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| NTRODUCTI ON

The National Marine Fisheries Service (NMFS), under contract to the
Bonnevill e Power Administration, is conducting research on inprinting
sal ron and steel head for homing (Slatick et al. 1979, 1980; Novotny and
Zaugg 1979). The studies were begun with little background know edge of
the effects of disease or certain physiological functions on inprinting and
hom ng in sal nonids. Consequently, work ained at filling this void was
begun by the authors in 1978 (Novotny and Zaugg 1979) and continued in
1979.

In 1979, we exanined random sanpl es of normal popul ati ons of homni ng
test fish at the hatcheries to deternine the physiological readiness to
mgrate and adapt to seawater and general fish health. At the Manchester
Marine Experinmental Station, Manchester, Washington, we determ ned the
survival of sanples of the test fish maintained in marine net-pens after
rel ease fromthe hatcheries. Hat cheries and stocks sanpled are listed in
Table 1.

The data collected from random sanples were as follows:
1. Physi ol ogy.

G|l Nat+-K+ ATPase. Abnormal ly | ow values could be indications
that the fish were either in pre- or post-snolt condition, or had been
stressed in sone way.

Pl asma el ectrol ytes. Lower than nornmal values of Na or C could
indicate imediate problems of osnoregulation when the fish were introduced
to seawater; high values may indicate sone dehydration due to stress.
Increases in levels of K can indicate kidney failure or nitrogen

super sat ur at ion stresses.



Table 1

in the 1979 homing studies

Dategj Date ofE/Date ofé/ Hatchery

Pathology arrived at viral blood Date transferred ATPase release
Hatchery Species tag no. Manchester assay sampling to seawater pens profile dates
Chelan- Steelhead 6101-6160 4/25/79 4/26/79 4/26/79 4127779 Yes 4/26/79
Leavenworth
Wells- Steelhead 3001-3060 5/10/79 5/11/79 5/11/79 5/12/79 No 5/9/79
Winthrop
Tucannon Steelhead 6801-6860 5/14/79 5/16/79 5/16/79 5/16/79 Yes 5/17/79
Carson Spring 6401-6460 5/01/79 5/04/79 5/04/79 5/03/79 Yes 5/08/79

chinook

Big White Salmon Fall chinook 6301-6360 5/18/79 5/19/79 5/19/79 5/22/79 Yes 5/21/79

|
e



Hemat ocrits and henogl obi ns. Val ues bel ow or above nornal ranges
usual l'y indicate anem a or dehydration, which can reflect nutritional
di sease or physiol ogical changes.

2. Fish health

The incidence of diseases during freshwater rearing, as reported in
hat chery records describing the treatment of fish were exam ned.

The extent of latent bacterial kidney disease (BKD) as determ ned by
indirect fluorescent antibody technique and the presence (or absence) of
certain pathogenic viruses were of particular interest.

A histological determnation of significant lesions or abnormalities
intissue fromthe gill, eye, liver, kidney, thyroid, brain, and olfactory
sac was undertaken.

3. Survival in seawater net-pens

Periodic assessnents of survival and growh were made, and the ngjor
causes of nortality were determ ned.

These surveys were conducted to provide a docunentation of the health
and physi ol ogical (snolt) condition of the populations of fish involved in
the tests, especially at the tinme of inprinting and rel ease. Wien t he
marked adult fish return, the data analyzed fromthe health and physiol ogy
surveys should provide us with information that woul d indicate any adverse
influence on survival. Low survival in the marine net-pens caused by poor
health or a | ow percentage of fish transformed through the snolting stages
could bias any attenpts to relate returns to inprinting.

METHODS AND MATERI ALS
Hat chery Sampling
The sanpling of fish fromthe hatchery stocks for health profiles was

based on a conbination of statistics and economi cs. Random sanpling from
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popul ati ons ranging as high as 100,000 or nore showed that a popul ation
with a disease incidence of 5% or greater can be detected froma sanple of
60 fish (Gssiander and Wedemeyer 1973). Heal th survey sanples of 60 fish
were taken at the hatcheries, and held in circular tanks in fresh water at
Manchest er. In nost cases, the tissue and bl ood sanples were collected
within 24 hours after arrival at Mnchester.
Sanpling for Physiol ogy

Pl asma El ectrol ytes

Sodium potassium and chloride ion levels in plasm were determn ned

for the Wells Dam Hatchery steel head, Salno gairdneri, and Big Creek

Hat chery fall chinook sal non, Oncorhynchus tshawtscha, near the time of

rel ease. Profiles of plasnma el ectrolytes of the Tucannon and Chel an

Hatchery steelhead and Carson Hatchery spring

e Cr e e k) Wh i Tk SOncor He s



Steel head from the Wells Dam rearing ponds were sanpled only at release.
Ten groups of three fish each were anesthestized or killed by a blow on the
head at each sanpling. After weights and/or fork |engths were determ ned,
approxi mately equal quantities of gill filaments were removed from the gill
arches of each of the three fish in the group (total weight of gill
filaments-O 1 to 0.2 g) and processed as described in our previous report
(Novotny and Zaugg 1979).
Di sease Sanpling

Life History of Hatchery Juveniles

Husbandry techniques, disease, and environmental history may have
del eterious effects on fish health and snolt quality (Wedeneyer et al.
1979; Fol mar and Di ckhoff 1979). Many chenot her apeutic conpounds used in
the treatnent of parasitic and bacterial diseases of fish nmay affect
snmoltification (Lorz and MPherson 1976), and subclinical infections nmay be
exacerbated by the stress of seawater entry.

The information (Table 2) was obtained from hatchery managenment and is
sel f-expl anatory. Where infornation was not obtained, the entries have
been left blank.

Bl ood Sample Collection

The fish were lightly anesthetized in an aerated 1:20,000 solution of
MS-222. In the larger fish, blood was sanpled fromthe caudal arch with a
1 cc heparinized syringe and a 25 gauge hypodermic needle. Small fish were

bled by severing the caudal peduncle and collecting the blood in



Table 2.--Disease and life history data of juvenile salmonids during freshwater rearing.

Percent Size at Date
Date Date Water Watero mortality release released
Hatchery Stock Agency Species egg take ponded Feed source temp. F (all causes) (no./1b.) (1979)
Chelan- Chelan WDG Steelhead -—— —_— Dry & River 34-56 15.4 4.0 4/26/79
Leavenworth OMP
Wells-Winthrop Wells WDG Steelhead ——— —_— Dry & Well & River S50 ——— 4.7 5/09/79
OMP
Tucannon Skamania WDG Steelhead —— —— Dry & River 40-62 22.0 11.4 5/17/79
OoMP
Carson Carson USFWS Spring August January OMP & Spring & 41-52 47.0 16.5 5/02/79
Chinook 1977 1978 Dry River
Big White Salmon Spring Creek USFWS Fall September - —---- OMP & Ground Water 42-52 7.6 69.0 5/21/79
Chinook 1978 Dry & River

a/ Bacterial gill disease.



centrifuged in nicrohematocrit tubes for 3 minutes in a Oay-Adans Autocrit

11 (Snieszko 1960).

Bl ood sanples for henoglobin determination were either read directly
with an A-O henogl obi noneter or collected in 20ul capillary tubes to
det er mi ne henogl obin concentration by the calorinetric method described by
Bauer (1970).

Viral Assays

In 1978, liver, spleen, and kidney tissues from 60 fish in each test
group were sanpled, pooled in 12 tubes of 5 fish each, and screened by a
private |aboratory (Rangen Research Laboratories) for viruses. In 1979,
the tissue sanples fromeach fish were aseptically divided into equa
portions. One ot was submtted to Rangen Research Laboratories and the
other to the National Fisheries Research Center. The results of these
i ndependent tests are reported in Appendix A
H st opat hol ogy

Sixty individually numbered fish of each test group were preserved in
fixatives and subnmitted to Bio-Med Research Laboratories. GIl, liver,
eye, Kkidney, t hyroi d, brain, and olfactory tissues were sectioned
appropriately  stained, and examned for any pathologic |esions or
abnormalities. See Appendi x B.

Bact eriol ogi cal Assays

The sensitive and highly specific indirect fluorescent antibody technique
(I FAT) was wused to diagnose |atent Bacterial Kidney D sease (BKD) in
hat chery popul ations.

The individually identified fish were opened ventrally and the Kkidney

1/ Reference to trade nanes does not inply endorsement by National Marine
Fisheries Service, NOAA



exposed. Thin snears of anterior and posterior kidney tissue were nade on
mul ti-spot slides after piercing the kidney with a sterile inoculation
| oop. The slides were air-dried and fixed in reagent grade acetone for 10
m nut es. The acetone fixed slides were stored at -2C°C until they were
exam ned. Prior to the sanpling season, 40 positive control slides were
prepared in the same manner and stored at -2C°C The control slides were
prepared froma clean kidney lesion froma spring chinook salnon from
Carson National Salnon Hatchery that was tested and confirmed to have high
nunbers of BKD organi sns.

The | FAT for BKD was originally described by Bullock and Stuckey
(1975) and later nodified by G W Canenisch (unpublished report) of the
US Fish and Widlife Service (FWS), Eastern Fish Disease Laboratory. The
conpl ete procedure used in this study is described in our previous report
(Novotny and Zaugg 1979).

Al dead and dying fish in the seawater pens were collected daily.
Each fish was opened from the vent, external and internal |esions noted,
and the procedures for culturing vibriosis and other gram negative bacteria
(Novotny, Harrell, and Nyegaard 1975) were followed.

The postnortens were classified as follows:

1. Negative (cause of death not determ ned).

2.  BKD (from | esions).

3. Vibrio anguillarum-serotypes 775, 1669, or 7244.

4. Vibrio sp.
5. ERM (enteric redmuth).

6. Furuncul osi s.

7. Aerononas hydrophilia (ex .liquefaciens).




RESULTS AND DI SCUSSI ON OF HATCHERY STEELHEAD SURVEYS

Chelan Hatchery (Transferred to Leavenworth Hatchery) Steel head

G|l Nat-K+ ATPase

Since the phenonenon of elevation in gill sodium potassium stinulated
ATPase (Na+-K+ ATPase) activity was first reported to be associated
with Parr-smolt transformation in steel head (Zaugg and Wagner 1973) and in
in coho salmn, 0. kisutch, (Zaugg and MLain 1970), numerous experinents
have been conducted to verify these results and extend observations to
ot her speci es. As a result, it has been conclusively shown that the rise
in gill Na+-K+ ATPase activity is one of the many physiol ogi cal changes
which occur at the time of Parr-snolt transfornation.

The average gill Na+- K+ ATPase activity of Chelan Hatchery
steel head sanpled in 1979 at Leavenworth Hatchery was not substantially
different from 1978 (Table 3). G 11 Nat-K+ ATPase showed only a small
rise in late April (Figure 1) with a peak mean value of 9.4. The absence
of a greater increase in activity may have resulted from water tenperatures
which remained at the upper limt (13°C) for good snoltification during
late April and May (Zaugg et al. 1972). The average fork length (20.8 cm
was simlar to 1978 (21.0 cn), but the average weight (98.1 g) was up from
1978 (79.4 g).

Pl asma El ectrol ytes

A conpilation of data on rainbow trout by Mles and Smth (1968) and
H ckman et al. (1964) suggests expected nornal or near normal plasma
electrolyte values in fresh water of 130 to 172 meq (mlliequivalents)/l
for Na+, 1.4 to 6.0 nmeqg/l for K+, and 111 to 155 meqg/l of C-.

Table 4 lists some known values for steelhead trout from avail able

published literature, including data for the Dworshak Hatchery steel head
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Table 3.--Fish health and physiological data for the 1979 homing study fish. and a comparison with the 1978 homing study fish®

Plasma :l;{t:ly[cs 3/

8-day post seawater FPeak (Meq/1)
entry gilll ATPase freshwater gpill Hematological data
T of latent BKD detectable actlvity-\,m'}?s ATPase activity- (taken at Manchester
in the kidney by IFAT pi/mg pr/h— umoles pi/mg pr/h upon arrival) Na c1
Mean Mean
Fither/ _ Activity hematocrit hemoglobin _
Stock and species Year Anterior Posterior Both both Min. Max. X SD _ Date X value (1) £/100 ml n X SD n X Sb n
Chelan-Lleavenworth (1979) 0 1.7 0 1.7 11.2 21.8 16.6 3.6 4-23-79 9.4+2.2 49.8 8.9 10 154.0 +2.2 10 124.8 +2.1 16 .
steelhead (1978) 13.3 16.7 56.7 86.7 14.2 2B.6 19.5 4.3 5-03-7R 7.5 43.3 8.9 60 165.0 +14.8B 58 130.9 317.2 an 1,
Wells (1979) 1.7 1.7 [} 3.4 Not sampled 5-19-79 16.5+%.2 50.8 9.6 39 138.2 +20.0 20 132.9 +11.2 59 2
steelhead (1978) 16.7 20.0 46.7 83.4 7.1% 13.7 10.9 2.8 5-03-78 17.0 55.6 11.4 58 150.3 +11.1 58 107.9 EZOAG 53 .6
Tucannon (1979) 1.7 0 [} 1.7 18.0 27.7 22.8 3.1 5-08-79 25.949 53.0 9.2 58 140.7 #11.3 59 127.0 +8.7 58
steelhead (1978) 8.3 3.3 10.0  21.6 10.9 23.4 17.6 4.6 5-08-78 18.2 48.5 9.7 60 159.5 +9.5 59 131.6 +£.5 60
5-22-78 11.7 -
Carson (1979) 10.0 3.3 20.0  33.3 25.8 38.2 31.7 3.4 (up to 20.4%5.4 36.7 5.2 10 145.6 #4.2 10 134.1 2.1 10
spring chinook release)
5-01-79
Big White Salmon (1979) o 8.3 [} 8.3 Not sampled 5-09-79 13.5 43.6 7.1 53 170.3 #+15.6 - - - 53

fall chinook

a/ From Novotny & Zaugg 1979.
b/ 10 days for the 1978 homing study fish,
c/ Taken upon arrival at Manchester.
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Table 4.--A summary of plasma Na , K, and C1 values in steelhead trout (from published sources).

Condition Na+ c1 K+ Reference
June-July (55 g fish) _ B
Laboratory Freshwater X = 162 range: 140-160 X =6.0 Houston (1959)
test Saltwater X =170 137-185
(after 36 hours)
March-May (13-15 cm fish)
Laboratory tests Freshwater 102-149 105-161 Conte and Wagner (1965)
(range of mean values)
Spring 1975 _
Dworshak Hatchery X =134.2 Newcomb (1978)
(at release) range: 128-138
Captured at Little Dam B 2
(downstream froshak) ran | L_ \ 1
Laboratory tests Mean values range from:
(control groups-Spring) 159 to 169 133 to 138 2.6 to 4.3
Newcomb (1978)
Individual values range from:
155 to 182 128 to 144 2.3 to 5.2



(Newconmb 1978). Newconb's data are extensive, represent reasonably |arge
sanple sizes (15 to 25), and are probably good approximtions of Colunbia
Ri ver steel head.

The mean plasma Na+ and K+ val ues of the Chel an Hatchery steel head
were within normal linmits (Table 3, Figure 2) at the time of release. The
Na+ levels increased in seawater, but returned to normal (in the
survivors) after 1 week.

Hemat ol ogy

There is considerable hematol ogical data in the literature for rai nbow
trout, less for steelhead trout. Fromthe data sunmarized in Table 5, it
may be possible to estimate the range of hematocrit and henogl obin val ues
for healthy steelhead. The lower linmt of nmean hematocrit should not fal
bel ow 30X, and nean henogl obin values below 6 would certainly be suspect.
Upper levels are nore difficult to define. Sni eszko (1960) reports mean
hematocrits of 53% and nean henogl obin levels of 8.7 g/100 m of blood in
rai nbow trout of a size conparable to large steelhead snolts. Al though our
val ues on steel head trout (Table 3) were nuch closer to Snieszko's, Newconb
(1978) reported nean henatocrit levels in steelhead simlar to that found
by other researchers working on rainbow trout (Table 5). A nunber of
authors (MCarthy et al. 1973; Wdeneyer and Nel son 1975; Wedeneyer and
Yasut ake 1977) repeatedly suggest that the henmatocrit levels of clinically
heal thy rai nbow trout should be between 24 and 43% w th henogl obi ns
ranging from5.4 to 9.3 g/100 m bl ood, and these values will be used as
the expected range for individual fish for the purposes of this report.

The sunmari zed data of the hematocrit and henogl obin values for the
Chel an Hatchery steel head are presented in Figure 3. There was no

di fference in nean henogl obin between 1978 and 1979 (8.9 ¢/100 m) nor in

13
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Figure 2. --Mean plasnma Nat+ and K+ levels in Chelan Hatchery steelhead sampled in
fresh water at Leavenworth Hatchery and during seawater culture at Manchester.
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Table 5. --A summary of hematocrit and henogl obin val ues for rainbow and steel head trout (from published sources).

ST

Hemat ocri t Hermogl obi n
Source of data % (g/ 100 nm bl ood) Ref er ences
Rai nbow trout X = 31.6 X =7.4 Houston and DeW | de (1968)
SD. =+ 0.3 S.D. +#0.15
Rai nbow trout X = X = Barnhart (1960)
28.2 to 31.7 6.5 to 7.7
(I'ndividual s:) (I ndi vi dual s:)
(11 to 44%) (2.2 to 13.0 >
Rai nbow trout x = 39.5 X =17.5 McCarthy, et al. (1973)
(Kam oops strain) (30 to 49) (5.2 to 12.9)
Rai nbow trout X = 34.1 X =17.6 \Wedenyer and Yasutake (1977), and
(Shasta strain) (24 to 43) (5.4 to 9.3) Wedenyer and Nel son (1975)
Rai nbow trout
(average 14.2 cnm x = 45.3 Sni eszko (1960)
(average 23.5 cm x = 53.0 X = 8.7
St eel head trout
At Dworshak Hatchery (Spring) x = 40.3
(36 to 47)
At Little Goose Dam (Spring) x = 35.6 Newconb (1978)
(28 to 44)
Laboratory tests (Spring) x =31 to 37.8

I ndividual range: 28 to 45
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the range of val ues. Mean hematocrit in 1979 (49.8% was slightly higher
than in 1978 (43.4X), and 85% of the fish had hematocrits above the
expected maxi num of 43% (for rainbow trout) in 1979 conpared to 50% in
1978. None of the hematocrits or henogl obins fell bel ow the mininmm
expected val ues.
Viral Screening

Bot h Rangen Research Laboratories and the National Fisheries Research
Center (USFW5) indicated that no IPN virus was present in the Chelan
(Leavenworth) Hatchery steel head.

Indirect Fluorescent Antibody Test for Bacterial Kidney Disease.

One posterior kidney smear (1.7% was found to have a few BKD organi sns
in the Chelan (Leavenworth) Hatchery steel head.
Hi st opat hol ogy

A detailed report on the examination and interpretation of selected
tissue sections fromthe random sanples is presented in Appendix B. A
summary of the pathol ogi cal conditions observed, their severity, and their
frequency of occurrence is presented in Table 6. The severity is ranked
as: |--recognizible (least severe), Il--internediate, and IIl--severe.
Note that the incidence of rank Il and IIl severity was |low for all
conditions encountered (Table 6).

The  major pat hol ogi cal conditions encountered in the Chelan
(Leavenworth) Hdatchery steel head were of |ynphocyte infiltration and
epithelial hypertrophy in gill tissue and the presence of sporozoan
par asites.

Records (Table 2) indicate the total nortality in the hatchery was

15%

17



81

Table 6.--Pathological conditions observed in the homing stocks and their percentage of incidence.

Incidence (X)

Tucennon (helan-leavenworth Wells Big White Carson
lteelhu‘/ steelhea / uellheai/ fall chioggk spring chingok
severity~ severity— severjty= severity~ ‘7
g I ' y S 2
1 11 II S S S S 33 £ 1 1xom p 1 1 m 8 111 5
Organ & pathology L - - )5 3 A
Eve
Skeletal muscle lesions 0 0 0 [ 10.0 1.7 0 11.7 0 0 0 0 0 0 0 0 13.3 1.7 0 15.9
Retrobulbar fat lesions 0 0 0 0 3.3 1.7 0 5.0 0 0 0 0 0 0 0 0 15.0 0 0 15.0
Acute focal hemorrhage 1.7 0 o] 1.7 0 0 0 0 Q [¢] 0 Q 0 0 0 0 0 0 0 0
Focal mononuclear cell infiltration 0 0 0 0 1.7 0 0 1.7 [¢] 0 0 0 0 0 0 0 0 [ 0
Retrobulbar pyogranulomatous inflammation 0 0 0 0 1.7 0 0 [} 0 0 0 [} 0 0 0 0 20.0 0 0 20.0
_Retrobulbar mogonuclear infiltration g ('] (1] ('] 0 1} (] '] (4] 4] [4] 0 0 Q 0 0 6.7 0 0 6.7
Gill
Increased numbers of lymphocytes 81.7 18.3 0 100.0 7:.7 23.3 O 95.0 80.0 O 0 80.0 95.0 1.7 0 96.7 98.3 0 0 98.3
Epithelial cell proliferation 78.3 20.0 1.7 100.0 66.3 26.7 O 95.0 98.3 1.7 0 100.0 95.0 5.0 0 100.0 93.3 6.7 0 100.0
Lvmphatic telanglectasis of secondary lamellae 5.0 0 0 5.0 0 4 0 0 0 0 o] 0 ] Q 0 1} 0 o 0 0
Solitarvy basophilic mass in secondary lamellae 6.7 ] 0 6.7 0 0 ] 0 0 Q 0 0 0 4] 0 0 "] [o ] 0
Solitary eosinophilic mass in secondary lamellae 3.3 0 Y] 3.3 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0
Nematude parasite in secondary lamellae 1.7 0 0 1.7 0 ] 0 0 0 0 0 0 0 0 0 (] 0 0 0 0
Facal granuloma in secondary lamellae 0 )] 0 0 1.7 0 0 1.7 4] 0 0 0 0 0 [ 0 0 o 0 0
Srorozoan parasite in secondary lamellae 0 [} 0 0 26.7 0 0 26.7 0 0 0 0 0 0 0 0 0 0 o 0
Focal inflammation at lamellae base 0 [} 0 o 0 0 0 0 1.7 0 0 1.7 0 0 0 0 1.7 0 0 1.7
Vascular telangiectasis of the secondary lamellae [ ] [} 0 [} 0 0 [+] 1.7 0 0 1.7 0 [} 0 0 V] o 0 0
Mucoputulent gill 0 0 0 0 0 0 0 0 1.7 0 0 1.7 0 0 0 0 0 0o 0 1]
General inflammation ] 4] 0 0 0 0 0 0 1.7 0 0 1.7 0 0 (4] 0 0 0 o 0

Liver

Nonsuppurative triaditis ] 0 0 0 3.3 0 0 3.3 0 0 0 0 0 0 0 0

Increased parenchymal fat 0 0 0 0 3.3 0 0 3.3 0 0 0 [} 3.4 0 0 3.4

Lesions typically associated with bacterial kidney disease 0 o 0 0 0 0 [} 0 0 0 ] 0 V] 0 0 ] 5.2 o o 5.2

M{crogranulomas 1] o] [+] 0 1] 0 ] 4] 0 0 4] 0 0 0 0 0 6.9 [} 0 6.9
_ a 0 0 o 0 0 0o 0 00 0 0 0 0 0 O 1,70 0 1.7
Kidney

Lesions typlcally assoclated with bactertal kidney dlscase 0 0 (] 0 [ 0 3} 0 o 0 0 [ 0 0 o 0 8.8 0 0 8.8

Microgranulomas 0 [} 0 0 9 [ 0 0 0 0 0 0 0 0 ) 0 1.8 0 0 1.8

Pyogranulomas nephritis 4] [ o 0 0 0 0 1] 0 0 0 "] 4] 0 0 0 1.8 0 0 1.8

Pyogranulomatous periureteritis 0 L} 0 4] 0 0 0 0 0 0 0 0 0 4] ] 0 1.8 0 0 1.8

Dilated tubule with glant bacteria 0 0 0 0 0 0 0 0 [s} [+} 0 0 o 0 0 0 1.8 0 0 1.8

Focal tubular degenerative glant cells 0 0 ] 0 b] 0 )] 0 0 ] 0 0 [)] 4] 0 0 1.8 0 o 1.8
Olfactory sac

Cillated protozoan parasite 53.3 0 0 533 0 [ 0 6o 0o o o0 0o o6 0 0 o 0 0 0

Nematode parasite 3.3 o0 0 3.3 0 o 0 0 0 0 [ 0 0 0 0 0 0 0 0 0

Pyogranulomatous inflammation of the olfactory sac 1.7 o0 0 1.7 5.1 [} 0 5.1 0 0 0 0 0 0 0 0 25.4 0 0 25.4

Acute focal hemorrhage 0 0 0 0 0 0 0 0 0 0 0 0 0 [+] [1] 0 1.7 0 0 1.7

Inflammation of the olfactory sac _ _ .0 0. __0 0o o0 0 0 [} 1.7 0 o 1.7 o0 [} 0 0 1.7 0 0 1.7
Thyroid

Per{follicular thyroiditis [¢] 0 [1] 0 2 0 0 0 Q 0 o] 0 0 0 0 Q0 6.2 0.0 6.2
Brain -

Mononuclear menigesl infiltration 1.7 1] 0 1.7 0 0 0 0 5.3 0 0 5.3 0 ¢} 0 4] 1.9 0 0] 1.9

Encephalitic 0 0 0 0 9 0 0 [1] 0 [¢] Q [1] 4] 1] 0 ¢] 3.8 0 0 3.8
Other

Pharyngeal sporozoan parasite 1.7 0 0 1.7 0 0 0 0 0 o] 0 0 0 0 0 0 0 o 0 0

Pharyngeal nematode parasite 0 0 0 0 1.7 0 0 0 0 o 0 [ o 0 0 0 0 ¢ 0o 0
al/ 1 - Recognizable (least severe)

Il - Intermediate
IIl - Severe



Seawat er Adaptation

At the time of introduction to seawater, the test group contained
mostly transitional and snolted fish, with 7% classified as precocious
mal es. These precocious fish had all died by 82 days of seawater
residence. Cunulative |osses due to osnoregul atory dysfunction during the
first 30 days in seawater were about 28%in spite of 48% of the fish being
smolted at seawater entry. Reversion from an apparent snolt or
transitional stage to a transitional or parr stage, did take place after 82
days in seawater. This suggests that those fish which were judged to be
snmol ts based upon external characteristics were not physiologically true
smolts, or that high seawater tenperatures nmay have forced reversion.

Vibrio Strain 775 was the bacterial pathogen nost comonly isol ated
from nori bund fish. The 30-day survival was 59% and the survival after
conpletion of the tests (207 days) was only 8% (Table 7).

Wl |'s Hatchery (Transferred to Wnthrop Hatchery) Steel head
G|l Na+-K+ ATPase

In 1978, Na+-K+ ATPase activities were determned on representative
sanpl es of Wells Dam Hatchery (rearing pond) steelhead, sanpled at Wnthrop
Hat chery on 3 May. These fish had average gill Na+-K+ ATPase activity
of 17.0 (+ 5.1), with values ranging from11.6 to 26.6. The sanpled fish
averaged 22.5 cmfork length and 102.2 g body wei ght and were judged to be
in a good smolted condition.

In 1979, the average |ength and weight of sanples transferred to
Manchester were 21.7 cmand 97.0 g (respectively) on 11 May 1979. The
average gill Na+- K+ ATPase activity from Wlls Hatchery fish at
Wnthrop Hatchery on 19 May was 16.5 (+ 9.2), with values ranging from8.2

to 37.1.
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Table 7.--Survival

during seawater

culture periods and causes of

nortality

Seawater survival in net-pens

Causes of mortality during seawater culture

N
(start)

[ S ——T Wy T T = T

Chel an- Leavenorth
st eel head

Vel l's
st eel head

Tucannon
st eel head

Carson
spring chinook

Big Wite Salnon
fall chinook

200
4-27-

200

5-11-

200

5-15-

200

5-02-

150

5-21-

79

79

79

79

79

Survival N Days % Z Negative for
(%) 30 day (end) in survival mortality pathogenic BKD Vibrio ERM Furunculosis Other
v e 1 p— b o idn od A AY — VA AY /.\ N 7 ar\
- - - 1
59 16 207 8.0 0.44 3.4 0 34.8 0 0 61.8
11-20-79
17.5 9 193 4.5 0.49 0 0.7 4.6 0 0 94.8
11-20-79
48.5 37 190 18.5 0.43 10.0 0 26.7 1.7 0 61.7
11-19-79
56.5 41 202 20.5 0.39 Nunbers examined were not sufficient to evaluate.
11-20-79
93.3 11 189 7.3 0.49 7.1 0 85.7 0 0 7.1
11-26-79




Pl asma El ectrol ytes

As in 1978, there were noticeable differences in the plasna
el ectrolytes of the Wlls-Wnthrop Hatchery steel head when conpared to the
ot her steel head stocks in these studies (Table 3). There was only one
sanple taken (at the time of release), but this stock again had the | owest
mean Nat and K+ values, even lower than in 1978 (Table 3)

There were no differences in transportation techniques or water
quality in 1979 between stocks, thus no obvious stresses were invol ved.
In 1979, plasma chloride was al so neasured. In 1978, the mean plasm
chloride level (108 neqg/l) was bel ow the expected value of 111 neg/l for
heal t hy rainbow trout. In 1979, none of the chloride values (X = 133
meq/l) were bel ow nornmal.

Hemat ol ogy

The hematocrit and henoglobin data for the WIlls Hatchery steel head
are presented in Figure 4. In 1978, the Wlls Hatchery steel head had the
hi ghest nean hematocrit and henogl obin values of any of the steel head
stocks that we studied (Table 3). In 1979, 84.9% were above the expected
maxi mum (43% hematocrit |evel and 51.7% above the maxi mum expected 9.3
g/ 100 m bl ood henogl obi n val ue. None of the hematocrit or henogl obin
val ues were bel ow the expected nininumns.

Viral Screening

Rangen Research Laboratories reported IPN virus in 12 out of 12 pooled
sanples in the Wlls Hatchery steelhead, and the National Fisheries
Research Center (USFWS) reported all sanples negative for IPN virus
Indirect Fluorescent Antibody Test for Bacterial Kidney Disease

Two out of 60 fish sanpled (3.3% fromthe Wlls (Wnthrop) Hatchery
steel head were found to have light BKD infections in anterior or posterior

ki dney.
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H st opat hol ogy

The nmmjor pathol ogical conditions encountered in the Wells (Wnthrop)
Hat chery steel head were increased nunbers of |ynmphocytes and epithelial
hypertrophy in gill tissue (Table 6).
Seawat er Adaptation

At entry to seawater, Wells-Wnthrop Hatchery steel head were primarily
of transitional stage fish, based upon external characteristics. The
cunul ative nortality within 30 days of seawater residence attributable to
osnoregul atory dysfunction was 73% Vibriosis accounted for nost of the
other nortalities for the remainder of the study. The presence of
precoci ous mal es was not a problemin this test group. The survival to
test conpletion (193 days) was only 5% (Table 7).

Tucannon Hatchery Steel head

Gl Na+-K+ ATPase

The gill Na+-K+ ATPase profile of sumer-run steelhead from the
Tucannon Hatchery in fresh water was qualitatively simlar to that observed
in 1978 with a distinct peak in enzynme activity in early May (Figure 5)
followed by a sharp decline. A typical pulse of Na+-K+ ATPase activity
was observed when these fish were transferred to seawater at Manchester
Little change occurred until the fourth day when activity began to rise
(Figure 5). Fish held at the hatchery and sanpled just 5 days after
release of the main group averaged 17.2 cm fork length and weighed 43.1 ¢

This was down from the average lengths and weights of 19.5 cm and
65.9 g, respectively, at the same tine in 1978
Pl asma El ectrol ytes

The sunmmary data for plasnma electrolytes at the tinme of release are

listed in Table 3. The mean values for Na, K, and C of the Tucannon
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Figure 5.--G Il Na+-K+ ATPase activity (means and standard deviations) of

the Tucannon Hatchery steelhead in fresh water and seawater.
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Hat chery steelhead fall within the expected ranges for rainbow trout.
There was little difference in the nean C and K val ues between 1978
and 1979 (Table 3). In 1978, 43.3% of the Tucannon Hatchery sanples were
bel ow the mininum range reported for K in rainbow trout.

The plasma Na and K profiles of the Tucannon Hatchery steel head in
both fresh and seawater appeared to be within nornmal ranges (Figure 6).
There was a typical rise in Na and K followed by a drop within the first
week after transfer to the seawater pens, and a return to nornal in the
surviving fish after this initial stress period
Hemat ol ogy

The summari zed data of the hematocrit and henogl obin values for the
Tucannon Hatchery steel head are presented in Figure 7 and Table 3. The
nean hematocrit was slightly higher in 1979 than in 1978 and the nean
henogl obin value was slightly lower than the 1978 nean
Viral Screening

The National Fisheries Research Center (USFWS) reported all Tucannon
Hat chery steelhead sanples tested as negative for |PN virus. Rangen
Research Laboratories reported IPN virus in 1 out of 12 pooled sanples
t est ed.
Indirect Fluorescent Antibody Test for Bacterial Kidney Disease

Only 1 out of 60 Tucannon Hatchery steel head sanpled (1.7% was found
to have BKD organisns in an anterior kidney snear.
Hi st opat hol ogy

The maj or pathol ogi cal conditions encountered in the Tucannon Hatchery
st eel head were |ynphocytic infiltration and epithelial hypertrophy in gil
tissue, and a 53% incidence of ciliated protozoan parasites in the

ol factory sac (Table 6). Total nortality during rearing in the hatchery
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Figure 6. --Mean plasma Na+-K+ | evels in Tucannon Hatchery steel head

sanpled in fresh water at Tucannon Hatchery and during seawater
culture at Manchester.
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Figure 7. --Frequency histogram for hematocrit and henpbgl obin val ues
for the Tucannon Hatchery steelhead in 1979. Nunber of fish sanpled
(n), nean henogl obin and hematocrit values 1(F), and standard de-
viations (s) are also given.
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was 22%
Seawat er Adapt ation

At seawater entry 66% of the Tucannon Hatchery steel head were judged
to be snolts. Wthin 30 days of seawater residence 51% of the popul ation
had di ed. Gsnoregul atory dysfunction accounted for 19% of the initial
mortality. Vibriosis was the pathogen most commonly isolated from noribund
fish. A large nunber of fish (25% were unaccounted for at the end of
testing, and the |oss may have been due to escape fromthe net-pen. At
conpl etion of the experinment (188 days), 18.5% of the fish had survived.
The overall survival nmay have been closer to 40%if the |osses fromthe

net-pen are included.
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Summary

The conpilation of the 1978 and 1979 data and prelinminary analysis of
the 1980 data suggest that the generally high nmean hematocrit and
henogl obi n values in northwest steelhead stocks may reflect a nornal
hemat ol ogi cal condition for these anadronous strains of the rainbow trout
or they may be associated with snoltification.

The pathologist did not find histological lesions typically associated
with BKD in the kidney or liver tissue of the three steel head stocks
examined. Although the nore sensitive |FAT tests of kidney tissue smears
from the same specinmens did reveal the presence of BKD organisins, the
i ncidence of the disease was extrenely |ow There were no known
nortalities due to BKD in any of the steelhead stocks sanpled during
seawater culture, except the Wells Wnthrop Hatchery stock. Lesi ons
symptomatic of BKD were found in 0.7% of the nortalities exam ned, but the
di sease was not confirned by |FAT.

Anal ysis of the pathologist's data indicate that |esions of the eye
were much reduced in conparison to 1978. Hi st opat hol ogi cal conditions
observed in the three steel head stocks were restricted to a few organ
systens, and may not significantly effect hom ng response or survival.
However, there were several conditions that appeared in all three stocks,
and it may be of interest to summarize the probable causes

The pathol ogical conditions in gill tissue of the 3 steel head stocks
were predom nately Iynmphocytic infiltration and epithelial hypertrophy.
The incidence was higher in 1979, especially in the Tucannon Hatchery fish.
These observations are probably indicative of exposure to antigens,

i ncl udi ng pat hogeni ¢ and non-pat hogeni ¢ mcroorganisns, irritants, or a
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mld formof nutritional gill disease. Second in frequency of occurrence
was the presence of sporozoan parasites in the gills of Chelan-Leavenworth
Hat chery st eel head. Pat hol ogi cal conditions in other tissues were mnor,
with the exception of a high incidence of ciliated protozoan parasites in
the olfactory rosettes or sacs of the Tucannon Hatchery steel head.

Figure 8 conmpares the survival of all three steel head stocks during
seawat er culture. The survival within the first 10 to 30 days after
transfer to the seawater pens was highest in the Chel an-Leavenworth
Hat chery stock and lowest in the Wells-Wnthrop Hatchery stock. This trend
is again apparent in Figure 9 which conmpares the known (renoved) daily
nortalities for the first 4 weeks after transfer to the seawater pens. The
| argest numbers of dead fish were removed from the pen of the
Vel | s-W nt hrop Hatchery steel head. Over 72% of the nortalities that
occurred within the first 4 weeks were removed within 1 week after transfer
to seawater.

Figure 10 is a conparison (for all three stocks) of the average fork
l engths (at release) of steelhead that could be separated into three states
of devel opnent based on visual observation. These were: (1) heavy parr
marks present; (2) fish in transition to amplting, with parr marks still
di scernible although faint; and (3) silvery smolts; parr nmarks absent.
Al though the average length of the Wells-Wnthrop Hatchery steel head was
much higher than the Tucannon Hatchery stock, only 28% of the
Vel | s-Wnthrop Hatchery stock had the visual appearance of snmplts versus
66% f or the Tucannon Hat chery st ock. The Chel an- Leavenworth Hatchery
steel head were in between, wth 48% considered to be visibly snolted.

However, the large average size of the Chelan-Leavenworth Hatchery snolts
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Figure 9. --A conparison of the known daily nortalities (renoved) of the
three stocks of steelhead after transfer to the seawater pens at Manchester.
Each stock began with 200 fish. Mortalities are shown for (approximtely)
the first 30 days.
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probably contributed to the greater initial survival after transfer to
seawat er .

The clinical health status of the Wlls-Wnthrop Hatchery steel head
was satisfactory. The high initial nortality after transfer to seawater
(in conparison to the other steel head stocks) suggests, however, a severe
osnoregul atory dysfunction. W cannot directly conpare this type of
i nmedi ate stress with a supposed transition through the Colunbia River
estuary because culturing sanples of these hatchery test groups in net-pens
in seawater is an artificial situation and is recognized as such. Lower
survival may not be indicative of what is occurring in nature, as: (1) the
fish are transferred directly from fresh to 28°/00 seawater w thout
conditioning in estuarine water (as presumably might be the case in
nature); (2) they are fed an artificial diet; and (3) they are contained in
net-pens and stressed by frequent (nonthly) nmeasurenent activities.

Neverthel ess, one can assune that if the survival in the net-pens was
high, the fish should be able to withstand the normal transition rigors in
the wild, and that the tests may be a relative neasure of seawater
adaptability between treatnents or stocks. In conparison to the other two

stocks, the Wells-Wnthrop Hatchery fish were much less likely to survive
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Pl asma El ectrol ytes

There is little published data on normal plasna electrolyte levels in
hat chery chi nook sal mon. Table 8 is a summary of the nmean plasma Na, d,
and K values from chinook salnmon that we previously exam ned. The
exceptionally high K values in the Kal ama Hatchery spring chinook sal non
may be due to henolysis that occurred after sanpling

There is a slight decrease of plasma Na in the Carson Hatchery spring
chi nook salnon from 158 neq/l in March until the fish were released in
early May (Figure 12). The mean plasma Na value of 145.6 nmeqg/l at this
time (Table 3) is within the range of neans encountered in other chinook
sal non sanplings (Table 8). As expected, plasma Na values rose abruptly
after transferring the fish to seawater (Figure 12), but quickly returned
to normal |evels. The mean chloride level of 134.1 neq/l at release is
hi gher than any previously observed nean levels in any of the species
studied in 1978 or 1979. The nean plasma K value of 3.7 neg/l was also the
hi ghest for any species studied in the past two years, with the exception
of the coho sal non. There were fluctuations in the nean K levels after
transfer to seawater for the first week, and then a leveling off in the
surviving fish to 3 to 3.5 neq/!
Hemat ol ogy

Unpubl i shed data from sal non diet studies in Oegon indicate expected
mean hematocrits for spring chinook salmon ranging from 24.2 to 38.0% and
35 to 39%for fall chinook sal non. Publ i shed data on small fall chinook
sal non fingerlings (Banks, et al. 1971) indicate that hematocrit and

hermogl obi n val ues increase as the water tenperature increases (Table 9).
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Table 8. --Mean values of plasma Na, O, and K from other sanplings of hatchery
chi nook sal non

Millequivalents/1
Sample Na+ o1 K+
1978 Kal ama Fal ls Hatchery spring
chinook salnon (at release) 137 116 11. 9%
1978 Kooski a Hatchery spring chi nook
sal mon (at rel ease) 114 104
1978 Leavenworth Hatchery spring chinook
(at rel ease) 150 108 1.7
1979 Leavenworth Hatchery spring chinook
Mar ch 158 129 3.0
At release (late April) 149 125 0.8
June 148 130 2.3

* These were abnormally high potassium values, and nay have been due to some
henol ysis of the sanples
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in fresh water at Carson Hatchery and during seawater culture at Manchester.

38



Table 9. --Hematocrit and henpgl obin val ues of fall chinook sal non cul tured
for four weeks at four water tenperatures. The average weight of the fish
was 3.2 to 4.0 g (from Banks et al. 1971).

Rearing Number Hematocrit (X Hemogl obin (g/100 m bl ood)
t enperat ures of
(°Q) fish X Range X Range
10.0 10 32.2 29- 36 5.4 4.5-6.3
12.7 10 35.8 31-40 5.4 4.8-6.4
15.6 10 37.6 32-43 5.9 4.9-6.8
18. 3 10 38.9 35- 46 6.4 5.4-7.3
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The mean values of fall and spring chinook salrmon sanmpled in 1978 (for
all studies) ranged from (1) hematocrits - 36.7 to 59.4% and (2)
hemogl obins - 5.2 to 8.9 g Hb/100m bl ood. Hemat ocrit val ues bel ow 28% in
Pacific salmon may be the beginning stages of a nunber of problens and
shoul d signal a cautionary warning

Al though the nmean hematocrits and henogl obins of the Carson Hatchery
stock were well within the expected Ilimts, 18.3% of the fish had
hermat ocrits bel ow 28% (Figure 13). Most of the | ow henogl obi n val ues
(< 3.0 g Hb/100 ml blood) were associated with the |low hematocrits.
Bacterial kidney disease organisns were present in all sanples wth
hematocrits bel ow 25%
I ndirect Fluorescent Antibody Test for Bacterial Kidney Di sease

The Carson Hatchery spring chinook sal non had the highest incidence of
BKD (as determ ned by I FAT) for any of the homing stocks screened (Table
3). The total incidence was 33.32, with 25% of these classified as |leve
11 (severe). Al fish with hematocrits bel ow 25% were positive for BKD.
However, not all BKD infected fish had | ow hematocrits. Latent infections
of BKD may require several years to develop into an active form capable of
killing fish in the marine environment (Ellis, et al. 1978). On the basis
of the nunber of fish with heavy intensities of BKD infection in our
subsanple, we would anticipate some ocean nortality from BKD.
H st opat hol ogy (See Appendi x B)

The Carson spring chinook salnmon had a high incidence of epithelial
hyperplasia and |ynmphocytic infiltration in the gills (Table 6). This
inflammatory response is probably the result of exposure to a number of

pat hogeni ¢ and/ or non-pat hogeni c organisnms. The relatively high incidence
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of focal nononuclear cells in the liver is also indicative of possible
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activity at approximately the sanme tine as fish held at Spring Creek
Hat chery, though the magnitude of that increase was |less. Colder water at
the Big Wiite Salnon River and slower growth were factors that probably
affected the gill Na+-K+ ATPase activity.
Plasma El ectrol ytes

The nean plasma Na levels of 170.3 neqg/l fromthe Big Wite Sal non
Hat chery fall chinook salmon at the time of release were the highest of any
of the species of salnonids sanpled in 1978 or 1979. The mean K |evel of
2.4 meq/l was within normal limts for chinook salnon. Only snmall amounts
of plasma are available fromfall chinook salnon, and the vol unes were not
sufficient to include chloride analyses. No sanpl es were taken after
transfer to seawater.
Hemat ol ogy

The mean hematocrit and herogl obin values (Figure 16) of the Big Wite
Sal ron Hatchery fall chinook salmon were in the upper level ranges for fall
and spring chinook salmon sanpled in 1978. None of the henmatocrits were
bel ow 28% and the henmatol ogi cal data suggested a healthy stock of fish.
Viral Screening

The National Fisheries Research Center (USFWS) reported all of the Big
White Sal non Hatchery fall chinook sanpl es negative for |PN virus. Rangen
Research Laboratories reported 4 out of 12 pool ed sanples as positive for
| PN virus.
Indirect Fluorescent Antibody Test for Bacterial Kidney Disease

There was an 8.3% i ncidence of BKD in the Big Wite Sal non Hatchery
fall chinook salnmon, all associated with posterior kidney. However, two
(out of five) of the fish had noderate (level 11) infections. This could

represent an eventual loss from BKD after release.
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Figure 16. --Frequency histogram for hematocrit and henogl obin val ues for
the Big Wite Salnon Hatchery fall chinook salnmon in 1979.  Nunber of
fish sanpled (n), mean henogl obin and hematocrit values (x), and standard
deviations (s) are also given.
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H st opat hol ogy
As reported for all homing test groups in 1979, the Big Wite Sal non

fall chinook salnon had a high incidence of epithelial cell proliferation
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Sunmmary
W began our first exami nation of the olfactory or sac in 1979, since
this tissue may be the source of "cuing" for any olfactory inprinting. W
were not able to measure responses to olfactory stirmuli in fish with

obvious damage to olfactory sac epithelial tissue, but we have been able to



spring chinook salnon. There were no problens with hematology in the fall

chinook salnon, but over 18% of the spring chinook salnon had |ow
hematocrits and henogl obins. Bacterial kidney disease organisnms were found
in every kidney sanple of fish with henatocrits below 25% Hi st ol ogi cal

exam nation of the gills and other organ tissues suggest a serious problem
exists with BKD (Appendix B) in the Carson fish. Al though the Big Wite
Sal non Hatchery fall chinook sal nbon had been exposed to some microscopic
organi snms (Appendix B), this was probably Enteric Rednouth Disease, and at
the time of release nost of the fish were clinically healthy. There was no
evi dence of abnormal indicators of snoltification in either stock, but the
short-term (30 day) survival of the Carson fish in the seawater net-pens
was poor. In general, a conbination of health status evaluation factors
plus a high incidence of precocious nmales indicate that |losses in the
Carson Hatchery spring chinook sal mon are going to occur prior to or during

the first winter after release.

CONCLUSI ONS

St eel head
1. The general health of the three steelhead stocks in the 1979 studies
was good, and there were no indications of any pathology that would inpair
survival or inmprinting, with two possible exceptions: t he presence of
sporozoan parasites in the gills of over 25% of the Chelan Hatchery fish;
and protozoan parasites in the olfactory sacs of over 50% of the Tucannon
Hat chery fish. Unfortunately, we cannot evaluate the inpact of such

parasitic infestations at this tine.

2. Cbservations of external appearances to determine the extent of

smoltification indicated that |ess than 33% of the Wells-Wnthrop Hatchery
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steel head were snolted at the tine of transfer to seawater (no gill
Na+- K+ ATPase profiles were available for this stock). Both the Chel an
and Tucannon Hatchery steel head were transferred shortly after peak gill
Na+- K+ ATPase activities, and had a higher percentage of visible smlts
than the Wl ls-Wnthrop fish. This indicates that the Tucannon and Chel an

fish were better prepared for the transition to seawater.

3. The survival of the Tucannon and Chelan Hatchery steel head during the
first 30 days after transfer to the seawater pens was two to three tines
greater than that of the Wells-Wnthrop stock, even though the average size
of the Wells-Wnthrop fish was |arger. This indicates that the expected
survival of the Wells-Wnthrop Hatchery steelhead will be less than
survival from the Chelan and Tucannon Hatcheri es.
Chi nook Sal non

1. The incidence of latent BKD in the Big Wite Salnon Hatchery fall
chinook salmon was |ow, basic hematol ogy was normal, and the pathol ogy of
exam ned organ tissue reflects the probabl e exposure to ERM and BKD. The
recovery from ERM was apparently successful, and the fish were healthy when

transferred.

2. Approxi mately 20% of the Carson Hatchery spring chinook sal non were
anenic, and BKD organisns were found in every fish with hematocrits bel ow
25% BKD was found in about 33% of the Carson Hatchery fish, and the
intensity of infection was heavy in 25% of the infected fish. The presence
of granul omatous lesions typical of BKD in 25% of the olfactory sacs also
reflects the serious nature of this disease in the Carson fish, and may

wel | affect inmprinting as well as survival.



3. The gill Na+-K+ ATPase profiles were nornmal for both the Carson and
Big Wiite Sal non chinook salnon, and the mmjor rel eases were made just
after the peaks of Na+-K+ ATPase activity indicating good preparation

for seawater adaptation.

4. About 90% of the Big Wiite Sal non fish survived the first 30 days in
the seawater pens. Slightly over 50% of the Carson fish survived the first
30 days in the seawater pens. This indicates that the chances for survival
of the Big Wiite Sal mon Hatchery fall chinook sal non are excellent, and the

chances for the Carson Hatchery spring chinook salnmon are bel ow nornal.
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