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ABSTRACT
This report summarizes research activities for broodstock
devel opnent for the Ce Elum Lake restoration feasibility study
conducted by the National Mrine Fisheries Service (NWS) and the
Bonnevill e Power Admi nistration (BPA) from March 1989 to June 1991
These fish husbandry efforts involved the collection and spawni ng of

sockeye sal non (Oncorhynchus nerka) from the Wnatchee River in 1989

and 1990 and rearing of progeny fromthese, and earlier,

col I ections. During the reporting period, NWVFS conpleted
construction of a joint NVWS/ BPA Stock Restoration Laboratory (at
the NMFS Northwest Fisheries Science Center in Seattle, Washington)
for devel opment of fish culture techniques for restoration of

depl eted stocks of sal nonids.

In both 1989 and 1990, 520 adult sockeye sal non were captured
at the Tummater Dam fishway on the Wenatchee River during late July
and early August and transferred to floating net-pens in Lake
Wenat chee. Fish were held to maturity in late Septenber and early
Cctober and spawned. Geen eggs and milt from spawnings at the Lake
Wenat chee net-pens were transported to the Stock Restoration
Laboratory for fertilization and incubation. Al eggs were water
hardened in iodophor after fertilization. Al eggs were incubated
and juveniles reared at the |aboratory.

Pre-spawni ng survival in 1989 was about 72% 167 nale and 165
femal es were successfully spawned and egg viability was about 80%
In 1990, pre-spawning survival was about 87% 167 male and 200

femal es were successfully spawned. However, due to water




tenperature control problens, egg viability was only about 60% In
both years, sone excess males and a few femal es were not spawned.

In the first 2 years of the Ce Elum Lake restoration
feasibility study (1987 and 1988), all net-pen spawners were
docunented as being free of infectious hematopoietic necrosis (IHN)
virus, and progeny from all spawners were reared. However, in both
1989 and 1990, |IHN was detected in about 30% of the adult fish at
the net-pen conplex; only juveniles from M\-negative parents were
retained at the |aboratory. Juveniles from positive parents were
donated to the Washi ngton Departnent of Fisberies (WDF) for
outplanting in the Wnatchee River Basin. Al juvenile sockeye
salnon reared at the NVFS | aboratory and by WDF rerained free of |HN
during culture, suggesting transfer of virus from parent to progeny
was avoi ded by iodophor disinfection of eggs.

For the 1987, 1988, and 1989 broods reared at the |aboratory,
juvenil e survival averaged about 85% to rel ease. Survival of the
1990 brood juveniles has been 88.5%

During the study period, juvenile sockeye salmon were rel eased
in the Yakima River Basin to assess the feasibility of anadronous
sal noni ds recol onizing the habitat above Ce Elum Dam  These
rel eases included alnost 107,000 of the 1987-brood juvenile sockeye
salmon in fall 1988 to spring 1989; al nost 90,000 of the 1988 brood
in fall 1989 to spring 1990; and about 100,000 of the 1989 brood in
fall 1990 to spring 1991. W currently have about 150,000 1990
brood at the |aboratory; these fish will be released in the Yakim

River Basin in sumer 1991 to spring 1992.




A report detailing outmgration and downstream passage studies

fromCe ElumLake will be available by the end of 1991.
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| NTRODUCTI ON

The National Marine Fisheries Service (NWS) and the Bonneville
Power Adm nistration (BPA) are involved in a project to evaluate the
feasibility of re-establishing anadronous salnon runs to Ce Elum
Lake in the Yakima River Basin of Washington state. Hi storically,
the Yakima River system supported |large runs of anadronous sal nonids
that contributed significantly to the Colunbia R ver harvest.’

Habi tat destruction and overfishing drastically reduced run
abundance prior to the early 1900s. Salnon runs were elim nated
from upper reaches of the Yakima River Basin w th devel opnent of
irrigation storage reservoirs wthout fishways in the early 1900s
(Robi son 1957, Mullan 1986).

The goal of the NWFS/BPA project is to determine if it is
feasi ble for anadronous salnmonids to recolonize the habitat above
Cle Elum Dam under the present format of irrigation water w thdrawal
from the reservoir. The primary concern is whether anadronous fish
can successfully exit Ce Elum Lake and survive downstream passage
t hrough the Yakima and Col unmbia Rivers to the ocean.

Sockeye sal non (Oncorhynchus nerka) were selected since this

species can best utilize the md-water (plankton oriented) rearing
habitat in Ce Elum Lake (Mngillo and Faul coner 1982). Sockeye
sal non are considered by many to be difficult to culture. D sease
susceptibility and low return rates led to the termnation of
production-scal e sockeye salnon culture in Washington state in the

early 1960s (Mullan 1986). Therefore, a first priority of the




NMFS/ BPA study was devel oping a broodstock and juvenile culture
program to provide healthy fish for studies on |ake survival and
downst r eam passage.

The broodstock devel opment program began in 1987 (Flagg et al.
1988, 1990). The present report details fish husbandry research
from March 1989 to June 1991 and reviews results from 1987 and 1988.
[A report detailing outm gration and downstream passage studies from
C e Elum Lake will be available by the end of 1991.1

The sockeye sal non husbandry program uses a nodification of
captive broodstock rearing concepts devel oped by-NWFS for
restoration of threatened runs of Atlantic and Pacific sal non
(Harrell et al. 1984a, 1984b, 1985). Wiile other NWMFS broodstock
prograns have centered on rebuilding depleted gene pools, no native
anadronous sockeye sal non presently exist in the Yakima R ver Basin.
Fortunately, the adjoining (Wnatchee River) basin to the north has
a vi abl e anadronous run of sockeye samonwi th presuned (genetic and
run-timng) simlarities to the historic Yakinm River Basin stock.
Lake Wenatchee al so has many geographical -and limnological
simlarities to e Elum Lake (Mngillo and Faulconer 1982, Mullan
1986). Therefore, adult sockeye salnon returning to the \Wnatchee
River Basin were selected as a suitable donor stock to provide
juveniles for transplanting to C e Elum Lake.

Returning adult sockeye salnon were captured during their
upstream mgration in the Wnatchee R ver at either Dryden Dam (1987
and 1988) or Tunmwater Dam (1988, 1989, and 1990), transported to

Lake Wenatchee, and held to maturity in floating net-pens



(Figs. 1-2). At maturity these fish were spawned and ganetes
transferred to the (recently conpleted) nNMFS/BPA Stock Restoration
Laboratory at the NMFS Northwest Fisheries Science Center in
Seattle, Washington (Fig. 3. Al spawners were surveyed for-the
presence of infectious hematopoietic necrosis (IHN) virus, and eggs

incubated in a quarantine system Progeny were reared at the Stock

Restoration Laboratory for use in studies at Ce El um Lake.
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Figure 2. --Map of Lake Wnatchee and major tributaries used for
spawni ng by sockeye salnon. NMFS net-pens for hol ding
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Figure 3.--Mvenent of salnon ganmetes from the net-pen systemin
Lake Wenatchee to the NWFS/ BPA Stock Restoration
Laboratory in Seattle, Washington (upper arrow). Lower
arrow indicates, introduction of disease-free juvenile
sockeye salnmon to Ce Elum Lake in the Yakima River
Basi n.



MATERI ALS AND METHCDS

Adult Fish Collection and Hol di ng

In mid July 1988, NMFS in cooperation with Chelan County Public
Utility District, installed a tenporary fish trap in the fishway at
Tumwat er Dam on the Wnatchee R ver (Flagg et al. 1990) (Fig. 1).
This trap consisted of approximately 15 m of (NWVFS owned) Denil
steep-pass fish ladder (as described in Rajaratnam and Katopodis
1984) coupled to a fish capture tank. In 1990, this facility was
nodified to provide for bypass of non-target fish (e.g., chinook
sal non and steel head) directly to the river via a flip-gate and exit
flume.

Al adult sockeye sal mon captured at Tumater Dam were
transported to Lake Wenatchee (Figs. 1-2) in a 6,000-1liter fish
transportation truck and transferred via a 9-m long fish-hauling
barge to the floating net-pens. Each year, NMFS was issued a WDF
Scientific Collection Permt (Nunmbers 89-73 and 90-93) and a WDF
Fish Transfer Permt (Nunbers 631-4-89 and 940-6-90) for the
col lection and transportation of these fish.

In both 1989 and 1990, a set of four floating nodul ar net-pens
were installed in Lake Wenatchee in md-July in a manner simlar to
that in 1987 and 1988 (Flagg et al. 1988, 1990). The net-pens were
| ocated near the upper end of the lake in 12- to 15-m depth and were
within 500 mof the nouth of the Wiite River (Fig. 2). Each 4.8-m
square nmodul e consisted of wood and steel wal kways supported by

Styrof oam fl oats and contained one 7.5-m deep net with 3.8-cm




stretch mesh. In 1989, these net-pens were sited side-by-side in a
2- by 2-pen natrix. In 1990, a central work platform was added to
the float conplex, providing about 4 m separation between each pen.
The net-pens remained in the lake until md-Cctober each year, when
they were renoved and stored for the season.

The net-pen nodul es were sited under permts issued for the pen
system [ Washi ngton Departnment of Fisheries (WDF) Hydraulic Permts
(Nunbers 00-37408-01, 02, and 03); Chelan County Shoreline
Managerment Permit (Nunmber 1586); Washington Departnent of Ecol ogy
Subst anti al Devel opnent Permt (Nunber 590-14-7804); and Washington
Departnent of Natural Resources Right of Entry Permt (Nunber 20-
012737)].

Al fish were held in the net-pen systemto maturity. In 1989,
fish in three of the four pens were fed a maintenance diet of frozen

krill (Euphausia pacifica) at about 0.5% of body-weight/day, or

less, while fish in the fourth pen were not fed during hol ding. In
1990, fish in two of the four net-pens received the krill ration.
Spawni ng

In 1989 and 1990, adult sockeye salnmon held in the net-pens
were sorted by appearance according to stages of maturity during
md-to-late Septenber in a manner simlar to previous years (Flagg
et al. 1988, 1990). To inspect potential spawners, each net-pen was
rai sed gradually (approximately 2.5 mi5 mnutes) to a final depth of
about 1.5 m Al fish were crowded to one side and the pen was

divided into halves. Fish were then lifted by the caudal peduncle



and checked for ripeness. For female fish, gentle pressure was
applied anterior to the vent to determ ne |ooseness of the egg mass
and, if ripe, a few eggs were expressed to visually exam ne egg
quality. Mal es were checked for milt in a simlar manner

Mature females with free-flowi ng eggs were |oaded onto a
transport barge into one section of a divided holding tank of about
25 m*°, and mature males were placed in the other section of the
tank. Fish not yet mature were immediately returned to the
unoccupi ed section of the net-pen. The transport barge was then
noved to the beach and the fish were spawned in a portable spawning
trailer (Flagg et al. 1990). Al discharge water fromthe trailer
was routed through a central drain to a settling basin and
periodically disinfected with a solution of 100 ppm i odophor

At the trailer, fish were killed by a blow to the head, placed
in a V-board, and bled by cutting the gill arches. After bleeding
carcasses were disinfected in 100 ppm i odophor. Fenale carcasses
were opened by surgical incision of the abdonen and eggs coll ected
into individually nunbered plastic bags. MIt from nal es was
expressed into individually numbered vials by gentle pressure
anterior to the vent.

Al eggs and milt were transported to the Stock Restoration
Laboratory in Seattle, Washington (Fig. 3) (about a 2.5-hour trip)
in insulated coolers containing ice. Sonme adults were transported
live to the laboratory and |ater spawned. Each year, NMFS received
a worF Fish Transfer Permt (Numbers 630-4-89 and 939-6-90) for this

transfer of fish and ganetes.
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Fertilization of eggs began inmmediately upon arrival at the
| abor at ory. Ovarian fluid was rinsed from each (individual femnale)
egg lot. Each egg lot was then placed in a |-liter plastic
contai ner and (dry method) fertilized with the sperm from one male.
Fertilized eggs were water hardened for an initial 3 to 5 mnutes
and then disinfected in 100 ppm iodophor solution for an additional

10 m nutes.

Viral Certification

Each adult nale and femal e spawner was exam ned for the
presence of IHN and other replicating viruses by a certified Fish
Pat hol ogi st (Anerican Fisheries Society Board). In 1989, the viral
survey was conducted by the Battelle Marine Laboratory in Sequim
Washi ngt on. In 1990, the analysis was conducted by the WDF virol ogy
| aboratory in Oynpia, Wshington.

In both 1989 and 1990, individual ovarian and mlt reproductive
fluid sanples from spawners were tested. [Investigators generally
agree that IHN virus nmust be present in the reproductive fluids for
vertical transm ssion to progeny.] However, for confirnation,
ki dney and spleen tissues were also sanpled in sone cases. The
testing laboratory inoculated sanples onto appropriate cell lines
and observed for cytopathic effects (see Appendixes A and B for
materials and nethods). Fry and juvenile sockeye sal non were also

anal yzed for replicating viruses by the |aboratories.
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Facilities and Fish Rearing

During the reporting period, NVFS conpleted construction and
renmodel ing of a fish hatchery at the Northwest Fisheries Science
Center in Seattle, Washington. This Stock Restoration Laboratory
was dedicated for operation in June 1990 and provi des the NWS/ BPA
project with a centralized facility in which to rear progeny from
donor stocks under controlled conditions. The |aboratory conforns
to state and federal isolation and quarantine standards. Over 280
i solation incubators (Novotny et al. 1985) are available to hold
eggs from individual paired matings. In addition, there are 23
1.2-mand 32 1.8-mcircular juvenile fish rearing tanks. Fish
rearing space within the laboratory is segnmented into isolation
areas to nmintain quarantine standards.

The facility is supplied with pathogen-free water processed
through a series of dechlorinators and chillers to ensure quality.
Water quantity, quality, and fish rearing paraneters are nonitored
by a conputerized system The |aboratory acconmpdates up to 250, 000
juvenile salnmon and has the capability to continually provide
heal thy fish for rebuilding depleted runs.

In 1989 and 1990, eggs were incubated and fish reared at the
| aboratory even though it was under construction during nuch of this
tinme. In both years, after water hardening and disinfection, the
eggs were transferred to isolation incubators nunbered for
identification of the female/male spawning pair. After hatching,

fish were reared using standard fish culture nethods.
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RESULTS

During the reporting period, juvenile sockeye salnmon from 1987-
and 1988-brood Lake Wnatchee donor sockeye sal non egg collections
(Flagg et al. 1988, 1990) were reared at the Stock Restoration
Laboratory. In addition, during this period, 1989- and 1990-brood
eggs were collected, incubated, and progeny reared at the
| aboratory. An objective of the program was to provide natural size
snmolts for outmgration studies. Therefore, egg incubation and fish
rearing tenperature and feed ration were adjusted to obtain target
size for release (6 to 15 g and 80 to 130 nm dependi ng on rel ease
date).

CGenerally, water tenperature during egg incubation was
mai ntai ned between 4 and 12°C and fry-to-juvenile rearing
tenperature was mai ntai ned between 5 and 17°C through a chiller
system Fish were fed a commercial ration (either Biodiet or More
Clarke Sem -nmoist') at 5% of body-weight/day forthe first 30 days
and 3% of body-wei ght/day, or less, thereafter. [This food level is
about m d-way between the optinmm and maxi mrum ration for juvenile
sockeye sal non defined by Brett et al. (1969). This conbination of
tenperature and ration was intended to provide a growth profile

close to natural while maintaining fish health and quality.]

' Reference to trade names does not inply endorsenent by the
Nati onal Marine Fisheries Service, NOAA
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1987 Brood

During 1987, 263 certified IHN-free adult sockeye sal mon were
collected fromthe Wnatchee River system Adult survival to
spawni ng was about 95% Egg viability was about 40% subsequent
tests indicated this low viability was due to direct fertilization
i n iodophor disinfectant, an effective spermcide. This process was
nodified to allow for fertilization prior to disinfection, and in
| ater years viability inproved. Survival to hatch was al nost 99%
survival to fry was about 92% (Flagg et al. 1988, 1990). The 1987-
brood juvenile population was certified (by Battelle) in March,
April, Septenmber 1988, and March 1989 as | HN-free.

Currul ative nortality of the 1987 brood from swmup to rel ease
was about 11% (Fig. 4). Gowh (length and weight) of these fish
was maintained within target criteria during culture (Figs. 5-6).

Al nost 107,000 1987-brood juvenile sockeye sal non were rel eased
in the Yakima R ver Basin. About 25,000 of these fish were released
into e Elum Lake in fall 1988 (Flagg et al. 1990). The remai ni ng
about 82,000 fish were released in spring 1989. Al of the fish
were freeze branded and coded-w re tagged. In addition, over 3,000

of the fish were PIT tagged.

1988-Brood

During 1988, 520 adult sockeye salmon were collected fromthe
Wenat chee River system  Adult survival to spawning was about 85%
all spawners were certified IHN-free. Egg viability was about 80%

survival to hatch was al nbst 99% survival to fry was about 93%
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Figure 4. --Cumul ative nortality for the 1987- to 1990-brood juvenile
sockeye salnon reared at the NMFS/BPA Stock Restoration
Labor at ory. Arrows indicate start of rearing dates. The
majority of 1987-, 1988-, and 1989-brood juveniles were
rel eased in the Yakima River Basin from November to March
as yearling fish.
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released in the Yakima River Basin from Novenber to Mrch
as yearling fish.
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Laboratory. Arrows indicate start of rearing dates. he
majority of 1987-, 1988-, and 1989-brood juveniles were
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as yearling fish.
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(Flagg et al. 1990). Unfortunately, on 17 June 1989 (a Saturday),
an accident at the NMFS Montl| ake Hatchery resulted in the death of
approxi mately 250,000 of the 375,000 1988-brood sockeye salnon fry
at the Stock Restoration Laboratory. [ The | aboratory was under
construction; a backhoe operator ruptured a water supply line,
causing low flows and oxygen depletion].

Approxi mately 125,000 1988-brood fish survived the accident.
Curmul ative nortality of these fish from June 1989 to rel ease was
about 15%  Overall, swimup to release nortality (adjusted for fish
killed in the accident) was about 23% (Fig. 4). The 1988-brood
juvenile population was certified (by Battelle) in March, My, and
Septenber 1989, and (by WDF) in March 1990 as IHN-free. Gowth
(I ength and weight) of the 1988 brood was maintained within target
criteria during culture (Figs. 5-6).

Al nost 90,000 1988-brood juvenile sockeye sal non were rel eased
in the Yakima River Basin. About 25,000 of these fish were rel eased
into Ce Elum Lake in Novenber 1989. The renmining about 64, 000
fish were released in spring 1990. Al of the fish were freeze
branded and coded-w re tagged. In addition, over 8,000 of the fish

were PIT tagged.

1989 Brood

During late July through early August 1989, 520 adult sockeye
sal non were captured at the Tumwater Dam fishway on the Wenatchee
River and transferred to the net-pens in Lake Wnatchee (Table 1).

Fish were held for 60 to 75 days at a density of about 1.5 kg/m’
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Table 1.--Inventory of salnonids captured at the Tumwater Dam fish
facility on the Wenatchee River, 1989.
Ti me of Nunber of fish trapped/ day
trap
operation Sockeye
Date (July) (h) NVFS' WDF® Chi nook' Steel head
18 0430 to 1200 16 0 0 0
1930 to 2100 34 0 0 0
19 0500 to 1130 126 80 16 0
20 0530 to 0800 123 0 11 0
0930 to 1100 2 75 2 0
21 0530 to 0800 80 45 7 0
24 0530 to 0950 60 31 15 1
25 0510 to 0745 55 52 6 0
26 0510 to 0815 24 16 4 0
TOTAL 520 299 61 1

®* Fish transported to Lake Wnatchee and held in four

at 130 fis

h/ pen.

® Fish collected by WF for
° Fish trapped and returned to river

brood stock.

NMFS net - pens

i mredi ately upstream of dam
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(130 fish/pen) to maturity in late Septenber to early Cctober and
spawned (Table 2). The net-pens were checked daily and total
nortality during the (pre-spawning) holding period was 146 fish.
Pre-spawning survival in 1989 was 72% 167 males and 165 fenal es
were successfully spawned (Tables 2-3). Al females that survived
to maturity were spawned; however, 39 excess nales were not spawned.

There was no apparent relationship between feeding of fish
during prespawning holding in the pens and 1) survival to spawning
or 2) egg viability (Table 3). The fork length of male spawners in
1989 averaged 525 mm while fermales averaged 490 mm  Fecundity
averaged 2,725 eggs per female (Table 2).

In 1989, tests showed that approximately 30% of the spawning
fish had reproductive fluids that were positive for |HN-about 54%
for females and less than 6% for males (Table 3 and Appendix A).
This resulted in 67 paired matings certified as (reproductive fluid)
| H\- negat i ve.

1989-brood eggs were water-hardened, disinfected in 100 ppm
i odophor, and incubated in isolation. Egg viability was about 77%
(Table 2). In Decenber 1989, NWFS donated about 250,000 eggs from
groups where the reproductive fluids were IH\N-positive to WDF for
enhancenent projects in the Wnatchee River Basin. NWS retained
about 125,000 1989-brood eggs from | H\N-negative parents.

Initiation of egg incubation ranged from 25 Septenber (first
spawning) to 5 COctober 1989 (final spawning). Hatching began on 22
Novenber and ended on 15 Decenber 1989. During incubation in 1989,

tenperature ranged from 12.4 (on 25 Septenber) to 7.0°C (on




Table 2 .--Spawni ng dates,
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nunber of fenales and males, and average
fecundity and egg viability of Lake Wnatchee sockeye

sal non spawned from net-pens, 1989.
Aver age
Nunber spawned Fecundity Egg
(nunber of viability

Dat e Femal e Mal e eggs) (%)
25 Sep 45 45 2,721 79.2
26 Sep 68 69 2, 607 76.9
27 Sep
28 Sep 20 20 2,490 85.5

2 Oct 12 12 2,329 61.6

5 Oct 4 5 3, 035 60. 3
TOTAL 165 167
AVERAGE * 2,725 77.1

* Conbi ned average of all

femal e spawners (n

= 165).




Table 3. --Survival, egg viability,
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and | HN viral

i ncidence in

spawni ng sockeye held in net-pens in Lake Wnatchee, 1989.
Pen
A B®

Survival (%

- Mal es 78.1 78.5

- Femnal es 63.6 66.2

- Tot al 70.8 72.3
Average Egg Viability (% 83.0 71.0
| HN positive (%
-reproductive fluids

- Mal es 5.1 2.4

- Femal es 30.0 32.6
- Ki dney/ spl een

- Ml es 63.4 82.5

- Femal es 75.0 87.8

c® D®

Survival (%)

- Ml es 78.6 83.6

- Fenal es 65.0 62.3

- Total 72.3 72.3
Average Egg Viability (%) 76.0 78.0
| HN positive (%
-reproductive fluids

- Mal es 5.0 9.3

- Fenal es 58.9 93.0
- Ki dney/ spl een

- Mal es 88.9 79.1

- Femal es 100.0 100.0
* Not fed during holding.
® Fed frozen krill (Euphausi a pacifica) at about 0.5% of body-

wei ght / day, or less, during prespawning hol ding.
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15 Decenber); during the alevin-to-swi mup stage tenperatures ranged
from8.9 (on 11 Decenber 1989) to 4.5°C (in February 1990). Egg
fertilization to hatching required about 700 (°C) i ncubati on
tenperature units, whereas hatch to swimup required approximtely
420 tenperature units.

In early February 1990, about 125,000 1989-brood swimup fry
were noved fromthe incubators to 1.2-m dianmeter tanks at an initial
fish density of about 6.0 kg/m’. Water depth in the tanks was set
at 10 to 15 cmwth an inflow of about 4 to 6 liters/mnute. These
densities and flows were maintained through March 1990; water
tenperature ranged from 6.5 to 8.0°C.

Begi nning in July 1990, 1989-brood juveniles were transferred
to 1.8-mdiameter tanks. \Water depth in these tanks was set at 43
to 46 cmwith an inflow of 16.3 to 33.3 liters/mnute. Fish were
held in these tanks throughout the renainder of the reporting
peri od. Fish density in the tanks ranged from about 3.7 to about
47.6 kg/m*; water tenperature ranged from4.5 to 20.1°C.

The 1989-brood juvenile sockeye salmon were certified as IHN-
free by WDOF in March, April, and Septenber 1990. Gowh (length and
wei ght) of the 1989 brood was nmaintained within target criteria
during culture (Figs. 5-6). Cunulative nortality of the 1989-brood
fish through the entire culture cycle was under 14% (Fig. 4).

Over 100,000 1989-brood juvenile sockeye sal non were rel eased
in the Yakima River Basin. About 75,000 of these fish were rel eased
into Ce Elum Lake from Novenber 1990 to January 1991. The

remai ni ng about 25,000 fish were released in spring 1991. Al of
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the fish were freeze branded and coded-w re tagged. In addition,

over 9,000 of the fish were PIT tagged.

1990 Brood

During late July through early August 1990, 520 adult sockeye
sal nron were captured at the Tumwater Dam fishway on the Wnatchee
River and transferred to the net-pens in Lake Wnatchee (Table 4).
Fish were held for 60 to 75 days at a density of about 1.5 kg/m’
(130 fish/pen) to spawning in late Septenber to early Cctober. The
net-pens were checked daily and total nortality during the (pre-
spawni ng) hol ding period was 66 fish. Adult survival from capture'
to (initiation of) spawning was 87.3% 167 males and 200 fenal es
were successfully spawned (Tables 5-6). Sone females and males were
not spawned.

There was no apparent relationship between feeding of
prespawni ng adult fish in the pens in 1990 and either survival from
adult capture to spawning or egg viability (Table 6). The fork
length of nale spawners in 1990 averaged 509 mm while fenales
averaged 487 nm Fecundity averaged 2,225 eggs per fenale
(Tabl e 5)

In 1990, tests showed that approximtely 21% of the spawning
fish had reproductive fluids that were positive for |HN- about
33.5% for females and 6. 7% for nales (Table 6 and Appendix B). This
resulted in 112 paired matings certified as (reproductive fluid)
| H\N- negative and 88 as IHN-positive. This is simlar to results of

spawning in 1989.
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Table 4.--Inventory of salnonids captured at the Tummater Dam fish
facility on the Wnatchee River, 1990.

Nunber of fish trapped/ day

Ti me of
trap
Dat e operation Sockeye
(July) (h) NMFS* WDF® COther" Chi nook" St eel head"
24 0530 to 0700 98 0 57 9 0
1210 to 1340 164 0 100 7 0
1610 to 1750 0 0 25 2 0
25 0500 to 1645 128 326 397 19 0
26 0720 to 0939 132 7 85 1 0
TOTAL 522 333 664 38 0

* Fish transported to net-pens in Lake Wenatchee and held in four
NMFS net-pens at 130 fish/pen.

* Fish collected by WDF for brood stock.
° Fish trapped and returned to river.
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Table 5.--Spawning dates, nunber of fenmales and males, and average
fecundity and egg viability of Lake Wnatchee sockeye
sal non spawned from NMFS net - pens, 1990.

Aver age
Nunber spawned Fecundity Egg
(nunber of viability
Dat e Femal e Mal e eggs) (%)
18 Sep 13 13 2,325 85.7
24 Sep 24 7 2,710 83.6
25 Sep 32 32 2,267 80.5
26 Sep 35 35 2,381 54.7
2 Oct 42 36 1,998 48. 9
3 Oct 21 21 2,112 31.8
10 oct 33 23 1,988 _57.6_
TOTAL 200 167
AVERAGE * 2,225 61.4

* Conbi ned average of all femal e spawners (n = 200).
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Table 6. --Survival, egg viability, and IHN viral incidence in
spawni ng sockeye held in net-pens in Lake Wnat chee, 1990.

Pen

__ A __B*
Survival® (%)
- Mal es 98. 4 08.4
- Femul es 98.5 98.6

- Tot al 98.5 98.5
Average Egg Viability (%) 50.5'
| HN positive (%)
-reproductive fluids

- Ml es 2.8"
- Fenal es 21. 2"

c? D¢

Survival® (%)
- Ml es 94.8 98.5
- Fenual es 98. 6 95.2

- Total 96.9 96.9
Average Egg Viability (%) 61.0'
| HN positive (%)
-reproductive fluids

- Ml es 11. 1
- Femal es 65. 4'

* Not fed during holding.

P Survival to first sorting for spawning. An additional 25 fenales
died frompens A and B, and 30 females frompens C and D, prior to
spawni ng. In addition, some nales were not spawned.

~ Average of pens A and B.

¢ Fed frozen krill (Euphausia pacifica) at about 0.5% of body-
wei ght/day, or less, during prespawning hol ding.

* Average of pens C and D.
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1990-brood eggs from NMFS spawners were water-hardened,

di sinfected in 100 ppm i odophor ,and incubated in isolation. In
January 1991, NMFS donated about 103,000 alevins from groups where
the reproductive fluids were IHN-positive to WDF for enhancenent
projects in the Wnatchee R ver Basin. NWS retained about 150, 000
1990 brood from I HN-negative parents.

Egg viability for the 1990 brood was about 60% (Table 5). we
bel i eve eyed-egg survival was conprom sed by a power outage and
chiller failure in early Cctober that resulted in a 5°C tenperature
spi ke (to about 17°C) for about 12 hours.

Initiation of egg incubation for the 1990 brood ranged from
18 Septenber (first spawning) to 10 October 1990 (final spawning)
(Table 5). Hatching began on 25 Novenber 1990 and ended on
10 January 1991. During incubation, tenperature ranged from 13.9
(on 18 Septenber) to 6.2°C (on 21 Decenber) whereas alevin
i ncubation tenperatures ranged from 8.3 (on 7 Decenber) to 6.2°C (on
21 Decenber). Egg fertilization to hatching required an average of
678 ("C) incubation tenperature units, whereas hatch to sw mup
averaged 426 tenperature units.

In late January to early February 1991, about 150,000 1990
brood swimup fry were nove from the incubators to 1.2-m dianeter
tanks at an initial fish density of about 6.0 kg/m’. Water depth in
the tanks was set at 10 to 15 cmwth an inflow of about 4 to
6 liters/mnute. These densities and flows were nmaintained through

the remai nder of the reporting period.
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Cumul ative nortality of the 1990-brood fish through the first
4 nmonths of rearing was 11.5% (Fig. 4). Initial gromh (length and
wei ght) of the 1990 brood was simlar to the other (1987-1989)
broods (Figs. 5-6). The 1990-brood juvenile sockeye sal mon were
certified as IHN-free by WDOF in February and June 1991. These fish
will be held at the Stock Restoration Laboratory and periodically
surveyed for |HN Fhroughout the rearing period.

The 1990 brood will be released in the Yakima River Basin in

sumrer 1991 and spring 1992.
DI SCUSSI ON

A major conponent of the Ce Elum Lake Restoration Feasibility
Study has been the devel opment of a suitable sockeye sal non donor
stock for transplanting to the Yakima River Basin. At the onset of
the program in 1987; sockeye sal non were considered by nmany
investigators to be difficult to culture. Hi gh prespawni ng
mortality, low egg viability, inability to nature in captivity, and
low fry-to-snolt survival were viewed as potential limits to success
(Mullan 1986, ADFG 1988, Amps et al. 1989, Burkett 1989, Meyers
et al. 1990).

Fortunately, our experience has been nuch nore positive than
nost previous work with sockeye salnon. During the last 4 years
(1987-1990), NWFS routinely held from 240 to 520 wild adult sockeye
sal mon captured from the Wnatchee River in net-pens in Lake
Wenat chee for 60 to 90 days prior to spawning. Prespawning surviva

ranged from about 72 to 95% (4-year nean = 85% . This is nuch
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better than the approxi mately 25% average adult capture-to-spawning
survival described by Mullan (1986) for Colunbia River sockeye

sal non held in raceways and ponds. Fish in our studies uniformy
compl eted maturation with no evidence of delays or decreases in
reproductive readiness.

A first key to devel opnment of a donor stock for Ce Elum Lake
was the adaptation of seawater net-pen culture techniques [devel oped
at the NMFS Marine Experimental Station near Manchester, Washington
for restoration of threatened runs of Atlantic and Pacific sal non
(Harrell et al. 1984a, 1984b, 1985)] to the freshwater environnent
at Lake Wenatchee. The mgjor nodification, other than siting in
fresh water, was providing 7.5-m deep pens to allow the fish access
to depth during holding. The majority of the time, fish remained
near the pen bottons; however, they were free to range to preferred
depths. W feel that |owdensity captive holding of prespawning
adults in lacustrine net-pens provides a nuch nore natural (and,
therefore, beneficial) environment than (commonly used) hatchery
raceways and ponds.

Feeding is not a comon husbandry strategy when hol di ng
prespawni ng sal nonids. However, unpublished research at the NWS
Manchester and Montlake |aboratories indicate that many species of
salmon will feed to maturity in captivity. Qur studies at Lake
Wenat chee indicate that captured wild sockeye salnon will accept
natural feeds (e.g., krill) during maturation. The adult fish

routinely accepted up to 0.5% body weight/day from July to
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Septenber--preferentially decreasing their ration anount to near
zero at final maturation in |ate Septenber and early Cctober.

During 1989 and 1990, there was no apparent relationship
between fish health, survival, and egg quality between the fed and
unfed groups (Tables 3 and 6). However, other NVFS research
(unpubl i shed) suggests that feeding.of salmon until maturity in
captivity may benefit survival and reproductive success. Al though
we have conflicting data in the present study as to the biol ogical
effectiveness of feeding during prespawning hol ding, the useful ness
of such feeding should not be dismssed. The preference for feeding
during maturation suggests that nutrition may be a worthwhile
conmponent in maxim zing reproductive success of cultured fish. At a
m ni mum feeding during prespawning hol ding enticed fish from depth
in the pen and allowed culturists to visually assess conditions of
the adult fish wi thout handling.

Yearly incidence of IHN virus in naturally spawning Lake
Wenat chee sockeye sal non was seen as a possible barrier to
transplanting juveniles to the Yakima River Basin. Al though the
Yakima River Basin is considered an |HNpositive watershed, policy
and reason dictate that only IH\-negative fish be transferred into
t he basin.

Traditionally, |IHN viral disease has been viewed as the nost
form dabl e obstacle to successful culture of sockeye sal non (Wl f
1988, Meyers et al. 1990). IHN is an acute, systemic, and often
virulent rhabdovirus with an affinity for renal blood-form ng

tissues (Wlf 1988). The virus has been isolated fromall juvenile




31

and maturing adult life-stages for sockeye salmon of both hatchery
and wild origin (Milcahy et al. 1983, Traxler 1986, Wl f 1988).
However, the (pre-inmmune conpetent) swi mup-to-fingerling stage
hatchery fish are nost at risk for IHN di sease out breaks. HN was a
maj or factor in termnation of nobst sockeye salnon culture in
Washington state in the 1960s (Mullan 1986).

Al spawners from the NMFS net-pens in Lake Wenatchee were
surveyed for the presence of IHN each year. Even though the net-
pens at Lake Wnatchee were sited within 500 m of the nouth of a
maj or spawni ng stream (the Wiite River), |HN incidence in NMFS pen-
held fish bore little resenblance to levels in natural (instream
spawners. NMFS surveys of sockeye sal non on spawning grounds in the
Lake Wenatchee system indicated an |IHN preval ence of 89% in 1988
and only 8% in 1989. | HN preval ence on the spawning grounds in the
Lake Wenat chee system was not docunented 1987 and 1990; however, it
of ten approaches 90% (S. Roberts'). In 1987 and 1988, |HN was not
detected in any sockeye sal non spawners from the net-pens; however,
in 1989 and 1990, 30 and 21%, respectively, of the net-pen spawners
tested positive for IHN virus.

Several investigators have suggested that IHN may be prinarily
contracted and spread through horizontal transnmission froma |ow
nunber of heavily infected carriers (WIf 1988, Amps et al. 1989,
Meyers et al. 1990). Qur results support this hypothesis. It is

probable that no IHN-carrier fish were captured in 1987 and 1988.

> Steve Roberts, Washington State Department of WIldlife, 1421 Anne
Avenue, Wenatchee, WA 98801. Pers. commun., Decenber 1988.
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In 1989 and 1990, one to several of the captured fish nmay have been
carriers that served as a focus for spread of IHN in net-pen-held
fish.

Capture, or absence, of infected carrier fish best explains the
marked dissimlarities we noted between IHN occurrence in natura
and captive spawners. However, infection from an alternate host
vector cannot be rul ed out.

During past decades, stringent and sonetines severe neasures
have been undertaken to "control”™ IHN. Culture of susceptible
species (particularly sockeye salnon) was term nated at many
hatcheries (Mullan 1986, Wl f 1988). At hatcheries where culture of
I HN-suscepti bl e species (e.g., chinook salnon) continued, policy and
practice included broodstock culling, destruction of eggs from IHN-
positive parents, and total destruction of juvenile popul ations when
| HN was detected (Wolf 1988, Anps et al. 1989). These efforts were
undertaken in hopes of disrupting transm ssion of the IHN virus.
Unfortunately, these "destroy and disinfect" policies often had
greater negative inpact to the host (fish) population than to the
di sease. In many cases, yearly viral prevalence in returning
broodst ock was unchecked while whol esal e destruction of eggs |eft
enhancenment goals unful filled.

During the 1980s, pat hol ogi sts becane increasingly aware that
most, if not all, parent-to-progeny transm ssion of IHN virus occurs
t hrough egg-associated binding of virus to the outside of the egg
nmenbrane rather than by true vertical (within egg). routes (Wl f

1988, Yoshimizu et al. 1989). This new understanding of the virus-
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host relationship provided the possibility that surface disinfection
of fertilized ganetes with virucidal agents (e.g., iodophor) could
be used to mnimze IHN occurrence at hatcheries.

Fromthe onset of our program (in 1987), NMFS believed surface
di sinfection of eggs in iodophor (100 ppm |1 O mnutes), coupled with
standard quarantine practices (including isolated egg incubation and
fish rearing in a pathogen-free water), was a key to successful
hatchery culture of sockeye salnon. W devel oped the NMFS/BPA Stock
Restoration Laboratory as a nodel quarantine and isolation fish
hatchery to refine nmethods for production of healthy, IHN-free,
juvenil e sockeye sal non. In addition, we initiated individua
certification of spawners, and serial certification of juveniles, to
ensure that only |IHN negative sockeye salnmon juveniles were
outplanted in the Yakima River Basin.

NMFS has reared or is rearing progeny fromall 1987-1990 egg-
takes from Lake Wenatchee sockeye sal non. In 1987 and 1988, all
spawners were negative for IHN and fish fromall groups were reared.
However, in 1989 and 1990, we only retained juveniles from IHN-
negative parents; juveniles from positive parents were donated to
WDF for enhancenent in the Wnatchee River Basin. For the 1987
1988, and 1989 broods reared at the laboratory to release (the 1990
brood is still in culture), egg-to-snolt survival ranged from about
75 to 90% (3-year nean = 84% . Survival of the 1990 brood from
pondi ng has been 88.5% This is nmuch better than the variable (and
often low) hatchery survival described by Mullan (1986) for juvenile

Col unbi a River sockeye sal non.
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Importantly, all juvenile sockeye salnmon reared at the NVFS/ BPA
Stock Restoration Laboratory have renained free of IHN during
cul ture. [I'n addition, 1989 and 1990 broods from I HN-positive
parents donated to WDF remained free of IHN (to release and to date,
respectively) even though they were reared in the IHNpositive
envi ronment of Lake Wenatchee (K. Hopper?).] W feel the treatnent
of eggs in iodophor was instrumental to production of healthy
j uveni | es. However, successful culture of sockeye sal non requires
that stringent quarantine standards be naintained during all phases.
In addition, wherever possible, pathogen-free water should be used
for egg incubation and fish rearing.

It is encouraging to note that acceptance of disinfection and
i solation procedures is augnenting enhancenent of many IHN-
susceptible stocks of salmon in the Pacific Northwest and Al aska.
Meyers et al. (1990) detail procedures enployed by the Al aska
Departnent of Fish and Gane since the md-1980s to develop a
successful sockeye salnmon culture program Federal and state
hat cheries in Washington state are now rearing |HNpositive stocks

of chinook salnon (0. tshawtscha) and sockeye sal non at sone

facilities (K Hopper’, R Brunson‘)y. These prograns rely on

conbi nations of adult certification, iodophor disinfection of eggs,

> Kat hl een A. Hopper, Washington State Department of Fisheries,
115 CGeneral Adnministration Building, Oynpia, WA 98504. Pers.
conxnun., January 1991.

* Ray Brunson, U S. Fish and Wldlife Service, Fisheries Assistance
Office, Aynpia, WA 98504. Pers. commun., November 1990.




35

and isolated egg incubation and fish rearing to produce healthy
juveniles from I HN-suscepti bl e stocks of sal non.

The husbandry techniques utilized by NMFS have provided a
stabl e egg supply to produce juvenile sockeye salnon for the Ce
El um Lake Restoration Feasibility Study. From 1988 to 1991,
juvenil e sockeye salnon were released in the Yakima River Basin to
study the feasibility of anadronmous sal nonids recol onizing the
habi tat above Ce Elum Dam  These rel eases included al nost 107, 000
of the 1987-brood juvenile sockeye salnmon fromfall 1988 to spring
1989; al nost 90, 000 of the 1988 brood from fall 1989 to spring 1990;
and about 100, 000 of the 1989 brood from fall 1990 to spring 1991.
W currently have about 150,000 1990 brood at the |aboratory; these
fish will be released in the Yakima River Basin in summer 1991 and
spring 1992,

These juvenile fish releases were nmade to evaluate fish
outmgration from Ce Elum Lake, fish trapping and bypass systens at
Ce Elum Dam downstream fish migration rates through the Yakima
River system and recovery rates at fish collection facilities
(e.g., Prosser and McNary Dans). The first adult sockeye sal non
fromrel eases of 1987-brood juveniles in the Yakima River Basin are
expected to return to the Yakima River in July 1991. A report
detailing outm gration and downstream passage studies from e El um

Lake and adult contribution will be available by the end of 1991.
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introdyction

The National Marine Fisheries Service (NMFS) Is involved in a sockeye salmon restoration program
for the Yakima River system. In 1967, 1966 and 1969, donor stock returning sockeye salmon were
captured in the Wenatchee River in late July and early August, trangported upstream about 26 miles to
Lake Wenatchee, and held in captivity In net-pens to maturity in September and October. Eggs are
incubated and fry reared In quarantine and, if determined to be free of important fish viruses, resultant
juveniles will be used for stock restoration purposes. .

In all three years, spawning sockeye salmon were examined by the Battelle Marine Sciences
Laboratory for the presence of infectious hematopoietic necrosis (IHN) and infectious pancreatic
necrosis (IPN) viruses. Sockeye salmon are particularly susceptible to IHN virus which often causes
mortalities of young fish. It has generally been believed that many returning adult fish are infected with
IHN virus and that the offspring may become infected by intraovarlan transmission of the virus. Support
for this belief has been based, In part, on a high frequency of heavily infected spawning fish on spawning
grounds or in hatcheries in areas where the disease is enzootic.

In 1966 and 1989, we examined 226 and 334 respectively, Lake Wenatchee stock sockeye salmon
moved to Lake Wenatchee and found that none were Infected with IPN or IHN virus. In this report we
provide the results of virdoglcal examinations of 334 take Wenatchee stock sockeye salmon spawned
from net-pens In 1969 as well as 46 sockeye salmon which migrated upriver through Lake Wenatchee
and were captured on spawning grounds.

Materials and Methods

Adult returning sockeye salmon (Oncorhvnchus nerka) were captured by National Marine Fisheries
Service personnel during July and August, 1969 at the Tumwater dam on the Wenatchee River (about 20
miles downstream from Lake Wenatchee). After capture, the fish were transported to Lake Wenatchee
where they were held in net-pens until maturity. The net-pen site was located about 100 yards from the
mouth of the White River. Fish were spawned and samples cdlected for virdogical examination (n=334)
at the Lake Wenatchee site in September and early October 1969. In addition, 24 adult fish were
captured from spawning grounds on the Little Wenatchee River, and 24 adult fish captured from
spawning grounds on the White River in late September and early October, respectively. Both of these
capture sites were between one-half and three miles upstream from the mouth of these waterways on
Lake Wenatchee. Reproductive fiuids from all fish were indiviiualiy cdiected, diluted in phosphate
buffered saline (PBS) containing polyethylene glycol (PEG) and an 6-fold normal concentration of
antibiotics; spleen-kidney tissues from file-fish pools were placed in an identical buffer-antibiotic-PEG
solution . All materials were transported on ice to the Battelle Marine Sciences Laboratory and
processed for inoculation onto tissue cultures within 72 hours of collection. The general methods
described by Amos (1985) were used In the examinations. The following specific techniques were
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employed. Reproductive fluids and homogenized kldney-spleen extract were inoculated onto two cell
lines (EPC and CHSE-214) at two dilutions each (1/2 and 1 /10 for reproductive fluids and 1 /10 and 1/80
for kkiney-spleen tissue pools) and incubated at 15-18°C. All samples were subcultured, either following
the appearance of presumptive cytopathlc effect or fourteen days fdlowing inoculation onto the cultures.
Selectedindividualtissue cultures which displayedcytopathiceffect on primary and secondary culture
were tested for the presence of IHN virus using a serum neutralization procedure. Anti-IHNvirus
antiserum prepared against virus isolated against Cedar River, Washington IHN virus Isolated from
sockeye salmon, (supplied by J. Winton, National Fisheries Research Center, U.S. Dept. Interior, Seattle,
WA.) was used in the neutralization procedure.

Results

Results presented In Table 1 indicate that some fish from all pens tested positive for virus (confirmed
by selected serum neutralization tests to be IHN virus). The proportion of males positive by examination
of Indlvidual reproductive fluids ranged from 2.4% In Pen B to 9.3% In Pen D. However,the five-fish
pooled male samples of spleen-kidney tissues Indicated maximum ranges of infection of 63.4% in Pen A
to 88.9% in Pen C. The results of the pooled spleen-kidney samples are most probably an overestimate
of the true infection prevalences (due to pooling) but the markedly higher prevalences than obtained by
examining reproductive fluids indicate that spleen-kidney tissues are more likely to detect virus in male
fish. The proportion of females positive by examination of Individual reproductive fluids ranged from 30%
in Pen A to 93% in Pen D.

None of the 24 fish from the White River were positive for virus while 16.7% (4/24) of the Little
Wenatchee Rlver fish were positive for IHN virus.
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Table 1. Number (%) Sockeye salmon positive for IHN virus.

Sample Source
Pen A PenB PenC Pen'D

Males, n= 41 41 40 46

Repro. fl. 2/39(5.1) 1/41(2.4) 2/40 (5.0) 4/43 (8.3)

Spi/Kid 26/41(63.4) 33/40 (62.5) 32/36 (66.9) 34/43 (79.1)
Females, n = 40 44 39 43

Repro. fl. 12/40 (30.0) 14/43 (32.6) 23/39 (59.0) 40/43 (93)

Spl/kid 30/40 (75) 36/41 (87.8) 39/39 (100) 40/40 (100)
Allfish,n= 81 85 79 69

Repro. fl. 13/79 (17.7) 15/84 (17.9) 25/79 (31.6) 45/86 (52.3)

Spl/kid 56/81 (69.1) 69/81 (85.2) 71/75 (94.7) 74/83 (39.2)
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Discussion

In 1887 and 1988 all of the sockeye salmon spawned from net-pens In Lake Wenatchee were negative of IHN
and IPN viruses (Flagg et al 1988.1990). In 1988, even though the net-pen fish were all negative for the virus,
89% of the fish (n= 18) from the spawning grounds were positive for IHN virus. This contrasts with the 1989
results in which the four net pens had prevalences (based on evaluation of indlvidual reproductive fluids) from
17.7% t0 52.3% and only 8.4% of the fish from the spawning ground were virus positive.

The reason that virus positive fish were found in the net-opens In 1959 but not in 1987 or 1988 is not known.
it is possibie that a very low proportion of carrier flsh exists and that one or more of these was transferred to the
pens in 1939 but not in 1987 or 1998. Aiternatlvely, it Is possible that the pens were contaminated with the virus
by another source but there is no direct evidence for any such source. Examination of the results for the female:
fish shows a wide range of fish positive for the virus, depending on which pen they resided in. Pen A had only
30% positive while Pen D had 93% positive, suggesting that the infection may have started in or near Pen D and:
spread to the other pens.

Further studies In subsequent years should be conducted to determine the long term annual occurrence of
IHN in these fish.
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APPENDI X B
Viral Certification

1990




SEPH R. BLUM

Director

STATE OF WASHINGTON

DEPARTMENT OF FISHERIES

115 General Administration Building e Olympia, Washington 98504 e (206) 7536600 e (SCAN) 2346600
Novenber 8, 1990

Tom Fl agg

NVFS

Manchester Field Station
P. 0. Box 38

Manchester, WA 98353

Dear Tom

Attached are the results for the Lake Wenatchee sockeye sanpl es
that we processed for you. Ovarian fluids (OF) and milt sanples
were tested on EPC cell line by plaque assay held at 1s5°c for 14
days. OF were plated at three log 10 dilutions and mlts were spun
and the supernatants plated at one dilution. The oFfromthe first
three eggtakes and twelve pools of kidney/spleen tissues (five
fish/pool) were plated on CHSE,,, cell line to fulfill certification
requirements for viruses otther than [|H\V. Seven of 12
ki dney/ spl een pools were positive for IH\NV. The mininumlevels of
detection were 10 pfu/m for OF and mlt and 200 pfu/ml for
ki dney/ spl een pool s.

If you have any questions please give ne a call.

Sincerely,

aad"ThﬁhN1$>

oan Thomas
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1990 Lake Wenetchee sockeye sal non

IHNV pfu/ml

Spawn Fi sh Ovarian -Fluids MIt
Dat e No. "EPC CHSE EPC
9/8 1 1x19°
2 >10 +
3 10 ,
4 4x10 +
5
6 10
:
8
9
10
11
12 ax10* +
13
9/24 1 5x10' +
at Montl ake 2 20
3 20 -
4
5 20
? 5x10° +
8 no sanple
9 no sanple
10 no sanple
11 no sanpl e
12 no sanple
13 no sanple
14 no sanple
15 no sanple
16 no sanple
17 >175 + no sanple
18 >10 + no sanple
19 no sanple
20 no sanple
21 20 no sanple
22 no sanpl e
23 no sanple
24 no sanple
9/25 -
%% >10° +
16 2x10°
1§ 2x193 +
19 >10 +
20 -

7x£ 3
23 >10?
24 >10

+4+ 11
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Spawn Fi sh Ovarian Fluids Mt
: EPC CHSE EPC

25 - -

26 - - -
27 -, - -
28 2x10 + -

40 1x193
41 >10 +
42 10

44 -
45 10
46 no sanple
47 NOo sample

9/26 46 no sanpl e
47 . no sanple

60 - (tox @ 10" -

62 - 0 -
63 - (tox @ 10) -
64 - -
65 10
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Spawn Fi sh "Ovarian Fluids Mt
Dat e No. EPC CHSE EPC
74
75
76
17
78
79
80
81 no sanpl e
82 no sanple
83 AO® sample.
10/2 g% - (tox @10") »
83 2x19‘ -
84 >10 -
85 10 0 -
36 - (tox @ 10) 90
7 -
88 2x10% -
89 - o -
90 - (tox @ 107 -
91 >10", -
92 7x10° -
93 - (tox € 10) -
94 6x102 20
95 4x10, -
96 7x10;, -
97 2x10 -
98 10 -
99 » 90
100 2x10° -
0y (Eex @) 1o
103 3x10* -
105 ex10? no sampl e
%89 3x10§ two sanples #1 - & #210
1x10 -
108 -, -
109 4x10
110 40 ,
111 1x1?
112 >10°,
113 1x19
114 >10
115 >10°
116 -,
117 3x10, no sanpl e
70 Tx1o? o Samie
9 no sanple
120 >10 no sanple

121 20 no sanple




Spawn
Dat e
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Fi sh Ovarian Fluids
No. EPC CHSE

Mt
EPC

no sample

10/3

122 >10°

123 6
124 - (tox @ 10,)
125 - (tox @ 10)
126

127

128 o
129 - (tox @ 10
130 ( )
131

132

133

134

135

136

137

}éé IXIOS

140 - (tox @ 10°)
141
142

143
144 Nno sample

20

no sanple
no sanple
Nno sample

10/10

145 10

146 =

147 1x10

148 -

149 -

150 -

151 - o
152 - (tox @ 10)
153 -

154 10 0
155 - (tox @ 10)
156 - 0
157 - (tox @ 10))
158 -

159 -

160 - o
161 - (tox @ 10))
162 20
163 -
164 -
165 -
166 -
167 -
168 3x1
169 -
170

171 -
172 10

2x10°
10
10

>10°

no sanpl e

no sanple
no sanpl e
no sanple
no sanple
no sanple
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Spawn Fi sh Ovarian Fl uids MIt
Dat e No. EPC CHSE EPC
173 no sanple
174 no sanple
175 o no sanple
176 2x10 o no sanple
177 - (tox @10) no sanpl e
TOTALS. OF - 67/200 positive for |HNV
MIt - 117164 positive for |HNV
Pairs -

74/200 positive for | HNV assumi ng that the sane
nunber OF and milt were paired together,




