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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 Hatcheries and stocks sampled in the 1979 homing studies

Dategj Date ofE/Date of'é 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
a H M mp g an



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



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
Hat chery steelhead and Carson Hatchery spring chinook salmon were
determned in fresh water and during seawater culture at Manchester.
Pl asma sodi um and pot assium val ues were determi ned by atom c absorption
spectrometry and chlorides with a chloridoneter.

Gl Nat+-K+ ATPase

During 1979, selected stocks of fall and spring chinook sal non and
steel head trout being reared for release at state and federal hatcheries in
the Colunbia River drainage were nonitored for changes in gill Na+-K+
ATPase to evaluate the state of snoltification at release.

From tagged rel eases, we deternmined the relationship between the state
of snoltification at release and length of mgration tinme fromthe hatchery
to the estuary.

At approximately 2-week intervals during the spring and summer of
1979, 30 fish were renmoved by dip net from representative ponds or raceways

at Tucannon, Carson, Leavenworth (Chelan), and Big Wite Salmon Hatcheries.



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 gil
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 (Wdenmeyer 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 hypodernic needle. Small fish were
bled by severing the caudal peduncle and collecting the blood in
heparini zed capillary tubes.

Bl ood sanples taken for hematocrits (packed cell volune) were



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®

Stock and species

Year

T of latent BKD detectable

Plasma :\;}k;giy[cs 3/

in the kidney by IFAT

Chelan-Leavenworth
steelhead

Wells
steelhead

Tucannon

steelhead

Carson
spring chinook

Big White Salmon
fall chinook

(1979)
(1978)

(1979)
(1978)

(1979)
(1978)

(19719)

(1979)

8-day post seawater Peak (Meq/1)
entry gilll ATPase freshwater gpill Hematological data
activity-umol ATPase activity- (taken at Manchester
umoles pi/mg pr/h upon arrival) Na c1
Mean Mean
Activity hematocrit hemoglobin _
Min. Date X value (1) g/100 ml n X n X n
11.2 4-23-79 9.4+2.2 49.8 8.9 10 154.0 10 124.8 16
14.2 5-03-78 7.5 43.3 8.9 60 165.0 58 130.9 60
5-19-79 16.5+%.2 50.8 9.6 39 138.2 20 132.9 59
7.1 5-03-78 17.0 55.6 11.4 58 150.3 58 107.9 53
18.0 5-08-79 25.949 53.0 9.2 58 140.7 59 127.0 58
10.9 5-08-78 18.2 48.5 9.7 60 159.5 59 131.6 60
5-22-78 11.7
25.8 (uwp to  20.445.4 36.7 5.2 10 145.6 10 1341 10
release)
5-01-79
5-09-79 13.5 43.6 7.1 53 170.3 - - 53

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 Goose Dam X = 134.2
(downstream from Dworshak) range: 128-141
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
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Table 6.--Pathological conditions observed in the homing stocks and their percentage of incidence.
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Ciliated protozoan parasite
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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 Survival N Days % Z Negative for
(start) (%) 30 day (end) in survival mortality pathogenic BKD Vibrio ERM Furunculosis Other

Stock and species and date  post entry and date seawater to end __per day  bacteria () (2) (%) (%) (%) ()
Chel an- Leavenorth 200 59 16 207 8.0 0.44 3.4 0 34.8 0 0 61.8
st eel head 4-27-79 11-20-79

Veélls 200 17.5 9 193 4.5 0.49 0 0.7 4.6 0 0 94.8
st eel head 5-11-79 11-20-79

Tucannon 200 48.5 37 190 18.5 0.43 10.0 0 26.7 1.7 0 61.7
st eel head 5-15-79 11-19-79

Carson 200 56.5 41 202 20.5 0.39 Nunbers examined were not sufficient to evaluate.
spring chinook 5-02-79 11-20-79

Big Wite Salnon 150 93.3 11 189 7.3 0.49 7.1 0 85.7 0 0 7.1
fall chinook 5-21-79 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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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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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.
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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
any early osnoregul atory stresses.

RESULTS AND DI SCUSSI ON OF HATCHERY CHI NOOK SALMON SURVEYS
Carson Hatchery Spring Chinook Salnon
G 1l Nat-K+ ATPase
Figure 11 is a graph of the gill Na+-K+ ATPase activity in 1979
The enzyne val ues were sonmewhat higher in 1979 than in 1978. The tine

during which activity increased appeared to be the sane in both years.
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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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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
antigenic stinmulation. This is supported by the confirmation of bacterial
ki dney disease in this stock. In addition, the Carson Hatchery spring
chinook salnon had the highest incidence (25% of granul omat ous
inflammation of the olfactory sac, which may be associated wth
gramul omatous |l esions of the liver and kidney typical of BKD.

Seawat er Adaptation

At the tine of seawater entry, the Carson Hatchery spring chinook
sal non were visually characterized as primarily transitional (55% and
smolted (399 fish. The mean weight of the smolted fish was 25.8 g and the
mean wei ght of the popul ation sample was 23.0 g.

In early sumrer, 13 precocious nales were observed in the surviving
popul ati on. If this represented the maxi num knunber in the original
popul ation, there would be a mininum loss of 6.5% from precocious
mat ur at i on.

Initial |osses due to osnoregul atory dysfunction were mniml (6%.
Further | osses occurring during the third and fourth week after seawater
entry, were probably due to seawater diseases. The survival during
seawater culture is shown in Figure 14, and indicates that approximately
60% of the fish were able to survive the first 30 days.

Big Wiite Sal non Hatchery Fall Chinook Sal non
G 1l Nat-K+ ATPase

Fall chinook sal mon used in the honming experinments were tagged and
noved fromthe Spring Creek Hatchery to holding ponds on the Big Wite
Salmon River. Gl Na+-K+ ATPase activities are plotted in Figure 15.

G Il Nat+-K+ ATPase in the homng study fish showed an increase in
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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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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
and |ynphocytic infiltration in the gills (Table 6). This stock suffered

mortalities fromenteric red mouth disease (Yersinia ruckerii) after they

were transferred to the Big Wite Sal non Hatchery rearing ponds, and this
may have contributed to the devel opment of these |esions. The hi gh
inci dence of focal nononuclear cells in the liver is indicative of possible
antigenic stinmulation and is consistant with the confirmation of bacteria
ki dney di sease by |FAT.
Seawat er Adaptation

The nean weight of the Big Wite Sal non Hatchery fall chinook sal non
sample was 7.6 g when introduced to seawater, and only 15% of the test
group were visually characterized as smolts (mean weight of 9.7 g). The
majority of the remaining fish appeared to be in the transitional stage.
The inmediate nortality from osnoregul atory stress was slight, and the
survival during the first 30 days in seawater was over 90% (Figure 17).
The nortality increased dramatically after 60 days in seawater, and was due
primarily to seawater diseases. No precocious males were observed in this

test group.
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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
denonstrate that this sensory receptor can be the site of pathol ogical
conditions in normal popul ations.

For exanple, as nentioned in the section on steel head, ciliated
protozoans in the olfactory sac were found in 53% of the Tucannon
st eel head. Hi st ol ogi cal evidence of any type of olfactory sac pathol ogy
was neglible in the two other steel head stocks, and no pathol ogy was found
in the Big Wite Salnon fall chinook sal non. No parasites were found in
the olfactory sacs of the Carson Spring chinook sal mon, but evidence of
sonme type of inflammatory |esion was found in over 25% of the Carson fish.
The pathol ogi st suggests that the |lesions found in both the kidney and
ol factory sac are highly indicative of bacterial kidney disease, and that
the nares may be a portal of entry for the organi sm (Appendi x B). As a
result of this assessnent, we exam ned tissue smears of the olfactory sac
by | FAT of the Leavenworth and Carson Hatchery spring chinook sal mon from
the follow ng year class. BKD organi sns were found in nmany sanples,
including some in the Class Il and Ill intensity. Until we have sufficient
tag return data for any of the 1979 homi ng study releases of fish, it wll
be difficult to assess any problems that may have been due to pathol ogy of
the olfactory sac

In 1979, the general health status of the Big Wite Sal non Hatchery

fall chinook sal non stocks was good in conparison to the Carson Hatchery
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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.
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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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. | NTRODUCTI ON

On the spring of 1978, the National Marine Fisheries
Service (NWVFS) Manchester, Vﬂshin?ton | aboratory began an
annual study to evaluate various factors pertinent to the
successful snoltification, ocean survival, and adult return
of sel ected anadronous sal nonid fish stocks of hatchery
origin in the Colunbia River basin. A portion of this
study was devoted to ascertaining the general health
profile of each stock at the tine of snoltification and
I mredi ately prior to hatchery release and natural out-
magration into saltwater. The purpose of this genera
health profile was to determ ne the occurrence and incidence
of selected infectious diseases known to be potentially
important to the growth and survival of salnonid fishes in
general. The health profile data acquired is then used in
the evaluation and interpretation of other data obtained
with regard to the relative success of saltwater adaptation
ocean survival, and hatchery return potential.

M grant hatchery fish stocks were exam ned for selected
viral, bacterial, and parasitic disease agents using a wde
variety of techniques as described in the parent NVFS
proj ect report. Summary results of the first year of this
study pertaining to 1978-79 brood year stocks have been
reported by Busch (1979), CZESD and ETSD (1979), Novotny
and Zau%g (1979). This report concerns itself only with
the work contracted by NVFS to Rangen Research under USDC
NOAR Purchase Order No. 79- ABB-00276 (Rangen Contract No.
9-79) and pertains to that portion of the general health
profile dealing with the screening of selected popul ati ons
for the presence of inportant viral pathogens known to
infect salmonid fish in North Arerica. |Included anmong
these pathogens are infectious pancreatic necrosis virus
(IPNV), infectious hematopoietic necrosis virus (IHW),
Herpesvirus salmonis, and any additional replicating agents
capabl e of inducing specific cytopathic effects (CPE) under
the given conditions of surveillance.

The virus di sease nost comonly associated with Pacific
sal mon and steelhead trout stocks in the Pacific Northwest
Is infectious henatopoietic necrosis virus. | HNV was
first recognized in 1951 in sockeye sal mon (Onchorhynchus
nerka) at Leavenworth National Fish Hatchery and kokanee
sal non, a land-1ocked sockeye salmon, at Wnthrop Nationa
Fish Hatchery. The virus was isolated for the first tine
from sockeye salnon in 1958 (Wod, 1974). The disease is
known to cause significant nortality in hatchery popul ati ons
of Pacific salnmon and steel head trout as well as other
sal noni d species all along the Pacific coast of North
Arerica fromCalifornia to Alaska and is considered endem c
to many watersheds including the Colunbia R ver Basin.

IHNV infection characteristically results in a peracute
to acute course of disease resulting in high levels of
nortality in chinook salnmn (Onchorhynchus tshawytscha)
and an acute to subacute disease in sockeye sal non. The
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di sease is characterized, as its name inplies, by destruction
of the hematopoietic tissues resulting in an acute condition
of henorrhage, anem a, and often severe nortality among fry
and fingerling fish under hatchery conditions. | nf ection
seems to be primarily vertical in nature with the disease
being transmtted with the eggs and reproductive fluids of
asynptomatically infected returning broodstock. The coho
sal non (Onchor hynchus ki sutch) appears to be nore resistant
to IHNV infection than the other species of Pacific sal non
but can function as an asynﬁtonatic carrier in the mainten-
ance and dissem nation of the disease (Wlf, 1972).

Survivors of an epizootic infection of IHNV are known
to carry the virus in an eclipse phase of intracellular
infection typical of the rhabdovirus group of which it is
a menber. During this asynptonmatic carrier state, the virus
is not detectable by routine nmethods of surveillance and
is presumed to be non-infectious. This period of subclinica
infection includes the time of physiological transition to
sal twater known as smoltification. The latent effects of
its presence upon snoltification, ocean survival, and adult
return are not known at this time. However, the detectable
infectious virus has been shown to reappear inmediately
prior to spawning in infected popul ati ons of returninﬂ
adults and is readily transmtted to the progeny at this
time.

The early epizootiol ogy of suspected viral diseases
including IH\V in the Colunbia River drainage is reviewed
by Parisot et al. (1965). Several extensive surveys to
determne the incidence and distribution of the virus have
been conducted since that tine in selected stocks of
Columbia River trout and sal non. In 1972, Anend and Wod
reported that no IHNV could be found in Colunbia River
stocks of Pacific salnmon returning to 15 selected hatcheries
in the state of Washington. These findings were based upon
the extensive sanpling of 130 to 150 ovarian fluid sanples
taken from each population at the time of spawning. Tebbit
and McM chael (1973) found no evidence of IHNV in 10
Col unbi a River sal mon stocks returning to hatcheries in the
state of Oregon during 1971 and 1972. However, in 1973
they reported the confirmed isolation of IH\V from an adult
spring chinook salnmn stock returning to Oregon's Pelton
Dam Hol ding Facility. Numerous additional studies have
been undertaken by various state and federal agencies in
subsequent years but have often failed to be conprehensive
in design and execution and their results are often not
readily avail abl e.

Even though IH\NV has not been found to be a major
probl em for Col unbia River stocks of chinook salnon, in

general, it does continue to pose a threat to this specie
as well as sockeye sal mon under hatchery conditions. The
real occurrence and incidence of IH\NV is still not well

defined due to problems in the detection of asynptomatic
carrier states of infection durln%_the eclipse stage of
the virus. Know edge is also lacking on the possible
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residual effects of the carrier state infection on
successful smoltification, saltwater survival., and adult
return. The disease renains endemc. to the watershed and
has been increasing in its known host range, geographical
distribution, and physical tolerances such as tenperature.
| HNV has recently been found to be pathogenic for rai nbow
trout (Salno gairdneri) fry, fingerlings, and yearling
fish at 14.5 C. (58 F.) in the Snake River drainage of the
upper Colunbia R ver basin It has also been found in a
subclinical infectious carrier stage in rainbow trout
broodstock in this same area ghbrton and Busch, 1980).

Anot her salmonid virus, infectious pancreatic necrosis
virus (IPNV), has not often been associated with or
considered a problem in Pacific salnon stocks. However,
I[PNV is known to be endemc in the Colunbia river drainage
where it is primarily recognized as a reovirus disease 0
trouts and chars. It is also known to be capabl e of
infecting Atlantic, coho, and chinook salnmon (Fish Health
Section, 1974).

PNV is considered to be the sane disease originally
described by M Gonigle (1941) in brook trout (Salvelinus
fontinalus) and Atlantic salnmon (Salnmo salar) in hatcheries
in the Canadian naritime provinces and later confirnmed by
MacKel vie and Artsob (1969). The pathogenesis of IPNV in
Atlantic salnon has recently been described by Swanson and
Gllespie (1979). The disease was first isolated in the
western United States in 1963 by Parisot, et al.

I PNV disease is typically characterized by a peracute
to acute course of infection and nortality of fry and
fingerling fish or a subacute to chronic infection of
| arger fish up to and including yearling sizes. The
infectious agent is readily transmtted horizontally
through the water between fish by means of infected feces
and urine fromclinically diseased or asynptomatically
infected carrier fish. It is also readily transmtted in
a vertical manner fromasynptomatically infected adult fish
to their progeny via infected reproductive fluids and eggs.
Survivors of an epizootic infection often remain asynpto-
matic carriers for life and continually shed the infectious
virus into the water, a condition which has recently been
model ed on a Chinook salmon cell line by Hedrick, et al.
(1978), and established in rainbow trout under |aboratory
conditions by Reno, et al. (1978). The disease has been
shown to be transmtted in the natural environment to
susceptible stocks and maintained in wild and fera
popul ations for extended periods of tine with the incidence
of infection gradually decreasing over tinme when no new
introduction of the virus is made (Yanmanoto, 1975).
Sonstegard (1970) al so showed | ong term survival of |PNV
in the gastrointestinal tracts of selected non-sal nonid
fishes, picivorous birds, and aquatic invertebrates.

Until 1968, |PNV had not been known to occur in any of
the Pacific sal non species. However, in July of that year,
Wl f and Pettijohn (1970) isolated the virus from coho
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salnon fingerlings at Lamar National Fish Hatchery in
Pennsyl vani a. The eggs of the infected stock had been
taken from a spawning popul ation of |andl ocked adult
salmon in Lake Mchigan. The fish had been checked for
virus as fry and were determned to be free of the infect-
ion. However, |PNV was enzootic anong hatchery stock:; of
trout at the time and virus was soon isolated fromthe
fingerling salnmon during an epizootic of furunculosis
di sease (Aeromonas salnonicida). No nortality could be
attributed to the presence of the virus and evidence
indicated that infection was due to horizontal rather
than vertical transm ssion

Arend and Wod (1972) surveyed 15 Colunbia River
stocks of Pacific salmon returning to hatcheries in the
state of Washington in the fall of 1970, selecting only
for ITH\NV on primary screen and confirmatory cul tures.
Consequently, no IPNV was reported. In 1973, Tebbit and
McM chael reported on the surveillance of Colunbia R ver
stocks of Pacific salnon returning to selected hatcheries
in Oregon. Their conprehensive design included the
exam nation of visceral tissues and ovarian fluids from
60 adult femal es fromeach of four discrete popul ations
Adult fish and progeny fry were also bled and the sera
titered for specific neutralizing antibodies against the
common viral diseases. PNV virus was isolated fromtwo
of twelve five-fish tissue pools from adult coho sal non
returning to the Bonneville Hatchery in 1971 and also from
their progeny fry in thirty or thirty ten-fish pools
indicating vertical transm ssion. It is interesting to
note that McM chael (1974) was only able to isolate virus
from the fry progeny at 30 and 60 days of age post hatch
2nd that these same fish as fingerlings, when sanpled at 90
and 210 days post hatch, no |onger yielded detectable Level-s
of virus but did denonstrate specific neutralizing antibodies
against IPNV wth titers in excess of 1:200 as confirm ng
evi dence of prior exposure. Attenpts at horizonta
transm ssion of the virus under hatchery conditions were
unsuccessful at 15 C

A report in the FAO Aquaculture Bulletin (1973)
indicated that MM chael's coho salnon isolate of PNV
was unlike the standard ATCC UR-299 (Anerican Type Culture
Collection) IPNV trout isolate and nore typical of French
isolates of IPNV that are known to lose 99% of their
infectivity in a single freeze/thaw cycle

Wien Tebbit and McM chael (1973) continued their
sanmpling program they found returning adult popul ations
and therr pro%eny fry to be negative for IPNV at all of
the selected hatcheries sanpled in 1972 and 1973. However,
they were able to denonstrate specific IPNV neutralizing
antibodies in the sera of 270 adult fall chinook and coho
salmon.  The overall incidence was 74%in the returning
coho and 92% in the returning fall chinook popul ations.
In 197% they were also able to isolate PNV from adul t
coho salnon returning to Cascade Hatchery but the virus
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could not be denonstrated in the fry Brogeny or in the
adult returnsthe following year. Tebbit and MM chael
(1973) also reported finding PNV in adult chinook sal non
returning to the Pelton Dam Holding Facility in 1973 after
the adult returns and progeny fry were found to be free
of the virus in the 1971 and 1972 brood years.

PNV was isolated from steel head trout being reared at
| daho Power Conpany's N agria Springs Steel head Hatchery
in the Snake River canyon of Southern Idaho near Buhl in

1974.  IPNV is known to be endemc to the comercial rainbow
trout hatcheries in the local area and its appearance at the
N agria Springs station was not surprising. The virus has

since reappeared at the station periodically and has been
associated with significant nortality.

In 1974, Wod indicated that he had yet to nake any
positive I PNV isolations from Col unbia River stocks in
Washi ngton state. However, in 1975, Tebbit reviewed
McM chael 's initial surveillance results and continued the
program  Again |ooking at visceral tissue sanples, ovarian
fluids, and progeny fry, Tebbit was able to denonstrate
IPNV in six of twelve five-fish tissue pools from adult
coho sal nmon returnin% to the Cascade hatchery during the
1972 Dbroodyear, but he could not denonstrate vertica
transmission to the progeny fry. That sane year Tebbit
also isolated IPNV from a population of spring chinook
salmon fry at the Pelton Dam Holding Facility that were
the progeny of an adult stock that had been previously
di agnosed with a confirmed asynptomatic infection of
| HNV ( Tebbit, 1975).

In 1967, Wlf and Quimby were first able to denonstrate
the devel opnent of specific viral neutralizing antibodies
in the serum of asynptomatically infected IPNV carrier fish
Presence of such specific antibodies are considered as
presunptive serol ogical evidence of prior or concomtant
exposure to the virus. During the 1973 broodyear, Tebbit
was able to detect IPNV specific neutralizing antibodies
in the sera of adult coho salnmon returning to both the
Sandy Hatchery and the Bonneville Hatchery. None of these
seroposi tive popul ations or their progeny fry yielded a
confirmed viral isolation. Tebbit continued surveillance
during the 1974 brood year but failed to isolate virus
from any of the adult returns sanpled but |PNV specific
neutral 1 zing antibodies were found in a stock of |andl ocked
spring chinook salnon in the Detroit R ver inpoundnment on
the North Santiam River in Oregon. An endem c infection
of 1PNV had previously been denonstrated in wld cutthroat
trout populations in these sanme waters.

Based upon the findings of both PNV and IH\V in stocks
of anadronous sal nonids 1n the Colunbia River basin, the
state of Oregon established a nmanagenent policy prohi biting
the transport of any Colunbia R ver stocks of tfish to a
coastal river system for fear of dissemnating an endemc
viral disease problem

In 1975, Ml cahy and Sanders reported isolating |PNV from
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spring chinook salnmon a+, the Oegon Fish and Wldlife

&m ssion's Corvallis Research Laboratory. More recently
in the first year of this study, Busch (1979) was able to
isolate IPNV from 16 of 28 stocks of Pacific sal non and
steel head trout snolts at 12 of 18 Colunbia R ver hatcheries
sampled. The incidence of infection anong 11 coho sal non
stocks sanmpled was 82% O five steelhead trout stocks
exam ned, 75% were found to be infected with IPNV. Four
spring chinook sal mon stocks had an incidence of IPNV of
60% and ei ght fall chinook sal non stocks had an incidence
of IPNV of 33% Al: infections appeared to be asynptomatic
carrier states and could not be associated with any
significant nortality.

It has been shown tinme and again that [PNV can indeed
infect Pacific salnon and steelhead trout. It is becom ng
recogni zed that IPNV may be all too common as an asynptomatic
matic infection in a wde variety of discrete spawni ng
popul ations in the Colunbia R ver basin and that these
Infections nmay be easily mssed or not clinically diagnosed
in certain types of sanples taken at certain stages in the
i1fc history of the Pacific salmon and steel head trout.

It still remains to be shown whether or not the presence
of an endemic infection of IPNV has a detrinental effect
upon the population. Mrtality directly attributed to the
presence of the virus under hatchery conditions has yet to
be denonstrated for Pacific salnon stocks but -is known to
occur with steel head trout popul ations.

The |l ast of three recognized salnonid viruses to be
potenial 1y found in the Colunbia R ver basin is Herpesvirus
salnonis. This virus or other closely related viruses are
known to in fect rainbow trout and sockeye salmon at all
stages in their life history and has been inplicated in
nortality of both fry and adult fish. The virus was first
described in Japan as being endemc anong certain stocks
) f sockeye salnon. It has only been diagnosed once in the
United States as an asynptonmatic infection of rainbow trout
broodstock at the Wnthrop National Fish Hatchery. The
virus still remains a fairly unknown entity with regard to
the general health of Pacific salnon and steel head trout
stocks as its true host range, geographical distribution
and general ecology and epidem ology has yet to be
determned (Wlf, et al. 1975).

. MATERIALS AND METHODS

Procedures of viral surveillance were designed to fit
within the overall field sanpling programand budget of
the parent study and, at the sane tine, give optinmm
sensitivity and accuracy with regard to detecting the
presence of any of the major salnonid viruses found w thin
the Colunbia R ver basin. Techniques for both surveillance
of viral diseases including primary isolation and confirned
serological identification and surveillance of specific



page 7

viral neutralizing hunoral antibodies were used.
A total of 5 stocks of chinook sal non, coho sal non, and
steelhead trout fromb5 different Colunbia R ver basin
hat cheries (Figure 1 and Table 1) were checked for the
presence of virus at the tine of snoltification and
hatchery release during 1.979. Field sanpling was conducted
by NMFS personnel according to procedures established by and
wth field sanpling kits provided by Rangen Research (Appendi x
A). Hatchery stocks being sanpled were first transported
in a live haul container back to the NWFS Laboratory at
Manchester, Washington. They were then maintained In
freshwater flowthrough systens (Beaver Creek water supply)
for one to two days prior to lethal sanpling. The field
sanpling diluent provided was fornulated (see Appendi x B)
to provide optimm survival of any infectious virus under
transport conditions while inhibiting the growth of any
m crobi al contam nants. It was provided in sterile graduated
pol ycarbonate screwcap tissue culture grade centrifuge tubes
(Corning #25310, Corning dass Wrks, Corning, New York).
The use of the graduated tube allowed for the cal cul ation
of accurate sanple dilution factors based upon the displ ace-
ment nmethod as 0.2 g. of tissue was pooled from each of
five fishinto 9 mM of field sanpling diluent and a total of
tw eve five-fish pools collected fromthe randomy sel ected
60 fish sanple. o
Serum sanpl es were obtained by lightly anesthetizing
60 fish fromeach stock in an aerated solution of 1:20,000
tricaine nethanesul fonate (Ayerst Laboratories, New York).
In most cases, blood was sanpled fromthe caudal arch by
means of a 1.0 cc heparinized syringe fitted with a 25 G
hypoderm c needle. Small fish were bled by severing the
caudal peduncle. Al whole blood sanples were inmediately
transfered to heparinized mcro-capillary tubes, plugged
at one end, and centrifuged for three mnutes in a day-
Adans Autocrit Il centrifuge. The serum was then trans-
fered to a second mcro-capillary tube, plugged at both
ends, and placed sequentially in a nunbered tube rack
Fol | owi ng conpl etion of all sanpling procedures and
the Field Sanpling Data Sheet (Appendix A), the conplete
refrigerated field kit and sanples were returned to the
Rangen Research Laboratory in Hagerman, |daho via G eyhound
NBO Package Express Service. The average time in transit
was 20 hours and the tenperature of the sanples upon receipt
was consistently between 6 and 8 C. A duplicate set of
tissues sanples were taken fromthe same fish as per the
directions of Dr. Dan Milcahy and sent to the Nationa
Fi sheries Research Center in Seattle, Washington for
confirmatory viral analysis by a conparabl e methodol ogy.
Upon recei pt into the Rangen Laboratory, the receiving
tenperature of the tissue sanples was recorded. The raw
serum sanples were stored at 4 C for a maximmtime of
five days prior to titration and serum neutralization
The twel ve tissue sanple tubes were assigned a group
accession nunber and each tube in the group given a
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FIGURE 1, GEOGRAPHIC LOCATION OF SELECTED COLUMBIA RIVER
DRAINAGE SALMON AND STEELHEAD HATCHERIES SAMPLED FOR
VIRUS DURING 1979.
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TABLE 1. STCCKS OF PACIFIC SALMON SMOLT EXAM NED FOR VIRUS AT THE TIME

CF RELEASE
1979 |

FROM SELECTED COLUMBI A RIVER DRAINAGE HATCHERI ES DURI NG

STATION

STOCK EXAMINED

DATE SAMPLED

RANGEN ACC. NO.

Big Wite Sal non
Carson
Leavenworth
Tuccanon

W nt hr op

fall chinook sal npn

spring chinook salnon

st eel head trout

st eel head trout

st eel head trout

(Chel an st ock)

(Vells stock)

5/ 24179
5/8/ 79
4/ 25/ 79
5/ 16/ 79

5/ 15/ 79

208-79

179-79

158-79

203-79

195-79

o3ed

6
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serial numeric identifying code. The refrigerated tissue
pool s were honogenized in situ with a Polytron PUC 2-110
honogeni zer fitted with a steamsterilizable stainless

steel PT-10 generator (Brinkman Instruments, Westbury,

New York) for 30 seconds. The honogenized tissue sanples
were then centrifuged at 2,000 X g for ten mnutes at 4 C

in a Sorval RCG5 refrigerated centrifuge with an HS-4 rotor
and appropriate tube adapters (Dupont/Sorval, Newtown, Conn.)
to renove large cellular debris. Two tenths of a mlliliter
of the supernatant was Pipetted off with a sterile disposable
pol yethylene tip and diluted in 1.8 m of a disinfecting

di luent (Appendi x B) and incubated at 4 C. overnight for
decontam nation of fungal and bacterial organisns. This
procedure resulted in a final 1:100 working dilution of

the original tissue sanpled. Al sanples were maintained

at 4 C. during all preparatory procedures.

Ti ssue sanples received into the | aboratory were screened
for the presence of virus within seven days of sanpling.
Viral screen tests were conducted with a mcroculture
Procedure using the Chinook Sal non Enbryo (CHSE-214) cell

ine in passages 267 through 277 and a MEM 10-Tri s- PSF nedi a
(Appendix B) at 12.5 C. incubation for 21 days. Four
replicate wells of each of two dilutions were run for each
of the pooled tissue sanples. Mcroculture screen tests
were prepared by dropping 0.05 ml of the decontam nated and
diluted 1:100 tissue pool into each of the first four wells
of an eight well series on a sterile Mcrotest Il (Falcon
#3040, Becton, Dickinson, and Co.) tissue culture plate and
0.025 m of the sane sanple into the last four wells of the
eight well series using an Oxford 8000H sanpler and a
sterile Oxford 810S tip. During preparation, the mcro-
culture plates were tenporarily covered with a Fal con #3041
sterile lid and maintained at 15 C.  Appropriate |PNV and
HNV positive viral controls and negative nedia and cell
controls were set up for each group tested. After the
sanple dilutions were delivered to the mcroculture plate,
a stock flask of CHSE-214 cells that had been grown to
95% confluence at 20 C. in MEM 10-Tris-PSF nedia was
exam ned under an inverted m croscope for confluence and
quality and dissociated in 4 m of PAN EDTA nedia (Appendi x
B). The PAN EDTA cell suspension was centrifuged at 1500 N g
for four mnutes. The supernatant was decanted and the
pell eted cell nmass resuspended in a small vol une of MEM 10-
Tris-PSF nedia. The resuspended cells were further diluted
in MEM10-Tris-PSF nedia to a final 1:4 working concentration
based upon the surface area split ratio and placed in a
sterile 100 m covered flask containing a sterile magnetic
stir bar. The diluted cell suspension was placed on a
refrigerated magnetic stir plate with slow stirring to
maintain the cells in suspension. A sterile M nipet
repi petting syringe (Manostat #71-500-010, Manostat, New
York, N Y.) was fittedwith a sterile disposable 18g X 1%
hypoderm c needle and primed with the chilled CHSE-214 cel
suspension. Fifteen hundredths of a mlliliter of the
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di l uted CHSE-214 cell suspension was pipetted into each
well on the inoculated mcroculture test plate. The
plate was i mmedi ately seal ed with Fal con #3044 pressure
sensitive film and incubated at 12.5 C.  The suspended
CHSE- 214 cells were allowed to settle down through the
sanple material in the well, adsorb infectious virus
present, and attach to the bottom of the well.

Al viral screen tests were incubated at 12.5 C. for
21 days. Al wells of both dilutions of both test and
control series were periodically read under an inverted
m croscope for evidence of specific cytopathic effect (CPE)
cytotoxicity, and mcrobial contamnation. The daily
observations were recorded on the Virol ogi cal Exam nation
Report Sheet (Appendix C). If nmore than four wells in an
eight well series were found to be cytotoxic, the original
decontam nated sanple was diluted 1.2 with additiona
disinfecting diluent to a final working dilution of 1:200
and re-run on the mcroculture screen procedure as described
above. [f nore than four wells in an eight well test
series were found to be contam nated, the original sanple
was filter sterilized through a sterile 0.45u nenbrane
filter and re-run on the mcroculture screen procedure.

At the end of the 21 day incubation period, the 96 wells
on each plate (8 wells for each of 12 pool ed tissue sanples
in the lot) were classified as being either positive
(definite CPE), questionable (possible CPE or cytotoxicity),
or negative (no evidence of CPE or cytotoxicity) and pool ed
into one of three tubes according to its classification
After the supernatant medias had been aspirated and pool ed
fromthe wells of the mcroculture screen plates for further
testing, all wells of the plate were stained with a 1%
al coholic solution of crystal violet and dried as a
permanent record of the screen results.

The presence or absence of infectious virus in each of
the three classified screen pools was confirnmed and identif-
ied by neans of a mcroculture serumneutralization
procedure. One quarter of a mlliliter of sterile field
sanpling diluent was placed in each of the first three wells
of an eirght well series on a sterile mcroculture plate.
Twenty five thousandths of a mlliliter of EFDL #149 Poly-
valent 1PNV Antisera (Eastern Fish Disease Laboratory,
Kearneysville, West Virginia) diluted 1:100 in sterile
field sampling diluent was pipetted into the next tw wells
of each eight well series. Twenty five thousandths of a
mlliliter of EFDL #150 I HNV antisera diluted 1:100 in
sterile field sanpling diluent was pipetted into the next
two wells of each eight well series and finally 0.025 n
of EFDL #100 normal rabbit sera diluted to a final 1:100
wor ki ng concentration in sterile field sanpling diluent was
pipetted into the last well of each eight well series. Each
of the three classified and pool ed screen aspirates were
then serially diluted out to 10°° by pipetting 0.025 m of
the material into the first well of an eight well series,
mxing wth the diluent present, and transfering 0.025 n
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into the second well, mxing, and transfering 0.025 m into
the third well and mxing. Twenty five thousandths of a
mlliliter of the 10 dilution of the sanple in the third

wel | of each series was then transfered to each of the
remaining five wells in the series containing the various
antiseras. Appropriate positive PNV and IH\V controls as
wel | as negative nedia and cell controls were prepared in
the same nmanner. The prepared mcroculture serum neutral -
i zation glates were then tenporarily covered with a sterile
Fal con #3041 |lid and incubated at 15 C. for 60 mnutes to
af f ect approFriate neutralization of any virus present.
CHSE- 214 cells were then prepared to a 1:2 dilution based
upon surface area as described above and 0.15n of the
diluted cell suspension pipetted into the last five wells
of each eight well test series on the plate. The plate
was i mmedi ately sealed with film and incubated at 12.5 C
for five days.

The serumneutralization results were read under an
inverted mcroscope at the end of the five day incubation
period. The results were recorded on the Virol ogica
Exam nation Report Sheet (Appendix C). Destruction of the
cel |l monol ayer with characteristic CPE in well four, five
and eight of a test series indicated the confirnmed presence
of IH\NV in that sanple pool. Destruction of the cell
monol ayer with characteristic CPE in wells six, seven, and
ei ght 1 ndicated the confirned presence of IPNV in that
sanple pool. Destruction of the cell nonolayer wth
characteristic CPE in wells four, five, six, seven, and
eight could indicate the presence of Herpesvirus sal nonis,
a mxture of viral agents, partial neutralization of a
particular strain of a virus, or possibly a previously
undescribed viral agent in which case additional procedures
woul d have to be applied to confirmidentity. Al wells
denmonstrating CPE in an eight well sanple series on the
serum neutralization plate were pooled and | yophilized in
a stabilizer as a reference stock culture. Al wells of
the serumneutralization plate were then stained with a
1% al coholic solution of crystal violet and dried as a
permanent record of the results.

Sixty individual raw refrigerated serum sanples from
each stock of fish were screened for the presence of virus
specific neutralizing antibodies by nmeans of a microculture
nodi fi ed procedure using the CHSE-214 cell |ine in passages
267 through 277 and a MEM 10-Tris-PSF nedia (Appendix B).

A virulent IPNV stock culture originally isolated in 1978
from Leavenworth spring chinook sal mon as Rangen Path. 138-
78-3 éBusch, 1979), was used in all serum neutralization
procedur es.

The microculture neutralizing serumtitration procedure
was conducted by pipetting 0.025 ml of sterile field
sanPIing.diIuent (Appendi x B) into each well of an eight
wel [ series on a sterile Mcrotest Il (Falcon #3040) tissue
culture plate for each serumsanple to be titered using an
Oxford 8000H pipette and a sterile Oxford 810S tip. During
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preparation, the mtroculture plates were tenporarily
covered with a Falcon #3041 sterile plastic |id and
maintained at 15 C. Calibrated 0.025 mcrotiter |oops

(#1 -220-33 mcrodiluters, Cooke Laboratory Products,
Alexandria, Virginia) were flanme sterilized, wetted in
sterile 0.9% Hank's bal anced salt solution, blotted on
sterile towels, and |loaded with individual raw serum
sanpl es fromthe plugged heparinized mcrocapillary

tubes. The 0.025 m of raw sera was then serially

diluted through the eight well series of diluent on

the mcroculture plate to give a tw-fold series of
dilutions from1:2 to 1:256. Appropriate known positive
and negative trout and rabbit serumcontrols were included
w th each test. Following dilution, all wells on the plate
vere then inoculated with 0.025 ni of a field sanpling

di l uent suspension containing 10° TC D5, units of Rangen
Path. 138-78-3 Leavenworth spring chinook salmon |IPNV virus
previously grown out on CHSE-214 cells, covered, and

I ncubated at 15 C. for 30 minutes and -1 C. for an additional
30 mnutes to effect serum neutralization.

During the 60 mnute serum neutralization period, a
stock flask of CHSE-214 cells that had been previously
grown out to 95% confluence at 20 C. in MEM 10-Tri s- PSF
was exam ned under the inverted m croscope for confluence
and quality and dissociated in 4 m of PAN EDTA nedi a
(Appendi x B). The PAN EDTA cell suspension was centrifuged
at 1500 x g for four mnutes. The supernatant was decanted
and the pelleted cell mass resuspended in a snmall volunme of
MEM 10- Tris-PSF nmedia. The resuspended cells were further
diluted in MEM10-Tris-PSF nedia to a final 1:2 working
dilution based upon surface area split ratio and placed
in a 100 mM covered sterile flask containing a sterile
magnetic stir bar. The diluted cell suspension was placed
on a magnetic stir plate with slow stirring to naintain
the cells in suspension. A sterile Mnipet repipetting
syringe (Manostat #71-500-101, Manostat, New York, N.Y.)
was fitted wwth a sterile disposhle 18g X 1% hypodernic
needle and prined with the chilled CHSE-214 cell suspension
Fifteen hundredths of a mlliliter of the diluted CHSE-214
cell suspension was pipetted into each well on the incubated
serum neutralization plates. The plates were inmmediately
sealed wth Fal con #3044 pressure sensitive filmand
incubated at 15 C. for seven days. Al wells of both the
test and control dilution series were read under the
inverted mcroscope periodically for evidence of specific
cytopathic effect (CPE), cytotoxicity, and mcrobia
cont am nati on. (bservations were recorded as the highest
serum dilution denonstrating conplete viral neutralization
and a total lack of any specific CPE. Al wells of the
plate were stained with a 1% al coholic solution of crysta
violet and dried as a permanent record of the serum
neutralization results.
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I1l.  RESULTS

A total of 300 Pacific salmon and steel head trout
snmolts representing five discrete anadronous stocks at
five Columbia River basin hatcheries were tested for the
presence of infectious viruses during 1979. The results
of these tests are sumarized in Table 2. for each of the
hat chery stocks exam ned.

Nei t her infectious henatopoietic necrosis virus (IHN\V)
nor Herpesvirus salnonis were found during the course of

this study. Infectious pancreatic necrosis virus (IPNV)
has confirnmed at four of five hatcheries sanpled and in
four of five stocks of smolted fish exam ned. | PNV was

isolated fromtwo of three popul ations of steelhead trout
examned with all twelve five-fish pools of tissue from
the Wnthrop steel head trout stock being positive but only
one five-fish pool of tissue fromthe Tuccanon steel head
trout stock being positive. Al sixty fish sanpled from
the Chelan stock of steelhead trout from Leavenworth

Hat chery were negative for virus. In addition, all twelve
five-fish pools of tissue fromthe Big Wite Sal mon stock
of fall chinook salnon as well as the Carson stock of
spring chinook salmon were found to be positive for |PNV

Because of the statistically insignificant nunbers of
stocks included for surveillance in the 1979 study, further
analysis of this data by itself is not justified. However,
recogni zing that the year class of stocks exam ned for virus
in 1978 and 1979 are largely unique and discrete spawning
popul ations, the data from both years has been conbined
and sunmarized in Table 3.

Since the year class stocks checked for virus during
the 1978 and 1979 studies can be conbined to increase
sanple size and statistical significance, Table 4. is
used to summarize the conbined incidence of IPNV infection
anong and within populations by specie. [t is shown that
anong popul ations, by species, |PNV was nost common in
coho salnmon snolt (82% incidence among popul ations
sanpled) and |east common in fall chinook sal non snolt
(33% i nci dence anong popul ati ons sanpled). The |PNV
carrier incidence ofinfection within popul ations by
species was determned on the basis of confirmed vira
isolation from five-fish tissue pools within a sixty-fish
| ot for each ﬁopulation. On this basis, the IPNV carrier
i nci dence within popul ations sanpled was the highest for
coho salnmon snolt at 57% and |owest for fall chinook
sal mon snolt at 15%

None of the confirmed I PNV isolations could be associ at ed
with any significant nortality or loss within the popul at-
I ons exam ned.

The results of serumneutralization testing are sunmari zed
Is Table 5. I PNV specific neutralizing antibodies were
detected in 2.44% of the sera from spring chinook sal nmon
snolt at Carson Hatchery while PNV was Isolated from 33%



TABLE 2. SUMMARY
| SOLATED FROM

OF PRELI Ml NARY SCREEN RESULTS

SELECTED CoLumMBl A RIVER DRAI NAGE

SALMONID SMOLTS DURING 1979.

AND

CONFI RMED | DENTI FI CATION OF VI RUS

HATCHERY STOCKS OF

ANADROMOUS

STATI ON

STOCK

NUMBER OF SCREEN POOLS

CONFIRMED VIRAL

POSITIVE SUSPECT NEGATIVE ISOLATION RESULT
Big Wite Sal non fall chinook salnon 12 0 0 | PNV
Car son spring chinook sal non 4 5 3 | PNV
Leavenworth steel head trout (Chelan stock) 0 0 12 negative
Tuccanon steel head trout ! 0 1 | PNV
W nt hrop steel head trout (Wells stock) 12 0 0 | PNV

CT 83=rd



TABLE 3, SUMMARY OF CONFIRMED VIRUS ISOLATION AND IDENTIFICATION FROM SELECTED COLUMBIA
RIVER DRAINAGE HATCHERY STOCKS OF ANADROMOUS SALMONID SMOLTS DURING 1978 AnND 1979,

. 1978 1979
" *
STATION STOCK CONFIRMED RESULT CONF1RMED RESULT
Big Creek coho sal non IPNV
coho salmon (Cowlitz stock): IPNV
Bi g White Sal non fall chinook salnmon | PNV
Bonnevil |l e fall chinook salnmon (group 1) negative
Car son coho salnmon (yearling) | PNV
spring chi nook sal non negative
spring chi nook sal non | PNV
Cowitz fall chinook sal non negative
Dwor shak steel head trout | PNV
Kalama Falls spring chi nook sal non negative
coho sal non | PNV
fall chinook salnon negative
fall chinook salnon I PNV
Kli ckat at coho sal non | PNV
e
Kooski a spring chinook sal non | PNV g
it
Leavenworth spring chi nook sal non | PNV 5

(continue(l)



TABLE 3. (continued)

Leavenwort h

Little Wiite Sal non
Rocky Reach

Sandy

Spring Creek
Skamani a

Toutl e

Tuccanon

WIlard

W nt hrop

st eel head trout

st eel head trout (Chelan stock)

fall

coho

coho

fall

chi nook sal non
sal non
sal non

chi nook sal non

st eel head trout

coho
coho
fall

sal non
sal mon (Mntlake stock)

chi nook sal non

st eel head trout

st eel head trout

coho
coho
fall

sal mon (group 1)
sal mon (group I11)
chi nook sal non

steel head trout
steelhead trout (Wells stock)

negative

negative

negative
| PNV

negative
| PNV

[ PNV
| PNV
| PNV

negative

negative
| PNV
negative

| PNV

negative

IPNV

| PNV

*

from Busch, 1979
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TABLE 4. COMBINED INCIDENCE OF

1979.

COLUMBIA

INFECTIOUS PANCREATIC NECROSIS VIRUS

OF ANADROMOUS  SALMONID SMOLT AT DRAINAGE HATCHERIES

IN SELECTED STOCKS
DURING 1978 AND

Al Stations Sanpled
Al Stocks Combi ned
coho sal non
fall chinook sal non

spring chinook sal non
steel head trout

TOTAL STOCKS

STOCKS WITH

INCIDENCE OF INFECTION

INCIDENCE OF INFECTION

EXAMINED CONFIRMED IPNV AMONG POPULATIONS WITHIN POPULATIONS
19 14 74%
33 20 61% 41%
11 9 82% S57%
9 3 33% 15%
5 3 60% 41%
8 6 75% 52%

8T o3ed



TABLE 5. SUMMARY OF CONFIRMED VIRAL AND SERUM NEUTRALIZATION RESULTS FROM FIVE SELECTED

CoLUMBIA RIVER DRAINAGE HATCHERY STOCKS OF ANADROMOUS SALMONID SMOLTS DURING 1979.

CONFIRMED .. . ... coc - INCIDENCE OF
STATION STOCK VIRﬁéﬂ;ﬁ?ﬁATION Tg;ﬁ;ISEEA I;§£p¥6é¥¥¥;E SEﬁgﬁgﬁ§;JVE ;??g;
Big Wite Salmon fall chinook sal non IPNV e no serum sampl es taken --—————-—-
Carson spring chinook sal non | PNV 41 | 2. 44% 1: 4
Leavenworth steel head trout (Chelan stock) negative = ————————- no serum sanpl es taken —--————-——-
Tuccanon steel head trout | PNV 56 17 30. 36% 1:3.6
W nt hr op steel head trout (Wells stock) | PNV 38 0 0. 00% negative

6T 93ed
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of the honol ogous five-fish tissue pools tested. Steel head
trout snolts sanpled at Tuccanon Hatchery had a 30.36%
i nci dence of seropositive | PNV specific neutralizing
anti bodi es anDn? 56 individual sera while only 8.33% of
the honol ogous five-fish tissue pools were positive for
I PNV isolation.

Even though the Wells stocks of steel head trout at
W nt hrop Hatchery had a 100% i nci dence of | PNV isolations
anong the twelve five-fish tissue pools sanpled, no | PNV
specific neutralizing antibodi es could be found anong the
38 honol ogous individual sera tested. As no sera were
made available to the Big Wite Sal non or Leavenworth
stocks, no serum neutralization tests on these tw stocks
were run.

V. DI SCUSSI ON

The failure to isolate either Herpesvirus sal nonis or
i nfectious henmatopoietic necrosis virus (IH\V) during the
course of this study, either during 1978 or 1979, is not
unusual when considered within the given limtations of the
experinental design applied. Herpesvirus salmonis or other
closely related sal nonid viruses have yet to be isolated
from coho sal mon, chinook salnon, or steelhead trout in the
United States. In fact, the virus has only been isolated
once in North Anerica froma Col unbia R ver basin sal nonid
stock and has not been seen since. Due to the fact that
our know edge of the ecol ogy and epi dem ol ogy of the
disease is still limted, 1t can only be sald that the
virus was not detected within the |imtations of the
experinental design applied. Possibly by broadening the
scope of the study by including conditions known to be
optimum for the recovery of the virus at all stages in the
l1fe history of Pacific salnmon and steel head trout as well
as the application of nore sensitive techniques of serologi-
cal surveillance such as detection of specific neutralizing
factors in the sera or other body fluids or the detection
of specific antigens or antibodies in the various body
tissues and fluids by nmeans of enzynme |inked inmmunoadsorbent
assay (ELISA) or counterimunoel ectrophoresis (C E) procedure
could also give a better understanding of the ecology of the
di sease and its inpact on anadronmous stocks of sal nonids.

I nfectious henmatopoietic necrosis virus (IH\V) is known
to be endemic to the Colunbia River basin but is usually
considered a disease of fry and fingerling chinook sal non
and steelhead trout. Coho sal non appear resistant but are
known to function as asynptomatic carriers. IHW is also
known to enter into a non-infectious "eclipse" phase of
infection in post- epizootic or conval escent popul ations and,
as such, cannot be i1solated and identified by routine nethods
of cultureas applied in this study. |n order to obtain a
better understanding of the ecology, epi dem ol ogy, and
overal | inpact of IH\V on the anadronous sal nonid stocks
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of the Colunmbia River basin, surveillance prograns should
include testing of ovarian fluids from adult spawning
popul ations as well as progeny fry at the swimup stage
as these are the two stages in the life history of the
fish when the virus is known to exist in the infectious
form Techni ques of chem cal induction or serol ogical
survei | | ance using serum neutralization, ELISA and CE
procedures may be effective in detecting virus at these
and ot her stages when the virus nmay be present in the
non-infectious eclipse form

Extensive recent isolations of IH\N fromclinically
di seased rai nbow trout fingerlings and yearling fish at
14.5 C. (58 F.? (Morton and Busch, 1980 nag i ndi cat e
that strains of IH\NV in the Colunbia River basin are
significantly extending their host, geographic, and
tenperature tolerance ranges and again points out the
fact that the salnonids viruses are in a continuing
dynam c state of adaptation. Descriptions and accepted
facts of ecology and epi dem ol ogy based upon historica
information may not necessarily continue to hold true
in the future as the viral pathogens adapt to new hosts
and environments.

I sol ation of infectious pancreatic necrosis virus (IPNV)
from the stocks examned and, in particular, the repeated
finding of a relatively high incidence of the virus anon
the populations in conparison to sonme previous reports o
survei |l | ance agai n seens unusual upon initial exam nation
as was pointed out in last year's study. However, when
one takes into consideration that 1PNV is: 1) known to be
endem c to | arge areas of the Col unbia River basin; 2)
known to infect both Pacific salmon and steel head trout
under both experinental and natural conditions; and 3) has
been detected in at |east ten discrete popul ations of
Paci fic sal mon and steel head at seven different stations
since 1971 and prior to this study; the results take on
a nore consistent image. It is also noted in this study
and in several previous surveillance studies that | PNV
has been isolated only fromvisceral tissues of infected
returning adult stocks and their 30 to 60 day ol d progeny
fry and not from reproductive fluid sanples. However,
our current understanding of the epidemology of IPNV in
anadr onous stocks of Col unbia River sal non and steel head
trout seems to be primarily based upon studies which relied
primarily upon ovarian reproductive fluid sanples and were
specifically designed to nonitor for LHNV. Wen MM chae
(1974) and Tebbit (1975) sanpled both reproductive fluids
and pool ed visceral tissues fromreturning adult sal non
popul ations, they were able to isolate IPNV from four
di screte popul ations. However, all four IPNV isolations
wer e obtal ned exclusively fromthe pooled visceral tissue
sanpl es while all of the paired honol ogous reproductive
fluids sanples renained negative for the virus (Tebbit
1979, personal communication). This observation woul d
indicate that surveillance studies based solely upon
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reproductive fluid samples, while being well suited to the
detection of IH\V, may not accurately reflect the true

i nci dence or occurrenceof IPNV in a population of asynpto-
matic adult carriers.

It should also be noted that MM chael (1974) consistentll
failed to isolate PNV from known infected fry popul ations
of Pacific salnon after 60 daYs of age post feeding.
Therefore, additional surveillance prograns should be
designed to sanple fry and fingerling sized fish at 30 to
60 days of age post feeding and at snoltification prior to
hatchery release in order to detect the presence of |PNV
accurately.

PNV as well as many other diseases of viral etiology
are known to be stress nediated as well as being species
and age specific. The period of snoltification in the life
hi story of an anadronous salnonid fish is recognized as a
time of major physiological change and stress to the aninal,
particul arly under hatchery conditions of intensive culture
and nutrition. It is also a tine when hornonal bal ances
are in a state of flux and these too have been correl ated
with the occurrence of certain diseases. Therefore, it is
reasonable to assune that this period of snoltification
and physiol ogical stress, particularly when coupled wth
maj or changes in hornonal bal ances and behavior, could well
exacerbate a preexisting subclinical infection of |PNV or
even increase the relative susceptibility of an uninfected
popul ation to infection froman endem c source comon to
the hatchery or watershed. To the best of our know edge,
this is the first surveillance study to report on results
obt ai ned specifically from popul ations undergoing snoltifi-
cation.

Anot her consideration for discussion is the denonstrated
| ow incidence of IPNV to be found anobng the asynptomaticly
infected popul ations. Tebbit and MM chael (1974) reported
only two of twelve five-fish tissue pools taken from adult
coho salmon returning to Bonneville Hatchery in 1971 were.
found to be positive for IPNV. Only six of twelve five-fish
pool s of tissue fromadult coho salnmon returning to Cascade
Hat chery in 1972 were positive for IPNV (Tebbit, 1975). In
| ast years study of 1978 broodyear fish seven of the 16
popul ations found to be infected with I PNV denonstrated
virus in less than half of the five-fish tissue pools
exanmined on initial screening. This year, in 1979 brood-
year fish, two of the four populations found to be infected
with PNV denonstrated the virus in fewer than half of the
five-fish tissue pools exam ned on initial screening. These
findings would indicate that a full 60-fish sanple, based
upon hypergeonetric sanpling statistics, nmay be necessary
in order to consistently detect the virus. ~ Spot checks
of fewer than 60 fish are apt to mss detecting an infection
of low incidence as many seemto be.

A final consideration in the surveillance of IPNV in the
Pacific sal non and steel head trout stocks of the Col unbia
R ver basin is the denonstrated variability
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in the occurrence of the virus between different year classes
of a particular stock. During extensive sampling between
1971 and 1974, McMichael (1974) and Tebbit (1975) consistent-
ly failed to isolate IPNV from the same hatchery stocks
during subsequent years even though neutral izing antibodies
indicating prior exposure were found to be present at times.
Therefore, it appears reasonable to assume that the
demonstrated presence or absence of IPNV in a particular

year class of 2 given hatchery stock of anadromous salmon

or steelhead trout may not necessarily mean that all other
year classes of that same stock will be similiarly infected
or free of the disease. As was shown in Table 3. the 1978
vear class Of Carson spring chinook salmon were negative

for IPNV, however, the 1979 year class was found to be
positive. The same holds true for the Tuccanon steelhead
trout stocks examined in 1978 and 1979.

It should also be noted that paired five-fish pooled
tissue samples sent to Dr. Dan Mulcahy at the National
Fisheries Research Center in Seattle were all reported
as being negative for virus (see Appendix D). As Dr
Mulcahy indicated in his letter, this additional testing
did nothing to clear up the question. It is suggested that
additional intensive testing of 120 to 150 individual fish
from one or two selected sites be undertaken by two or more
laboratories using the identical cell lines, protocols, and
procedures as used in this study by Rangen Research. A
possible exchange of personnel may also be needed to insure
complete and accurate duplication. Additional methods such
as ELISA, CIA, FAT, etc. may also be considered.

The serum neutralization results obtained in this study
indicate that this technique may be useful in additional
surveillance studies. However, more sensitive serological
techniques such as ELISA and CIA may be able to give higher
Titers and more definitive results Sample es also need to
be handled and processed more rapidly to insure minimum
loss of acitvity during storage.

Based upon these observations including the relatively
low incidence of IPNV both among and within populations of
anadromous Pacific salmon and steelhead trout in the
Columbia River basin, the serological findings of McMichael
(1974) and Tebbit (1973) utilizing neutrallizing antibody
techniques, and the variability of clinical infection
between the different year classes and life history stages
of a particular stock, it is suggested that future attempts
at viral surveillance include both sampling of visceral
tissues as well as reproductive fluids from spawning
populations. Progeny fry and fingerlings should be sampled
at 30 to 60 days of age post feeding and smolted fish should
be sampled just prior to hatchery release. Attempts at
isolation of virus during the various stages of the life
history should be coupled with techniques of serclogical
surveillance based upon serum neutralization, ELISA, and
CIE procedures. All year classes of a particular stock
should be examined over the course of the study.
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Any additional studies of a viral surveillance nature
undertaken in the future may al so want to include procedures
for the detection of piscine erythrocytic necrosis (PEN)
virus disease, particularly if returning adult sal non and
steel head trout populations are included in the sanpling.

The denonstrated presence of PNV in snolted stocks of
Pacific sal non and steel head trout in the Colunbia R ver
basi n shoul d be of concern but not alarmto resource
managenent agenci es. PNV has yet to be associated with
any significant nortality in stocks of Pacific sal non under
hat chery conditions and 1s not an al together common cause
of nnrtality In stocks of steelhead trout with the possible
exception of one station in Southern Idaho. The disease
does, however, hold the potential for significant |osses
of steel head trout under hatchery conditions and signifi-
cant harmto this species. The sublethal inmpact of the
virus on Pacific salnmon throughout their life history,
particularly with regard to ocean survival and adult return
has yet to be determ ned.

V. CONCLUSI ONS

1. Infectious pancreatic necrosis virus (IPNV) was
Isolated from four of five stocks of Pacific sal non
and steel head trout snolts at four of five Colunbia R ver
basip hat cheries during surveillance of 1979 brood year
st ocks.

2. The presence of infectious pancreatic necrosis virus
(IPNV) in stocks of Pacific salnon and steel head trout
snmolts at selected Colunbia River basin hatcheries in 1979
was not associated with any significant nortality.

3. Infectious hematopoietic necrosis virus (IH\V) was
not isolated fromany of the five stocks of Pacific
sal non and steel head trout snolts at five Colunbia River
basin hatcheries in 1979.

4, Herpesvirus salmonis was not isolated from any of
the five stocks of Pacific salnon and steel head
trout snolts at five Colunbia R ver basin hatcheries in
1979.

5.  Additional funded in-depth studies are needed to
resol ve questions concerning the ecol ogy and epi dem o-
| ogy of infectious pancreatic necrosis virus (IPNV) in
hat chery stocks of Pacific salnon and steelhead trout in
the Col unbia R ver basin.
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RANGEN RESEARCH HATCHERY

TROUT AND SALMON DIETS L LIVE TROUT
FISH PAITHOLOLY . U:SERSE CERTIFICATION s CONTRACT RESEARLH

ROUTE ONE . TELEPHONE [208) 827.4464
HAGERMAN, IDAHO 83332

NMFS - MIGRANT SMOLT HEALTH INDEX STUDY

~-Field Sampling Procedures-

Field Sampling Kit - each field sampling kit consists
of 13 graduated plastic screw-cap tubes of sterile
viral sampling and transport diluent (12 sample tubes
and 1 replacement tube), 1 sample tube shipping rack,
1 preaddressed shipping label for return of' field
sampling kit and samples, 1 instruction and field
sampling data sheet, 1 insulated shipping container.
This kit is sufficient for sampling a single lot of
GO fish for virus screening. Field kits should be
stored at 4 C. prior to use and at no time should
they be frozen or held above 15 C. Gel packs of
refrigerant should be held in the freezer prior to
packing for return shipment.

Sampling Procedure - 60 fish should be randomly
selected from a defined lot and divided into 1.2 5-fish
pools. The fish should be sacrificed by a blow to

the head and aseptically opened to expose the Kkidney
and viscera with sterile dissection instruments. Care
must be taken during dissection not to cut into ttre
gastro-intestinal tract or otherwise contaminate the
internal tissues. Tissues for viral assay should be
quantitatively sampled with the modi ficd Russion Tissue
Forceps provided. The forceps should he dipped in
70% isopropyl alcohol and wiped clean to disinfect
between S-fish pools = Tissues from each fish are
sampled by taking one (1) full forcep of material

and depositing it in the sterile viral sampling
diluent. This t issue volume is critical and the
tissue should only fil 1 the cups of the forceps, no
more, no less. Tissues to be sampled from each of the
5 fish in the pool in order of sampling are the liver
(being careful to avoid the gall bladder and the
introduction of bile into the sample), the spleen
(being carefull to sample as little as possible of
associated adipose or fat tissue), and the kidney.
After all three tissues from each of the five fish in
the pool are sampled and placed in the tube o f
sampling diluent, the tube is capped tightly and placed
securely in the tube rack. Samples and dilucnt should
be kept cool and out of the sun during the entire
sampling procedure.

Shipping - When all of the samples arc taken and the
field sampling data sheet has been completed, all
materials are pla-ed back into the insulated shipping
container together with sufficient frozen gel pack
refrigerant to last for 48 hours. The preuaddressed
shipping label is placed on the outside «f the container

SAMLGEN
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Field Sanpling Procedures Page 2

and the container sent as soon as possible after
sanpling the single lot. Shipnent should be by either
G ayhound Package Express or United Parcel Service.
Avol d shipping over weekends or holidays. I f necessary,
hold sanples at 4 C. in a refrigerator and ship on the
fol l owi ng Sunday or Monday.

D. If there are any questions or problens, contact:

Dr. Robert A. Busch
Rangen Research Station
Route 1, Box 264

Hager man, |daho 83332

O fice: (208) 837-6192
Hone: (208) 837-6370
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NVFS - M GRANT SMOLT HEALTH | NDEX STUDY

-Field Sanpl ing Data Sheet-

NMFS Sanpl e Code: Dat &: / /

Sanmpl i ng Locati on: Ti me_ hour s
Techniclian:

Speci es Sanpl ed:

Oiginal Source and
Identification

Sanmpling Notations, Cbservations, Goss Lesions, etc.

Virus Disease History: Yes or No

1) Has a virus di sease ever been di angosed
in these fish stocks sanpl ed?

2) Has a virus di sease ever been di agnosed
at the station of origin of these fish?

If the answer is “yes” to either or both of the above
quest ions, please indicate which virus di sease was
di agnosed, on what date, and by whom

Sanpl e Shi prment | nformation:
Vi a: Dat e: / /
Point of Oigin: . Ti ne: hour s

Sampl e Recei pt | nfornation:
Recei ved Date: | Time: _______ hours
Condition :
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Formul ati on of Medias and Reagents

A Field Sanpling D | uent

C.

Dul becco's PBS (10X stock)

G bco x3408 100
T/ C G ade Water 800
Gentamcin (50 nmg/m stock)

Shering Corp. 4
Amphotericin B (250 ug/m stock)

G bco #5291, 4
Phenol Red (0.5% stock)

G bco #510 4

Adjust pHto 7.2 with sterile 1N NaCH

Adjust final volume to 1 liter wwth T/C
grade water

3 32 32 ==

Decant am nati on D | uent

Dul becco's PBS (10X stock)

G bco #408 100
T/ C Grade Water 800
Gentamcin (50 nmg/m stock)

Schering Corp. 20
AnPhotericin B (250 ug/m stock)

G bco #529L 2
Phenol Red (0.5% stock)

G bco #510 4

Adjust pHto 7.2 with sterile 1N NaCH

Adjust final volume to 1 liter with T/C
grade wat er

MEM 10-_Tri s-PSF Ti ssue Culture Medi a

Eagl e/ Earl e MEM (Aut o- Pow)
G bco #410-1700 4. 701
T/i' Gade Water 421. 3

Aut ocl ave at 121 C. for 15 m nutes
Cool and aspetically add:

Fetal Calf Serum (nmycoplasnma and virus free)
G bco #614 50
|-G utam ne (200 nM
G bco #503 5 m
Sodi um Bi carbonate Solution (7.55 stock)
G bco #508
Tricine Buffer (1M Tris)
G bco #573 5
Anti biotic-Antinycotic (100X stock)
Penicillin 10,000 U n

3z =z 32 3=

3J©
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Streptonycin 10,000 ug/m
Amphotericin B 250 ug/ m
G bco #600-5240
Cal cium Chloride (10% stock)

Adjust pHto 7.2 with sterile 1IN NaCH

Adjust final volunme to 500 M with T/C
grade water

= O
323

PAN EDTA Di ssoci ati on Medi a

Versene (1:5000 solution)

G bco #670-5040 100 m
Pancreatin (4X N.F. reconstituted to

2.5%in 20 M sterile T/C water)

G bco #R13-5720-L 4 m
Phenol Red (0.5% stock)

G bco #510 0.4 n
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( ) Diagnosis VIROLOGICAL EXAMINATION File No.:
( ) Certification FISH PATHOJI.OGY LABORATORY -
( ) Surveillance RANGEN RESEARCH HATCHERY Acc. No. :
Sumpling Date: / /[  Time: hours Technician: '
Receiving Condition: ( ) live () fresh No. Sampled:
( ) frozen ( ) refrigerated o Lot #:
Holding condition: hours . C Morb. : -
Comment : Mort. : B
Asvp |
N ) N
Tissue Sampleoed: ( ) whole fish ( ) mixed viscera () liver %
( ) spleen % ( ) pyloric caeca % () kidney o

( ) ovarian fluids ( ) seminal fluids ( ) other
Pooling: Lot # |Fish/Pool [No. Pools Lot # |I'ish/Pool jNo. Pools

Inoculant Preparation:
Pool |Tis. wt.|Buffer |[Sup.vol.| pen/strep jmycostat pvntamlol_lfllt(r fina’
|
_l
|

———— e —— e e e - —_—

& . ml ml ml_stock inl _stock [ ml prep 0.45 u Lt
R AT pAL A LA T NS L

s e e e e e e e e e e e ———

—_

—

N : 1 -
Prep. Incubation: °c hours Inoculation Date: / / Time: .
‘echnicran: Inoc: Vol.: 0.025 0.05 0.1 0.2 ml ( ) wet () or
( ) single ( ) duplicate ( ) microtiter ( ) multiwell () GO mm dist
Absorbtion Time: min. ____OC.

Cell Linc |Passage |Seed Date |Vessel | Growth Temp. | Conf. | Quality |Inc. 7«n

———— ) —
Modia: _ ________  Control Virus: e . S
Lot = _ —
RESULTS:
Date | Day .

—_ -
- t-
—- -
Jo 1T __}_;_ i | -
_ I _
T_- o - [

44 Ll -

B N W NN EEEN

|
!
TrT
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VI ROLOGI CAL EXAM NATI ON

(cont i nued) page 2
Serum Neutralization (mcrocul ture):
Set-up Date: / / Ti me: hours Techni ci an: o
Sanpl e Handl i ng: () raw () filtered () fresh () stored 4 C _ day
Neutralizing Antisera: Wrking DII.:
Working DIl .:
Control Sera: Wrking Dl .:

Cell Line Passage Seed Date Vessel Gowh Tenp. Conf. Quality Inc.

Neutral i zati on: Viral Sup. Wrking Dilution: Vol une: m
Antiserum Vol une: m Ratio: . -
I ncubation Ti me: mn. Tenp.: C.
[ nocul ati on: I noc. Vol.: m () wet () dry Absorb. Tinme: min,
Media: Lot #:

Control Virus:
Plate ldentification: .

b
]

IWELL A|B|C|D
ROW| Sample No. |[TEST

G, H RESULTS

QO IQIO U b W ||+

—t
o

.._l
[

12 B

Remar ks:
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National Fisheries Rescarch Center - Scattle
_’_5 Bldg. 204, Naval Support Activity
M,fif Scartle, Washington 98115

June 28, 1979

Mr. John A. Miller

.S, Fish and wildlife Service
Olympia Area Office

2625 pPrrrxmmont Lane

Olympia, Washington 98502

Dear John:

7.5 mentioned in our telcphone conversation today, we have com-—
rleted the virus testing of five Columbia River basin hatcherices.
Mr. Tony Novotny, NMFS, collected the fish and live-hauled them

to his facility. He supplied organ samples as 5 fish pools f{rom
cach yroup. FEach organ was split and half sent to us and half to
Dr. Fob Busch, Ranger Research Hatchery, Tdaho. One group was

of such small size that splitting organs was not pessible. Oroans
from scparate test groups were supplied. Stcve Leak, USEWS,
cbtained samples of one group at the time WNovotny picked up the
fish.

The sites and species tested and the results obtained are given
here:

Sprcies Location ~__ _Results
Busch Mulcahy Leek

Steelhead Wells Rearing Pond + - NT*
(held at Winthrop H)

Steelhead Leavenworth H. NT
(Chelan H. stock)

Steelhead Tucannon H. - NT
Sp. Chinook Carson H. + - -
Fall Chinook Big White H. + - NT

* Not tested

As you can see, this testing does not clear anything up. I would
recommend selecting one site for a more intensive examination of

about 150 individual fish. Both the usual detection metheds—yrd—
fluorescent antibody should be used. Additionally, a NAMH DB
L6/

CONSERVE
AMERCA'S !
ENERAY — ¥‘,_J

—

B -
\\\j Save Energy and You Serve America’ L~~——-—~———~:~-~———I
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Page 2
June 28, 1979

be rcturned to the lab for placcirent in salt water and any mor-
talities examined.

Please feel free to call me for any further assistance.

Sincerely,

Dan Mulcahy, Ph.D.
Research Virologist

cc: Steve Leek
Bob Busch
Tony Novotny



APPENDIX B

HISTOPATHOLOGY REPORT



APPENDIX B. Report of the Veterinary Pathologist
Correction:
References are made to the pathology of the olfactory "lobe" in the

following report. The correct terminology should be the olfactory "pit,"

"organ,"” or "'sac,” as the tissue examined was from serial sections through
the nares, which reveal the epithelium of the olfactory organ. The
olfactory lobe is a projection of the anterior lower margin of the cerebral

hemispheres.



BIOMED RESEARCH LABORATORIES

Biological Testing - Research & Development

P P PN

1115 E. Pike Street Seattle, Washington 98122 (206) 324-0380

*January 11, 1980

National Marine Fisheries Service
Manchester Marine Research Station
Anthony Novotny,

Fisheries Research Biologist

P.O. Box 38

Manchester, Washington 98355

SUBJECT: Histopathological survey of 3.979 Columbia River
hatchery stocks involved in the National Marine
Fisheries Service (NMFS) homing studies.

METHODS AND MATERIALS: The following five stocks of hatchery
fish are evaluated in this histopathological study:

1) Tucannon Steelhead

2) Chelan Steelhead

3) Big White Salmon Fall Chinook
4) Carson Spring Chinook

5) Wells Steelhead

Sixty fish from each hatchery are tagged in the lower
jaw with a numbered anchor tag, fixed in Bouin’s
solution for 24 hours, rinsed with tap water and
stored in 20 liter buckets of 10% buffered formalin
for a total of 300 fish.

The fixed tissue is trimmed into a set of four

blocks which are parafin embedded, sectioned and
stained with hematoxylin and eosin. Block #l consists
of a cross-section of the head containing the brain
and both eyes and occasionally thyroid; block #2,
the gill and thyroid (the second gill arch); block
#3, the liver and kidney and block #4, a cross-
section of the olfactory lobe.

LESIONS FROM BLOCK #l (eye, periorbital muscles and fat,
brain and optic nerve)

Lesions in the striated muscle and adipose tissue
surrounding the eye are rare and occur in only the
Chelan Steelhead and Carson Spring Chinook. The




evaluation of the muscle lesions is subjective and

it is difficult to tell fixation artifacts from

very mild degenerative changes. The typical (+) lesion
is a mild one in which there is an irregular loss of
myofibrills within the muscle fiber and a mild granu-
larity of the sarcoplasm. The moderate (++) lesions
are slightly more pronounced and in some instance
have a few mononuclear cells between the muscle
fibers.

The retrobulbar fat lesions vary from a mild infilt-
ration of mononuclear cells to necrosis of the adipose
tissue to actual inflammation which is usually a
pyogranulomatous retrobulbar panniculitis (especially
in the Carson Spring Chinook). This retrobulbar
panniculitis 1is associated with a pyogranulomatous
inflammation of the olfactory lobe in a high percent
of the cases. No intraocular lesions are present

in any of the fish.

One fish has an acute focal area of hemorrhage in
the periocular muscles which appears to be the result
of trauma immediately prior to death. One fish has a
microfocal accumulation of mononuclear cells in the
optic nerve, five have a mononuclear infiltration of
the meninges and two have encephalitis. One fish has
a sporazoan parasite in the pharyngeal epithelium
and another has a nematode adhearing to the wall of
the pharynx.

LESIONS FROM BLOCK #2 (gill and thyroid): In almost all of
the hatchery fish, there is a slight (+) proliferation
of the gill epithelium with subepithelial infiltration
of a few lymphocytes. This is most pronounced where
the gill filament joins the gill arch. In moderate
cases (++) this lymphoid infiltrate increases to
several cells in thickness. No severe (+++) cases of
lymphoid infiltration are present in these five
groups of fish. The gill epithelium proliferation
tends to parallel the lymphoid infiltration in
severity . The epithelial proliferation is most
pronounced on the tips of the gill filament. In
moderate (++) cases lamellar hypertrophy is present
with some proliferation from the bases of the secondary
lamellae. In marked (+++) cases this proliferation
results in short club-like lamellae which are fused
at the base. In the fish examined, none have lesions
that have progressed to the point of complete fusion
between adjacent gill lamellae.



OTHER SPORADIC LESIONS PRESENT ARE: Lymphatic telangiectasis
(F.1) of the secondary lamellae in three of the
Tucannon Steelhead. Vascular telangiectasis of the
secondary lamellae in one of the Wells Steelhead.
The lymphatic telangiectasis represents an acute
terminal change related to impaired lymphatic return
and probably results when the fish is not- euthanized
rapidly. The vascular telangiectasis is a chronic
lesion associated with physical or chemical trauma
to the gills. This is commonly found in farmed fish
after grading, pond transfer or when they are exposed
to metabolic waste, highlevels of feed particles
in the water or chemical pollution. It results from
the rupture of the pilaster cells which normally join
the dorsal surface of the secondary lamellae to the
ventral. This results in a dilation of the lamellar
capillary pooling of blood thromboses and fibrosis.

Solitary basophilic masses in the secondary lamellae
are present in 6.7% of the Tucannon Steelhead. These
bodies appear to be an intracellular or subepithelial
microsporidian protozoan parasite (F.2).

Solitary eosinophilic masses in the secondary lamellae
are present in 3.3% of the Tucannon Steelhead. These
bodies are individual gill epithelial cells which

are undergoing necrosis (F.1 & 3). The significance

of these lesions is unknown.

One of the Tucannon Steelhead has a nematode parasite

in the gills, one of the Chelan Steelhead has a

focal granuloma of undetermined etiology in the secondary
lamellae, one Carson Spring Chinook has a mixed
inflammatory lesion at the base of the second gill

arch and one of the Wells Steelhead has a mucopurulent
inflammation of the gill surface.

A sporazoan parasite is present in the gill epithelium
of 26.6% of the Chelan Steelhead (F. 3). The majority
of the thyroids examined have normal thyroid f‘ollicles
with normal low cuboidal epithelium and eosinophilic
colloid secretion. Because of the diffuse distribution
of the thyroid follicles in telosts, thyroid tissue
was not found in all of the tissue sections. There was
no evidence of thyroid neoplasia or-degeneration;
however, two Carson Spring Chinook had a perifollicular
thyroiditis which appeared to be a secondary infection
and not a primary thyroid lesion.



LESTONS OF BLOCK #3 (liver and kidney): Microfocal accumulations
of mononuclear cells in the hepatic parenchyma is
present in the fish from all five hatcheries; however,
the percentage of fish with the lesions varied
considerably.

Tucannon Steelhead 3.3%
Chelan Steelhead 8.X
Rig White Salmon Fail Chinook 34.5%
Carson Spring Chinook 21.1:
Wells Steelhead 1.7:

Although no necrosis is associated with the focal
accumulation of mononuclear cells, some of the larger
foci show a tendency towards a granuloma formation.
The Carson Spring Chinook have 6.9% of the fish with
these microgranulomas and an additional 5.2% with well
developed lesions comparable with those produced by
Corynebacterium sp. (KD). One of the Chelan Steclhead
has a nonsuppurative triaditis of unknown eticlogy, and
one of the Tucannon Steelhead has a single

sporazoan parasitic granuloma (F.5). Only the

Carson Spring Chinook have any renal lesions. Although
the abundant hematopoietic tissue make the granulomas
more difficult to recognize, 8.8% of the Carson

Spring Chincok have lesions characteristic of kidney
disease (Corynebacterium sp.).

LESTONS OF BLOCK #4: The olfactory lobe appears to be an
excellent organ to examine in a health screen bhecause
ot the variety of etiological agents that appear 10
become established there. Ciliated protozoan paras:tes
(F. 6 & 7) are present in 53.5% of the Tucannon
Steclhead, and 3.3% of the {ish have a nematode
parasite present. The lot from the Chelan hatchery has
nematode parasites in the olfactery lobe in 5.1% of
the fish. Most of the hatcheries have a low incidence
of inflammatory lesions in the olfactory lobe with
no infections in the Chelan Steelhead and Big White
Salmon Fall Chinook, only one of the Wells Steelhcaa
have 4 mild inflammation and only one of the Tuccancen
Steelhead have a pyogranulomatous inflammation »f
the olftactory lobe. The Carson Spring Chinook have
25.4% with & pyogranulomatous inflammation of
the colfactory lobe, 1.7% with a mild inflammatory
reaction, and 1.7% with acute focal hemorrthages
which appeared to be traumatic in orgin. The high
incidence of the pyogranulomatous olfactory infiammat:on
correlates with the kidney disease lesions, and leads=
one tc speculate that the Corynebacterium may enter
the host through the olfactory epithelium in some cases.



Other spontaneous lesions found in the fish are a
sporazoan parasite in the pharyngeal epithelium

of a single Tucannon Steelhead and pyogranulomatous
ureteritis, focal tubular degeneration and a

focal dilated renal tubule containing large bacteria
in three seperate Carson Spring Chinook.

IDISCUSSION: The total incidence of the lesions in the fish
examined is reported as the percent of lesion
containing tissue in the total number of tissues
examined. A detailed statistical analysis is not
attempted. Some of the lesions are grouped in mild
(+), moderate (++) and marked (+++) categories.

Most of the lesions in the fish examined are mild
to moderate with severe lesions being rare.

The skeletal muscle lesions of the eye are mild and
not very common. The mild lesions could possibly

be an artifact due to inadequate (slow) fixation.
Some of the more severe lesions may be secondary
degeneration due to periorbital inflammation; however,
a few cases are suggestive of a primary muscle
degeneration. This appears to be the case in the
Chelan Steel head which are from a selenium deficiency
area of the state. A comparison of tissue selenium
levels from the various hatcheries would help evaluate
this problem and provide a guide for food supplemen-
tation.

The gills of the fish have only mild to moderate gill
lamellar hypertrophy and lymphocytic infiltration
which is expected in hatchery fish. Histological
evaluation of the gills is subjective because the
lymphoid cell population varies in density at
different levels in the gill arch. Increased
lymphoid cells in the gills are a non-specific
indicator of exposure to antigens in the water. The
lamellar epithelium hypertrophy is in response to
physical or chemical irritation which is common in
hatchery reared fish. Other sporatic gill lesions
such as lymphatic telangiectasis and vascular
telangiectasis of the secondary lamellae, solitary
basophic and solitary eosinophilic masses of the
secondary lamellae, and nematode parasites are of
low incidence. Only the sporazoan parasites in the
gill epithelium of 26.6% of the Chelan Steelhead
have a high level of infestation.



SUMMARY:

The liver and kidney sect-ions from the Carson Spring
Chinook are the only ones that show any charasteric
histological lesions of kidney disease. These fish
also have the highest incidence of pyogranulomatous
olfactory lobe inflammation, pyogranulomatous
retrobulbar inflammation and brain inflammation. It
may be that one portal of entry for the corynehac-
terium organism is through the olfactory lobe. While
KD organisms cannot be detected in the H & E tissues,
the correlation of these histological lesions with
the incidence of positive F4 procedures for KD will
be important.

This is a histopathological survey of sixty fish each
from the following Columbia River Hatchery stocks
involved in the National Marine Fisheries Service

homing studies : Tucannon Steelhead, Chelan Steelhead.
Big White salmon Fall Chinook, Carson Spring Chinook
and Wells Steelhead. In this study, particular

emphasis, by request, is directed to the eye, gil!,
liver, kidney , olfactory lobe, thyroid and brain.

Periorbital striated muscle degeneration is present

in the Whelan Steelhead and the Carson Spring Chinook.
The Chelan Steelhead lesions may be a nutrition:11
myopathy ; however, the Carson Spring Chinook 1lesions
appear to be secondary to a periorbital bacteria
inflammation.

All of the hatchery fish have mild to moderate gill
epithelial hypertrophy and lymphocytic infiltration.
A few sporatic gill parasites are present; however,
there is a high incidence (26.63,) of sporazoan
parasites in the secondary lamellae of the Chelan
Steelhead. A high number (53.3%) of the Tucannon
Steelhead have ciliated protozoan parasites in the
olfactory lobe and an occassional nematode parasite
is seen in the Tucannon and Chelan steelhead.

A few foci of mononuclear cells are present in the
livers of the fish from all five hatcheries; however,
only Carson Spring Chinook have li\rer and kidnev
lesions indicative of kidney disease. Varked
pyogranulomatous inflammation of the olfactory lobe



or periorbital tissue is present in all fish with
lesions suggestive of kidney disease. The overall
health of these fish appears good except for the
Carson Spring Chinook which have the highest incidence
of disease.

Respectfully submitted,

Lawrence L. Kunz, D.V.M.
Diplomate, American College
of Veterinary Pathologists
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NUMBER PAGE
Totals in % (A summary of the
incidence of lesions in all
six populations of fish) A 10
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AH
LTSL
NPSL
SBM
SEM
FM
SP
CP
NP
PO
MM1
SPSL
FGSL
NT
ROPG
ROM1

PT
SLT

LIST OF CODES USED IN DATA TABLES

Acute focal hemorrhage

Lymphatic telangiectasis of secondary lamellae
Nematode parasite in secondary lamellae

Solitary basophilic mass in secondary lamellae
Solitary eosinophilic mass in secondary lamellae
Focal mononuclear cell infiltration

Sporozoan parasite

Ciliated protozoan parasite

Nematode parasite

Pyogranulomatous inflammation of the olfactory lobe
Mononuclear menigeal infiltration

Sporozoan parasite in secondary lamellae

Focal granuloma in secondary lamellae
Nonsuppurative triaditis

Retrobulbar pyogranulomatous inflammation
Retrobulbar mononuclear infiltration
Inflammation of the olfactory lobe (acute suppurative)
Perifollicular thyroiditis

Secondary lamellae (vascular) telangiectasis



JOTAY INCIDENCE OF LESTONS IN I'TS OF EXAMINED (%)

-10-
EYE GILL 1 LIVER KIDNEY ‘
¥ MYQ FAT MISC LYMPH EPITH MISC | FAT KD GRAN MISC KD GKAN Ca EILFACTOR\ THYROID| BRAIN
Tucannon_Steelhead Total Incidcnde 4
- 08.3 vlﬂn 100 o] 0 85 [ 100 100 100 _9S 100 100 100 | 43,3 ___]__3100 | 98,3 | SP = ipphar-
+ 0 [\) 0 81.7 78 3LTSL S| 0 0 0 M 3.3 0.__0 0 P 53,3 MMI 1.7 ngecal e¢pith,
++ 0 0 0 18,3 20 NPSL1,7 0O 0 0 Sp 1.7 0__0 0 vP_3.3 of fish =
7.14%
+++ {0 0 1] 0 1.7 SBM 6.7 @ 0o .0 0 0 0 Q0 1,7
All-1.7% SEM 3.3
Chelan Steelhe3dd Total Incidence
- 88.3 95 98.3 5 5 71.7 1100 100 100 B88.3; 100 100 100 94.9 100 100 Pharyngeal
nematode =
1.7%
+ 10 3.3FM 1.7] 71.7 68.3SPL26.6 O [ 0 FM 8.3| O 0 0 NP 5.1 FM in optic
nerve =1.7%
++ 1.7 1.7 23.3 26.7FGSL1.71 0O 0 0 NT 3.41 0 0 1]
+++ 10 0 0 0 0 0 0 0 0 0
ig White Salmod Fall Chinook Totall Incidence
- 100 100 100 3. [i] 100 [96.6 100 100 65.5] 100 }00 100 100 100 100
+ 0 0 0 95 95 3.4 0 0 FM34.57 0 0 0 0 0 0
++ 0 0 0 1.7 5 0 0 0 [1] 0 0 0 0 )]
+++ 10 0 0 0 0 0 0 0 [1] 0 0 0 0 0
Carson Spring Qhinook Total Incidence
85 85 73.3 1.7 0 08.3 1100 94.8 93.1 75.9 91.2 100 100 71.2 9.1 ] Y94.2 Pyogranulom
atous
+ 13.3 15 ROPG 2@ 98.3 93,3 0 5.2 6.9 8.8 0 0 PO 25.4 PT 5.9 JMMI 1.9 Uretheritis
= 14;75
++ 1.7 0 _ ROMI6,31 0 6,7 0 0 0 0 0 0 0. =17 | F = 3,9 |Focal tubular
ree | O i 0 0 0 0 0 00 0 lp-=1.7 Degeneration =
Focal mixed 1ntlanf. N7 8T 1.7% with R
base of lamellae = giant_gacteria
I1.7% =] .7%
Wells Steelhead Total Incidence
100 100 100 20 0 96.6 | 100 100 98.3 100 100 100 98.3 100 94,7
o100 0 80 98.3SLT 1.7 0 0 M 1.7 (00 0 o=1.7 M1 5.3
++ Jo 770 o 0 1.7 00 T 070 1 Tt T
+4+ 40 __ 0 O _ )0 0 _ 0__0_ A ! A B . .
Mucoputulent gill
inflammation = 1.7%



TFOTAL INCIDENCE OF LESIONS IN TISSUE EXAMINED (%)

Tucannon Steelhead -11-
! ErE GILL LIVER KIDNEY
MYO FAT MISC LYMPH EPITH MISC| FAT KD GRAN MISC KD GRAN Ca PLFACTORY |THYROID| BRAIN
1 - _ _ oy e z E— " - - = = . = =
2 - - - + + $M-SEM] - - - - - - cp - - P-pharyngeal
i LTSL

3 . - - - ++ ¥ < - p P - B = - “NA -

4 i - - - + + - - - - - - - - CP - -

S - = = + ++ = - - - M - - - CP - -

6 - - - ++ + - - - - - - - - Cch NA MMI

7 _ - - - + + - - - - - - - - CP NA -
_8_. - - - + + SBM - - - - - - - CP “NA -
9" - - - + + - - - - FM - - - CP - -
10 . - - - + + - - - - - - - - CP - -
11! - - - + ++ - - - - - - - - CP - -

. - - - + + - - - - - - - - CP - -

3 - - - + + - - - - - - - - - - -

4 - - - + + SBM - - - - - - - CP - -
15§ - - - + + SBM - - - - - - - - - -
16 - - - + + - - - - - - - - - - -
17 - - - + + - - - - - - - - CP - -
18 - - - + + - - - - - - - - - - -
19 - - - + + - - - - - - - - - = NA
20 - - + + - - - - SP - - - CP NA -
21 - - - + + - - - - - - - - CcP - -
22 - - - + + LTSL - - - - - - - - - -
23 - - - + + - - - - - - - - CcP - -
24 - - - + + - - - - - - - - - NA -
25 - - - + + - - - - - - - - CP NA -
26 - - - + + - - - - - - - - - - -
217 - - - + + - - - - - - - - CP - -
28 - - - +4+ +4+ - - - - - - - - CcP - - .
29 - - - + ++ - - - - - - - - CcP NA -
S50 - = = ++ ¥ = - - - =y = = < = = -
SUBTOTALS
- 30 30 30 0 0 25 30 30 30 Sp=1 30 30 30 11 , 22 28
+ 0 0 0 25 24 SBM=4 0 0 0 FM=2 0 0 0 Cp=19 NA=8 |[NA=]1
++ 0 0 0 5 6 SEM=1 0o 0 0 0 0 0
++4 0 0 0 0 0LTSL=1 0 0 0 0 0 0 MMI=1

| 1
J . — = e e —— - I




—"TOTAL INCTDENCE OF LESTONS TN TISSUE EXAMI ED {

B

)

Chelan Steelhead % -13-
EYE GILL LIVER KIDNEY
2 MYO FAT MISC LYMPH EPITH MISC | FAT KD GRAN MISC KD GRAN Ca PITACTQORY {THYROID| BRAIN

62 . - - - + * - - - - - - - - - NA -
63 1 - - - + + - - - - - - - - - NA -
64 = - - - - - - - - FM - - - - NA - NP-pharyngeal
65 - - - + + SPSL - - - - - - - - NA -
66 - - - + + - - - - - - - - ‘NP NA -
67 = - - - - - - - - - - - - - - NA -
68 - - - - - I - N -
69 T - D S R S - NA [
70 - - - - - - - - - - - - - - NA -
71 - - - + + SPSL - - - - - - - - A -
72 - - - + + - - - - - - - - - NA -
73 - - > L - - - - NA -
74 - - - + + SPSL - - - - - - - - NA
75 - - - + + - - - - NT - - - - NA
76 - - - + + - - - - - - - - - -
77 - - -
78 - - - + + - - - - - - - - - - = -
79 - - - + + - - - - - -~ - - - - -
80 - - - + + - - - - - - - - - - =
81 | - - - + + - - - - - - - A -
82 - - - ++ ++ - - - - - - - = - A -
83 | - - - + + - - - - - - - - NP A NA
384 - - - ++ ++ SPSL - - - - - - - - - -
85 - - - ++ ++ - - - - - - - - - - -
86 + - - ++ +4 - - - - - - - - - NA -
87 - ++ - ++ ++ SPSL - - - - -~ - - - - NA
88 ++ o+ - ++ ++ - - - - - - - - NA NA -
89 + - ++ ++ SPSL - - - - - - - - - -
90 - - - + + SPSL - - - M - - - - NA - —
SUBTOTALS

27 28 30 3 3 23 30 30 30 27 30 30 30 27 10 27 “

T

o 2 1 0 20 20 SPSL=17 0 0 0 FM=2 0 0 0 NP = 2 | NA =20 | NA=3 Nematode = 1
++ 1 1 0 7 7 0 0 0 NT=1 0 0 0 NA =1
¥+l 0 0 0 0 0 00 0 _ 0 0 0| |
- P S S _ _ e e J— -




TOTAL INCIDENCE OF LESIONS IN TISSUE EXAMINED (%)

Chelan Steelhead cont'd -14-

i EYE GILL LIVER KIDNEY

+ MYO FAT MISC LYMPH EPITH MISC| FAT KD GRAN MISC | KD GRAN Ca PLFACTORY |THYROID] BRAIN
91 -« - - 4+ ++ SPSL - - - - - - - - - -
92 + - - ¥ + - - - - - - - NA -
N S NI - NA | -
_94_‘,_ + - - ++ ++ - - - - - - - - - NA -
95 { - - - + + - - - - - - - - - NA -
9%.1 - - = + + - - - - - - - - - NA - FM-optic nerve
) 97 _ - - - + + - - - - - - - - - - - 1
98 _- - - + + - - - - NT - - - - NA -
99y T - v+ ++ SPSL| - - - - - - - - B -
too — o I R S - NA_] -
101 - - - ++ ++ SPSL - - - - - - - - - -
oz .- - - ++ ++ QPSL| - - - s - - - - - -
103 - - - ++ ++  SPST, - - - M - - - - NA -
104 - - = T s - - - - = NA -
105 - - - + + - - - - - - - - - - -
106 - - - ++ ++  FGSL - - - - - - - - - -
107 - - - NP NA -
108 - - - + + - - - <1 - - - = - - -
09 v+ - ¥ ¥ SPSL| - - - - - - s S -
10 - - - ¥ ¥ - - - 5 - - 5 NK. -
11 - - - ¥ ¥ B - 2 S = S B -
i12 - - - + +  SPSL| - - - - - - - - NA -
13 - - - + + - - - - EM - - - - - - :
114 - - - + ++ SPSL - - - - - - - - NA - i
115 - - - + ++ - - - - - - - - - NA -
116 - - - + + - - - - FM - - - - NA -
117 - - + + - T . - I - - -
118 - - - + + - - - - - - - - - - -
119 - - + + - S - - - - - NA -
120 - - - + + SPSL - - - - - - - - NA -
FINAL TOTALS

Paryngeal
- 53 57 59 3 3 43 60 60 60 53 60 60 60 56 23 57 hematode = 1
FM in optic

+ 2 43 41 0 o 0 0 0 0 nerve = 1
++ 1 14 16 0 0 0 0 0 0
+44 0 0 0 00 0 0 0 0
NA ! 0 o 0 0 0 0 0 1 ! 37 3
MISC. FM=1 SPSL=16 NP=3

FGSL= 1




S TOTAL INCIDENCE OF LESIONS IN TISSUE EXAMINEDL ") -15-
Big White_ Fall Chinook
EYE GILL LIVER KIDNEY ,

# MYQ FAT MISC | LYMPH EPITH MISC| FAT KD GRAN MISC | KD GRAN Ca QOLFACTCRY "THYROID] BRAIN

121 - - - + +4 - - - - - - - - - NA_ | - -
122 - - - + + - - - - - - - - - - -

123 - - - + ++ - - - - - - - - - - ! -

124 - - - + + - NA - - - - NA -

12§ - - - ++ ++ - - - - - - - - - NA -

126 - - - + + - - - - - - - - - - -

127, - - - * + - - - - - - - - - - -

128 - - - + + - - - - FM - - - - NA -

129 - - - + + - - - - FM - - - | - - I -

13 - - - + + - - - - - - - - ! - - : -

131, - - - + + - - - - - - - - - NA -

13 - - - + + - - - - - - - - - NA -

133 - - - + + - - - - - - - - - - -

13 - - - + + - - - - FM - - - - - -

13 - - - + + - - - - - - - - - NA -

13 - - - + + - - - - - - - - - - -

13 - = - + + - - - - FM - - - - NA - -
1384 - - - + + - - - - - - - - - - -
13 - - - + + - - - - - - - - - - -

1452I - - - + + - - - - M - - - - NA -

14 - - - + + - - - - - - - - - NA -

142 - - - + + - - - - - NA - - -

143 - - - + + - - - - - - - - - - -

14 - - - + + - - - - FM - - - - - -

145 - - - + + - - - - - NA - NA -

46 - - - + + - - - - - - - - - NA -

147 - - - + + - - - - - - - - - - -

148 - - - + + - - - - - - - - - NA -
14 - - - + + - - - - - - - - - NA - R
1§ - - - + + - - - - - - - - - - - o

'

SUBTOTALS

- 30 30 30 0 0 30 29 29 29 23 28 28 28 30 16 30 ‘
+ 0 0 0 29 27 0 |NA=1 NA=1 NA=1 NA=[NA=2 NA=2 NA=¢} 0 NA=14 0

++ 0 0 0 1 3 0 0 0 0 FM=6 0 0

+4+ 0 0 0 0 0 0 0 0 0 0 0




Big White Fall Chinook cont'd
EYE GILL LIVER KIDNEY

] MYO FAT MISC LYMPH EPITII MISC | FAT KD GRAN MISC KD GRAN Ca PLFACTORY.|THYROID| BRAIN
151 - - - + + - NA - - - - = =
152 - - - + + - - - - - - - - - - -
153 - - - + + - - - - - - - - - - -
154 - - - + + - - - - - - - - - - -
155 - - - + + - - - - FM - - - - - -
156 - - - + + - - - - FM - - - - - -
157 - - - + + - + - - FM - - - - NA -
158 - - - + + - - - - FM - - - - - -
159 - - - + + - - - - - - - - - - -
160 - - - + + - - - - FM - - - - - -
161 - - - + + - - - - FM - - - - NA -
162 - - - + + - - - - FM - - - - NA -
163 - - - - + - - - - FM - - - - NA -
164 - - - + + - - - - - - - - - NA -
165 - - - + + - - - - FM - - - - - -
166 - - - + + - - - - FM - - - - NA -
167 - - - + + - - - - - - - - - NA -
168 - - - + + - - - - - - - - - - -
169 - - - + + - + - - - - - - - NA -
170 - - - + + - - - - - - - - - - -
171 - - - - + - - - - M - - NA -
173 - - - + + - - - - - - - - - NA -
174 - - - + + - - - - - - - - - NA -
178 - - - + + - - - - FM - - - - NA -
A7¢6 - - - + + - L - - = - - - - =
177 - - - + + - - - - EM - - - - NA -
178 = - - + + - L - M - - - = = =
179 - - - - + - - - - - - - - - NA -
180 - - - + + - - - - - - - - - NA -
180 - - - + + - - - - - - - - - NA_ -
FINAL TOTALS
- 60 60 60 2 0 60 56 58 S8 38 58 58 S8 60 30 60
+ 0 0 0 57 57 0 2 0 0 0 0 0 0
++ 0 0 0 1 3 0 0 0 0 0 0 0 0
+4++ 0 0 0 0 0 0 0 0 0 0 0 0 0
NA 0 0 0 0 0 0 2. 2 2 2 2 2 2 30
MISC. FM=20




“TOTAL INCTDLNCE OF LESIONS IN TISSUE EXAMINED (%) -17-
Cars Spnng Chxnook
T\ GILL LIVER KIDNEY
t | MYO FAT MISC | LYMPH EPITH MISC| FAT KD GRAN MISC | KD GRAN Ca pPLFACTORY [THYROID]| BRATN|
1817 + + - - - - - - - - NA -
182, - - - + + - - - - FM - - - - - -
183 - - - + + - - - - - - - - - - -
184 - e + + - - - - FM - - - - - -
185; -- - - + + - - - - - - - - - - -
186 - - - + + - - = - - - - - NA -
187 - - - + + - - - - FM - - - - NA -
188! - - - + + - - - - - - - - - -
189 - - + + - - - - M - - - - NA -
190 - - - + v - NA S - NA -
191 - - - + + - - - + - - - - - - -
192, - - ROPG + + - - - - FM - - - ro - -
163 - - __ROPG + + - - - - - - - - - - E
104 - - + + - - - - - - - - - -
105} ++ + ROPG + + TInflag., - - - M + - - ro - MM1
106f + + - + + - - - - - - - - - NA -
1971 - - - + + - - - - - - - - - - -
108] - - ROPG + + - - - - M - - - PO T -
99 - - - + + - - - - M NA - NA -
200 - - __ROMT + + - - - - - - - - PO - -
201 - - - + + - - - - - - - - - NA -
2072 - - - + + - - - - - - - PO - -
203 - - __ROMI + + - - - - M - - - PO NA E
204 - - - + + - - - - - - - - - NA -
20 - - - + + - - - - - - PT -
206f - - - + + - - - - - - - - NA NA
207 - - - + + - - - - - - - - - - -
208 - - - + + - - FM - - - - NA -
209 - - ROMI + + - - - - - - - - - - -
2104 - - - + + - - - - - - - - - - -
SUBTOTALS
- 28 28 23 0 0 29 29 290 29 19 28 29 29 24 16 26
-
+ 1 2 ROPG=4 30 30 Infla FM=10 1 NA=1 N/\=i P0=6 PT=2 MMI=1
+4 1 OROMI=3 0 0 0 0 NA=1 NA=12 [Encephplitis=2
AR 0 0 0 0 0 0 NA=1
AL SN AR SRR (U4 SR YU U- U (NSO I SR -
! | NA=1 NA=1 NA=1 !




AAEA;;dh Sp}ing Chinook cont'd

EYE
# MYO FAT

MISC

GILL
LYMPH EPITH MISC

LI

FAT KD

VER

GRAN MISC

KIDNEY
GRAN Ca

PDLFACTORY

THYROID

BRAIN

-18-

211 - -

+ ++ -

NA

NA

21 - -

+ + -

PO

213 - -

+

+
'

AH=

s R (PETRESS

214 -

NA

215 - B

216 - -

ROMI

PO

217 + +

ROPG

PO

218 - -

Q

219 - -

220 - -

221 - -

PO

222

223 +

1+

w[efe|+]|e|+]|+]+]+ ]+
sl |e]e|+]+]+]+(+
+
)

PO

224 -

229 + +

+
+
t

gama-

ErpYogrannl
eT1ti1s.

226 -

PO

LL/ - -

228 - -

229 + +

+| ]|+

PO

tSHETIPTAGTR s

230 - -

EM

23 - -

+*

EM

PO

232 - -

]
e+ | +]|+]+
1

t

acterila.

dney

233 - -

+
+
]

M

234 -

+
+
'

NA

235 + +

M

FINAL TOTALS

inued on next shedt




-19-

Carson Spring Chinook cont'd
EYE GILL LIVER KIDNEY
# MYO FAT MISC LYMPH EPITH MISC| FAT KD GRAN MISC KD GRAN Ca PLFACTORY. |[THYROID| BRAIN -
234 - - - + + - - - - - - - - - NA -
234 - - . + + - - - - - - - - - - NA . . .
XY I T S S RN, - NA | - [HeRER PYHT
. CC115.
23 + + __ROPG + + = =+ = = 3 - - PO - NA
240 + +  ROPG + +4 - -+ - -~ + - - - NA -
4
FINAL TOTALS I I
- 51 _S1 44 1 0 59 58 5§ 54 44 52 57 57 42 32, 49 Pyogranulomaéous
+ 8 9 59 56 0 3 4 5 0 PO=15 PT=2 MMI=1] Ureteritis=1
Focal tubular’
++ 1 0 0 4 0 0 0 0 0 0=1 E=2|{degeneration=1
Dilated renal
44 0 0 0 0 0 0 0 0 0 AH=1 tubule with
giant bacteria
=1

NA 0 0 . 0 0 2 2 2 2 3 3 3 1 26 8
MISC ROPG=12 ig?ial mixe FM=14
o

ROMI= 4 %Eélﬁéegise



Wells Steelhead -21-
EYE GILL LIVER KIDNEY

# MYO FAT MISC LYMPH EPITH MISC | FAT KD GRAN MISC | KD GRAN Ca [PLFACTORY |THYROID| BRAIN
271 - - - - + - - - - - - - o NA -
73 - - - - + - - - - - - - - NA -
274 .- Z - + + - - - - - - - - NA iMMT Gill inflam,
275 - - = + + - - - - - - - - NA -
27 - - - - + - - - - - - - - NA -
277 - - - + + - - - - - - - - - NA -
27 - - + + - - - - - - - - - NA___|MMI
274 - - - + + - -~ - - - - - - NA -
28 - - - + + - - - - - - - - - NA -
28 - - - + + - - - - - - - - - NA -
2872 - - - + + - - - - - - - - - NA -
28 - - - + + - - - - - - - - NA -
28 - - - + + - - - - FM - - - - NA -

__ 289 - - - + + - - - - - - - - NA -
28 - - - + + - - - - - - - - - NA -
2817 - - - + + - - - - - - - - - NA -
28 - - - + + - - - - - - - - - NA -
28 - - - + + - -__- - - - - - - NA NA
29 - - - + + - - - - - - - - - NA -

29 < - - + + - - - - - - - - - NA =
293 - - - + + - - - - - - - - - NA -
297 - - -~ + + - - - - - - - - - NA -
294 - - - + + - - - - - - - - - NA -
294 - - - + + - -___- - - - - - - NA -
294 - - - + + - - - - - - - - - NA -
297 - - - + + - - - - - - - - - -
294 - - - + + - i - - - - - - - -
294 - - - + + - S . - 5 - - - - - A
30( - - - + + - - - - - - - - - NA -

FINAL TOTALS
- 60 60 60 12 0 58 60 60 60 59 60 60 60 59 13 54
+ 0 0 0 48 59 SLT=1 0 0 0 0 0 0 MMI=3

!
o 0 0 0 0 (HIERE o o 0 0 0
++ 00 0 0 0 Inflam=1 0 0 0 0 0 0
NA 0 0 0 0 0 0 0 0 0 0 0 47 3
FM=1 0=1

MISC.




sis (*) and a solitary

Fig. l-Lymphatic telangiecta
lamellae (arrow).

eosinophilic mass of the secondary

Fig. 2-Solitary basophilic mass in the secondary lamellae

of the gill.



Fig 3-Solitary eosinophilic mass in the gill secondary
lamellae (arrow).

Fig o o sporazoan parasite in the gill secondary lamellae



Fig S-Hepatic sporazoan parasitic granuloma.

Fig. 6-Ciliated protozoan parasite in the olfactory lobe



-25-

Fig. 7-Ciliated protozoan parasite in the olfactory lobe.,



