February 1985

SNAKE RIVER FALL CHINOOK
SALMON BROOD-STOCK PROGRAM

Annual Report 1984

>;' \
— o Bt
ir'_ ™ e ———— )
) = S
/
Ly o
l./_-' y V4
7o N i e
I L . F-ﬁ-l.
(W | __,--"'._=;' =
i) S 7
L I R - :-r

DOE/BP-39642-1




This report was funded by the Bonneville Power Administration (BPA), U.S. Department of Energy, as
part of BPA's program to protect, mitigate, and enhance fish and wildlife affected by the devel opment
and operation of hydroelectric facilities on the Columbia River and its tributaries. The views of this
report are the author's and do not necessarily represent the views of BPA.

This document should be cited as follows:

Harrell, Lee W., Thomas A. Flagg, Thomas M. Scott, F. William Waknitz - National Oceanic and Atmospheric
Administration, Shake River Fall Chinook Salmon Brood-Stock Program, 1984, Report to Bonneville Power

Administration, Contract No. 1983BP39642, Project No. 198200700, 25 electronic pages (BPA Report
DOE/BP-39642-1)

This report and other BPA Fish and Wildlife Publications are available on the Internet at:

http://www.efw.bpa.gov/cgi-bin/efw/FW/publications.cgi

For other information on electronic documents or other printed media, contact or write to:

Bonneville Power Administration
Environment, Fish and Wildlife Division
P.O. Box 3621
905 N.E. 11th Avenue
Portland, OR 97208-3621

Please include title, author, and DOE/BP number in the request.



SNAKE RIVER FALL CH NOOK SALMON BROCD- STOCK PROGRAM 1984

b
Lee W ?—,larrell
Thomas A Flagg
Thomas M Scott

and
F. WIliam Wknitz

Annual Report of Research
Fi nanced by
Bonneville Power Admnistration
(Contract DE-A179-83BP39642 Project 82-7)

and

Coastal Zone and Estuarine Studies Division
Nort hwest and Al aska Fisheries Center
National Marine Fisheries Center
National Qceanic and Atnmospheric Administration
2725 Montlake Boul evard East
Seattle, Washington 98112

February 1985



ABSTRACT

The objective of the Snake River Fall Chinook Sal mon Brood-stock Program
i's the enhancement of upriver stocks through research and devel opment of an
eggbank source.  Viable ganetes, produced from fish held to maturity in sea
pens at the National Mrine Fisheries Service's (NWFS) Mnchester Marine
Experimental Station, Manchester, Washington, will be nade available for
restoration purposes on the Snake River. Perhaps equally as inportant is the
fact that captive brood-stock rearing also offers the unique opportunity of
docunenting factors affecting seawater growth and survival

Seawater entry trials with O+-age and | +-age fish have shown that O+age
Snake River fall chinook salnon are not anenable to seawater entry and wll
either die or require up to 6 nonths to fully adapt to seawater. However
1+-age snmolts experience little problem at seawater entry; it is therefore
suggested that Snake River fall chinook salnon be released as 1+ smolting fish
in hatchery situations.

NMVFS researchers have documented inportant marine nortalities occurring
from osnoregul atory dysfunction, Bacterial Kidney Disease, and precocity at
various life stages. Aso, a previously unreported marine fungal pathogen has
been identified. Mrtality fromthis pathogen occurs from 3-years of age to
maturity and can exceed 0.5% per day (resulting in | osses to 90+%. Because
of the seriousness of this fungal pathogen, and its inplications to overall
marine survival, the NMFS has begun an intensive investigation concerning its
pat hogenesi s and control

At the end of Decenmber 1984, NWS had Snake River fall chinook sal non
from 1980 (n=67), 1981 (n=876), 1982 )n=4,809), and 1983 (n=7,100) broods

under production. Because of the extensive nortality due to the marine funga



pat hogen, only seven spawners were obtained fromthe 1980 stock in fal
1984.  The 1980-brood spawners produced only minimal eggs and these will be

used to investigate possible vertical transm ssion of the fungal pathogen
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| NTRCDUCT! ON

The purpose of the Snake River Fall Sal mon Brood-stock Programis the
enhancenment of upriver stocks through the devel opnent of alternatives to
traditional rear/release strategies. The National Marine Fisheries Service
(NVFS) program utilizes captive brood-stock rearing concepts with fish being
reared to maturity in seawater net-pens. The end product of the programwill
be the production of viable gametes for restoration purposes on the Snake
River. Throughout the production program research is conducted in several
areas of concern, e.g., disease diagnosis and control, nutrition, acclimtion
to seawater, and spawning strategies. During 1984, NWFS had Snake R ver fall
chinook salnmon from 1980, 1981, 1982, and 1983 broods under production.

A parallel program goal is an understanding of the seawater phase of the
life-cycle of chinook salnon. Captive rearing in seawater offers the unique
opportunity to document factors affecting growth and survival. Currently,
managenent  nodels consider the seawater period of the chinook sal non
life-cycle to be a "black box" wth perhaps the greatest nortality occurring
as predation on young fish. Once the fish reach size (3-4 Ibs), it is assuned
that survival to the adult is good. NVFS research suggests that this may not
be true. Qur research has discovered previously unreported adult diseases
which are killing up to 90% of our brood stock at between 3 years of age and
mturity. NVFS researchers, in conjunction wth the Battelle Mrine
Laboratories at Sequim  Washington, are describing these diseases and

i nvestigating nethods of control.



DESCRI PTI ON OF STUDY AREA

Brood-s tock Program

Snake River fall chinook salmon have historically made significant
contributions to ocean and |ower Colunbia River fisheries and are uniquely
adapted to upper Snake River environnmental conditions. In recent years, these
stocks have becone severely depressed, requiring an extensive restoration
effort by state and federal agencies. The NMFS brood-stock programis
intended to provide a stable eggbank supply from the Snake River stock. Eyed
eggs or fry from Snake River fall chinook salmon stocks are provided to NWFS,
fish are reared through their freshwater cycle, and subsequently transferred
to seawater net-pens. These fish are reared to maturity in captivity in

seawater and resultant eggs are made available for enhancenent or research.

Special Disease Investigations
Experinents since August 1983 aim at understanding the source,
occurrence, and pathogenesis of an infectious marine fungus that killed nost
of the 1980-brood Snake River chinook salmon during their final year before
mat urati on. This previously undocunented fungus was al so responsible for

substantial losses in the 1981-brood fish during fall 1984.

MATERI ALS AND METHODS

Freshwat er Husbandry
Approxi mately 15,000 eggs or swimup fry of the Snake River fall chinook
sal mon stock were received from eggbank facilities on the Snake and Col unbi a
Rivers during early winter 1981, 1982, 1983, and 1984. Freshwater rearing is
conducted at the Northwest and Al aska Fisheries Center (NWAFC), Seattle,

Washington, or the NWS experimental hatchery at the University of



Washington’s Big Beef Creek Fish Research Station, Seabeck, Washington. All
water for incubation and rearing purposes is either dechlorinated Gty of
Seattle water or groundwater at Big Beef Creek. Fish that reach sufficient
size and snoltification status are transferred to the NVFS Marine Experinental

Station at Manchester, Washington.

Marine Husbandry
Fish transferred to Manchester are acclimated to full-strength seawater
(28 ppt) using internediate salinities over several days. Brood stocks are
held in 24- x 24- x 10-ft deep net-pens at a density of 0.5 Ib/ft3. Seawater
temperatures range from 7" to 13" C during the year, and mean salinity is
28 pp. Fish are fed pelleted rations from several comercial manufacturers

suppl enented with fresh frozen herring, Cupea harengus, and whole krill,

Euphausia paci fica. Al fish are injected intraperitoneally with a vibrio

bacterin/oxytetracycline m xture at 6- to 8-nonth intervals during their
seawat er residence. The salnon are also fed antibacterial drugs during
epi zootics of bacterial disease. Dead and noribund fish are renoved fromthe

popul ation daily, weighed and neasured, and necropsies performed.

Spawni ng Strategi es
Maturing 4-year-old 1980 Snake R ver Chinook salmon stock spawned in fall
1984,  These fish were sorted for maturity in Septenber and COctober 1984 and,
under Washington Departnent of Fisheries (WDF) provisions, moved to quarantine
facilities at the Battelle Marine Laboratory. This facility is supplied with
constant-tenperature (11.3" C) pathogen-free groundwater, and the effluent is
chl ori nat ed. Mature fish were subsequently spawned, and each femal e’ s eggs

were placed in isolated incubation systens.



Special Disease Investigations
The first 1980 Snake River chinook salnon snolts (approximtely 6,500)
were successfully transferred to full-strength seawater in April 1982, During
the following 15 nonths of seawater residence, |osses to vibriosis (Vibrio
angui | larum) was prevented by vaccination, and nortality due to bacterial

kidney disease (BKD) (Renibacterium salnoninarum was noderated with

chenot her apeuti cs. In August 1983, however, a sudden increase in nortality
could not be attributed to typical pathogens. During the follow ng 10 nonths,
over 4,500 3-year-old brood stock (1,200-1 ,500 g) succunbed to a
previously-unreported systemc infection (Fig. 1). Because of the seriousness
of this pathogen and its inplication to overall marine survival, a cooperative
between NVMFS Manchester Marine Experinental Station and the Battelle Marine
Laboratory was establi shed. Study of the pathogenesis of this organism

i ncl uded:

Pat hol ogy

Sanpl es of kidney and spleen tissue were aseptically streaked on typicase
soy or Sabouraud's agar with 1% fetal calf serumfor determnation of typical
bacterial or fungal pathogens. These tissues were also used to prepare wet
mounts and gramstained snears.

Moribund fish were dissected and nmajor organ systens fixed in Bouin's
solution and either paraffin-enmbedded or processed in a plastic histological
enbedding nedium  Tissue sections were stained with Harris hematoxylin and
eosin (HtE), periodic acid Schiff (PAS), Gocott’s nethenamne silver nitrate

(Gvs), or Lugol’s iodine.
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Figure 1.--Cumulative mortality in seawater for chinook salmon reared at NMFS Marine Experimental Station.

Brackets indicate major causes of mortalities.

Mortality profiles for '"large'" 1980 Snake River

fall chinook salmon (e), which entered seawater averaging 29 g; ''small" 1980 Snake River fall
chinook salmon (4), which entered seawater averaging 15 g; 1981 White River spring chinook
salmon (O); 1973 Minter Creek fall chinook salmon (o); 1981 Sneke River fall chinook salmon
(m); and 1977 White River spring chinook salmon (4).



Hemat ol ogy

Bl ood was sanpled from caudal vessels with heparinized 3-m gl ass
syringes, and whole blood smears were prepared on microscope slides and
stai ned wi th DI FF- Qui k! Samples were centrifuged in mcrohematocrit tubes
at 10,000 rpmfor 3 nmin, and the percent packed cell volune was recorded.

Hermogl obi n val ues were obtained with an American Optical henogl obi noneter.

El ectron M croscopy

Tissues for electron mcroscopy were fixed in 4% gluteral dehyde in 0.1 M
sodi um cacedyl ate buffer adjusted to pH 7. 4. Ti ssues were post-fixed wth
1.0% 04 in the sane buffer for 1 h. Ti ssues were dehydrated through an
et hanol series and enbedded in Medcast. The thin sections were routinely
stained with uranyl acetate and lead citrate and examned with a Phillips EM

300 at an accel erating voltage of 60 kV.
RESULTS AND DI SCUSSI ON

Stock History

The NWFS has 4 brood years of Snake River fall chinook salmon in culture
(1980, 1981, 1982, and 1983 stocks). Freshwater growth and survival were
variable (1980, 1981, and 1982 broods), however, now that the Big Beef Creek
facility is operational (late 1982) both growth and survival have been
excellent (Figs. 2 and 3). At the hatchery at Big Beef Creek, the fish are
reared in large (13-ft di amet er) Fi ber gl ass tanks  supplied w th
constant-tenperature (10" C) pathogen-free groundwater and fed via automatic

feeder, allowing high growh to be maintained throughout the year.

1/ Reference to trade names does not inply endorsenent by the National Marine
Fi sheries Service, NOAA
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Figure 2.--Freshwater growth for Snake River fall chinook salmon (SRFC) broods. Freshwater

rearing was conducted at NMFS Montlake laboratory or NMFS Big Beef Creek hatchery
as indicated.
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Portions of all brood years were introduced into seawater as O+age and
1+-age fish. The O+age entries were not entirely successful; fish
experienced osnoregul atory-related nortalities and survivors required up to 6
nmonths to fully adapt to seawater. However, |tage fish experienced few
probl ens at seawater entry; in the future, all fish will be reared to |tage
before entry to seawater. After fish fully adapted to seawater, growth was

excellent (Fig. 4).

1980- Br ood

The surviving 1980-brood Snake River fall chinook salnon reared in
seawater net-pens conpleted their life-cycle this year after 4 years of
captive rearing. These fish (n=6,454) were tranferred to seawater at the
Manchester Marine Experimental Station on 5 April 1982, at an average wei ght
of 30 g In late summer 1983, the 1980-brood suffered a severe increase in
nortality due to an unknown fungal pathogen (Fig. 1). Attenpts to learn nore
about the infectious nature of the pathogen continue at both Battelle and
NIVFS. Twenty-four fish were transferred to fresh water at Battelle Marine
Laboratories in Sequim Wshington, for final maturation. Sixty-seven adults
that failed to mature were left in seawater pens at Manchester. Mrtality
continued in fresh water until seven females survived to spawn. Only two of
these femal es (average 51 cm and 2,174 g), both infected with the fungal
pat hogen, produced viable eggs (52% viability). Their average fecundity of
2,488 eggs therefore yielded 2,600 viable eggs. These eggs will be utilized
in investigations to deternmine if vertical transmssion of the fungal pathogen

i's possible.
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1981- Br ood

Al 1981-borood fall chinook sal mon were acclimted to marine net-pens by
the end of spring 1983 These fish were inoculated with a Vibrio
angui | larum antiboitic preparation as they entered seawater. Mortality from
Decenber 1983 through late July 1984 was primarily due to BKD. The outbreak
of BKD this year initially caused less nortality than in the previous year.
However, the disease lasted nearly twice as long as in the previous year and
resulted in near-identical nortality (approxinmately 20%. The devel opment of
precocious males resulted in an additional |oss of 25% of the fish originally
transferred to seawater. Survival is now at 5.8% (876) of the original egg
take, and the new fungal disease is currently responsible for nortality
exceeding 0.5% per day in these fish. Although "in vitro" trials suggested
oxytetracycline would inhibit the devel opment of the pathogen, injections of

this drug in the 1981-brood fish appears ineffective.

1982- Br ood

The 1982-brood juveniles were reared at the University of Washington's
Big Beef Creek Fish Research Station using groundwater and at NWAFC using
dechlorinated Gty of Seattle water. The snolts were acclimated in
m d- February 1984 to seawater net-pens at Manchester. Initial |osses due to
seawater entry were |ow and the survival is at 37% (4,809) of the total nunber
of fish started (13,000). In anticipation of outbreaks of both the new fungal
pat hogen and BKD, three prophylactic chenotherapeutics are on trial in a
control | ed experinent. The treatnents used are: intraperitoneal injection
(IP) of oxytetracycline, [P injection of oxytetracycline/furacin/vibrio
bacterin, and oral feedings of erythromycin phosphate. A control group of
1982-brood fish is being given no treatnents. Mrtalities are nonitored daily

and exam ned for both pathogens.
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1983- Br ood

Prior to the 1984 sunmer solstice (20 June), 6,300 1983-brood Snake River
fall chinook sal mon averaging 8.2 g were transferred to Manchester’s seawater
net-pens using internmediate salinities over several days. The remaining fish
are being reared at Big Beef Ceek (3,100). Shortly after transfer to

”

seawater, the 1983-brood fish devel oped signs of “bloating,” caused by intake
of excessive amount6 of seawater, followed with an increase in nortality.
El evated | evel s of divalent cations were found in blood sanples of all bloated
fish. These findings suggest that the fish lack conplete osnoregul atory
control. Previous occasions of bloating had been observed in the 1980-brood
fish but wthout substantial |osses. Herring and other dietary supplenents
were used in attenpt6 to alleviate the distress. These efforts were generally
successful, and the bloating was not evident through the winter nmonths. To
further investigate this problem a diet study was initiated with three
treatnent groups and one control. The three diets, wth one replicate each,
were : Oregon Moist Pellets (OW), a control; krill, herring, and OW; and
herring al one. At the start of the study, the OW-fed group showed the
hi ghest incidence of bloating and nortality. After 3 nonths the bloating has
nmoderated, and the highest nortality occurred in the herring-fed group.
Mrtality by December was within acceptable limts.

In Septenber, after the fish retained at Big Beef Creek had reached 30-40
g, @ second seawater entry was attenpted, during which 100% of the fish died
from osnoregul atory dysfunction.

Considering the smolting time (i.e., |+ years) of these fish, husbandry
simlar to that used for spring chinook salnmon is indicated. Therefore, the
remaining fish held at Big Beef Creek will enter seawater as |-year-plus

smolts in 1985. Survival of the 1983-brood is at 59% (7, 100).

12



Special Disease Investigations

Necropsy of dead and noribund 1980- and 1981-brood chi nook sal non
reveal ed swol | en ki dneys and spleens. Considerabl e 1osses Were attributed to
early-maturing nal es. However, these fish, a6 well a6 later nortalities,
exhibited signs of the pathological conditions. Fi sh were severely anemc
wi th packed cell volumes averaging 12% and henogl obi n val ues of 4.9 ng/dl.
Wole blood smears stained with DIFF-Quik indicated a pronounced
| ynphocyt osi s. Ki dney and spl een tissue streaked on typicase soy and
Sabouraud's agar plates were negative for bacterial or fungal grow h.

G am stained smears of these tissues were negative for R sal noninarum the

causative bacterium of BKD. However, clusters of grampositive staining,
variable sized (3-7 di ameter), spherical organisns were observed. The
organi sns were intensely birefringent in wet-nount preparations observed with
Nonarski  interference contrast mcroscopy. The organisnt appeared to
initially accunulate and replicate within fixed macrophages of the spleen and
kidney. In nore severe infections, the pathogen was seen in peripheral bl ood
and the vascular spaces of liver, gonad, heart, brain, and intestinal
nmucosae. Variable-sized free organisns were formed within the interstitium of
spl een and kidney parenchyma and were associated with area6 of edema and focal
necrosis. There was little evidence of inflamatory change or fibroblastic
proliferation associated with this disease. Staining reactions of the
organismin tissue sections indicated that they were positive to both PAS and
GW5, and brown after Lugol's sol ution.

Transmi ssion el ectron microscopy of the spherical organi sns denonstrated
the existence of intracellular clusters. Detailed ultrastructural exam nation

of the causative organisms revealed a cell wall conposed of a single-layered

13



outer menbranous structure (possibly of host cell origin), a second noderately
el ectrondense |ayer, and a thin, inner electronlucent zone that separated the
second layer from the plasma nenbrane. The organisms  contai ned
peripherally-oriented mtochondria wthin a ribosomal matrix and both
menbr ane- bound and non- nenbr ane- bound vacuol e6 of varying density. Nucl ei
were relatively indistinct.

The cause of nortality in the 1980 Snake River chinook sal mon brood stock
was unquestionably a result of the invasive nature of the pathogen and the
associ ated anema. Except for limted macrophage activity and edema, there
was negligible tissue reaction in the formof inflammation or granulation.
This mniml host response could be attributed to the inmunologically inert
cellulose cell wall of the pathogen or may be an indication of the |ack of
devel opnent of a phylogenic relationship between host and pathogen. The
| ynphocytosis was probably a result of the limted inflammatory response to
the new pathogen, although the infection appeared to overwhel m the sal non
before an effective defense nmechani sm was established. The cell wall of the
causative organi sm appears to be conmposed of cellulose based on its positive
staining with PAS, GW5, and Lugol's and its narked degree of birefringence.
Organisns considered to have fungal affinities are known to have cell wall6
conposed of chitin, cellulose, or a conbination thereof.

O her systemic fungal infections of marine-reared sal monids have been
attributed to the feeding of raw marine fish. Both 1980- and 1981-brood Snake
River fall chinook salmon were fed supplenents of raw herring and krill,
however no evi dence of the chinook sal non pathogen was observed after
m croscopi c exam nation of either supplement.

A feeding trial was conducted during early 1984 in an attenpt to induce

the disease in naive chinook salnon snmolts.  Approximately 200 fish each were

14



fed either chopped herring or OW as a sole ration for 60 days. Al though not
concl usive, the new fungal disease was observed in both experimental group6 in
marine net-pens.

It is inconceivable that this is a freshwater pathogen. Rout i ne
gramstaining of kidney and spleen tissues is a cormon practice of fishery
biologi sts, and it would be difficult to fail to recognize the organismin
gramstai ned smears. W have al so exam ned nore than 300 pre-snolt Snake
River fall chinook salnmon and have seen no evidence of the pathogen.

Tissue fromfish infected with the new organi smwas inocul ated on chi nook
salmon enbryo cell lines (CHSE cells). After 30 day6 incubation, the cell6
were infected with the obligate intracellular parasite. The fungi were
subsequently harvested fromthe cell culture and used in attenpts to infect
chinook  sal non. Nai ve fish were either injected intraperitoneally or
force-fed the tissue culture isolate. The disease and nortality wa6
reproduced using the tissue culture isolate, and, in addition, the organisnt
were reisolated in CHSE cells 25 days after inoculation with tissue from
mori bund fish. Identification of the reisolated organism was confirned with
the tissue culture isolate by norphol ogi cal and antigenic nethods. Antigenic
identification was confirmed between tissue culture isolate and field isolated
or gani sns. These |aboratory results dermonstrate that the causative organi sm
of the marine (fungal) nortality has been identified. The devel oped
capability to culture the causative organismw || facilitate both further
i nvestigations of pathogenesis and control, and studies to place the organism

in proper taxonomc classification.
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SUMVARY AND CONCLUSI ONS

1. Results of NVFS seawater acclimation trials indicate that Snake River
fall chinook sal mon should be released as |+ snolting fish in hatchery
si tuations.

2. Maintaining chinook salmon to maturity in net-pens afford6é a unique
opportunity to observe marine growh and survival during an otherw se
I naccessi bl e phase of their life cycle.

3. Qur investigations have shown that there are many factor6 affecting
marine survival of chinook salnon. Marine nortalities first occur during the
osnoregul aritory adaptati on to seawater. During the first winter of seawater
residence, Snake River fall chinook salnon nortality increases markedly due to
BKD. Losses to this disease may continue for up to 6 months and nortality can
exceed 25% During the fall of the follow ng year, chinook salnmon are
infected with previously undocumented diseases. W have recently identified a
probabl e fungal pathogen that is responsible for catastrophic |osses (95+ %
in fish at 3-4 years of age in seawater. Qher serious adult diseases (e.g.,
an infectious anem a) have been observed at the Manchester Marine Experinental
Station in captive spring chinook sal non. A better understanding of these
di seases may provide insight on problens of high-seas survival.

4. NWFS currently has Snake River fall chinook salmon from 1980 (n=67),
1981 (n=876), 1982 (n-4,809), and 1983 (n=7,100) broods under production.
Until the problens of adult nortality in marine net-pens can be controlled, a

viabl e brood-stock program cannot be assured.
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Summary of expenditures

1. Labor $51,700
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