (0.25 1b-gal™’y. After one hour, the fish were

anest hetized and bl ood sanpl'es were collected (post-test). Sanples
at release were collected before fish were subjected to
di sturbances related to hatchery rel ease procedures (e.g. raceway
drawdown, crowding, etc.) and prior to daily activities such as
feeding. Additional pre- and post-test sanples were collected from
groups released off-station by dip-netting fish from truck tanks
Elit the release sites. Release site locations are shown in Figure
Plasma cortisol was analyzed wusing the radioi munoassay
approach of Redding et al. (1984). Plasma gl ucose was anal yzed
using a hexokinase enzymatic method (Signma Diagnostics, St.
Louis, Mssouri.); chloride concentrations were determned using
a chloridoneter. As a quality assurance, sanples were analyzed in
a random order wth standards at regular Intervals during the
assays. Data were analyzed using paired t-tests. In the text
use of the term significant refers to a statistically significant
difference at the probability P <0.05.

Resul ts

The nornal response to the stress challenge was an el evation
of plasma cortisol and glucose concentrations and a decline in
pl asma chloride ions. The responses of spring chinook salmon and
steel head were generally sinilar. For exanple, after the stress
chal | enge at the hatchery, the plasma cortisol levels increased to
|l evel s greater than 50 ng-mL'  usually a 5 to 10 fold increase.
The increase in cortisol after ;he challenge was interpreted as a
desirabl e response. Conversely, a negligible increase in cortisol
in response to the challenge was considered undesirable as it
indicates no further scope for response to stress.

The expected response to stress is an increase in plasnma
gl ucose concentrati on. The results ranged from no significant
change to about a 30% increase in plasma glucose;, a decline in
pl asma gl ucose is considered an undesirable response to the stress

chal | enge. The changes in plasma chloride concentrations is
indicatrve of the ability of juvenile salnon to maintain plasm ion
concentrati ons. Followmng stress, the degree of osnoregulatory

system failure is Indicated by the extent of decline in plasm
chloride concentration. Theaverage decline in chloride ion levels

was 4.6% among spring chinook salmon and 3.9% anmong steel head at

the hatchery EZexcl uding Wlls SFH).
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Each of the three measures, plasma cortisol, glucose, and
chloride, should be considered in consort with the others as the
ability of each group of fish is evaluated. To facilitate this the
results for the three neasures are presented in each figure by
sPem es (yearling chinook salnon or steelhead) and by river basin
of release (md-Colunmbia or Snake rivers).

~ Yearling chinook salnon released in the md-Colunbia River
exhi bited typical plasma cortisol, glucose and chloride responses
to the stress challenge, <characterized by increases in nean
cortisol and glucose and slight decreases in mean chloride values.

(Figure 2; Appendices |-3). (One exception was that nean gl ucose
of spring chinook salnon from Entiat NFH showed no significant
change in response to the stress challenge.

Mbst yearling spring, sumer, and fall chinook salnon from
Snake River hatcheries also exhibited typical plasma cortisol,
lucose, and chloride responses to the stress challenge (Figure 3
%ﬁpendl ces 4-8). Spring chinook salmn at Sawtooth SFH exhibited
the nost variabl e glucose response with a coefficient of variation
of the mean of 49% conpared to all other groups with an average of
17% The high variability contributed to no significant change in
response to the challenge. Yearling fall chinook salmon at Lyons
Ferry SFH had a relatively large cortisol response and snall
glucose response to the stress challenge at the hatchery.

_ The two groups of yearling chinook salnmon trucked to rel ease
sites did not respond to the stress challenge in the desirable
manner observed in nost groups at the hatchery. These groups were
summer_ chinook salnon from MCall SFH and spring chinook sal nmon
from Rapid River SFH (Hells Canyon release). = After being trucked
from MCall SFH to the South Fork of the Salnmon River, a trip of
about 1.5 h, sunmer chinook salnon had pre-test |evels of cortisol
at the truck release about 50% higher than the Rapid River spring
chinook salmon after they were trucked 5 h. Furthernore, the
sumrer chinook salnon did not respond to the stress challenge wth
a significant increase in plasma cortisol |evels. Thi s response
was the nost undesirable response observed anong all groups of
chinook salnon. Both groups had high variability associated with
their mean plasma glucose values, wth no significant change in
mean plasma glucose of either group in response to the challenge.
After trucking to Hells Canyon Dam spring chinook salnmon from
Rapid R ver SFH responded to the stress challenge with a 7.3%
decrease in plasma chloride levels. This decline is large conpared
to an average decline in plasma chloride levels of 4.6% for all
yearling chinook sal non when the stress challenge was given at the
hat chery. After the fish were transported and subjected to the
stress challenge, nean chloride levels (120 nEq.L-') were 13% bel ow
basal |evels of fish (138 mEq-L') at the Rapid River SFH before the
trucki ng procedure began. _ _ _ o

Steelhead from Wells SFH on the mid-Columbia River exhibited
hi gher mean plasna cortisol values and gl ucose concentrations than
any other group examned (Figure 4; Appendix 9). At Wlls SFH
mean basal glucose of fish released at the Simlkaneen and Methow
rivers were 240 and 200 mg-dL’', respectively.
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chloride (mEq-r')y of yearling chinook salnon from nid-
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lines represent + 1 standard error.
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Nei t her group exhibited an increase in glucose during the stress
chal l enge at the hatchery or after trucking. The plasma chloride
values were also the lowest of all groups sanpled at a hatchery,
but they were able to maintain simlar levels after trucking and
the stress challenge. _ _
Steel head from nobst Snake River hatcheries had typical
responses to the stress challenges at the hatchery with two
significant exceptions (Figure 5 Appendices 10-13). Steel head at
Dwor shak NFH had higher plasma cortisol levels than any other
group. The steel head at I\/B%ic Valley SFH were |oaded from a
raceway with a tenperature of 14 C into a truck with a water
temperature of 6 C After being trucked to the Little Salnon
River, a 6.5 h trip, steelhead fromMagic Valley SFH had rel atively
high pre-test levels of cortisol and did not change significantly
in response to the stress challenge.
_ Steel head from Irrigon SFH were transported to release at
Wldcat Creek, a tributary of the Gand Ronde River. These fish
were transported with two trucks using different routes, one going
to Wldcat Creek via Lewston, ID the other via La Gande, OR
Transportation via the Lew ston route took about 8 h and it took
about 7 h on the La Grande route. The two groups of steel head from
Irrigon responded to the stress challenge With simlar changes in
plasma cortisol, glucose, and chlorides.

D scussi on

Most qroups ~of yearling chinook salnon responded to the
stress challenge simlarly, exhibiting a significant rise in nean
plasma cortisol and glucose and a slight decrease in nean plasna
chloride levels.  There were, however several groups whose
responses distinguished thenselves from the others. Spri ng chi nook
salmon at Entiat NFH exhibited little change in nean plasma gl ucose
concentration in response to the stress challenge in conparison
with the other md-Colunbia groups, and this response was a
departure fromthe norm The response was al nost identical to that
observed in 1988 (Rondorf et al. 1989). One hundred percent of
juvenile fish at this hatchery are known to beinfected with a
ITKX_OSpOI’IdI an parasite, although this is not known to conprom se
their stress response (J.K Mrrison, dynpia Fish Health Center,
USFW5, personal comuni cation).

The large cortisol response of the yearling fall chinook
sal non from Lyons Ferry SFH is probably not due to sonme undesirable
attribute, but 1is Ilikely related to snoltification or race.
Juvenile salnonids are known to have larger cortisol responses to
stress during smoltification (Barton et al. 1985). The mean _aill
ATPase activity of these fish was about 30 pmoles P;,-mg Prot ' -hr’
', whi'te those of the spring and sumrer chinook salnon from the
Snake River hatcheries were |less than 10 units (see snoltification
section) indicating a nore advanced stage of smoltification. The
nmean plasma thyroxine was also high conpared to other groups of
year|ing chinook salmon, another indication that snoltification was
underway. The racial differences may have also been a factor,
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inasmuch as they were the only group of (yearling fall chinook
exam ned. Barton and Schreck (1987) observed simlar responses in
sgb Farling juvenile fall chinook salnmn exposed to a 30-s stress
chal | enge.

Af%er sumrer chinook salnon were trucked from McCall SFH to
the release site, they exhibited the nost undesirable response to
the stress chaIIen?e of any ?roup. At the truck, they had a high
pre-test cortisol level and failed to increase cortisol levels in
response to the stress challenge. \Wen the fish were checked at
the hal fway point of the trip, the driver noticed there were "a| ot
of dead fish in there". The elevated cortisol level confirns that
the fish were highly stressed at the release site. The |ack of any
change in cortisol after the ~challenge is very unusual
particularly when the glucose response was nornmal and the chloride
response indicated that henodilution had not yet occurred.

Al t hough spring chinook salnon from Rapid River SFH trucked
to Hells Canyon responded with an acceptable increase in plasma
cortisol level, they exhibited less desirable glucose and chloride
responses. After being transported to Hells Canyon by truck the
pre-test |evels of plasma glucose and chloride concentrations were
still within the range observed after the stress challenge at the
hat chery. However, the decline in plasma chloride after the
additional stress of a stress challenge at the release site
resulted in the |owest nmean plasma chloride val ue observed in any
group of yearling chinook salnon and denonstrated little scope for
addi tional stressors. The observed response is disappointing
because juvenile salnonids often exhibit recovery during |ong
periods of transportation, such as this 5 h trip, that can result
in inmproved ability to respond to the stress challenge. The stress
responses of summer chinook salnmon from MCall SFH and spring
chinook salnmon from Rapid River SFH may, to sone extent, be
attributed to the sensitivity of vyearling chinook salnmon to
stressors, but this does not make the observations any nore
desirabl e.

The two groups of steelhead from Wlls SFH exhibited the nost
unusual stress responses. These fish were characterized by high
lucose and low chloride levels before the stress challenges and
ad reductions in nean plasma glucose in response to the tests
In addition, glucose values were higher and chloride values were
| ower than Wells steelhead sanpled in 1988 (Rondorf et al. 1989).
These were signs that the fish collected in 1989 were in a nore
stressed condition than those from 1988, and were, in fact nore
stressed than fish sanpled at any hatchery in either year: The
hat chery manager has |ong enphasi zed that the marking procedure is
stressful to the fish, but the procedure is limted by the
facility. Just prior to marking, about [|-3 d before release,
steelhead from Wlls SFH are either netted from an emgration trap
or seined froma Ia&ge rearing pond and trucked across the hatchery
to the freeze-branding trailer. After branding, they are held in
raceways for 0.5-1 d prior to trucking to the release sites. This
protocol, and the stressful conditions it creates, are unlike those

of any other marking procedure used by the Fish Passage Center.
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The results denonstrate that some groups of fish have one or

nore conprom sed stress responses after trucking. However,
determining the extent to which these conditions affect post-
rel ease recovery was not determ ned. The numerous variables

i nvolved in determ ning post-rel ease mgration behavior and travel
tine nmake determning the relation between stress response and
travel tine difficult without the appropriate test and control
groups. Furthernore, the Snolt Mnitoring Program for 1990 has
_ropﬁed most of the steelhead groups that were transported by truck
in the upper Snake River basin. _

I nasmuch as few of the remaining marked groups of fish used
for the Snolt Monitoring Program are trucked to release sites, we
recommend that the nonitoring of stress responses be reduced or
di scontinued, although production fish from these hatcheries w ||

continue to be released in this manner. Mst  of  this
transportation results in mniml stress expected from the |oadin
and transportation conditions. However, we encourage state an

federal agencies to develop procedures of quality control and

increased accountability to mnimze stress on fish during
transport.

13




SMOLTIFICATION
| nt roducti on

~The daily managenent of the Water Budget is based on past
experience and in-season flow and mgrational characteristics of
juvenile salnon and steel head. The approach is to maximze the
enefit of the Water Bud%st by taking advantage of the mgrationa
behavi or associated with snoltification of juvenile salnmn and
st eel head. Behavi oral changes during snoltification result in a
m grational disposition that enables smolts to mgrate to the ocean
using river flows, probably in a nobstly passive nmanner, wth the
juvenile salnmon being transported by the water velocity.

_ ~The behavi oral changes and the  development of the
di sposition to mgrate are paranount to maxim ze use of the river
flows avail abl e. Juvenile salnonids  released from hatchery
environments seldom resenble actively mgrating snolts and have
been described as "non-functional" snelts (Wdenmeyer et al. 1980).
The in-river mgration is apparently associated with the conpletion
of the snoltification of non-functional snolts and the devel opnent
of the disposition to mgrate. The in-river migration experience
Is al so associated with certain, neasurable, Physiological changes
characteristic of snoltification (Zau%? et al.” 1985)." Therefore,
Fi sh Passage Managers want to know the snoltification status of
branded groups and the snolt mgration as a whole, to assess the
extent to which in-river smoltification has taken place. To
provide this information, selected neasures of snoltification are
provided to the Fish Passage Center for in-season nmanagenent use
This report provides a post-season analysis of the results and
pgggents themin perspective to the mgration as it occurred during
1989.

Two physiological parameters were neasured on groups of

juvenile salnonids as indicators of snpltification, gill Na'-K'
adenosine triphosphatase activity (wNa'-K" ATPase) and plasma
t hyroxi ne concentrations. El evat ed i1l ATPase activity is

associated with the developnent of the osnoregulatory system
necessary for osnoregul ation in seawater although el evated |evels,
indicative of ongoing snoltification, occur in freshwater prior to
seawater entry. Elevated plasma thyroxine |evels, and perhaps nore
conplicated changes in the dynam cs of clearance of thyroxine from
the bl ood, have been inplicated with a nunber of changes associ ated
with snoltification such as mgratory behavior, silvering, and
shape changes.

Met hods

To assess snoltification of juvenile salnonids during the
downstream mgration, we used two sanpling strategies. The first
strategy was to sanple juvenile chinook salnon and steel head marked
and released from hatcheries as part of the Snelt Monitoring
Program Goups of fish were narked with freeze brands prior to
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release from the hatcheries enabling us to identify and sanple
these fish at downstream snolt nonitoring sites of index reaches.
These fish were considered representative of large hatchery
production releases in the Colunmbia R ver basin. The second
strategy was to sanple groups of magrants, marked wth passive
integrated transponder (PIT) tags or freeze brands, that were
released into the index reaches from the snmolt nonitoring sites.
Juvenile fish sub-sanpled from mgrants were considered
representative of the mgration at |arge.

Juveni |l e chinook salnon and steel head were marked with freeze
brands (Mghell 1969) or with PIT tags (Prentice et al. 1986).
Fish from 19 marked groups originating from 13 hatcheries were
sanpled to assess snoltification prior to release from hatcheries.
Four of the groups of steelhead at I|daho state fish hatcheries
received only PIT tags, precluding recapture at downstream sites.

Steel head at |daho state fish hatcheries were PIT tagged in
spring 1989. Steel head and subyearling fall chinook salnmn were
f'reeze branded in the spring of 1989; yearling chinook sal non were
branded in the fall of 1988, about 6 nonths before release. Spring
chinook salnon and hatchery and wild steelhead from the run at
large were PIT tagged at the Snake River Trap and Rock Island Dam
durin? the seaward migration. Mgrants at Nary Dam were marked
wWth freeze brands because a PIT tag detector was not avail able at
fish collection facilities downstream The marking and tagging
rzrggg)am Is described in nore detail by the Fish Passage Center

1 :

To assess the level of snoltification, a sanple of 20 fish
was renmoved from hatchery raceways or ponds at about one nonth, two
weeks, and shortly before release. Marked fish recaptured at snolt
nmonitoring sites were sub-sanpled to assess the ongoing snelt
devel opnent . A sanple of 20 fish was collected from the early,
mddle, and late segments of their mgration past Rock Island,
Lower Ganite, and MNary dans. The early, mddle, and late
sanples correspond approximately to the 25th, 50th, and 75th
percentiles of the mgration of each branded group past a |ocation.
Fish were sanpled bi-weekly from the mgration at large at the
Snake River TraP (March 29 - May 25), Lower Ganite Dam (April 6 -
May 24), Rock Island Dam (April 25 - May 23), and MNary Dam (My
2 -7 June 1, 1989).

G|l ATPase activity and plasma thyroxine |evels were used to

evaluate the extent of ‘snoltification. Fish were sacrificed by
overdose in tricaine (M-222). GIl filament sanples were
collected and assayed for Na'-K' ATPase activity using the method
of Zaugg (1982) with mnor nodifications. Sanpl es were anal yzed

in randomorder with known phosphate standards at regular intervals
during the assay. Plasma sanples were assayed for thyroxine usin
the radioi mmunoassay described by Dickhoff et al.” (1978) and
modi fied by Specker and Schreck (1982). The data on gill ATPase
activity and plasma thyroxine concentrations were analyzed using
analysis of variance (ANOVA) and Student-Newran-Keuls nmultiple
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Ba(r)lge tests (SNK). Statistical differences reported refer to P<

The use of PIT tags to mark mgrants at snmolt nonitoring sites
enabled us to collect neasures of snoltification from fish of
various origins that were tagged on the same date and rel eased at
the same location. Frommgrants, biweekly sanples of gill tissue
were col | ected and assayed for gill ATPase activity. Median travel
tinme and average flow data for each release at the Snake River trap
were from IDFG Lewiston, ID (Buettner and Nelson 1990) and were
from the Fish Passage Center (1990) for releases at ck 1Island
Dam Data fromthese sources used in regression analyses were sub-
sets of the original data since sanples for ATPase activity were
not collected on every day. Regression analyses were performed
using nedian travel tine {days), mean flow (kcfs), and nmean gill
ATPase activity of fish at the time of tagging. Fl ow at Lower
G ani te Dam was conputed for each rel ease ?roup as the average flow
ékcfs) over the period fromthe date of release through the nmedi an
ate of recapture. Flow at Priest Rapids Dam was conputed as the
average flow over the seven day period conprised of the back-
cal culated nedi an date of detection (based on the observed passage
at McNary) + three days (Fish Passage Center 1990). Medi an and
mean val ues were transformed using natural logarithns. A stepw se
nultiple regression procedure was used with a probability P>F<
0.15 required for entry into the nodel.

Resul ts

Juveniles released from hatcheries

Mean gill ATPase activity of vyearling spring and sunmer
chinook salnon collected at the md-Colunbia and Snake river
hatcheries exhibited simlar increasing trends over tine, but
activities diverged nmarkedly as fish were recaptured at snolt
monitoring sites (Figure 6, Appendices 14-22). Fish recaptured
from a given segnment of the mgration (early, mddle, or late),
particularly at upstream sites such as Rock Island Dam were at
different stages of snolt devel opnent because of the time dependent
pattern of increases in gill ATPase activity. = For exanple, fish
from Entiat NFH recaptured late in the mgration at Rock |sland
Dam about 15 days after release, had a nean gill ATPase activity
of 17 umoles P,-mg Prot'-hr™' (Figure 6A). |n contrast, fish from
Wnthrop NFH recaptured late in the mgration at Rock |sland Dam
about 35 days after release, had a nean gill ATPase activity of 39
pnoles Pi.my Prot-.hr-". The differences between ATPase activities
of these groups of spring chinook salnon are typical of the
differences in degrees of snmolt devel opnment of different groups of
fish as they pass smolt nonitoring sites. _ _

G Il ATPase activities of fish recaptured at snolt nonitoring
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sites were about tw to three fold higher conpared to |evels at
rel ease fromthe hatchery. Al though a conplete time series for any
one group of fish fromrelease to conpletion of the mgration is
not available, a pattern energes when nean ATPase activity of all
groups is plotted against the nunmber of days of in-river mgration
that fish have experienced prior to collection (Figure 7A). The
mean gill ATPase activity of spring chinook salnon released from
the md-Colunmbia and Snake river hatcheries was 9.6 pmoles P, -mg
prot™'-hr™'. About 20-,days, after release, values were greater than
20 umoles P,rmg Prot -hr . After 40 d of migration nmean ATPase
activities trend [ower. Goups collected after this tine
originated primarily in the upper Snake R ver basin. _

~ Mean FI asma thyroxine levels of nmany of the groups of spring
chinook salnmon had relatively high values as they mgrated past
upstream nonitoring sites of Rock Island Dam and Lower G anite Dam
(Figure 6; Appendices 14-22). Gau et al. (1981 1982?1 present ed
convincing evidence that |unar Igha5| ng of plasma thyroxine in
juvenile salnmn occurs at about the second new noon follow ng the
vernal equinox for Wshington and northern O egon stocks, which
corresponds to about May 5 in 1989. Mbst groups of spring chinook
sal mon attained their highest post-release nmean plasnma thyroxine
levels in late April and early My. Fish from Wnthrop NFH and
Leavenworth NFH exhi bi ted maxi mnum thyroxine concentrations at the
time of the second new noon, and conversely, fish from Dworshak NFH
and Entiat NFH had elevated plasma thyroxine levels at the full
moon followi ng the vernal equinox. Recaptured fish exhibited their
hi ghest plasnma thyroxine concentrations during the first 20 days
of mgration with no elevated |evels armng fish that had m grated
40 to 70 days (Figure 7B; Appendices 14-22). _

Mean gill ATPase activities of yearling and sub-yearling fall
chi nook sal non general ly increased during the nonth before rel ease
and had increased substantially by the tine they reached McNary Dam
(Figure 8, Appendices 23-25). Yearling fall chinook salnon
rel eased from Lyons Ferry SFH were unlike other groups of yearling
and subyearling fish in that they had a relatively high nmean gill
ATPase activity (28 pnoles P,.ng Prot™'-nhr’') at release and ATPase
activities did not increase significantly after release. Two
?roups of subyearl i n? fall chinook salnmon, the first and |ast of
ive groups released fromPriest Rapids SFH had nmarkedly different
attributes. The first group, released on June 12, 1990, had a nean
gill ATPase activity of 29 pmoles P,-mg Prot'-hr"' in the early
segnent of the mgration (Figure 8A) ° were exposed to an average
river flow of 140 kcfs, and had a nedian travel tinme to McNary Dam
pf 9,d. The fifth group had activities of 18 umoles P, mg Prot’
.hrin the early segment of the mgration, were exposed to an
average river flow of 76 kcfs, and had a median travel tine of 12d.

Mean plasna th\ér oxine levels of the sub-yearling fall chinook
salnon from Lyons Ferry SFH and Priest Rapids SFH were simlar
before and after release (Figure 8, Appendices 23-25). The
yearling fall chinook salnmon from L)éons Ferry SFH had hi gher nean
pl asma thyroxine levels than the sub-yearling groups.

The general pattern of gill ATPase activity of steel head
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rel eased from hatcheries was simlar to yearling chinook salnon,
I nasnuch as activities were low prior to release and activities
increased after in-river mgration. An exception to this pattern
was the steelhead fromthe Wlls SFH which had little change in
mean gill ATPase activities between one nonth and two weeks prior
to release, but increased sharply during the |ast two weeks before
rel ease (Figure 9A; Appendices 26-27). Steelhead reared in Snake
River hatcheries had relatively static ATPase activities in the
hatchery (Figure 9B, Appendices 28-32). Fish fromlrrigon SFH and
Lyons Ferry SFH were the only groups fromthe Snake River recovered
after release because the other groups were PIT tagged and could
not be identified at the dans. o _ _

Three groups of steelhead exhibited relatively high nean
pl asma thyroxine concentrations, two of which had el evated plasma
thyroxine in agreement with lunar_ phasing as proposed by Gau_ et
al . (1981; 1982) (Figure 9C D). The highest nmean plasma thyroxine
concentrations for steelhead fromDworshak NFH and Irrigon occurred
at about the time of the new noon of May 5 1989. Steel head from
Irrigon SFH had high plasnma thyroxine at the new noon, but plasna
t hyroxi ne concentrati ons remained high during the first 20 daP/s of
mgration, even during the next full moon. I'n contrast, steelhead
from Wells SFH had the highest plasnma thyroxine concentrations at
the hatchery prior to the new noon of "April 6, and all plasm
t hyr oxi ne concentrations during the mgration remained relatively
| ow. Since other groups exhibited no significant increase in
pl asma t hyroxi ne concentrations, no discernable pattern was evident
as the mgration progressed over tine.

les | he i . |

Year|ing chinook sal non

Mean ATPase activity of spring chinook salnon from the

mgration at large increased progressively until late in the
mgration at upstream monitoring sites (Figures 10,11; AppendiXx
33). Mean gill ATPase activity of spring chinook salnon at Rock

Island Dam had the highest values on My 23, after the 90th
ercentile of passage on My 19, 1989 (Figure 10). At the Snake
ver Trap, peak gill ATPase activities of spring chinook salnon

occurred on May 2 and the 90th percentile of passage on My 6,
while at Lower Ganite Dam gill ATPase activities peaked on May 5
and again on May 22 with the 90th percentile of passage on May 25,
1989 (Figure 1I7,, A relatively high mean ATPase activity of
pnol es P, -mg Prot -hr’! occurred as early as the 50th percerntile of
migration at McNary Dam suggesting that all migrating yearling
chinook salnmon were at a nore advanced stage of snoltification, as
they mgrated past this site - the furthest downstream nonitoring
site where yearling chinook salnon were collected.

Travel "time of spring chinook salmon was inversely related
to mean flow and nean ATPase activity, Wwth travel tine ‘being |ow
when river flow and gill ATPase were relatively high. A
prelimnary analysis of travel time, gill ATPase actlvlty, and flow
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indicated both snoltification, as measured by gill ATPase
activity,and flow accounted for wvariability of travel time of
SEring chinook salnmon. It is inportant to note that data used in
these anal yses were sub-sets of data obtained from IDFG and FPC
since ATPase activity information was not collected on each day.
A multiple regression of the natural |ogarithm of travel tinme on
flow and ATPase vari abl es of sprin? chinook salnon at Rock Island
Dam (Figure 12) resulted in the follow ng equation:

LnMIT = 4.1640 - 0.5984 LnATP
with N = 8 and R? = 0.68,

Where LnMIT is the natural logarithm of nedian travel time from
Rock Island Dam to McNary Dam in days, and LnATP is the natural
| ogarithm of nean gill ATPase of fish sub-sanpled from spring
chinook salnon that were PIT tagged. Neither nean flow (at Priest
Rapids Dam) nor the natural logarithm of nean flow entered the
model despite the conservative alpha to include variables in the
equation of a = 0.15. The variables LnFLOW and LnATP of yearling
chinook sal mon were si ?nifi cantly correlated (r = 0.90; P < 0.01).

The equation resulting from nultiple regression analysis of
travel tine of spring chinook salnmon PIT tagged and rel eased from
the Snake R ver Trap included both gill ATPase activity and flow
variables (Figure 12). The equation was:

LnMIT = 15.5277 -2.3673LnATP -0.9651LnFLOW
with N = 11 and R? = 0.87,

where LnMIT is the natural logarithm of median travel time from
the Trap to Lower Granite Dam LnATP is the natural |ogarithm of
mean gill ATPase, and LnFLOWis the natural |ogarithmof nean river
flow at Lower Ganite Dam Partial R-squared coefficients
indicate the gill ATPase activity variable explained about 75% of
the variability and flow about 12% Sinple regressions using
LNFLOW and LNATP separately resulted in r® values of .73 and .76,
respectively. The correlation between LnATP and LnFLOW was r =
0.70 (P < 0.05). Predicted travel times using this regression are
simlar to those in Buettner and Nelson (1990) when the ATPase

activity variable is changed to nmatch changes occurring during the
out m grati on.

St eel head

Mean gill ATPase activity of steelhead fluctuated throughout
the period sanpled, with wld steelhead having higher ATPase
activity and lower travel tinme conpared to steelhead of hatchery
origin (Figures 13 14; Appendices 34, 35). The mean gill ATPase
activity of wl steel head sub-sanpled from mgrants was
significantly higher than ATPase activity of hatchery steel head at
the Snake River Trap, Lower Ganite Dam and Rock Island Dam but
not at MNary Dam (ANOVA; P < 0.05).
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WI!ld steelhead had slightly |ower nedian travel times when
conpared to hatchery steel head under simlar conditions, indicating
a faster migration rate (Figures 13 and 14; Fish Passage Center
1990). Travel times of hatchery steel head averaged about one day
greater than wild steelhead in the upstreamindex reaches under the
observed flows. The nedian travel tinme estimates for hatchery
steel head from Rock Island Damto MNary Damranged from6.2 to 9.3
d and from 6.5 to 7.8 d for wild steelhead (Fish Passage Center
1990). The nedian travel time estimates fromthe Snake River Trap
to Lower Ganite Dam ranged from 1.9 to 5.8 d for hatchery
steelhead and from 1.7 to 3.4 d for wild steelhead during the
period between April 16 and May 12, 1989.

The gill ATPase activity variables of PIT tagged steel head
did not explain the variability of travel time of steelhead. Flow
and gill ATPase activity were not significant in the regressions
when hatchery and wild steel head rel eased at Rock Island Dam were
anal yzed separately or when the'2<n were pooled (hatchery and wild
steelhead; N = 15 P > 0.05). alysis of the hatchery and wld
steel head data together is appropriate because, for the purpose of
this analysis, the apparent difference between these fish is the
degree of smoltification, reflected in ATPase activity, and we
wanted to deternmine if snoltification influenced travel time
throu%h some causal nechani sm _ _

he nultiple regression analysis of travel tines of hatchery
and wild steel head released fromthe Snake River Trap and detected
at Lower Granite Damrevealed that the flow variable, LnFL al one
resulted in R®= 0.91 for hatchery steelhead (N = 11) and R®=0.84
for wild steelhead (N= 8). G| ATPase did enter nodels using the
pool ed data of hatchery and wild steel head. In the regression
model using un-transformed data nmean gill ATPase was significant,
but it explained only about 4% of the overall variability after the
flow variable entered the equation (R = 0.87, P = 0.030). The
regression nodel using natural |ogarithm transforned data resulted
in entry of the LnATP variable, but the variable explained only
about 2% of the variability (P = 0.110). The variable LnFLOW al one

proved to be equally useful in explaining the variability and the
resulting equation was:

LnMIT = 9.72 - 1.9931LnFLOW
with N= 19 and R? =0.87

Predicted travel tines were closest to those in Buettner and Nel son
(1990) using separate regressions for hatchery and wild steel head.
We chose to used regressions from Buettner and Nel son (1990) usi n?
raw flow rather than stratified flow, although predicted values o
these equations are simlar. For a flow of 70 kcfs, nean travel
times of hatchery steelhead were 4.93 d and 5.1 d using Buettner
and Nelson (1990) and our fornulas, respectively. At~ 100 kcfs,
predicted travel times were 2.76 and 2.62 d, respectively. For
wild steel head predicted travel times were 3. 97 d and 3.86 d at 70
kcfs, and at 100 kcfs were 2.36 d and 2.27 d using Buettner and
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Nel son (1990) and our fornulas, respectively.

D scussi on

Thyr oxi ne

Plasma thyroxine is of particular interest because other
investigators have found it to be related to migratory behavior of
juvenil e salnonids (Youngson and Sinpson 1984; Birks et al. 1985).
Hoar (1988) concluded that there is anple evidence that thyroid
activity is usually elevated at the time of the typical Parr-snolt
transformation.  Furthernmore, Folmar and Dickhoff (1981) in a
review of predictive indices of snoltification described the
relation between the proportion of the plasma thyroxine cycle that
juvenile coho salnon had conpleted and the percent of surviving
fish after six nonths of seawater rearing. These relations
pronpted us to include plasma thyroxine as a neasure of
smol tification.

In this study, the OPI asma thyroxine concentrations of marked
hatchery fish recaptured at downstream sites may reflect the
i nfluence of |unar phase and the exposure to new or "novel water"
sources. The plasma thyroxine concentrations of three groups of
spring chinook salnon and two groups of steel head increased durin
|ate April to early My, about the sane tine as the new noon o
May 5, 1989. Several authors have studied the relationship between
thyroxine dynamcs and lunar cycles, and it is generally agreed
that many other environmental factors may affect thyroxine ‘dynam cs
as well (Mason 1975; Gau et al. 1982, Barron 1986). Recent |y,
investigators have found that plasma thyroxine |evels of chinook
sal non were increased to a maxi mum about 10 days after experinental
exposure to novel water chemstry such as woul d be experienced by
exposure to the waters of various tributaries (Hoffnagle and

Fivizzani 1990). @ The highest levels of plasma thyroxine we
observed were during the first 20 d of the downstream™mi gration,
prior to maxi num observed gill ATPase activities (Figure 7%]. Thi s

observation is in a_cr;reement with typical patterns of plasm
thyroxine and gill ATPase activity described for yearling coho
salmon, in which plasma thyroxine peaked prior to gill ATPase
activity ﬂD ckhoff ‘et al. 1985). Birks et al. %1985) argues that
high levels of plasma thyroxine are antagonistic to magration
behavior and that increased disposition to migrate occurs as the
pl asma thyroxi ne concentrations decrease.

If high levels of thyroxine nust occur rior to full
devel opnent of the disposition to migrate, then the patterns of
pl asma thyroxine concentrations may be of interest to managers,
particularly for the fish of hatchery origin. However, since there
are many factors influencing thyroxine dynamcs and changes in
pl asma thyroxine can occur in a matter of hours to days (Gau et
al. 1982), the nonitoring design may limt the use of plasna
thyroxine as a variable. For exanple, if the increases are
prerequisite to full devel opment of migratory behavior during the
first 10 to 20 d of mgration, an increase in plasna thyroxine and
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subsequent decrease may be m ssed because many of the groups are
not recaptured during the first 10 d of the mgration. Restricting
recaptures to snolt nonitoring sites places limtations on any use
of plasma thyroxine as a predictive variable.

Gl ATPase

Increased levels of gill ATPase activity anong juvenile
sal noni ds has been interpreted as indicating a nore advanced degree
of snoltification. Snoltification, as mneasured by gill ATPase
activity during 1989, was simlar to that observed in 1988 (Rondorf
et al. 1989). This pattern was characterized by relatively |ow
| evel s of ATPase activity in fish at release from the hatcheries.
The spring chinook salnmon from the m d-Colunmbia River basin had
I ncr easi n% ATPase activities during the nmonth prior to_release,
while in 1988 activities declined during the two week period prior
to rel ease. Considering the relatively low levels of gill ATPase
activities observed at the hatcheries, an increase was considered
desirable, but we were wunable to identify a cause for the
di fference between 1988 and 1989.

The large increase in nean ATPase activity of steelhead prior
to release from Wlls SFH may have been due to differences in the
fish collection nethods. Prior to marking at release, the fish
were collected with an unbrella net from a large rearing pond,
whereas the fish sanpled at release were collected directly from
raceways hol ding marked fish. These fish were collected from an
emgrant trap at the outflow of the pond (personal communication,
Steve MIler, Hatchery Mnager, Wells SFH Washington Departnent
of Wldlife), and as emgrants, may have had hi gher ATPase
activities than fish seined from the general population of the
pond. The procedure should be exam ned closely to assure that fish
m_a{ked are representative of the fish transported to the rel ease
sites.

The current strategy of nonitoring physiol ogi cal nmeasures of
snoltification three tinmes prior to hatchery release and at the
early, mddle, and late portions of each brand groups mgration
past two dans is not necessarily the nost efficient strategy_for
using this information along wth travel time estimtes. Thi's
strategy was designed to provide a broad base of information with
which to evaluate snoltitication and stress of branded groups.
O her strategies nmay prove nore efficient once data from several
years are eval uated.

Seaward m gratory behavior of snolts is currently believed to
be passive rather than active, wth fish using flow to transport
t hem downstream In this scenario, snoltification results In a
change of behavior fromone of actively resisting flow, as in natal
streans, to one of passive migration. ~ It is in this capacity that
we believe smoltification, as measured by changes in gill ATPase
activity, affects rates of travel during the seaward mgration of
sal noni ds.

Rel ease of PIT tagged mgrants at Rock Island Dam and the
Snake R ver Trap enabled the Smelt Mnitoring Programto estimte
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travel time of spring chinook salmon and steel head for each day of
release or over a period of several days. This data allowed the
analysis of travel tinme, river flow, and gill ATPase as a neasure
of snoltification. The analysis is made possible because of the
| arger sanple size resulting fromtravel times estimated from PIT
tagged fish, whereas sanple size for data from freeze branded fish
is limted because it is collected from two sub-basins, 12
dirferent hatcheries, two species, and three races of chinook
sal mon.

The travel tine data from PIT tagged spring chinook salnon
illustrates the relation of gill ATPase activity and river flow to

travel time. The independent variables, gill ATPase activity and
river flow, were intercorrelated, and therefore can carry redundant
or msleading information (Snedecor and Cochran 1967). In sinple

regressions both paraneters had simlar r-squared val ues, however,
because the ATPase variable was entered first by the stepw se
regression procedure, the contribution of the flow variable was

under est i mat ed. Biologically, flow is probably a nore inBortant
determ nant of travel time than smoltification as nmeasured by gill
ATPase activity. GIlI ATPase activity probably acts as a

determ nant within the constraints of flow _ _

The lack of a significant predictive relationship between
ATPase activity and nedian travel tinme of hatchery and wld
steel head when a rel ationship was evident for spring chinook sal non
may be expected. The ATPase activities of the steel head changed
little conpared to those of the spring chinook salnon during the
study period (Figures 12, 13, and ]A&b ‘Regression analysis using
data from sources such as the Snolt nitoring Program " sonetines
referred to as "unplanned data", can have independent variables
with smal |l ranges causing the corresponding regression coefficients

to be found nonsignificant (Draper and Smth 1981), i.e., if an
effective predictor variable does not vary, it will show little or
no effect. The relatively small differences in nmedian travel time

of steel head conpared to the chinook salnmon may further preclude
a definitive relationship that would include any neasure of
snoltification. Data fromsteelhead will have to be collected over
a wder range of ATPase activities, and perhaps travel tines, to
discern the relationship between ATPase activities and nmedian
travel time. Ideally, both travel tinme and ATPase activity woul d
be neasured from individual fish.
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BKD IN SPRING CHINOOK SALMON

| ntroducti on

In 1985, the Fish Passage Center (known then as the Water
Budget Center) began using estimates of travel time to nanage and

eval uate the Water Budget. Estimates from groups of fish assumed
to be simlar varied wdely, leading to the onset of nonitoring
biological attributes of fish groups. It was thought that

physi ol ogi cal differences between groups may exist, and that these
differences may help explain nore of the variability in the travel
time estimates than flow alone. One biol ogical paranmeter exan ned
was the prevalence and severity of bacterial kidney disease in
spring chinook salmn caused by the bacterium Renibacterium
sal noni narum The effects bacterial kidney disease (BKD could
have on travel tinme estimates were unknown, but it was consi dered
a paraneter of interest since Ereval ences were known to be high in
ot her groups of spring chinook sal non. Bacterial Kkidney disease
could affect travel time estimates directly, by changing mgration
rates, indirectly, by causing nortality which could skew nedian
dates of passage by altering the distribution of fish past index
sites, or by a conbination of these or other neans.

Met hods

The incidence of BKD in spring chinook salnmon from Saw ooth
SFH, Dworshak NFH, Leavenworth NFH, and Wnthrop NFH was esti mat ed.
Ki dney and spleen sanples were collected at the hatcheries and at
Rock Island Dam (Leavenworth NFH, Wnthrop NFH), Lower G anite Dam
(Dworshak NFH, Sawtooth SFH), and MNary Dam (all groups). Sanples
were stored in vials in liquid nitrogen until they reached the
| aboratory, where they were stored in a freezer at - 80 C

Ti ssue sanples were mashed and snears were anal yzed using the
fluorescent antibody test (FAT) with a loo-field count (MDaniel
1979).  Sanples were arbitrarily divided into one of four
categories depending on the number of BKD conjugates as follows:
nﬁgaug\ge, none found; Iow, 1-15; medium 16-90; and high, greater
t han 90.

The same material was analyzed for antigen levels with an
enzynme-|inked inmunosorbent assay (ELISA) using the nethod of
Pascho et al. (1987). ELISA results were considered positive for
BKD when optical densities were greater than or equal to 0.074.
Sanples were arbitrarily divided, based upon the optical density
CoD), into four categories: negative, less than 0.074; low, 0.074
to 0.120; nedium 0.121 to 0.280; and high, greater than 0.280.
The FAT nmethod was used to provide information consistent wth
nmet hods used Dby the Augnented Fish Health Mnitoring Program
however, we relied primarily on the results of the ELISA nethod
because of its higher sensitivity. Few fish from Wnthrop NFH and
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Leavenworth NFH were collected at Rock Island Dam so ELISA tests
were not run on these sanples. Simlarly, few fish from Saw ooth
SFH were recaptured at McNary Dam and ELI SA tests were not run on
t hese sanpl es.

Resul ts

The preval ence of BKD at the hatcheries, as determned wth
the ELISA nmethod, ranged from 92% at Dworshak NFH to 100% at
Leavenworth NFH.  Preval ence of BKD as determined with the FAT and
ELI SA nethods are summarized in Tables 2, 3, and 4. The BKD
infections in fish from Sawtooth SFH and Dworshak NFH were nuch
nmore severe than those at Leavenworth NFH or Wnthrop NFH
Positive fish at Dworshak NFH and Sawtooth SFH had 46% and 47% wi th
hi gh optical densities, respectively, whereas those from Wnthrop
NFH had 12% and sanples from Leavenworth NFH had no fish in this
cat eﬂory (Table 3). In fact, nost fish from Leavenworth NFH and
Wnthrop NFH had |ow optical densities at the hatcheries (84% and
67% respectively). _ _

Preval ence of BKD at Dworshak NFH (92%, as determ ned using
the ELISA nethod, was about twi ce the |evel observed in 1988 (53%
and the percentage of fish with high antigen levels (46% was 46
tinmes higher (Rondorf et al. 1989). The preval ence of BKD at
Sawt ooth SFH (99% was about the sane as in 1988 (91%, and the
percentage with high antigen levels (47% was about 7 tines higher
than in 1988. Prevalence of BKD at Wnthrop NFH (96% was hi gher
than in 1988 (79%, but the percent with high antigen levels
remained about the same (13% and 12% in 1988 and 1989,
_respiggglvel y). Fish from Leavenworth NFH were not tested for BKD
in :

Wen recaptured at downstream dans, preval ence of BKD of each
hat chery grouE, as determned with ELISA was simlar or slightly
lower than that prior to release, but the percentage wth high
antigen levels was much lower in the group from Sawtooth SFH
sanpled at Lower Ganite Dam (22% and Dworshak NFH group sanpl ed
at McNary Dam (17% (Table 3; Figure 15). The percent of fish with
high antigen levels in Wnthrop NFH and Leavenworth NFH groups
changed little between the hatchery rel ease and recapture at MNary
Dam (Figure 16). The nean percent of fish from Wnthrop NFH
showi ng visual signs of BKD at MNary Dam was 2, 3, and 23% at the
early, mddle, and late parts of their passage, respectively. This
difference is highly significant (chi-square = 20.5 N = 184, df
=2 p =0.000). No other group examned showed this pattern when
recaptured at any dam _

The Dworshak NFH group was the only group from which nunbers
sufficient for adequate BKD analysis were collected at two dans.
The prevalence of BKD of this group was slightly lower at Lower
Ganite (83% and McNary (80% dams than at the hatchery (92% but
the distribution of low, medium and high antigen levels at I\/bNar%/
the fraction wth high optical densities was about half (17% tha
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Table 2. Prevalence of BKD (%) in spring chinook salmon from four Columbia and
Snake river hatcheries as determined by Enzyme Linked Immnunosorbent Assay
(ELISA) and Fluorescent Antibody Test (FAT). Fish were collected at the hatchery
and at downstream dams after release.

SAMPLING SITE

Stock Hatchery Lower_ Granite Rock Island McNary Dam

ELISA FAT ELISA FAT ELISA FAT ELISA FAT
Dworshak NFH 92 33 82 48 80 21
Sawtooth SFH 99 54 100 29 (@ 30
Leavenworth NFH 100 8 (a) 2 97 8
Winthrop NFH 96 17 €)) 8 96 30

(a) ELISA not performed due to low numbers collected.
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Table 3. Results of the Enzyme Linked Immunosorbent Assay (ELISA) for bacterial
kidney disease in spring chinook salmon from four Columbia and Snake river
hatcheries. Positive samples are divided into three categories based upon
the optical density (LOW, 0.074-0.120; MEDIUM, 0.121-0.280; HIGH, greater
than 0.280). Also presented are the sample sizes (N) and the percent of
fish diagnosed as positive during a visual examination (VISUAL).

POS LOW MEDIUM HIGH N VISUAL

SAMPLE SITE % % % % %
Dworshak NFH 92 38 8 46 98 3
Lower Granite Dam 82 30 10 42 176 10
McNary Dam 80 51 12 17 136 5
Sawtooth SFH 99 38 14 47 86 24
Lower Granite Dam 100 46 32 22 100 6
McNary Dam a

Leavenworth NFH 100 84 16 0 99 0
Rock Island Dam a -

McNary Dam 97 86 9 2 173 0
Winthrop NFH 96 67 17 12 100 9
Rock Island Dam a - -

McNary Dam 93 59 16 18 182 9

a ELISA not performed due to low numbers collected.
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Table 4. Results of the Fluorescent Antibody Test (FAT) for bacterial kidney
disease in spring chinook salmon from four Columbia and Snake river
hatcheries. Positive samples are divided into three categories based upon
the number of conjugates found in 100 fields (low, 1-15; medium, 16-90;
high, greater than 90) Also presented are the sample sizes (N) and the
percent of fish diagnosed as positive during a visual examination

(VISUAL).
POS LOW MEDIUM HIGH N VISUAL
SAMPLE SITE % % % % %
Dworshak NFH 33 16 8 9 99 3
Lower Granite Dam 48 11 2 35 175 10
McNary Dam 21 8 4 9 138 5
Sawtooth SFH 54 5 5 44 100 24
Lower Granite Dam 29 17 3 9 99 6
McNary Dam 30 15 3 12 34 12
Leavenworth NFH 8 7 0 1 99 0
Rock Island Dam 2 2 0 0 42 0
McNary Dam 8 8 0 0 194 0
Winthrop NFH 17 9 2 6 99 9
Rock Island Dam 8 4 4 0 28 0
McNary Dam 30 13 1 16 184 9
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Fi gure 15. Preval ence of bacterial Kkidney disease in spring
chinook salnmon from Dworshak NFH (DW and Sawtooth SFH (SA)
determ ned usi n? the enzynme-linked imunosorbent assay.
Sanpl es were collected from the hatchery (DN SA) and at the
early (E), mddle (M, and Late (L) portions of their
m grations past McNary and or Lower Ganite dans, spring 1989.
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Figure 16. Preval ence of bacterial kidne di sease in spring

chinook salmon from Wnthrop NFH (W) and Leavenworth NFH (LE)
determned wusing the enzyme-linked imunosorbent assay.
Sanpl es were collected from the hatchery (W, LE) and at t¥1e
early (E), mddle (M, and Late (Lg portions of their
mgrations past MNary Dam spring 1989.
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Dam was markedly different than at the other sites. At MNary Dam
cat  either Lower Ganite Dam (42% _or the hatchery (469
indicating the fish with the nost severe infections had di sappgear ed
from the sanple population bythe tine it reached MNary Dam Al so
at McNary Dam the fractions with high antigen levels were |ower
in the mddle and late portions of the passage than they were
during the early part.

D scussi on

The results of ELISA tests for BKD can be initially msleading,
since preval ences near 100% are not uncommon. A positive result
with the ELISA nethod means that, in the tissue exanined, the
optical density, an indicator of soluble antigen produced by the
bacterium Reni bacterium sal noninarum is higher than the optical
density of sanples fromfish known to be "BKD free", or "unexposed"
to R salnoninarum ~In any_ closed population containing
individuals wth infections of “BKD, such as a raceway or pond,
there is a high probability that all other fish in that population
will be exposed to the bacterium and will therefore be diagnosed
as positive using the ELISA nethod. It is inportant to note that
a positive result does not inply inpending death - only that the
fish has been exposed. Unfortunately, there appears to be nothing
inthe [iterature to answer the question "At what antigen level are
fish going to die?". _ _

The advantage of ELISA over other nethods of BKD detection is
the sensitivity and specificity - not because of the total
preval ence that can be determned, but because of the increased
power with which it can be used to examne the distribution of
antigen levels within the population. Thus, a population with a
prevalence of 100% containing 84% with low antigen levels
(Leavenworth NFH, 1989) is in a nore desirable condition than one
with a preval ence of 92% and 46% wi th high antigen |evels (Dworshak
NFH, 1989).  Such analysis can be performed with other methods of
BKD det ection, but none have the sensitivity and specificity of the
ELI SA et hod.

The prevalence of BKD in nost groups tested in 1989 was
hi gher than when fish fromthe sane hatcheries were tested in 1988,
and nore inportantly, the percentage of the sanples wth high
antigen levels fromthe two Snake River hatcheries were many tinmes
hi gher than they were in 1988 and they were also nuch higher than
those of the two m d-Col unbia hatchertes. As in 1988, fish from
Wnthrop NFH had a much higher percentage of fish with visible
signs of BKD in the late part of the mgration past McNary Damthan
those of the early and mddle parts. We do not observe this
phenonenon in fish fromother hatcheries and at this tine have have
no exg! anation for it. _ _ _

~ Since the percentage of fish from Dworshak NFH w th high

antigen levels was lower at McNary Dam than at the hatchery or
Lower Ganite Dam it appears that fish in this category either
died or ceased to m'%rate during the mgration between Lower
G ani te Dam and McNary Dam, or between a nedi an sanple date of 28
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d and 48 d after release. The data from Sawtooth SFH also
indicates this trend, although data was not available from sites
closer to the hatchery than Lower Ganite Dam a nedian sanple date
of 35 days after release. O her possible explanations for the
di sappearance of these fish fromthe sanple popul ati on include: 1)
fish with high antigen levels cease to mgrate; 2) there was a
difference and/or bias in sanpling efficiency of BKD infected fish
at these danms; and 3) fish with high antigen |evels recover.

Pascho and Elliott (1989), in a study of inpacts of BKD on
survival of fish used in the transportation program present data
indicating mean ELISA OD (antigen level) increases during the late
part of the spring and sumer chinook out-mgration past Lower
Ganite and Little Goose and dams. This may lend support to the
h?;pot hesis that fish with the highest antigen |levels mgrate sl ower
than other fish, but it does not support our findings of fewer of
these fish with time. One difference between their study and ours
that should be noted is that we were sanpling specific marked
hat chery releases with known tinmes of in-river magration, whereas
Pascho and Elliott (1989) were sanpling the mgration at [arge,
conpri sed of hatchery and wild groups with varying and unknown i n-
river mgration tinmes. _ _

Matthews et al. (1988) collected fish at Lower Ganite Dam on
three dates and found a bias in that system They found the
preval ence of BKD was higher in guided than in unguided snolts.
This type of bias would overestimate the percent of the popul ation
with high antigen levels, not underestimate them  Therefore, it
seems unlikely that the difference was due to a sanpling bias,
unless there were nultiple biases occurring at different rates at
each dam Al though there is sone evidence that infected fish can
recover (Cvitanich 1987), recovery would seem least likely for
individuals with high antigen |evels.

Losses of fish due to BKD could have detrinmental effects on
travel tinme estimates. For exanple, at Dworshak NFH 46% of the
sanple population had high antigen levels and 17% had them at
McNary Dam  Extrapol ating these nunbers to the branded rel ease of
58,716 fish, a total of 27,009 fish had high antigen |evels at the
hatchery and 9,982 at MNary Dam leaving a 29% difference, or
17,027 fish wth high antigen levels which presumably never
mgrated past McNary Dam  The preval ence of BKD anong fish from
Dwor shak NFH col l ected at Lower Ganite and McNary dans indicate
the proportion of fish with high antigen |evels decreases as fish
pass each project, so that the early mgrants have the highest and
the late mgrants have the | owest nunbers of fish in this category.
The 1 oss of fish with high anti?en | evel s fromthe popul ati on woul d
then be analogous to renoval of fish for the snolt transportation
program the effect of which is to change the distribution of fish,

resulting in biased travel time estimates (Skalski 1988). In
addition to the effects on travel time estimates, the effects of
losses of this magnitude on overall spring chinook salnon

production could be grave.
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PART TWO DEVELOPMENT OF AN | NDEX OF BMOLTI FI CATI ON

| nt roducti on

An index of fish condition would be a wuseful tool in
summarizing the many attributes of smolt condition for in-season
managenment of the Water Budget and for conparison of years wth
varied flow regines. Ideally, such an index would account for a
| arge percentage of the variation observed in fish condition, be
non-lethal to allow repeated exam nation of individual fish, and
be readily measured so that it could be available for in-season
managenent deci sions on a daily basi s.

QO her indices are currently applied to fisheries and used in
the Smolt Monitoring Program The fish passage indices are used
as indicators of the relative abundance of snblts mgrating past
monitoring sites and are used to assist wth the in-season
managenment of the Water Budget. At selected hatcheries throughout
the Colunbia R ver basin an organosomatic analysis is applied by
state and federal agencies to assess health and condition of snolts
prior to release. The organosomatic analysis approach continues
to be developed as the fish health condition ﬂro ile by Ronald W
GCoede, UWah Dvision of WIdlife and Joseph B Hunn, National
Fi sheries Contam nant Research Center, USFW5.

~ Three attributes of snoltification, changes in the [|ength-
wei ght relation, body norphology, and purine content of the skin
are considered here as potential neasures for an index of

smol tification. Changes in the length-weight relation during
snoltification are reflected in the streamine body shape of snolts
conpared to Parr. The purine content is being investigated as a

quantitative neasure to determne the validity of using a nmeasure
of silvering as a conponent of a snoltification index. Si lvering
is due to the deposition of purines, mainl guani ne and
hypoxanthine, in the skin and scal es of sal nonids 3Lrin% the snol t
transformati on (Markert and Vanstone 1966; Lee et al. 1969)

Met hods

Fork length and body weight of each fish were recorded to
estimate the condition factor of fish at the hatcheries and
dans. Spring chinook salnmon from Leavenworth NFH, Wnthrop NFH,
and Dwor shak NFH and steel head from Wells SFH (Methow Ri ver rel ease
?roup) were nmeasured to the nearest mllineter. \Wights of these
ish were neasured to the nearest 0.1 gram  Condition factor was
calculated as K = (weight/(fork length-10%)-10°.
_ Photo?raphs of each fish were used to record the body shape
during collection at the hatchery and at the dans using nethods
adapted from Wnans (1984). Photographs of spring chinook sal non
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from Wnthrop NFH and Dworshak NFH and steel head from Wlls SFH
were collected at the hatchery and at MNary Dam for |ater
analysis. A digitizer was used to record X and Y coordinates of
specific points on the photographs, formng a truss network
(Bookstein et al. 1985). The actual |ength of each line segment
was calculated from the X and Y coordinates and a scale on each
photogrﬁph. Principal conponents analysis was applied to data of
marked fish collected at the hatcheries and at MNary Dam (SAS
1988). The second principal conponent was sheared to renmove size
effects based on a program from Bookstein et al. (1985). The
i ndi vidual eigenvector scores of the first principal conponent,
describing nostly size, and the second principal conmponent sheared
for size, describing body shape (Pinentel 1979; Bookstein et al.
1985), were further analyzed using the Kruskal-Wallis test (SAS
1988) . The shape of fish was considered different when the
Kruskal -Wallis test for sheared second principal conponent
ei genvector scores of fish collected at the hatchery and dam were
significantly different (P < 0.05). _ _

The degree of silvering of spring chinook sal non from W nthrop
NFH, Leavenworth NFH, and Dworshak NFH were quantitatively measured
by determ ning the anobunt of guanine in skin using the guanase and
xant hi ne oxi dase enzyme assay described by Staley (1984) with m nor

modi fication. The mean guanine content of skin sanples was
examned for correlation wth nean plasma thyroxine, nean gil

ATPase, = and date of sanple wusing Pearson product-nonent
correl ation. In the text, use of the term significant refers to

statistically significant relation at the probability P < 0.05
unl ess reported differently.

Resul ts

Mean condition factor (K of _sprin% chinook salnmon and
st eel head groups sanpled was characterized by little change at the
hatchery and declines after release (Figure 17, Appendices 36 and
37).  Wen narked snolts reached McNary Dam nean K had declined
by about 40% The decline in K values indicated that for a given
fork length, fish weighed |ess when collected at the dam than when
collected at the hatchery. Values from spring chinook sal non and

steel head were simlar, although steelhead had slightly |ower nean
K values than spring chinook salnon at Rock Island Dam  Mean K
was significantly correlated with mean gill ATPase activity in

spring chinook salmon (r = -0.78; N = 30; P-C 0.0001) and steel head
(r = -0.87;, N= 11, P < 0.0005). . _

Principal conponents analysis indicated changes in size and
body shape of fish as they m'grated from the hatchery to MNary
Dam A plot of the principal conponent scores for each fish
illustrates a shift to the right in the coordinates along the first
principal component, or x-axis, for fish collected at MNary Dam
(Figure 18). The increase in scores of the first principa
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conponent (PO) are indicative of a significant increase in size
of the fish at MNary Dam conpared to fish at the hatcheries

(Kruskal -Vl lis test; P < 0.05). The increase in size is also
evidenced by the shift to the right of the 95% confidence
ellipsoids illustrated in Figure 18. The nmean fork length of

spring chinook sal non rel eased from Dworshak NFH i ncreased from 128
mm at the hatchery to 138 nmat MNary Dam Fish from Wnthrop NFH
increased from 132 nmmat the hatchery to 141 nmm at I\/t:l\lar?/ Dam  The
rrearzllgork | ength of steelhead from Wlls SFH increased from 198 nm
to mm

The shearing process renoves size effects from the second
principal conponent and permts a conparison of shape free of the
effects of size. Fish recaptured at MNary Dam had |ower scores
of the second principal conponent and a resultant downward shift
of the 95% confidence ellipsoids along the y-axis. Si gni fi cant
decreases in the second principal conmponent scores weré evident
wi thin spring chinook salnon and steel head groups when fish from
the hatchery were conpared to fish recaptured at MNary Dam
(Kruskal -Wallis test: P <0.001). _ _ _

Mean guanine concentration in skin of spring chinook salnon
tested increased after release fromthe hatchery and peaked in late

April-early May (Figure 19; Appendices 38-40). This peak was
simlar in timng to the peak of nean plasma thyroxine of these
groups (Figures 7 and 9; Appendices 15-17). A significant

correlation exists between nean guanine levels and nean plasna
t hyroxi ne concentrations of spring chinook salnon (r = 0.52; N =
21, P < 0.05), but nean gill ATPase was not correlated with nmean
guanine (P > 0.05).

Mean guanine concentrations in the skin of steelhead from
Wlls SFH %I\/Ethow River release) were about half the levels
observed in the spring chinook salnon (Figure 19; Appendix 41).
Mean guanine of steelhead increased slightly with time and was
correlated with gill ATPase activity after release from the
hatchery (r = 0.90; N =7, P < 0.01) and with sanple date (= o8,
N =7 P < 0.05), but not with plasma thyroxine concentrations (P
>0.05) .

D scussi on

The condition factor, K was considered a potential conponent
of an index of smoltification and was examned for correlations
with gill ATPase activity |evels because ATPase activity has been
widely applied as a measure of snoltification for research
activities and management purposes. The correlations with ATPase
activity support the use of K as a non-lethal conponent of an index
of snoltification. Inasmuch as K is likely related to the well
known shape changes and gill ATPase activity is related to the
osnoregul atory devel opnent of the snolt, there is no functional
relation that dictates the tw nmeasures should be closely
correl ated, although changes in both occur during snoltification.
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However, condition factor can be affected by variables other than
smoltification, for exanple, fish health and food ration |evel
which may place limtations on its use in an index. The relative
inportance of the health and feeding ration nust be placed in
ﬁerSEectlve of the 40% decline in K values between values at the
atcheries and at MNary Dam However, caution should be used
because the effects of limted food consunption by snolts of
hatchery origin after release nay play a role in our observations.
~Analysis of norphol ogical variables of smolts can be used to
illustrate changes in shape and size as fish magrate seaward.
However, ATPase activity of fish at release and at McNary Dam is
usual ly significantly different while sonme overlap is evident in
the 95% confidence ellipsoids of the second principal conponent
sheared for size (Figure 18). On the other hand, norphonetric data
does have the advantage of collection with mninal or no effect on
the fish and may lend itself to video analysis. In an index, an
average of the eigenvector of the second principal conponent for
each fish (values plotted in Figures 18 could be used, or they
could be used in a discrimnant function or regression predictin
snol tification. VW will continue to investigate the use o
mor phol ogy in a snoltification index due to its non-lethal nature
and promse for automation
The guanine levels in the skin of spring chinook sal non were
correl ate with plasma thyroxine, i tsel an indicator of
snol tification. However, the mechani sm of guanine deposition in
skin and scales results in a nuch nore stable paraneter than plasma
t hyroxi ne, the dynam cs of which can vary dramatically fromday to
day. Deposition of guanine in the skin nmay be an adaptation for
the silvery appearance comon to pelagic marine fishes, but the
deposition also reflects physiological adaptation for the narine
environnent as an efficient way of disposing of guanine. Quani ne
is an insoluble by-product "of nitrogen netabolism which is
presumably nore efficient to deposit in the skin than to further
met abol i ze and excrete in a soluble formin a saline environnent
(Hoar 1988). Since snoltification is characterized by nunerous
changes in metabolism the increased |evels of guanine may reflect
the netabolic changes. Chua and Eales (1971) induced increases in

guani ne and thoxanthine of brook trout (Salvelinus fontinalis) by
Increasing thyroxine levels wusing thyroid powder and thyroid
stimulating hornone. Since other investigators have indicated

plasma thyroxine has a role in nmetabolism and is characteristic of
snoltification, the correlation of guanine and thyroxine nmay be
useful.  The high correlation coefficient between gill ATPase and
guanine of the Wlls SFH steelhead group is simlar to that found
y other investigators (Rodgers et al. 1987), but nore data is
needed to confirmthis relation. Results thus far indicate that
guani ne, specifically some type of non-lethal measure of silvering
may be of use in a snoltification index.
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SUMVARY

1) As in 1988, nost groups performed satisfactorily in the 30-
s’ handl i ng-stress chal |l enges. Unsatisfactory responses to the
stress challenge occurred when yearling chinook salnon were
transported from MCall SFH and Rapid R ver SFH Mar ki ng and
transportation protocols for steelhead from Wlls SFH resulted in
stressed fish at the tine of release. W recommend that nonitoring
stress at release of groups that are not transported be reduced or
di scontinued in this program

2) W encourage agencies to develop procedures of qualit
control and increased accountability to mnimze stress on fis
during transport.

Mean gill ATPase activities of spring chinook salnon from
d- Col unbi a hatcheries were rising during the 2-week period prior
to release, whereas they declined prior to release in 1988. G|
ATPase activities of branded hatchery releases of chinook salnon
and steelhead rose for about the first 20 days after release,
changing little afterward. W believe this is due to a partially
time-dependent relation between days of mgration and post-rel ease
increases in gill ATPase activity.

4) Mean plasma thyroxine concentrations of juvenile chinook
salmon released from hatcheries was highest during the first 20
days after release, subsequently returning to |low |levels.

g% ~ This was the first year of sanpling the juvenile salnonid
gration-at-|arge. At the upstream sites of Rock Island Dam
Lower Granite Dam and the Snake River Trap, gill ATPase activity
of wld steelhead was significantly higher than hatchery-reared
steel head, but not downstream at McNary Dam  Maxinmum gill ATPase
activity of spring chinook salnmon occurred late in the mgration
past upstream sites, at about the 90th percentile of passage, and
at about the 50th percentile of passage at McNary Dam

6) Prelimnary regression analyses indicate that gill ATPase
activity and flow variables can be used as predictors of travel
time of spring chinook salnmon, describing 68-87% of the variation
in travel tines, depending on the site.

7 A flow variable alone was the best predictor of travel tine
of steelhead (hatchery and wild conbined), describing 87% of the
variation in travel tine. Travel times and gill ATPase activity

of steelhead varied little conpared to spring chinook sal non.

8) Preval ence of bacterial kidney disease in spring chinook
salmon from four hatcheries was generally higher than in 1988,
ranging from 92-100% in sanples at the hatcheries and 81-100% in
sanples from fish collected at dams. Although overall preval ences
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were simlar in md-Colunbia and Snake river hatcheries, the
sanples from the Snake River hatcheries had a nuch [larger
percentage of fish with high antigen levels as indicated by ELISA
Data suggests that fish with the nost severe infections disappear

from paﬂpl ations of mgrants collected at Lower Ganite and McNary
dans, ich could bias travel time estimtes.

9) _ Correlations with gill ATPase activity and/or plasna
t'hyroxi ne concentrations indicate condition factor, norphology,

and skin guanine concentrations nay all be useful indicators of
snol tification. W wll continue to collect data on these

paraneters to further evaluate their use as non-lethal neasures of
snol tification.
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APPENDI CES

Appendix 1. Summary of mean . standard deviation (SD), coefficient of
variation (CV), standard error (SE), and sample size (N) of spring
chinook salmon frpm Entiat NFH (RA-7T- 1/3 brand group) sampled for plasma
cortisol (ng-mL™'), glucose (mg-dL’ '}, and chloride (mEq-L '} during
spring 1989. Samples were collected prior to loading on the transport
truck (HATCHERY) and during release from the truck (TRUCK). Fish were

sampled before (PRE-TEST) and one hour after a stress challenge (POST-
TEST).

PRE-TEST POST-TEST

SAMPLE X SO CV SE N X SD Ccv SE N
--------------------------------- CORTISOL------=----mmmmmmmmmmmmmc e - -
HATCHERY 23.3 215 88 5.95 13 137.8 325 24 8.67 14
TRUCK (released at hatchery)

--------------------------------- GLUCOSE----=-------mmmmmmmmmmmmmmem oo
HATCHERY 99.6 14.7 15 4.09 13 101 .0 13.3 13 5.94 5
TRUCK (released at hatchery)

--------------------------------- CHLORIDE- ----
HATCHERY  131.1 4.4 3 1.01 19 121.4 12.3 10 275 20
TRUCK (released at hatchery)
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Appendix 2. Summary of mean (X), standard deviation (SD), coefficient of
variation (CV), standard error (SE), and sample size (N) of spring
chinook salmon from Leavenworth NFH (LA/RD-7C-1/3 brand group) sampled
for plasma cortisol (ng-mL™"), glucose (mg-dL™'), and chloride (mEq-LY
during spring 1989. Samples were collected prior to loading on the
transport truck (HATCHERY) and during release from the truck (TRUCK).

Fish were sampled before (PRE-TEST) and one hour after a stress challenge
(POST-TEST).

PRE-TEST POST-TEST

SAMPLE X sb CV SE N X SD Cv SE N
--------------------------------- CORTISOL----------=--m-mmmmmcmmemm o e
HATCHERY 5.9 3.0 51 0.91 11 80.0 40.1 50 10.03 16
TRUCK (released at hatchery)

---------------------------------- GLUCOSE-----=----=----=--------oc------
HATCHERY 109.2 26.1 24 7.23 13 119.6 16.5 14 4.77 12
TRUCK (released at hatchery)

--------------------------------- CHLORIDE----------=--=-=---=-----c--un-
HATCHERY 132.5 6.4 5 1.42 20 123.3 7.5 6 1.69 20
TRUCK (released at hatchery)
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Applendix 3.  Summary of mean (X), standard deviation (SD), coefficient of
variation (CV), standard error (SE), and sample size (N) of spring
chinook salmon from Winthrop NFH (RA/LD-7N-1/3 brand group) sampled for
plasma cortisol (ng-mL™'), glucose (mg-dL’'), and chloride (mEq-L™")
during spring 1989. Samples were collected prior to loading on the
transport truck (HATCHERY) and during release from the truck (TRUCK).
Fish were sampled before (PRE-TEST) and one hour after a stress challenge

(POST-TEST).

PRE-TEST POST-TEST

SAMPLE X SD Cv SE N X SD Ccv SE N
B 010] 29 N IS10] Y

HATCHERY 6.4 6.4 101 1.56 17 1139 36.2 32 7.23 25
TRUCK (released at hatchery)
————————————————————————————————— GLUCOSE-------=----mommmmmmcmmmmme e oo -
HATCHERY 84.8 176 21 392 20 100.5 199 20 3.99 25
TRUCK (released at hatchery)
--------------------------------- CHLORIDE---------------mmmmmommeemm e e -
HATCHERY  133.2 5.4 4 1.01 28 126.4 5.2 4 097 29
TRUCK (released at hatchery)
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Appendix 4. Summary of mean (X), standard deviation (SD), coefficient of
variation (CV), standard error (SE), and sample size (N) of spring
chinook salmon from Dworshak NFH (RA/RD-7H- 1(3 brand group) sampled for
plasma cortisol (ng-mL™'), glucose (mg-dL and chloride (mEq-L™%
during spring 1989. Samples were collected prior to loading on the
transport truck (HATCHERY) and during release from the truck (TRUCK).
Fish were sampled before (PRE-TEST) and one hour after a stress challenge
(POST-TEST).

PRE-TEST POST-TEST

SAMPLE X Ssb CVv SE N X SD Ccv SE N
--------------------------------- CORTISOL----------ecmmmmmmmmm e e -
HATCHERY 6.1 5.7 93 1.18 23 1194 63.5 53 12.45 26
TRUCK (released at hatchery)

--------------------------------- GLUCOSE---------vc-mmmmmmmmmme e e e e
HATCHERY 60.8 15.1 25 297 26 74.2 16.9 23 3.20 28
TRUCK (released at hatchery)

--------------------------------- CHLORIDE-----=-==----mmcmmcmmcmmm e
HATCHERY  137.1 3.1 2 0.60 27 132.8 3.5 3 0.67 28
TRUCK (released at hatchery)
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Appendix 5. Summary of mean (X), standard deviation (SD), coefficient of
variation (CV), standard error (SE), and sample size (N) of yearling fall
chinook salmon from Lyons Ferry SFH (LA/LD-7U-1/3 brand group) sampled
for plasma cortisol (ng-mL™'), glucose (mg-dL™'), and chloride (mEq-L"")
during spring 1989. Samples were collected prior to loading on the
transport truck (HATCHERY) and during release from the truck (TRUCK).

Fish were sampled before (PRE-TEST) and one hour after a stress challenge
(POST-TEST).

PRE-TEST POST-TEST

SAMPLE X SbD CV SE N X SD Ccv SE N

HATCHERY 13.7 10.9 79 3.02 13 173.0 45.1 26 12.06 14
TRUCK (released at hatchery)

HATCHERY 86.9 10.8 12 2.47 19 92.9 12.5 13 2.80 20
TRUCK (released at hatchery)

HATCHERY 125.2 4.8 4 1.07 20 121.1 4.6 4 1.03 20
TRUCK (released at hatchery)
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Appendix 6. Summary of mean (X), standard deviation (SD), coefficient of
variation (CV), standard error (SE), and sample size (N) of yearling
summer chinook salmon from McCaII SFH (RA-R- 1/2/3/4 brand group) sampled
for plasma cortisol (ng-mL™'), glucose (mg-dL™"), and chloride (mEq-L™")
during spring 1989. Samples were collected prior to loading on the
transport truck (HATCHERY) and during release from the truck (TRUCK).
Fish were sampled before (PRE-TEST) and one hour after a stress challenge
(POST-TEST).

PRE-TEST POST-TEST
SAMPLE X SD CVv SE N X SD Cv SE N
--------------------------------- 14):3 610
HATCHERY 404 499 123 1210 17 776 482 62 1206 16
TRUCK 142.5 46.8 33 11.70 16 142.8 34.3 24 8.86 15
--------------------------------- GLUCOSE - -~ === memm e
HATCHERY 92.8 12.4 13 2.77 20 118.9 18.2 15 417 19
TRUCK 112.4 45.0 40 10.60 18 122.8 43.8 36 10.05 19
---------------------------------- CHLORIDE - - - = === === e
HATCHERY 134.8 3.8 3 0.85 20 130.3 3.5 3 0.80 19
TRUCK 130.0 5.6 4 1.32 18 127.8 6.5 5  1.50 19
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Appendix 7. Summary of mean (X),

variation (CV), standard error (SE),

standard deviation (SD),

coefficient of
and sample size (N) of spring

chinook salmon from Rapid River SFH released at the hatchery (LA/LD-
7H-1/3 brand group) and below Hells Canyon Dam (pit tag group) sampled
for plasma cortisol (ng-mL™"), glucose (mg-dL™'), and chloride (mEg-L")
during spring 1989. Samples were collected prior to loading on the
transport truck (HATCHERY) and during release from the truck (TRUCK).
Fish were sampled before (PRE-TEST) and one hour after a stress challenge

(POST-TEST).

PRE-TEST POST-TEST

SAMPLE X Ssb CV SE N X SD CcVv SE N
Hatchery release
e e - - - - - = = = - — CORTISOL- === = — - mm e e e
HATCHERY 12.3 8.7 71 234 14 84.7 29.2 34 7.81 14
TRUCK (released at hatchery)
e e GLUCOSE e
HATCHERY 93.0 203 22 454 20 1234 29.2 24 7.54 15
TRUCK (released at hatchery)
----------------------- CHLORIDE -~~~ e
HATCHERY  136.2 5.0 4 1.12 20 131.0 5.8 4 1.40 17
TRUCK (released at hatchery)
Hells Canyon Dam release
--------------------------------- CORTISOL-------==--mmmmmmmmmmee e o
HATCHERY 326 36.2 111 8.52 18 922 376 41 8.87 18
TRUCK 96.0 25.3 26 6.14 17 1945 679 35 16.00 18
----------------------- GLUCOSE-—————————mmmmmm e
HATCHERY  85.6 24.9 29 572 19 100.1 148 15 331 2
TRUCK 108.7 39.0 36 9.75 16 103.0 30.1 29 6.88 19

S I I I CHLORIDE--------- - mmmmm e -
HATCHERY 138.1 4.5 3 1.02 19 132.6 5.8 4 129 20
TRUCK 1293 4.6 4 1.06 19 119.8 6.4 5 143 20




Appendix 8. Summary of mean (X), standard deviation (SD), coefficient of

variation (CV), standard error (SE), and sample size (N) of spring
chinook salmon from Sawtqoth SFH (LA-R-1/2/3(4 brand group) sampled for
plasma cortisol (ng-mL™'), glucose (mg-dL” ), and chloride (mEq-L°Y
during spring 1989. Samples were collected prior to loading on the
transport truck (HATCHERY) and during release from the truck (TRUCK).

Fish were sampled before (PRE-TEST) and one hour after a stress challenge

(POST-TEST).

PRE-TEST POST-TEST

SAMPLE X sb CV SE N X SD Cv SE N
---------------------------------- CORTISOL————mm oo
HATCHERY 224 32.8 147 8.76 14 63.6 40.0 63 10.70 14
TRUCK (released at hatchery)
——————————————————————————— cGLUCOSE-=====m e

14 82.5
HATCHERY 64.2 22.0 34 5.88 at hatchery) 40.2 49 10.39 15
TRUCK (released
——————————————————————————————————— ~CHLORIDE- == === m e oo
HATCHERY  133.2 56 4 1.25 20 127.2 7.3 6 1.68 19
TRUCK (released at hatchery)
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Appendix 9. Summary of mean (X), standard deviation (SD), coefficient of
variation (CV), standard error (SE), and sample size (N) of steelhead
from Wells SFH released at the Similkameen River (RD-7F-1/3 brand group)
and at the Methow River (LD-7F-1/3 brand group) sampled for plasma
cortisol (ng-mL"), glucose (mg-dL™'), and chloride (mEq-L B during
spring 1989. Samples were collected prior to loading on the transport
truck (HATCHERY) and during release from the truck (TRUCK). Fish were
sampled before (PRE-TEST) and one hour after a stress challenge (POST-
TEST).

PRE-TEST POST-TEST

SAMPLE X Sb CV SE N X SD Cv SE N

Similkameen River release

------------------------- CORTISOL~= == == mmmmm oo e
HATCHERY 30.4 248 82 569 19 1708 325 19 811 16
TRUCK  124.6 59.5 48 1487 16 1770 569 32 1422 16
--------------------- GLUCOSE——————— o
HATCHERY 240.4 90.2 37 20.18 20 2206 730 33 1632 20
TRUCK 209.8 79.7 38 1782 20 199.6 53.3 26 1192 20

------------------------- CHLORIDE -————— oo

HATCHERY 117.4 12.3 10 274 20 116.4 154 13 3.44 20
TRUCK 119.8 156 13 3.50 20 118.8 11.3 10 252 20

Methow River release

------------------------ CORTISOL === ———mmmm oo
22

HATCHERY 55.6 26.2 47 6.17 18 168.6 37.6 35 10.86 12
TRUCK 139.2 78.0 56 20.15 15 161.6 56.0 1284 19
--------------------------------- GLUCOSE - = === == === === e mm e
HATCHERY 200.7 67.8 34 15.16 20 181.4 71.0 39 16.26 19
TRUCK 208.8 80.2 38 18.88 18 177.7 60.7 34 1358 20
---------------------------------- CHLORIDE-- = ===============-==-

HATCHERY 123.3 101 8 227 20 1223 135 11 310 19
TRUCK 122.8 9.5 8 2.17 19 1225 10.9 9 244 20
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Appendix 10. Summary of mean (X), standard deviation (SD), coefficient of
variation (CV), standard error (SE), and sample size (N) of steelhead
from Dworshak NFH (Dlt tag group) sampled for plasma cortisol (ng-mL"
"), glucose (mg-dL™"), and chloride (mEqQ-L™') during spring 1989. Samples
were collected prior to loading on the transport truck (HATCHERY) and
during release from the truck (TRUCK). Fish were sampled before (PRE-
TEST) and one hour after a stress challenge (POST-TEST).

PRE-TEST POST-TEST
SAMPLE X Ssb CV SE N X SD Ccv SE N
--------------------------------- CORTISOL-------------ommmmmmmmcmme e oo
HATCHERY  65.8 39.7 60 10.24 15 176.4 49.8 28 12.07 17
TRUCK (released at hatchery)
———————————————————————————————— GLUCOSE-—————————————— e
HATCHERY 104.6 24.6 23 5.96 17 132.4 24.1 18 5.38 20
TRUCK (released at hatchery)

HATCHERY 136.5 4.2 3 1.03 17 131.6 4.6 3 1.02 20
TRUCK (released at hatchery)
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Appendix 11. Summary of mean (X), standard deviation (SD), coefficient of
variation (CV), standard error (SE), and sample size (N) of steelhead
from Irrlgon SFH (LA/RA- J 4 brand group) sampled for plasma cortisol
(ng-mL™"), glucose (mg-dL’ Y}, and chloride (mEq-L™") during spring 1989.
Samples were collected prior to loading on the transport trucks
(HATCHERY) and during release from the truck. Two routes were monitored:
one via Lewiston, ID (TRUCK I), the other via La Grande, OR (TRUCK 2).

Fish were sampled before (PRE-TEST) and one hour after a stress challenge
(POST-TEST).

PRE-TEST POST-TEST
SAMPLE X SD Ccv SE N X SD CVv SE N
--------------------------------- CORTISOL--=- === ==mmmmmmmmmoemececaem
HATCHERY 236 142 60  3.34 18 1154 405 35 1125 13
TRUCK 1 99.9 455 46 1072 18 2151 533 25 1256 18
TRUCK 2 121.2 54.0 45 12.72 18 187.0 73.7 39 17.37 18

e GLUCOSE -———————————— e

HATCHERY 126.5 26.1 21 6.83 20 1504 21.0 14 495 18
TRUCK 1 138.8 20.3 15 466 20 1321 232 18 547 18
TRUCK 2 115.2 37.1 32 8.29 20 1074 243 23 543 20

HATCHERY  135.3 5.7 4 1.28 20 128.3 4.4 3 1.04 18
TRUCK 1 122.5 55 4 1.27 19 121.3 4.2 4 0.99 20
TRUCK 2 123.8 4.1 3 0.91 20 118.3 4 0.94 20
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Appendix 12. Summary of mean (X), standard deviation (SD), coefficient of
variation (CV), standard error (SE), and sample size (N) of steelhead
from Lyons Ferry SFH ﬂQ/\IJ 1/3 brand group) sampled for plasma cortisol
(ng-mL™Y, glucose (mg-dL™"), and chloride (mEq-L™") during spring 1989.
Samples were collected prior to loading on the transport truck (HATCHERY)
and during release from the truck (TRUCK). Fish were sampled before
(PRE-TEST) and one hour after a stress challenge (POST-TEST).

PRE-TEST POST-TEST

SAMPLE X SD Ccv  SE N X SD cv SE N

HATCHERY 11.8 7.8 66 1.85 18 91.7 46.0 50 10.28 20
TRUCK (released at hatchery)
--------------------------------- GLUCOSE-------cmmmme e
HATCHERY 109.2 25.2 23 5.63 20 1122 250 22 558 20
TRUCK (released at hatchery)
-------------------------------- CHLORIDE---------mmmmm e
HATCHERY 134.6 5.5 4 1.23 20 130.1 4.8 4 1.08 20
TRUCK (released at hatchery)
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Appendix 13. Summary of mean (X), standard deviation (SD), coefficient of
variation (CV), standard error (SE), and sample size (N) of steelhead
from Magic Vallev SFH (pit tag group) samoled for plasma cortisol {ng-mL"
)» glucose (mg-dL™"), and chloride (mEq-L™") during spring 1989. Samples
were collected prior to loading on the transport truck (HATCHERY) and
during release from the truck (TRUCK). Fish were sampled before (PRE-
TEST) and one hour after a stress challenge (POST-TEST).

PRE-TEST POST-TEST

SAMPLE X Sb CV SE N X SD Cv SE N

HATCHERY 204 12.8 63 2.94 19 124.9 48.9 39 13.09 14
TRUCK 166.0 30.9 19 8.27 14 192.9 81.6 42 21.80 14
-------------------- GLUCOSE -~--—-——————mmmmmmmmmmmmmmeeo
HATCHERY 112.0 28.1 25 6.28 20 135.7 35.9 26 8.24 19
TRUCK 125.8 20.2 16  4.77 18 127.2 28.2 22 6.64 18
""""""""""""""""""""" CHLORIDE

HATCHERY  137.1 4.4 3 0.99 20 132.2 2.6 2 0.58 19
TRUCK 125.7 4.5 4 1.07 18 125.9 7.1 6 1.68 18
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Appendix 14. Mean (X), standard deviation (SD), coefficient of variation
(CV), standard error (SE), and sample size (N) of spring chinook salmon
from Entiat NFH (RA-7T-1/3 brand ﬁroup) sampled for gill Na -K* ATPase
activity (gzmoles P,-mg prot *)-and thyroxine (ng mL” ) Samples
were collected from the hatchery 4 weeks, 2 weeks, and immediately prior
to release, and again at the early, mlddle and late portions of the
migrations past Rock Island and McNary dams. Fish were released from the
hatchery on April 19, 1989.

Na*-K" ATPase Thyroxine

SAMPLE

TIME X SD Cv SE N X SD Cv SE N
----------------------- samplesite=ratenery oo
3/23 75 35 47 089 16 85 34 40 1.08 10
4/5 71 18 25 041 19 38 20 53 0.70 8
4/19 101 21 21 047 19 6.1 19 32 0.65 9
-------------------- samplesite=RockIslandoam-------- -~
EARLY 108 24 23 070 12 151 55 37 2.10 7
MIDDLE 129 42 32 171 6 13.8 3.0 22 1.74 3
LATE 17.0 2.5 15 1.27 4 15.0 9.2 61 4.09 5
---------------------- samplesite=McNaryoam-------- -
EARLY 203 44 22 098 20 50 32 53 1.02 10
MIDDLE 293 6.2 21 138 20 6.2 26 42 083 10
LATE 340 87 26 189 21 83 3.6 43 1.19 9
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Appendix 15. Mean (X), standard deviation (SD), coefficient of variation
(CV), standard error (SE), and sample size (N) of spring chinook sa]mon
from Leavenworth NFH (LA/RD-7C-1/3 br'and group) sampled for gill Na -
K' ATPase activity (xmoles P,-mg prot - “.hr''y and thyroxine (ng-mL').
Samples were collected from the hatchery 4 weeks, 2 weeks, and
immediately prior to release, and again at the early, middle, and late
portions of the migrations past Rock Island and McNary dams. Fish were
released from the hatchery on April 18, 1989. ND = no data.

Na'-K* ATPase Thyroxine

SAMPLE

TIME X SD cv SE N X SD Cv SE N
----------------------- samplesite=raccnery oo
3/23 5.8 1.2 20 0.28 17 6.8 2.7 39 0.84 10
4/5 9.2 2.1 23 0.48 19 8.1 48 59 1.69 8
4/18 12.8 2.8 22 0.63 19 5.7 4.3 76 1.35 10
------------------- samplesite=RockIslando am------ -
EARLY ND ND ND ND ND ND ND ND ND ND
MIDDLE 18.3 6.2 34 1.86 11 15.4 5.9 38 1.98 9
LATE 29.1 8.2 28 2.72 9 9.6 5.7 60 2.03 8
"""""""""" -sample site = McNaryDam------—------———umooommme
EARLY 27.0 7.6 28 1.85 17 9.2 3.9 42 1.22 10
MIDDLE 29.9 89 30 203 19 9.8 36 37 1.15 10
LATE 24.9 89 36 200 20 7.1 2.8 40 0.89 10
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Appendix 16.

ATPase activity (zmoles P..mg prot ~

Mean (X),

standard deviation (SD) coefficient of variation
(CV), standard error (SE), and sample size (N) of spring chinook salmon
from Winthrop NFH (RA/LD-7N-1/3 brand. group) sampled for gill Na’-K*

.hr'"y "and thyroxine (ng-mL").

Samples were collected from the hatchery 4 weeks, 2 weeks, and

immediately prior to release and again at the early, mlddle, and late

portions of the migrations past Rock Island and McNary dams. Fish were

released from the hatchery on April 17, 1989.

Na*-K* ATPase Thyroxine

SAMPLE
TIME X SD Ccv SE N X SD Ccv SE N
----------------------- sample site=ratenery oo
3/22 6.7 23 34 044 28 39 24 63 0.48 26
4/4 82 23 28 043 28 45 29 064 0.61 22
4/17 122 3.7 30 067 30 54 22 40 0.47 21
-------------------- samplesite=RockIslande am--- -~~~ - -
EARLY 19.6 6.4 33 226 8 229 19.7 86 6.98 8
MIDDLE 283 8.3 29 2.76 9 85 4.2 49 1.49 8
LATE 38.7 133 34 471 8 8.7 58 66 2.05 8
---------------------- samplesite=McNaryo am - - - -
EARLY 296 7.2 24 153 22 72 3.6 50 0.76 22
MIDDLE 32.7 54 16 1.08 25 83 6.8 83 140 24
LATE 260 6.6 26 139 23 88 6.1 69 1.31 22
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Appendix 17.

Mean (X), standard deviation (SD), coefficient of variation
(CV), standard error (SE), and sample size (N) of spring chinook sa]mon
from Dworshak NFH (RA/RD-7H-1/3 brand, groyp) sampled for gill Na* K
ATPasie activity (xmoles P..mg prot ') and thyroxine (ng-mL').
Samples were collected from the hatchery 4 weeks, 2 weeks, and
immediately prior to release, and again at the early, middle, and late
portions of the migrations past Lower Granite and McNary dams. Fish were

released from the hatchery on March 28, 1989. ND = no data.
Na*-K* ATPase Thyroxine
SAMPLE
TIME X SD Ccv SE N X SD Ccv SE N
——————————————— sample site = Hatchery--~""""""""TTTTTTTTTTTTTTTOT
3/ 7.1 24 33 045 28 50 27 54 0.51 28
3/14 8.0 19 23 034 30 81 49 60 091 29
3/28 85 20 23 041 22 6.5 3.0 45 0.55 29
------------------- sample site=Lower Graniteo am - - - - - - eemeoeoooonoo
EARLY 21.4 5.5 26 1.30 18 12.1 5.7 47 1.90 9
MIDDLE 340 7.8 23 1.90 17 45 3.6 80 1.48 6
LATE 253 50 20 191 7 ND ND  ND ND ND
---------------------- samplesite=McNaryoam----- -
EARLY 346 81 23 197 17 6.3 46 73 1.72 7
MIDDLE 420 9.2 22 210 19 6.6 2.8 43 0.76 14
LATE 356 93 26 227 17 51 23 45 0.81 8
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Appendix 18. Mean (X), standard deviation (SD), coefficient of variation
(CV), standard error (SE), and sample size (N) of yearling fall chinook
salmon from Lyons Ferry SFH (LA/LD-7U-1/3 brand qroup) sampled for gill
Na*-K* ATPase activity (smoles P,-mg prot ' -hr™') and thyroxine (ng-mL"
1). Samples were collected from the hatchery 2 weeks before and
immediately prior to release, and again at the early, middle, and late
portions of the migrations past McNary dam. Fish were released from the
hatchery on April 14, 1989.

Na*-K* ATPase Thyroxine

SAMPLE

TIME X SD Ccv SE N X SD cv SE N
----------------------- samplesite=ratcnery oo
3/29 254 73 29 163 20 47 1.2 27 0.42 9

4/13 283 6.8 24 151 20 48 1.7 36 0.57 9

---------------------- samplesite=McNaryoam- - - - - -
EARLY 34.1 9.2 27 2.06 20 13.8 9.1 66 2.89 10

MIDDLE 348 71 20 163 19 114 8.6 76 2.73 10

LATE 308 111 36 248 20 108 53 49 1.29 17
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Appendix 19. Mean (X), standard deviation (SD), coefficient of variation
(CV), standard error (SE), and sample size (N) of summer chinook salmon
from McCall SFH (RA-R-1/2/3!? brand group) sampled for gill Na*-K' ATPase
activity (gxmoles P;.mg prot -hr'" and thyroxine (ng-mL™"). Samples were
collected from the hatchery 4 weeks, 2 weeks, and immediately prior to
release, and again at the early, middle, and late portions of the
migrations past Lower Granite and McNary dams. Fish were released at the
South Fork of the Salmon River on March 21, 1989.

Na*-K* ATPase Thyroxine

SAMPLE

TIME X SD Ccv SE N X SD Ccv SE N
----------------------- sample site = Hatchery----------c---ccmcmemo
2/23 6.1 1.3 21 0.29 20 42 3.2 76 1.06 9
3/8 71 14 20 034 17 40 09 22 0.37 6
3/20 90 20 22 045 20 6.3 3.7 59 1.18 10
------------------- sample site = Lower Granite Dam---------------------—-
EARLY 21.3 8.0 37 221 13 65 46 71 1.53 9
MIDDLE 239 39 16 1.12 12 89 38 42 1.33 8
LATE 236 65 27 205 10 56 35 63 1.17 9
---------------------- samplesite-McNaryo am - - - - -
EARLY 320 65 20 1.57 17 6.6 3.6 55 1.21 9
MIDDLE 24.3 5.7 23 1.43 16 5.2 2.3 45 0.82 8
LATE 264 7.8 30 196 16 3.6 19 52 0.67 8
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Appendix 20. Mean (X), standard deviation (SD), coefficient of variation
(CV), standard error (SE), and sample size (N) of spring chinook salmon
from Rapid River SFH (LA/LD-7H-1/3 brand group) sampled for gill Na -
K* ATPase activity (gzmoles P,-mg prot ~ b 1) and thyroxine (ng-mL™').
Samples were collected from the hatchery 4 weeks, 2 weeks, and
immediately prior to release, and again at the early, middle, and late
portions of the migrations past Lower Granite and McNary dams. Fish were
volitionally released from the hatchery between March 15 and March 25,
1989. ND = no data.

Na'-K* ATPase Thvroxine

SAMPLE

TIME X SD cv SE N X SD cv SE N
----------------------- samp]es]te-Hatchery----------------------------
2/23 6.2 07 11 016 19 124 54 43 1.71 10
3/8 76 16 22 036 20 9.0 70 78 2.49 8
3/20 79 26 33 058 20 52 36 10 1.21 9
------------------- samplesite - Lower Granitec am - - ----------- -
EARLY 235 55 23 120 21 87 33 38 1.17 8
MIDDLE 293 83 28 186 20 89 43 48 1.35 10
LATE ND ND ND ND ND ND ND ND ND ND
---------------------- samplesite=McNaryoam---------o oo
EARLY 353 87 25 211 17 91 52 57 1.72 9
MIDDLE 377 74 20 206 13 91 58 63 2.04 8
LATE 324 7.7 24 200 15 66 23 34 0.81 8
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Appendix 21. Mean (X), standard deviation (SD), coefficient of variation
(CV), standard error (SE), and sample size (N) of spring ch1n00k salmon
from Rapid River SFH (pit tag roup) sampled for g111 Na*-K ATPase
activity (szmoles P,.-mg prot ~ Lhr % and thyroxine {(ng-mL"). Samples were
collected from the hatchery 4 weeks, 2 weeks, and immediately prior to
release. Fish were released from below Hells Canyon Dam on March 21,
1989. ND = no data.

Na*-K' ATPase Thvroxine
SAMPLE
TIME X SD Ccv SE N X SD Ccv SE N
----------------------- samp]es1te-Ha‘cheryr——————————————r———————r——w
ND ND ND ND ND ND ND ND ND ND
3/8 7.2 1.7 24 0.39 20 7.5 4.4 58 1.38 10
3/20 8.3 1.9 23 0.43 20 6.0 3.6 61 1.15 10
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Appendix 22. Mean (X), standard deviation (SD), coefficient of variation

(CV), standard error (SE), and sample size (N) of spring chinook salmon
from Sawtooth SFH (LA-R-1/2/3/4 brand, qroup) sampled for gill Na* K
ATPase activity (xmoles P;-mg prot -hr'") and thyroxine (ng-mL .
Samples were collected from the hatchery 4 weeks, 2 weeks, and
immediately prior to release, and again at the early, middle, and late
portions of the migrations past Lower Granite and McNary dams. Fish were
released from the hatchery on March 15, 1989. ND = no data.

Na*-K* ATPase Thvroxine
SAMPLE
TIME X SD CVv SE N X SD CVv SE N
----------------------- samplesite=racenery oo
2/22 5.2 0.9 17 0.20 19 7.5 6.0 80 2.26 7
6.6 0.9 13 0.19 20 5.0 4.0 79 1.77 5
3/15 7.5 1.3 17 0.28 20 4.4 1.7 39 0.69 6

------------------- sampie site =Lower Graniteocam- -

EARLY 202 28 14 0.72 15 106 41 39 1.38 9
MIDDLE ND ND ND ND ND ND ND ND ND ND
LATE 236 7.6 32 2.69 8 6.6 3.6 55 2.11 3

---------------------- samplesite=McNaryoam---------- -

EARLY ND ND ND ND ND ND ND ND ND ND
MIDDLE 254 71 28 159 20 4.8 19 39 0.50 14
LATE 280 4.9 18 1.63 9 47 3.4 73 1.22 8
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Appendix 23. Mean (X), standard deviation (SD), coefficient of variation

(CV), standard error (SE), and sample size (N) of subyearling fall
chinook salmon from Lyons Ferry SFH (LA-U-1/3 brand group) and sampled
for gill Na*-K' ATPase activity (xmoles P.-mg prot L hr) and thyroxine
(ng-mL™'). Samples were collected from the hatchery 4 weeks, 2 weeks,
and immediately prior to release, and again at the early, middle, and
late portions of the migrations past McNary dam. Fish were released from
the hatchery on June 7, 1989. ND = no data.

Na*-K* ATPase Thvroxine

SAMPLE

TIME X SD Cv SE N X SD cv SE N
----------------------- samplesite=ratcnery oo
5/10 10.4 5.7 54 137 17 24 09 36 0.36 6
5/25 164 7.6 46 174 19 31 12 39 0.40 9
6/6 178 40 23 090 20 23 03 13 0.11 7
---------------------- samplesite=McNaryoam - - - - - -
EARLY 327 102 31 228 20 35 19 54 055 12
MIDDLE 402 66 16 147 20 46 25 54 0.87 8
LATE ND ND ND ND ND ND ND ND ND ND
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Appendix 24.
(CvV),

standard error (SE),

Mean (X), standard deviation (SD), coefficient of variation
and sample size (N) of subyearling fall

chinook salmon from Priest Rapids SFH (LA-T-1 brand group) sampled for
Lhr") and thyroxine

gi1l Na' “R ATPase activity (umoles P,-mg prot

(ng-mL").
and immediately prior to release,

late portions of the migrations past McNary dam.

the hatchery on June 12, 1989. ND = no data.

Samples were collected from the hatchery 4 weeks, 2 weeks,
and again at the early, middle, and
Fish were released from

Na*-K* ATPase Thvroxine

SAMPLE

TIME X SD CVv SE N X SD CVv SE
----------------------- Samp]ESite=Ha'°he'y""""""""""""""
5/11 10.5 2.5 24 0.79 10 4.1 0.4 11 0.20 5
5124 17.0 3.8 23 1.22 10 5.3 1.4 26 0.62 5
6/6 209 34 16 076 20 40 16 38 0.49 10
---------------------- samplesite=McNaryosm------- oo
EARLY 28.6 4.5 16 1.04 19 3.3 1.5 47 0.55 8
MIDDLE ND ND ND ND ND ND ND ND ND ND
LATE 27.1 6.7 25 1.53 19 5.6 3.1 56 1.10 8
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Appendix 25.
),

Mean (X),

standard error (SE),

standard deviation (SD),
and sample size

coefficient of variation
(N) of subyearling fall

chinook salmon from Priest Rapids SFH (LA-T-2 brtyd group) sampled for

gill Na -K* ATPase activity (szmoles P;-mg prot

(ng-mL7").

and immediately prior to release,
late portions of the migrations past McNary dam.

-hr'Y and thyroxine

Samples were collected from the hatchery 4 weeks, 2 weeks,
and again at the early, mlddle

and
Fish were released from

the hatchery on June 28, 1989. ND = no data.
Na'-K' ATPase Thyroxine

SAMPLE

TIME X SD Ccv SE N X SD CcVv SE
----------------------- samplesite=ratenery oo
5/11 8.0 1.7 22 0.55 10 3.3 1.0 30 0.44 5
5/24 16.5 3.6 22 1.15 10 11.2 11.0 98 4.92 5
6/26 17.7 4.8 27 1.08 20 4.7 3.1 67 0.99 10
---------------------- samplesite=McNaryoam - - - - - -
EARLY 18.4 4.0 22 0.92 19 3.5 2.3 66 0.74 10
MIDDLE ND ND ND ND ND ND ND ND ND ND
LATE 32.8 5.6 17 2.11 7 6.8 24 42 1.73 2
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Appendix 26. Mean (X), standard deviation (SD), coefficient of variation
(CV), standard error (SE), and sample size (N) of summer steelhead.from
Wells SFH (LA-7F-1/3 br'and group) sampled for gill Na’ -K ATPase activity
(umoles P.-mg prot . hr') and thyroxine (ng-mL"Y). Samples were
collected from the hatchery 4 weeks, 2 weeks, and immediately prior to
release and again at the early, middle, and late portions of the
migrations past Rock Island and McNary dams. Fish were released at the
Methow River on April 28, 1989. ND = no data.

Na*-K* ATPase Thvroxine

SAMPLE

TIME X SD cv SE N X SD cv SE N
----------------------- samplesijte=rnatchery -
3/22 6.5 17 26 037 20 199 59 30 2.69 8
4/4 6.4 22 34 049 20 117 7.3 63 231 10
4/28 129 36 28 081 20 43 25 57 0.94 7
-------------------- samplesite=RockIslandc e m - - - - - - -
EARLY 18.0 4.0 22 0.98 17 7.2 3.7 51 1.16 10
MIDDLE ND ND ND ND ND ND ND ND ND ND
LATE 208 49 23 141 12 51 22 44 0.65 12
---------------------- samplesite=McNaryoam-- - -
EARLY 290 73 25 167 19 44 24 54 0.85 8
MIDDLE 27.9 7.1 25 1.58 20 7.9 5.0 64 1.19 18
LATE 31.4 6.9 22 1.58 19 6.1 6.6 107 1.59 17

80




Appendix 27. Mean (X), standard deviation (SD), coefficient of variation

(CV), standard error (SE), and sample size (N) of steelhead from Wells
SFH (RD-7F-1/3 brand-,group) sampled for gill Na* K ATPase activity
(ekmoles P;-mg prot -hr” ) and thyroxine (ng-mL h. Samples were
collected from the hatchery 4 weeks, 2 weeks, and immediately prior to
release, and again at the early, middle, and late portions of the
migrations past Rock Island and McNary dams. Fish were released at the
Similkameen River on May 3, 1989. ND = no data.

Na*-K* ATPase Thvroxine
SAMPLE
TIME X SD Ccv SE N X SD CVv SE N
----------------------- Samp]esite=Hatchery----------------------------
3/22 6.5 1.7 26 0.37 20 19.9 5.9 30 2.69 8
6.4 2.2 34 0.49 20 11.7 7.3 63 2.31 10
15.7 5.0 32 1.11 20 4.0 3.1 77 1.37 5

-------------------- samplesite=RockIslando e m------------ oo

EARLY 21.4 3.6 17 1.14 10 6.6 53 81 1.68 10
MIDDLE 260 75 29 168 20 69 3.8 55 1.35 8
LATE 283 51 18 120 18 3.8 16 42 0.65 6

---------------------- samplesite=McNaryoam - -~ -

EARLY ND ND ND ND ND ND ND ND ND ND
MIDDLE 26.8 6.9 26 150 21 54 44 81 1.67 8
LATE 252 71 28 160 20 44 3.7 83 1.30 8
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Appendix 28. Mean (X), standard deviation (SD), coefficient of variation

(CV), standard error (SE), and sample size (N) of steelhead from Dworshak
NFH (pjt tag group) sampled for gil] Na' K ATPase activity (xmoles P,-mg
prot “Thr") and thyroxine (ng-mLY. Samples were collected from the
hatchery 4 weeks, 2 weeks, and immediately prior to release. Fish were
released from the hatchery on May 1, 1989.

Na*-K* ATPase Thyroxine
SAMPLE
TIME X SD CcVv SE N X SD CcVv SE N
----------------------- samplesite=rnatcnery -
4/5 6.4 1.8 28 0.40 20 7.8 3.1 39 0.97 10
4/19 10.0 3.4 34 0.79 19 10.9 5.0 45 1.75 8
5/1 10.2 2.4 24 0.68 13 29.2 31.1 107 10.37 9
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Appendix 29. Mean (X), standard deviation (SD), coefficient of variation

(CV), standard error (SE), and sample size (N) of steelhead from Irrigon
SFH (LA/RA-J-4 brand gro P) sampled for gill Na* K ATPase activity
(umoles P.-mg prot ° and thyroxine (ng-mL’"). Samples were
collected from the hatchery 4 weeks, 2 weeks, and immediately prior to
release, and again at the early, middle, and late portions of the mig-
rations past Lower Granite and McNary dams. Fish were released at
Wildcat Creek on April 25, 1989.

Na’-K' ATPase Thyroxine

SAMPLE

TIME X SD Ccv SE N X SD Ccv SE N
----------------------- samplesite=raccnery -
3/30 6.9 22 32 050 20 77 61 719 2.03 9
4/11 89 32 3 073 19 43 18 4 0.67 7
4/25 103 3.7 36 083 20 74 46 62 1.53 9
------------------- sample site =Lower Granitec s m---------- -
EARLY 17.8 5.8 32 129 20 202 125 62 4.17 9
MIDDLE 16.0 4.8 30 1.08 20 13.1 10.8 82 3.41 10
LATE 19.6 5.9 30 1.33 20 203 151 74 477 10
---------------------- sample site =McNarycoem------ooo
EARLY 265 45 17 117 15 43 17 39 0.57 9
MIDDLE 230 7.8 34 184 18 7.1 32 46 1.08 9
LATE 226 65 29 154 18 13.7 144 105 4.81 9
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Appendix 30. Mean (X), standard deviation (SD) coefficient of variation
(CV), standard error (SE), and sample size (N) of steelhead from Lyons
Ferry SFH (RA-13-1/3 br‘and 9roup) sampled for gill Na*-K* ATPase activity
(kmoles P;-mg prot hr'*) -and thyroxine (ng-mL" ) Samples were
collected From the hatchery 4 weeks, 2 weeks, and immediately prior to
release, and again at the early, middle, and late portions of the
migrations past McNary dam. Fish were released from the hatchery on
April 30, 1989.

Na*-K* ATPase Thyroxine

SAMPLE

TIME X SD Ccv SE N X SD Ccv SE N
----------------------- sampleSite=ratenery oo
3/29 9.2 5.2 56 1.18 19 3.9 2.4 63 0.81 9
4/12 8.9 3.3 37 0.76 19 2.5 0.8 33 0.28 9
4/30 7.6 2.2 29 0.50 20 6.2 5.6 91 1.50 14
--------------------- samplesite=McNarycam--------- -~~~
EARLY 19.7 5.0 26 1.13 20 7.4 3.0 41 1.08 8
MIDDLE 21.2 3.9 19 0.88 20 9.4 109 116 3.43 10
LATE 24.0 10.2 42 2.33 19 5.4 4.3 81 1.37 10
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Appendix 31.
),

Mean (X),
standard error (SE), and sample size (N) of steelhead from Magic

standard deviation (SD),

coefficient of variation

Valley SFH (pit tag group) sampled for gill Na'-K ATPase activity

(smoles P;.mg prot
collected from the hatchery 4 weeks,

2 weeks,

Y and thyroxine (ng-mL’").

Samples were
and immediately prior to

release. Fish were released at the Little Salmon River on April 20,1989.
Na’-K' ATPase Thyroxine

SAMPLE
TIME X SD cv SE N X SD cv SE
----------------------- samp'les'|te=Ha‘cheryr——————————————r———————r————
3/30 6.7 1.7 26 0.39 20 4.2 2.0 47 0.63 10
4/11 7.9 21 27 0.48 19 3.9 2.1 55 0.68 10
4/20 8.3 2.4 28 0.53 20 81 41 51 1.37 9
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Appendix 32. Mean (X), standard deviation (SD), coefficient of variation
(CV), standard error (SE), and sample size (N) of steelhead from Niagara

Springs SFH (pit tag-"aroup) sampled for gill Na 1—K ATPase activity
‘hr'") "and thyroxine (ng-mL’'). Samples were

(kmoles P,.mg prot
collected from the hatchery 4 weeks and 2 weeks prior to release. Fish
were released from the hatchery on April 25, 1989.
Na*-K* ATPase Thyroxine
SAMPLE
TIME X SD cv SE N X SD cv SE N
----------------------- samplesite=ractenery oo
3/30 53 08 15 0.18 18 43 23 54 0.87 7
4/11 54 09 17 021 19 40 34 85 0.13 9
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Appendix 33. Mean (X), standard deviation (SD), coefficient of variation
(CV), standard error (SE), and sample size {N) of spring chinook salmon
from the run at large and sampled for gill N& “K ATPase activity (s«moles
Pi.-mg prot 1 hrq). Samples were collected bi-weekly throughout the
migrations past Rock Island and McNary dams in the Columbia River and the
Snake River Trap and Lower Granite Dam in the Snake River.

Na*-K* ATPase

SAMPLE

TIME X SD Cv SE N
---------------------- samplesite=Rock Islandoam- - - - - - - - - -
4/25 115 2.5 22 0.80 10
4/27 12.5 2.9 24 0.93 10
5/2 13.2 3.0 23 1.22 6
5/4 18.4 6.9 38 218 10
5/9 19.8 4.0 20 1.27 10
5/11 24.1 8.8 37 279 10
5/16 255 110 43 3.48 10
5/18 31.1 7.7 25 233 11
5/23 409 105 26 3.31 10
------------------- samplesite=McNaryoam-- - - - -~
5/2 19.0 6.4 34 1.85 12
5/4 28.1 7.6 27 1.53 9
5/9 324 6.5 20 204 10
5/11 28.4 8.0 28 254 10
5/16 34.1 4.7 14 2.10 5
5/17 37.2 9.3 25 4.17 5
5/18 27.3 6.3 23 1.99 10
5/23 24.2 7.3 30 232 10
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Appendix 33. (continued)

SAMPLE

TIME X SD cv SE N
-------------------------- sample site = McNaryDam------—----———--—————-———-
5/25 29.2 12.2 42 3.85 10

5/30 36.2 7.2 20 3.22 5

5/31 367 64 17 319 4

6/1 28.9 9.8 34 3.09 10

---------------- samplesite=SnakeRiver ra» - - - - - -
3/29 10.7 2.3 21 051 20

4/4 13.0 43 33 135 10

4/6 10.8 24 22 077 10

4/11 16.7 4.0 24 1.25 10

4/13 18.3 3.8 21 1.27 9

4/18 19.0 6.2 33 196 10

4/20 24.1 6.1 26 194 10

4/25 22.0 6.7 30 212 10

4127 24.3 5.1 21 162 10

5/2 30.9 6.5 21 206 10

5/4 26.6 3.8 14 1.25 9

5/11 19.0 5.1 27 162 10

5/18 13.8 6.7 49 213 10
----------------------- sample site = Lower Granite Dam-----—-—-—-——————————-
w 12.6 3.3 26 0.78 18

4/10 16.2 2.7 17 0.86 10

4/13 18.2 4.4 24 1.40 10

4/19 22.2 6.8 30 2.14 10

88




Appendix 33. (continued)

SAMPLE

TIME X SD cv SE N
--------------------- sample site = Lower Granitec e m - - - - - - - - - -
4/23 23.7 7.1 30 225 10
4126 28.7 9.0 31 285 10
4128 25.3 8.9 35 2.96 9
5/3 28.6 7.6 26 239 10
5/5 30.8 10.6 34 3.34 10
5/10 26.4 6.5 25 207 10
5/12 19.1 5.3 28 1.69 10
5/17 26.1 7.8 30 245 10
5/19 25.9 8.4 32 2.66 10
5/22 29.3 6.9 24 220 10
5/24 26.3 5.6 21 1.76 10
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Appendix 34. Mean (X), standard deviation (SD), coefficient of variation
(CV), standard error (SE), and sample size (N) of hatchery steelhead from

the run at large and sampled for gill Na' K

Pi.-mg prot

ATPase activity (umoles

Samples were collected bi-weekly throughout the
migrations past Rock Island and McNary dams in the Columbia River and the
Snake River Trap and Lower Granite Dam in the Snake River.

Na*-K' ATPase

SAMPLE

TIME X SD cv SE N
------------------- ---samplesite=Rock Islandoam-- - - - - - - - - -
5/1 16.1 4.9 30 2.19 5
5/3 13.9 2.3 17 0.95 6
5/4 17.7 6.1 34 2.72 5
5/10 194 6.2 32 1.95 10
5/12 21.9 7.1 32 2.26 10
5/17 17.7 5.1 29 1.55 11
5/19 27.3 7.2 26 241 9
5/24 34.5 11.0 32 3.49 10
-------------------------- samplesite=McNaryoam - - - - -
512 19.0 3.6 19 1.15 10
5/4 22.0 7.9 36 250 10
5/8 210 46 22 144 10
5/10 33.8 8.0 23 251 10
5/15 28.0 74 26 2.33 10
5/17 329 123 37 3.89 10
5/22 24.8 5.6 22 1.77 10
5/24 28.5 12.6 44 3.97 10
5/30 20.8 8.7 42 3.06 8
6/l 282 45 16 142 10
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Appendix 34. (continued)

SAMPLE

TIME X SD Cv SE N
------------------- sample site=SnakeRiver rap -
4/20 123 34 27 1.06 10
4/25 13.8 4.5 32 1.42 10
4/27 14.2 4.9 34 155 10
5/2 142 45 31 1.41 10
5/4 18.8 5.1 27 1.60 10
5/9 120 4.1 34 1.30 10
5/11 135 55 41 1.75 10
5/16 19.1 5.6 29 1.76 10
5/18 21.6 5.8 27 1.83 10
5/23 170 54 32 1.70 10
5/25 15.3 4.4 29 1.40 10
""" tmmm-------------sampie site=Llower Granitecem oo
4/26 17.5 5.1 29 1.60 10
4/28 14.8 6.1, 41 1.92 10
5/3 15.0 5.0 33 157 10
5/5 12.2 3.6 29 1.13 10
5/10 17.9 5.2 29 1.64 10
5/12 17.9 6.3 35 1.98 10
5/17 15.7 5.0 32 1.57 10
5/19 16.4 6.0 37 1.90 10
5122 15.7 8.8 56 292 9
5/24 17.6 6.3 36 1.98 10
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Appendix 35. Mean (X), standard deviation (SD), coefficient of variation
(CV), standard error (SE), and sample size (N) of wild steelhead from
the run at large and sampled for gill Na*-K' ATPase activity (xmoles

Samples were collected bi-weekly throughout the

migrations past Rock Island and McNary dams in the Columbia River and the

Snake River Trap and Lower Granite Dam in the Snake River.

Pi.-mg prot - Ar’").

Na*-K' ATPase

SAMPLE

TIME X SD cv SE N
---------------------- samplesite=Rock Islando e m - - - - - - -
5/1 17.7 9.9 56 4.44 5
5/3 22.2 4.8 22 2.40 4
5/4 25.1 8.4 34 3.77 5
5/10 23.5 8.1 34 255 10
5/12 24.6 8.7 36 276 10
5/17 24.0 4.1 17 1.36 9
5/19 25.7 10.2 40 3.08 11
-------------------------- samplesite=McNarycam----- -~
512 25.6 6.5 25 2.06 10
5/4 26.1 5.6 22 1.79 10
5/8 288 101 35 3.20 10
5/10 27.6 6.3 23 2.00 10
5/15 353 110 31 3.68 9
5/17 31.1 73 23 230 10
5/22 312 6.9 22 220 10
5/24 279 114 41 361 10
5/30 21.3 6.1 29 1.92 10
6/l 19.4 4.7 24 1.56 9
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Appendix 35. (continued)

SAMPLE

TIME X SD cv SE N
------------------ -sample site = SnakeRiver rrap--------o
4/20 15.3 4.3 28 1.37 10
4/25 16.9 5.5 32 1.82 9
4127 21.3 7.0 33 220 10
5/2 22.3 8.4 38 265 10
5/4 19.4 4.5 23 1.44 10
5/9 215 89 41 282 10
5/11 16.6 4.6 28 145 10
5/16 18.8 3.9 20 1.29 9
5/18 21.6 45 21 141 10
5/23 18.1 3.9 22 1.95 4
5/25 17.1 4.1 24 1.29 10
-------------------- -sample site = Lower Granite Dam---------------—————-
4/26 20.1 4.6 23 1.44 10
4/28 21.5 7.6 35 241 10
5/3 20.5 6.3 31 2.00 10
5/5 25.4 9.1 36 2.88 10
5/10 24.4 8.1 33 257 10
5/12 17.9 7.3 41 231 10
5/17 19.1 6.5 34 205 10
5/19 23.4 3.0 13 0.94 10
5/22 18.2 4.6 25 144 10
5/24 21.3 7.2 34 241 9
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Appendix 36. Mean (X), standard deviation (SD), coefficient of
variation (CV), standard error (SE), and sample size (N) of spring
chinook salmon sampled for condition factor (K = weight / (fork
Tength-10%).10°). Samples were collected prior to release from the
hatcheries and at the early, middle, and late parts of their migration
past Rock Island Dam (mid-Columbia River groups), Lower Granite Dam
(Snake River groups), and McNary Dam (all groups). ND = no data.

Condition Factor (K)

SAMPLE

TIME X SD Ccv SE N

----------------------------- Dworshak NFH-------w-ococoooooo
Hatchery

3/14 1.10 0.04 4 0.01 30

3/28 1.08 0.07 7 0.01 30

Lower Granite Dam

Early 0.98 0.04 4 0.01 17

Middle 0.95 0.06 6 0.01 17

Late 0.90 0.05 5 0.02 8
McNary Dam

Early 0.85 0.13 15 0.03 15

Middle 0.68 0.03 5 0.01 19

Late 0.67 0.05 8 0.01 17
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Appendix 36. (continued)

Condition Factor (K)

SAMPLE

TIME X SD Ccv SE N

------ TTTTe---es----e--------Entiat NFH---------ceeiooo

Hatchery
4/19 1.10 0.05 4 0.01 60
Rock Island Dam

Early ND ND ND ND ND

Middle ND ND ND ND ND

Late 0.98 0.10 10 0.04 5
McNary Dam

Early 0.94 0.06 7 0.02 14

Middle 0.76 0.04 6 0.01 19

Late 0.75 0.04 5 001 21

--------------------------- Leavenworth NFH-----------ooonnoo

Hatchery
4/18 1.10 0.05 5 0.01 60
Rock Island Dam

Early ND ND ND ND ND

Middle 0.95 0.04 5 0.01 11

Late 0.98 0.03 4 0.01 9
McNary Dam

Early 0.75 0.04 5 0.01 17

Middle 0.72 0.03 4 0.01 18

Late 0.72 0.03 5 0.01 20
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Appendix 36. (continued)

Condition Factor {(K)

SAMPLE
TIME X SD cv SE N
------------------------------ Winthrop NFH----------eccc----
Hatchery
3/22 1.14 0.05 5 0.01 30
4/04 1.11 0.06 5 0.01 30
4/17 1.14 0.06 5 0.01 99
Rock Island Dam
Early 0.95 0.05 5 0.02 8
Middle 0.95 0.04 4 0.01 9
Late 0.94 0.05 5 0.02 8
McNary Dam
Early 0.77 0.04 5 0.01 21
Middle 0.76 0.06 8 0.01 25
Late 0.75 0.04 5 0.01 22
----------------------------- Sawtooth SFH-----------------------
Hatchery
B ND ND ND ND ND
Lower Granite Dam
Early 1.01 0.07 7 0.02 15
Middle ND ND ND ND ND
Late 0.98 0.04 4 0.01 8
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Appendix 36. (continued)

Condition Factor (K)

SAMPLE

TIME X SD Ccv SE N

----------------------------- Sawtooth SFH-------------cccconno-
McNary Dam

Early ND ND ND ND ND

Middle 0.87 0.04 5 0.02 4

Late 0.72 0.04 6 0.02 6

97




Appendix 37.

Mean (X), standard deviation (SD), coefficient of
variation (CV), standard error (SE), and sample size (N) of steelhead

from Wells S§H sampled for condition factor (K
Tength-10°)-10°).

Condition Factor (K)

SAMPLE
TIME X SD Ccv SE N
-------------------------- Methow River Release------------------
Hatchery
3/22 0.99 0.06 6 0.01 20
4/04 1.07 o005 5 0.0l 20
4/28 0.99 0.06 6 0.01 20
Rock Island Dam
Early 0.88 0.05 5 0.01 17
Middle ND ND ND ND ND
Late 0.85 0.05 6 0.01 12
McNary Dam
Early ND ND ND ND ND
Middle ND ND ND ND ND
Late 0.64 0.03 5 0.01 17
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weight / (fork
Samples were collected prior to release from the
hatchery and at the early, middle, and late parts of their migration past
Rock Island Dam and McNary Dam. ND = no data.



Appendix 37. (continued)

Condition Factor (K)

SAMPLE

TIME X SD Ccv SE N

--------------------- Similkameen River Release------------------
Hatchery

3/22 0.99 0.06 6 o.oi 20

4/04 1.07 0.05 5 0.01 20

Rock Island Dam

Early 0.84 0.06 7 0.02 10

Middle 0.85 0.05 6 0.01 20

Late 0.82 0.04 5 0.01 18
McNary Dam

Early ND ND ND ND ND

Middle ND ND ND ND ND

Late ND ND ND ND ND
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Appendix 38. Mean (X), standard deviation (SD), coefficient of variation
(CV), standard error (SE), and sample size (N) of spring chinook salmon
from Leavenworth NFH (LA/RD-7C-1/3 brand group) sampled for skin guanine
(mg-g tissue-"). Samples were collected from the hatchery 4 weeks, 2
weeks, and immediately prior to release, and again at the early, middle
and late portions of the migrations past Rock Island and McNary dams.
Fish were released from the hatchery on April 18, 1989. ND = no data.

Guanine

SAMPLE

TIME FL X SD cv SE N
------------------------ sample site=nratenery -
3/23 ND ND ND ND ND ND

45 ND ND ND ND ND ND

4/18 128.5 40.8 11.7 29 2.77 18
--------------------- samplesite=RockIslandecam------------- -
EARLY ND ND ND ND ND ND

MIDDLE 122.6 53.9 13.7 25 4.58 9

LATE 129.8 47.7 11.8 25 4.18 8
------------------------- sample site = McNarycam------------ oo
EARLY 140.2 37.1 10.1 27 2.38 18

MIDDLE 133.9 40.5 11.8 29 2.70 19

LATE 137.9 42.9 13.0 30 2.92 20




Appendix 39. Mean (X), standard deviation (SD), coefficient of variation
(CV), standard error (SE), and sample size. (N) of spring chinook salmon
from Winthrop NFH branded (RA/LD-7N-1/3 brand group) sampled for skin
guanine (mg.g tissue-"). Samples were collected from the hatchery 4
weeks, 2 weeks, and immediately prior to release, and again at the early,
middle and late portions of the migrations past Rock Island and McNary
dams. Fish were released from the hatchery on April 17,.1989.

Guanine

SAMPLE

TIME FL X SD cv SE N
------------------------ samplesite=natenery -~
3/22 132.0 35.7 6.1 17 1.45 18
4/4 135.7 31.8 8.1 25 1.86 19
4/17 135.3 44.3 13.2 30 2.96 20
-c--------—sampie site=RockIslandcenm -
EARLY 132.9 49.2 10.1 21 3.57 8
MIDDLE 141.5 43.1 10.3 24 3.66 8

LATE 153.0 40.6 11.8 29 4.44 7

------- --""7-------------samplesite =McNaryoam--- -
EARLY 138.9 38.9 111 29 2.37 22
MIDDLE 145.4 36.8 111 30 2.22 25

LATE 147.7 44.3 189 43 3.94 23
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Appendix 40. Mean (X), standard deviation (SD), coefficient of variation
(CV), standard error (SE), and sample size (N) of spring chinook salmon
from Dworshak NFH (RA/RD-7H-1/3 brand group) sampled for skin guanine
(mg.g tissue'). Samples were collected from the hatchery 2 weeks before
and immediately prior to release and again at the early, middle and late
portions of the migrations past Lower Granite and McNary dams. Fish were
released from the hatchery on March 28, 1989.

Guanine

SAMPLE

TIME FL X SD cv SE N
------------------------ samplesite=ratecnery -~
3/14 123.6 39.2 7.6 19 1.39 30

3/28 124.8 36.9 6.3 17 1.19 28
--------------------- samplesite=Lower Granitec am - - - - - - -
EARLY 135.0 394 7.0 18 1.44 24

MIDDLE 128.2 40.6 7.8 19 1.60 24

LATE 123.8 57.7 10.8 19 3.26 11
------------------------- sample site=McNaryocam--- - - - -
EARLY 135.9 52.2 14.8 28 4.09 13

MIDDLE 134.1 43.7 11.3 26 2.59 19

LATE 139.0 63.1 6.9 11 3.98 3
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Appendix 41. Mean (X), standard deviation (SD), coefficient of variation
(CV), standard error (SE) and sample size (N) of steelhead from Wells SFH
(LA-7F-1/3 brand group) sampled for skin guanine (ng.g tissue-7).
Samples were collected from the hatchery 4 weeks, 2 weeks, and
immediately prior to release, and again at the early, middle and late
portions of the migrations past Rock Island and McNary dams. Fish were
released at the Similkameen River on May 3, 1989. ND = no data.

Guanine

SAMPLE

TIME FL X SD cv SE N
------------------------ sample site=ratenery -
3/22 1914 20.3 3.4 17 0.77 20

4/4 195.5 17.7 3.5 20 0.78 20

4/28 198.7 20.1 3.8 19 0.85 20
--------------------- sample site=Rock Islandoam--------- -
EARLY 211.9 20.7 3.4 16 0.85 16

MIDDLE ND ND ND ND ND ND

LATE 208.0 20.4 2.4 12 0.75 10
------------------------- sample site=McNaryoam------ -
EARLY ND ND ND ND ND ND

MIDDLE ND 23.3 5.7 24 1.27 20

LATE 210.7 24.7 6.4 26 1.43 20
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