STUDY OF DI SEASE AND PHYSI OLOGY IN
THE 1980 HOM NG STUDY HATCHERY STOCKS-- A SUPPLEMENT
TO: "I MPRINTING SALMON AND STEELHEAD TRQUT FOR HOM NG 1980

BY SLATICK, G LBREATH, AND WALCH'

by
Anthony J. Novotny

and
Wl do S. Zaugg

Annual Report of Research
Fi nanced by
Bonneville Power Admnistration
(Contract DE-A179-80BP18236)

and

Coastal Zone and Estuarine Studies Division
Nort hwest and Al aska Fisheries Center
National Marine Fisheries Service
Nati onal COceanic and Atnospheric Admnistration
2725 Montl ake Boul evard East
Seattle, Washington 98112

Sept enber 1984



CONTENTS

| NTRODUCTI ON.
METHODS AND MATERIALS .
Sampling Fish in the Hatcheries.
Bl ood Sanple Collection.
Pl asma El ectrol ytes.
Gl Na+-K+ ATPase
Life History of Hatchery Juveniles
H st opat hol ogy

Bacteriol ogi cal Assays

RESULTS AND DI SCUSSI ON OF STEELHEAD SURVEYS . .

Dwor shak National Fish Hatchery.
Ceneral .
Gl Na+-K+ ATPase
Pl asma El ectrol ytes.
Hemat ol ogy
| FAT- BKD .
H st opat hol ogy
Sumary .
Tucannon Hatchery (WG .
Gener al
Goup | (Pond 1, Table 11)
Gl Na+-K+ ATPase
Pl asma el ectrol ytes.

Henat ol ogy .

Page

13
13
13
16
17
23
27
27
30
33
33
35
35
43

43



Comment s
Goup Il (Pond 4, Table 12).
Gl Na+-K+ ATPase
Pl asma el ectrol ytes.
Hemat ol ogy.
Comment s
Goup Il (Pond 2, Table 13)
Gl Na+-K+ ATPase
Pl asma el ectrol ytes.
Hemat ol ogy
Comment s
Goup IV (Pond 5 Table 14).
Summary of the Tucannon Steel head.
| FAT- BKD .
H st opat hol ogy
Hat chery records

General conmments

RESULTS AND DI SCUSSI ON OF SPRING CH NOOK SALMON SURVEYS .

Leavenworth National Fish Hatchery
CGeneral .
Gl Na+-K+ ATPase
Pl asma El ectrol ytes.
Hemat ol ogy
| FAT- BKD .

H st opat hol ogy

Page
44
44
44
46
49
49
53
53
55
58
58
61
61
61
61
67
67
71
71
71
74
82
85
93

93



Page
SUMMBRIY . . . . . o o e e e e e e 95
Carson National Fish Hatchery . . . . . . . . . . . . . .. .. 97
General . . . . ..o 97
GIll Nat+-K+ ATPase. . . . . . . . . . . . . . . . . . ... 9
Plasma Electrolytes . . . . . . . . . . . . . . . . ... .. 102
Hematology. . . . . . . . . . . . . . . . . . . . ... ... 102
IFAT-BKD . . . . . . . . . . . . . . . . . ... ... ...104
H stopathology. . . . . . . . . . . . . . . . . . ... ... 107
summary. .. . . . L . o e s 109
Kooskia National Fish Hatchery. . . . . . . . . . . . . .. . . 112
General . . . .. . . oL 112
GIll Na+-K+ ATPase. . . . . . . . . . . . . .« .« . ... 112
Plasma Electrolytes . . . . . . . . . . . . . . . . ... .. 116
Hematology. . . . . . . . . . . . . . . . . . . . ... ... 123
I FAT-BKD. . . . . . . . | 23
H stopathology. . . . . . . . . . . . . . . . . . ... ... 124
Summar y . . ... e e e e e e e e 128
Rapid River Hatchery (IDFG . . . . . . . . . . . . . . . . .. 130
General . . . . . . . oL 130
G|l Na+-K+ ATPase. . . . . . . « .« « « o ..o
Plasma Electrolytes - . . . . . . . . . . . . . . . ... .. 136
Hematology. - - - « « -« « « .« .« . . . ..o 1
I FAT-BKD. . . . . . . . 151

H stopathology. . . . . . . . . . . . . . . . . . ... ... 1581



RESULTS AND DI SCUSSI ON OF FALL CHI NOOK SALMON SURVEYS .

Spring Creek National Fish Hatchery.

Bi

General . . . . . s

Gl Na+-K+ ATPase
Pl asma El ectrol ytes.

Hemat ol ogy .

| FAT-BKD. . . . . . . . . . ...

H st opat hol ogy

summary. . . ...

g Creek Hatchery (ODFW.

General . . . . . . . . s

G|l Na+-K+ ATPase

Hermat ol ogy.

| FAT-BKD. . . . . . . . . . ...

H st opat hol ogy

summary. . . ..o

Hagerman National Fish Hatchery.

RESULTS AND DI SCUSSI ON OF COHO SALMON SURVEYS .

Wllard National Fish Hatchery

Ceneral .
Gl Na+-K+ ATPase
Pl asma El ectrol ytes.

Hemat ol ogy

| FAT-BKD. . . . . . . . . . ...

Page
155

155

172
175
175
. 175
175
181

. 186



H st opat hol ogy.
Summary
LI TERATURE CI TED.

APPENDI X A .

Page

189

. 192

193

. 196



[ NTRODUCTI ON

The National Mrine Fisheries Service (NWFS), under contract to the
Bonnevill e Power Admi nistration, has conducted research on inprinting
sal ron and steel head for homing (Slatick et al. 1979, 1980; Novotny and
Zaugg 1979, 1981). This suppl enent conpletes a 3-year study to determ ne
the status of fish health and certain physiological functions that m ght
affect inprinting and homing in salnonids. The field work was begun by the
authors in 1978 and concluded in 1980

In 1980, we exam ned random sanpl es of normal popul ati ons of hom ng
test fish at the hatcheries at frequent intervals to deternine their
general health and physiol ogical readiness to migrate, but did not conduct
seawat er chall enge tests as in previous years. In 1978 and 1979, we were
unable to sanple at frequent intervals, but we did determne the surviva
of sanples of test fish maintained in marine net-pens after rel ease from
the hatcheries. The nunber of hatcheries and stocks involved in the 1980
study was about double that of 1978 or 1979 (Table 1).

Data collected from random sanples were as foll ows:

1. Physiol ogy.

G|l Na+-K+ ATPase. Abnormal |y | ow val ues coul d be indications
that the fish were either in pre- or post-smlting condition, or had been
stressed in sone way.

Pl asma el ectrol ytes. Lower than normal values of Na+ or C° could
indicate imediate problems of osnoregulation when the fish were introduced
to seawater; higher values may indicate some 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 stock sanpled in the 1980 hom ng studies.

Dat e Pond Dat e H st opat hol ogy

Hat chery Speci es sanpl ed no. rel eased tag no.
Dwor shak St eel head 03/ 04/ 80 59 04/ U 80 7061 to 7120
Dwor shak St eel head 03/ 18/ 80 61 - -
Dwor shak St eel head 04/ 01/ 80 61 73 to 7420
Dwor shak St eel head 04/ 15/ 80 61 04/ 17/ 80 } }
Dwor shak St eel head 04/ 29/ 80 - (Held over in the 7661 to 7720
Dwor shak St eel head 05/ 13/ 80 } hatchery for post - -
Dwor shak St eel head 06/ 04/ 80 } rel ease sanpling) - -
Tucannon St eel head 03/07/ 80 01 - -
Tucannon St eel head 03/07/ 80 04 - -
Tucannon St eel head 03/07/ 80 02 — —
Tucannon St eel head 03/ 21/ 80 01 - -
Tucannon St eel head 03/ 21/ 80 04 - -
Tucannon St eel head 03/ 21/ 80 02 - -
Tucannon St eel head 04/ 04/ 80 01 7541 to 7560
Tucannon St eel head 04/ 04/ 80 04 7561 to 7580
Tucannon St eel head 04/ 04/ 80 02 7581 to 7600
Tucannon St eel head 04/ 10/ 80 01 04/ 08/ 80 - -
Tucannon St eel head 04/ 10/ 80 02 -— -
Tucannon St eel head 04/ 10/ 80 04 - -—
Tucannon St eel head 04/ 18/ 80 04 - -
Tucannon St eel head 04/ 18/ 80 02 - —
Tucannon St eel head 05/ 02/ 80 04 - -
Tucannon St eel head 05/ 02/ 80 02 - -—



Tabl e 1.-Continued

Dat e Pond Dat e Hi st opat hol ogy

Hat chery Speci es sanpl ed no. rel eased tag no.
Tucannon St eel head 05/ 07/ 80 04 0s/ 08/ SO 7781 to 7810
Tucannon St eel head 05/ 07/ 80 02 7811 to 7840
Tucannon St eel head 05/ 16/ 80 02 - -
Tucannon St eel head 05/ 30/ 80 02 } -
Tucannon St eel head 06/ 06/ 80 02 - -
Tucannon St eel head 06/ 12/ 80 02 06/ 12/ 80 7841 to 7900
Leavenworth Spring chinook  11/01/79 46 Fal | marked fish - -

(sampled in fall)
Leavenwor t h Spring chinook  11/14/79 06 Spring marked fish - -

(sampled in fall)
Leavenworth Spring chinook  03/03/80 17 7001 to 7060
Leavenworth Spring chinook  03/17/80 17 - -
Leavenworth Spring chinook  03/31/80 03 04/ 24- 05/ 01/ 80 7301 to 7360
Leavenworth Spring chinook  04/14/80 17 - -
Leavenworth Spring chinook  04/23/80 CH 04/ 24- 05/ 01/ 80 - -

(Rel eased in channel)
Leavenworth Spring chinook  04/23/80 46 04/ 24- 05/ 01/ 80 - -
Leavenworth Spring chinook  04/23/80 17 04/ 24- 05/ 01/ 80 - -
Leavenworth Spring chinook  04/23/80 CL 04/ 24- 05/ 01/ 80 - -

(Control held in channel 48 h)

Leavenworth Spring chinook  04/28/80 15  (Held over for 7601 to 7660
Leavenworth Spring chinook  05/12/80 15 post - rel ease - -
Leavenwort h Spring chinook  05/29/80 15 sanpl i ng) - -
Leavenworth Spring chinook  06/17/80 15 -_ -
Kooski a Spring chinook  03/05/80 10 7121 to 7180
Kooski a Spring chinook  03/19/80 10 - -—
Kooski a Spring chinook  04/02/80 10 04/ 16/ 80 7421 to 7480
Kooski a Spring chinook  04/16/80 07 04/ 23- 05/ 05/ 80 -— -—



Tabl e 1.-Continued

Dat e Pond Dat e Hi st opat hol ogy
Hat chery Speci es sanpl ed no. rel eased tag no.
Kooski a Spring chinook  04/30/80 07  (Held over for 7721 to 7780
Tucannon St eel head 05/ 07/ 80 07 post - rel ease -_ -
Kooski a Spring chinook  06/05/80 07 sanpl i ng) - —
Rapi d River Spring chinook  03/06/80 01 7181 to 7240
Rapi d River Spring chinook  03/20/80 01 - -
Rapid River Spring chinook  04/03/80 01 7481 to 7540
Rapi d River Spring chinook  04/17/80 01 04/ 15/ 80 - -
Rapi d River Spring chinook  05/01/80 01  (Held over in - -

outside tanks for

Rapi d River Spring chinook  05/15/80 01 post-rel ease sanpling) - -
Car son Spring chinook 12113179 -— - -
Car son Spring chinook  03/04/80 31 8051 to 8108
Car son Spring chinook  04/04/80 31 8289 to 8349
Car son Spring chinook  04/17/80 31 8501 to 8560
Car son Spring chinook  05/12/80 31 05/12- 05/ 15/ 80 8861 to 8920
Willard Coho 12/ 12/ 79 - Fall marked group - -—
Wl ard Coho 03/ 05/ 80 25 8109 to 8168
Wl ard Coho 04/ 02/ 80 25 8229 to 8288
Wl ard Coho 05/ 20/ 80 50 05/ 14- 05/ 25/ 80 8661 to 8782
Spring Creek  Fall chinook 03/ 10/ 80 20 8169 to 8228
Spring Creek  Fall chinook 04/ 10/ 80 35 8351 to 8400
Spring Creek  Fall chinook 04/ 10/ 80 35 - to -
Spring Creek  Fall chinook 05/ 08/ 80 22 05/ 09- 05/ 19/ 80 8801 to 8860
Big Creek Fal | chinook 04/ 08/ 80 22 8401 to 8500
Big Creek Fal | chi nook 04/ 23/ 80 22 8601 to 8660
Big Creek Fal | chi nook 05/ 06/ 80 22 8701 to 8760



Table 1.--Continued

Dat e Pond Dat e H st opat hol ogy
Hat chery Speci es sanpl ed no. rel eased tag no.
Big Creek Fal | chinook 05/ 13/ 80 22 05/ 12- 05/ 23/ 80 8921 to 8980

Hager man Fal | chi nook 06/ 02/ 80 11 06/ 03-06/ 05/ 80 - -



Hematocrits and henogl obi ns. Val ues bel ow or above nornal ranges
usual ly indicate anem a or dehydration, respectively, which can reflect
nutritional status, disease, or physiological 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.

Fi sh were exami ned for subclinical bacterial kidney disease (BKD)
using an indirect fluorescent antibody technique (IFAT). Viral assays were
not conducted in 1980.

Hi st ol ogi cal deterninations of significant |esions or abnormalities in
tissue fromgills, eyes, and olfactory sacs were undertaken.

These surveys were conducted to provide a docunentation of the health
and physi ol ogical (snmolt) condition of populations of fish involved in the
tests, especially at the time of inprinting and release. Wen marked adult
fish return, data analyzed fromthe health and physiol ogy surveys shoul d

provide us with infornation that would indicate any adverse influence on

survival .
METHODS AND MATERI ALS

Sanpling Fish in the Hatcheries
The nmethod of sampling fish from hatchery stocks for health profiles
was based on a conbination of statistics and economcs. Random sanpling
from popul ati ons ranging as high as 100,000 or nore has shown that a
di sease incidence of 5% or greater can be detected with a sanple of 60 fish
(Cssiander and \Wedeneyer 1973). Heal th survey sanples of 60 fish were

taken at the hatcheries.



Sanpling of fish for health profiles began the first week in March
1980 and ended the second week of June 1980. A nobile |aboratory was used
to sanple upper river hatcheries every 2 weeks. A simlar procedure was
used by our WIllard Laboratory staff at the lower river hatcheries. Al of
the required sanples were collected and conpletely or partially processed
on site.

Each fish and each of the assorted sanples taken were assigned a

uni que number for identification and data processing.

Bl ood Sanple Collection

Fish were lightly anesthetized in an aerated 1:20,000 solution of
MS-222 in groups of 10 to 15 fish. In the larger fish, blood was sanpled
from the caudal arch with a |-cc anmoni um heparinized syringe and a
25-gauge hypodermic needle. In small fish, blood was collected in anmoni um
heparini zed capillary tubes after severing the caudal peduncle. Subsanples
of blood taken for hematocrits (packed cell volunme) were collected in
m crohematocrit tubes and centrifuged for 3 minutes in a Cl ay-Adans
Autocrit 1Y (Sni eszko 1960). Subsanpl es of bl ood for henogl obin
determi nation were either read directly with an A- O henogl obi noneter, or
collected in 20 ul capillary tubes and deternmined calorimetrically (Bauer

1970).

Pl asma El ectrol ytes
Subsanpl es of blood were centrifuged in plastic serumvials, and the
supernatent plasma was drawn off by disposable pipette, dispensed into

plastic vials, sealed, and held frozen until they were shipped to a private

1/ Reference to a trade nane does not inply endorsenent by the National
Marine Fisheries Service.



| aboratory for analysis. Plasma sodium and potassium val ues were
determined by atomic absorption spectronetry and chlorides wth a
chl ori doneter. Before analysis, each plasma sanple was ranked into four

increasing levels of henolysis.

G Il Na+-K+ ATPase

During 1980, selected stocks of coho, fall, and spring chinook sal mon
and steelhead trout at state and federal hatcheries in the Colunmbia River
drai nage were nonitored for changes in gill Na+-K+ ATPase to estimate
the state of snoltification at release.

At approximtely Z-week intervals during the spring and sumrer of 1980,
30 fish were renoved by dip net for Na+-K+ ATPase analysis from

representative ponds or raceways at hatcheries that participated in the

hom ng studies (see Table 1). Ten groups of three fish each were
anest hesi zed at each sanpli ng. After fork lengths were determned and
bl ood sanples taken, approximately equal quantities of gill filaments were
renoved fromgill arches of each of the three fish in the group (total
wei ght of gill filaments, 0.1 to 0.2 g), snap-frozen in liquid nitrogen,
and processed as described by Novotny and Zaugg (1979). Fal | chi nook

sal non from the Hagerman National Fish Hatchery (NFH) were not sanpled as
extensively as the others, but a gill Na+-K+ ATPase profile was

obt ai ned.

Life History of Hatchery Juveniles
Husbandry techniques, disease, and environmental history may have
del eterious effects on fish health and snolt quality (Wedeneyer et al.

1980; Fol mar and Di ckhoff 1979, 1981). Many chenot herapeutic conpounds



used in the treatnent of parasitic and bacterial diseases of fish may
affect smoltification (Lorz and MPherson 1976), and subclinical infections
may be exacerbated by the stress of seawater entry.

Information in Table 2 was obtained from hatchery nmanagenent and is
sel f-expl anat ory. Where information was not obtained, the entries have

been | eft bl ank

H st opat hol ogy

Sixty individually nunbered fish of each test group were fixed in 10%
buffered Formalin and submitted to Bio-Md Research Laboratories. Gll,
eye, and olfactory tissues were sectioned, appropriately stained, and
exam ned for any pathologic | esions or abnormalities. Al'l lesions were

eval uated as described in Novotny and Zaugg (1979, 1981)72.

Bacteriol ogi cal Assays

The sensitive and highly specific indirect fluorescent antibody
technique (IFAT) was used to diagnose |atent Bacterial Kidney Disease (BKD)
in hatchery popul ations.

Fish were opened ventrally and the ki dney exposed. Thin smears of
anterior and posterior kidney tissue were nmade on nulti-spot slides after
piercing the kidney with a sterile inoculation loop. Slides were air-dried
and fixed in reagent grade acetone for 10 m nutes. The acetone fixed
slides were stored at -20°C until exam ned. Prior to the sanpling season,
positive control slides were prepared and stored in the sane manner using a
clean kidney lesion in a spring chinook salmon from Carson NFH that was
tested and confirmed to have high nunbers of BKD organisns.

2/ A copy of the conplete veterinary pathologist's report for the 1980
studi es can be obtained by witten request fromthe Director, Coastal Zone

and Estuarine Studies Division, NWAFC, NVFS, 2725 Mntl ake Boul evard East,
Seattle, Washington 98112.



Table 2. -Available disease and life history data of homng study hatchery juveniles

Date of Date Water
Hatchery Stock Agencyi/ Species egg take ponded Feedl’./ source
DWORSHAK Dworshak USFWS Steelhead 4/10/79 7/1/79 oMP System III
NATI ONAL re-use
(condi tioned
N. Fork
d ear wat er
Ri ver)
TUCANNON Skanani a WDG St eel head Mar ch, - DRY Ri ver
1978 &
ow
LEAVENWORTH Leavenworth USFWS Spring 8/ 1- 8/ 30, 3/27/ 79 ow Vell &
NATI ONAL cﬂi nook 1978 river
KOCSKI A Carson & USFW6 Spring August , - oMP Vell &
NATI ONAL Kooski a chi nook 1978 6 river
DRY
RAPI D Rapid River |DFG Spring 8/10-9/ 11, Raceways  OW Ri ver
Rl VER chi nook 1978 11/ 27/ 78,
Eart hen
ponds
5/ 15/ 79
CARSON Carson USFW  Spring 8/21-8/128, 1/18/ 79 ow Spri ngs,
NATI ONAL chi nook 1978 & creek,
DRY river
W LLARD Little USFWS Coho 1978 - ow Vell &
NATI ONAL Wite riper
sal on
SPRI NG Spri ng USFWs Fal | 9/ 17-9/ 29, 12/ 10- ow Springs
CREEK Creek chi nook 1979 to &
NATI ONAL 12/18/79  DRY
BIG CREEK Big Creek ODFW Fal | 9/ 20- 10/ 4, 1/ 3- OMP Big Creek
chi nook 1979 to
1/ 18/ 80
HAGEMVAN Snake USFW6 Fal | Sept. 1979 Hagerman OW Spring
NATI ONAL Ri ver chi nook (Tucannon
Hat chery)
al WDG - Washington Departnent of Game ¢/ BGE-Bacterial G Il Disease

USFWs- United States Fish & Wldlife Service -
ODFW O egon Deparnent of Fish and Wldlife
| DFG- |daho Departnment of Fish & Gane

b/ OMP-- Oregon Mist Pellets

BKD-Bacterial Kidney Disease
ERM Enteric Red Muth
| CH 1 cht hyopht hi ri us

d/ TMoO-Dietary Oxytetracycllne

10



Table 2.--continued

Per cent Size at Dat e
Vat er nortality rel ease rel eased
t enp- °F (all causes) (no/1b) (1980) Di sease& Treatments
50-60 for 35% before 8.6 4 22- 4/ 30 N2 supersat ura- -
rearing; pondi ng; tion (early)
43-48 for 5% after Whi t espot
condition-  ponding. (early)"ich"
ing for Epistylis
rel ease
- - B} May Epistylis Formalin &
mal achite
green
32-63 5.2% 17.6 4] 24- 4/ 30 B&, BKD -_
- — - Apri | BKD -
34-60 13% to 15.0 207, 000 BGD 3% sal t/ bath
pondi ng Sept 1979; &1/ 2 ppm
2.6 mllion mal achite/
Mar ch- Apri | green dips.
1980.
44-51 32% 23.3 4128-5116 BKD & TMBO; sul fa-
Costiasis mer azi ne;
fomalin.
46-52 24% from 10 releases ERM Finrot; Formal i n;
1140 to 12/19/79 to gill anpeba Roccol ;
19 to 8/7/80 TMVBO.
39-50 2% 77.5 5/13/ 80 None None
58 - - Early June - -

11



The | FAT procedure used in this study for BKD, originally described by
Bul l ock and Stuckey (1975) and later nodified by G W Canenisch
(unpubli shed report) of the US. Fish and Wldlife Service (FW5), Eastern

Fish Disease Laboratory, is described in Novotny and Zaugg (1979).

12



RESULTS AND DISCUSSION OF STEELHEAD SURVEYS

Dworshak National Fish Hatchery
General | | :

In the | early part of the season, water re-use at the ihitcheryr *.
about 90%, but the teiperature was held down. Sampling fr’a the ponha
began in carly March and continued until release in ud-April. At th&t
time, approximately 600 fish were transferred to indoor citcniar tanks ahd
held for additional sampling until Jume. Eu:chery peroolinel fed. a#ld
maintained these fish and tried to provide at least 12 hoursldpy of ught.

Table 3 summarizes major data (m and st'.audat'clf deviat!onﬁ)'
collected during each sampling period in 1980 for Dworshak m steelhehd
(histapathiology and BKD summaries are presented elsewhere). ,

We noted a visible erosion of gill filaments in many fish 'pn the uc*d
trip (18 March), but almost none on the third trip (1 App‘i.l). theba_
_changes msy be related ‘to increases and dncreau in uzelf' t‘nm#e'
which are shown in Figure 13/. . ‘

Averege fork 1lengths of both control (163 mm) ‘and ,me

(167 mm) groups (Table 3) were much smaller thn uleue gtoubs t‘upl&dkt'
1978 (193 mm). This probably caa be Aa,ttribntcd tp the} lo-et ﬂh

temperature in 1980.

3/ Susmary profiles are presented as “Number of Days Post 1 Jamaty 19§
for convepience of computing and plotting. Whenever possible, the sampli
periods gge presented next to the data points (see Table 1 fox the dates .of

the sampiing periods). Appendix A contsins a ¢roes rdhniu -.chart *dt
converting m-bet of days post 1 January 1980 to talender dlt¢.

'
i
¢ -
t

13



Table 3.--Summary data for the spring (1980) sampltug of the Dworshak Halchery steelhead (u=60),

with means, standard deviations ( ), and ranges.

o Period S,
Item 1 2 3 4% Skk 6 -
Date 4 March 18 March 1 April 15 April 29 April 13 May 4 June
Days>Jala/ 63 77 9] 105 119 133 154
Temp.-°ch/ 8.3 9.7 6.0 7.5 7.5 10.0 10,0
Avg. Fk La</ 158.5 167.1 157.1 162.6 166.9 172.3 178.6
(21.1) (18.1) (24.6) (21.2) (23.0) (22.5) (21.1)
(Range) 115-207 117-212 115-213 130-210 114-206 122-214 125-228
Avg. ATP Fkx Lnd/165.9 164.3 157.7 168.1 163.3 1713.1 178.6
(1R.5) (20.1) (25.0) (20.0) (25.4) (25.3) (22.7)
(Range) 147-182 128-181 129-190 141-198 119-198 117-202 138-207
Avg. Atpe/ 6.28 5.07 6.27 7.48 .58 7.16 6.92
(0.81) (0.53) (1.23) (7.48) (8.58) (1.42) (1.26)
(Range) 4.9-7.5 4.1-6.0 4.6-8.5 6.1-8.6 6.4-10.6 5.2-9.2 4.3-8.4
Avg. Hetf/ 48.7 48,1 58.8 48.6 52.7 43.0 47.8
6.15) (7.61) (5.21) (5.85) (7.40) (6.42) (5.37)
(Range) 15-63 29-66 41-72 34-62 15-67 26-56 36-58
Avg. ubg/ 8.6 8.2 10.9 8.5 9.1 1.7 8.1
(1.34) (1.26) (1.05) (1.50) (1.12) (1.26) (1.02)
(Range) 6.0-12.0  6.0-11.0  8.4-12.9 5.0-12.3 6.8-12.6 4.3-10.0  6.0-10.3
Avg. Mchch/ 17.6 17.3 18.6 17.6 17.3 18.0 17.1
(1.70) (1.55) (1.5%) (2.60) (1.75) (2.14) (1.46)
(Range) 11.1-20.6  13.8-21.4 13.5-22.2 12.3-27.1 13.7-2%.1  9.6-23.7 12.5-21.8
Avg. Nati/ 154.2 146.4 146.5 157.2 144.3 149.9 155.8
(10.9) (9.0) (6.8) 9.5) (11.5) (16.1) (5.6)
(Range) 120-176 125-165 134-162 125-173 123-162 73-200 133-169
Avg. kt1/ 1.70 0.80 1.50 0.60 0.60 .10 n.60
(0.96) (0.32) 0.6%) (8.96) (0.18) (1.07) (0.71)
(Range) 0.16-4.50  0.45-1.72  0.51-2.50 0.25-1.98 0.37-1.17 0.3-4,80 0,20-1.75
Avg. c17k/ 129.1 123.9 128.6 130.0 114.2 112.3 130.6
Qat.n) (14.7) (7.2) (9.1) 9.1) (10.0) (6.5)
(Range) 92-150 87-154 116-141 96-146 991135 97-162 117-144
Nat/c1-1/ 1.20 1.20 1.14 1.21 1.27 14 1.20
(0.12) (0.13) (0.06) (0.06) (0.08) 0.07) 0.n7)
(Range) 1.00-1.68  0.97-1.51  1.06-1.29 1.01-1.40 1.17-1.54 1.02-1.31 1.06-1.38

* Normal (countrol) release group
*%* Test release group

a/ Days>Jal:
b/ Temp. -°C:
¢/ Avg. Fk Ln:

reriod.

d/ Avg. ATP Fk Ln:

The number of days post

Water temperature ({n °C) measured for that period.
The average fork length (in millimeters) of all fish measured for that

for that period.

e/ Avg. ATP:

Il moles Pi/mg protetn/hour).

f/ Avg. Het:
g/ Avg. Hh:
h/ Avg. MCHC:
that period.
1/ Ave. Nat:
1/ Avg. x*:

k/ Avi. c17:
/c1

1/ Na

The average hematocrits for Lhat perfod (% packed cells).
The average hemoglobins for that period (in g/dl).

1 January 1980 that the sampling period represents.

The average fork lengths of fish used for the gill ATPase measurements

The averapge gill ATPase levels for that period (Nat-K* ATPase activity fa

The mean corpuscular hemoglobin concentrations (Hh/Hct x 100) averaged for

14

The average plasma sodium for that period (in meq/l).

The average plasma potassium for that period (in meq/l).
The average plasma chloride for that period (in meq/l).
The ratios of the plasma sodiums to chlorides for that period, averaged.
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Figure l.--Water temperatures at Dworshak NFH during spring 1980
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G Il Na+-K+ ATPase

Since the phenomenon of elevation in gill Na+-K+ ATPase activity
was first reported to be associated with Parr-snolt transformation in
st eel head (Zaugg and Wagner 1973) and in coho sal mon (Zaugg and MlLain
1970), nunerous experinents have been conducted to verify these results and
extend observations to other species. As a result, it has been
conclusively shown that the rise in gill Na+-K+ ATPase activity is one
of the physiological changes which occur at the time of Parr-snolt
transformation.

In 1978, the nmean gill Na+-K+ ATPase activity was 5.0 (%1.1)
u noles Pi/ng protein/hour on 24 April. The activity neasured in 1980
(Table 3) indicates a peak on 29 April (5th period). However, this peak
activity (average 8.6 + 1.5) is far bel ow expected values for highly
devel oped smolts. Transfer of fish at this release time from the raceway
to an inside holding tank for further sanpling resulted in significant
environnental changes, including an increase in water tenperature from 7.5°
to 10°C. That this change in holding conditions caused a reversal in
Na+- K+ ATPase devel opnent is quite likely. Those fish transported and
rel eased undoubtedly experienced continuing increases in gill Na+-K+
ATPase activity as they nmigrated seaward. Neverthel ess, fish held under
the conditions wused for extended sanpling showed decreased activity
after 29 April, thus producing a small peak on that date. W\ can state
that the migration-transport group was released during a period of rising
gill Na+-K+ ATPase activity, but that nmaximal |evels had not yet been

achieved. The range of activity in 1978 was from 3.5 to 7.2, but in 1980
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during the sane period the average was from6.4 to 10.6. Hi gher Na+- K+
ATPase values in 1980 during the late April period may be due to a cooler
tenperature regine. In 1978, water tenperatures ranged from 13° to 15°C
and the ypper limt which will permt rising gill Na+-K+ ATPase
activities in steelhead is about 12°C (Zaugg et al. 1972). The
m gration-transport group was released as gill Na+-K+ ATPase activity
was rising, and the control group was released 17 April, just after the 4th
sanpling period.

We could find no significant correlations between the average gill
Na+- K+ ATPase data and the averages of other data collected throughout
the spring. When individual gill Na+-K+ ATPase activities from pool ed
3-fish sanples were conpared with the average fork | engths of the pool ed
3-fish sanples, significantly higher correlations (P = 0.001; P < 0.02)
were found only during the fourth and last sanpling periods (Table 4). If
smolting was initiated between the 4th and 5th periods as indicated by the
Na+- K+ ATPase activity in Table 3, an approximate Na+-K+ ATPase
i ndex of snolting between those periods would be a value of 7.5. Thi's
woul d suggest that those steel head |arger than 168 nm were beginning to
smolt (Figure 2).

On the basis of this information, approximtely 38% of the Dworshak

NFH steel head woul d have started smolting in the 4th period (Figure 3).

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 normal or near normal plasma
electrolyte values in fresh water of 130 to 172 nEq (mlliequivalents)/1

for Na+, 1.4 to 6.0 nEg/l for k, and 111 to 155 nEqg/l of O -.
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Table 4.--Correlation coefficients between gill Na+-K+ ATPase val ues
for each sanpling period, and the average fork lengths of the
Dwor shak Hatchery steel head used to provide the gill sanples in
1980 (3 fish/Na+-K+ ATPase analysis: 30 fish/period).

Peri od
[tem 1 2 3 4 5* 6* 7*
Correl ation coeff. -0.33 0.03 0.22 0. 87 0. 36 0.34 0.75
<0. 001 (0.02

(DF°= 8)

* Goups held inside the hatchery (in snall tanks) for post-normal release
sanpl i ng. Stresses of handling, confinenent, and artificial |ight conditions
may have affected these fish.

18
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Figure 2.--

130 160 170 180 190
AVERAGE FORK LENGTH- (MM)

Regression of gill Na+-K+ ATPase activity on average fork
length in the 4th sanpling period (3 fish pools for each
Na+- K+ ATPase analysis) - 15 April 1980, Dworshak NFH
steelhead. r = 0.87, P = 0.001.
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Figure 3.--Length-frequency histogram of steelhead sampled from Dworshak
NFH in the 4th period.
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Table 5 lists some known val ues for steel head from avail abl e published
literature, including data for the Dworshak NPH steel head (Newcomb 1978).
Newconb's data are extensive, represent reasonably large sanple sizes (15
to 25), and are probably good approximtions of Columbia River steelhead.

Aver age plasma Na+ values for Dworshak NPH steel head throughout the
season during 1980 were well within the previously published ranges
(Table 3), but are below the nean value (166.4 nEq/l) of sanples collected
at release in 1978. Mean plasma C - values (Table 3) are also well
within the suggested range and the nean value at release in 1978 (133.3
nEq/1). The early fluctuations in plasma Na+ (Table 3) may have been due
to changes in water quality, but there is definitely a coincidental sharp
decline in both plasma Na+ and O - between the 4th and 5th periods
which is also coincidental, but inverse to a significant rise in gil
Na+- K+ ATPase activity.

There were no significant correlations of plasma Na+ or C - or
plasma Nat+/Cl- ratios to fork lengths in any period. Correl ations of
plasma Na+ to C- gradually increased with each period, were highly
significant (P < 0.001) fromthe 3rd to the 6th period, and reached a peak
of r = 0.69-0.70 during the 4th and 5th periods (Table 6). Wedeneyer
(1980) reports that a narked decline in plasma - can be expected in
anadr omous sal nonids during snoltification and Houston (1959) reports the
same for steel head.

Mean plasma K+ values were highly erratic throughout the sanpling
period, but the general trend was downward (Table 3). The fact that
average plasma K+ values during early 1980 were 1.7 nEg/l or less (|ower

range was 0.5 nEg/1l), and in 1978 (Novotny and Zaugg 1979) were simlarly
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Table 5.--A sumary of plasma Na+,

K+, and O’ values in steelhead (from
publ i shed sources).
Condi tion Na+ a - K+ Ref er ences
June-July (55 g fish)
Laboratory tests .
Freshwat er X = 162 Range: 140-160 i =6.0 Houst on (1959)
Sal t wat er X= 170 137-185
March-May (13-15 cm fish)
Laboratory tests
Freshwater (range of 102- 149 105- 161 Conte and
mean val ues) Wagner (1965)
Spring 1975 —
Dwor shak Har chery X = 134.2 Newconb (1978)
(at rel ease) Range: 128-138
Captured at Little Goose —
Dam (downstream from XS 134.2
Dwor shak) Range: 128-141
Laboratory tests Mean val ues range from
(control groups-Spring) 159 to 169 133 to 138 2.6 to 4.3 Newconb (1978)
I ndi vidual values range from
155 to 182 128 to 144 2.3 to 5.2

Table 6. --Correlation coefficients between plasnma Na+ and O - for each
sanpling period in 1980 for

Dwor shak NFH st eel head
Peri od
[tem 1 2 3 4 5 6 7
Correlation coeff. 0.377 0.454 0.587 0.687 0.696 0.607 0.158
P <0. 005 <0.001 <0.002 <0.001 <0.001 <0.001 n.s.
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low (x = 1.0; sd = 0.8), suggests that plasma K+ values reported by
ot her researchers (Table 5) are high, or that a unique situation exists at
Dwor shak NFH.

There were no significant correlations between any plasma electrolyte

measurenents and water tenperature.

Hemat ol ogy

There are considerable hematol ogical data in the literature for
rai nbow trout, less for steelhead trout. From data summari zed in Table 7,
it is possible to estimate lower limts of man hematocrits of 30% and
| ower mean henogl obin values of 6 for healthy steelhead. Upper levels are
more difficult to define. Snieszko (1960) reports nmean hematocrits of 53%
and mean henogl obin levels of 8.7 g/dl of blood in rainbow trout of a size
conparable to large steelhead snolts. Although our values for Dworshak NFH
steel head (Table 3) were nuch closer to Snieszko's, Newcormb (1978) reported
mean hematocrit levels in steelhead simlar to that found by other
researchers for rainbow trout (Table 7). A number of authors (MCarthy et
al . 1973; Wedeneyer and Nel son 1975, \Wedeneyer and Yasutake 1977)
repeatedly suggest that hematocrit levels of clinically healthy rai nbow
trout should be between 24 and 43% with henoglobins ranging from5.4 to
9.3 ¢g/100 m blood, and these values will be used as the expected range for
i ndividual steelhead in this report.

Summari zed hemat ol ogi cal data for Dworshak NFH steel head are presented
in Table 3. Since we have spatial data for the 1980 hatchery sanplings, we
are including an analysis of the Mean Corpuscular (or cell) Henogl obin
Concentrations (MCHC) in this report. MCHC is the anount of henoglobin (in

g/dl) in the Packed Cell Volume (PCV, which is synonynmous with the
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Table 7.--A summary of hematocrit and henpgl obin val ues for rainbow and steel head trout
(from published sources).

Hemat ocri t Hermogl obi n
Source of data (% (g/ 100 nl bl ood) Ref er ences
Rai nbow trout X =31.6 X =17.4 Houston and DeW | de
SD =4+0.3 SSD. =4+ 0.15 (1968)
Rai nbow trout X = 28.2 to 31.7 X =6.5t0 7.7 Barnhart (1969)
(I'ndividual s:) (1 ndi vi dual s:)
(11 to 44) (2.2 to 13.0)
Rai nbow trout X =39.5 X =17.5 MCarthy et al.
(Kam oops strain) (30 to 49) (5.2 to 12.9) (1973)
Rai nbow trout X - 34.1 X =17.6 Wedeneyer & Yasutake
(Shasta strain) (24 to 43) (5.4 to 9.3) (1977), Wederneyer &
Nel son (1975)
Rai nbow trout
(average 14.2 cm X = 45.3 - Sni eszko (1960)
(average 23.5 cm X = 53.0 X = 8.7
St eel head trout _
At Dworshak Hatchery X = 40.3
(spring) (36 to 47)
At Little Goose Dam X = 35.6 Newconb (1978)
(spring) (28 to 44)

Laboratory tests
(spring)

X =31 to 37.8

I ndividual range: 28 to 45
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hematocrit, Hct), and is calculated from the total henoglobin (Ho) and

hemotocrit (Hct) as:

Hb (in g/dl)
PCV (in ml/dl blood) x 100 = MCHC (g/dl)

(Schal m 1975).

Steele (1978) reports that MCHC is a sensitive indicator of stress in
fish, and that a sharp increase typically occurs under stressful
condi tions.

Average hematocrits and henogl obins at the tinme of release in 1978
(20-25 April) were 52.4% and 11.3 g/dl bl ood, respectively. Simlarly high
val ues domi nated the Dworshak NFH steel head throughout the 1980 sanpling
periods (Table 3), and the |argest percentage of sanples to fall bel ow any
expected range was 3.3% (for Hb < 5.4 g/dl blood) during the 6th period
The general trend for both Hct and Hb was a sharp early rise, followed by a
downward trend after the 3rd period. Al of the nean values were within
suggested limts, but indicate that nornmal data for steel head Hct and Hb

may be significantly higher than for non-anadronous Salno gairdneri. There

were two sharp increases in MCHC (Table 3), both shortly after changes in
environnental conditions (changing water supplies and habitat). MCHC
values at release (Periods 4 and 5) appear to be normal

Average Hct and average Hb were positively correlated (r = 0.97; P <
0.001, Figure 4). Hematocrits and henogl obins were positively correl ated
t hroughout the sanpling season (P < 0.001), wth r values ranging from

0.580 to 0.850.
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AVERAGE HEMOGLOBINS -
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Figure 4. --Regression of the average henpglobins on average hematocrits for
t he Dworshak NFH steel head during spring 1980. r = 0.972;

P < 0.001.
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There were highly significant negative correlations between water
temperature and average hematocrits (r = 0.87; P < 0.020) and average
henogl obin values (r = 0.89; P < 0.010) throughout the sanpling periods
(Figure 5). There were no significant correlations between average fish
size and average Hct, Hb, or MCHC, nor between MCHC and water tenperature
or gill Na+-K+ ATPase activity.

Clinical data on hematol ogy throughout the sanpling period indicated

that the stock vas in good health at the tine of rel ease.

| FAT- BKD

Speci nens of Dworshak NFH steel head fromthe first, third, and fifth
sanpling periods were exanined for the presence of BKD organisns by the
| FAT. The incidence and intensity of infection was light in nbst cases.

During the first period (3 Mirch 1980), 7 out of 60 fish exanined
(11.7% had BKD organisns in either the anterior or posterior Kkidney, and
the level of intensity ranged from 1 to 5 organisms/|I50 microscopic fields.
No BKD organisns were found in the third period sanples, and only 2.7% of
the sanples were infected in the fifth period. Intensities of infection in
sanples fromthe latter period were much higher, ranging from53 to 148
organi sms/ 150 microscopic fields. Total infection for the 180 fish

exam ned during the three periods was 5% which is Low

H st opat hol ogy
A summary of the pathol ogical conditions observed, their severity, and
their frequency of occurrence is presented in Table 8. The severity is

ranked as: | --recogni zabl e (I east severe), [l1--intermediate, and
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PACKED BLOOD CELLS

IN %

IN G/DL OF BLOOD

HEMOGLOBINS -

HEMATOCRITS -

0 . +  Y=73.0 - 2.77X (HCTS) -11.0
.5 4 Y=13.9 - 0.611X (HBS) 0.5
' -10.0
> -9.5
' -9.0
> -8.5
' -8.0
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37 . s
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WATER TEMPERATURE- (DEGREES CENTIGRADE)

Figure 5. --Regressions of average hematocrits (x) and henoglobins (#) of
juvenile steelhead on water tenperatures at Dworshak NFH during
spring 1980. D.F. = 5. r = -0.866; P < 0.20 (hematocrits);

r = -0.892; P < 0.10 (henogl obins).



able 8.--Pathol ogi ca

their percentage of incidence.3/

conditions observed in Dworshak Hatchery steel head in 1980, and

Organ
and
pat hol ogy

Eye

Skel eta

nuscl e |esions
Glls

[ ncreased

nunber of

| ynphocyt es

Epithelia
cell formation

Solitary
basophilic
organi sm

Vascul ar
tel angi ectasis
secondary
| arrel | ae

Acute focal
hemmor hage

Bacteria
present

Spor 0zoan
parasite in
secondary
| anel | ae

Acut e
exudat e

O factory sac
Foca

nononucl ear
cell infiltration

I nci dence (X)

Period 1 Period 2 Period 5
(severity)!? (severity) (severity)
[ 11 Tot al Il 11 Tot al I 11 Tot al
68. 3 0 0 68.3 65.0 13.3 0 78.3 47.1 0 0 47.1
60.0 25.0 0 850 25.0 66.7 6.7 98.3 51.7 36.7 0 88.4
45.0 33.3 6.7 85.0 0 33.3 66.7 100 36.7 41.7 16.7 95.1
3.3 0 0 3.3 0 0 0 0 1.7 0 0 1.7
50.0 13.3 0 63.3 18.3 1.7 0 20.0 6.7 1.7 0 8.4
0 0 0 0 3.3 0 0 3.3 0 0 0 0
0 0 0 0 3.3 0 0 3.3 1.7 0 0 1.7
0 0 0 0 0 0 0 0 0 1.7 0 1.7
0 0 0 0 1.7 0 0 1.7 0 0 0 0
40.0 48.3 7.7 96.0 58.3 31.7 3.3 93.3 66.7 15.0 0 81.7

4/ Brain tissue was processed and examined for all specinens,
pat hol ogi cal | esions.
b/ |.-recognizable (least severe): |l--intermediate; |Il--severe.
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I1l1--severe (a conposite summary for all hatcheries is presented in
Table 9).

At or near release, Dworshak NFH steel head were characterized by much
| ower incidences of gill parasites in 1980 than in 1978 (1.7 vs 28.3%
Incidence rates in eye lesions and other lesions of the gills were
approximately the same. There was a marked decrease in mscellaneous gil
| esi ons between the first sanpling in March and the final release in late
April (Table 9). which was apparently due to a decrease in the incidence of
telangiectasis (basically capillary lesions) of the secondary lamellae
(Table 8). There was a marked decline in severity of olfactory sac |esions
(Tabl e 8) as the sanpling season progressed. Some of the decreases in
i ncidence of tissue |esions may have been the result of a change from
recycled to single pass water.

Hat chery records (Table 2) indicate that in the early culture phases
(1979) there were sonme problens with nitrogen saturation, "whitespot"
di sease, "lch," and epistylis. Mrtality was estimated at 35% before

pondi ng, but only 5% between ponding and rel ease

Sunmmary

Serial sanpling of the Dworshak NFH steel head in 1980 indicated that
the general health of the fish was excellent, and that nost of these fish
were snolting during the second rel ease (24 April). CGeneral health and
physi cal appearance of the fish at release tine was markedly inproved over
1978.  This may be a reflection of the decision to switch fromrecycled to
flowthrough water supplies in March. Cenerally |l ow tenperatures after
that (Figure 1) were probably a major factor in the snolt quality. W

estimate that over 70% of the fish were snolting when the test group was

30



Table 9.--Summary of lesion incidence (% of sanples) and average intensity (scale: 1 to 3)
for 9 of the 10 hatcheries sanpled in 1980. a/

Gll-ms
Sanpl e Eye Afactory GllI- GllI- cel I aneous
St ock No. Dat e nmuscl e sac | ynphoi d epithelial |esions
Tucannon #3 4 April (309%9/0.3  (35%9/0.5 (73%/0.9 (73% /1.4 17%
St eel head #5A 7 May (80%/0.8 (97%/1.2  (97%/1.3  (98%/1.6 12%
# 12 June  (70%/0.7  (98%/l .6 (1009%/1.7 (979 /1 .6 0
Dwor shak #1 4 March  (68%/0.7 (87%/1.4  (85%/1.1 (859%/1.3 63%
St eel head #3 1 April (78%9/0.9 (93% /1.3  (98% /1.8 (1009%/2.7 23%
#5 29 April  (47%/0.5 (83%/1.0 (88%/1.3  (95%/1.7 13%
Big Creek #1 8 April (10%/0. 1 (2%9/0.0  (17%/0.2  (62%/0.8 2%
Fal | chi nook #2 23 April (18%/0.2  (62%/0.6  (37%/0.4 (68%/0.8 10%
#3 6 My (40%/0.4  (75%9/1.0  (97%/1.3 (100%/1.5 2%
#4 13 May (38%9 /0.4  (93%9/1.0 (92% /1.2 (95%9/1.5 2%
Spring Creek #1 10 March  (18%/0. 2 (63%9/0.7 (759%1/0.9 (80%9/1.1 8%
Fal | chi nook #2 10 April ( 7%/0.1 (509%/0.6  (27%/0.3  (72%/0.9 27%
#3 8 May (2299/0.2  (959%9/1.1 (97%9/1.3 (100%/1.5 2%
Leavenworth #1 3 March (33%9/0.3 (97%/1.0 (100%/1.3 (98% /1.7
Spring chinook  #3 31 March (38%/0.4 (90% /1.1 (98% /1.2 (98% /1.7
#5 28 April  (38%/0.4  (48%/0.6  (72%/1.0  (73%/0.8
Car son #1 4 March  (82%/0.8 (88%/1.0 (85%/1.5 (93%9/1.3 5%
Spring chinook  #2 4 PMpril (42% /0. 4 (90% /1.0 (75%1/0.9 (60%9/0.7 12%
#3 17 April  (60%/0.6  (85%/1.0  (72%/0.9  (25%/0.2 3%
#4 12 May (429%/0.4  (93%9/1.0 (90%/1.2 (53% /0.7 3%
Kooski a #1 5 March  (15%/0.2  (80%/0.8  (87%/1.0  (87%/1.2 15%
Spring chinook  #3 2 April (33%/0.3 (90% /1.0 (67%/0.8 (73%9/0.9 7%
#5 30 April  (43%/0.4  (92%/11.0  (52%/0.7  (68%/0.8 20%
Rapi d River #1 6 March  (43%/0.4 (83%/0.8  (97%9/1.2 (100%/1.7 4%
Spring chinook  #2 20 March  (55%/0.6  (92%/1.1  (92%/1 .2  (83%/1.1 4%
#3 3 April (59% /0.6  (97%/1.1 (939%9/1.1 (82% /1.1 8%
Wilard #1 5 March  (63%/0.4  (98%/1.2  (97%/1.1  (75%/0.9 22%
Coho sal non ¥2 2 April (47%9/0.5 (100%9/1.1 (85%/1.0  (45%9/0.5 17%
#3 20 May (78% /0.8  (97%/1.1 (98% /1.6  (97%/1 .2 0

a/ Brain tissue was processed and exam ned for all specinens except 7597 and 7598 in
the Tucannon steel head #3. Only 2 specimens showed any pat hol ogy:

(Carson spring chinook #3) 8,506 had a Class 11 pyogranul omatous inflammation, and 8516
had a Cass I|Il retrobul bar granul omatous inflamation.
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rel eased (5th period). Gl Nat-K+ ATPase values could only be
significantly correlated to fish size during the 4th and 5th periods prior
to release. There were no significant correlations of gi Il Na+- K+
ATPase and ot her neasured paraneters.

There were no apparent deviations of plasm electrolytes fromthe
expected values throughout the sanpling season, with the exception of
plasma K+, which was frequently lower than reported in the literature.

Conpi l ation of 1978 and 1980 data suggests that generally high nmean
hemat ocrit and henogl obin values in northwest steel head stocks nmay reflect
a normal hematol ogi cal condition for these anadromous strains of rainbow
trout. Profiles conducted in 1980 provide excellent significant negative
correlations of Hct and Hb values wth water tenperature, but no
correlations with possible snolt indices such as gill Na+-K+ ATPase or
pl asma el ectrol ytes. Very few of the Dworshak NFH fish had "borderline
| ow' henmatol ogi cal values. MCHC Levels may have reflected sone changes in
water quality. Al though | FAT tests of kidney tissue smears from 180
specinmens (total) did reveal the presence of BKD organi sms, incidence of
the disease was very |ow.

An anal ysis of the veterinary pathologist's data on exaninations of 60
fish fromeach of three sanpling periods indicates a general decrease in
the incidence of tissue |esions throughout the season.

In general, the stock appeared to be in excellent health at the tine

of release of the control and test groups, and they were beginning

snol tification.
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Table 10. --A summary of health and smoltification index data for Tucannon
Hat chery steel head at the approximate tines of release in 1978

and 1979.
1978 1979
Condi tion Mean S. D. Mean S. D.
Henat ol ogi cal Data
Hemat ocrits 48. 6% * 6.8 53.0 £ 7.7
Henogl obi ns 9.9 * 1.5 9.2 + 1.3
Plasma El ectrolytes (nEq/l)
Na+ 159.5 + 9.5 140.7 +11.3
a- 131.6 + 6.5 127.0 + 8.7
K+ 2.4 + 2.6 2.9 + 1.7
G Il Na+-K+ ATP (p moles pi/nmg
protein hour)
S/ 08/ 78 18.2 + 5.0 [5/08/79] 25.9 £ 9.0
S22/ 78 11.7 + 4.0
BKD - | FAT
(X of fish with BKD
bacteria present
in the kidney) 21.6 1.7
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Because of the diversity of sizes in the test release groups, each
pond is reported as a separate entity. Hi st opat hol ogy and BKD (1 FAT)
surveys are sunmarized for all groups. \Water tenperatures were taken from
one pond for each sanpling period, and the seasonal profile for the four

rel ease groups is presented in Figure 6. Ambi ent water tenperatures were
bel ow 12°C for all release groups except Goup Ill, which was not rel eased
until 12 June.

Figure 7 is a conposite graph of the mean fork Iengths of all four
groups during the sanpling period. The average size of Goup IV (sanpled
twice) was nuch smaller at release than the others.

Profiles of average gill Na+-K+ ATPase activities for all four
groups are presented in Figure 8. Note that the first two groups were
released as activities were ascending, and the third (late) Goup (I11) was
rel eased about 40 days past a snall peak. Goup IV, released into the
Valla Walla River, had very low gill Na+-K+ ATPase val ues. None of the
Na+- K+ ATPase sanples collected the first week in May were as high as
those in 1978 or 1979 during a conparable period (Table 10). The 1980
stock was from Chel an Hatchery, whereas in 1978 and 1979 the stocks were
from Skamani a Hatchery.

Sunmaries of data collected for Tucannon steel head throughout the 1980

season from all four ponds are presented in Tables 11, 12, 13, and 14.

Goup I (Pond 1, Table 11)

G Il Na+-K+ ATPase.--The gill Na+-K+ ATPase profiles presented

for honmogenous popul ations of Tucannon steelhead in 1978 and 1979 (Skamania
Hat chery stock) indicated that peak average val ues occurred in the first 10

days in May (Novotny and Zaugg 1979, 1981). In 1980, there was a sharp
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Figure 6. --\Wter tenperatures neasured at Tucannon Hatchery during the
1980 sanpling period.
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Figure 7.--Average fork lengths of steelhead sanpled fromthe four Tucannon

Hat chery ponds during spring 1980.
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NAT-K* ATPASE- (UMOLES PI/MG PROTEIN/HOUR)
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Figure 8. --Average gill Na"- K ATPase val ues for four release groups of

Tucannon Hatchery steel head during spring 1980
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Table 11.--Summary data for the spring (1980) sampling of Tucannon Hatchery steelhead,
with means, standard deviations ( ), and ranges. Group [, Pond 1, first release,

n= 20,
Period e e
Item 1 2 3 ' 4
Date 7 March 21 March & April 10 April
Pays>Jala/ 66 80 9% 100
Temp. °cb/ 7.2 5.0 7.8 8.9
Avg. Pk Ln</ 142.4 151.8 156.1 168.6
(10.7) (13.4) (11.0) (8.7)
(Range) 124-162 118-176 125-172 153-192
Avg. ATP Fk Lnd/ 162.4 151.8 156.1 168.6
(10.7) (13.4) (11.0) (8.7)
(Range) 124-162 118-176 125-172 157-192
Avg. Atpe/ 10.6 10.5 15.1 12.6
(1.3) (1.2) (1.9 (2.2)
(Range) 8.0-12.6 8.5-13.2 10.8-17.5 9.2-16.0
Avg. Hetf/ 45.0 49.4 46.9 51.3
(4.6) (6.2) .7 4.2)
(Range) 35-55 40-62 42-56 45-60
Avg. Hh&/ 8.9 8.3 10,0 —
(0.9) (1.3) 0.7) -
(Range) 8.0-10.7 5.7-10.7 8.4-11.3 —-—
Avg. Mcuch/ 19.5 16.8 21.4 ———
(1.8) (1.6) (2.3)
(Range) 16.9-23.8 13.6-19.4 16.8-26.2 -
Avg. Na*l/ 137.3 144.0 160.7 —
(5.) (8.3) (3.5)
(Range) 131-146 129-155 154-167 —
Avg. K*Y/ 0.41 0.46 1.05 -
(0.0R) (0.25) (0.12) -
(Range) 0.36-0,.50 0.23-0.73 0.80-1.17 _—
Avg. C17k/ 117.6 139.4 130.4 —
(12.0) (6.2) (8.8) -
(Range) 92-130 127-148 113-154 —
Nat/c1~Y/ 1.1 1.03 1.24 _—
(0.03) (0.06) (0.07) -—
(Range) 1.06-1.15 0.96-1.18 1.36-1.36 _—

a/ Days>Jal: The number of days posL 1 .January 1980 Lhat the sampling
period represents.

b/ Temp.-°C: Waler temperature (In degrees C.) measured for that period.

¢/ Avg. Fk Ln: The average fork length (in millimeters) of all fish measured
for that period.

d/ Avg. ATP Fk Ln: The average fork lengths of fish used for the gil! ATPase
measurements for that period.

e/ Avg. Atp: The average glll ATPase levels for that period. (Na*-K' ATPase
activity in u moles Pi/mg protein/hour.)

£/ Avg. Hct: The average hematocrits for that period (X packed cells).

g/ Avg. Hb: The average hemoglobius for that perfod (in g/dl).

h/ Avg. MCHC: The mean corpuscular hemoglobin concentrattons (Hb/Hct x 100)
averaged for that perfod.

1/ Avg. Nat: The average plasma sodium for that perfod (in meq/1).

3/ Ave. K*: The average plasma potassium for that period (in meq/1).

k/ Avg. C17: The average plasma chloride for that period (in meq/l).

_1_/ Na"'/CI': The ratios of the plasma sodium to chlorides for that period,
averaged.
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Table 12.--Summary data for the spring (1980) sampling of Tucannon Watchery steeclhead, with means, standard

deviations ( ). and ranges.

Group 1I, second release. n = 20.

Perfod o
Item 1 2 3 4 6 7
Pate 7 March 21 March & April 10 April 18 Aprii 2 May 7 May
Days>Jal &/ 66 80 % 100 108 122 127
Temp. °Cb 7.2 5.0 7.8 8.9 9.5 1.2 10.5
Avg. Fk Lnﬁl 138.8 162.6 141.6 168.0 162.2 169.8 173.9
ar.n (5.7) (8.8) (14.5) (15.0) €17.9) (12.7)
(Rauge) 107-162 154-173 122-160 134-195 120-185 117-192  139-196
Avg. ATP Fk Lnﬂ, 138.8 162.6 141.6 168.0 162.2 169.8 173.9
(7.1) (5.7) (8.8) (14.6) (15.0) (17.9) 12.7)
(Range) 107-162 154-173 122-160 134-195 120-18% 117-192  139-196
Avg. Atpe/ 10.8 R.8 10.0 10,7 12.4 13.5 13.7
(2.4) (1.8) (1.7) (2.2) (1.8) (3.9) (3.5)
(Range) 8.1-16.5 6.1-11.5 6.3-12.1 9.8-12.5 9.7-15.7  7.6-18.8 9.0-21.0
Avg. Heef/ 49.5 43.6 46.2 46.5 45.7 54.0 48.6
(5.6) 6.1) (5.1) (2.9) (5.6) (5.9) (5.1)
(Range) 40-63 33-57 39-57 41-53 37-60 40-68 39-59
Avg. nhg/ 9.5 7.4 9.4 — 7.7 8.8 -—
(0.90) (0.92) (1.00) -— (0.85) (0.97) _—
(Range) 7.7-11.7 6.3-10.0 7.7-11.6 -— 6.3-9.0 7.1-10.6 —
Avg. MCHCH/ 19.2 17.1 20.0 — 16.9 16.4 -—
(1.5) (1.2) (3.2) --- (1.1 (1.6) -—
(Range) 15.9-21.6 14.8-19.1 14.5-29.2 -— 14.5-20.7  14.0-19.3 -—-
Avg. Na*l/ 135.0 146.1 152.3 ——- 142.3 140.1 _—
(8.0) (6.0) 9.1) -— (1.7) (14.4) -—
(Range) 123-143 137-154 140-164 -— 109-160 88-158 ~—
Avg. KHY/ 0.8 0.45 1.11 -— 0.64 0.59 —
(0.29) (0.15) 0.50) — (0.26) €0.31) —
(Range) 0.56-1.50 0.24-0.79 0.63-2.00 -— 0.34-1.16  0.29-1.50  -——-
Avg. c17®/ 110.5 135.4 122.0 — 139.2 137.4 —
(12.9) (6.3) (7.3) -—- (8.8) (12.3) _—
(Range) 89-126 121-141 104-131 - 118-155 86-157 -—
Nat/c1—L/ 1.23 1.08 1.25 —-— 1.03 1.02 -—
(n.14) (0.04) (0.09) --- (0.07) (0.08) —
(Range) 1.08-1.54 1.04-1.16 1.10-1.40 — 0.92-1.16  0.89-1.17 _—

a/ Days>Jal:
b/ Temp.-°C:

¢/ Avg. Fk La:
d/ Avg. ATP Fk Ln:

e/ Avg. Atp:

protein/hour.)

£/ Avg. Hct:
g/ Avg. Hb:
h/ Avg. MCHC:
1/ Avg. Nat:
1/ Ave. x*:
k/ Avg. €17
1/ Na¥/c1™

The numher of days post | January 1980 that the sampiing period represents.
Water temperature (in degrees C.) wmeasured for that perfod.
The average fork length (in mtllimeters) of all fish measured for that period.

The average fork lengths of fish used for Lhe gill ATPase measurements for Lhat perfod.
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The average hematocrits for that period (X packed cells).
The average hemoglobhins for that perfod (in g/dl).

The mean corpuscular hemoglobin concentrations (Hb/Hct x 100) averaged for that period.
The average plasma sodium for that period (in meq/l).
The average plasma potassium for that period (in meq/1).
The average plasma chloride for that period (in meq/1).
The ratios of the plasma sodium to chlorides for that period, averaged.

The average gill ATPase levels for that period. (Na*-x* ATPase activity in ¥ moles Pi/mg



Tahle 13.--Summary data for the spring (1980) sampling of Tucannon steelhead, with means, standard deviations ( ), and ranges.
Group I1I; Pond 2; third release; n = 20 (periods 1 - 4), n = 30 (periods S-10): and N = 60 (perfod 1).

1tem 1 2 3. 4 5 6 ) 9 10 11
NDate 7 March 21 March 4 April 10 April 18 April 2 May 7 May 6 May 30 May 6 June 12 June
Days>.iala/ 66 80 94 100 108 122 127 136 150 157 163
Temp. °cb/ 7.2 5.0 7.8 8.9 9.5 1.2 10.5 R.5 10.0 10.0 13.2
Avg. Pk Ln&/ 133.0 141.6 167.8 144.0 149.5 152.1 162.0 169.3 165.1 172.0 172.8
(12.8) (10.7)  (10.4) (15.4) 9.1)  (17.0)  (15.9) (9.9) (17.9)  (12.2) (16.7)
(Range) 110-156  125-167  145-184 111-169  134-172  112-179  108-182  143-189  127-195 146-199  126~208
Avg. ATP Fk Lnd/ 133.0 161.6 167.8 144.0 149.5 152.1 162.0 169.3 165.1 172.0 173.4
(12.8) (10.7)  (10.8) (15.4) 9.1)  (17.0)  (15.9) (9.9)  (17.9)  (12.2) (19.1)
(Range) 110-156  125-167  145-184 111-169  136-172  112-179 108-182  143-189  127-195 146-199  126-208
avg. ATPE/ 13.0 11.5 9.8 9.8 9.5 9.7 12.7 12.5 7.9 7.1 7.5
(1.5) (1.8) (1.7) (1.2) (1.5) 2.7) (2.9) (4.4) a.7m (0.5) (2.1)
(Range) 10.2-14.8  8.3-15.3 7.1-12.9 7.9-11.5 7.1-11.9 6.7-13.6 7.9-16.1 8.0-23.3 5.8-10.5 6.3-7.7  3.6-14.9
Avg. Heef/ 47.7 46.6 46,3 46.9 46.9 53.2 Sh.4 54.7 — 51.8 54.7
(6.6) (4.8) (4.1) (4.5) (6.7) (7.0) (5.5) (7.2) -—= (6.3) (5.9)
(Range) 35-62 40-56 41-57 40-55 27-59 36-66 43-64 51-70 — 41-69 41-75
Avg. W8/ 9.2 7.9 9.6 — 7.7 8.9 —— 9.4 — 9.6 9.7
(1.2) n.7) (0.9) — (1.2) 0.2) - (1.6) — . (1.4)
(Range) 7.0-11.7  6.3-9.0 8.1-12.1 —— 4.0-9.7  6.5-11.6  ——- 6.7-12.3 ——- 80-12.7 7.0-16.9
Avg. Mcrch/ 19.4 17.0 20.8 —_— 16.5 16.7 — 17.8 —_— 18.4 17.8
(1.6) (1.8) (2.4) - (1.3) (1.5) -—= 1.7) -— (1.4) (1.5)
(Range) 17.5-22.4 14.3-20.8 17.6-28.0 -— 14,5-19.4 14,1-19.6 -  13.3-26.8  —- 150-165 14.3-22.9
Avg. Natil/ 137.4 147.3 158.9 — 148.3 141.9 — 148.0 -— 160.0 148.2
(11.3) (8.0) (5.0) — (6.5)  (11.5) - (3.6) -— (2.9) (16.4)
(Range) 117-154  140-165  150-165 -— 138-163  117-158 — 145-152 — 150-165  130-164&
wg. k¥ 0.59 0.56 1.79 — 0.76 0.52 — -—- - 0.72 0.97
(0.29) (0.11)  (0.83) — (0.51)  (0.15) - --- -— (0.38) (0.65)
(Range) 0.31-1.10 0.41-0.68 1.07-3.95 — 0.36-2.15 0.39-0.72  -——- —- -~ 0.34-1.59 0.35-2.62
wg. cLk/ 124.0 139.4 128.5 _— 131.3 144.6 — 127.8 — 128.6 125.2
(9.2) (8.1) (5.9) -— (6.0) (9.0) -— (6.7) -— (6.2) (16.4)
(Range) 113-140  126-155 120-134 — 119-141  124-159 _— 108-137 — 114-118 92-169
NatcL—L/ 1.10 1.05 1.24 — 1.13 6.97 — 1.13 — 1.26 1.2}
(0.09) (0.05) (0.05) -— .7) (0.07) — (n.o1) — (0.07) 0.13)
(Range) 0.97-1.22  0.98-1.14 1.16-1.% -— 1.01-1.25 0.80-1.15  —-- 1.12-1.13  —-  1.11-1.41 0.93-1.4

al Days>Jal: The number of days post | .January 1980 that the sampling perfod represents.
b/ Temp.-°C: Water temperature (in degrees C.) measured for that perfod.

E! Avg. Fk Ln: The average fork length (in millimeters) of all fish measured for that period.

i/ Avg. ATP Fk Ln: The average fork lengths of fish used for the gill ATPase measurements for that period.

e/ Avg. Atp: The average gill ATPage levels for Lhat period. (Na*-K* ATPase activity in |t moles Pi/mg protein/hour.)
€/ Avg. Hct: The average hematocrits for that period (2 packed cells).

g/ Avg. Hb: The average hemoglobins for that period (in g/dl).

h/ Avg. MCHC: The mean corpuscular hemoglobin conceniLrations (Hbh/Hct x 100) averaged for that period.

1/ Avg. Na*: The average plasma sodium for that period (in meq/1).

Y Avg. X*: The average plasma potassium for that period (in meq/1).

k/ Avg. C1=: The average plasma chloride for that period (in weq/1).

v Na*/C1™: The ratios of the plasma sodium to chlorides for that period, averaged.

41



Table 14.--Summary data for the spring (1980) sampling of Tucannon
Hatchery steelhead, with means, standard deviations ( ),
and ranges. Group 1V, Pond 5, Control (Walla Walla River), n = 30.

Period
Item 7 9 _
Date 7 May 30 May
Days>Jala/ 127 150
Temp. °cb/ 10.5 10.0
Avg. Fk Ln¢/ 121.4 135.7
(11.9) (14.7)
(Range) 97-146 113-164
Avg. ATP Fk Lnd/  121.4 135.7
(11.9) (14.7)
(Range) 79-146 113-164
Avg. ATPe/ 6.1 6.4
(0.9) a.1)
(Range) 5.0-8.2 1.0-12.4
Avg. Hcef/ — 53.9
- (6.2)
(Range) ——— 39-66
Avg. Ung/ — 8.7
--- (1.1
(Range) —-— 6.0-11.7
Avg. Mcuch/ — 16.3
- (1.6)
(Range) -— 12.8-20.5
Avg. Na*l/ - 147.0
- (4.6)
(Range) - 141-151
Avg. k*1/ - -—-
(Range) —-—- -—-
Avg. c17k/ 136.0
-— (8.9)
(Range) -— 113-155
Nat/c17l/ -— 1.12
, -—- (0.14)
(Range) -— 1.03-1.34

a/ Days>Jal: The number of days post | January 1980 that the sampling
Berlod represents.

b/ Temp.-°C: Water temperature (in degrees C.) measured for that period.

€/ Avg. Fk Ln: The average fork length (in millimeters) of all fish measured
for that period. _

ﬂ/ Avg. ATP Fk Ln: The average fork lengths of fish used for the gill ATPase
measurements for that pertiod. .

e/ Avg. Atp: The average gill ATPase levels for that period. (Na*-K* ATPase
aﬁtivlty iny moles Pi/mg proteiln/hour.)

£ Avg. lict: The average hematocrits for that perfod (2 packed cells).

&/ Avg. Hb: The average hemoglobins for that period (in g/dl).

E/ Avg. MCHC: The mean corpuscular hemoglobin concentrations (ilb/Hct x 100)
averaged for that period.

i Avg. Na*: The average plasma sodfum for that period (in meq/l).

1/ Avg. K*: The average plasma potassium for that period (in meq/1).

k/ Avg. Cl~: The average plasma chloride for that period (in meq/1).

1/ Na /Cl': The ratios of the plasma sodium to chlorides for that period,
averaged.
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increase in the average gill Na +-K+ ATPase activity early in the season
(Figure 8). The drop in activity (at release) from the previous sanpling
period probably does not represent a true decline since there is no
statistical difference in the tw values, and peak Na+-K+ ATPase
activities for steelhead normally occur in My.

There were no significant correlations in this Goup (I) between
average gill Na+-K+ ATPase values and average fork Lengths, plasm
el ectrolytes, hematocrits, henoglobins, or water tenperatures during the
sanpling periods, nor were there any correl ations between Nat+-K+ ATPase

val ues and other paraneters neasured during any one sanpling period.

Pl asma el ectrol ytes. --Average plasma Na+ and CL' in Goup |

reached peak Levels equal to or exceeding those nmeasured in May of 1978 and
1979 (Tables 10 and 11). Average plasnma Na+ and CL- val ues diverged
sharply as gill Na+-K+ ATPase activities began to rise (Table 11).

Average plasma K+ values of fish in Goup | (Table 11) never reached
the 1978 and 1979 Levels (Table 10), and were bel ow t he m ni num expect ed
and reported values of other researchers. A though rising rapidly at the
time of release, plasma K+ Levels for Goups 11 and 111 barely peaked at
the mnimum expected Level of 1.5 nEq/L (Tables 12 and 13). Al mean

plasma K+ values followed a trend (sinmilar to that of the Dworshak NPH

steel head) of peaking in April, followed by a general decline.
Hemat ol ogy. --There were no indications of hematol ogi cal deficiencies

in any of the Group | fish examned (Table 11). There were fluctuations in
average hematocrit and henogl obin Levels, wth sharp increases prior to

rel ease (Table 11).
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Conments .--A sanple of fish taken from Pond 1 on 8 April
(X FkLn = 158.8 nmm n = 33), just before transfer of the entire Lot
to hauling trucks for transportation and release, indicated a significant
size differential (P = 0.007) fromthe subsanple collected on 10 April

(X FkLn = 168.6 nm n = 20).

Goup Il (Pond 4, Table 12)

G 1l Na+-K+ ATPase.--Goup |l steelhead were released 7 My,
approxi mtely the same tine as 1978 and 1979 test fish. The Na+- K+
ATPase profile paralleled that of Goup I, (Figure 8), but perhaps due to

the different stock of fish, the level of peak activity was considerably
Lower than the activities nmeasured at the sanme tinme in 1978 and 1979
(Table 10). The apparent growth of this stock was good, and average size
of the sanples was larger than any other group at release (Figure 7).
Al though no fish were held over fromthis pond for further nonitoring of
Na+- K+ ATPase it would appear that the release was made near the peak
of activity (Figure 8).

There was a significant positive correlation between average gill
Na+- K+ ATPase val ues and water tenperature during the periodic sanpling
of Goup Il (Figure 9). Average gill Na+-K+ ATPase could not be
significantly correlated with averages of other parameters neasured.

Correl ati ons between gill Na+-K+ ATPase values of Goup Il fish
and average fork lengths for each Na+-K+ ATPase value generally
i ncreased as spring progressed, but were not highly significant until the

sixth period, 5 days prior to release (Table 15).
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NAT-k¥ ATPASE- (UMOLES P1/MG PROTEIN/HOUR
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Figure 9.--Regression of average gill Na+;K+ ATPase values of steelhead in

Pond 4 (second release group) on water temperature at Tucannon
Hatchery during spring 1980. r = 0.938; P = 0.002.
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Table 15.--Correlation coefficients between G LL Nat+-K+ ATPase val ues
for each sanpling period, and average fork Length of Tucannon
Hat chery steel head used to provide gill sanples in 1980 from
Goup Il (Pond 4).

Peri od
[tem 1 2 3 4 5 6 7

Correl ation
coefficient

( DF=8) 0.44 -0.09 -0.19 0.13 0. 69a/ 0. 8a/ 0.45

a/ P<0.02

b/ P<0.01

If snolting was well devel oped between the sixth and seventh
periods, and we use the sixth period as an approximte index, gill
Na+- K+ ATPase values of 15 u noles Pi/ng protein/hour or nore would
represent 50% of the sanples collected, and would probably be a high index
of smoltification. The regression curve in Figure 10 suggests that we
could expect fish >175 mm to have Na+-K+ ATPase val ues >15.

On the basis of this information, approxinmately 50% of the Goup |1
st eel head woul d have been snolting between the sixth period and rel ease

(Figure 11).

Plasma el ectrolytes.--Data for Goup |l (Table 12) suggest that

average plasma Na+ and O - values were well wthin the suggested
ranges, but that some individual values were bel ow the expected |ow in some
peri ods. Mean plasma K+ levels were (as in the Dworshak NFH steel head)
erratic, Lower than the expected Low range, and Lower than in 1978 or 1979
(Tabl e 10). Mean plasma Na+ reached an apparent peak early in April and

mean plasma C - reached a nminimm decline at the same tine (Table 12).
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Figure 10.--Regression of average gill Na+- K+ ATPase activity on average fork
|l ength of steelhead (Goup Il) in the sixth sanpling period (3 fish
pool s for each Na -K ATPase analysis), 2 May 1980 (Tucannon
Hatchery). r = 0.800; P < 0.05.
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Figure 11.--Histogram of length-frequencies of Goup Il Tucannon Hatchery
steel head sanpled in the sixth period.
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These high and Low peaks also occurred 'at the sane tinme for Goup |
(Table 11).

Plasma el ectrolytes of Goup Il could not be correlated with water
tenperature or Na+-K+ ATPase activity, but nean plasma chlorides were
significantly correlated with nean fork Lengths (Figure 12), and nean
plasma K+ values were significantly correlated with MCHC (Figure 13).

Both plasma K+ and MCHC can be stress indicators.

Hemat ol ogy. --There were no indications of average hematol ogical
deficiencies in the Goup 11 steelhead. Some of the individual hematocrits
and henogl obi ns were nuch hi gher than any expected val ues (Table 12),
al though not much different from sanples collected in 1978 and 1979 (Table
10) . Both hematocrits and henogl obins rose and fell at the same tinmes
t hroughout the season, w th hematocrits reaching a peak just prior to
rel ease (Table 12). There were no significant correlations between average
hemat ol ogi cal data and other factors nmeasured, with the exception of
average fork Length, which was inversely related to MCHC (Figure 14).
There was no significant correlation between average hematocrit and average
henogl obi n val ues. However, in four of five sanple periods in which
henogl obi n was neasured, individual hematocrit and henpgl obin values were
significantly correlated. MCHC averages of steelhead in Pond 4 (Goup Il)
paral l el ed those of the first release (Goup |I) and then followed a trend

simlar to that of the Dworshak NFH steelhead (Tables 3, 11, and 12).

Comments. --A sanple of 149 fish from Pond 4 was taken for Length and
wei ght neasurenent during transfer to transportation vehicles on the day of

rel ease. The average fork Length was 170.2 nmm (#17.2), which was not
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Figure 12. --Regression of average plasma C - values of steelhead in Pond 4

(Goup Il) on average fork lengths at Tucannon Hatchery, spring
1980. r = 0.936; P < 0.02.
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Regression of average mean cell henoglobin concentrations (MCHC)
on average fork lengths of Tucannon Hatchery steel head in Pond 4
(Goup I'l) during spring 1980. r - -0.965; P < 0.01.
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Figure l4.--Regression of average mean cell hemoglobin concentrations (MCHC)

on average fork lengths of Tucannon Hatchery steelhead in Pond 4
(Group II) during spring 1980. r = -0.965; P < 0.01.
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significantly different from nean fork lengths of samples collected for the

health index (Table 12). The average weight was 54.9 g.

Goup Il (Pond 2, Table 13)

G|l Na+-K+ ATPase.--The Goup Ill steel head were rel eased on 12

June. The Na+- K+ ATPase profile was parallel to and simlar to that of
Goups | and Il early in the season, and shifted forward in tinme
(Figure 8). However, the peak of the average Na+-K+ ATPase val ues
occurred at the same time and with alnost the sane intensity as the G oup
Il steelhead on 8 May. This lasted for only 1 week and was followed by a
steep decline. Wen the Goup Il steelhead were released, the average
Na+- K+ ATPase value was at its |owest |evel. It is interesting to note
that the nmaxi mum deviations in Na+-K+ ATPase activity in each group
occurred at the peaks (Figure 8). Average fork lengths of Goup Ill fish
sanpl ed during the |ast week of peak Na+-K+ ATPase activity (16 May)
were not different fromaverage fork | engths of Goup I (10 April) or Goup
Il fish (7 May) at release, and the average size of Goup IIl at release
(12 June) was alnost identical to Goup 11 (7 May) at release (Figure 7).
The additional nonth of rearing time for Goup Il did not inprove grow h,
and may have resulted in a post-snolt condition and reluctance to mgrate.
If gill Na+-K+ ATPase activity can be considered one of the
criteria for snolt indexing, then Goup IlIl fish were probably snolting
during the week that the Goup Il fish were rel eased. Note that elevated
Na+- K+ ATPase activity in both Goups Il and IIl had a high frequency
of occurrence on 7 May, and Goup IlIl had a |ow frequency of occurrence by

12 June (Figure 15).
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Figure 15. --
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Frequency histograms of average gill Na+-K+ ATPase val ues from
Goup Il and Goup Ill Tucannon Hatchery steel head col | ected
7 May 1980, and individual Nat+ -K+ ATPase val ues from Goup Il
fish collected 12 June.
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W could find no significant correlations between average gill
Na+- K+ ATPase val ues and averages of other factors neasured throughout
the sanpling periods (including water tenperature). However, like Goup Il
steelhead, there was a progressive increase throughout the spring in
correlations between average Na+-K+ ATPase val ues and corresponding
fork lengths for any one period (Table 16). Furthernore, these correlation
coefficients reached the nost significant levels on 2 My for both G oups
11 and 111, and fromthat point on declined rapidly. This would indicate
that on 12 June, a depressed Na+- Kt ATPase average for the popul ation
was not caused by the influence of larger post-snmolted fish, and that all
size groups had entered a post-smolt condition.

Plasma electrolytes.-Data (Table 13) for Goup Il (Pond 2) suggests

that average plasna Na+ and O - were also (as with Goup Il) within
expected values, but that sone individual sanples fell below the expected
levels in certain periods. Non- henmol yzed average plasma K+ val ues were
(again) lower than expected. Mean plasma Na+ and C - reached their

first maxi mum divergence on 4 April (Table 13), which was also the tine of

maxi mum di vergence for the first two groups. There was a naxi mum
convergence 1 nonth later (2 weeks later than Goup I1), followed by
another (greater) maximum divergence in early June. The nean plasma K+

and Na+/Cl - ratios followed the sane cyclical pattern as Goup II.

Mean plasma electrolyte values for the Goup IIl steelhead could not
be correlated with water tenperature or nean Na+-K+ ATPase val ues.
There was a positive correlation between average plasnma Na+ val ues and
average fork lengths for Goup IIl (Figure 16); whereas in Goup IIl, it was

the average C - that was correlated to size. This suggests a tine or
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Table 16.--Correlation coefficients between G| Na+-K+ ATPase values for each
sanpling period, and average fork | engths of Tucannon Hatchery steel head

used to provide gill sanples in 1980 from Goup IIl (Pond 2)
Period

Item 1 2 3 4 5 6 7 8 9 10 11
Correlation

coefficient

(DF=8) 0.26 0.45 0.43 0.03 0.45 0.872/ 0.79®/ 0.32 0.64¢/ 0.37 0.30
a/ P<0.001
b/ p<o.01
¢/ P<0.05
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Figure 16.--Regression of average plasma Nat+ on average fork lengths for Pond 2
(Goup II1) Tucannon Hatchery steel head; spring 1980. r = 0.723;
P < 0.05.
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seasonal dependence on these correlative factors. Conversely, MCHC and
pl asma K+ were again positively correlated (Figure 17) as in Goup 11,
throughout the season, suggesting that these values are reflections of any

factors that mght induce stress.

The combination of a sharp decline in gill Na+-K+ ATPase activity,
el evation in water tenperatures, and el evated plasma K+ and MCHC val ues
(indicating increased levels of stress), at the time Goup Ill fish were
rel eased warrants rating the probable emgration and eventual return (as

adults) much lower than Goup II.

Hemat ol ogy. --There were no indications of average hematol ogical
deficiencies in Goup IlIl steelhead. However, there was a small nunber of

fish with either slightly depressed hematocrit values or values nuch higher
than previously reported (Table 13). Average hematocrit and henogl obin
val ues as well as the nean cell henogl obin concentrations rose and fell in
much the same cyclical pattern, and at the sane tines as those in Goup Il

There were no significant correl ations bet-en the average hematocrit and
henogl obin levels, but in five out of eight sanples the individual values
were significantly correlated. In Goup 111 steelhead, there was a
significant positive correlation between average hematocrits and water
tenperature (Figure 18). This is inverse to the relationship found in
Dwor shak NPH st eel head (Figure 5), and suggests that changes in basic
hemat ol ogy in healthy hatchery steel head nay be a reflection of many

factors.

Comments. --A subsanple of 108 fish from Goup Il (Pond 2) were

nmeasured separately by sanmpling during transfer to hauling trucks on 12
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Figure 17.--Regression of average plasma K+ on average mean cell henmoglobin

concentrations (MCHC) for Pond 2 (Goup Ill) Tucannon Hatchery
steel head, spring 1980. r = 1.726: P < 0.05.
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Figure 18. --Regression of average hematocrit values of Pond 2 (Goup III)
steel head on the Tucannon Hatchery water tenperatures during
spring 1980. r = 0.698; P < 0.05.
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June. The average fork length was 169.2 mm (#17.7 mm), which was not
significantly different fromthe sanples taken for health surveys on the

same day (Table 13).

Goup IV (Pond 5, Table 14)

Time constraints did not allow sanpling this group as frequently as
desired. However, summary data for Goup IV (Table 14), and Figures 7 and
8 indicate that at release tine (30 May), these fish were significantly
smal ler than any other group and had the |owest average gill Na+-K+
ATPase val ues. Ot her paraneters measured were within expected ranges.
However, the data collected indicate that this Goup (IV) would not be

expected to emgrate or to return fromthe sea as well as Goup II.

Sunmary of the Tucannon Steel head

| FAT-BKD. -- Limtations in sanpling the usual 60 fish from each pond on
a serial basis at the Tucannon Hatchery do not provide a good statistical
base for estinating the incidence of BKD infection in the popul ations.
Therefore, the data are presented here primarily to indicate that the
incidence and intensity of infection were low (Table 17).

The greatest incidence occurred in Goup IlIl (late release) steel head
(21.7%, but the intensity of infection was still low, at between 1 and 7
(more frequently 1 to 2) organisnms/I50 mcroscopic fields (nf) exam ned.
Therefore, BKD would not be expected to affect differential survival of

t hese groups.

Hi st opat hol ogy. --Detail ed sunmaries of the pathol ogical conditions

observed in each pond are presented in Tables 18, 19, and 20. For

61



Table 17. --Rate (% and intensity of infection of BKD organisns found in the
anterior and/or posterior kidneys of Tucannon Hatchery steel head by I FAT
during the 1980 sanpling periods.

Peri od

3 7 11
Dat e 4 April 7 May 12 June

% of sanples infected

Goup | (Pond 1) 0. 0% (Rel eased)
(N=20)

Goup Il (Pond 4) 20. 4% 6. 7% (Rel eased) —-—-
(N=20) (N=30)

Goup Il (Pond 2) 5. 0% 3.3% 21. 7%
(N=20) (N=30) (N=60)

Pool ed 25. 4% 10. 0% 21. 7%
(N=60) (N=60) (N=60)

Range of intensity 1 to 15 1 to2 1 to7

(as no. of organisns/
150 microscopic fields)
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Tabl e 18.--Pathol ogical conditions observed in 1980 Tucannon Hatchery steel head and
their percentage of Incidencé/ (Goup |, Pond 1, n = 20)
(3rd period--released 4 April)

Organ | nci dence (X)
and Severity?/
pat hol ogy 11 L1 Tot al
Eye
Skel etal nuscle |esions 35.0 0 0 35.0
Retrobul bar fat |esions 0 5.0 0 5.0
Glls

| ncreased nunbers of
| ynphocyt es 65.0 20.0 0 85.0

Epithelial cell
formation 40.0 45.0 10.0 95.0
O factory sac

Focal nononucl ear cel
infiltration 20.0 20.0 0 40.0

a/ Brain tissue was processed and examined for all specinens, and there was no
evi dence of any pathol ogy.

b/ I-recognizable (least severe); Ill-intermediate; |ll-severe
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Tabl e 19.-- Pathol ogical conditions observed in 1980 Tucannon Hatchery steelhead and their
percentage of incidence al éC}oup 11; Pond 4; 3rd period--released 4 April

n =20; 7th period--released 7 May n = 30).
Organ Incidence (X)
and Severity®R/ Severity _
pathology 1 11 II1 Total 1 I1 I11 Total
Eye
Skel etal nmuscle
| esi ons 25.0 0 0 25.0 80.0 0 0 80.0
Glls
Increased nunmbers
of [ynpocytes 50.0 5.0 0 55.0 60.0 40.0 0 100.0
Epithelial cel
formation 40.0 50.0 0 90.0 23.3 63.3 13.4 100.0
Vascul ar .
tel angi ectasis
of secondary
| aneliae 10.0 0 0 10.0 23.3 0 0 23.3
Bacteria present 0 0 0 0 3.3 0 0 3.3
O factory sac
Focal nononucl ear
cell infiltration 25.0 5.0 0 30.0 56. 7 40.0 0 96. 7
Pyogr anul omat ous
i nf | ammation 5.0 0 0 5.0 0 0 0 0

al Brain tissue was processed and examned for all specinens, and there was no evidence of
any pat hol ogy.

b/ 1-recognizable (least severe); Il-internediate; I11l-severe.
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Table 20.--Pathological conditions observed in 1980 Tucannon Hatchery steelhead and their percentage
Pond 2; 3rd period--released 4 April, n - 20; 7th period--released

7 May, n = 30; 11th period--released 12 June, n = 60).

of incidence

(Group

Organ Incidence (%)
and __Severityd/ Severity ___Severity

pathology 1 11 I11 Total I 11 1 otal I I1 111 Total
Eye

Skeletal muscle

lesions 25.0 10.0 0 25.0 80.0 0 0 80.0 70.0 0 0 70.0
Gills

Increased numbers

of lympocytes 45.0 30.0 0 75.0 76.7 16.7 0 93.4 30.0 68.3 0 983

Epithelial cell

formation 35.0 50.0 5.0 90.0 56.7 36.7 0 93.4 43.3 46.7 6.7 96.7

Lymphatic

telangiectasis

of secondary

lamellae 0 5.0 0 5.0 6.7 0 0 6.7 0 0 0 0

Vascular

telangiectasis

of secondary

lamellae 5.0 5.0 0 10.0 0 0 0 0 0 0 0 0

Acute focal

hemmorhage 15.0 5.0 0 20.0 0 0 0 0 0 0 0 0
Olfactory sac

Focal mononuclear

cell infiltration 30.0 10.0 0 40.0 76.7 23.3 0 100.0 40.0 58.3 0 983

a/ Brain tissue was processed and examined for all specimens, and there was no evidence of
any pathology.
Il11-severe.

b/ I-recognizable (least severe); Il-intermediate;



conparative purposes, these data are joined and summarized in Table 9 with
data from the other hatcheries.

Data col |l ected for Tucannon Hatchery steel head for each pond indicate
conparabl e tissue pathology for each of the three sanple periods. Sanpl e
sizes varied (for each pond) between periods as fish were released.

In the first sanple (3rd period; 4 April), there appeared to be little
variation in the types or frequency of occurrence (Table 18) of pathol ogy
found in steelhead from either pond. In the second sanple (7th period; 7
May), pathological conditions in the remaining Goups (11 and 111) were
conparabl e (Tables 19 and 20).

Conparing conbined data for the sanpling periods (Table 9) shows
striking increases in the frequency and intensity of pathol ogical
conditions of the eye and olfactory sac, and recognizable increases in gill
pathol ogy after the first sanpling (third period).

Since 1980 was the only year that serial sanples were collected,
conparisons of tissue pathol ogy between years can only be nmade for the
first week in My (Table 21). The frequency of occurrence in ol factory sac
pat hol ogy doubl ed between 1979 and 1980, and it is remarkable that the
entire incidence in 1979 was due to ciliated protozoan parasites whereas
none were found in 1980. The frequency of eye lesions varied greatly for

all 3 years, and gill pathology markedly increased after 1978.
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Table 21. --A summarized conparison of the frequency of occurence (% of
ti ssue pathol ogy observed in Tucannon Hatchery steel head the
first week in May of 1978, 1979, and 1980.

Year
Ti ssue 1978 1979 1980
Eye 57 2 80
O factory sac al 54 97
Gl
Lynphoi d 23 100 97
Epi t hel i al 32 100 98

a/ Not avail abl e.

Hat chery records. --Infornmation provided by the hatchery (Table 2),

indicated that Formalin and nalachite green (M5 were used to control
periodic parasitic infestations. Qur own field notes indicate that on 18
April 1980, a 24-hour 25 ppm Formalin drip treatment was started on Goup
Il fish, followed shortly thereafter by a treatment with Mc  Hyam ne was
used at 2 ppmfor 20, 40, and 60 minutes on 29 and 31 May and 1, 7, and 8
June 1980 to control a light nyxobacterial infection of the gills (G oup

[11). Goup IIl was also fed a TM50 diet from2 June to 12 June 1980.

CGeneral coments.--Goup IV, smallest of the Tucannon steel head in

1980, averaged 35 to 40 mm shorter than any other group at release tinme
(Figure 7), and was below normal in average gill NA+ K+ ATPase val ues
(Figure 8). Al though other data for this group are not available, the

bel ow normal size and | ow average Na+-K+ ATPase val ues indicate that
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survival and returns fromthis group will be |ow Field notes indicated

that fish over 150 mmin fork |length appeared snolted.

Qur field notes of visual observations indicate that npst fish in

Goups Il and Ill below 170 mm in fork length were still parred in
md-April, and by the first week in May, Goup Il was snmolting rapidly,
with Goup Il about 1 week later. By m d-May, steel head greater than 163

mm (3 mj in fork length in Goup Il appeared snolted.

Key physiological indicators of migratory readiness, gill Na+-K+
ATPase and plasma Na+ and -, were in the snolt indicating segnents of
their respective profiles between the first and third weeks in My for
Goup Il fish. By the time of release, t hese indications had
di sappeared, and there was a sharp increase in possible stress indicators,
pl asma K+ and MCHC. Al 't hough the incidence of tissue pathology did not
i ncrease between May and early June, the requirenents of additional
therapeutic treatnents could increase the stress factors for Goup IIl. The
anal yzed data indicate that Goup IIl fish were probably in a post-snolt
condition (regardless of size) by 12 June, and that all of these factors
wi |l have a negative influence on their survival and return. Correlations
between fish size and gill Na+-K+ ATPase at the tinme of release were
poor and no prognosis on percentages of expected mgration should be made.

Goup Il fish represented the normal early May release (as in 1978 and
1979), which, in 1980, occurred at the probable peak activity of one of the
main snolting indicators, gill Na+-K+ ATPase (Figure 8), but about 3
weeks after the maxi mum deviation of plasma Na+ and C - (Table 12).
Stress indicators (plasma K+ and MCHC) were Low at rel ease and good

positive correlations between gill Na+-K+ ATPase and fork |engths just
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prior to release suggest that at |east 50% of the group were in a good
state of mgratory preparedness.

There were no correlations for the earliest Goup (1) released between
gill Na+-K+ ATPase and other parameters neasured that would aid in
prognosi s of conparative survival or expected snmolt indexing, but it is
quite clear that their physiological condition was much different than
Goup IIl fish at release. In Goup 111 (12 June), nean Na+-K+ ATPase
activity (Figure 8) and variance (Table 13) was low, indicating that
regardl ess of size, the fish were in a post-snolt condition. However, in
Goup I, at release (10 April), the nean Na+-K+ ATPase was el evated
(Figure 8), and the variance was |arge (Table 11). The lack of correlation
between fish size and Na+-K+ ATPase suggests that snolting was occuring
regardl ess of size. W indicated that over 80% of the normal release G oup
(I'l') sanples (Figures 10 and 11) and 90% of Goup | sanples (Figure 19) had
Na+- K+ ATPase val ues greater than 10 at the time of release (7 My).
Furthernore, plasma Na+ had reached maxi mum and plasma C - had reached
m ni mum val ues at the time of release (Goup I, Table 11). The incidence
of any tissue pathology was lowest in Goup | at time of release (Tables 9
and 18), and average size was quite close to that of other major release
groups (Figure 7). Al of these factors conbined suggest that the early

rel ease group may have had a fair mgratory devel opment.
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Figure 19. --Frequency histogram of the average gill Na -K ATPase val ues of
Goup | Tucannon Hatchery steelhead at the time of release
(10 April 1980).
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RESULTS AND DISCUSSION OF SPRING CHINOOK SALMON SURVEYS

Leavenworth Natiddal Mish Batchery
General

Two sampling trips to Leavenworth NFH were made ia late 1979
(Table 22) primarily to test procedures and to sample during a fall marking
test. We began collecting full data in March of 1980, ;and sampliag
contimued into early June. Until early April, the flll‘ﬂ;tk group was
cultured in colder (Icicle Creek) water. For example, on the first trip in
March, water temperature was 3.0°C for the fall-mark group and' 6.1°C in the
other ponds.

There were 16 different tagged groups that were released under varying
conditions between 17 April and 1 May 1982, thé bulk of which were released
between 24 April and 1 May. Data collected primarily from onc normal pond
(#17) aund the fall-mark group in late 1979 are presented in Tﬁble 22,

Sampling period days are presented with 1 Jamuary 1980 gs Day +1 and
31 December 1979 as Day -1 to simplify computer programming, and at§
presented in Table 22 along with the calendar dstes for each sampling
peno&. In the fifth period (23 April), samples were collected from Pond
17 and other test groups primarily for HNa*-K* ATPase analysis, and
these data are éresented elsevhere. Sample sizes were reduced to 30
fish/test group in this period.

Figure 20 shows the water temperatures measured at the hatchery at
each sampling period in 1980. Temperatures between November 1979 and March
1980 are not showm.

Lesvenworth NFH spring chinook salmon were not used for homing

experiments in 1978 or 1979, but they were included in a smolt evaluation
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Table 22.—-Summary data for 1978 brood spring chinook salmon samples collected at Leavenworth National Hatchery in late 1979 and in the

spring of 1980, with means, standard deviations ( ), and ranges. Sample size = 60 except for the 5th Period (n=30).

Period
ltem A B 1 2 3 4 5 6 7 8 9
1 Nov 14 Nov 3 Mar 17 Mar 31 Mar 14 Apr 23 Apr 28 Apr 12 May 29 May 17 June
Date 79 79 80 80 80 80 80 80 80 80 80
Dayl)JaL‘.’ =61 =47 63 76 90 104 113 118 132 149 168
Temp. °cb/ 3.0 2.1 6.1 4.5 4.0 6.8 6.1 5.5 6.0 8.0 9.5
Avg. Fk Lng/ 110.3 112.5 124.8 123.7 136.2 130.4 129.1 132.7 133.4 137.7 140.3
(10.8) (11.9) (16.1) (12.0) (18.1) (12.8) (8.7) (13.2) (10.6) (15.1) (10.7)
(Range) 92-141 85-145 98-172 97~152 106-188 109-1 64 112-152 106-166 108-162 118-183 126-176
Avg. ATP Fk Lnd/ =a= === 1244 124:7 135:2 1243 129:1 134,6 134,0 138.7 142.4
-— -— (8.1) (6.8) (7.5) (6.4) (6.0) (13.0) (10.5) (13.7) (9.4)
(Range) —_— ~—— 117.0-143.3 117.3-133.7 127,3-150.3 114.7-132.7 121.3-140,7 119.7-164.3 115.0-146.7 121.3-164.0 132.3-156.3
Avg. ATPE/ — 7.0 7.2 10.6 9.3 1.7 12.5 13.7 13.2 10.1
e - (1.3) (1.2) (1.4) (1.1) (1.4) (2.2) (1.6) (3.1) (3.3)
(Range) — —-— 5.4-9.4 5.6-9.9 8.3-12.6 7.8-11.6 5.7-10.6 9.2-16.3 11.5-15.8 7.3-19.4 4.6-15.1
Avg. Hcr_ﬁ/ 40,2 47.8 46.5 43.6 39.8 41.1 39.6 40.6 34.2 33.5 30.5
(4.8) (6.0) (6.7) (6.6) (8.1) (8.3) (5.7) (10.0) (8.9) (8.1) (7.9)
(Range) 31-51 37-71 27-60 24-59 17-56 15-60 25-50 19-64 16-54 13-56 8-48
Avg. Hbg/ 6.5 7.5 6.6 6.5 6.8 6.1 — 5.9 5.5 5.2 5.0
(0.6) (0.8) (1.1) (1.5) (1.6) (1.6) — (1.4) (1.6) (1.6) (1.7)
(Range) 5.0-7.7 4.,7-9.0 3.7-9.3 2.0-9.7 2.9-9.7 1.7-9.0 -— 3.2-8.7 2,3-8.7 1.0-10.0 1.3-8.3
Avg. Mcach/ 16.4 15.9 14.2 14.9 17.0 14.9 — 14.7 16.2 15.4 16.1
(1.6) (1.8) (1.1) (3.5) (1.9) (1.8) (1.8) (2.3) (3.2) (2.6)
(Range) 13,4-19.7 9.,5-20.0 11.1-16.6 4,4-30,3 13.0-21.1 9.1-18.2 — 10.8-18.8 11,0-21.2 6.7-25.6 8.9-22.4
Avg. Na*i/ —_— — 150.8 146.5 146.6 154.6 -— 155.2 155.6 143.4 136.8
— — (11.9) (14.3) (12.9) (4.9) — (8.1) (7.7) (11.0) (10.9)
(Range) —- -— 132-180 117-169 119-167 144-165 -— 134-165 140-185 85-159 104-156
Avg. x*l/ —_— - 0.65 0.69 0.56 1.25 - 0.88 0.47 0.96 1.99
Lom—— —-— (0.60) (0.41) (0.26) (0.77) —-— (0.66) (0.25) (0.88) (1.23)
(Range) —— . 0.32-2,7 0.40-2.3 0.33-1.24 0.47-2.85 — 0.20-2.70 0.21-1.,06 0.15-4.06 0,21-4.8
Avg. C17k/ —_ -— 133.6 136.8 134.0 131.4 — 1364.5 129.1 118.7 130.4
-— —— (12.8) (10.3) (15.6) (6.0) — (7.4) (11.8) (10.3) (9.4)
(Range) — —-— 122-166 124-155 106-158 120-144 — 15.0-145.0 103-169 87-135 112-155
Na*/c1-Y/ — — 1.13 1.08 1.10 1.18 -— 1.16 1.21 1.23 1.05
— — (0.09) (0.12) (0.10) (0.06) — (0.03) (0.10) (0.10) (0.10)
(Range) — — 1.02-1,34 0.79-1.28 0.83-1.25 1,05-1.29 — 1.10-1,21 1.07-1.56 1.02-1.61 0,74-1.29
@/ Days>Jal: The number of davs post | January 1980 that the sampling period represents.
b/ Temp.-°C: Water temperature (in degrees C.) measured for that period.
e/ Avg. Pk Ln: The average fork length (in millimeters) of all fish measured for that period.

Avg. ATP Fk Ln: The average fork lengths of fish used for the gill ATPase measurements for that period.

Avg. Atp: The average gill ATPase levels for that period. (Na*-K* ATPase activity in U moles Pi/mg protein/hour.)
Avg. Hct: The average hematocrits for that period (% packed cells).

Avg. Hb: The average hemoglobins for that period (in g/dl).

Avg. MCEC: The mean corpuscular hemoglobin concentrations (Hb/Hct x 100) averaged for that period.

Avg. Na*: The average plasma sodium for that period (in meq/l).

Avg. K*: The sverage plasme potassium for that period (in meq/1).

Avg. C17: The average plasma chloride for that period (in meq/l1).

+/01-.
Nat/Cl™: The ratios of the plasma sodium to chlorides for that period., averaged.
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Figure 20. --Water tenperatures of the outdoor raceways at Leavenworth NFH
during spring 1980.
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study (Anon 1979; Prentice et al, 1980), Mean fork |engths of sanples
collected from the various test groups released during the fifth period (23
April) ranged from121.9 to 134.6 mm (Table 23). There was a significant
difference (P = 0.02) between nean length of the fall-mark group (Il) and
the controls (IlIl) in 1980 (Table 23). Man |engths of sanmpl es col |l ected

at release were 138 and 139 mmin 1978 (25 April) and 131 mmin 1979 (24

April),

Gl Na+-K+ ATPase

In 1978, gill Na+-K+ ATPase values peaked in early April,
stabilized through April, and began a gradual decline in early My
(Figure 21, Anon 1979). The profile in 1979 was al npost identical to that
of 1980 with the exception of a tenmporary decline in 1980 the first 3 weeks
in April (Figure 21). The range of values was simlar for the 3 years, In
1980, the releases were ongoing during the period of maximum Na+- K+
ATPase rise (Figure 21). Mani pul ations of water tenperatures (by mxing
Icicle River water and well water) and/or changes in ponding procedures may
have had sone effect on the Na+-K+ ATPase profiles between years.

The sumary gill Na+-K+ ATPase data collected shows substanti al
differences in nean val ues anong the various groups at the time of release
(Table 23). There was a significant difference (P = 0.006) between nean

Na+- K+ ATPase val ues of Group 111 (considered controls), and neans of

Goup | (by-pass channel Goup); between Goups IIl and Il, the fall-mark
group (P = 0.013); and between Goups IIl and IV, the channel control
(P = 0.0000).

W al so exami ned rel ationshi ps between nmean fork |engths of pooled

fish used for Na+-K+ ATPase analysis and gill Na+-K+ ATPase val ues
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Tabl e 23.0-A sunmmary of basic data collected from representative sanmples of various
rel ease groups of Leavenworth Hatchery spring chinook salmon (23 April 1980).

Representative G oup

Par anet er Il 1] |V
Fork length
Means 130.0 121.9 129.1 134.6
S.D. (13.1) (14.2) (8.7) (14.6)
Range 113-168 102-1 56 112- 152 116- 180
N (30) (30) (30) (30)
Hemat ocrits
Means 41. 4 31.1 39.6 34.2
S.D. (6.4) (9.1) (5.7) (7.1)
Range 23-50 3-43 25-50 13- 46
N (29) (26) (28) (28)

G|l Na+-K+ ATPase

Means 10. 3 9.7 7.7 11.1

S.D (2.3) (1.8) (1.4) (1.8)

Range 7.4-15.9 7.3-13.7 5.7-10.6 8.8-15.7
N (10) (10) (10) (10)

I = Typical bypass channel test group.
Il = Fall-mark group (Pond 46).

Nor mal (Pond 17)

Channel control group.
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Figure 21.--Average gill Na*- K" ATPase values for the Leavenworth NFH
spring chinook salmon during the 1978-1979 snmolt and 1980
hom ng st udi es.
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at each sanpling as a possible source of group differences in Na+-K+
ATPase val ues. However, the only significant correlations were in the
control fish (Pond 17), which occurred during periods of maxi mnum gil
Na+- K+ ATPase increase, 23 April to 28 April (Table 24). Length data
for the fish sanpled for Na+-K+ ATPase are shown in Table 22 and
profiled in Figure 22.

There was a significant correlation (P < 0.05) between the mean fork
Length of fish collected for Na+-K+ ATPase analysis in Pond 17
(control) and the mean gill Na+-K+ ATPase during the 1980 sanpling
period (Figure 23). Since there was also a significant correlation between
the nean fork Lengths of pooled fish and neasured Na+-K+ ATPase val ues
during the April 23-28 period in normal fish (Pond 17) (Table 24), and this
peri od was one of maxi mum Na+- K+ ATPase increase, the data in Figure 21
suggest that fish with Na+-K+ ATPase values of 10.5 or nore shoul d have
been snolting at the tinme of release. A regression analysis of sanples
fromthe fifth and sixth sanpling periods are shown in Figure 24. Si nce
most of the fish were released between 23 April and 28 April, a theoretica
regression Line of gill Na+-K+ ATPase and fork Lengths typifying this
period has been drawn in. It suggests that any fish 5 132 mm
(Na+- K+ ATPase of 10.5) should have been snolting. The percentage of
fish with gill Na+-K+ ATPase 5 10.5 increased from 10 to 78% and
the percentage of fish 5 132 nm increased from 37 to 45% between 23
April and 28 April. On the basis of this information, it would be
reasonabl e to assune that between 40 and 50% of the normal (control)
rel ease groups were probably snolting at the tine of rel ease. Al t hough

fork lengths and gill Na+-K+ ATPase values in the other marked rel ease
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Table 24.--Correlation coefficients for gill Na*-k* ATPase, fork length, and hematological parameters for 1980

Leavenworth Hatchery spring chinook salmon.

Sampling 1980 program

23 April group

Parameters 3/3 317 3/31 4/14 1 11 111 v 4/28 5/12 5/29 6/17
La x Hct -0.070 0.123 -0.195 0.299 0.150 -0.615 0.363 0.306 -0.309 0.002 -0.051 -0.121
D.F. 58 S8 57 58 27 24 26 26 58 57 58 58
P <0.05 <0.001 <0.05
Het x Hb 0.891 0.416 0.876 0.868 - - - 0.878 0.882 0.761 0.894
D.F. 58 57 57 58 - - - 58 57 58 58
P <0.001 <0.005 <0.001 <0.001 - - - <0.001 <0.001 <0.001 <0.001
La x Hb 0.073 0.364 0.032 0,417 - - - 0.163 0.160 0.053 -0.135
n.F. 58 57 57 58 - - - 58 58 58 58
P <0.01 <0.005
Ln x MCHC 0.310 0,264 0.456 0,335 - - - 0.342 0.364 0.128 -0.061
D.F. 58 57 57 58 - - - 58 57 58 58
P <0.05 <0.001 <0.02 - - - <0.02 <0.01
Mfl x ATP 0.295 0.197 0.109 0.527 -0.254 -0.323 0.700 0.346 0.729 -0.345 -0.475 0.384
D.F. 8 8 8 8 8 8 8 8 8 8 8 8
P <0.05 <0.02
MHct x ATP -0.020 0.497 0.112 0.072 -0.010 0.211 0.453 0.146 -0.471 0.496 0.045 -0.524
D.F. 8 8 8 8 8 8 8 8 8 8 8 8
[ 4
MHb x ATP 0.156 0.285 0.095 0.290 -0.325 0.212 0.298 -0.606
D.F. 8 8 8 8 - - - 8 8 8 8
P
MCHC x ATP 0.334 -0.054 -0.020 0.483 - - - 0.501 -0.415 0.364 -0.573
D.F. 8 8 8 8 - - - 8 8 8 8
| 4
Nomenc lature:
Fk Ln fork length
Het hematocrit
Hbh hemoglobin
mean cell hemoglobin concentration

Mfl
MHct

MCHC =
Mib =

D.F. = degrees of freedom

P -

mean fork lengths for the 3 fish pools used for ATPase
mean hematocrits for the 3 fish pools used for ATPase
mean hemoglobins for the 3 fish used for ATPase
MCHC x ATP = average mean cell hemoglohin concentration for the 3 fish pools used for ATPase
ATP = Na*-k* f£111 ATPase value for each pool of 3 figh

probability
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Figure 22.--Mean fork lengths of the spring chinook salnon from Leavenworth
NFH used for gill Nat+ -K+ ATPase anal yses in spring 1980.
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Figure 23. --Regression of the average gill Nat+ -K+ ATPase values on average fork
lengths of fish pooled for Nat -K+ ATPase analysis (Leavenworth NFH
spring chinook salmon - spring 1980). r = 0.689; P < 0.05.
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Figure 24.--Regression of gill Na+-K+ ATPase values on 23 April and 28 April 1980

on average fork lengths of spring chinook sal non pooled (3 fish/pool)
for Nat -K+ ATPase analysis at Leavenworth NFH. r = 0.699; P < 0.05
for 23 April. r =0.729; P < 0.05 for 28 April. A theoretica

line (------ ) has been drawn in for a period hal fway between 23 Apri
and 28 Apri |
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groups could not be correlated, Na+- K+ ATPase values 5 10.5
ranged from 30 to 50% On the basis of this information, we suggest that
there may have been differences in the mgratory readi ness of the norma

(Pond 17) and other narked groups.

Pl asma El ectrol ytes

There are few published data on normal plasma electrolyte levels in
hat chery chi nook sal non. Table 25 is a sumary of the nmean plasnma Na, +
d-, and K+ values from chinook salnon that we exam ned previously.
The exceptionally high K+ values in the Kalama Hatchery spring chinook
salmon nmay be due to henolysis that occurred after sanpling.

Mean plasma el ectrolyte values for Leavenworth NFH spring chi nook
sal non sanpled in the spring of 1980 were generally within expected ranges
t hroughout the season and at the tinme of release (Table 22). Aver age
pl asma Na+ reached peak levels at the time of release and declined
rapidly from m d-May on (Table 22). Average plasma CL' val ues were
somewhat nore erratic, but followed the sane general decline as nean plasna
Na+. Maxi mum devi ation of plasma Na+ and d - (Na+/Cl - ratio)
occurred just prior to and after the release period (Table 22).

Significant correlations between individual plasma Na+ and d -
occurred frequently throughout the sanpling periods (Table 26), and were
highly significant (P < 0.001) between the sixth and eighth periods (28
April through 29 My). There were significant negative correlations
between the plasma C- and the Na+/C - ratios (Table 27) throughout
the sanpling season (with one exception; the sixth period - 28 April), and

they were nost highly significant (P < 0.001) throughout May. This Is a
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Tabl e 25.--Mean values of plasma Na+, O-, and K+ from other sanplings of
hat chery chinook sal non

M || equival ents/|

Sanpl e Na+ CL- K+

1978 Kalama Falls Hatchery spring chinook
sal mon (at rel ease) 137 116 11.94

1978 Kooskia Hatchery spring chinook
sal mon (at rel ease) 114 104 T

1978 Leavenworth Hatchery spring chinook
sal non (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
1979 Carson hatchery spring chinook
sal mon (at rel ease) 146 134 3.7

2/ These were abnormally high potassium values, and nmay have been due to some
henmol ysi s of the sanples
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Table 26.--Correlation coefficients between plasna Na+ and C - for each sanpling
period in 1980 for Leavenworth Hatchery spring chinook sal non.

Peri od
[tem 1 2 3 4 6 7 8 9
Correl ation
coefficients 0. 64a/ 0.10 0.62a/ 0.03 0. 91a/ 0.55a/ 0.49a/ 0.18

al Significant (P <0.05)

Tabl e 27.--Correlation coefficients between plasma CL- val ues and indivi dua
Na+/ Cl - ratios for each sanpling period in 1980 for Leavenworth
Hat chery spring chinook sal nmon

Peri od
Item T 2 3 4 6 7 8 9
Correl ation
coefficients -0.603/ -0.55a8/ -0.70a8/ -0.823/ -0.21 -0.818/ -0.82a/ -0.5921

al Significant (P <0.05)
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refLection of a rapid decline in plasma C-, and coincides with a period
of peak gill Na+-K+ ATPase activity (Table 22).

Mean plasma K+ val ues (Table 22) were frequently Lower than reported
values that we have available (Table 25), but again this may be a
reflection of our henolysis ranking program and/or stresses induced by
transporting in 1978 and 1979. Mean plasma K+ val ues peaked just prior
to release and then declined until md-Muy. I ncreases in nmean plasma K+
after nmd-May may be due to holding the fish past the normal tine of
mgration and a reflection of snolting stresses and increasi ng water
t enper at ures. Plasma K+ was the only electrolyte that we could

significantly correlate with water tenperature (Figure 25)

Hemat ol ogy

Unpubl i shed data from sal mon diet studies in Oregon indicate expected
nean hematocrits for spring chinook salnmon ranging from 24.2 to 38.0% and
35 to 39% for fall chinook sal non. Published data on small fall chinook
salmon fingerlings (Banks et al. 1971) indicate that hematocrit and
henogl obin val ues increase as the water tenperature increases (Table 28).

Mean values of fall and spring chinook sal nron sanpled in 1978 and

1979, with one exception, ranged from (1) hematocrits--34.9 to 59. 4% and
(2) henpglobins--5.2 to 8.9 g Ho/dl bl ood. The one exception was a group
of yearling fall chinook salnmbn in 1979 at WIlard NFH with nean
hemat ocrits of 26.5% and mean henogl obins of 3.2 g Hb/dL bl ood. Over 56%
of the sanples fromthese fish were classified as positive for bacterial
ki dney disease (BKD). Hematocrit values below 28% in Pacific salnmon may be
i ndi cative of a nunber of health problenms and should signal a cautionary

war ni ng.
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Figure 25. --Regression of the average plasma K+ on water tenperature for
Leavenworth NFH spring chinook salnmon during spring 1980.
r = 0.821; P < 0.02.
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Table 28.--Hematocrit and herogl obin values of fall chinook salnon cultured
for 4 weeks at four water tenperatures. Average weights of the
fish were 3.2 to 4.0 g (from Banks et al. 1971).

Rearing Nurber Hematocrit (% Henogl obin (g/ 100 m bl ood)
tenperatures of _
(°C) fish H 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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Profiles of mean hematocrit and henogl obin values are conpared to a
profile of the water tenperatures (Figure 26). Note that there was a
general decline of both hematocrits and henogl obi ns throughout the spring
of 1980. This is the sane pattern noted in Dworshak steel head (Table 3),
but opposite to that of the Tucannon steel head (Table 13). Negati ve
correlations of hematocrits and henogl obins to water tenperature were as
highly significant for Leavenworth spring chinook sal nbn as positive
correlations in smaller fall chinook salnmon found by Banks et al. (1971)
cul tured under controlled tenperature conditions (Figures 27 and 28).
Al t hough hematocrit values, gill Na+- K+ ATPase, and fork lengths
frequently could not be correlated on any specific sanmpling period, there
were significant correlations between nean values for each period
t hroughout the season (Table 24). However, these may still be coincidental
seasonal adjustnents of popul ations, and mean fork length, hematocrit, and
Na+- K+ ATPase may not be directly dependent upon each other.

Correl ations between individual hematocrit and henogl obin val ues were
highly significant in Leavenworth NFH spring chinook salmon in both winter
and spring (Table 24). This correlation was also highly significant for
the mean henatocrit and henogl obin val ues (Figure 29). Data indicate
that hematocrit data alone could be used to accurately predict henpgl obin
values for large sanple sizes.

Mean cell henpgl obin concentrations (MCHC) of Leavenworth NPH spring
chi nook sal non peaked in |late March, and were at a |ow | evel throughout
April, a probable indication that the fish were not stressed at the tinme of
rel ease (Table 22). Average MCHC val ues could not be correlated with other

stress or snolt@ i ndi cators.
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Figure 27 .--A conparison of the regressions of nean hematocrit val ues of

Leavenworth NFH spring chinook salnon on Leavenworth NFH water
tenperatures during spring 1980, and regression of mean
hematocrit values of fall chinook salmon cultured at different
wat er tenperatures by Banks et al. (1971). r = 0.720 (P < 0.02)
Leavenworth NFH spring chinook sal non, 1980. r = 0.971

(P < 0.05) Banks et al. (1971) fall chinook sal non.
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Figure 28. --A conparison of the regressions of mean henogl obin val ues of
Leavenworth NFH spring chinook salmon on Leavenworth NFH water
tenperatures during spring 1980, and regression of mean henogl obin
val ues of fall chinook salnon cultured at different water
tenperatures by Banks et al. (1971). r = 0.885 (P < 0.001)
Leavenworth NFH spring chinook salnon, 1980. r = 0.946 (P < 0.10)
Banks et al. (1971) fall chinook sal non.
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val ues of the Leavenworth NFH spring chinook sal mon during
spring 1980. r = 0.903; P < 0.001.

92



| FAT- BKD

Speci nens of Leavenworth NFH spring chinook salnmon fromthe first,
third, and sixth sanpling periods of 1980 were exami ned for the presence of
BKD organisns by the Indirect Fluorescent Antibody Test (IFAT).

The data in Table 29 indicate a major increase (from2 to 80% in the
percentage of sanples positive for BKD in Mirch followed by a decrease just
after release in late April. A though the incidence of BKD was high, the
intensity of infection ranged from very light to light, and it appears that
BKD is not a serious threat to this stock. Qur field notes indicate that
of approximately 700 fish that were examned internally at Leavenworth NFH
in late 1979 and early 1980, only 10 (approximately 1.4% had BKD type
lesions visible to the naked eye. W did note that 6.7%of the fall-marked
fish sanpled on 23 April (release) had BKD type lesions in the Kkidneys.

Tabl e 29.--Incidence of BKD organisnms and relative intensity in the kidneys
of Leavenworth Hatchery spring chinook salnmon sampled in 1980.

Range of intensity (no.

% of sanples positive for BKD of organisns/|50
Peri od Date Anterior Posterior Both Total m croscopic fields)
l 3 March 1.7 0 0 1.7 4
3 31 March 53.3 61.7 35.0 80.0 1to 34
6 28 April 28.6 53.6 17.9 66. 1 1to 16

H st opat hol ogy
A detailed sunmary of the pathological conditions is presented in
Table 30. For conparative purposes, these data are further summarized with

data from other hatcheries in Table 9.
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Table 30.--Pathological conditions o served in Leavenworth Hatchery spring chinook salmon in 1980 and their
percentage of incidence @

Incidence (%)

Organ
and Period 1 (severitz)k/ Period 3 (severity) _Period 6 (severity)
pathology I 11 III  Total I 11 I11 Total 1 II III  Total
Eye
skeletal muscle
lesions 32.2 0 0 32.2 36.7 0 0 36.7 38.3 0 0 38.3
retobulbar
granulomatous
inflammation 0 0 0 0 0 0 0 0 0 0 1.7 1.7
Gills
increased numbers
of lympocytes 745 27.1 0 100.0 81.7 16.7 0 98.3 48.3 20.0 1.7 70.0
epithelial cell
formation 13.6 18.6 1.7 33.8 28.3 70.0 1.7 98.3 65.0 8.3 0 73.3
lymphatic
telangiectasis
of secondary
lamellae 254 32.2 6.8 64.4 0 0 0 0 0 0 0 0
vascular
telangiectasis
of secondary
lammelae 0 0 0 0 0 0 0 0 1.7 0 0 1.7
Olfactory sac
focal mononuclear
cell infiltration 88.1 6.8 0 94.9 80.0 11.7 0 91.7 38.3 10.0 0 48.3
acute focal
hemmorhage 0 0 0 0 0 0 0 0 1.7 0 0 1.7

a/ Brain tissue was processed and examined for all specimens, and there was no evidence of any pathology.

b/ I-recognizable (least severe);

Il-intermediate;

I11-severe.



At or near release, Leavenworth NFH spring chinook sal non were
characterized by marked decreases in pathol ogical conditions of gill and
ol factory sac tissues (Table 30). Types and severity of Lesions
encountered were low, and no evidence of parasitic activity was found in
either the gills or olfactory sac.

In addition to microscopic exanination of tissue by the veterinary
pat hol ogi st, we nade notes in the field of any macroscopi c Lesions observed
in the various organs fromthe 700 or nore fish exam ned. One precoci ous
nmal e was noted, and it showed synptons of nephrocal cinosis; eight fish were
noted to have clinical synptons of BKD (exophthal mos, kidney |esions); one
Lesion of the spleen; one lesion of the liver; two fish with ascites, and
one with | esions of the posterior air bladder. This is roughly 2% of the

total sanples exam ned

Summary

Serial sanmpling of Leavenworth NFH spring chinook salnmon in Late 1979
and early 1980 indicated that general fish health was excellent, and may
have actually inproved (over March) by the time of release in Late April
Water temperatures at this time had declined tenporarily (Figure 20), which
woul d have reduced handling stresses. A conmparison of gill Na+-K+
ATPase curves between 1980 and two other years indicated that a typica
pattern devel oped, and the bulk of the fish were rel eased on an actively
rising profile (Figure 21). Conparisons nade at the time of release
denonstrated that nean hematocrits were significantly lower In the fall
mark group and channel control groups than in fish from Pond 17, and that
mean gill Na+-K+ ATPase values were significantly higher for all other

rel ease groups tested when conpared to Pond 17, the normal groups (Table
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23). Since Pond 17 fish were used to determ ne the seasonal Na+-K+
ATPase profile, the conclusion is that all test groups were at or rapidly
approachi ng peak Nat+-K+ ATPase  Levels. Signi ficant correlations
between gill Na+-K+ ATPase and nean fork |engths enabled us to estinate
that at least 40 to 50% of the sanples were probably snolting during the
release period. Snolting activity probably continued at a high rate in the
rel eased fish. A peak Na+-K+ ATPase activity coincided with rapidly
declining plasma - and nean hematocrit values after 28 April and
increasing plasma K+ and MCHC in fish held after release (Table 22).
These events al so coincided with a sharp increase in water tenperature.
Al though holding the fish slightly |onger mght have produced nmore snolts,
it mght have been with some risk as indicated by increased stress
i ndi cator values (K+, MCHC).

H st opat hol ogy and BKD anal yses indicate that the incidence of
conbi ned Lesions of any inportance with severities that would call for a
pessim stic prognosis are probably less than 10% Reduced inci dences of
Lesions to the eyes and ol factory sacs and the absence of parasites at the

time of release were also noted.
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Carson National Fish Hatchery

General

We sampled spring chinook salmon fm a fall marking tebt at Cnrson
NFH in late 1979 (Table 31), then collected full data from !lnﬁch until the
fish were released between 12 and 15 May 1980. During the sdmpling time,
the fish were cultured in well water at temperatures of 6° to 7°
(Table 31). No fish were held over for post-release sampling. :

Sampling period days are presented with 1 January 1980 ab Day +1 and
31 December as day -1 to simplify computer programming and are Epteoentod ia
Table 31 with the calendar dates for each sampling period..

The fork lenmgths of the fish used in the sampling surveys averagéd

132 mm in 1978, 127 mm in 1979, and 117 sm in 1980 at the timgs of release

in early May.

G111 Na*-K* ATPase

The gill Na*—X* ATPase profile in 1980 was charactprized by a.
gradual increase between the first two periods, followed by a shaxp
increase in early April, and probably near meximal activity ut the tiu Qf
- release (Pigure 30). Na*-K* ATPase asctivities were not followed béyodd
release, Wut comparison with the profiles collected h 1978, lf?! and, 1900
(Figure 30) suggests that ensyme perforsnce wes u*cauy agd
quantitatively repeatable, which substaatiates the probability: ‘that in 1940
naximum sctivity was reached.

Thers were no significant correlstions boul- gi1l &"‘-K"' Aﬁm‘
values in any one period and the average fork lemgths of fish used for the
pooled gill samples. In the first period there was negative correlatiéa
(r = 0.814; P < 0.002) between gill Na*-X* ATPase and plisme K*; aad
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Table 31.--Summary data for spring chinook salmon samples collected at Carson
Natifonal Hatchery in late 1979 and in the spring of 1980, with means,

standard deviations ( ), and ranges.

Sample size = 60, released

12 May 80,
Period e
Item A 1 2 3 4
Date 13 Dec 79 Mar 80 4 Apr 80 17 Apr 80 |2 May 80
Days>Jala/ -19 64 94 107 132
Temp.°ch 6.7 6.7 6.7 6.7 6.7
Avg. Pk Lac/ 93.4 102.6 109.5 112.5 116.7
(5.7) (6.9) (7.4) (R.2) (9.5)
(Range) 79-112 93-130 90-126 98-137 90-1135
Avg. ATP FK Lad/ — 103.8 110.4 112.0 116.4
- (4.6) (7.2) (7.8) (10.1)
(Range) — 99-130 96-122 100-130 98-115
Avg. Atpe/ -— 9.5 12.5 18.6 20.4
— (1.7) (2.5) (3.0) (4.1)
(Range) - 6.7-11.7 8.4-16.0  14.3-24.2 13.3-27.6
Avg. Heof/ 36.4 38.8 47.3 53.3 56,7
4.7) (4.1) (4.9) (6.4) (8.9)
(Range) 26-48 2848 32-55 30-65 30-72
Avg. W&/ 6.5 — 6.5 7.2 8.2
(1.0) — a.n (1.4) 01.6)
(Range) 4.1-8,7 - 3.6-8.8 2.7-12.5  2.4-10.6
Avg. Mcuch/ 17.9 -— 14.1 13.5 16.4
(2.%) — (3.1) (1.9) (2.0)
(Range) 11.6-213.1 — 7.2-26.2 9.0-23.1  8.0-21.2
Avg. Natl/ -—- 180.4 144.6 151.5 143.7
-— (17.4) (7.1 (7.8) (23.1)
(Range) -— 160-255 130-154 1451-167 89-200
Avg. k+1/ - 2.16 1.0% 2.32 i.86
—_— (0.95) (0.60) (1.00) (1.40)
_— 1.05-4.60 0.55-3.35  0.82-3.98 0.57-6.80
Avg. cit-k/ S 132.3 136.7 128.6 1095
- 9.1) 10.2) (12.0) -—
(Range) — 103-145 118-154 11-147 109-110(u=2)
Nat/c1mV — 1.98 1.07 1.18 _—
-— (0.19) (0.09) (0.10) ---
(Range) -— 1.17-2.07 0.94-1,26 1.02-1.34 -—

a/ Days>lal: The number of days post | January 1980 that the sampling period

represents.
b/ Temp.—-°C: Water temperature (in degrees C) measured for Lhat period.
c/ Avg. Fk Ln: The average fork length (in millimeters) of all fish measured for

that perfod.

d/ Avg. ATP Fk Ln: The average for lengths of fish used for the gill ATPase
measurements for Lhat period. )

e/ Avg. ATP: The averapge gill ATPase levels for that perfod. (Nat-—x*t activity

inu wmoles Pi/mg protein/hour.

f/ Avg. Mct: The average hematocrits for that period (X packed cells).

g/ Avg. Hh: The average hemoglobins for that period ({n g/dl).

h/ Avg. MCHC: The mean corpuscular hemoglobin concentrations (Hh/Hct x 100) averaged
for that period.

1/ Avg. Na*: The average plasma sodium for that period (in meq/1).

1/ Ave. K*: The average plasma potassium for that period (in meq/1).

k/ Avi. Cl™: The average plasma chloride for that period (in meq/1).

1/ Na¥/C1™: The ratio of the plasma sodium to chlorides for that period, averaged.
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Figure 30.--Average gill Na+-K+ ATPase values for Carson NEW spring chinook

sal mon during 1978, 1979, and 1980
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in the third period there was a positive correlation between gill

Na+- K+ ATPase and plasma C - (r 0.685; P < 0.05). In the fourth
period (at release), there was a positive correlation between gill
Na+- K+ ATPase and hematocrit values (r = 0.646; P < 0.05). However ,
there was no consistency in any of these correlations between periods.
Trends of nmean data for the entire sanpling period were different.
Mean fork lengths, gill Na+- K+ ATPase val ues, hematocrits, and
henogl obins all increased al nost |linearly throughout the sanpling season

(Figure 31), and there was a positive correlation between nmean gill

Na+- K+ ATPase and nean henmatocrit values (r = 0.975; P < 0.05). As

mean gill Na+-K+ ATPase values increased, mean plasma Na+ and O -
val ues decreased (Table 31). However, there were no significant negative
correlations between nean gill Na+-K+ ATPase values and plasnma

el ectrol ytes.

At release, the mean gill Na+-K+ ATPase activity was much higher
for spring chinook salmon from Carson NPH (20.4) than those from
Leavenworth NFH (12.5), and the rate of increase in activity during the
nmonth of April was greater for the Carson NPH fi sh. The percentage of
Carson NFH fish with gill Na+-K+ ATPase values 5 20 went from 40%
in the third period (17 April) to 60%in the fourth (12 Muy), indicating
that nmost of the rise in gill Na+-K+ ATPase had taken place (the
hi ghest value in the second period, 4 April, was 16.0). Year to year
consistency of the profiles (possibly influenced by constant water
tenperature) plus this quantitative index indicate that at |east 50% of the

fish were snolting at the time of release.
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Figure 31.--Average fork lengths, gill N - K ATPase val ues, hematocrits,
and henogl obins of the Carson NFH spring chinook salnon during
spring 1980.
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Pl asma El ectrol ytes

Mean plasma el ectrolyte values (Table 31) were within expected ranges
at the tine of release (Table 25). Pl asma Na+ was characterized by
hi gher than expected values in early March foll owed by a sharp decline and
leveling off in the expected range near release (Table 31). Plasnma C -
val ues declined to their lowest |level at the tine of rel ease, which
coincided with the peak gill Na+-K+ ATPase values (Table 31). Thi s
further corroborates evidence of good snolting activity at release

The stress indicators, plasma K+ and the MCHC, did not show sharp
increases at release, and nean values were within nornmal ranges (Table 31).
Conparison of plasma K+ profiles between Carson and Leavenworth NPH
spring chinook salnmon shows a simlarity in relative changes and tinmng
(Figure 32), and suggests that holding the Carson fish beyond the proposed
rel ease dates mght have induced a post-snolt stress.

Table 32. --Hematocrit and henogl obin values for Carson Hatchery spring
chinook salnmon at the time of release:  1978-1980.

Hematocrits anbglobins
Year Mean S. D. Mean S. D
1978 44.6 + 11.9 6.9 + 1.6
1979 36.1 + 10.1 5.2 + 1.8
1980 56.7 + 8.9 8.2 + 1.6

Hemat ol ogy

Mean hematocrit and henogl obin values of Carson NPH spring chinook
sal ron were much higher at the tinme of release in 1980 than in previous
years, and were the highest encountered in chinook salmon thus far

(Tables 31 and 32).
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Figure 32.--Average plasma K+ values for Carson and Leavenworth NFH spring
chinook salmon during spring 1980.
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Seasonal nmean hematocrit and henogl obin values of the Carson NFH fish
(Table 31) are almost the reverse of those from Leavenworth NFH (Table 22).
Not only was the trend in Carson NPH fish one of steady increases, starting
froma low in Decenber 1979 (Table 31), but all of the val ues exceeded
those of 1978 and 1979 as early as April. There were positive correlations
bet ween mean fork | engths and mean hematocrits (r = 0.993; P < 0.05), mean
fork |l engths and nmean henogl obins (r = 1.000; P < 0.05), and nean gill
Na+- K+ ATPase and nean hematocrits (r = 0.975; P < 0.05). Not e t hat
there were no individual hematocrit values below 30% at the tine of
rel ease.

These data are also unique in that they represent major changes in
hemat ol ogy in a stable water tenperature. Unfortunately, 1980 profiles
were not continued for post-release fish, as the significant correlations
of means for lengths, hematocrits, and gill Na+-K+ ATPase val ues may
prove to be of value for this stock of fish in future years. In Figure 33,
we show that the nmean gill Na+-K+ ATPase could be predicted fromthe
mean hematocrits (in 1980). Since the average growth would (presunably)
continue an upward trend even for post-snolt fish, if the nean Na+- K+
ATPase and hematocrit value declined after smolting, it mght be possible

to predict smlting (in this stock) from profiles of mean hematocrit data.

| FAT- BKD

Speci mens of Carson NFH spring chinook salnon fromthe first, second,
and fourth sanmpling periods of 1980 were exanined for the presence of BKD
organi sms by | FAT.

At release, the percentage of fish in the sanple population with

identified BKD organi sms was between that of 1978 and 1979 (Table 33).
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hematocrits of Carson NFH spring chinook sal non during
spring 1980. r = 0.976; P < 0.05.
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Tabl e 33. --The indicence of BKD organisms in juvenile Carson Hatchery
spring chinook salnon from 1978-80 as determi ned by I|FAT.

X of fish with BKD bacteria in the kidneys

Anteri or Posterior Bot h
Dat e ki dney ki dney ki dneys Tot al
1978 (at rel ease) -- o o 50.8
(light to
moder at )
1979 (at release) -- o o 33. 3a/
1980
3 March 5.0 5.0 0 10.0
(1ight)
4 April 8.3 1.7 0 10.0
(1ight)
12 May (release) 6.3 6.3 26.6 31. 9b/

al 25% of the infected fish were classed as "severe" in 1979.

b/ Only 4% of the infected fish were classed as "severe" in 1980.
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However, note that there were six times as many fish in 1979 with class 111
(severe) infections as in 1980. The significance of this is confirmed by
the excellent hematological record in 1980 fish

After release in 1980, |FAT-BKD tests were conducted on an additiona
25 Carson NFH fish to determine if BKD could possibly affect the sensory
organs. W conpared tissue snears of anterior and posterior kidney, hind
gut, brain, behind (and within) the eye, and the olfactory nare and found
that 3 out of 25 (12% had BKD organi sms in posterior kidney ranging from3
to 35 organisns/|150 microscopic fields (mf.), and 10 out of 25 (40% had

BKD organisnms in the ol factory nare ranging from 1 to 420/150 mf.

Hi st opat hol ogy

A summary of the pathological conditions observed is presented in
Table 34. For conparative purposes, these data are further sumarized with
data fromthe other hatcheries in Table 9. The main characteristics of
this histopathol ogical profile of the Carson NFH were a decrease in |esions
of the eyes and increases in gill Iesions. There was a pronounced
decrease in gill lesions of internediate (class Il) severity fromthe
earliest part of the season, which may have resulted fromearly disease
treatment. Lesions of the olfactory nares were consistently high
t hroughout the four sanpling periods and were alnost four times the rate
of 1979 (Novotny and Zaugg 1981) and al nost double the rate of Leavenworth
NFH spring chinook salnon. Al though the pathologist's report for the 1979
studi es (Novotny and Zaugg 1981) and our |FAT-BKD studies in 1980 suggest
that BKD organi sms may be associated with ol factory sac pathol ogy, we have

not conpletely confirnmed this.
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Table 34.--Pathological conditons observed in 1980 Carson Hatchery spring chinook salmon and their percentage of
incidence.2

Organ
and
pathology

Incidence (Z)

1

Period 1

severity)b

11

111

Total

Period 2
(severity)

Period 3
(severity)

Period &
(severity)

II 1I1 Total

1

11 II1  Total

1

11 III  Total

Eye

Skeletal muscle
lesions

Retrobulbar fat
lesions

Acute focal
hemmorhage

Retrobulbar
granulomatous
inflammation

Retrobulbar
pyogranulomatous
inf lammation

Gills

Increased numbers
of lymphocytes

Epithelial cell
formation

Vascular
telangiectasis
of secondary
lamel lae

Ciliated
protozoan
parasite

Olfactory sac
Focal mononuclear
cell

infiltration

Pyogranulomatous
inf lammation

82.8

0

65.5

5.2

89.7

3.4

43.1 52.2

31.0

1.7

0

82.8

98.2

96.6

5.2

94.8

5.2

41.7

63.3 11.7 0

53.3

85.0 5.0 0

41.7

75.0

6.7 0 60.0

8.3

90.0

.7 0 1.7

60.0

1.7

1.7

53.3

23.3

3.3

1.7

75.0

1.7

60.0

1.7

1.7 0

18.3 0

1.7 0

3.3

10.0 0 85.0

0 3.3 5.0

41.7

1.7

1.7

78.3

46.7

93.3

1.7

0 0

1.7

1.7

1.7 3.4

15.0 0 93.3

6.7 0 53.3

5.0 .0 98.3

1.7 1.7 5.1

a/ Brain tissue was processed and examined for all specimens, and there was no evidence of any pathology.

b/ l-recognizable (least severe); ll-intermediate; IlI-severe.
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Summary

Serial sanpling of 1978 brood Carson NFH spring chinook salmn in late
1979 and early 1980 indicated that general health of these fish was good,
and that at release, there was clinical evidence of inprovements over the
fish released in 1979 G Il Na+-K+ ATPase profiles have been
consistent in tinming and level of activity for 3 years (Figure 30), and al
of the evidence indicates that in 1980 the fish were released at maxi mum
gill Na+-K+ ATPase activity, and that at |east 50% of the fish were
smolting. The average size at release was the snallest of the 3 years

In spite of a constant 6.6°C water tenperature, mean hematocrits
paralled nean gill Na+- K+ ATPase values throughout the season.
Statistically significant correlations suggest that nean hematocrit data
may be a useful tool at this hatchery for predicting snoltification in
spring chinook salnmon, should this relationship prove consistent from year
to year.

There were no Low hematocrit or henoglobin levels in the 1980 sanpl es,
and no incidence of severe (Cass Ill) BKD. Means and ranges of the
col  ected hematol ogi cal data were above reported levels in sonme periods
(Tables 28 and 31). An analysis of variance proved that there were highly
significant differences in the nean hematocrits between periods (F = 116
FO. 0005, 4,240 = 5.20).

Al t hough hi stopathol ogy data indicated increases in the incidences of
eye and ol factory sac tissue lesions in 1980 as conpared to 1979, there
were no increases in severity. A separate |FAT-BKD test indicated that BKD
organi sns could be found in smears fromthe olfactory sacs of 10 out of 25

fish exam ned (409%.
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Al though we have presented an optimistic scenario for the Carson NFH
spring chinook salnon released in 1980, one cautious comment nust be nade
regarding the high hematocrits observed. In a general introductory
statement, we pointed out that high hematocrits may be the result of
dehydration. However, there is nothing in the literature to indicate what
actual levels of hematocrit nmight be expected as indicators of the first
stages of dehydration. Figure 34 clearly shows a mgjor split in the
hematocrit |evels between winter and late spring. At the tinme of release,
over 80% of the fish had hematocrits of 50% or nore, and 30% of the fish
had hematocrits of 60% or nore

As of now, we have no reasonable explanation for high hematocrits in

the spring of 1980.
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Xooskia National Fish Hatchery
General e e

Sprisg chinook salmon were sampled from Raceway 10 at Kbookil RFH 4n
early March, and from Raceway 7 in April. Sampling contiimod beyond
release (1&-16 April) until esrly in Juse. Data are .hmed and
preseated in Table 35, where periods 5, 6, and 7 uptmnti post-release
fish held over in Raceway 12. :

Sampling periods are presented as days past 1 Jamry 1:930. Plasma
electrolytes (Table 35) represent pooled data from 6, 3, org single fish,
depending on fish size at the time of oquu_. |

Figute 35 shows water temperatures as messured in the racevays, snd
Table 35 shows average fork lengths of the Koaskia NFH m}u sampled i:lﬁ
1980. The average size of fish tsken at the time of ulu.{. in 1978 (24

April) wes 125 mm compared to 118 mm in 1960,

Gill Na*-K* ATPase

In 1980, the gill Ma*-K* ATPase profile of Kooskia MFM fish was
characterized by a rapid incresse in mpan ulup and otud‘rd devigtions
between 1 April and 15 May, followed by a very sharp ducu-q (ugm .34).
Peak Na"-l"’ ATPase activity obviously occurred & weeks lﬂ:tr uﬁq.
Mean Nat<k* ATPase activity at the time of ‘rdiegse in 1918 (24 Spril)
was 18.1; whereas in 1980 1t did not reach this -‘nitudev nntil
approximstely 7 May (Figure 36).. Rote M ‘the -.nﬂ single: giu
Nat-xt ATPase value found at release was lass thu the ‘.lo'nt ﬁn‘h-
gill Na*-K* ATPase value during the pesk of activity (Table 35).
Although there were significant positive correlations MM fork lengths
and gill Na*-K* ATPase activity during the third and fifth periods,
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Table 35.--Summary data for spring chinook salmon samples

1980, with means, standard deviations ( ), and ranges.

collected at Kooskia National Hatchery in the spring of
Sample size = 60.

Period
Item 1 Z 3 3 5 3 7
Date S5 March 19 March 2 April 16 April 30 April 14 May 5 June
Days>Jala/ 65 78 92 106 120 134 155
Temp.-°Cb/ 3.5 4.0 5.0 5.0 6.5 8.8 7.5
Avg. Fk Lnc/ 108.8 112.9 116.8 118.0 123.2 133.2 137.4
(7.5) (7.0) (7.9) (8.7) (17.5) (10.2) (8.1)
(Range) 89-126 101-131 90-133 100-140 105-141 121-198 123-175
Avg. ATP Fk Lnd/ 108.5 113.5 115.7 117.2 122.9 132.8 137.1
(3.0) (6.7) (5.7) (7.1) (5.5) (6.2) (5.5)
(Range) 106.0-112.7  104.3-124.3 106.3-122.3 105.7-130.0  112.7-130.3 125.3-141.0 125.0-144.0
Avg. aTre/ 7.2 7.9 7.03 11.3 15.4 19.7 11.6
(0.8) (0.6) (0.9) (1.6) (2.8) (3.8) (1.9)
(Range) 5.6-8.3 7.1-8.6 6.2-8.6 8.1-13.5 10.4-19.4  16.2-28.3 9.0-14.5
Avg. Heef/ 42.4 43,6 40.0 45.2 48.5 47.4 37.8
(4.2) (4.5) (6.5) (6.0) (8.5) (8.6) (5.9)
(Range) 33-57 30-56 18-53 32-57 27-63 20-61 22-48
Avg. HbE/ 6.6 1.3 6.8 7.1 6.6 7.0 6.3
(0.8) 0.7) (1.1) (1.0) 0.9) (1.3) a.1)
(Range) 3.7-8.7 5.7-9.0 2.9-9.4 4.3-9.0 3.2-8.1 2.3-9.0 3.7-8.7
Avg. McHch/ 15.7 16.8 17.3 15.8 13.9 14.8 16.7
(1.6) (1.5) (16.1) (1.9) (1.6) (1.4) (2.6)
(Range) 10.0-20.3 13.0-19.8  12.3-22.3 10.8-20.9 11.7-18.2  11.4-17.8  10.4-25.6
Avg. Na*l/ 146.5 148.3 152.6 156.8 157.0 139.3 144.1
(7.2) (9.0) (10.6) (4.8) (7.6) (11.7) (9.0)
(Range) 133.0-157.0 141-165 128-170 150-163 138-167 112-163 123-162
Avg. k+1/ 0.65 1.18 0.62 1.53 0.70 0.81 1.26
(0.26) (0.78) (0.36) (0.72) 0.31) (0.50) (1.11)
(Range) 0.32-1.18 0.44-2.65  0.32-1.46  0.58-2.60 0.31-1.27  0.26-1.82  0.24-6.1
Avg. C1k/ 153.6 125.9 129.0 124.1 134.8 118.1 129.6
9.7) 4.3) (6.9) (5.4) (8.5) (10.2) (11.4)
(Range) 137-174 121-133 118-137 113-134 110~-155 93-141 100-156
Nat/c1-L/ 0.96 1.18 1.19 1.26 1.17 1.18 1.12
(0.07) (0.07) (0.10) (0.03) (0.05) (1.0) (0.10)
(Range) 0.82-1.05 1.07-1.29 1.00-1.33  1.23-1.33 1.07-1.25 0.91-1.39  0.88-1.40

a/ pays>Jal: The number of days post | January 1980 that the sampliing period represents.

b/ Temp.-°C: Water temperature (in degrees C.) weasured for that pertod.

</ Avg. Fk Ln: The average fork length (in millimeters) of all fish measured for that period.

d/ Avg. ATP Fk Ln: The average fork lengths of fish used for the gill ATPase measurements for that period.
e/ Avg. Atp: The average gill ATPase levels for that perlod. (Nat-K' ATPase activity in umoles Pi/mg
groteln/hour.)
17) Avg. Het:
g/ Avg. Hb:
h/ Avg. MCHC:

The average hematocrits for that period (X packed cells).
The average hemoglobins for that period (in g/dl).
The mean corpuscular hemoglobin concentrations (Hb/Hct x 100) averaged for that period.
i Avg. Nat: The average plasma sodium for that period (in meq/l).
1/ Avg. K*: The average plasma potassium for that period (in weq/i).
k/ Avg. Cl1™: The average plasma chloride for that period (in meq/1).
1/ Nat/C1~: The ratios of the plasma sodium to chlorides for that period, averaged.
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Figure 35.--\Wter tenperatures measured in the raceways at Kooskia NFH during
spring 1980.
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Figure 36. --Mean gill Na -K ATPase val ues of Carson, Leavenworth, and
Kooskia NFH spring chinook sal non during spring 1980.
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this was not the case at the tine of release (fourth period). There was no
correlation between nean fork lengths and nean gill Na+-K+ ATPase
val ues. There was a significant positive correlation between nmean gill
Na+- K+ ATPase and the water tenperature (Figure 37). However, this is
probably coincidental, as the Na+-K+ ATPase profile nornally includes a
post-smolting decline, regardless of water tenperature.

On the basis of the above information, especially with ranges of gill
Na+- K+ ATPase val ues encountered, it appears that Kooskia NFH fish were

still in a pre-smolting condition at the tine of release.

Pl asma El ectrol ytes
Mean plasma K+ values (Table 35) were within expected ranges
(Tabl e 25), and the nean plasma Na+ and O - values were frequently at
t he upper end of the expected val ues. Mean C - values in the first
period were 14.6% hi gher than the highest nean Cl - reported in Table 26.
Mean plasma Na+ and C - values were much higher at the time of rel ease
in md-April 1980 (Table 35). Both plasma Na+ and Cl - peaked on 30
April (5th period) and then declined rapidly to mninumlevels at the sane
time gill Na+-K+ ATPase reached peak value (Table 35). Profiles of
plasma Na+ and O - levels in Kooskia NFH spring chinook sal non were
simlar to those of Carson and Leavenworth NFH fish (Figures 38 and 39).
Profiles of stress indicator6 plasna K+ and the MCHC, indicated
mninal 6 2 week6 after release (Figure 40). A conparison of the profiles
of nmean plasma K+ and MCHC values for spring chinook salnmon from Carson,
Leavenwort h, and Kooskia NFH indicate6 distinct simlarities, and that the
spring low points of both indicator6 occurred about the first week in My
(Figures 41 and 42). These data al so suggest that Kooskia NFH fish nmay

have been rel eased too soon.
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Figure 37.--Regression of average gill Na*- K" ATPase val ues of the Kooskia

NFH spring chinook sal non on water tenperature during spring
1980. r = 0.873 (P = 0.02).
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Figure 38.--Average plasma Na" values for Carson, Leavenworth, and Kooskia
NFH spring chinook salnmon during spring 1980.
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Figure 39. --Average plasma O- values for Carson, Leavenworth, and Kooskia

NFH spring chinook salnmon during spring 1980
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Figure 42. --Average nean cell henoglobin concentrations (MCHC) for the Carson,

Leavenworth, and Kooskia NFH spring chinook sal non during spring
1980.
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Hemat ol ogy

Mean hematocrits of the Kooskia NFH fish were 39.1% (£ 8.2) and nean
hermogl obins were 6.6 g/dl blood (£ 1.9) at release in 1978. Mean val ues
were slightly higher at release in 1980 (fourth period), and the ranges
were all within acceptable levels (Table 35). Steep declines in mean
hemat ocrit and henpgl obin values did not occur until over 6 weeks
post - r el ease, and about 2 weeks after the pmaxi mum Na+-K+ ATPase
activity (Table 35). In general, the data indicate that prior to, during,
and after release only a snall percentage of fish showed any evidence of
borderline hematology. Only 1.3% of the total fish sanpled between early
March (first period) and release (fourth period) had hematocrits |ess than
30% This conpares with about 8.3% for fish sanpled at release in 1979.
Less than 4% of the post-release fish held at the hatchery for the
remai nder of the sanpling season had |ow hematocrits (< 30%. There were
no high henmatocrits (> 60% for the first four periods, and about 6.7% in
post-release fish that coincided with the peak of the Na+-K+ ATPase
activity. About 2.5% of the prerelease and 13.3% of the post-rel ease fish
had slightly elevated hematocrits (& 55%). There were highly
significant correl ati ons of i ndi vi dual hematocrits and henogl obi ns
(P < 0.001) in all seven periods, and percentages of below normal
henogl obins followed the sane trends as henmatocrits. There were no
significant correlations between nean hematocrits and nean henogl obins, nor

between nean Hct, Ho, MCHC, and gill Na+-K+ ATPase.

| FAT- BKD
Speci nens of Kooskia NFH spring chinook salnon fromthe first, third,

and fifth sampling periods of 1980 were exam ned for the presence of BKD
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organisms by the IFAT (fish were released m d-way between the third and
fifth periods). The total incidence of BKD for 1980 appears to be down
substantially from 1978 (Table 36), and there is considerable variation in
the percentage of fish with light intensity infections throughout the
sanpling period. Sone of this may be due to sanpling fromdifferent
ponds. Data classifying fish with "severe" intensity of infection may be
most neaningful. The | FAT-BKD tests indicate that approximtely 2% of the
sanples were in this category in tw of three sanple periods (Table 36).
Cl ose observations were nmade of internal organs during all seven sanpling
periods for any gross pathology, especially BKD type lesions. There was an
average of 2.4%of the fish with observed BKD type | esions for the seven
periods of sanpling in 1980, ranging fromO to 5. 0% Usi ng these data, a
m nimum estimate of 2 to 5% early nortality directly attributed to BKD

could be expected.

H st opat hol ogy

A summary of pathol ogical conditions observed is presented in Table
37. For conparative purposes, these data are further summarized with data
from the other hatcheries in Table 9.

Conpared to 1978 (Novotny and Zaugg 1979), Kooskia NFH fish were
characterized by an increased incidence of eye |lesions and both decreases
and increases in gill lesions (Figure 43). As in Carson NFH spring chinook
salnmon, there was a pronounced decrease in certain gill |esions of
internediate (Cass Il) severity as the season progressed (Table 37), and
the incidence of lesions of the olfactory sac was persistently high

t hroughout the sanpling period.
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Tabl e 36. --The incidence of BKD organisns in juvenile Kooskia Hatchery
spring chinook salmon in 1978 and 1980 as determned by |FAT.

% of fish with BKD bacteria in the kidney

Anterior Posteri or Bot h
Dat e ki dney ki dney ki dneys Total s
1978 (at 11.7 8.3 70.0 90.0
rel ease)
5 March (25.9 noderate
1980 13.0 14.8 44. 4 72.2 1.9 severe&
2 April
1980 1.8 0.0 1.8 3.5% (100 light)!?/
30 April (12.5 noderate
1980 16.1 12.5 23.2 51.8 1.8 severe&
a/ nmoderate = 10-99 organisns/150 nicroscopic fields.
b/ I'ight = -9 organisns/I50 mcroscopic fields.

c/ severe

> 100 organisms/150 microscopic fields.
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Tabl e 37. --Pathol ogi cal conditions observed in 1980 Kooskia Hatchery spring chinook salnon
and their percentage of incidence.al

I nci dence (%

Organ Period 1 Period 3 Period 5
and (severity@ (severity (severity)

pat hol ogy I 1l 11l total Il 111 total I Il total
Eye

skel et al

muscl e

| esions 15.0 O 0 15.0 33.0 0 O 33.0 45.0 0 0 45.0
Glls

i ncreased

nunbers of

| ynphocyt es 81.7 5.0 0 86.7 56.7 6.7 0 63.3 40.0 10.0 1.7 51.7

epithelial cell
formation 50.0 35.0 0 85.0 55.0 18.3 0 78.3 63.3 5.0 0 68.3

vascul ar

t el angi ectasi s

of secondary

| arrel | ae 15.0 0 O 15.0 3.7 0 O 31.7 2000 0 O 20.0

Ofactory sac
focal

nononucl ear cell
infiltration 76.7 3.3 0 80.0 83.3 6.7 0 90.0 81.7 8.3 1.7 91.7

£/ Brain tissue was processed and exanined for all specinens, and there was no evidence of
any pat hol ogy.

2/ |-recognizable (least severe); Il-intermediate; IIIl-severe.
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pat hol ogy of Kooskia NFH spring chinook sal non in 1978 and

1980.
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Summary

Serial sanpling of Kooskia NFH spring chinook salmon in 1980 indicated
that general health of the fish was good throughout the sanmpling season,
and that clinical evidence of any disease related problens was | ow and
probably reduced from that of 1978. Field notes indicate that a group of
Kooskia NFH fish originating from Carson NFH were rel eased from Kooski a NFH
1 week before the main releases, and there were undocunmented reports that
this early (Carson NFH origin) release group was suffering from anem a and
a high incidence of obvious BKD | esions. Qur data suggest that early
nortalities directly attributable to BKD in the normal rel ease groups
should be approximately 2 to 5%

Mean hematocrits of Carson, Leavenworth, and Kooskia NPH spring
chi nook sal non data suggest that throughout the season, Kooskia NFH fish
were approxi mately between the other two, presenting a normal, healthy
appraisal (Figure 44).

However, it would appear from gill Na+-K+ ATPase and plasna
electrolyte data, that the fish may have been rel eased before a high
percentage of the population snolted. A conparison of gill Na+-K+
ATPase data from the sane three hatcheries (Figure 36) shows a remarkable
coincidence in the profiles and presents sufficient data in itself to
i ndi cate that hol ding Kooskia NFH fish until at |least 1 May woul d have been
t he best choi ce.

Since none of the sanples had adequately el evated Na+- K+ ATPase
level s at release, we must conclude that the percentage of smolting was

very low, and no estimates can be given
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NFH spring chinook salnmon during spring 1980.
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Rapid River Hatchery (IDFG)
General

Sampling of spring chinook salmon fro- the earthen teat#,ng ponds at
The Idsho Fish and Game Department's (IDFG) Rapid River latch¢ty began in
early March and continued into mid-May at 2-week intervals, for a total of
six periods. The fish were allowed to migrate voutioully.; ‘Migration
began in early April, and from 17 April. (fourth period) poot—zl.'eleaae fish
were held in a temporary circular tank at the hatchery. ‘l'hq main ponds -
were drained about 1 May for snmual msintenance, and at tH:is time any
residual fish were flushed out. |

Sampling from the ponds without stressing fish presented q problem, as
physical conditions were not suitable for crowding. smung was
accomplished by dropping a utt—net belov an uto-.ttc feeier i.n the middbe
of the ponl hand broadcasting food over the mt, and then npﬂ.dly rd.oiq
the net. Usually over 500 fish conld be trapped, and fro- this sample
approdmiy 20 fish were dipped out for destructive .nalyn“. This was
repeated three times during the course of the day.

Field notes indicate that erythromycin phogphate was “:nj_cfctei inte
Rapid River Hatchery sdults prior to spewning and also to :‘ar eggn at
fertilization to reduce the vertical. ttaluli.”ion of BKD.

Plagma samples were pooled by grmp ct thuo fish (alh( with the
gill la-pieo for u.*-x* ATPase aumc) nul rcu.a s—s whent
individual Plassas were used. A |

Data tro-ux.apu-; periods are peesemted in Table 38. | mpul:af
emigration was estimated to be 10 April, snd the samples frul Periods 4-6
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Table 38.--Summary data tor the spring (1980) sampling of Rapid River Hatchery spring chinook salmon with means,
standard deviations ( ), and ranges.

Sample size = 60.

Period
1 2 3 3 S 6
(peak of
emigration)
Date 6 Mar 80 21 Mar 80 3 Apr 80 17 Apr 80 1 May 80 15 May 80
Days>Jal 8/ 66 79 93 107 121 134
Temp. °Cb: 3.5 4.0 5.0 6.0 7.5 8.5
Avg. Fk Lt/ 126.6 130.4 135.7 133.2 136.5 143.7
(5.0) (7.4) 3.7) 9.5) 9.1) (4.9)
(Range) 116.7-135.0 116.3-142.3 130.7-141.3 116.7-147.7 122.3-152.3 136.7-152.0
Avg. ATP Fk Lnd/  126.6 130.4 135.7 133.2 136.5 143.7
(5.0) (7.4) 3.7) 9.5) 9.1) (4.9)
(Range) 116.7-135.0 116.3-142.3 130.7-141.3 116.7-147.7 122.3-152.3 136.7-152.0
Avg. Arpe/ 8.4 9.5 12.6 10.8 10.9 7.9
(1.4) (1.0) (3.6) (2.0) (1.9) (2.8)
(Range) 6.0-10.1 8.1-10.9 8.6-20.2 7.5-14.0 7.8-14.0 5.1-13.5
Avg. Hctf/ 40.0 41.8 38.2 42.2 44.5 49.6
(6.9) (6.0) (5.9) (1.6) (8.6) (7.4)
(Range) 9-52 26-53 25-55 18-60 21-65 35-65
Avg. Hb8/ 4.8 5.2 5.9 5.9 5.9 7.4
. (1.1) (1.0) (1.1) 1.5) (.1 (1.2)
(Range) 1.0-7.0 2.0-7.3 2.6-8.1 0.7-9.0 3.5-8.1 5.0-10.7
Avg. Mcuch/ 12.0 12.5 15.7 14.0 13.4 15.3
(1.4) (1.9) 3.1) (3.0) 3.0) (2.7)
(Range) 8.8-15.6 7.0-17.8 7.6-26.0 3.71-19.6 8.0-23.4 10.4-20.9
Avg. Na*i/ 159.6 146.2 161.7 125.2 130.9 116.0
(10.2) (16.9) (4.0) (17.6) (16.3) (20.0)
(Range) 136-182 112-173 152-167 104-160 83-155 69-165
Avg. K1/ 0.86 1.02 0.68 0.59 0.51 0.61
(0.61) (0.40) 0.32) (0.42) (0.36) (0.50)
(Range) 0.37-2.75 0.47-1.86 0.34~1.44 0.19-1.70 0.23-2.00 0.24-1.95
Avg. c1k/ 135.4 133.3 133.0 86.9 113.0 93.1
(10.1) (11.8) (4.6) (12.1) (21.5) (13.1)
(Range) 122-158 107-151 123-139 70-119 60-163 63-111
Nat/c1-Y/ 1.18 1.10 1.22 1.41 1.18 1.26
(0.10) (0.13) (0.03) (0.09) (0.15) 0.10)
(Range) 1.03-1.41 0.86~1.31 1.16-1.29 1.28-1.57 0.85-1.75 1.02-1.54

a/ Days>Jal:
b/ Temp.-°C:

</ Avg. Fk Lun:
4/ Avg. ATP Fk La:
e

&/ Avg. Atp:
£/ Avg. Hct:
&/ Avg. Hb:

h/ Avg. MCHC:

i/ Avg. Nat:

C1™:

The number of days post | January 1980 that the sampling period represents.
Water - temperature (in degrecs C.) measured for that period.
The average fork length (in millimeters) of all fish measured for that period.

The average fork lengths of fish used for the gill ATPase measurements for that period.

131

The average gill ATPase levels for that period. (Na*-K' ATPase activity inj moles Pi/mg protein/hour.)
The average hematocrits for that period (I packed cells).
The average hemoglobins for that period (in g/dl).
The mean corpuscular hemoglobin concentrations (Hb/Hct x .100) averaged for that period.
The average plasma sodium for that period (in meq/l).
Y Avg. K¥: The average plasma potassium for that period (in meq/l).
k Avi. Cl™: The average plasma chloride for that period (in meq/1).
/ The ratios of the plasma sodium to chlorides for that period, averaged.



(Table 38) were collected fromfish held back in circular tanks. Periods
5-6 could be considered "post-enigration."

Field notes indicate that Dr. G W Kl ontzL suspected sone epistylus
infestations in early March, and we noted a snall nunber of "graybacks"”
during the second sanpling period. By the fourth period, very few parred
fish and no BKD | esions were noted. The fish | ooked good and the scal es
were | oose.

Figure 45 is a profile of water tenperatures in the ponds at Rapid
Ri ver Hatchery as neasured during the sanpling periods. Figure 46 plots
average fork lengths of Rapid River hatchery fish as neasured from our
sanpl i ng. The apparent decline in growh and growh rate after the third
period may be an artifact resulting fromlarger, snolting fish emigrating

fromthe pond first.

Gl Nat-K+ ATPase

There is difficulty in following trends of gill Na+-K+ ATPase (or
any of the other parameters) in Rapid River Hatchery spring chinook sal non
because fish were allowed to nmigrate volitionally, and the only totally
captive popul ation fromwhich sanples could be taken was not established
until the fourth period. Figure 47 profiles the Na+-K+ ATPase val ues.
Note that the curve increases rapidly and then declines between the third
and fourth periods. If a major migration of snolting fish had occurred,
the enmigrating individuals probably had the highest Na+-K+ ATPase

val ues. In the third period, 30% of the Na+-K+ ATPase sanples were

4/ Professor of fisheries, University of Idaho, Mscow, |daho.
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WATER TEMPERATURE- (DEGREES CENTIGRADE)
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Figure 45. --Water tenperatures neasured at Carson, Leavenworth, and Kooskia

NFH and Rapid River Hatchery during spring 1980.
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AVERAGE FORK LENGTH- (MM)
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Figure 46. --Mean fork |engths of spring chinook sal non sanpled from

Carson, Leavenworth, and Kooskia NFH and Rapid River
Hat chery during spring 1980.
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NAT-kT ATPASE- (UMOLES PI1/MG PROTEIN/HOUR)
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Figure 47.--Man gill Na*- K" ATPase val ues of Carson, Leavenworth,

and Kooskia NFH and Rapid River Hatchery spring chinook
sal mon during spring 1980.
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greater than 15.0 u noles Pi/ng protein/hour. In the fourth period, none
of the sanples was greater than 14.0 u Pi/my protein/hour. There were no
positive correl ations between nmean gill Na+-K+ ATPase val ues or other
paraneters during the sanpling season, or during individual periods. From
the profile presented (Figure 47), there definitely appears to be a
post-snolting decline in Na+-K+ ATPase values after the fifth period
whi ch may have been reduced by a change in environnents. A "best guess"
woul d be that at |east 30% of the fish sanpled were snolting at the
begi nning of the migration period (3), and that this percentage increased

during the next 2 weeks.

Pl asma El ectrol ytes

Mean plasma Na+ values (Table 38) were occassionally higher than the
expected (Table 25), and the nmean plasnma C- and K+ values were
frequently | ower. Mean chloride values on two occasions, for exanple,
ranged from 10.5 to 16.3% lower than the lowest C - values reported in
Tabl e 25, and on four occasions nmean plasma K+ val ues ranged from 16 to
37.5% lower than the |owest values reported in Table 25

Mean plasma Na+ and Cl- levels declined rapidly during the peak of
mgration (Figures 48 and 49), and nean plasma K+ concentrations were
well into a decline at the sanme tinme (Figure 50). The mean Na+/ d -
ratio (which is, again, a nmeasure of the maxi num divergence of plasma Na+
and C') increased sharply to a peak value at the sane tine (Table 38).
The key stress indicators (elevated plasma K+ and MCHC val ues) had peaked
and were in a sharp decline during this major nmigration period (Figures 50

and 51).
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PLASMA NAT (MEQ/L)
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Mean pl asma Na+ val ues of Carson, Leavenworth, and Kooskia
NFH and Rapid River Hatchery spring chinook sal mon during
spring 1980.

137



(MEQ/L)
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Mean plasma O -values of Carson, Leavenworth, and Kooskia NFH
and Rapid River Hatchery spring chinook sal mon during spring
1980.
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PLASMA KT (MEQ/L)
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Mean plasma K+ val ues of Carson, Leavenworth, and Kooskia NFH
and Rapid River Hatchery spring chinook sal mon during spring
1980.
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Figure 51.--Average mean cell henoglobin concentrations (MHC) of Carson,
Leavenworth, and Kooskia NFH and Rapi d River Hatchery spring

chinook salmon during spring 1980.
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There were no correlations between the average gill Na+-K+ ATPase
val ue and any of the average plasma electrolytes. There was a significant
positive correlation between nean plasma CL- and nmean plasma Na+ val ues
(Figure 52), a significant negative correlation between nmean plasma Na+
and water tenperatures (Figure 53), and between nean plasma Na+ and nean
hematocrits (Figure 54).

There were no significant correlations between individual plasma Na+
and d - values until the third period (r = 0.615; P < 0.005), early in
April. Correlations of Na+ and CL' from that point increased, and
ranged fromr = 0.8 to 0.9 (P < 0.001). Correl ati ons between individua
plasma K+ and the Na+ and CL' values were significant only between

the third and fourth periods (r = 0.6-0.7; P < 0.01-0.02)

Hemat ol ogy

Mean hematocrits and henpgl obins of Rapid River Hatchery spring
chi nook salmon were all within nornmal ranges throughout the 1980 spring
sanmpling season (Table 38) and showed a general increase as the season
progressed (Figures 55 and 56). There were significant positive
correl ati ons between the hatchery water tenperature and nean henatocrits
(r = 0.840; P < 0.05) and mean henoglobins (r = 0.882; P < 0.02) suggesting
that these parameters are positively influenced by water tenperature in
this stock (Figures 57 and 58).

There was no significant correlation between nean hematocrit and
henogl obi n val ues. I ndi vi dual hematocrits and henogl obins were all
positively correlated throughout the sanpling season (Table 39). Al though
mean pl asma Na+ val ues and mean hematocrits were significantly correlated

(Figure 54), these relationships could not be shown for individual fish
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Figure 52.--Regression of nean plasma O- values on nean plasma Na+ val ues of
Rapid River Hatchery spring chinook salmon during spring 1980.
r =0.915; P < 0.02.
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PLASMA NAT (MEQ/L)
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Figure 53.--Regression of mean plasma Na+ values of Rapid River Hatchery
spring chinook salnon on water tenperature during spring
1980. r = -0.847; P < 0.05.
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Figure 54.--Regression of nean plasma Na+ val ues on nean hematocrits of
Rapi d R ver Hatchery spring chinook sal mon during spring
1980. r = -0.882; P < 0.02.
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Figure 55.--Mean hematocrit values of Carson, Leavenworth, and Kooskia NFH

and Rapid R ver Hatchery spring chinook salnon during spring
1980.
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NFH and Rapi d River Hatchery spring chinook sal non during
spring 1980.
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Figure 57. --Regression of mean hematocrit values of Rapid River Hatchery

spring chinook salnon on Rapid River Hatchery water tenperatures
during spring 1980. r = 0.840; P < 0.05.
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Figure 58.--Regression of mean henogl obin values of Rapid River Hatchery

spring chinook salnon on Rapid River Hatchery water tenperatures
during spring 1980. r = 0.882; P < 0.02.
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Table 39.--Significant correlaiton coefficients for individual hematocrits
and henogl obins of Rapid River Hatchery spring chinook sal non
during the 1980 sanpling season

Peri od
[tem 1 2 3 4 5 6

Correlation coefficient 0.865 0.751 0.479 0. 680 0.547 0.334
Degrees of freedom 58 58 58 55 53 50
P <0.001 <0.001 <0.001  <0.001 <0.001  <0.02

The incidence of abnormally low and high hematocrit values was quite
low during the migration period, and remained so until the last sanpling
period (Table 40).

Tabl e 40.--1ncidence of |ow and high hematocrit values in Rapid River

Hat chery spring chinook salmon during the 1980 sanpling season
(expressed as precentage of the sanples tested).

Peri od
[tem 1 ? 3 4 5 b
Hemat ocrits
<30 5.0 3.3 5.0 5.2 5.5 0
>55 0 0 0 5.2 9.0 25.5

Average nmean cell henoglobin concentrations (stress indicators)
peaked prior to migration and declined throughout the migration periods
(Figure 51)

On the basis of the information collected and eval uated, the general
health index as expressed by henatol ogi cal values exam ned was quite good

t hroughout the season, and especially so at the time of enigration.
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Table 41.--The incidence of BKD organisns in juvenile Rapid River Hatchery spring
chinook salmon during the 1980 sanpling season, as deternmined by

| FAT- BKD,
Percent of fish with BKD bacteria in the Kidneys

Anterior Posteri or Bot h Comment's on
Peri od ki dney ki dney ki dneys _Total's intensityé
#
6 March 3.3 1.7 3.3 8.3 1.7 noderate

1.7 severe

#4
17 Apri | 0 1.7 0 1.7 Al l |ight
#5
1 May 10.0 10.0 5.0 25.0 1.7 noderate
a/ Light -9 organisns/150 mcroscopic fields

Mbder at e
Severe

LO- 99 organisns/|150 microscopic fields
> 100 organisns/150 mcroscopic fields



| FAT- BKD

Speci nens of Rapid River Hatchery spring chinook salnmon fromthe
first, fourth, and fifth sanpling periods of 198 were exam ned for the
presence of BKD organisnms by the IFAT (nmajor migration was between the
third and fourth periods).

The incidence of BKD was very |ow throughout the periods of pond
sanmpling (Table 41), and the intensity of infection was classified
primarily as light (1 to 9 BKD organisns/lI50 microscopic fields). Three
fish (5% were observed with gross BKD type | esions during the first
sanpling trip in March and none thereafter. Thi s incidence averages 0.8%
for the six sanpling trips with 95% confidence limts to a 1.8%incidence.
The microscopically (IFAT-BKD) observed frequency of 1.7% during the major
mgration (Table 41) has an upper 95% confidence limt of 5.0%

The results of detection methods indicate that treatnment of the adult
parent stock and eggs with erythromycin phosphate was quite successful for
the 1980 migrants. Increase in incidence in the "hold-over" fish may have

been due to the stresses of confinenent.

H st opat hol ogy

A summary of the pathological conditions observed is presented in
Tabl e 42. For conparative purposes, these data are further summarized with
data from other hatcheries in Table 9.

Sanpl es for a histopatholgical profile were collected during the first
three periods, the last (3 April) representing the beginning of mgration.
ALL sanples canme from ponds, none were from the confined holding area.

Lesions of the gills and olfactory sac were consistently high

throughout the sanpling periods, and there was a persistently high
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Tabl e 42. --Pathol ogi cal conditions observed in 1980 Rapid River Hatchery
spring chinook sal mon and their percentage of incidence.a

Incidence(Z%)
Organ Period 1 Period 2 Period 3
and (severity)h’ (severity) (severity)
pathology 1 I1 II1 total 1 11 II1 total I II III total
Eye
skel et al
nmuscl e
| esi ons 43.3 0 0 43. 3 55.0 0 0 55.0 59.3 O 0 59.3
retrobul bar
f at
| esi ons 0 0 0 0 1.7 0 0 1.7 0 0 0 0
Glls
i ncreased
nunbers of
| ymphocytes 83.3 13.3 0 96.6 63.3 8.3 0 71.6 78.0 13.6 0 91.5
epithelia

cell
formation 31.7 65.0 1.7 98. 4 58.3 23.3 0 81.6 50.9 47.5 0 98.4

vascul ar

tel angi ectasi s

of secondary

| anel | ae 3.3 0 0 3.3 3.3 0 0 3.3 85 0 O 8.5

O factory sac

focal

nononucl ear

cel |

infiltration 76.7 6.7 0 83. 40 76.7 13.3 0 90.0 0 79.7 17.0 96.7

a/ Brain tissue was processed and exam ned for all specinens and there was no
evidence of any pathol ogy.

b/ 1-recognizable (least severe); Il-intermediate; III-severe-
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proportion of fish with lesions of internmediate severity. However ,
summari zed conparative data presented in Table 9 indicate that the severity
and incidence were only slightly higher than those of other spring chinook

sal mon stocks in the study.

summary

Serial sanpling of Rapid River Hatchery spring chinook salnon in 1980
i ndicated that general fish health was good fromthe early part of the
season through rel ease. The incidence of BKD as docunmented by indirect
fl uorescent antibody analysis of random sanples was very |ow, probably
i ndicating that the erythromycin phosphate programfor the prevention of
the vertical transmission of BKD was successful

At release, Rapid R ver Hatchery fish were the largest of the four
spring chinook salnon stocks in the study (Figure 46). Profiles of water
tenperatures were conparable to Kooskia and Leavenworth NFH (Figure 45),
but the peak of the Na+-K+ ATPase profile (Figure 47) occurred nuch
earlier (this may have been due to the abrupt changes in environnment). In
contrast, the nean gill Na+-K+ ATPase values of the Carson NFH stock
(at Carson NFH) peaked at the sane time as the Leavenworth and Kooskia NFH
fish (Figure 47), in spite of a constant tenperature at Carson NFH
(Figure 45). Leavenworth and Kooskia NFH stocks are basically from Carson
NFH transpl ants.

Average hematocrits and henpgl obins were conparable to those of
Leavenworth NFH spring chinook sal non at rel ease, but |ower than Carson or
Kooskia NFH fish (Figures 55 and 56). Profiles of average nean cel
henogl obi n concentrations of all four spring chinook sal non hatchery stocks

in the study indicate that they were all conparable, and that MCHC of the
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Rapid River Hatchery stock were rapidly declining during outmigration
(Figure 51). Mean plasma Na+ values declined nuch nore rapidly than
those of the other spring chinook salnmn stocks studied and were the |owest
of the four at release (Figure 48). Mean plasma O - values had the nost
abrupt changes of any of the stocks as evidenced by an extrenely sharp
decline during migration (Figure 49). A conparison of average plasma K+
profiles for the spring chinook salnmon stocks (Figure 50) indicates a
declining curve throughout the season for Rapid River Hatchery fish, with
the |owest points during outmigration. These |ower stress indicator values
(MCHC and plasma K+) nay be fromthe use of pond culture at Rapid River
Hat chery.

Al'l of the data indicate that Rapid R ver Hatchery stocks were in

excel lent condition at the tinme of outmigration.
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Table 43.--Summary data for the spring (1980) sampling of Spring Creek Hatchery
fall chinook used in homing Lests, with means, standard deviations ( ),
and ranges. Sample size = 60.

Period
Item 1 2 3
Date 10 March 1980 10 April 1980 8 May 1980
Days>Jala/ 70 100 128
Temp.-C°b/ 7.7 - 11.1°C
Avg. Fk Lac/ 74.2 79.2 92.1
(2.9) (4.5) (5.3)
(Range) 68-81 70-90 79-103
Avg. ATP Fk Lnd/ 73.2 80.3 93.0
(2.5) (4.5) (4.9)
(Range) 68-79 71-90 79-102
Avg. ATPe/ 18.2 16.2 9.8
(2.5) 1.3) (2.2)
(Range) 14.6-22.3 13.9-17.6 6.7-13.9
Avg. Heef/ 48,5 55.2 55.1
1.7 (5.4) (4.2)
(Range) 41-60 45-68 42-63
Avg. HhB/ 7.0 8.4 8.8
(0.6) (1.02) (n.8)
(Range) 5.4-8,1 5.7-12.0 6.7-10.9
Avg. Mcuch/ 14.4 15.3 16.0
(1.5) (2.4) (1.4)
(Range) 11.0-19.3 9.0-21.0 13.5-21.0
Avg. Natl/ —_— 133.6 142.9
(6.9) (12.9)
(Range) 120-142 110-153
Avg. Kt/ _— 4.4 5.1
(2.7) (1.8)
(Range) 1.0-7.3 2.0-7.0
Avg. c1k/ -— 118.5 125.7
(3.5) (7.6)
(Range) 116-121 121-139

Nat/C1™Y/ -— -— -

_‘./ Daysd.lal: The number of days post 1 .January 1980 thal the sampling
erfod represents.
B/ Temp.-°C: Water temperature (in degrees C.) measured for that period.
</ Avg. Fk Ln: The average fork length (in millimeters) of all fish measured
f7r that period.
4 Avg. ATP Fk Ln: The average fork lengths of fish used for the gill ATPase
-7asureneul.s for that period.
e/ Avg. Atp: The average gill ATPase levels for that period. (Na*—K" ATPase
activity in U moles Pi/mg protein/hour.)
i7) Avg. Nct: The average hematocrits for that period (Z packed cells).
g/ Avg. lh: The average hemoglobfns for that period (In g/dl).
h/ Avg. MCHC: The mean corpuscular hemoglobin concentrations (Hh/Hct x 100)
averaged for that period.
1/ Avg. Nat: The average plasma sodium for that perfod (in meq/1).
Y Avg. K*: The average plasma potassium for that period (in meq/l).
k/ Avg. Cl™: The average plasma chloride for that period (in meq/l1).
1/ Nat/c1=: The ratios of the plasma sodium to chlorides for that period, averaged.
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Figure 59.--Mean fork lengths of Spring Creek NFH fall chinook salmon

dvring spring 1980. + = homing study fish (N = 60).
®= fish from other ponds (N = 30).
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Figure 60. --Mean weights of Spring Creek NFH fall chinook sal mon during
spring 1980.
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Figure 61.--A conparison of mean gill Na -K ATPase values of Spring Creek

NFH fall chinook salnmon during spring 1979 and spring 1980.
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Figure 62.--Average plasma K+ values for Spring Creek NFH fall chinook
sal non during spring 1980.
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was not as high in 1979 as in 1980, the rates of change were approxinately
the sane. The difference in timng bet-en the 1979 and 1980 peak
activities is about 50 days (Figure 61), and this mght influence

survi val

Pl asma El ectrol ytes

Mean plasma electrolytes as neasured in homing study fish (Table 43)
were generally within ranges reported for spring chinook salnon (Table 25),
with the exception of K+ values which were much higher than expected and
could not be attributed to henolysis. A profile of mean plasma K+ as
nmeasured in production pond fish is presented in Figure 62. There are
three periods of nmean plasma K+ levels that are sharply el evated above
the norm with a mjor peak occurring right at the tinme of rel ease. This
may be an indication of physiological stress at a critical tine.

Mean plasma Na+ val ues of production pond fish were variable early
in the season and then generally rose in a cyclic pattern beginning in late
March (Figure 63). There was a sharp increase in plasnma Na+ at the tine
of release, followed by a sharp decline at the end of the rel ease period
Beginning in early My, these peak increases in plasm Na+ occurred at
regul ar |4-day intervals.

Mean plasnma O - values of the production pond fish were also quite
variable (Figure 63). Plasma C - values had declined to an internediate
low level at the time of release

Mean plasma Na+ and C - levels in the Spring Creek NFH fal
chi nook sal nbn were generally in the sane range as a typical yearling

spring chinook salnon such as those from Leavenworth NFH. Di fferences in
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Figure 63.--Average plasma Nat and C values for Leavenworth NFH spring

chinook salmon and Spring Creek NFH fall chinook sal mon during
spring 1980.
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the profiles may reflect differences between yearling (spring chinook

salmon) and O-age (fall chinook salnon) fish (Figure 63).

Hemat ol ogy

Bl ood was sanpled only three tines during the 1980 studies at Spring
Creek NFH for henatol ogi cal anal ysis. There were no individual sanples
with lower than normal values (Table 43). In the first period (10 March),
3.3% of the sanples had hematocrits of 55% or nore, and by 10 April, this
figure had increased to 46.7% and at release to 58.3% There were no
significant correlations between individual hematocrits and henogl obi ns
until the third (release) period (r = 0.532 for 53 d.f.; P < O 0d), which
i s unusual . Mean MCHC and henogl obin val ues increased throughout the
season (Table 43). There is no obvious explanation for the percentage of
fish with high hematocrits, MCHCs, or henpglobins in April-Muy, except that
these values and the generally increasing mean plasma Na+ (Figure 63) nay
i ndi cate henoconcentration resulting from a reduction in tissue water

vol une.

| FAT- BKD

Prepared speci mens of Spring Creek NFH fall chinook sal mon fromthe
first, second, and third sanpling periods of 1980 were exam ned for the
presence of BKD organisns by the |FAT. However, data are only presented
here for the second (10 April) period because of sonme technical
difficulties in preparation of slides from the other periods.

BKD or gani sns were found in 23.7%of the anterior kidney smears, 11.9%
of the posterior kidney snears, and 22.0%in both anterior and posterior

ki dney. The total nunber positive for BKD was 57.6%
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Infected fish were classified as 73.6% light (1.9 organisnms/I50 mf.),
and 26.4% internediate (10.99 organisns/150 mf.) intensity. The upper
limt was 35 organisns/150 mf., and even though the incidence of infection
was relatively high, no sanples were observed with severe infections.

Consequently, BKD may not be a serious problemin this stock.

H st opat hol ogy

A summary of the pathol ogical conditions observed is presented in
Table 44. For conparative purposes, these data are further summarized with
data from the other hatcheries in Table 9.

The hi stopathol ogical profile of Spring Creek NPH fall chinook sal non
showed pronounced increases in nunmbers of |ynphocytes in the gills and
lesions of the olfactory sac by the tine of release. Some of these high
| evel s were conparable to spring chinook salnon 1 year older (i.e.&arson

NFH, Table 34).

Summary

Conti nued sanpling of homing study and production fall chinook sal non
from Spring Creek NFH in 1980 indicated a shift in the Na+-K+ ATPase
profile from previous years. Fish released in 1980 for the hom ng study
were in the trough of a Na+-K+ ATPase profile, which may have sone
effect on survival.

There was al so evidence from hemat ol ogi cal and plasma Na+ data that
indicated a mpjority of the fish (at release) had excessively high
hematocrits and plasma Na+ values, and may have been under sonme type of
stress. Although we cannot quantify the effects of apparent deviations in

these parameters from the norm they should be taken into consideration.
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Tabl e 44.--Pat hol ogi ca

fal

chinook and their

i nci dence. 5!

conditions observed in 1943) Spring Creek Hatchery
per cent age of

Organ
and
pat hol ogy

I nci dence (%

Period 1
(severity)/

Period 2
(severity)

Period 3
(severity)

11 Il total

t ot al

t ot al

Eye

skel et al
nuscl e
| esi ons

Glls

i ncreased
nunbers of
| ynphocyt es

vascul ar
tel angi ectasi s
of secondary
| anel | ae

Ofactory sac

focal
mononucl ear
cell
infiltration

183 0 O 18.3

65.0 10.0 0 75.0

8.3 0 0 8.3

56.7 6.7 0 63. 4

6.8 0 O 6.8

25.4 1.7 O 27.1

22.0 5.1 0 27.1

42.4 8.5 0 50.9

21.7

0

56.7 43.3

1.7

93.3

6.7

0

21.7

100.0

1.7

100.0

% Brain tissue was processed and exanined for all specinens,

evi dence of any pat hol ogy.

2 |-recognizable (lease severe);

[1-internediate;
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Tahle 45.--Summary data for the spring (1980) sampling of Big Creck Natchery
fall chinook salmon used in the homing tests, with means, standard

deviations (), and ranges.

Sample size = 60.

. Period
Item 1 ) 3 a
Date 7 Mar 80 2] Mar 80 4 Apr 80 10 Apr 80
Days>Jala/ 98 113 126 133
Temp. °Cb/ 9.3 10.3 9.4 9.4
Avg. Fk Lne/ 59.9 67.7 76.0 81.3
(4.2) 4.9 (5.4) (4.2)
(Range) 46-66 60-76 67-88 69-92
Avg. ATP Fk 1ad/ 58.8 68.0 76.4 81.7
(4.6) (4.6) (s.1) (4.8)
(Range) 46-65 60-76 67-85 69-92
Avg. aTpe/ - 12.0 14.7 61.6
-- (2.4) (5.1) (1.4)
(Range) - 8.3-15.7 10.3-27.7 15.1-19.7
Avg. Hetf/ 47.2 531 52.7 $3.1
4.7) (5.2) (4.2) (7.0)
(Range) 38-55 41-61 46-64 32-75
Avg. HWE/ 6.0 6.7 7.1 7.2
(1.0) (0.5) (0.6) (0.8)
(Range) 3.8-7.5 5.8-7.8 6.7-8.3 4,.5-8.5
Avg. Mchch/ - 12.7 13.6 13.7
- (1.3) (0.8) (2.1)
(Range) - 11.1-15.4 11.6-15.3 7.6-20.5
Avg. Na*l/ - - - -
(Range) - - - -
Avg. K/ -- - -- --
(Range) - - -- -
Avg. Cl"!i/ - - - -
(Range) - - - -
Nat/c1-1/ - - -~ --
(Range) - - -

a/ Daysdlal:
represents.
b/ Temp.-°C:
¢/ Avg. Fk 1n:
for that period.

i/ Avg. ATP Fk la:

measurements for that period.

e/ Avg. ATP:

£/ Avg. Het:
g/ Avg. Hh:
h/ Avg. MCHC:

averaged for that period.

1/ Avg. Nat:
1/ Avg. k*:
k/ Avg. C1~:
1/ Na*/c1~:
averaged.
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The number of days post | .January 1980 that the sampling period

Water temperature (in degrees C) measured for that period.
The average fork length (in millimeters) of all fish measured

The average for leugths of fish used for Lhe gill ATPase

The average gill ATPase levels for that period. (Nat-k*
activity fn n moles Pi/mg protein/hour.
The average hematocrits for that period (% packed cells).
The average hemoglobins for that period (in g/dl).
The mean corpuscular hemoglobin concentrations (Hb/Hct x 100)

The average plasma sodium for that perfod (in meq/1).

The average plasma potassium for that period (in meq/l).
The average plasma chloride for that period (in meq/1).
The ratio of the plasma sodium to chlorides for that period,
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Figure 64.--A conparison of nean gill Na+- K+ ATPase values of Big Creek and
Spring Creek NFH fall chinook salnon during spring 1980.
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G Il Na+-K+ ATPase values could only be significantly correl ated
with fork lengths in the second sampling period (P < 0.020, r = 0.717
8 d.f.) (Table 45).

Hemat ol ogy

Bl ood was sanpled four times during the studies at Big Creek Hatchery
for hematol ogical analysis. Early in the season, sanples had to be pool ed
to obtain sufficient quantities for analysis as fish were small and vol umes
of blood that could be obtained were linted. There were no sanples wth
| ower than expected val ues (Table 45). The percentage of sanples with
hematocrits of 55%or nore fromthe first through the fourth sanpling
periods were 10, 40, 30, and 40% respectively. This was generally |ess
than that of Spring Creek NFH fish, but still considerably high. The only
significant correlations between hematocrits and henogl obins occurred in
the third period (r = 0.745 for 26 d.f.; P < 0.001). Mean hematocrits and
henogl obi ns increased sharply during April, and nean henoglobin and MCHC
val ues rose progressively throughout the season (Table 45). Wether high
MCHC val ues in fall chinook salnon during the period of snoltification are
related to smolting stresses or other factors is not possible to judge at

this tine.

| FAT- BKD

Prepared specimens of the Big Creek Hatchery fall chinook sal non from
the second and fourth sanpling periods of 1981 were exam ned for the
presence of bacterial kidney disease organisns by the IFAT. Only 5% of the
sanples in either period were positive for BKD, and all of the intensities

were classified as light.
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H st opat hol ogy

A sumrary of the pathological conditions observed is presented in
Tabl e 46. For conparative purposes, these data are further summarized wth
data from other hatcheries in Table 9.

The hi stopathol ogical profile of Big Creek Hatchery fish indicates
that there were sharp increases in the frequency and severity of
pat hol ogi cal conditions of the gills and olfactory sac by the third period
and that these conditions were not reduced by the fourth (rel ease) period.
In some cases these conditions were nore severe than in Spring Creek

Hat chery fish (Table 44).

Summary

The sampling of fall chinook salnmon fromBig Creek Hatchery in 1980
indicated that the fish were about 12% snaller than Spring Creek NFH fal
chinook salnmon at the tinme of release. Hemat ol ogi cal data indicate a
relatively high percentage of fish with high hematocrits at the tine of
rel ease, which could indicate sone degree of hewconcentration. Levels of
BKD were extrenely low and light in intensity, which should indicate a | ow
probability of mortality from this disease

There were sharp increases in frequency and severity of certain
pat hol ogi cal conditions of the gill and olfactory sac during the sanpling
season. Al t hough we have no way, at present, of quantitatively relating
these conditions to survival, this information should be kept in mnd when

assessing returning adults.
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L1

Table 46.--Pathological conditions observed in 1980 Big Creek Hatchery spring chinook salmon and their percentage of incidence. a/

Tocidence (O

Period 1 Period 2 Period 3 Period 4
(Seyeritvib/ - (Sevarity) _(Severity) (Severiry)

Qrgan & sarhology I1__I1 IIl Total I__II III Total I_II III Total I__II III Total

Eye

Skeletal muscle
lesions 28,3 0 0 28.3 18.3 0 0 18.3 20.0 0 0 20.0 38.3 0 0 38.3

Gills

Increased

numbers
of lymphocytes 13.3 3.3 0 16.6 33.3 3.3 0 36.6 63.3 33,3 0 96.6 66.7 23.3 0 90.0

Epithelial cell
formation 45.0 16.5 0 61.6 8.3 1.7 0 10.0 48.3 40.0 3.3 91.6 36.7 58.3 0 95.0

Vascular

telangiectasis

of secondary

lamellae 1.7 0 0 1.7 0 0 0 0 0 0 0 0 0 0 o 0

Olfactory sac

Focal

mononuclear

cell

infiltracion 1.7 J 0 1.7 58.3 1.7 0 60.0 46.7 26.7 0 73.4 71.7 23.3 0 95.0

2/ Brain tissue was processed and examined for all specimens, and there was no evidence of any pathology.

E/ I-recognizable (least severe); II-intermediate; III-severe.
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Figure 65. --Mean fork lengths of Hagerman NFH fall chinook sal mon sanpled
during spring 1980 for gill Na+-K+ ATPase analysis.
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Figure 66.--Mean gill Na+-K+ ATPase activity of Hagerman NFH fall chinook

salmon sampled during spring 1980.
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Tahle 47.--Summary data for the spring (1980) sampling of Willard Natchery
coho salmon with ecans, standard deviations (), and ranges.
Sample size = 60 (released 24 May 1980),

. Period
Item . 1 I S L
Date 5 Mar 80 2 Apr RO 20 May 80
NaysdJald/ 65 9 141
Temp. °chb/ 4.7 5.1 6.9
Avg. Fk Lae/ 104.0 114.9 126.1
(10.0) (11.2) (R.0)
(Range) 78-120 92-149 103-140
Avg. ATP Fk Lad/ 102.9 6.3 126.0
(10,2) Q0.3 (7.5)
(Range) 82-118 92-142 126-138
Avg. ATpe/ 8.8 10.5 17.5
(1.8) (1.9) (5.5)
(Range) 5.3-11.2 6.8-13.4 10,3-25.5
Avg. heef/ 40.3 46,1 S7.6
(5.2) (7.6) (11.6)
(Range) 29-57 29-76 24-89
Avg. Hhg/ 5.1 6.6 7.0
0.7) 0.5) (1.4)
(Range) 3.2-7.2 4.0-12.0 2.3-9.3
Avg. Mench/ 12.9 4.3 12.3
(2.0) (2.1 (2.0)
(Range) 6.5-16.5 R.3-25.7 R.7-18.6
Avg. Nati/ 161.4 153.2 151.3
(16.7) (6.7 (15.9)
(Range) 116-178 141-162 9-198
Avg. Kt1/ 2.92 5.0 7.09
(0.87) (2.92) (2.66)
(Range) 1.28-4.28 1.92-13.50 2.58-13.50
Avg. c1k/ 129.1 131.6 1384
(13.8) (6.R) (12.7)
(Rauge) 98-151 112-141 MH-171
Nat/c1—L/ 1.25 1.16 101
(1.10) (0.05) (0.10)
(Range) 1.05-1.43 1.08-1.26 0.82-1.27

g/ Daysd.lal: The number of days post 1| January 1980 that the sampling perfod
represents.

b/ Temp.-°C: Water temperature (in degrees €) measured for that perfod.

¢/ Avg. Fk Ln: The average fork length (in wmillimeters) of all fish measured
Ffor that period.

d/ Avg. ATP Fk La: The average for lengths of fish uged for the gill ATPase
measurements for Lhat reriod.

e/ Avg. ATP: The average gill ATPase levels for Lhat perfod. (Nat-xt
activity tn 1 moles Pi/mg protein/hour.

f/ Avg. Het:  The average hematocrits for that perfod (Z packed cells).

E/ Avg. Ih: The average hemoglobing for that period (in g/dl).

h/ Avg. MCHC: The mean corpuscular hemoglobin concentrations (Ih/l:t x 100)
averaged for Lhat period.

L/ Avg. Na': The average plasma sodium for that perlod (In meq/1).

1/ Ave. K*: The average plasma potassinm for that perfod (in meq/1).

k/ Avg. C17: The average plasma chloride for that perfod (In meq/1).

1/ Nat/CI™: The ratio of the plasma sodium to chlorides for that perfod,
averaged.
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Figure 67.--Water temperatures at Willard NFH during spring 1980.
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Figure 68.--Mean fork lengths of Wllard NFH coho sal mon sanpled during

spring 1980.
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Figure 69.--?5;8 wei ghts of WIllard NFH coho salnmon sanpled during spring
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Figure 70.--Mean gill Na+-K+ ATPase activity of WIlard NFH coho sal non
sanpl ed during spring 1978 and 1980.
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There were no significant correlations between pooled sanple fork
| engths and Na+-K+ ATPase in any of the sanple periods. There was a
positive correlation (r = 0.739; P < 0.020 for 8 d.f.) between gill
Na+- K+ ATPase and pooled plasma G- in the 5 March sanpling period,
which is in contrast to the theory that plasma O - declines with the
onset of smoltification. There was a negative correlation (r = 0.847; P <
0.005 for 6 d.f.) between gill Na+-K+ ATPase and pool ed plasma K+ in
the 20 May sanpling period, and a positive correlation (r = 0.667, P < 0.05
for 7 d.f.) between gill Na+-K+ ATPase and pool ed hematocrits in the 20
May period. There do not appear to be any consistencies with these
correlations, and therefore they may not be relevant.

In Figure 71, the percentage of sanples with Na+-K+ ATPase val ues
> 15 begins to rise rapidly by mid-April (30%. Thi s percentage
increases to over 60 by the tine of release (md-My) and is sustained
through early June. Before md-April, none of the fish had Na+- K+
ATPase val ues over 15 u noles Pi/ng protein/hour. On the basis of this
information, it would appear that SO 60% of the fish were snolting at

rel ease.

Plasma Electrol ytes

Mles and Smith (1968) reported on plasnma electrolytes in hatchery

coho salmon.  Spring sanples of fish in fresh water averaging 12.5 g were

as foll ows:
Mean (nEg/l) Range (nEg/l)
Na+ 146.7 130. 0-168.0
a- 117.3 90.0-132.6
K+ 8.6 1.8- 19.0
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Qur own studies of Colunbia River Hatchery coho salmon in 1978 resulted

in the following ranges of mean values for plasma electrolytes:

meq 1
Na+ 140.8 - 1/0.0
a - 113.4 - 140.8
K+ 5.7 - 8.4

Mean plasma el ectrolyte values (Table 47) were within the expected
val ues or the values found in Colunbia River hatchery coho salnon in 1978.
Both mini num and maxi num plasma Na+ val ues were beyond those reported by
Mles and Smth (1968), as were the maxi mum plasma C - val ues.
Apparently plasma K+ values are normally higher in coho salnmon than in
chi nook sal mon.

Profiles of mean plasma electrolyte values for the three major
sanmpling periods are shown in Figure 72, and conpared here with nean gill
Na+- K+ ATPase val ues collected at the same tines. There is actually a
significant positive correlation (r = 0.997; P < 0.05 for 1 d.f.) between
the mean Na+-K+ ATPase and the nean plasma O - val ues. But, this
trend of increasing plasma - and decreasing plasnma Nat+ as the fish
approach smolting would not appear to be typical. The gradual increases in
pl asma K+ values could be expected with increased stresses from growh
and the onset of snolting. There was no evidence of sharply elevated
pl asma K+ values at the time of release that would indicate serious
stress probl ens. The median value (6.4 nEq/l) was below the mean (7.1
nmeg/ 1), and only 12% of the sanples had val ues of 10 nEg/l or higher. As
mentioned previously, there was a highly significant negative correlation
between the gill Na+-K+ ATPase and plasma K+ at the tine of release,

and this correlation is shown in Figure 73. If the high Na+-K+ ATPase
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Figure 72.--Mean plasma Na+, d-,

and K+ values in the WIllard NFH coho

salmon during spring 1980 are conpared with nmean gill

Na -K ATPase activity.
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Figure 73.--Regression of pooled gill Na+-K+ ATPase activity on pool ed
plasma K values of Wllard NFH coho salmon at the time of
rel ease (24 May 1980). r = -0.847; P < 0.005 (for 6 d.f.).
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values are indicative of true snolting activity, any stresses related to

this are not indicated by classic plasm K+ responses.

Hemat ol ogy

Wedermeyer and Chatterton (1971) list normal expected values (for coho
salmon) in fresh water of 32.5 to 52.5% for hematocrits and 6.5 to 9.9
g/100 m of blood for henpgl obins. Sunmmari zed data for the Wllard NFH
coho salnmon in 1980 are presented in Table 47

In 1978, there were three nmarked rel ease groups of WIllard NFH coho

salmon. The first two were within + 6 days of the 1980 rel ease group.
Figure 74 conpares henogl obin profiles of 1978 and 1980 Wl ard NFH
coho sal non from our sanplings. Note that at the times of rel ease, neans
and standard deviations for both years were quite sinmlar. However, when we
conpare profiles of hematocrits, there was a substantial difference (Figure
75), and Dean values at the tinme of release in 1980 were 26% hi gher than
peak mean value in 1978. Some of this differential nmay be due to transport
stresses in 1978. W indicated that between 9 and 18% of the fish in the
first two release sanples in 1978 had hematocrits above the expected high
val ues published by Wedeneyer and Chatterton (1971). In 1980, 68% of the
sanpl es had hematocrits above the expected value and even the nmean was
above the expected high. W also indicated (in 1978) that between 6 and
10% of the first two release groups had hematocrits bel ow the expected | ow
val ue. In 1980, only 3.4% of the fish had | ow hematocrits at rel ease,
whi ch indicates that only a small nunber of fish could be classed as having
a low health index. This large proportion of fish with high hematocrits at
release tine may be an indication of extrene water |oss associated with

snol tification. As was previously nmentioned, there was a significant
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Figure 74.--Mean henogl obin val ues of the Wllard NFH coho sal mon during the
spring of 1978 and 1980.
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Figure 75.--Mean hematocrit values of the Wllard NFH coho sal mon during

the spring of 1978 and 1980.
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positive correlation between pooled hematocrit and gill Na+-K+ ATPase
values at the time of release in 1980 (Figure 76). Furthernmore, there were
no sanples wth hematocrits above the expected high value (52.5% on
5 March 1980 and only 17% on 2 April.

The nean cell henogl obin concentration (MCHC) had actual |y declined by
the tine of release, which is another indication that the fish were
probably not stressed. However, even though high hematocrit values are
generally not considered as indications of stress, the possibility of
extreme henoconcentrati on nay be cause for concern. As the fish enter

seawater, there is a further reduction in body water from osnosis.

| FAT- BKD

Speci nrens of WIllard NFH coho salnmon fromthe 3 March and 5 May
sanmpling periods were exam ned for the presence of BKD organisns by the
| FAT.

Only four specinmens (6.7% were found positive for BKD on 3 March, all
in the posterior kidney, and all of very Light intensity. Only one
specinmen (1.7% was found positive for BKD on 5 May, and this was of
noderate intensity (posterior Kkidney only). This is a low rate of
infection in conparison to the 15-16X of sanples positive for BKD at
conparabl e rel ease times in 1978. These data, plus the absence of any
samples with extrenely |ow hematocrits suggest an inproved state of health

over the 1978 rel eases.

Hi st opat hol ogy

A sunmmary of pathol ogical conditions observed is presented in
Tabl e 48. For conparative purposes, these data are further summarized with

data from other hatcheries in Table 9.
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Figure 76.--Regression of pooled gill Na+-K+ ATPase activity on pool ed
henmatocrit values of WIllard NFH coho sal non at the tinme of
rel ease (24 May 1980). r = 0.667; P < 0.05 (for 7 d-f.).
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Tabl e 48. --Pathol ogi cal conditions obs erved in 1980 W/l lard Hatchery coho salnon and their
percent age of i nci dence. a/

I nci dence (9
Organ Period 1 Period 2 Period 3
and (severity)b/ (severity) (severity)
pat hol ogy [ [ Il total [ I11 total [ Il total

Eye

skel etal nuscle
| esi ons 63.3 0 O 63. 3 46.7 0 0 46. 7 78.3 0 0 78.3

Glls

i ncreased
nunbers of

| ynphocyt es 80.0 16.7 0 96.7 66.7 16.7 0 83.3 41.7 58.3 0 100.0

epithelial cel
formation 63.3 11.7 0 75.0 41.7 3.3 0 450 70,0 28.3 0 98.3

| ynphatic
t el angi ectasi s

of secondary 1.7 0 O 1.7 10.0 1.7 0 11.7 0 0 0 0

vascul ar
tel angi ectasis
of secondary
| anel | ae 21.7 1.7 0 23.4 6.7 0 0 6.7 3.3 0 0 3.3

O factory sac

focal nononucl ear
cell infiltration 78.3 20.0 O 98.3 95.0 5.0 0 100.0 93.3 500 98.3

al Brain tissue was processed and examined for all specinens, and there was no evidence of any
pat hol ogy.

bl 1-recognizable (least severe); Il-internediate; Ill-severe
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In 1980, there were pronounced increases in pathological conditions of
the eyes and gills bet-en the first and Last (at release) sanpling
peri ods. There was a doubling and tripling of internediate (Class II)
severity in several pathological conditions of the gills. By conparison,
in 1978 (at a conparable release tine), 40%of the fish had |esions of the
skel etal nuscle of the eye, 22% had increased nunbers of |ynphocytes in the
gills, and 45% showed evidence of epithelial cell fornmation in the gills.
There was never nore than 3.5% of the fish with internediate (Class I1)
severity of any lesion in 1978. Lesions of the olfactory sac were

consistently high in 1980

Summary

The serial sanpling of Wllard NFH coho salnon in 1980 indicated that
gill Na+-K+ ATPase profiles were spatially identical to those collected
in 1978, and that releases were in accord with a tinely peak. High
Na+- K+ ATPase val ues were seen in 50-60X of the sanples at the tinme of
rel ease.

The general health of the fish was good, wth very little evidence of
|atent BKD or clinical evidence of anem a or border-line anem a. A very
hi gh proportion (68% of the sanples had excessively high hematocrits at
rel ease, possibly due to henoconcentration. This could have posed problems
if the fish reached the high salinities in the ocean in this state

Increases in the frequency and severity of certain |lesions of the eyes
and gills at the tine of release are difficult to evaluate as a possible

detriment to the overall health picture at this tine.
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APPENDI X A

A quick reference chart to determi ne the calendar date (for year 1980)
from the nunber of days past 1 January 1980 (days>Jal).

Nunber of days past

1 January 1980 Cal endar date

5 5 January
10 10 January
15 15 January

20 20 January
25 25 January

30 30 January

35 4 February

40 9 February

45 14 February

50 19 February

55 24 February

60 29 February

65 5 March

70 10 March

75 15 March

80 20 March

85 25 March

90 30 March

95 4 April

100 9 Apri

105 14 April

110 19 April

115 24 Apri

120 29 Apri

125 4 May

130 9 My

135 14 May

140 19 May

145 24 May

150 29 My

155 3 June

160 8 June

165 13 June

170 18 June

175 23 June

180 28 June
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APPENDI X A --cont.

Nunmber of days past

1 January 1980 Cal endar date
185 3 July
190 8 July
195 13 July
200 18 July
205 23 July
210 28 July
215 3 August
220 7 August
225 12 August
230 17 August
235 22 August
240 27 August
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