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ABSTRACT

Estimates of migration rates and travel tinmes of juvenile sal nonids
within index reaches of the Colunbia River basin are collected through
the Snolt Monitoring Program for use by the Fish Passage Center. Wth
i ncreased reliance upon travel tine estinates in 1988 by the Fish Passage
Center, this study was inplemented to nonitor the biological attributes of
juvenile chinook sal nbn Oncorhynchus tshawytscha and steel head trout 0.
nykiss used for the travel tine estinates,

The physiological ability of fish to respond to stress was assessed
by measuring levels of plasma cortisol, glucose, and chloride before and
after a stress-challenge test. Most mi d- Col unbi a and Snake river groups
responded normally to the stress challenge exhibiting an increase in
plasma glucose and cortisol and a slight decrease in chloride. Fi sh
trucked to release sites were nore stressed than those released directly
from the hatchery, but nost still responded to the stress challenge test
normal ly. An abnormal or extreme stress response occurred when there
were deviations from preferred protocol, disease problems at hatcheries,
or when fish were trucked over |ong periods (7h).

The devel opnent of snoltification was evaluated by neasuring gill
NatK*-ATPase, plasma thyroxine, purines, and body norphology. Most groups
were sinmlar at the hatcheries but differed as the migration to MNary
Dam proceeded. G|l ATPase activity increased 2-3 fold during the first
20 days of migration, after which it changed little. Fish with |onger
in-river travel times appeared to be nore snmolted than those which were
in the river for a shorter period of tinmne.

The preval ence of bacterial kidney disease (BKD) in spring chinook
sal mon was eval uated using the enzyme |inked i mmunosorbent assay (ELI SA)
and fluorescent antibody technique (FAT). Preval ence of BKD in groups
tested using the ELISA nethod was as high as 99% at sone downstream
| ocati ons.

A review of indices is presented as a guide, to the devel opment of
an index of snolt condition and prelimnary data are presented. An index
could be used as a tool to synthesize information on fish condition to
assist with managerment and evaluation of the Witer Budget.
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| NTRODUCTI ON

As a part of the Northwest Power Planning Council's Fish and Wldlife
Program the Fish Passage Center (FPC) collects information on the
m grational characteristics of juvenile salnmn Oncorhynchus sp. and
steelhead trout 0. nykiss in the Colunmbia River Basin This information
is used primarily to hel p manage and eval uate the Water Budget, a volume
of water used to enhance environnmental conditions (flows) for seaward
mgrating snolts. Inmplicit in the Water Budget concept 1is that by
augnenting flows, travel time of smolts can be decreased, t her eby
i ncreasing survival via reductions in delayed mgration and exposure to
predators,

To evaluate the Water Budget, the FPC estimates survival and travel
times for marked groups of snolts. Difficulties in obtaining unbiased
estimates of survival in past years has led to reliance solely on travel
times in 1988. Travel tine is estimted as the nunmber of days between
date of release and nedian passage date at a downstream nonitoring
station, or as the nunber of days between nedi an passage dates between
two nonitoring stations, e.g. Rock Island Dam to MNary Dam on the
m d- Col unbia River.

In addition to river flows, biological attributes, or snolt
condition, such as levels of stress, extent of smoltification, and the
preval ence and severity of diseases have been shown to affect the travel
time and survival of snolts. Failure to nmeasure such parameters in the
past has resulted in the inability to interpret results of some survival
and travel tinme estimtes.

In 1988, this study was funded by the Bonneville Power Adm nistration
to neasure levels of stress, snoltification, and bacterial kidney disease
(BKD), and to conduct organosomatic exam nations on selected marked
groups used by the Fish Passage Center to estimate travel time. Part one
of this report describes the biological attributes of snolts used to
estimate travel time in 1988. Part two consists of an exam nation of
i ndices and the feasibility of developing a snmolt condition index as an
aid for managenent and evaluation of the Water Budget.



PART ONE: BIOLOE CAL ATTRIBUTES OF SMOLTS USED TO ESTI MATE TRAVEL TIME

STUDY SITES AND FISH COLLECTI ON

Fish used in this study were from marked groups used by the Fish
Passage Center (FPC) to estimate travel tine in the Colunmbia and Snake
rivers (Table 1). These fish included steelhead from | daho Depart nment
of Fish and Gane (IDFG, US. Fish and WIldlife Service (USFWS),
Washi ngton Department of WIldlife (VWDW, and the Oegon Department of Fish
and Wldlife (COFW. Spring chinook salnon 0. tshawytscha originated
from hatcheries operated by USFWS and IDFG Fal | chinook sal mon were
from hatcheri es operated by Washi ngton Departnent of Fisheries (WF) and
summer chinook salnmon were from an |DFG hatchery.

The fish were marked using freeze branding techni ques (Mghell 1969)
as described in nore detail by the Fish Passage Center (1988). Steel head
and subyearling fall chinook salnobn were marked in the spring of 1988.
Yearling chinook salmn were marked about 6 nmonths before release.

To assess the level of smoltification fish were sanpled one nonth,
two weeks, and shortly before release from the hatcheries. At release,
sanpl es for stress and BKD (sel ected groups of chinook sal nobn) were al so
t aken. Sanples at release were collected before fish were subjected
to disturbances related to hatchery release procedures (e.g. raceway
drawdown, <crowding, etc.) and prior to daily activities such as feeding.
In addition, fish transported to renpte release sites were sanpled
directly fromthe truck at the release site. Rel ease site locations are
shown in Figure 1. After release, snmoltification and BKD (selected
groups of chinook) of each group were assessed at the early, niddle and
| ate portions (about the 25, 50, and 75th percentiles) of their passage
past Rock Island, Lower Ganite, and MNary dans.

STRESS

Methods. and Materials

Level s of plasma cortisol, glucose, and chloride were neasured to
assess baseline stress levels of fish prior to release from each hatchery.
In addition to a sanple of 20 fish in a "resting" state as a baseline, a
handl i ng-stress challenge was used to assess ability of fish to respond
to a standardi zed stress (Barton et al. 1985). In this challenge, 20
fish were netted, held out of water for 30 seconds, and returned to a
container of water with a maxi mum | oadi ng of 30 g-L‘1 (0.25 1begal~1).



Table 1. Fish sanpled during spring, 1988, including hatchery, species,
Fi sh Passage Center |ot nunber (FPCLOT#), brand, and rel ease site.

T e e e s L e s e S e o8 T e T e = = S T . e - . . . = oo

HATCHERY SPECI ES FPCLOT# BRAND RELEASE SI TE

Entiat NFH SPCH 88153 RA-7H 1 Hat chery
Leavenworth NFH SPCH 88154 RA-7T-1 Hat chery
Ri ngold SFH SPCH 88271 LA- 7F-3 Hat chery
Wnthrop NFH SPCH 88166 LA RA-7C1/3 Hat chery
Priest Rapids SFH rachH? 88273 LA-R-1 Hat chery
RA- R- 2

Vells SFH STHD 88351 LA-7U-1 Sim | kameen R

STHD 88353 RA-7U~3 Met how R

———————————————————————————— Snake RiIVEY —--cmmcm e e ccccc e et e

Dwor shak NFH SPCH 88176 LA-T-2 Hat chery
Lyons Ferry SFH FacHP ' 88266 RA-7S-1 Hat chery
FACH® 88267 RD-R-1 Hat chery
McCal | SFH SUCH 88000 RD-T- 2 S. Fork Salnon R
Rapid River SFH SPCH 88002 RD-T- 4 Hat chery
SPCH 88003 LD-T-4 Hells Canyon
Sawt oot h  sFH SPCH 88004 RD-T- | Hat chery
Dwor shak  NFH STHD 88185 RA-T-4 Hat chery
Hager man NFH STHD 88187 LD-T-2 Sawt oot h SFH
Irriqon SFH STHD 88090 RA-TF/ I M1 W dcat Creek
Ni agar a
Springs SFH STHD 88016 LD-T-3 Hel Is Canyon

a Subyearling
Yearling
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After one hour, the fish were anesthetized and bl ood sanpl es were taken.
Addi tional baseline and handling-stress challenge sanples were collected
from groups released off-station by dip-netting fish from truck tanks
at the release sites.

Plasma cortisol was analyzed using the radioi munoassay approach

of Redding et al. (1984). Pl asma glucose was analyzed using an

hexoki nase enzymatic nethod (Sigma Diagnostics, St. Louis, M.); chloride
concentrations were determned wusing a chloridoneter. As a quality
assurance, sanmples were analyzed in a random order wth standards at
regul ar intervals during the assays. Data were anal yzed using anal ysis
of variance (ANOVA) and Student-Newran-Keuls (SNK) nultiple range tests,
In the text, wuse of the term significant refers to a statistically

significant difference at the probability P < 0.05.

Resul ts

Stress results have been organi zed by area of release (md-Colunbia
or Snake River) and species (yearling chinook or steelhead). A bri ef
summary of measures of stress from each group are included in Table
2. Al groups of yearling chinook salnmon at md-Colunbia hatcheries
sanpled to assess their stress response were released directly from the
raceways or rearing ponds. At release, responses to a handling-stress
challenge test were normal, characterized by a significant increase in
nean plasma cortisol (Figure 2). None of the mid-Colunbia groups exhibited
a significant change in nean plasma glucose in response to the stress
chal l enge test (Figure 3). The nmean level of glucose in resting fish
from Rngold SFH was significantly lower than the levels of the other
groups at rest; after the challenge glucose levels remained low relative
to the response of other groups. In response to the stress chall enge,
yearling chinook salnon from Rinqold SFH and Wnthrop NFH had significant
decreases in nean plasma chloride levels (Figure 4). The overall stress
response of fish at Rngold SFH differed from that of other groups
as they had the largest increase in plasma cortisol, |owest |evels of
plasma glucose, and a large decline in plasma chlorides.

Among the six groups of yearling chinook salnon sanpled at the Snake
River hatcheries, only those from McCall SFH and Rapid River SFH (LD-T-4
brand) were trucked to their release sites. All others were released
directly from the hatchery. Chi nook sal non rel eased at the Snake River
| ocations had relatively small changes in blood paraneters in response
to stress challenge tests conpared to mid-Colunmbia groups. Wat er
tenperatures during stress challenges of Snake River yroups ranged from
CC to 5°Cc, and from5 to 13,9°C for tests conducted with groups rel eased
in the nid-Colunbia R ver.

Yearling chinook salnmon sanpled in the Snake River Basin had a
typical increase in cortisol in response to the stress challenge tests at
the hatchery and again after trucking (Figure 5). At the hatchery, fish
from Sawt ooth SFH had unusually high variability in resting levels of



Table 2. Summary of stress and smoltification results from juvenile
salmonids collected at the hatcheries and at Rock Island Dam (mid-Columbia
groups), Lower Granite Dam (Snake groups), and McNary Dam, spring 1988.

Hatchery ‘
Brand L STRESS SMOLTIFICATION
Chinook Salmon =—====————- mid-Columbia River =——==———crmmr e e e
Entiat NFH -normal ~-decline in ATPase
RA-7H-1 prior to release
Leavenworth NFH -normal ~decline in ATPase
RA-7T-1 prior to release
-high ATPase at end of
migration
Ringold SFH -low glucose and normal
LA~-7F-3 chloride levels
-significant decrease in
chloride after stress
test
Winthrop NFH -low chloride levels -decline in ATPase
LA/RA-7C-1/3 after stress test prior to release
~high ATPase as passed Rock
Island Dam
Priest Rapids SFH(age 0) - no sample decline in ATPase
prior to release
~“hinook Salmon —=-==-=-—-~-=—-- Snake River -————=-—-mmemme e m e
Dworshak NFH -normal -normal, very silvered
LA-T~2 during migration
Lyons Ferry SFH(Age 1) -low chloride levels ~ATPase very high at hatchery
RA-75-1 -T4 high at McNary Dam
Lyons Ferry SFH(Age 0) - no sample -normal
RD~R-1
McCall SFH -normal -high ATPase at McNary Dam
RD-T~2
Rapid River SFH -low cortisol level
RD-T-4 after stress test -normal



Table 2.

(continued) Summary of

stress and snoltification results from

juvenile salnonids collected at the hatcheries and at Rock Island Dam

(m d- Col unbia groups only),
spring 1988.

McNary Dam

Lower Ganite Dam (Snake groups only), and

Chinook Salmon ------

Rapid R ver SFH
LD-T-4

Sawt oot h SFH
RD-T-1

Steel head ------------

Vells SFH
LA-7U-1

RA- 7U- 3

Steelhead ------------

Dnor shak NFH
RA-T-4

Hager man NFH
LD-T-2

Irrigon SFH
RA-1F/ 1M1

Lyons Ferry SFH
LA RA-S-1/3

N agara Springs SFH
LD-T-3

STRESS

------ Snake River

SMOLTI FI CATI ON

-high wvariability in - nor mal
gl ucose levels
-significant decline
in chloride in response
to stress test at truck
- nor mal - nor nel
md-Colunbia RVer —————mmm e
-high glucose Ilevels - ATPase declined

-high variability in
glucose and chloride

prior to release

- sane as above - sane as above

Snake River hatcheries ———===——cmmmmm e
- nor mal - nor mal
- nor mal - ATPase | ow at
the hatchery
- nor mal - nor mal
-low chloride |evels - nor mal

-significant decrease
in chloride levels

in response to stress test

-low gl ucose - ATPase | ow at

-chloride much |ower hat chery
after trucking than
bef ore trucking

-significant decrease in
chloride after stress
test at release site
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HATCHERY TRUCK

Changes in mean plasma cortisol of yearling chinook salnon from
m d- Col unbi a hatcheries, spring 1988. Samples were collected
from fish in a resting state (Rest) and one hour after a stress
challenge test (STRESS) at the hatchery (HATCHERY). Vertical
lines represent 95% confidence intervals.
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LEAVENWORTH RA7T1  —MR -WINTHROP LA/RA~7C—1/3

NOT TRUCKED

REST STRESS REST STRESS

HATCHERY TRUCK

Changes in nean plasnma glucose of yearling chinook salmon from
m d- Col unbi a hatcheries, spring 1988. Sanples were collected
from fish in a resting state (REST) and one hour after a
stress challenge test (STRESS) at the hatchery (HATCHERY).
Vertical lines represent 95% confidence intervals.
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cortisol and fish from Rapid River (RP-T-4) responded with a relatively

small increase in cortisol conpared to other groups at the hatchery.
After transportation to the release sites, cortisol response to the stress
chal l enge test appeared normal. The variability of the mean glucose

response in the Rapid River (LD T-4) group trucked to Hells Canyon was
unusual inasmuch as variability was high and the glucose response at the
truck was significantly different from the response at the hatchery
(Figure 6).

The stress challenge tests conducted at the hatchery produced
significant reductions in nean plasma chloride in nost Snake River groups
(Figure 7). After being trucked to the release site at the South Fork of
the Salmon River, fish from MCall SFH were still able to mintain levels
of plasma chloride near those observed at the hatchery and it did not
decrease significantly in response to the challenge test; a desirable
attribute. Fish trucked to Hells Canyon from Rapid River (LD-T-4) were
not able to maintain chloride levels after the test. They had the
largest increase in cortisol, high variability in glucose levels, and a
significant decline in plasma chloride in response to the additional
stress from the challenge test at the truck.

Steel head from Wlls SFH were trucked to release sites on the Methow
River (RA-7U-3) and the Simlkameen River (LA-7U1); only those released
at the Methow River were sanpled at the rel ease site. Stress chal | enge
tests at the hatchery and release sites elicited a nornal increase in the

mean plasma cortisol of both groups (Figure 8). Mean plasma gl ucose
concentrations did not change significantly in response to the stress
challenge tests (Figure 9). Variability in glucose levels of both

groups were unusually high, both at the hatchery and after transportation
(RA-7U-3 only). Neither group exhibited a significant change in nean
pl asma chloride in response to the stress challenge, but variation was
unusual ly high in all sanples (Figure 10).

Steel head released in the Snake River drainage were trucked to
remote release sites from Hagerman NFH, Irrigon SFH, and Ni agara Springs
SFH whereas fish from Dwrshak NFH and Lyons Ferry SFH were rel eased at

the hatchery. Stress responses of these five steelhead groups were
characterized by a significant increase in nmean plasma cortisol
concentration (Figure 11). The response was similar both before and

after transportation indicating adequate scope for a cortisol response
to the chal | enge after fish experienced transportation. However,
stael head from Niagara Springs SFH (LD-T-3) appeared stressed after 7h
of transportation and had higher resting |levels of cortisol in the truck
conpared to fish from Hagerman NFH (LD-T-2) that were transported 3h.
St eel head at Niagara Springs SFH had relatively Iow |l evels of glucose at
rest and after the stress challenge at the hatchery (Figure 12). After
transportation to the release site, steelhead did not respond with a
signi ficant change in glucose in any group. At the hatchery, the group
from Lyons Ferry SFH exhibited a significant decline in nmean plasm
chloride (Figure 13). The group from Niagara Springs SFH was the only
one unable to maintain plasma ion levels, after transportation resulting
in a significant decline in nean plasnma chloride.
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Figure 6. Changes in nean plasnma glucose of vyearling chinook salmn from
Snake River hatcheries, spring 1988. Sanples were collected
from fish in a resting state (REST) and one hour after a stress
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after transportation to the release site (TRUCK). Vertical
lines repreden 9% confidence intervals.
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challenge test (STRESS) at the hatchery (HATCHERY) and again
after transportation to the release site (TRUCK). Vertical
lines represent 95% confidence intervals.
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after transportation to the release site (TRUX). Verti cal
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fish in a resting state (REST) and one hour after a stress
chall enge test (STRESS) at the hatchery (HATGHERY) and again
after transportation to the release site (TRUCK). Verti cal
lines represent 95% confidence intervals.
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Di scussion

Stress is the physiological response by which an animal tries to
maintain or re-establish normal nmetabolism (Pickering 1981). Stressors
such as transportation or the handling-stress challenge test used in this
study nornally elicit a stress response characterized by hypercortisolem a,
hypergl ycem a, and hypochl orem a. Specific criteria for normal stress
responses of smolts are |acking, although normal blood chemstry val ues
have been estimated for rainbow trout and juvenile coho salnon (Barnhart
1969; Wedenmeyer and Chatterton 1971). I nasmuch as normal range estimates
are not available, interpretation in this study is based on conparisons
of the response of an individual group to other simlar groups.

The nmeasures of the stress response used in this study may not he
conpl etely independent of snoltification. For exanple, levels of resting
and post-stress plasm cortisol are known to increase in coho salnon
during snoltification. Altered carbohydrate netabolism is another change

associated wth snoltification (Wdeneyer et al. 1980). Specifically,
gl ucose nmetabolismis known to be sensitive to differences in feeding
ration and Parr-snolt transformation (Wedenmeyer 1976; Wo et al. 1978).

For these reasons the interpretation of neasures of stress response
should be approached conservatively.

Responses to the handling-stress challenge test were not correl ated
with water tenperature at the tinme of the test. However, anong the spring
chinook salmon, cortisol response to the challenge tended to be smaller in
fish at Snake River hatcheries than at Colunbia River hatcheries, Wat er
tenperatures ranged from OC to 5°C for challenge tests at the Snake River
sites and 5°C to 13.9°C for those at md-Colunbia River sites. Strange
et al. (1977) found that juvenile cutthroat trout acclimted to 23°C had
the same initial cortisol concentration as trout acclimted to 9°C and a
simlar post-stress response during the first hour after the stressor.
In this study, levels of cortisol anong resting fish at the Colunbia River
hatcheries were all less than 20 ng*mL=' but were as high as 53 ngemL~! at
Sawt oot h  SFH. VWhen Strange (1980) exami ned yearling channel catfish
they found higher concentrations of cortisol at 10°C, a relatively |ow
tenperature for channel catfish, conpared to 20°C and 30°C at which basal
| evel s of cortisol were simlar. Water tenperature effects on the resting
| evel s or stress response in juvenile salnonids is possible, but the |ack
of correlation between tenperature and stress response suggests no effect
in this study.

Al t hough we recognize that snoltification or water tenperature may
be a consideration when interpreting the response to the handling-stress
challenge test, some conclusions can be drawn from the results. Anong
groups of chinook salmon, fish at Ringold SFH had relatively |ow glucose
levels and a substantial decline in plasma chloride after the challenge
at the hatchery, possibly due to reduction in ration or the stress of
| ow oxygen levels known to be present prior to release. At Sawt ooth SFH
resting fish had exceptionally high 1evels of cortisol, but this can be
attributed to cleaning the raceway about one hour before sampling, a
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departure from preferred protocol for this study. The fish rel eased at
Rapid River had a relatively small cortisol response at the hatchery
while fish trucked to Hells Canyon had highly variable glucose values and
responded to the challenge test with a large decline in plasma chloride.
These devi ati ons may be associated with di sease problens at Rapid River
SFH.  Anpong steel head groups, fish from Wlls SFH had highly variable
glucose values suggesting that some individuals were nmore stressed than
others, possibly due to the marking process, which was conpleted as little
as 20 h before release. Steelhead from N agara Springs SFH had relatively
| ow glucose levels at the hatchery and after being trucked responded to
the additional stress of the challenge test with an unusual decline in
pl asma chlori de. Specific groups discussed above responded differently
to the handling stress challenge test compared to nost groups, enabling
us to use the general response as the norm

SMOLTI FI CATI ON

Met hods and WMaterials

G 1l Na+- K+ adenosine triphosphatase (Nat-xt ATPase) activity,
plasma thyroxine levels (T4), purines, and body norphology were used to
evaluate the extent of snoltification. GIl filament sanples were taken

and assayed for Na+-K+ ATPase activity using the method of Zaugg (1982).
Sanpl es were analyzed in random order with known phosphate standards at
regular intervals during the assay. Pl asma sanples were assayed for
t hyroxi ne using the radi oi munoassay described by Dickhoff et al. (1978)
and nodified by Specker and Schreck (1982). The data on ATPase and
t hyroxi ne were anal yzed using ANOVA and SNK; statistical differences
reported refer to P < 0.05.

The degree of silvering was quantitatively neasured by deternining
the amount of guanine and hypoxanthine in skin and scales using the
enzyne assay described by Staley (1984). Silvering is due to the
deposition of purines, mainly guanine (&) and hypoxanthine (Hx), in the
skin and scales of young salnonids during the smolt transformation (Summer
1944; Markert and Vanstone 1966; N col and van Baalen 1968; Lee et al.
1969) . By neasuring the anmount of purines present in skin and scales, a
quantitative neasurenment of silvering is obtained. The purine content is
being investigated as a quantitative neasure to deternmine the validity of
using visual observations of silvering in a snoltification index.

Mor phol ogi cal attributes of selected groups of fish collected at the
hatchery and at McNary dam were conpared. Photographs of each fish were
used for neasurenent of selected characteristics (Figure 14) using methods
adapted from Wnans (1984). A digitizer was used to record X Y coordinates
of specific points on photographs of each fish, formng a truss network
(Bookstein et al. 1985). The actual |ength of each line segment was
cal cul ated using a scaling factor. For each group of fish, a standard
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4

Posteriormost point of maxillary

Anterior tip of snout at upper jaw

Origin of pectoral fin

Point on neocranium from right angle of snout and
posteriormost aspect of eye

5 Posteriormost point of eyeball
6 Point on neocranium from right angle of
origin of pectoral fin and tip of snout

Origin of pelvic fin

a Origin of dorsal fin

9 Origin of anal fin

10 Insertion of dorsal fin

11 Insertion of anal fin

12 Origin of adipose fin

13 Dorso-anterior attachment of caudal fin

14 Ventro-anterior attachment of caudal fin

15 Base of middle caudal rays

16 Fork of caudal fin

Figure 14 . Schematic of smolt showing points identi fying Line seg ments
digi tized for nmorphological ¢  analysis, 1988 .
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body size (fork length) and average lengths for each line were calcul ated.
Predicted line Iengths were estimated for the standard body size using
| og-linear regression functions (Bookstein 1985). Changes in these |ine
| engt hs approxi mate changes in body shape. The data were anal yzed using
SAS (SAS 1985).

Resul ts

Smoltification results have been organized by area of release
(m d-Col unbia or Snake River), species (chinook salnon or steelhead),

and age (yearling or subyearling). A brief summary of neasures of
snoltification of each group are included in Table 3. At the hatcheries,
mean gill wNat-xt ATPase activities of most yearling chinook salnon from

the m d-Col unbia and Snake rivers were simlar (Figure 15 and 16). G|
ATPase activities of spring chinook salnon from Entiat, Leavenworth, and
W nthrop NFH declined prior to rel ease. Mean ATPase of all vyearling
chi nook sal nmon groups increased progressively as they passed Rock Island
Dam (md-Colunbia groups) and Lower Ganite Dam (Snake groups). Excluding
W nt hrop, nean ATPase activities of groups from the mid-Colunbia continued
to increase as they passed MNary Dam Fish from Wnthrop NFH exhi bited
high ATPase levels as they passed Rock I|sland Dam and relatively constant
| evel s throughout the renminder of the migration. The "early" Wnthrop
NFH sanple at McNary Dam was quite low, but this sanple represents fish
after only 6% of the migration had past, unlike the other groups', whose
early sanple was nearer the 25th percentile of passage. Mean ATPase
activity of the group from Leavenworth NFH was significantly higher than
the others in the late part of the mgration.

Yearling fall chinook salnon from Lyons Ferry SFH had much hi gher
ATPase activities in the hatchery than yearling spring and sumrer chinook
salmon from all other hatcheries (Figure 16). However, the Lyons Ferry
group did not show the progressive increase in ATPase after rel ease that
other groups did. G Il ATPase of most yearling chinook salnon from the
Snake River hatcheries was |leveling off by the date they passed MNary,
though ATPase activities of fish from McCall and Sawtooth SFH were still
increasing. Yearling sumrer chinook salnmon from MCall SFH exhibited the
hi ghest mean ATPase activity of any group sanpled.

Conpared to yearling fall chinook salnon at Lyons Ferry SFH, sub-
yearlings at Lyons Ferry SFH and Priest Rapids SFH had relatively |ow
ATPase activities at the hatchery (Figure 17). Mean ATPase |evels of
yearlings at Lyons Ferry SFH and sub-yearlings at Priest Rapids SFH
declined prior to release, while sub-yearlings at Lyons Ferry SFH were
increasing dramatically. At McNary Dam rmean ATPase |evels of the sub-
yearlings were higher than the yearlings.

Goups of steelhead from the mid-Colunbia and Snake river hatcheries
had simlar mean gill ATPase activities at the hatchery, although the two
groups at Wells SFH declined before release (Figure 18). The groups at
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Mean Gill Na™-K+ ATPase activity of spring chinook salmon from
m d- Col unbia hatcheries, spring 1988. Sampl es were collected
one nonth, two weeks, and shortly before release (1,2,3
respectively) and again at the early, niddle, and late portions
of the mgrations past Rock Island and MNary dans.
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HATCHERY LOAER GRANITE  McNARY

Mean gill Nat-x* ATPase activity of spring and summer chinook
sal mon from Snake River hatcheries, spring 1988. Samples were
collected one nonth, two weeks, and shortly before release
(1,2,3 respectively) and again at the early, niddle, and late
portions of the migrations past Lower Ganite and MNary dans.
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Wells SFH were reared in the sane pond, and were therefore sanpled as
one group prior to branding at the hatchery. At Rock IsLand Dam the
Wells group released in the Sinilkaneen River (LA-7U-1) had nuch higher
ATPsse activity than the group released in the Mthow River (RA7U3).
Steelhead released in the Simlkameen R ver mgrated a l|longer dis tance
prior to passing Rock Island Dan and had been in the river |onger than
fish released in the Mthow River. As the steelhead from Wlls SFH
m grated past MNary Dam the differences in qill ATPase were snmall.

Mean ATPase activities of all steelhead groups released in the Snake
Ri ver basin were generally increasing as fish passed Lower Ganite Dam
(Figure 19). At Lower Granite Dam  steelhead from Hagerman NFH and
N agara Springs SFH had the highest nean ATPase activities Of any
steel head group sanpled from the Snake River. Only .steelhead from Dworshak
and Lyons Ferry were recovered at McNary Dam in sufficient nunbers for
adequate sanpling. The ATPase activity of both groups was relatively
constant as the migration proceeded past MNary Dam  suggesting the
ATPase increase associated with snmoltification was compl et ed

G Il ATPase activities of vyearling spring chinook and steelhead
i ncreased sharply after release from the hatchery, but |eveled off at
about 30 umoles<P ® ng Prot~1+h=1 dfter 15 to 20 days of in-river mgration
(Figure 20). These patterns of increases in ATPase activity are alike,
suggesting post-release SnolLtification may proceed simlarly in both
Speci es

Plasma thyroxine levels of mid-Colunbia chinook salnmon were variable
(Figure 21). Prior to release, fish at Leavenworth NFH and Ringold SFH
exhibited a peak in thyroxine whereas those at Entiat NFH and W nthrop
NFH did not. Thyroxine Levels in fish recovered at Rock Island and
McNary dams were higher than at release, but no trend was evident.

Most chi nook sal mon groups at Snake River hatcheries showed a surge
in mean thyroxine values two weeks prior to release (Figure 22). Thyroxine
|l evel s after release were characterized by an increase followed by a
gradual decrease. This trend appears to be associated nore with date
than with collection site (Figure 22b). Thyroxine levels of age zero
chinook salnon from Lyons Ferry SFH and Priest Rapids SFH were relatively
| ow at the hatchery and at MNary Dam, while yearling fall chinook sal non
from Lyons Ferry SFH showed a large increase in plasma thyroxine after
rel ease (Figure 23).

Steel head at Wells SFH showed a surge in plasma thyroxine prior to
release, hut by the tinme of release Levels were quite low (Figure 24).
Fish collected during the mgration had pLasma thyroxine concentrations
slightly above those at release. At Rock Island Dam the group that had
been liberated at the Methow River (RA-7u-3) had h ighe 1 thyroxine levels
than those released at the Sinm | kameen River (La-7U-t), but the Levels of
both groups were simlar at MNary Dam

Three of the five groups of steelhead sanpLed prior to release in the
Snake River basin had simlar patterns of thyroxine Levels (Figure 25).
At Hagerman NFH, Irrigon SFH, and Niagara Springs SFH thyroxine |evels
were relatively low prior to release. Anobng these three groups, steelhead
arriving early in the migration past Lower Gran ite Dam exh ibited a peak
in plasma thyroxine. This appears to be as soci 2t ed wi th the new noon on
15 My and/or increased flows at Lower Granite Dam (Figure 26)
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Figure 26. Mean pl asma thyroxine (Tg) of steel head trout from Snake River
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di scharge at the |Idaho Departnent of Fish and Gane (IDFG
Anatone gauge (B) (reprinted with permssion from IDFG, spring
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37



Mean guanine levels and the mean guanine to hypoxanthine ratio
(G/Hx) in spring chinook salnon from Wnthrop NFH i ncreased steadily as
the fish mgrated past MNary Dam increasing 38% and 31%, respectively
(Figure 27). While hypoxanthine |levels changed little during this
period, the levels of guanine increased resulting in an increase in the
rati o of guanine to hypoxanthine (Appendix 18). The increase in these
measures of purines closely paralleled the changes in gill ATPase
activity of fish sanpled concurrently.

A diagramatic presentation was used to illustrate observed changes
in average body shape or formduring the migration fromrelease sites to
recapture facilities. Spring chinook salmn from Sawtooth SFH and
steel head trout from Hagernan SFH were used as exanples from data
collected in spring, 1988. Fish from Sawtooth SFH were sanpled at the
hatchery and MNary Dam St eel head from Hagerman were exam ned at the
hatchery and at Lower Ganite Dam Since the differences in size of fish
at the hatchery and collection facilities was usually less than 10 mm
a nmean internediate fork length was used for the average body shape.

Spring chinook salnmon exhibited a decrease in body depth during the
m gration period and changes in form of the head and caudal peduncle.
Line lengths in figure 28a describe |lines ranging from nunber one in the
head region to 33 in the caudal peduncle. The predicted |ine segnments
were used to illustrate the average form of the fish at the hatchery
(dashed line) and at MNary Dam (solid line) (Figure 28b). In this case
the gap between the dashed and solid line represents the change in average
form The decreases in body depth after mgration to MNary Dam are
indicated by the smaller predicted lengths of lines 12 to 21 (Figure 28a).

Steel head al so decreased in relative body depth during the downstream
mgration. There was a notable difference in the head region and in the
caudal peduncle at the MNary Dam conmpared to fish at the hatchery
(Figure 29). Principle conmponent analyses are being used to deternmine if
changes in shape can be detected when the within-group size effects are
removed.

Di scussi on
The neasures of snoltification, gill ATPase, thyroxine, and
mor phol ogy were, |like the neasures of stress, interpreted by conparing

the results for all groups. The post-release increase in ATPase activity
appears to be a tine-dependent devel opnent associated with snoltification
(Figure 20). Inasnuch as this developnent was time related, fish nigrating
a relatively short distance arrive at a nonitoring facility with

relatively | ow ATPase activities. Conversely, fish that migrate |onger
di stances often arrive at downstream danms with relatively high ATPase
values. For exanple, at release, fish at Ringold SFH had a relatively
high "hatchery" ATPase value of 13.8 umpoles P*mg Prot~'*h~™', but at
McNary Dam these fish had relatively low "in-river" ATPase activity of
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prot~Ye hr-1) of spring chinook salmn from Wnthrop NFH
collected at MNary Dam spring 1988.
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22.4 conpared to "in-river" values of 27.8 to 33.1 for md-Colunbia
spring chinook salnon migrating greater distances. The other neasures of
snol tification, nor phol ogy and thyroxine |levels, generally support the
in-river developnent hypothesis.

Thyr oxi ne dynami cs may cause difficulty in using it as a neasure of
snmol tification. Di ckhoff et al. (1982) denonstrated that the percentage
of thyroxine peak was correlated with the proportion of surviving hatchery
SMOLTS after 6 nonths in seawater net-pens. Plasna thyroxine surges have
been shown to be associated with both flows and |unar cycles, but little
data is available on migrants in large river systems (Mason 1975; Grau et

al. 1982; Youngson et al. 1986). Specker et al. (1984) proposed that
changes in thyroxine kinetics reflect an increased requirenent for thyroid
hor mones during periods of rapid devel opnment. In our study peak |evels

may have been associated with the lunar phase and/or peaks in flow during
which nunbers of mgrating fish peaked.

If post-release snoltification is acconpanied by increased behavioral
disposition to migrate, then differences in migration rates in upstream
i ndex reaches nay be a result of the conbination of disposition to mgrate
and flow However, as fish approach full developrment their extent of
smoltification is likely to play a dimnished role and flowis likely to

act as a determinant of mgration rate to a greater extent. Data from
only 1988, with tw species, chinook salmn and steelhead, and two
reaches, |ower Snake River and nid-Colunmbia River, is not sufficient

for further analysis of the role snoltification mght play in migration
rate. When 1087 and 1988 data for steelhead from the m d-Colunbia and
Snake rivers was pooled, the correlation between migration rate and flow
at lce Harbor and Priest Rapids Dans was r = 0.92, N = 15, However, the
correlation between gill ATPase and nigration rate was r = 0.80 when
ATPase at the time of release from the hatchery was used as a single
nmeasure of snoltification. Due to the small sanple size, several other
weak correlations with physiological attributes are probably spurious,
even though they are biologically reasonable.

BKD IN CH NOOK SALMON

Met hods and Materials

The incidence of BKD in spring chinook salnmn from Sawtooth State
Fish Hatchery (SFH), and Dworshak, Entiat, and Wnthrop National Fish
Hat cheries (NFH was esti mated. Kidney and spleen sanples were collected
at the hatcheries and at Rock Island pam (Entiat NFH, Wnthrop NrFH),
Lower Granite Dam (Dworshak NFH, Sawtooth SFH), and MNary Dam (all

groups). Sanmples were stored in vials in liquid nitrogen until they
reached the laboratory, where they were stored in a freezer at - 78 C
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Ti ssue sanpl es were mashed and smears anal yzed using the Fl uorescent
Anti body Test (FAT) with a 100 field count (MDaniel 1979). Sanples were
arbitrarily divided into one of four categories depending on the nunber
of BKD conjugates as follows: negative, none found; |ow, 1-15; nmedi um
16-90; and hi gh, greater than 90.

The sane material was analyzed for antigen levels with the Enzyne-
Li nked | munosorbent Assay (ELISA) using the method of Pascho et al.
(1987). The antibody/conjugate was obtained from Kirkeqgaard and Perry
Laboratories, Inc. ELI SA results were considered positive for BKD when
optical densities were above 0.073. Sanpl es deternmined to be positive
using the ELI SA were arbitrarily divided, based upon the optical density
(OD), into three categories: low (0.074 to 0.1201, nedium (0.121 to
0.280), and high (0.281 and over).

Resul ts

The prevalence of BKD as determ ned by FAT and ELISA for groups
of fish from Dworshak NFH, Sawtooth SFH, Entiat NFH, and W nthrop
NFH are sumrarized in Table 3. Preval ence of BKD at the hatchery as
determined by ELISA varied from 53% at Dworshak NFH to 91% at Sawt ooth
SFH. Downstream at either Lower Granite or Rock Island dans, the
proportion of fish wth BKD increased above that at the hatchery.
Preval ence reached nearly 100 for Wnthrop stocks at Rock Island Dbpam.
At McNary Dam percentage of BKD positive fish was roughly conparable to
those at Lower Granite or Rock Island dans. Therefore, no significant
change in prevalence of BKD was noted between the upstream danms and
McNary.

Sanpl es determined to be positive using the ELISA can provide
additional information by exam ning the nunber with high antigen |evels.
Fish with high antigen levels ranged fromi1to 13% of the popul ati ons at
the hatchery. At downstream dans fish with high antigen |evels ranged
from1l to 33% of the narked popul ations (Table 4).

Differences in preval ence between early and late portions of the
mgration were insignificant, wth the exception of the Wnthrop group.
Wnthrop snolts showed an increase in prevalence later in the run at
McNary. The preval ence as determined by ELISA increased from 76% early
in the run to 94% and 100% in the niddle and late segnents of the
m gration, respectively. Vi sual exami nations indicated the percentage
of fish from Wnthrop NFH with lesions in the kidney increased from 0,
to 13, to 44% in the early, nmiddle, and |ate segnents of the migration,
respectively. Wnthrop NFH fish differed from fish at the other
hat cheries in that they had the highest percentage of fish (13% in the
high antigen level category conpared to 1 to 7% for the others (Table 4).

The sensitivity of the ELISA nethod was obvious since the preval ence

of BKD reached nearly 100% in some groups. The preval ence of BKD
according to ELI SA was inconsistent with FAT results. FAT results were
consistently | ower than those of ELISA For exanple, fish at Sawtooth
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Table 3. Prevalence of BKD (% in spring chinook salnon fromfive

Columbia River hatcheries as determned by enzyme I|inked i nmmunosorbent
assay and fluorescent antibody test. The smolts were sanpled at the
hatchery and at downstream dans after release.
- - - } SAMPLING SITE
st ock Hat chery Lower Ganite Rock |sland McNary Dam
ELI SA FAT ELI SA FAT ELI SA  FAT ELI SA  FAT
Dwor shak 53 40 74 38 -- -- 56 23
Enti at 66 26 - -- 77 29 67 36
W nt hr op 79 47 - - 97 34 91 51
Sawt oot h 2 11 Insufficient nunbers recaptured.
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Table 4. Results of the Enzyme Linked |mmunosorbent Assay for bacterial
ki dney disease in spring chinook salnmon from four Colunbia and Snake
river hatcheries. Positive sanples are divided into three categories
based upon the optical density. A so presented are the sanple sizes and
the percent of visible lesions observed in the kidney.

Pos Low Medi um Hi gh %
Sanple Site % (No.) % (No.) % (No.) % (No.) N Lesi ons
Dwor shak  NFH 53 (52) 44 (43) 8 (8) 1 Q) 98 0
Lower Ganite Dam 74 (60) 41 (33) 11 (9 22 (18) 81 7
McNary Dam 56 (64) 44  (50) 5 (6) 7 (8) 115 5
Sawt oot h  SFH 91 (88) 66 (64) 18 (17) 7 97 0
- - - -—---€8--S-------- Uu-------=-- ——
Entiat NFH 66 (64) 53 (51) 12 (12) 1 (D 97 0
Rock 1sland 77 (26) 68 (23) 9 3 0 34 0
McNar y 67 (56) 62 (51) 5 (4) IN¢)) 83 0
Wnthrop NFH 79 (77 52 (51) 13 (13) 13 (13) 98 4
Rock Island 97 (69) 51 (36) 34 (24) 13 (9) 71 4
McNar y 91 (122) 32 (43) 26 (35) 33 (44) 134 17
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SFH had a 91% preval ence according to ELISA, yet had only an 11%
preval ence according to FAT.

Cl oser exam nation of the optical density () of individual sanples
from fish which had =>90 bacterias100 fields according to FAT had OD
ranging from 0.075 to 2.475, wth one sanple listed as negative (0D =
0. 070). Therefore, all but one of these heavily infected fish were
detected by ELISA indicating that the ELISA nmethod was accurate. The

difference appears to be due to the greater sensitivity of the ELISA
met hod.

Di scussi on

A general increase in prevalence of BKD from the hatchery to the
first downstream dam was observed. The results from fluorescent antibody
tests do not show this increase, probably due to the lesser sensitivity
of the method (Pascho et al. 1987; Rondorf et al. 1988). This increase

may be due to biased sanpling at the dans. Matt hews et al, (1988)
reported that the incidence of BKD was higher in guided than unguided
smolts on three different sanpling dates (n = 180 fish total) at Lower
Ganite Dam

Matthews et al. (1988) also reported that at Lower Granite Dam the
incidence of BKD, as determined by ELISA, increased from 29.7% in early
April to 68.7%in |late Muy. A simlar increase over tinme was observed
this year at McNary Dam in fish from Wnthrop NFH, consistent with 1987
results for Wnthrop stock (Rondorf et al. 1988). FAT results from Entiat
stock at McNary Dam also tend to support these observations. The results
from groups with noderate infections do not show a relationship between
time and preval ence of BKD. Only fish from Wnthrop NFH, which had a
hi gh percentage of heavily infected fish, showed an increasing prevalence
of BKD as the migration passed.

Prevalence of BKD in Wnthrop NFH snolts at MNary Dam as determ ned
by ELISA, was nuch higher than that of |ast year (BKD preval ence (ELI SA)
of 20, 22, and 36% in the early, mddle, and late portions of the 1987
mgration, respectively). Qur report presents, for the first tine,
proportions of BKD infected sml ts reaching nearly 100% in sanples
collected at Rock Island and MNary dans.

According to Pascho and Mil cahy (1987) the optical density (0D of
the ELISA is positively correlated with the nunber of bacteria. One
woul d expect that kidneys with visible |esions whould have nuch higher
optical densities than infected fish without |esions, hut this was not
al ways the case.
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PART TWO  DEVELOPMENT OF AN INDEX OF SMOLT CONDI TION

A REVIEW COF | NDI CES

An index of snolt condition could be a useful tool in summarizing
the many attributes of snmolt condition collected by this and other
st udi es. Such an index would be desirable in assessing the condition of
fish during seaward nmigration to assist wth nanagenent and eval uation
of the Water Budget. Toward synthesizing nmonitoring information and
devel oping such an index, the following is a brief review of the use of
indices in other areas of fisheries science.

An index is often a derived variable such as an average, a wei ghted
average, or one measurenent divided by another (Pimentel 1979). Thi s
derived variable can be used to estimate parameters that are too difficult
or costly to neasure directly. For exanple, the norphoedaphic index uses
a ratio of total dissolved solids and nean depth to estinate fish yield

in |lakes (Ryder et al. 1974). Rat her than trying to sanple an entire
fish population or a significant subsanple, neasurenent of the two
vari abl es provides a nore practical nmeans of estimating fish yield. For
estimating fish yield in streanms, several indices have been used (Fausch
et al. 1988). These use a variety of mathematical approaches and are
based on either: 1) drainage basin variables; 2) channel norphonetry
and flow vari abl es; 3) habitat structure, biological, physical, and

chemi cal variables; 4) a conbination of variable types; or 5) weighted
usable area.

In sone cases, one variable can be measured and correlated with the
desired paraneter. For exanple, Markevich (1977) used percent body fat
as an index of silverside (Atherina nochon pontica) survival through the

winter. Crowing counts of pheasants along transects to estimte abundance
is another exanple of a one-variable index.

Sonetimes the desired paraneter can not be neasured at all, but
trends between years or days can be eval uated. The fish passage index

for exanple (MConnaha 19851, does not estinmate total numbers of snolts
passing a given dam but is useful for conparing size of the outmgration
bet ween vyears.

Sinmple linear regression is often used in indices where changes in
the measureable variable X reflect changes in Y, the dependent variable to

be estinmated. For example, an increase in deer fecal pellet counts
i ndicated a proportional increase in the population of deer. Si nce the
rel ationship between X and Y is not al ways |inear, exponenti al
relationships can be transfornmed into straight lines by using |ogarithns.

Using multiple linear regression, inclusion of several independent
vari ables inmproves the prediction equation. For exanpl e, independent

habi tat variables such as overhead and instream cover, stream order, and
substrate were used by Hendrickson and Doonan (1972) and Fraley and G aham
(1981) to predict the nunbers of trout in a stream Conbi ni ng several
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variables in an index can be a useful tool. Harris (1975) however,

cautions that information about a variable's contribution to the
regression coefficient of the equation is only provided within the context
of the other variabl es. Various nethods exist for selecting variables

used in the regression nodels. For exanple, Lohr et al. (1988) used step-
wise regression to identify significant variables that were wused to
devel op an index of survival for patients with acute renal failure.

Princi pal conponents analysis (PCA is a tool used to analyze data
froma single sanple of individuals from a single population and each
i ndividual is represented by a set of p > 1 neasurenents (Pinentel 1979).
This method assunes that data for each rmeasurenent is normal |y
distributed, but unlike multiple regression, independence of variables is
not required. PCA can be used to select variables that can be used in
aggregate (or individually) as an index. For exanmple, Barber et al.
(1981) used PCA to evaluate 17 variables used to estimate abundance of
age-0 and age-1 coho sal non.

Factor analysis analyzes the intercorrelations wthin a set of
variables. Like PCA factor analysis can be used to identify variables
that account for nost of the variation of Y, the dependent variable.
Har shbarger and Bhattacharyya (1981) measured 18 cover variables
for trout and used factor analysis to boil these down to 6 variables that
best described the data. Both the factors and the original variables
were then used in mltiple regressions to predict standing crop.

I ndices which are derived variables have various disadvantages.
Since errors of measurement are conpounded, indices are less precise than
single neasurenent variables. Also, distributions of indices are often
far from nornmal. Atchl ey et al. (1976) noticed that when ratios were
used to scale variables (e.g., to remove variation due to body size), the
correlation between the ratio variable and the original scaling variable
increased. Also, there was a spurious correlation between variables when
rati os were conpounded. The magnitude of the correlation increased as
the coefficient of variation of the denom nator increased. Princi pal
conponents analysis is greatly affected when the data used is based on
rati os or proportions rather than raw data. The problens of ratios may
be circunvented by using a nodification of ratios by Corruccini (1977).

For factor analysis, Pinentel (1979) cited several drawbacks pointed
out by Blackith and Reynent (1971). The "bottom line" was that factor
anal ysis consists of so many nodels and rotation schenes, that the outcome
can nearly be controlled by the anal yst who selects the nodel that best
supports his preconceived conclusions.

Stepwi se regression uses either a step-down or a step-up nethod to
sel ect variables that contribute nost to the predictive equation. The

two methods do not necessarily select the sane variables. Al so, both
met hods are prone to select variables that happen to predict well in d
gi ven sanple. When tested, the variables that were "good" predictors

may becorme “"poor" predictors, particularly in small sanples (Pinentel
1979).

small sanple size was a comon problem in mathematical nodels
reviewed by Fausch et al. (988). They also noted that relatively precise
nodel s often | acked generality. (i.e., fewer than 20 degrees of freedon.
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Fausch et al. (1988) reviewed 99 indices of standing crop of stream fish
in which habitat variables were used to predict standing crop. O her
problens noted by Fausch et al. (1988) were use of poor nmethods to chose
the best nmodel (index), not testing the index, and making unrealistic
assunmptions when making the estimtes.

Levins (966) outlined three desirable attributes of nodels: realism
precision, and generality. An ideal nopdel or index would account for a
| arge percentage of the variation in the desired parameter (e.g. standing
crop) and give repeatable results. Skal ski  (1988) contends that an
acceptabl e index should provide a neasure of the sanpling error associated
with the index and provide the nmeans to verify or adjust for violations
in key assunptions of index calculations. Fausch et al. (1988) eval uated
nodel quality based on the coefficient of determnation, sanple size, and
degrees of freedom

Ideally, an index of fish condition would provide a relative neasure
of smolt quality at release fromthe hatcheries, after nigration through
the sys terns, and anobng years with widely varying flow regimes. The index
should be based on information that could be analyzed quickly. Fortunately
the fish health and condition assessment procedures devel oped by Goede
(1988) outline a clear nethodology for evaluating fish health relatively
quickly by sinple observation. Both internal and external characteristics
are examned and given a qualitative rating. This sunmary however, gives
no single value for relative conparison so the results must be interpreted
by a pathol ogi st.

To be wused as an index, the Goede nethod could be nodified,
Currently, sone characteristics (thynus, mesentery fat, hind gut, and
bile) are nunmerically rated and others are descriptive. The descriptive
characters should be changed to a nunerical rating in which a higher
number indicates a graver condition. These nodifications could take place
in the conputer program itself, Further nodification may incorporate
data on descaling currently collected at Colunbia basin dans and some
hatcheries. When the nunerical values of all the characteristics are
summed, the total would serve as an index of the health and physical
condition of the fish. The hi gher the number, the poorer the condition
of the popul ation.

The underlying assunption of the index is that diseases manifest

t henmsel ves in observable clinical signs. Anot her key assunption is that
fish exhibiting a higher proportion of abnormal characteristics wll
have a |ower probability of survival. Survival would be the ultimate

measure of the merits of the fish condition index.

Survival of ocean-bound snolts is not only dependent upon disease
factors, but smoltification factors as well (Dckoff et al. 1982).
Conditions at hatchery facilities can suppress the snoltification process,
conpromising a smolt's ability to survive in salt water. To avoid
conpounding errors of neasurenent, a separate snoltification index may
be developed, distinct from the condition index. Since mat hemat i cal
tools such as principal conponent analysis are available to evaluate
several variables at once, having separate indices to estimate fish
health and snmoltification is not a problem Variables that could be used
in devel opment of the snoltification index include gill ATPaae, thyroid
hornones, purines (silvering), and norphological variables.
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Changes in snmolt condition between sanpling sites should be exani ned
with caution. Logically, a greater proportion of sick fish than healthy
fish will die between sites due to disease outright or to selective
predation, negatively biasing an index value. Conversely, snoltification,
stress, time, and tenperature affect the course of a disease, causing
latent infections to becone clinical infections, positively biasing the

i ndex val ue. In addition, fish collection at the dans is biased hy
sel ective capture of sick snmolts (Park et al. 1986) and snmolts with
high gill Na+-K+ ATPase (G orgi et al. 1988). If sick fish are not
honogeneously distributed in front of each dam powerhouse, there may be
addi ti onal sampling bias (Skalski 1988). Considering these biases, a

fish health index would be nost useful for evaluating year-to-year changes
at the hatchery and downstream dans.

DATA CCOLLECTED IN 1988

Met hods and WMaterials

Organosomatic  examinations were conducted to nonitor groups not
exam ned by cooperators of the Augnented Fish Health Monitoring Program
and to identify attributes wuseful in the assessnment of condition anopng
mgrating snolts. The categories used in this assessment follow the
nmet hod of Goede (1988) and are listed in Table 5.

Resul ts

Organosomatic  exam nations using the approach of GCoede (1988)
provide a nmethod to sunmarize easily observable clinical signs that are
indicative of fish health or condition problens. In general, differences
between groups were seen in the amounts of nesenteric fat, plasnma protein,
and condition factor (Appendices 19-22). Mean mesenteric fat of chinook
sal mon ranged fromO0.7 to 1.8 on an arbitrary scale of 0 to 4. | deal |y,
a nmean of 2, equal to 50% of the pyloric cecae covered, is a desirable
ampunt before rel ease (Goede, personal conmunication) although this was
based on resident trout. Plasma protein ranged from 3.6 to 6.2 ge<dL~!
and condition factors were between 1.02 and 1.009. The extent of thymc
henmorrhage also showed minor differences among groups, particularly from
Dwor shak  NFH. Fish from Entiat NFH had the |owest nesenteric fat and
plasma protein, and also had the second |owest condition factor of any

chinook group sanpled at the hatchery. Steel head trout had higher
mesenteric fat contents than chinook salnmon (range = 2.2 - 2.51, but
other characteristics were simlar (Appendices 23, 24). Fish from
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Table 5. Categories used in the organosomati c assessnent system of Goede (1988).

Length (L): Total Length in millimeters

Veight (W: Wight in grans

Condition factor (Kfl): Kfl = Wx 105 x L-3

Eyes: Normal (N), Exopthalma (El, E2), Henorrhagic (H, H2), Blind
(Bl, B2), Mssing (M, M), Qher (O

Glls: Normal (N), Frayed (F), Clubbed (C), Marginate (M), Pale (P),
QG her (M)

Pseudobr anchs: Normal (N), Swollen (S), swollen & Lithic (S&), Inflamed (1),
QG her (M)

Thynus: No Hernorrhage (0), MId Hemmorrhage (1), Severe Hermmorhage (2)

Mesentery fat: Internal body fat expressed with regard to amount present

0 - None
Little, where less than 50% of each cecum is covered

1
2 - s50% of each cecumis covered
3 - Mre than 50% of each cecum is covered
4 - Ceca are conpletely covered by fat
Spl een: Black (B), Red (R}, Ganular (G, Mdular (NO Enlarged (E),
QG her (QN)
Hnd Qut: No inflanmation (0), MId inflammtion (I), Severe inflammation (2)
Ki dney: Normal (N), Swollen (S), Mttled (M, Ganular (G, Uolithiasis
(Y, CQher (0Qn
Liver: A - Red
B - Light red
C - "Fatty" Liver; "coffee creamt color
D - Nodules in liver
E - Focal di scol oration
F - GCeneral discoloration
or- O her
Bile: 0 - Yellow or straw color; bladder enpty or partially full
1 - Yellow or straw color; hladder full, distended
2 - Light green to "grass" green
3 - Dark green to dark blue/green
Bl ood: Hemat ocrit - Volume of red blood cells (erythrocytes) expressed

as percent of total blood volume. Centrifuged 5 min at 10,000 rpm

Leucocrit - Volume of white blood cells {leucocytes) expressed as
percent of total blood volune.

Plasma Protein - Ampbunt of protein in plasm, expressed as gram
percent (grans per 100 m). Determined with hand-held protoneter.
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Irrigon SFH had the highest fat, condition factor, and plasma protein of
the steelhead collected at the hatchery.

When exam ned at downstream collection facilities, changes fromthe
fish condition at the hatcheries were noted in many groups. The nost
striking change was in the amount of nesenteric fat. Man fat content of
chi nook sal non exam ned at Rock Island pam was 0.8, lower than it had
been at the hatchery (nean = 1.18; appendices 19-22). By the time these
groups had migrated to McNary Dam the fat content was at or near zero
(mean = 0.12). similar reductions in nesenteric fat occurred in steel head
from Irrigon SFH with means at the hatchery and at McNary Dam equal to
2.38 and 0.29, respectively (Appendix 24).

Reductions in plasma protein and condition factor were also apparent.
For exanple, mean plasma protein of md-Colunbia River chinook salnon was
4.8 g'dL'1 at the hatchery and 3.3 g*dL~' at Rock Island Dam The mean
condition factor of these groups was 1.04 and 0.95 at the hatchery and
Rock Island Dam respectively. Plasma protein and condition factor data
were not available for sanples collected at McNary Dam  Generally, the
gall bladders of fish collected at the dams were fuller and contained
darker bile than fish collected at the hatcheries.

Di scussi on

Data from organosomati c exani nations perforned thus far have shown
that the nmethod of Goede (1988) was sensitive to physiol ogical changes in
fish due to snoltification and disease. Several organosomatic attributes
exhi bited post-rel ease changes that may not be expected in the hatchery

envi ronnent . For example, along with the in-river rise in gill ATPase
activity is a concurrent decrease in nmean percent body fat (Rondorf et
al . 1985). Thus, the reductions observed in nesenteric fat, condition

factor, and plasma protein were probably due to normal changes in fish
physi ol ogy associated with in-river snoltification.

Anoral i es of the spleen, kidney, and liver were noted in fish of
several stocks, particularly in chinook salnon collected at MNary Dam
This was probably due to BKD. The preval ence of BKD (by ELISA) in chinook
sal mon at McNary Dam was nearly 100% i n some Stocks.
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SUMVARY

1) Mbdst groups performed adequately when subjected to a 30-s handling-
stress chall enge. Devi ati ons from usual responses occurred when there
were departures from protocols, disease problens at hatcheries, or |ong
periods of trucking (7h)., The handling-stress challenge test used in
this study was useful in identifying groups with acute stress responses,
but differences between noderately stressed groups were indistinguishable
using this nethod. Since plasma cortisol and glucose levels are affected
by snoltification, their interpretation as neasures of stress of fish
undergoing this process is difficult. Plasma chloride 1levels of smolts
in freshwater are not affected by level of snoltification and may be
better suited to this purpose.

2) Gl ATPase activities of nost groups tested were relatively |ow at
the hatchery and increased sharply for about the first 20 days of
m gration, after which they changed little. Decreases in body depth and
changes in norphol ogy of the head and caudl e peduncle regions were also
not ed. Patterns of <change in ATPase and body norphology were quite
similar in spring chinook salnbn and steel head trout. Pl asma thyroxine
| evel s of nmost groups did not follow a discernable pattern. Thyr oxi ne
dynamics and a nyriad of environmental influences make it a poor measure
of smoltification of fish in reservoirs.

3y Results of the FAT and ELISA nethods were inconsistent with one
anot her. The ELI SA method was nuch nore sensitive. Preval ence of BKD
in chinook salnon, deternmined using the ELISA nethod, was quite high in
fish tested at some hatcheries and was generally higher anpng fish
coll ected at the dans. In fact, the prevalence of BKD in sone groups
reached nearly 1004 at Rock Island and MNary dams. Results from the
FAT nethod indicated preval ences of about half this. There were no clear
differences in prevalence of BKD between early and late migrants of groups
with low to noderate infections of BKD, but in the group from Wnthrop
NFH, characterized by a large percentage of heavily infected fish,
preval ence of BKD did increase as the nigration passed MNary Dam.

4) Prelimnary field work identified several parts of the organosomatic
exam nation nethod of Goede (1988) to be of possible value in nonitoring

fish condition at hatcheries and dans, particularly if a numerical rating
was used. Results of prelimnary work indicated guanine |levels of skin
and scales, a measure of body silvering, were closely tied to gill ATPase
activities of spring chinook sal non. Quanine may therefore be useful as
an analytical nmethod to aid in evaluation of visual observations of body
silvering, a non-lethal nmeasure of smoltification. Future index work
should be ainmed at further devel opnent of non-lethal neasures of snolt
devel opment and condition.
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APPENDI CES

Appendi x | a. Summary of nmean (X), standard deviation (SD), coefficient
of variation (CV), and sanple size (N) of spring chinook salnon from
Entiat NFH branded RA-7H 1 and sanpled for plasma cortisol (ng-mL=1),
gl ucose (mg+daL~'), and chloride (meg*L=') during spring 1988. Fish
were sanpled in a resting state (RESTING and one hour after a stress
chal l enge (STRESSED) prior to release from the hatchery.

RESTI NG STRESSED

SAMPLE X SD CvV N X SD cv N

HATCHERY 17.5 10.8 62 20 124.8 38.0 30 20

TRUCK (rel eased at hatchery)
—————————————————————————————— GLUCOSE = mm e e e e e e e e
HATCHERY 99.9 19.3 19 14 100.5 20.9 21 11

TRUCK (rel eased at hatchery)
----------------------------- CHLORIDE -=--------mm-mmmmmmmm-o-o-omo
HATCHERY 134.8 4.0 3 16 128.4 5.6 4 15
TRUCK (rel eased at hatchery)

[ —
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Appendi x | b. Mean (X), standard deviation (SD), coefficient of wvariation
(CV), and sanple size (N of spring chinook salmon from Entiat NFH
branded RA-7H-1 and sanpled for gill NA+-k* ATPase activity (unoles
Pi'mg prot'1"hr'1)‘ and thyroxine (ng'mL'1). Sanpl es were taken from
the hatchery 4 weeks, 2 weeks, and immediately prior to release
(1,2,3, respectively) and again at the early, niddle, and late
portions of the nigrations past Rock Island and McNary dans, spring
1988. Fish were released from the hatchery on April 21, 1988.

Na+- K+ ATPase__ __. ... _Thyroxine M --n -
SAMPLE
TI ME X SD cv N X SD cv N
—————————————————————— sample site = hatchery ----------- -~ -~~~ - -~
1 8.5 1.2 14 20 5.5 3.1 57 19
2 9.6 1.9 20 19 4.4 3.1 70 20
3 7.0 1.8 26 20 3.7 1.6 42 20
------------------- sanmple site = Rock Island pam -------------------------
EARLY 9.4 3.2 34 20 14.8 13.4 91 21
M DDLE 10.2 3.6 36 14 10.5 6.2 59 14
LATE ND ND ND ND ND ND ND ND
————————————————————— sample site = McNary Dam - ------------------------
EARLY 25.8 6.0 23 18 11.5 6.1 53 16
M DDLE ND ND ND ND ND ND ND ND
LATE 29.8 11.6 39 5 10.1 3.3 33 5
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Appendi x 2a. Summary of mean (X), standard deviation (SD), coefficient of
variation (CV), and sanple size (N of spring chinook salnon from
Leavenworth NFH branded RA-7T-1 and sanpled for plasna cortisol
(ng*mL=1), glucose (mg+dL='), and chloride (meq*L~1) during spring
1988. Fish were sanpled in a resting state (RESTING and one hour
after a stress challenge (STRESSED) prior to release from the

hat chery.

_____ RESTI NG _ ) ... STRESSED _ . _ .
SAMPLE X SD cVv N X SD cV N
_____ - - - — C e e e - g e -
----------------------------- CORTI SOl === e e e mmm e e o e
HATCHERY 7.4 3.9 53 20 88.9 26.6 30 19
TRUCK (released at hatchery)
———————————————————————————— GLUCOSE ====mmmm e e e m e e e e e
HATCHERY 99.1 19.3 20 10 124.3 38.7 31 15
TRUCK (rel eased at hatchery)
----------------------------- CHLORI DE ======m=memm e e e m e e m o
HATCHERY  133.5 4.4 3 13 129.0 5.1 4 20
TRUCK (rel eased at hatchery)
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Appendi x  2b. Mean (X), standard deviation (SD), coefficient of wvariation
(Cv), and sanple size (N) of spring chinook sal non from Leavenworth
NFH branded RaA-7T-1 and sampled for gill NA*-x* ATPase activity
(umoles Pi' ny pror"1‘hr'1r and thyroxine'(ng'mf1). Sanpl es were
taken from the hatchery 4 weeks, 2 weeks, and immediately prior to
rel ease (1,2,3, respectively) and again at the early, mddle, and
late portions of the nigrations past Rock Island and MNary dans,
spring 1988. Fish were released fromthe hatchery on April 20, 1988.

Na+- K+ ATPase } _ Thyroxine

SAMPLE

TI ME X SD cv N X SD cV N
---------------------- sample site = hatcher - - - - - .. ...
1 9.8 1.8 19 20 4.8 2.6 55 19
2 10.7 1.4 13 20 15.2 11.3 75 20
3 7.6 1.8 23 20 2.3 1.1 50 20

R I sanple site = Rock Island Dam ------------=----------~-
EARLY 9.9 2.3 24 18 15.8 8.3 52 19
M DDLE 18.4 3.6 20 15 16.7 13.4 80 13
LATE 19.6 6.8 35 24 11.6 7.9 68 23
777777777777777777777 sample sit- = MCNQYy Dam —m e e e e e e
EARLY 24.5 5.6 23 16 7.6 5.3 70 16
M DDLE 29.5 7.5 25 14 14.5 7.7 53 13
LATE 43.6 5.2 12 20 11.4 5.6 50 19
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Appendi x 3a. Summary Of
of variation (CV)

from R ngold SFH branded LA-7F-3 and sanpl ed for

mean (X),
and sanple size (N of

standard deviation

(SD), coefficient
spring chinook sal non
pl asma corti sol

(ng*nL-1), glucose (ng*dL-1), and chloride (meg*L'l) during spring

1988. Fish were sanpled in a resting state (RESTING and one hour

after a stress challenge (STRESSED) prior to release from the

hat chery.

RESTI NG STRESSED _ _ _ . -

SAMPLE X SD cV N X SD cv N
————————————————————————————— CORTI SOL ===--—mem e e e e e e e e
HATCHERY 6.4 3.8 59 19 181.5 50.6 28 20
TRUCK (released at hatchery)
—————————————————————————————— GLUCOSE ====m=mmmmmmm oo oo mmmm oo
HATCHERY 75.7 15.4 20 19 82.2 39.1 48 19
TRUCK (rel eased at hatchery)
————————————————————————————— CHLORI DE === mmmmmmm m e mm e m e
HATCHERY 128.6 4.8 4 20 115.4 6.7 6 20
TRUCK (released at hatchery)
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Appendi x  3b. Mean (Xx), standard deviation (SD), coefficient of variation
(&v), and sanple size (N of spring chinook sal non from R ngold
SFH branded LA-7F-3 and sampled for gill Nat-x*t ATPase activity
(umoles Pi' ny pI“Ot“—1 “hr=)* and® t hyr oxi ne (ng*mr~ 1), Sanpl es were
taken from the hatchery 4 weeks, 2 weeks, and immediately prior
to release (1,2,3, respectively) and again at the early, mddle, and
| ate portions of the migrations past McNary dam spring 1988. Fish
were rel eased fromthe hatchery on April 6, 1988.

Na+- K+ ATPase Thyr oxi ne o

SAMPLE
TI ME X SD cv N X SD cv N

- -_--_--_-_ samplesite=hatchery------------------ -~
1 6.4 2.1 33 19 11.1 9.1 82 14
2 7.8 3.4 43 19 15.6 9.4 60 14
3 13.8 5.9 42 5 7.1 4.5 62 20
———————————————————— sample site = MNary Dam ---------------------------~
EARLY 18.4 8.6 46 19 17.8 7.1 40 20
M DDLE 22.4 7.4 33 19 11.2 4.9 44 19
LATE 26.2 8.4 32 20 19.9 9.2 46 20
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Appendi x 4a. Summary of nmean (X), standard deviation (SD), coefficient
of variation (CV), and sanmple size (N of spring chinook salnon
from Wnthrop NFH branded LA/RA-7C1/3 and sanpled for plasma
cortisol (ng*mL~'), glucose (mg*dL~1), and chloride (meg*L™1)
during spring 1988. Fish were sanpled in a resting state (RESTING
and one hour after a stress challenge (STRESSED) prior to release
from the hatchery.

. _RESTING STRESSED
SAMPLE X SD cv N X SD cv N
————————————————————————————— CORTI SOL = mmm e
HATCHERY 8.7 5.1 59 19 142.1  43.3 30 20
TRUCK (released at hatchery)
—————————————————————————————— GLUCOSE ——mmm e e e e e e e
HATCHERY 110.0 15.2 14 16 103.2 35.7 35 17
TRUCK (rel eased at hatchery)
————————————————————————————— CHLORIDE = ot o m e e e e e e e
HATCHERY 128.8 3.9 3 19 120.9 7.5 6 18
TRUCK (rel eased at hatchery)
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Appendi x 4b. Mean (X), standard deviation (SD), coefficient of variation
(CV), and sanple size (N of spring chinook sal non from W nthrop
NFH branded La/RA-7C-1/3 and sanpled for gill NAY-x* ATPase activity
(unol es P; 'ng pr*ot"’1 *hr=™ and t hyr oxi ne (nq'mf1). Sanpl es were
taken from the hatchery 4 weeks, 2 weeks, and imediately prior to
rel ease (1,2,3, respectively) and again at the early, niddle, and
late portions of the nigrations past Rock Island and MNary dans,

spring 1988. Fish were released from the hatchery on April 19, 1988.
_ Na+-K+ ATPase . ___. . Thyroxine
SAMPLE
TI ME X SD cv N X SD cv N

1 9.0 2.0 22 20 10.0 5.7 57 19
2 10.9 2.0 18 20 4.7 4.3 93 19
3 8.1 2.1 26 20 7.4 3.9 52 19
——————————————————— sample site = Rock Island Dam------------------------
EARLY 22.8 4.8 21 18 11.6 5.3 46 18
M DDLE 30.4 6.2 21 20 16.2 11.4 70 20
LATE ND' ND ND ND ND ND ND ND

————————————————————— sample site = McNary Dam =—=—c e mom e e e

EARLY 23.2 6.4 28 17 13.5 6.2 46 17
M DDLE 33.1 7.4 22 20 10.3 4.6 45 20
LATE 33.0 4.8 15 14 9.9 4.2 42 14

"ND = No data
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Appendi x 5a. Summary of nean (X), standard deviation (SD), coefficient
of variation (CV), and sanple size (N of spring chinook salnmon
from Dworshak NFH branded LA-T-2 and sanpled for plasma cortiso
(ng°mL‘1), gl ucose (mg'dL'1), and chloride (meg°L~1) during spring
1988. Fish were sanpled in a resting state (RESTING and one hour
after a stress challenge (STRESSED) prior to release from the

hat chery.

RESTI NG _ STRESSED .
SAMPLE X SD cv N X SD cv N
----------------------------- CORTI SOL -----===----mmss-s--sssoecooooooeos
HATCHERY 17.0 11.6 68 19 117.9 30.3 26 20
TRUCK (released at hatchery)
—————————————————————————————— GLUCOSE —=—— === e e e
HATCHERY 106.8 20.6 19 18 130.1  32.5 25 16
TRUCK (released at hatchery)
—————————————————————————————— CHLORIDE == mm e e e e e e e e
HATCHERY 133.4 3.4 3 20 125.0 5.1 4 20
TRUCK (released at hatchery)
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Appendi x 5b.
(av),

Mean (X)),

branded LA-T-2 and sanpled for

standard deviation (SD),

gill

coeffici ent
and sanpl e size (N of spring chinook sal nron from Dworshak NFH
NAt-k* ATPase activity (unoles

of wvariation

P, *mg prot_1‘hr—1) and thyroxine (ng'mL'1). Sanpl es were taken

from the hatchery 4

weeks, 2 weeks, and

(1,2,3, respectively) and again at the early,

portions of

the mgrations past

Lower

i medi ately prior
m ddl e,
Ganite and MNary dans,

to rel ease
and | ate

spring 1988. Fish were released from the hatchery on March 30, 1988.
___ - Naw-K+ ATPase Thyroxi ne o
SAMPLE
TI ME X SD cv N X SD cv N
————————————————————— sample site = hatchery =-=——=——e—mcm e
| 9.4 1.9 20 20 10.3 5.2 51 18
2 8.9 2.1 24 18 10.6 7.7 72 17
3 9.6 2.1 22 20 18.7 5.5 29 19
—————————————————— sample site = Lower Ganite Dam —==-—=—-=omc—emammeno
EARLY 20.5 6.9 34 17 10.7 8.6 80 17
M DDLE 25.5 7.2 28 26 11.9 5.5 46 25
LATE 42.1 15.2 36 20 6.7 3.8 56 19
-------------------- samplesite=McNaryDam- - ------------------------ .
EARLY 40.8 6.3 15 20 8.8 3.1 36 18
M DDLE 35.2 7.2 20 4 25.5 12.9 50 4
LATE 40.3 8.8 22 24 9.2 5.3 57 24
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Appendi x 6a. Sunmary of nean (X), standard deviation (SD), coefficient
of variation (CV), and sanple size (N of yearling fall chinook
sal mon from Lyons Ferry SFH branded Ra-7S-1 and sanpl ed for plasm
cortisol (ng*mL-1'), glucose (mg+daL=1), and chloride (meg+L~1) during
spring 1988. Fish were sanpled in a resting state (RESTING and
one hour after a stress challenge (STRESSED) prior to release from
the hatchery.

e 1111 RS S e
_______RESTING o STRESSED L

SAMPLE X SD cv N X SD cv N
—————————————————————————————— CORT| SOL ——=mmm === == e mmmmmm oo e mm e
HATCHERY 21.4 11.3 53 19 179.6 45.7 25 19
TRUCK (released at hatchery)
——————————————————————————————— GLUCOSE ====mmmmmmm oo oo
HATCHERY 98.6 12.3 12 19 128.6 20.3 16 19
TRUCK (released at hatchery)
——————————————————————————————— CHLORI DE ===mm=m—=——~mmmeee e n e —— e —— =
HATCHERY 119.2 4.8 4 19 115.4 3.2 3 19
TRUCK (rel eased at hatchery)

o s e S e A Tt e e Sl ————
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Appendi x 6h. Mean (X), standard deviation (SD), coefficient of variation

(Cv), and sanple size (N of yearling fall chinook sal nbn from Lyons
Ferry SFH branded RA-7S-1 and sanpled for gill Nat-xt ATPase activity
(unoles Py °*mg prot™ *hr~ 1) and t hyr oxi ne (ng*mL™1). Sampl es were
taken from the hatchery 4 weeks, 2 weeks, and imediately prior to
rel ease (1,2,3, respectively) and again at the early, mddle, and
|ate portions of the migrations past MNary dam spring 1988. Fish

were rel eased from the hatchery on April 14, 1988.
H_ Nat-k+ ATPase _ ) Thyr oxi ne .
SAMPLE
TI VE X SD cv N X SD Ccv N
——————————————————————— sanple site = hatchery ———ee—mmm e
1 16.0 6.2 39 20 2.2 1 .0 46 16
2 30.2 6.2 20 20 6.0 3.4 57 20
3 26.4 5.8 22 20 3.5 3.7 106 20
—————————————————————— sample site = McNary Dam ————-——==——c e
EARLY 27.5 6.6 24 20 15.7 7.3 46 20
M DDLE ND ND ND ND ND ND ND ND
LATE 31.3 13.4 43 20 10.8 5.7 53 20
TND = No data
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Appendi X 7a. Summary of mean (X), standard deviation (SD), coefficient
of variation (CV), and sanple size (N) of yearling sumrer chinook
sal mon, from MCall SFH branded RD-T-2 and sanpled for plasma cortiso
(ng*mL~'), glucose (mg+dL=1), and chloride (meq+L=1) during spring
1988. Sanples were taken prior to loading on the transport truck
ey @and  during release from the truck (TRUCK). Fish were
sanpled in a resting state (RESTING and one hour after a stress
chal | enge ( STRESSED) .

RESTI NG STRESSED _
SAMPLE X SD cv N X SD cv N
—————————————————————————————— CORTISOL ——=mm s e s e e e e
HATCHERY 31.0 17.6 57 20 92 .o 24.1 26 19
TRUCK 119.2 32.3 27 19 153.5 30.3 20 19
—————————————————————————————— GLUCOSE —==— === oo e e e
HATCHERY 92.7 31.2 34 20 108.7 13.5 12 18
TRUCK 121.1 13.4 11 19 135.5 21.0 16 16
————————————————————————————— CHLORIDE === === m o e e e e e e o
HATCHERY 135.8 5.6 4 20 133.5 2.8 2 19
TRUCK 133.9 3.5 3 19 132.8 3.8 3 18
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Appendi x  7b.

Mean (X),
variation (QV),
sal mon from McCal |

standard deviation (SD),
and sanple size (N) of yearling sunmer
SFH branded RD-T-2 and sanpled for

of
chi nook
gill wat-xt

coefficient

ATPase activity (umoles Pi'ng prUt"'1"hr'1) and thyroxine (ng*

mL=1)., Sanples were taken from the hatchery 4 weeks, 2 weeks,
and i mediately prior to release (1,2,3, respectively) and again
at the early, mddle, and late portions of the mgrations past
McNary Dam spring 1988. Fish were released from the hatchery on
March 23, 1988.
Na+-K* ATPase Thyr oxi ne
SAMPLE
TI ME X SD cv N X SD cv N
——————————————————————— sample site = hatchery ------------- -~~~ -~
7.6 1.6 20 20 3.8 4.1 107 19
7.8 1.7 22 15 8.8 5.1 58 14
8.6 1.8 21 20 15 6.8 44 18
————————————————————— sample site = McNary Dam =——==—mm oo e e
EARLY 44.0 10.0 23 25 12.2 1.7 96 25
M DDLE 52.3 9.3 18 19 8.3 4.2 51 19
LATE 49.1 10.5 21 4 10.4 4.5 43 4

73



Appendi x 8a.  Sunmary of
of variation (CQV),
from Rapid R ver
corti sol

spring

nean

1988.

(X,

standard deviation

and sanmple size (N) of
SFH branded RD-T-4 and LD T-4 sanpled for
(ng*nL~1), glucose (mg+dL=1), and chloride (meq*L=') during
Sanpl es were taken prior

(SD), coefficient
spring chinook sal non
pl asna

to loading on the transport

truck (HATCHERY) and during release from the truck (TRUCK). Fish were

sanpled in a resting state (RESTING and one hour after a stress

chal | enge (STRESSED) .
- -m- - wW- - -- - - S e L L LD -

RESTI NG STRESSED _

SAMPLE X SD cv N X SD cv N
Brand RD-T-4
—————————————————————————————— CORTISOL == e e e e e e e
HATCHERY 8.4 5.6 66 20 57.2 24 .2 42 19
TRUCK (released at hatchery)
—————————————————————————————— GQLUCCBE —=====-m e e e
HATCHERY 89.3 17.6 20 18 121.1 21.9 18 19
TRUCK (released at hatchery)
—————————————————————————————— CHLORIDE = e e e e e e
HATCHERY 130.2 8.6 7 20 123.4 4.5 4 19
TRUCK (released at hatchery)
Brand LD-T-4
—————————————————————————————— CORTISOL =mm e e e e e e e o
HATCHERY 21.9 13.6 62 20 99.6 43.5 44 19
TRUCK 99.1 41.2 42 20 183.2 34.7 19 20
—————————————————————————————— GLUCOSE ———— e
HATCHERY 86.5 22.7 26 20 119.1 16.5 14 19
TRUCK 142.6 48.5 34 20 131.8 44 .8 34 20
————————————————————————————— CHLORIDE = mmmmm o e e e e e e e e
HATCHERY 129.6 4.3 3 20 124.2 11.8 10 20
TRUCK 126.8 4.7 20 120.0 6.9 6 20
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Appendi x 8h.  Mean (X), standard deviation (SD), coefficient of variation
(CV), and sanple size (N) of spring chinook sal non from Rapid River
SFH branded RD-T-4 and LD-T-4 sanpled for gill NA*-k* ATPase activity
(umoles P, °*mg prot'1U"HP ) and Thyroxi ne (ngﬁﬁ;*ﬁﬁ. Sanpl es were
taken from the hatchery 4 weeks, 2 weeks, and inmediately prior to
rel ease (1,2,3, respectively) and again at the early, middle, and
late portions of the mgrations past Lower Ganite and MNary dans,
spring 1988. Fish were released from the hatchery on Mrch 23,

1988.
Na+-K+ ATPase _o.y.. ... .. Thyroxi ne __ e

SAMPLE TI ME X SD cv N X SD cv N
Brand RD-T-4
---------------------- samplesite=hatchery-——===-c-emmcoco .
1 7.4 1.5 20 20 3.7 1.8 48 18
2 7.5 1.7 23 18 7.7 5.3 69 18

9.9 1.3 13 20 9.9 5.3 54 20
------------------- sample site = Lower Ganite Dam ----------------------
EARLY ND ND ND ND ND ND ND ND
M DDLE 29.5 5.1 17 16 14.8 8.5 58 16
LATE 32.1 8.0 25 20 8.9 4.8 54 20
—————————————————————— sample site = McNary Dam - - .- ... ... ... ... ...
EARLY ND ND ND ND ND ND ND ND
M DDLE 36.2 7.3 20 19 8.1 4.4 54 14
LATE 34.2 7.8 23 20 5.3 3.8 72 20
Brand LD-T-4
——————————————————————— sample site = hatchery ~——=-—=-cmmmmmmmm e
I 8.0 1.2 15 20 7.7 3.8 49 19

7.6 1.5 20 19 14.0 7.0 50 14

8.3 2.3 28 19 6.1 3.6 59 20
------------------- sanple site = Lower-Ganite DaM —wm-cmommmmcmcm e
EARLY 25 4.7 19 21 11.8 5.6 48 20
M DDLE 29.1 4.4 15 19 10.7 6.0 56 22
LATE 28.8 7.3 25 25 8.7 6.6 75 24
--------------------- samplesite=McNary Dam=—=——=—m = -c= s cm e e - e -
EARLY 30.1 6.6 22 12 6.8 7. 107 12
M DDLE 30.2 8.0 26 12 6.6 4.1 62 12
LATE 27.6 9.6 35 22 6.7 6 90 21
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Appendi x 9a. Summary of nean (X), standard deviation (SD), coefficient
of variation (CV), and sanple size (N of spring chinook salnon
from Sawt oot h SFH branded RD-T-1 sanpled for plasna cortisol (ng*
mL™'), glucose (mg*dL=1), and chloride (meq-L~1) during spring 19ss.
Samples were taken prior to loading on the transport truck (HATCHERY)
and during release from the truck (TRUCK). Fish were sanpled in a
resting state (ResTiING and one hour after a stress chall enge
(SsTResseD) prior to release from the hatchery.

RESTI NG . ___ STRESSED -
SAMPLE X SD cv N X SD cv N
—————————————————————————————— CORT| SOL  ====mmmmmmmmm e m oo o
HATCHERY 52.9 50.2 95 14 107.4 26.2 24 8
TRUCK (rel eased at hatchery)
------------------------------ GLUCOSE ---~======m=-=——=—o—————oos oo m e
HATCHERY 76.1 16.5 22 12 92.6 18.4 20 8
TRUCK (rel eased at hatchery)
————————————————————————————— CHLORI DE =====m=———=mmm s m e m e mm o e m o e
HATCHERY 140.1 6.4 5 14 131.8 3.8 3 8
TRUCK (rel eased at hatchery)

76



Appendi x 9b. Mean (X), standard deviation (SD), coefficient of variation
(CV), and sanple size (N) of spring chinook sal non from Sawmt ooth SFH
branded RD-T-1 and sanpled for gill NA+-K+ ATPase activity (unoles p,*
ny prot"1'hr"1) and thyroxine (ng*mL~'). Sanples were taken from *
the hatchery 4 weeks, 2 weeks, and imrediately prior to release
(1,2,3, respectively) and again at the early, mddle, and | ate
portions of the mgrations past MNary dam spring 1988. Fish were
rel eased from the hatchery on March 15, 1988.

o _Na+- K+ _ ATPase Thyr oxi ne
SAMPLE
TI ME X SD cv N X SD cv N

e s - A-mmmme e - -
—————————————————————— sample site = hatchery —-——--ccmemomcmccmm e
1 ND' ND ND ND 5.5 7.0 127 17

2 6.8 1.3 19 20 12.1 6.5 54 19

3 7.6 2.5 33 20 5.4 3.5 65 19
———————————————————— sample site = McNary Dam ===—=s—eemom o e
EARLY MD ND ND ND ND ND ND ND

M DDLE 35.0 6.7 19 11 6.4 4.3 67 10
LATE 43.0 12.6 29 19 6.1 5.5 89 18

TND = No data
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Appendi x 10a. Sunmary of nmean (X), standard deviation (SD), coefficient
of variation (CV), and sanple size (N) of steelhead from Wlls SFH
branded LA-7U0-1 and Ra-7U-3 and sanpled for plasma corti sol (ng*mL™ "),
gl ucose (mg’dL‘1), and chloride (meq'L'1) during spring 1988. sSamples
were taken prior to loading on the transport truck (HATCHERY) and during
rel ease from the truck (TRUCK). Fish were sanples in a resting state
(rRestTiING and one hour after a stress chall enge (STRESSED).

Brand LA-7U-1

_RESTING e o STRESSED _.. ..e--
SAMPLE X SD cv N X SD cv N
—————————————————————————————— CORTI SOL == —mmmmmmmm e e e e e e e
HATCHERY 66. 9 26.9 40 19 180.6 43.8 24 20
TRUCK (Not sanpl ed)
------------------------------ CLI JCOSE = —mmm e e m e e e m e e m
HATCHERY 162.3 60.0 37 19 159.2 35.5 22 19
TRUCK (Not sanpl ed)
—————————————————————————————— CHLORIDE =====m=mmmm e s e e e oo —
HATCHERY 131.4 9.8 8 19 124.2 8.6 7 20
TRUCK (Not sanpl ed)
e e e e e e e e e e e e e e =
Brand RA-7U-3
_______ e e — - - CORTISOL=—mmmmsm s m e mm oo oo m s e o
HATCHERY 50.8 38.4 76 20 197.3 50.9 26 20
TRUCK 133.6 50.2 38 19 232.0 44.6 19 20
------------------------------ GLUCCEE ~======m=mmmm e s m e —mm mm e m e mm o — e
HATCHERY 158.3 50.7 51 20 202.8 71.0 35 18
TRUCK 172.8 93.4 54 19 195.3 65.1 33 20
————————————————————————————— CHLORIDE —w-mmemcmmmmmme e e e e m e m o mm
HATCHERY 129 .0 13.2 10 20 118.4 11.9 10 20
TRUCK 130.4 13.1 10 19 124.6 10.6 8 20
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Appendi x 10b. Mean (X), standard deviation (SD), coefficient of variation
(CV), and sanple size (N of steelhead from Wlls SFH branded
LA-7U-1 and RA-7U-3 and sampled for gill Nat-x* ATPase activity
(umoles P *mg prot"'1‘hr"1) and thyroxine ‘(ng*mi'). Sanples were
taken from the hatchery 4 weeks, 2 weeks, and imediately prior to
rel ease (1,2,3 respectively) and again at the early, mddle, and
late portions of the nigrations past Rock Island and MNary dans,
spring 1988. Fish were released from the hatchery on April 20,
1988.

Na+-K* ATPase _ _ _ Thyroxine

SAMPLE TI ME X SD cv N X SD cv N

Brand LA-7U-1 - SimlKk.
——————————————————————— sample site = hatchery------~=~=~-mmmecmmm e

1 10.4 2.0 19 20 11.9 4.4 37 20
2 17.4 2.8 16 20 16.2 6.7 41 19
11.4 3.0 26 20 2.5 1.1 44 20
-------------------- sample site = Rock Island pam -----------------------
EARLY 30.0 9.6 32 21 5.7 6.2 109 20
M DDLE ND ND ND ND ND ND ND ND
LATE 30.9 7.8 25 20 4.8 5.1 106 21
———————————————————— sample site = McNary Dam ————=——m oo e e
EARLY 35.7 6.4 18 20 5.3 3.6 68 21
M DDLE 35.4 13.2 37 20 4.3 3.2 75 18
LATE 39.0 8.9 23 20 5.1 5.1 99 21
Brand RA-7U-3
————————————————————— sample site = hatchery =—=—==-c—mmm oo
1 10.4 2.0 19 20 11.9 4.3 36 20
2 17.4 2.8 16 20 16.2 6.5 . 40 19
11.4 3.0 26 20 2.5 1.1 44 20
------------------ sanple site = Rock Island Dam =-=-=—=w-meemmmmmm
EARLY ND ND ND ND ND ND ND ND
M DDLE 21.7 6.1 28 17 7.0 5.1 73 17
LATE 23.9 8.8 37 21 8.3 7.6 91 18
—————————————————————— sample site = McNary Dam - - - - -
EARLY 30.8 6.1 20 19 8.4 9.6 115 19
M DDLE 32.4 5.6 17 19 5.2 4.5 86 19
LATE 35.8 9.6 27 18 6.5 8.1 125 19
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Appendi x 11 a. Summary of nean (X), standard deviation (SD), coefficient
of variation (CV), and sanple size (N) of steelhead from Dworshak
NFH branded RA-T-4 and sanpled for plasma corti sol (ngemL™1), glucose
(mg°dL‘1), and chloride (meq*L~') during spring 1988. Fish were
sanpled in a resting state (RESTING and one hour after a stress
chal l enge (sTRessED) prior to release from the hatchery.

| _RESTING ______. STRESSED
SAMPLE X SD cv N X SD Ccv N
----------------------------- CORTI SOL —=—=—mmmm oo e
HATCHERY 56.4 38.0 68 20 226.4 59.1 26 20
TRUCK (rel eased at hatchery)
----------------------------- GLUCOSE ==m=mmmmmm e m e o mm e e
HATCHERY 124.0 55.3 45 20 132.7 35.5 27 19
TRUCK (rel eased at hatchery)
—————————————————————————————— CHLORI DE =======m——————— o mm e mm o m = - 2 = o
HATCHERY 134.0 6.5 5 19 130.3 6.0 5 19
TRUCK (rel eased at hatchery)
Y - U _
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Appendix Ilb. Mean (X), standard deviation (SD), coefficient of variation
(&), and sanple size (N) of steel head from Dwmrshak NFH branded
RA-T-4 and sanpled for gill §at-xt ATPase activi ty (unoles Pi'ng
prot=! . hr=1), and thyroxine (ng*mL=1). Sanples were taken from
the hatchery 4 weeks, 2 weeks, and imediately prior to release (1,2,
3, respectively) and again at the early, niddle, and late portions
of the mgrations past Lower Ganite dam spring 1988. Fish were
rel eased fromthe hatchery on May 2, 1988.

A - . _Nat-K+ ATPase Thyr oxi ne _

SANMPLE
TI ME X SD cv N X SD cv N

——————————————————————— sample site = hatchery ——we—mmm e
1 7.8 1.8 24 19 8.5 4.6 54 19
2 9.9 3.0 30 19 13.0 7.2 55 18
3 10.9 2.4 22 20 14.9 10.9 73 20
-------------------- sanple site = Lower Ganite Dam ——————mcmmmmmme e
EARLY 16.5 4.4 27 18 12.2 9.1 75 19
M DDLE 21.6 7.5 35 20 13.7 12.1 88 20
LATE 23.1 5.5 24 23 13.3 6.6 50 22
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Appendi x 12a. Summary of nmean (X), standard deviation (SD), coefficient
of wvariation (CV), and sanple size (N) of steel head from Hagerman
NFH branded LD-T-2 and sanpled for plasma cortisol (ngemL~'), glucose
(mg*dL=1), and chloride (meg*r~') during spring 1988. Sanples were
taken prior to loading on the transport truck (HATCHERY) and during
release from the truck (TRUCK). Fish were sanpled in a resting state
(RESTING and one hour after a stress challenge (STRESSED).

e e e S S = - T e " e . i e o b e S

___RESTING —___STRESSED
SAMPLE X SD cv N X SD cv N
—————————————————————————————— CORTISOL === m = e o e e e e e
HATCHERY 14.6 10.8 73 20 135.1 41.3 31 19
TRUCK 136.0 56.9 42 20 253.2 53.0 21 20
—————————————————————————————— GLUCOSE === o e m o e e e e e
HATCHERY 116.2 30.4 26 20 131.0 30.9 24 19
TRUCK 109.3 18.7 17 19 114.6 28.4 25 18
————————————————————————————— CHLORIDE =~ == == e e e e e e
HATCHERY 142.0 3.6 2 20 136.4 4.5 3 19
TRUCK 132.6 7.2 5 20 130.6 4.0 3 20
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Appendi x 12b. Mean (X), standard deviation (SD), coefficient of wvariation
(¢v), and sanple size (N of steelhead from Hagerman NFH branded
LD-T-2 and sanpled for gill nat-x* ATPase activity (unoles P, *mg
prot~! . hr=') and thyroxine (ngemL~1). Sanples were taken from
the hatchery 4 weeks, and

2 weeks, imediately prior to release
(1,2,3, respectively) and again at the early, mddle, and late
portions of the migrations past Lower Granite dam spring 198s.
Fish were released on April 17, 1988.
m - - - e - -- - . - - - - - bty - - - - -
- e-..gNat-xt ATPase .. _____ Thyr oxi ne _
SAMPLE
TI ME X SD cv N X SD cv N
———————————————————————— sample site = hatchery --------------------------
1 7.3 2.0 27 17 6.0 4.1 70 13
2 6.6 2.3 35 20 7.2 5.8 80 20
3 7.0 1.0 14 20 4.1 1.6 40 20
------------------ sanple site = Lower Ganite Dam ----------------------~-
EARLY 29.7 8.9 30 21 22.5 11.0 49 21
M DDLE 31.4 6.1 20 20 12.4 5.1 41 19
LATE ND' ND ND ND ND ND ND ND
'ND = No data
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Appendi x 13a. Summary of mean (X), standard deviation (SD), coefficient
of variation (CV) and sanple size (N) of steelhead fromlIrrigon
SFH branded RA-IF/ I M1 and sanpled for plasna corti sol (ngemL~"),
gl ucose (mg'dL"1), and chloride (meg°L™) during spring 1988.
Sanples were taken prior to loading on the transport truck (HATCHERY)

and during release from the truck (TRUCK). Fish were sanpled in a

resting state (ResTiINGg and one hour after a stress chall enge

( STRESSED) .

RESTI NG - . . _ STRESSED

SAMPLE X SD cv N X SD cv N
------------------------------ CORTI SOL =-=--=--s-smsmsmsmsmeoeoeoeooes
HATCHERY 31.6 18.2 58 20 188.5 40.1 21 20
TRUCK 176.6 65.2 37 19 251.9 66.3 26 19
——————————————————————————————— GLUCOSE =~====mmmmmmmm e oo mmmmmm e - - -
HATCHERY 114.2 19.8 17 19 163.9 40.8 25 18
TRUCK 137.3 29.2 21 17 144.7 27.1 19 11
----------------------------- CHLORI DE ===mmmm o= mmmmmmmmm oo e mm
HATCHERY 133.8 3.7 3 19 133.9 4.0 3 18
TRUCK 123.4 5.8 5 18 121.6 6.0 5 18
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Appendi x 13b. Mean (X), standard deviation (SD), coefficient of wvariation
(CV), and sanple size (N of steelhead fromlrrigon SFH branded
RA-1F/ 1M1 and sanpled for gill nat-xt ATPase activity (unoles P; 'mg
prot~lehr=1) and thyroxine (ng*mL='). Sanples were taken from the
hatchery 4 weeks, 2 weeks, and inmmediately prior to release (1,2,3,
respectively) and again at the early, mddle, and late portions of
the migrations past Lower Granite and McNary dans, spring 1988. Fish
were rel eased between April 21 and April 24, 1988.

. . _ Nat-g*_ ATPase . i ___Thyroxine L
SAMPLE
TI ME X SD cv N X SD cv N
——————————————————————— sample site = hatchery ——-—--——cmmmmmmmmee
1 8.0 2.1 26 19 4.8 3.5 74 20
2 11.2 3.8 34 20 7.1 3.6 50 18
3 11.8 3.4 29 20 4.8 1.8 38 20
—————————————————— samplesite=Lower GraniteDam- - - - - - - - - - - oo
EARLY 20.8 5.2 25 33 19.1 12.2 64 29
M DDLE 27.3 8.2 30 20 16.9 8.8 52 14
LATE 27.5 5.9 21 29 14.1 11.7 83 24
--------------------- sample site=McNaryDam- - - - - - - - - - - - -
EARLY 27.0 13.4 49 8 10.1 6.3 62 9
M DDLE 30.7 8.1 26 11 7.9 7.4 94 13
LATE 31.6 8.2 26 15 10.7 11.7 109 15
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Appendi x 14a. summary of mean (X), standard deviation (SD), coefficient
of variation (CV), and sanple size (N) of steel head from Lyons Ferry
SFH branded LA/RA-S-1/2 and sanpled for plasma cortisol (ngemL=1),
gl ucose (mg'dL'1), and chloride (meq'L"1) during spring 1988. Fish
were sampled in a resting state (RESTING and one hour after a stress
chal l enge (STRESSED) prior to release fromthe hatchery.

b---..g-RESTING _______. __STRESSED

SAMPLE X SD cv N X SD cv N
—————————————————————————————— CORTISOL ~~"" """ " " " - mmmmmmmmmmmmmmmes
HATCHERY 10.6 8.8 83 18 123.1 49.6 40 20
TRUCK (rel eased at hatchery)

—————————————————————————————— GLUCOSE mmmemmmm e e e e e e
HATCHERY 113.2 18.4 16 20 143.1 25.1 18 18
TRUCK (rel eased at hatchery)

————————————————————————————— CHLOHIDE ----""""""""""""""""--------------~
HATCHERY 126.6 4.4 4 20 117.3 3.8 3 19
TRUCK (released at hatchery)
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Appendi x 14b. Mean (X), standard deviation (SD), coefficient of variation
(&v), and sample size (N of steelhead from Lyons Ferry SFH branded
LARA-S-1/2 and sanpled for gill Nat-xt ATPase activity (unoles P. ‘mg
prot~1ehr=1) and t hyroxine (ng-mi=1). Sanpl es were taken from the
hatchery 7 weeks, 5 weeks, 3 weeks, and inmmediately prior to release
(1,2,3,4 respectively) and again at the early, niddle, and late portions
of the migrations past MNary dam spring 1988. Fish were released
fromthe hatchery on April 29, 1988.

Na+- K+ ATPase Thyr oxi ne

SAMPLE

TI ME X SD cv N X SD cv N
----------------------- sample site = hatchery------------------------ .-
1 8.7 3.3 38 20 6.4 2.8 44 19
2 12.1 4.9 40 20 15.8 9.5 60 18
3 13.0 5.9 45 19 8.8 5.1 58 19
4 11.7 5.7 49 20 6.7 5.2 78 20
————————————————————— sample site = McNary Dam ---------- """ -"------- -
EARLY 26.2 7.1 27 22 16.6 10.4 62 21
M DDLE 27.7 8.4 30 19 9.3 5.6 60 20
LATE 27.4 10.8 39 20 12.4 9.6 77 20
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Appendi x 15a. Summary of nean (X), standard deviation (SD), coefficient
of variation (CV), and sanple size (N of steelhead from N agara
Springs SFH branded LD-T-3 and sanpled for plasma corti sol (ng+mr~1),
gl ucose (mg'dL'1), and chloride (meq'L'1) during spring 1988. Sanpl es
were taken prior to loading on the transport truck (HATCHERY) and
during release from the truck (TRUCK). Fish were sanpled in a resting
state (ResTing and one hour after a stress chall enge (STRESSED).

RESTI NG ) STRESSED . __ _._
SAMPLE X SD cv N X SD cv N
————————————————————————————— CORTI SOL =——==mmm s e e e e e e e e e
HATCHERY 33.0 19.7 60 20 145.3 84.7 58 20
TRUCK 194.8 57.0 29 20 261.7 50.0 19 20
—————————————————————————————— GLUCOSE ——=—= = mm o s m e e e
HATCHERY 96. 3 24.3 25 20 109.7 21.0 19 18
TRUCK 116.6 14.7 13 19 129.5 23.8 18 18
—————————————————————————————— CHLORI DE ========—-—-—r——me—m———mm oo — o —————
HATCHERY 142.3 4.7 3 20 137.3 9.3 7 19
TRUCK 126.0 3.9 3 19 117.2 8.2 7 20
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Appendi x 15b. Mean (X), standard deviation (SD), coefficient of wvariation
(¢v), and sanple size (N) of steel head from Ni agara Springs SFH
branded LD-T-3 and sampled for gill Nat-xt ATPase activity (unoles
P; ‘mg prot."1 P hr7) Yand " t'’hyr oxi ne (ng*'mz”™1). Sanpl es were taken
from the hatchery 4 weeks, 2 weeks, and immediately prior to release
(1,2,3, respectively) and again at the early, niddle, and late portions
of the migrations past Lower Granite dam spring 1988. Fish were
rel eased fromthe hatchery on April 23, 1988.

= Na+- K+ ATPase _ _ Thyr oxi ne _ .
SAMPLE
TI ME X SD cv N X SD cv N
——————————————————————— sample site = hatchery --------------------- -
1 6.5 1.4 21 20 4.5 2.4 53 20
2 6.3 1.7 27 19 4.8 3.2 65 20
3 6.9 1.8 26 20 5.8 3.0 51 20
——————————————————— sanple site = Lower Ganite Dam ————e——memmmmmme e
EARLY 29.5 6.7 23 19 24.3 11.3 46 20
M DDLE 34.1 9.7 28 20 17.0 9.1 54 19
LATE 35.8 10.1 28 24 14.9 10.0 67 23
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Appendi x 16. Mean (X), standard deviation (SD), coefficient of variation
(&), and sanple size (N of subyearling fall chinook salnmon from
Pri est Rapids SFH branded LA/RA-R-1/2 and-sanpled for gill wat-xt
ATPase activity (unoles Pi'hg prot' * hr ) and thyroxine (ng
mL=1). Sanples were taken from the hatchery 4 weeks, 2 weeks,
and i mediately prior to release (1,2,3, respectively) and again at
the early, mddle, and |late portions of the mgrations past MNary
dam spring 1988. Fish were released from the hatchery between
June 6 and June 18, 1988.

Nat-K+ ATPase __Thyroxine._ _

SAMPLE

TI ME X SD cv N X SD cv N
—————————————————————— sanple site = hatchery —e—ee—e—ememmmem e ee
1 9.1 4.3 47 10 4.2 1.9 46 8
2 17.8 5.8 32 20 5.3 3.4 64 18
3 14.8 4.5 30 20 6.9 4.0 58 20
———————————————————— sample site = McNary Dam —-—-——=———=—=——-———omce——————
EARLY 27.4 3.8 14 20 6.0 9.1 152 19
M DDLE 32.3 5.8 18 20 3.0 1.4 49 20
LATE 39.7 6.2 16 42 3.3 1.4 44 42
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Appendi x 17. Mean (X), standard deviation (SD), coefficient of wvariation
(CV), and sanple size (N of subyearling fall chinook salnon from
Lyons Ferry SFH branded rRA-rR-1 and sanpled for gill Nat-xt ATPase
activity (umoles P, ‘mg prot"1 * hr™ ') and t hyr oxi ne (ng'mL"1)

Sanpl es were taken fromthe hatchery 4 weeks, 2 weeks, and i mmediately
prior to release (1,2,3, respectively) and again at the early, mddle,
and | ate portions of the migrations past MNary dam spring 198s.

Fish were released fromthe hatchery on June 1, 1988.

o _Nat-K+ ATPase Ww- e _T_hxr_qx_i he_ _____._

SAMPLE

TI ME X SD cVv N X SD cv N
---------------------- sanple site = hatchery =————-eceemmam .
1 10.9 3.5 32 15 3.5 1.3 36 5
2 11.7 6.5 55 15 4.7 3.4 72 12
3 23.8 7.7 32 15 4.9 3.6 73 14
--------------------- sample site = McNary Dam ———emommmmm - - - -
EARLY ND” ND ND ND ND ND ND ND
M DDLE 40.7 6.6 16 10 3.3 1.4 41 10
LATE 34.4 3.2 9 11 4.0 2.4 62 11
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Appendi x 18. Summary of nean (X) guanine (Gi) and hypoxanthine (Hx)

(my/g tissue), mean fork length (nm), nmean gill Na*-k* ATPase activity
(unoles Pi 'ng protein” *h™ '), standard deviation (SD), coefficient of
variation (CV in percent), and sanple size (N) of juvenile spring chinook
originating from Wnthrop NFH, sanpled at MNary Dam during My and June
1988.

————— e

Dat e 5-17-88 5-24-88 6-2-88 6-7-88
N = 16 N = 11 = 12 N=3
[ Guani ne]j
X 39.74 40.60 44 .52 55.00
SD 12.21 9.23 11.38 11.89
cv 31 23 26 22
[Hypoxanthine 1
X 10.50 10.49 10.51 10.64
SD 4.01 2.66 1 .99 1.36
cv 38 25 19 13
{ Gn+Hx]
X 50.23 51.09 55.03 65.64
SD 15.78 10.84 12.85 12.98
cv 31 21 23 20
[{Gn]/[Hx]
X 3.94 3.96 4.26 5.16
S D 0.79 0.90 0.81 0.73
cv 20 23 19 14
Fork Length
X 154 152 157 159
SD 14 7 14 6
cv 9 5 9 4
ATPase
N 20 20 20 NA
X 33.1 35.0 39 .o NA
SD 7.4 5.5 6.8 NA
cvV 22 16 17 NA
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Appendi x

Summary  of
from Enti at

mgration passed Rock

organosomati ¢ exami nations of

NFH conducted at

chi nook sal non

the hatchery and as the

Island and MNary dans during the

spring of 1988. Unlisted categories were rated as normal.
ND = data not avail able.
HATCHERY ROCK | SLAND DAM MCNARY DAM

N 60 15 34
KF | 1.03 .96 ND
Pl asma
Protein (gedrL~1) 3.6 2.6 ND
Mesenteric
Fat (%

0 40 80 100

1 47 20 0

2 13 0 0

3 o .0 i 0
Mean val ue 0.7 0.2 T 0.0
Thymus (%

0 72 87 71

1 28 13 20

2 0 0 9
Bile (%)

0 57 13 21

1 33 20 49

2 8 47 27

3 2 20 3
Coment s: 6% enlarged spleen

3% with nodules in spleen
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Appendi x  20.

Kf |

Pl asma
Protein (gedrL™1)

Mesenteric
Fat (%)
0

1
2
3
Mean Val ue

Thynug (%)

1
2

Bile (%)
0

—

ND = data not

avai | abl e.

Sunmary of organosomatic exam nations of chinook sal non
from Leavenworth NFH conducted at
the mgration passed Rock
the spring of 1988.
nor mal .

the hatchery and as
Island and MNary dans during
Unlisted categories were rated as

HATCHERY

60

94

ROCK | SLAND DAM MCNARY DAM

16% fatty Iiver
2% general |liver
di scol oration

49 24
. 96 ND
3.6 ND
20 88
45 12
31 0
_ 4 0
1.2 0.1
90 75
10 17
0 8
27 37
41 42
22 21
10 0
2% granular spleen 20% enlarged

spl een
12% fatty liver
4% nodules in liver
12% nottled Kkidney



Appendi x  21. Summary of

organosomati c exami nations of
from Wnthrop NFH conducted at
mgration passed Rock

chi nook sal nbn

the hatchery and as the

Island and MNary dans during the

spl een

95

spl een

spring of 1988. Unlisted categories were rated as nornal,
ND = data not avail able.
HATCHERY ROCK | SLAND DAM MCNARY DAM

N 60 72 20
KF | 1.09 .94 ND
Pl asma
Protein (gedL™') 5.3 3.7 ND
Mesenteric
Fat (%)

0 6 28 75

1 54 46 25

2 30 22 0

3 10 4 _o

Mean val ue 1.4 1.0 0.2

Thymus (%)

0 64 82 65

1 31 18 30

2 5 0 5
Bile (%)

0 25 11 6

1 66 18 22

2 5 38 56

3 4 33 16
Comment s: 5% enl ar ged 7% enl arged 10% fatty liver

10% di scol ored

l'iver
15% granul ar ki dney
5% nottled Kkidney
40% enl arged spl een



Appendi x 22

Summary of organosomatic exami nations of
from Dworshak NFH conducted at

chi nook sal non
the hatchery and as the

mgration passed MNary dam during the spring of 1988.
Unlisted categories were rated as nornal. ND = data not
avai |l abl e.
HATCHERY MCNARY DAM
N 100 8
Kfl 1.06 ND
Pl asma (ge*dL=")
Protein 6.2 ND
Mesenteric
Fat (%)
0 0 100
1 25 0
2 68 0
3 7 0
Mean val ue 1.8 0.0
Thynus (%)
0 94 50
1 5 50
2 1 0
Bile (%)
0 NA 50
1 NA 0
2 NA 50
3 NA 0
Comment s: 4% granul ar 12% focal discoloration
spl een of liver
4% di scol oration
of liver
3% inflamed or swollen

pseudobr anchs
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Appendi x 23. Sunmary of organosomatic exanminations of steelhead trout
from Hagerman NFH and N agara Springs SFH conducted at
the hatcheries during the spring of 1988. Unlisted

categories were

rated as nornal.

HAGERVAN NFH

N AGARA SPRINGS SFH

N 59 60
Kfl 1.03 1.03
Pl asma
Protein (ge*dL=") 4.5 3.9
Mesenteric
Fat (%

0 0 0

1 10 18

2 34 42

3 L 56 40

Mean val ue 2.5 2.2

Thynus (%

0 76 90

1 24 10

2 0 0
Bile (%

0 3 18

1 70 70

2 12 12

3 15 0
Comment s: 5% mld inflammation 2% enl arged spl een

of hi ndgut
3% enl arged spl
2% granul ar spl
2% frayed gills

een
een
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Appendi x 24. Summary of organosomatic exam nations of steelhead trout
from Irrigon SFH conducted at the hatchery and as the
mgration passed McNary dam during the spring of 1988.

Unlisted categories were rated as normal. ND = data not
avai | abl e.
HATCHERY MCNARY DAM

N 60 21
Kfl 1.10 ND
Pl asma
Protein (gedL™1) 5.2 ND
Mesenteric
Fat (%)

0 0 76

1 2 19

2 58 5

3 40 7 o

Mean val ue 2 . 4 - 0.3

Thymus (%)

0 83 100

1 17 0

2 0 0
Bile (%

0 73 32

1 25 5

2 2 63

3 0
Comment s: 5% severe inflamation

of hi ndgut

5% nodules in liver
5% nmottled |iver
5% henorrhage in one eye
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