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ABSTRACT

The National Marine Fisheries Service (NWS), Northwest
Fi sheries Science Center, in cooperation with the I|daho
Departnent of Fish and Game and the Bonneville Power
Adm ni stration, has established captive broodstocks to aid
recovery of Snake River sockeye sal nobn (Oncorhynchus nerka)
listed as endangered under the U.S. Endangered Species Act.
These efforts focus on protecting the |last known remmants of this
stock: sockeye salnon that return to Redfish Lake in the Sawtooth
Basin of ldaho at the headwaters of the Sal non River. NVFS is
currently maintaining four separate Redfish Lake sockeye sal non
captive broodstocks: 574 1991-brood from wild spawners (59%
survival during 26 nonths of rearing); 1,181 1993-brood from wld
spawners (100% survival during 3 nonths of rearing); 750
1993-brood from captive-reared spawners (100% survival during
2 nonths of rearing); and 133 1993-brood from residual spawners
(100% survival during 1 nonth of rearing). Al Redfish Lake
sockeye sal non captive broodstocks are being reared full-termto
maturity in fresh (well) water, because it appears this medium
will ensure higher survival than seawater. Spawn from these
captive broodstocks will be returned to Idaho to aid recovery
efforts for the species.

W are also conducting experinents using non-endangered
1990- and 1991-brood Lake Wnatchee (Washington) sockeye sal non
to conpare the effects on survival and reproduction of rearing

yearling (snolt size) fish to maturity in fresh water and



seawat er . Survival of 1990-brood Lake Wnatchee sockeye sal non
during 19 nonths of rearing averaged about 30% for replicates
held in conventional seawater net-pens, 39% for replicates in
circular tanks supplied with punped, filtered, and ultravioiet
(W) light-sterilized seawater, and 37% for replicates in
circular tanks supplied wth fresh (well) water. Survi val of
1991- brood Lake Wnat chee sockeye sal non during 7 nonths of
rearing averaged about 76% in the seawater net-pen replicates,
93% in the seawater tank replicates, and alnost 100% in the
freshwater tank replicates. For both brood-years, fish reared in
fresh water were larger than those reared in seawater. About 15%
of the 1990-brood reared in fresh water matured (as age-3 jacks
and jills) in fall 1993 Mal e spawners averaged 42.7 cm and
1.01 kg, and fenal e spawners averaged 41.5 cm and 0.87 kg.
Fecundity averaged 1,359 eggs/fenmale (about 1,560 eggs/kg of
femal e weight). However, egg viability only averaged about 36%

Prelimnary studies conparing seawater adaptability of
1991- brood Lake Wnatchee sockeye salnmon from resident freshwater
and seawater parents suggest that full-term freshwater rearing of
captive broodstocks does not conprom se seawater adaptability of
of f spri ng. Survival of snmolts of "freshwater-parentage" was 79%
conpared to 83% for snolts of "seawater-parentage" after 4 nonths
in seawater.

Currently, the data from our captive rearing experinents
suggests a ranking priority of 1) circular tanks supplied wth
pat hogen-free fresh water; 2) circular tanks supplied wth

punped, filtered, and Wsterilized seawater; and 3) seawater



net-pens for rearing sockeye salnon to maturity. Even though
full-term freshwater rearing appears the correct choice for

val uabl e captive broodstocks (e.g., Redfish Lake sockeye sal non),
the data are also encouraging regarding culture to maturity in
environmental |l y-controll ed seawater. However, these experinents
will need to continue for several years before they are concl uded
and conplete information is available regarding overall survival,

ganete quality, and offspring fitness from captive broodstocks.
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INTRODUCTION

In Decenber 1991, the National Marine Fisheries Service
(NVFS) listed Snake River sockeye sal nbn (Oncorhynchus nerka) as
endangered under the U S. Endangered Species' Act (ESA (Waples
et al. 1991). The NWFS is developing a recovery plan for Snake
Ri ver salnon (SRSRP 1993). The goal of this plan will be to
rebuild listed Snake River sockeye salnmon within its historic
range in order to delist the species.

Snake River sockeye salnon are a prinme exanple of a species
on the threshold of extinction. The last known remants of this
stock return to Redfish Lake, lIdaho (Fig. 1). Only a few sockeye
salnon adults (zero to eight per year) have returned to Redfish
Lake in each of the last 6 years. On the basis of these
critically low population nunbers, NVWS, in cooperation with the
| daho Department of Fish and Gane (IDFG, the Bonneville Power
Adm nistration (BPA), and others, recently inplenmented a captive
broodstock project as an energency neasure to save Redfish Lake
sockeye salnmon (Flagg 1993, Johnson 1993). The Redfish Lake
project is intended to be a stop-gap neasure until mgration
habitat inprovenents can be inplenmented to increase survival
These interim recovery efforts are being coordinated through the
Stanl ey Basin Sockeye Technical Oversight Commttee (SBSTQQ);

nmenbership on the conmttee includes representatives from NWS,

! The use of the term"species" in the context of ESA can refer to
t axonom ¢ speci es, subspecies, and distinct population segments. The

definition of what constitutes a species under the ESA is addressed by
Wapl es (1991).
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--Map showing location of Redfish Lake. Sockeye salmon returning to
Redfish Lake travel a greater distance from the sea (almost 1,450 km)

and spawn at a higher elevation (almost 2,000 m) than any othér
sockeye salmon population.



| DFG BPA, the Shoshone-Bannock Tribe, and other state and
federal agencies and private groups involved in sockeye sal non
restoration in |daho.

The NMFS Northwest Fisheries Science Center entered into a
cooperative project with BPA (Project 92-40, Contract DE-Al79-
92BP41841) for involvenent in the Redfish Lake captive broodstock
project from March 1992 through Novenber 1997. The current
report addresses NMFS research from Cctober 1992 through Decenber
1993 on the Redfish Lake sockeye sal non captive broodstock and
sunmari zes results since the beginning of the study in Cctober
1991. Qur efforts from Cctober 1992 through Decenber 1993
focused on 1) incubation and rearing of 1991- and 1993- brood
Redfish Lake sockeye salnon and 2) research on techniques to
refine captive broodstock nethods. Robi n Wapl es and/ or Thomas
Fl agg represented NVFS at nonthly SBSTOC neetings and visited
IDFG fish culture and fish trapping operations for Redfish Lake
sockeye sal non. In addition, Thomas Flagg was senior author of a
paper, "Redfish Lake sockeye salnon captive broodstock prograns,"
published in 1994 in the proceedings of the 1993 Al aska
Departnent of Fish and Gane Sockeye Sal nmon Culture Wrkshop
(Flagg et al. 1994, Appendix A).



REDFI SH LAKE SOCKEYE SALMON CAPTI VE BROODSTOCK CULTURE

Captive propagation is an inportant component of species
restoration world w de. Over 105 species of manmals, 40 species
of birds, 12 species of reptiles, 29 species of fish, and 14
species of invertebrates are being maintained or enhanced through
fornms of captive breeding (CBSG 1991). These techniques have won
acceptance in endangered species restoration (Gpps 1991, Johnson
and Jensen 1991, O ney et al. 1994). The captive broodstock
concept for salnon differs from that used in conventiona
hatcheries in that fish of wild origin are maintained in
captivity throughout their life. Ofspring from captive
broodst ocks are released to supplenent wld popul ations. The
relatively high fecundity of Pacific salnon, coupled wth
potentially high survival in protective culture, allows captive
br oodst ocks to produce |arge nunbers of juveniles in a single
generati on. Mai nt enance of each year class of broodstock in
captivity for a single generation or a |limted number of
generations should help assure that genetic Integrity and
adaptability to native habitats are preserved. Inportantly, the
relatively stable egg supply provided through a catpive
br oodst ock program should hel p ensure supplenentaation efforts for
depl eted stocks such as Redfish Lake sockeye sal non.

Al three known forns of 0. nerka occur in Redfish Lake.

1) The anadronpbus form usually spends 1 to 2 year-s in its nursery
| ake before mgrating to sea as a snolt, and remains at sea for

an additional 2 to 4 years before returning to the natal area to
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spawn (Bjornn et al. 1968, Foerster 1968, G oot and Margolis
1991). The two other 0. nerka forns remain in fresh water to
mat ure and reproduce. 2) Residual sockeye salnon are progeny of
anadronous fish and produce mostly anadronous offspring (Ricker
1938, Foerster 1968, Goot and Margolis 1991). It was theorized
that residual 0. nerka helped maintain the Redfish Lake sockeye
sal mon popul ation during historic population |lows (Waples et al.
1991). 3) The nore distinct kokanee form appears to have
di verged from anadronous stock in recent geol ogical time and is
fully adapted to fresh water (Foerster 1968, G oot and Margolis
1991). Resi dual sockeye salnmon in Redfish Lake were included in
t he anadromous gene pool for ESA protection, while kokanee were
excl uded.

Since both anadronmpbus and residual fornms of sockeye sal nbn
i nhabit Redfish Lake along w th kokanee, nechanisnms were needed
to differentiate them from kokanee in devel opi ng broodst ocks.
Spatial and tenporal spawning separation occur between anadronous
sockeye sal non and kokanee in Redfish Lake. The anadronous and
resi dual sockeye salnon are shoal spawners that reproduce in the
|ake in late Cctober, whereas kokanee spawn in a tributary to the
lake in |ate August and early Septenber. Also, skin and flesh
may be nore red at spawning in kokanee than in residuals (Wples
1992). This is because kokanee, which have adapted to a
car ot enoi d- poor forage environnent, appear to be nore efficient
t han sockeye salnon at storing carotenoid. In addition, recent

i nvestigations have indicated that anadronous and residual



sockeye salnon can be genetically differentiated from kokanee by
protein electrophoresis (R Wples, NVS Pers. commun.,
Decenber 1993) and DNA analysis (Brannon et al. 1992). Recent
information al so suggests that since anadronobus fish spend tine
in seawater, an environment rich in strontium it is possible to
di stinguish the progeny of anadronous and non-anadronous parents
based on the elevated strontium calcium (Sr/Cad) ratio in the
prinmordial core of their otoliths (Kalish 1990, Reinman et al.
1994, 1IDFG?). Al of the criteria described above were enployed
to differentiate kokanee from anadronous sockeye salnon in
devel opi ng broodst ocks.

The exact status of the Snake River sockeye sal non
popul ati on was unknown at the tinme of ESA listing. No fish
returned during 1990, the year of the ESA biological review and
there were suggestions that the population was functionally
extinct (Waples et al. 1991). However, it was determ ned that
there is no provision in the ESA for declaring a species extinct
until the last individual perishes. Since redds (nests) were
observed in Redfish Lake in 1988 and 1989, and assum ng that
juveniles could still be in the lake or at sea, the NWS
Bi ol ogi cal Review Team decided that the Snake River sockeye
sal non population could still exist (Waples et al. 1991).
Subsequent collections of outmgrating juveniles and returns of

anadronous adult sockeye salnon to Redfish Lake in 1991, 1992,

2 Iddaho Department of Fish and Gane. Boise, ID 83707. Unpubl i shed
at a.



and 1993 put to rest any uncertainties regarding the persistence
of this popul ation.

Between 1991 and 1993, captive broodstocks were initiated
for Redfish Lake sockeye sainon. One of the primary obligations
when maintai ning an endangered species in protective culture is
ensuring the highest possible survival. Full-term culture in
pat hogen-free fresh water has generally resulted in higher
survival to spawning and hi gher percentages of viable ganetes
than culture in seawater for Pacific salnmon (MAuley 1983;
Harrell et al. 1984a,b, 1985, 1987; Peterschm dt 1991; C Wod,
Canada Departnment of Fish and Oceans, Pacific Biological Station
Nanai o, B.C., Canada. Pers. commun. Cctober 1991; C  Mahnken
and T. Flagg, NWS, unpublished data). Therefore, full-term
freshwater rearing in pathogen-free water was chosen for these
captive broodstocks.

Two separate captive popul ati ons have been established to
reduce the risk of catastrophic |oss of these valuable gene
pool s. Most broodst ocks obtained as eggs have been divided
between IDFG hatcheries and NWS facilities (Table 1). Because
of health risks and regulations associated with interstate
transfer of live fish, IDFG is maintaining all broodstocks
obtained as juveniles (Flagg 1993, Johnson 1993). | DFG captive
broodstocks are cultured at the |IDFG Eagl e Hatchery near Boi se,

Idaho in 130C well water (Johnson 1993). NVFS is rearing fish in

10°C wel | water at a NWFS facility at the University of



Washington's Big Beef Creek (BBC) Research Station near Seabeck,
Washi ngt on.

NMFS is providing 7-day-a-week staffing for protective
culture of Redfish Lake sockeye salnmon with constant electronic
security and facilities nonitoring. The fish are reared using
standard fish culture practices and approved therapeutics (for an
overvi ew of standard nethods see Leitritz and Lewis 1976). Fi sh
are fed a comercial ration (e.g., Biodiet3). Mortalities are
exam ned by a fish pathologist to determ ne cause of death.
Select nortalities are frozen or preserved as appropriate for
genetic or other analyses. Specinens not vital to analysis or
restoration are incinerated or buried. Because these fish are
listed as endangered under ESA, husbandry research has been
deened infeasible, and the fish are not routinely handled during
rearing. This precludes docunentation of paraneters such as
growt h except as an endpoint mneasurenent. Therefore, surviva
and primary causes of death are the only data reported for these
fish in this report.

The NMFS captive broodstocks are from eggs from the
foll owi ng sources: 1) wild adults returning to Redfish Lake
2) wild adult residuals captured in the lake, and 3) captive
br oodst ocks reared and spawned in captivity. Qur captive
broodst ocks include eggs from adults that returned to Redfish

Lake in 1991 and 1993: in 1992, only a single nmale returned to

3 Reference to trade names does not inply endorsenent by the Nationa
Marine Fisheries Service, NOAA



Table |.--Status of Redfish Lake sockeye sal nbn captive
br oodst ocks through Decenber 1993.2

Mont hs Aver age
Br oodst ock Initial in survivalP
sour ce Agency st age Nurnber culture (%

WIld juvenile outmnm grants

spring 1991 | DFG juvenil es 559 32 39
spring 1992 | DFG juvenil es 79 20 88
spring 1993 | DFG j uvenil es 48 8 48

Captive-reared adults

all 1993 NVFS eggs 750 2 100
fall 1993 | DFG eggs 450 2 100

WIld adult residuals

fall 1992 | DFG eggs 35 12 100
fall 1993 | DFG eggs 120 1 100
fall 1993 NVFS eggs 133 1 100

WIld adult returns"

fall 1991 NVFS eggs 991 26 59
fall 1991 | DFG eggs 998 26 93
fall 1993 NVFS eggs 1,181 3 100
fall 1993 | DFG eggs 1,000 3 100

a Information on Idaho Departnent of Fish and Gane captive
br oodst ocks from Keith Johnson, IDFG 1800 Trout Rd., Eagle, 1D
83616. Pers. conmun. Decenber 1993.

> Captive broodstocks are being held as nmultiple discrete lots in
mul tiple rearing containers. Survival percentage is approximte
overal | average.

¢ In fall 1991, one female and three nmale adult sockeye sal non
returned to Redfish Lake and were captured and spawned; in fal
1992, one male returned, was captured, and its mlt cryo-
preserved; in fall 1993, two females and six males returned and
were captured and spawned.



the |ake. W believe broodstocks sourced from returning adult
spawners are the nost valuable for captive rearing since we are
confident they are part of the anadronous sockeye sal non gene
pool from Redfish Lake.

Redfish Lake sockeye salnon will be reared to maturity at
NMFS | abor at ori es. Spawn will be returned to Idaho for use in
recovery prograns for Snake River sockeye salnon. Al spawners
will be analyzed for common bacterial and viral pathogens, e.g.,
bacterial kidney disease (BKD), infectious hematopoietic necrosis
virus, etc. NMFS will obtain appropriate pernmits for interstate

transport of eggs, fish, and progeny.

1991 Brood

In August 1991, three nmale and one fenale adult sockeye
sal non were captured at a weir on Redfish Lake Creek about a mle
bel ow Redfish Lake during their upstream mgration. The maturing
adults were noved to IDFGs Sawtooth Hatchery near Stanley, |daho
(about 5 mles from Redfish Lake) and spawned in |ate Cctober by
IDFG (Flagg 1993, Johnson 1993). Five egg lots were created from
the spawning of the single female and three male sockeye sal non
(Table 2). The female spawned volitionally with an unknown
conbi nation of the nmales on gravel placed in the holding tank.
This spawning resulted in deposition of about one half of the
femal e's eggs (about 1,000 eggs). The fermale was then renoved
from the tank and the remmining eggs strip-spawned. Portions of

these eggs were fertilized with mlIt from each of the three

10



Table 2.--Inventory record of adult Redfish Lake sockeye sal non
spawned at Sawtooth Fish Hatchery (1daho), 1991,

Mat i ng Tot al Dead Fertility Eggs transferred
cross® eggs eggs (% NVFS | DFG

1. 220 0 100.0 110 110

2. 240 5 97.9 117 118

3. 235 8 97.6 109 118

4, 185 16 91.3 84 89

5. 1,297 170 _86.9 560 563
Tot al 2,177 199 980" 998
Aver age 90.9

a Mating crosses: males A, B and C were individually spawned
with a portion of the female's eggs (groups [-3); a pool of sperm
frommles A B and C was used to fertilize a portion of the
eggs (group 4); and the female spawned volitionally with an
unknown conbination of males A, B, and C (group 5).

b Subsequent counts indicated that 991 eggs were transferred to
NVFS.

11



mal es, while another portion was fertiiized with pooled mlt from
all three males.

On 3 Decenber 1991, one-half the progeny of these fish were
transferred to NVFS for rearing to maturity. | DFG was i ssued
Washington State Departnment of Fisheries and WIldlife (WFW Fish
Transfer Permt 1275-11-91 to nove these fish from Idaho to
Seattle. The remai ning 1991-brood progeny are in the custody of
IDFG at the Eagle Fish Health Laboratory near Boise, |daho
(Johnson 1993).

Al though the hatchery in Seattle was ideal for the early
rearing of Redfish Lake sockeye salnmon, it |acked adequate space
to rear fish beyond snolt size. Therefore, in spring 1993,
NVFS's portion of the 1991-brcod Redfish Lake sockeye sal non was
transferred to a newy constructed NVMFS endangered species
rearing facility at BBC Both NMFS hatcheries conform to
isolation and quarantine standards and are supplied with
pat hogen-free water.

Progeny from all five groups of 1991-brcod Redfish Lake
sockeye salnon were incubated as separate groups (Flagg 1993)
The eggs accurulated a total of about 365 ("0 tenperature units
at the Sawtooth Hatchery prior to transfer to NWS Egg counts
at the Sawmtooth Hatchery had indicated that a total of 980 eggs
were transferred to NWS (Table 2). Subsequent counts indicate
the actual nunber transferred was 991 eggs. These egg lots
hatched on 4 and 5 January 1992 at about 654 ('C tenperature

units. A total of 13 blank and/or dead eggs were renoved from

12



the egg lots during incubation; 978 eggs (98.7% were hatched
Inventory information for the 1991-brood Redfish Lake sockeye
salnmon is detailed in Appendix B

The 1991-brood Redfish Lake sockeye sal nobn were ponded at
the Seattle hatchery on 13 February 1992 at about 965 (OC
tenperature units. Progeny from the five mating crosses of
1991- brood Redfish Lake sockeye sal nbn were naintained as
separate groups until late May 1993. At swimup, fry were noved
from the incubators to 1.2-m dianeter tanks. Initial fish
density in tanks was under 2 kg/n8 (0.1 1lbs/ft3); densities were
mai ntai ned below 8 kg/m® (0.5 lbs/ft3®) during rearing at the
Seattle hatchery (from February 1992 to My 1993)

In May 1992, background |evels of Renibacterium
sal noni narum the causative agent of BKD, were noted in sone

nortalities during routine assays for BKD by fluorescent antibody

t echni que (FAT). Sal nonids are susceptible to this bacteria at
all life stages in both freshwater and marine environnents
(Banner et al. 1986). The di sease may be passed horizontally

(fish-to-fish) or vertically from infected parents to of fspring.
The Snake River Basin (including Redfish Lake and surroundi ng

wat ersheds in the upper Salnmon River) is considered a positive
area for BKD, with both sockeye sal non and chi nook sal mon (0.

t shawyt scha) often testing positive for the disease (K Johnson,
IDFG 1800 Trout Road, Eagle, ID 83616. Pers. commun., Decenber
1993). Neverthel ess, the one female and three nale parents of

the 1991 brood had tested negative for BKD by both FAT and the

13



nmore sensitive enzyne-linked i mmunosorbent assay (Johnson 1993).
It is unknown whether the tests provided a false negative, since
only a small sanple of tissue from each adult spawner was tested,
or if there was another source of infection

The survival of the fish from hatch in January to May 1992
was over 96% (Appendix B); since background |evels of BKD were
low, the few nortalities at that time were attributed to norma
attrition rather than infectious disease. Nevert hel ess, the
1991- brood sockeye sal non groups were fed a nedicated diet
containing 0.45% erythronycin at 2 of body weight/day for about
2 weeks during late May to early June 1992 (Fig. 2).
Erythronycin is a macrolide antibiotic and is considered the
drug-of-choice for treating BKD (Austin 1985). However ,
erythronmycin is bacteriostatic rather than bacteriolytic.
Therefore, while erythromycin nay arrest progression of BKD, it
is not considered a cure for fish with the disease. It is
believed that the primary benefit of erythronycin treatnment is
aiding healthy fish in the population to avoid contracting BKD
during an epizootic. This drug was adm ni stered under Food and
Drug Administration Investigational New Animal Drug (INAD) 4333.
Mortality rates of the 1991-brood renained low after the initia
drug therapy (Appendix B and Fig. 2).

In md January 1993, all 919 remaining 1991-brood Redfish
Lake sockeye salnon were PIT-tagged for individua
i dentification. The PIT tag has been shown to be both safe for

use in juvenile salnonids and reliable in operation (Prentice

14
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et al. 1990a,b). There was no nortality in any of the five
hal f-sib groups during the nonth after FIT tagging (Appendix B
and Fig. 3).

Survival rates of the groups remained high during the first
14 nonths of rearing at the Seattle hatchery (from January 1992
to April 1993); ranging from 86.8 to 94.9% in the 5 groups and
averagi ng al nost 94% (Appendix B). Al fish appeared healthy.
Neverthel ess, in April 1993 (during the 15th nonth of rearing),
fish in all 5 groups experienced an outbreak of BKD. At the tine
of this BKD episode, the fish were yearlings and presumably
undergoing snoltification in preparation for their nornal
life-stage transition to seawater.

During snoltification, the fish's body chem stry changes to
allow the fish to successfully transition from the hype-osnotic
(freshwater) environnment to the hyper-osnotic (seawater)
envi ronment . The onset and degree of snoltification is
controlled by conbinations of photoperiod, water tenperature, and
endogenous factors (Folmar and Dickhoff 1980). The physi ol ogi cal
changes that take place during snoltification result in a
transitory decrease in inmunoconpetence (Maule et al. 1987).
Normal | y, anadronmous salnonid smolts migrate to seawater, body
chemistry is adapted for naintaining osnotic balance, and
i nmmunoconpetence returns to presnoltification levei. \Wen
anadronmous juveniles do not reach, or are not allowed to reach,

seawater, the juvenile's body chem stry re-adjusts for life in a

16
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hypo-osnotic nedium and i mmunoconpetence also returns to
presnoltification |evel.

The 1991-brood Redfish Lake sockeye salnmon juveniles at the
Seattle hatchery were held in anbient tenperature water under
nat ural phot operi od. Therefore, fish at the Seattle hatchery
shoul d have had a strong springtinme snolt response. Si nce
docunentation of biochem cal snoltification responses requires
| ethal sanpling, the exact degree of snoltification was
i mpossi ble to docunent for these endangered species. However ,
non- endangered Lake Wnatchee sockeye salnmon held at the Seattle
hat chery have shown strong snoltification responses and mgratory
tendencies (Flagg et al. 1991; W Dickhoff and T. Flagg, NWS,
unpubl i shed dat a). It is probable that the general decrease in
i mmunoconpetence during the spring snoltification period
precipitated and/or anplified the BKD outbreak.

It should be enphasized, however, that although there is
risk of snoltification-related stress for fish forcibly retained
in fresh water after snolting, given the status of current
seawater rearing technology and the docunmented poor survival of
ot her groups of sockeye salnon in seawater, transfer to seawater
woul d I'ikely have presented the greater |eopardy. I n cooperation
with BPA, NMFS is investigating the reliability of processed
seawater in increasing potential survival of salnonid captive
broodstocks held in seawater (prelimnary results of these
studies are described el sewhere in this report). Furt her nor e,

all future freshwater juvenile rearing will be conducted at BBC.
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The constant 10°C water tenperature at BBC has been noted to
decrease both snoltification intensity and overall seawater
tolerance in other salnonids, e.g., Atlantic salnon (Salno salar)
(T. Flagg, W D ckhoff, and C Mhnken, NMS, unpublished data).
This should increase the potential survival of captive
broodstocks held full-termin fresh water.

At the first signs of the BKD outbreak in April 1993, the
1991- brood Redfish Lake sockeye sal nbn groups were again given a
nmedi cated diet containing 0.45% erythronycin at 2% of body
wei ght / day. This treatnent was continued throughout My; by late
May the nortalities had subsided (Fig. 2). On 29 May to 1 June
1993, with the concurrence of the SBSTOC, the fish were
transferred from the Seattle hatchery to BBC (about a 2-hour
trip). It was agreed that the benefits of increased rearing
space at BBC greatly outweighed any risk of noving the fish. The
fish were transferred under WDFW Fish Transfer Permt 1504-12-92
at low density (less than 8 kg/m®) in NWS tanks and trucks. The
fish were transferred in three individual trips with 200 to 300
fish/trinp. A second truck with a tank containing water but no
fish followed each load in case of an unexpected energency.

Al though this truck was not needed, it was considered a
reasonabl e precaution.

The NMFS hatchery at BBC was designed as a protective
rearing facility for salnonid captive broodstocks. The facility
was renodelled froma hatchery at the site and now includes a

newy constructed 425-m? building. At present, the protected
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rearing area contains six 3.9-m dianeter circular tanks; however,
over two-dozen nore 1.2- to 2.6-m dianmeter tanks are being added.
A separate hatchery room accomobdates down-well incubators
(Novotny et al. 1985) for isolated egg incubation. Wereas water
at the Seattle hatchery required processing through a series of
dechlorinators and chillers to ensure quality, the Bsc hatchery
is supplied with over 450 gpm of 10°C artesian well water,
thereby greatly reducing risk of mechanical failure. Water flow,
fire, and intruder alarns are nonitored through a security system
linked to pagers and hone and office tel ephones. Ef fluent from
the hatchery is depurated through a settling basin and
ultraviolet (W) sterilization system

A total of 763 of 1991-brood Redfish Lake sockeye were noved
to BBC, this represented 78% survival from hatch In January 1992
(Appendix B). The half-sib famlies were conbined to five 3.9-m
tanks at BBC on the basis of prior BKD history at the Seattle
hatchery (e.g., fish fromtanks with no BKD history were held
together, fish from tanks with noderate BKD history were held
together, etc.), wth between 54 to 317 fish/tank (Table 3).
Dividing portions of each half-sib group into several ranks
reduced risk of loss of an entire half-sib famly. Begi nni ng
fish density in the tanks at BBC were established at under
2.0 kg/m*. Fish density in the tanks will be mintained at under
8 kg/m? during nost of the culture period; however, fish density

may range to 25 kg/m (1.5 lbs/ft’) at naturity.
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Table 3.--Inventory record of pooled groups®?® of 1991-brood
Redfi sh Lake sockeye sal non spawned at NWFS BBC
endangered species rearing facility, 1993.

Tank nunber, c,d, e f,g
Dat e 2 3 4 5 6

Survival (%

1 Jun 100.0 100.0 100.0 100.0 100.0
30 Jun 99.7 100.0 100.0 100.0 100. 0
31 Jul 99.7 100.0 100.0 100. 0 99.3
31 Aug 96. 8 98.4 100.0 97.6 97.9
30 Sep 95.3 96. 8 100.0 96.0 96.5
31 Cct 86. 4 91.9 100.0 85.7 86.7
30 Nov 83.3 88. 6 100. 0 82.5 82.5
31 Dec 70.0 80.5 100.0 74.6 72.0

* Fish pooled to 3.9-m dianmeter fiberglass tanks. Tanks contai ned
conbi nati ons of the five half-sib mating crosses fromthe 1991 spawni ng
based on prior BKD history at the Seattle hatchery.

® Mating crosses: males A, B and C were individually spawned with a portion
of the female's eggs (groups 1-3); a pool of spermfrommles A B and C
was used to fertilize a portion of the eggs (group 4); and the female
spawned volitionally with an unknown conbination of males A, B, and C

(group 5).

¢ Tank 2 initially contained 38 fish fromgroup 1, 30 fish from group 4, and
- 249 fish fromgroup 5 (total n = 317) fromrearing lots judged as having
noderate prior BKD incidence.

4 Tank 3 contained 51 fish from group 2, 26 fish from group 4, and 46 fish
fromgroup 5 (total n = 123) fromrearing lots judged as having medi um pri or
BKD i nci dence.

¢ Tank 4 contained 54 fish fromgroup 5 froma rearing |ot having no prior BKD
i nci dence.

Tank 5 contained 40 fish from group 1, 40 fish from group 3, and 46 fish
fromgroup 5 (total n = 126) fromrearing lots judged as having |ow prior
BKD incidence.

9 Tank 6 contained 40 fish from group 2, 35 fish from group 3, and 68 fish

fromgroup 5 (total n = 143) fromrearing lots judged as having medium prior
BKD i nci dence.
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The PIT tags that were inplanted in the fish in January 1993
allowed for continued tracking of individual half-sib famly
performance (Appendix B and Fig. 3). The fish were fed a
nmedi cated diet containing 0.45% erythronycin at 2% of body
wei ght/day for approximately 2 weeks after transfer to BBC
(Fig. 2). The SBSTOC wth concurrence of NWS, recomrended that
28-day prophylactic treatments with erythronycin be continued on
an every-other-nonth basis (e.g., August, Cctober, Decenber,
etc.) through at least fall 1993. In winter 1994, the SBSTCC
wi Il evaluate the success of the nedicated treatnments and
recommend either continuation or nodification of the medication
regi me.

There was minimal nortality for about 60 days post transfer
to BBC (Figs. 2-3). However, in August 1993, increasing
nortality from BKD was docunented. At the end of Decenber 1993,
there was a total of 574 1991-brood Redfish Lake sockeye at BBC
survival in the five half-sib groups averaged about 59% from
hatch and ranged from 38.7 to 63.7% in the five groups (Table 1
and Appendi x B). One 3.9-mtank at BBC remained BKD free
(Table 3). W expect nost of these fish to spawn between fall

1995 and 1996.

1993 Broods
1993 Brood from Adult Returns to Redfish Lake
In 1993, eight adult sockeye salnmon (tw fermales and six
mal es) returned to Redfish Lake. These fish were captured at the
weir on Redfish Lake Creek during their upstream migration in
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August . The maturing adults were noved to the Sawtooth Hatchery
and spawned in early Cctober by IDFG A full-factorial mating
design resulted in six half-sib groups from each fenale. NMFS
received 1,181 eggs from 11 of the 12 possible half-sib groups
from these spawnings, while IDFG retained a total of 945 eggs
from 11 of the 12 possible half-sib groups (Tables 1 and 4).
Because of low fertility frommle 2, resulting in a |ow nunber
of viable eggs, all of mating 2A (i.e., male 2 crossed with a
portion of female A's eggs) were retained by IDFG and all of
mating 2B were transferred to NWFS (Table 4).

On 30 Novenber 1993, NWFS's portion of the 1993-brood
Redfish Lake sockeye sal non eggs were transported by BPA plane
from I daho to Washi ngton. The eggs had accumulated a total of
about 450 tenperature units at the Sawtooth Hatchery prior
to transfer to NWS. | DFG recei ved WDFW Fish Transfer Permt
1685-11-93 for this transfer of eggs to NWS. Al eggs were
transferred safely and are being incubated at the NWMFS endangered
species rearing facility at BBC

Fish culture and security strategies will be simlar to
those outlined for rearing of 1991-brood juvenile Redfish Lake
sockeye sal nron at BBC. NVFS's portion of each half-sib group is
bei ng mai ntained separately in isolation incubators. e
anticipate fish from these eggs wll be ponded in early February
1994. Hal f-sib groups will be maintained separately in 1.8-m
di aneter tanks until they are large enough to PIT tag (probably

summer 1994). G oups may eventually be conbined to 3.9-m tanks
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Tabl e 4.--Nunber of 1993-brood Redfish Lake sockeye sal non eggs

from anadr onous garents transferred to NMFs?* and
retained by IDFG® for captive broodstock from each
i ndividual fermale/male mating from the two fenale and

six male sockeye salnon that returned to Redfish Lake
in 1993.

Mal e
Feral e 1 2 3 4 5 &
Nunber of eggs
A- NMFS 114 0 114 114 62 114
| DFG 92 45 92 92 63 92
B- NMFS 114 117 114 114 102 102
| DFG 92 0 92 92 101 92
a NVFS total = 1,181 eggs.
b IDFG total = 945 eggs.
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for rearing to maturity. We expect nost of these fish to spawn
between fall 1997 and 1998.

I DFG al so retained approximately 1,200 eggs from these
spawni ngs for production rearing. | DFG has applied for a NWS
permt to release these fish in Redfish Lake as underyearlings in
1994 (K. Johnson, IDFG 1800 Trout Road, Eagle, 1D s3616. Pers.

conmmun. Decenber 1993).

1993-Brood "Safety-Net'*

I DFG has nmmintained captive broodstocks of sockeye sal non
captured as outmgrants from Redfish Lake since spring 1991
(Johnson 1993). About 15% of these matured in October 1993
(K. Johnson, IDFG 1800 Trout Road, Eagle, |D 83616. Pers.
commun., Decenber 1993). These fish were reared at the |IDFG
Eagl e Hatchery and noved by IDFG to the Sawtooth Hatchery prior
t o spawni ng. These fish were probably the sanme year-class(es) as
the two female and six male sockeye salnon that returned to
Redfish Lake in 1993. Both protein electrophoretic and DNA
information suggested that fish captured as outmgrants were from
t he anadronous gene pool (R Waples, NWS. Pers. conmun.,
Decenber 1993). A total of 16 females from this group were
spawned. Al though males from this group appeared to be maturing,
only a few produced mlt. Therefore, |IDFG conbined the majority
of each fermale's eggs wth either one of the six anadronous males
that returned in 1993 or with precocious nmales from their captive

broodstock from one female and three nmale sockeye sal non that
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returned to Redfish Lake in 1991 (K Johnson, IDFG 1800 Trout
Road, Eagle, 1D 83616. Pers. commun. Decenber 1993)

Most of the progeny from the 1993 spawning of IDFG s
outmgrant-to-adult broodstock will be used in recovery prograns
at Redfish Lake (K Johnson, IDFG 1800 Trout Road, Eagle, ID
83616. Pers. conmun. Decenber 1993). However, it seened
reasonable that a "safety-net" captive brood be established to
protect against loss if outplants initially fail. Ther ef or e,
NMFS requested a total of 765 eggs from 22 of the 45 individual
egg lots fromthe spawnings of the IDFG 1991 outm grant-to-adult
Redfish Lake sockeye sal non captive broodstock for the beginnings
of a "safety-net" captive broodstock program wth about 35 eggs
being drawn from each of the 22 lots (Table 5). Only eggs from
the first 14 spawning females were retained for this captive
broodstock (the 15th fermal e had nonviable eggs and the 16th
femal e's eggs were not yet eyed). Egg lots.were chosen to
maxi mze male and female contribution to the "safety-net" captive
broodstocks and to ensure that portions of as many matings as
possible are in either NMFS's or |IDFG s captive broodstock. | DFG
retained 470 eggs drawn as groups of 20 to 25 eggs from 28 of the
45 individual egg lots from these spawnings for their "safety-
net" captive broodstock (K Johnson, IDFG 1800 Trout Road,
Eagle, | D 83616. Pers. commun. Decenber 1993).

On 30 Novenber 1993, NMFS's portion of these eggs were
transported on the BPA plane from Idaho to Washington along wth

the groups of eggs from anadronous parents (described earlier).
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Table 5.--1ndividual matings of 1993-brood Redfish Lake
sockeye salnon from IDFG captive reared fenales that
eggs weredrawn from for transfer to NMFS in 1993.

Fermal e/ nal e Nunber Femal e/ mal e Nunber
cross® of eggs cross? of eggs
1 x 1&2° 35 oOx2 35
2x5 35 Ox5 35
2x2 35 10 x 6 35
3x3 35 10 x 7 35
4x5 35 11 x 3 35
5x1 35 12 x 1 35
6x4 35 12 x 4 35
6X6 35 13 x 1 35
7xX3 35 13 X 6 35
8xX 6 35 14 x 9 30
8x2 35 14 x 8 35
TOTAL 765

a Males 1 through 6 are the six anadronobus male sockeye sal non
that returned to Redfish Lake in 1993; male 7 is a precocious
fish from IDFG s captive broodstock for progeny of the one fenale
and three males that returned to Redfish Lake in 1991; males 8
and 9 are adult spawners from IDFG s captive broodstock for
outmgrants captured exiting the lake in 1991.

h Pooled mlt frommles 1 and 2.
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The eggs had accunulated a total of about 400 to 500 °¢)
tenperature units at the Sawtooth Hatchery prior to transfer to
NMFS (i ndividual fermales were spawned between the first and third
weeks of Cctober, therefore cunulative tenperature units varied).
| DFG received WOFW Fish Transfer Permt 1687-11-93 fcr this
transfer of eggs to NWS Al eggs were transferred safely and
are being incubated at BBC. | ncubation and culture strategies
will be simlar to those outlined for 1993-brood juvenile Redfish
Lake sockeye salnmon at BBC. W anticipate fish from these eggs
will be ponded in early February 1994. This ' safety-net" captive
broodstock will be conbined in grcups of about 200 fish each at
pondi ng.

If space limtations at BBC becone a concern, or if results
from captive broodstock research with Lake Wnatchee sockeye
salnon reared in seawater tanks remain positive, NVS nmay
consider transferring sone yearling snolts from this 1993-brood
"safety-net" group to seawater at the NMFS Manchester MNarine
Experinmental Station near Mnchester, Washi ngton. O herw se,
fish will be held to maturity in fresh water. W expect most of
these fish to spawn between fall 1997 and fall 1998.

IDFG al so retained approximately 9,000 eggs from these
spawni ngs for production rearing (K Johnson, |IDFG 1800 Trout
Road, Eagle, ID 83616. Pers. conmmun. Decenber 1993). | DFG has
applied for a NVFS permt to release these fish in Redfish Lake

as underyearlings in 1994.
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1993-Brood Residual s

Menbers of the NWFS Bioiogical Review Team theorized that
residuals helped maintain the Redfish Lake sockeye sal non
popul ati on during historic population lows (Waples et al. 1991).
In fall 1993, eight nale and two female residuals were captured
at the sockeye sal non spawni ng beach in Redfish Lake. These
maturing adult fish were noved to the Sawtooth Hatchery and
spawned in early Novenber by IDFG (K Johnson, IDFG 1800 Trout
Road, Eagle, ID 83616. Pers. commun. Decenber 1993) . This
spawning resulted in about 240 eyed eggs that were divided
approxi mately equally between IDFG and NWFS (Table 1).

On 21 Decenber 1993, NMFS's portion of the 1993-brood
residual eggs (133 eggs) was transported by commercial airline
from Idaho to Washington. The eggs had accunul ated a total of
400 (°C) tenperature units at the Sawmooth Hatchery prior to
transfer to NWFS | DFG recei ved WDFW Fi sh Transfer Permt
1686-11-93 for this transfer of eggs to NWS. Al eggs were
transferred safely and are being incubated at the NMFS endangered
species rearing facility at BBC Fish will be held to maturity
in fresh water. W expect nobst of these fish to spawn between

fall 1997 and fall 1998.
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CAPTI VE BROODSTOCK RESEARCH USI NG
NON- ENDANGERED LAKE WENATCHEE SOCKEYE SALMON

Exacting fish culture nethods nust be devel oped to ensure
that of fspring of captive broodstock have the sane genetic,
physi ol ogi cal, and behavioral make-up as their wld grandparents.
It would seem prudent for captive culture to mirror the natura
life-cycle of the fish. Whenever this is not possible, potentia
effects to the broodstock and their offspring must be determ ned.
Al though full-term freshwater rearing may enhance survival, and
seens the correct choice for Redfish Lake sockeye sal non captive
br oodst ock, there are nunerous unanswered questions regarding the
role of seawater residence in overall fitness. In the long run
it may be advantageous to develop effective seawater captive
broodstock culture systens rather than alter fish life-cycles
through full-term freshwater rearing.

W feel nmany husbandry problens in seawater may be rel ated
to culture in net-pens exposed to near-surface environmental
condi ti ons. Several factors critical to survival are nore
variable at the surface than in the deeper marine waters
preferred by nost sal nonids; these include water tenperature
wat er quality, and occurrence of toxic plankton bloons. In
addition, fish held in net-pens are at risk of predation from
mari ne nmanmal s and birds, natural catastrophes, and escape.
However, |and-based facilities with punped seawater and

environmental control (e.g., filtration, flow, and aeration) may
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provide the quality environnment necessary for protective culture
of salnonids in seawater.

We are now conparing sockeye salnon reared with and wi thout
a period in seawater. These studies are being conducted with
Lake Wenatchee (Washington) sockeye salnon so as not to
j eopardi ze the Redfish Lake sockeye sal non gene pool. Thi s
research will allow various sockeye salnmon culture strategies to
be evaluated prior to inplenentation with the Redfish Lake fish.

Conparison of Freshwater and Seawater
Rearing for Lake Wnatchee Sockeye Sal non Broodstock

In late spring 1992, we began tests to conmpare fish reared
to maturity in fresh water with fish reared in conventional
seawater net-pens and in |and-based seawater tanks (Flagg 1993).
Tenporary punped and filtered seawater facilities were
constructed for the seawater portion of these experinents at our
Manchester field station. NMFS is finishing construction of a
per manent | and-based seawater |aboratory for captive broodstock
research at Manchester; this wll be available in 1994. The
freshwater experinents are being conducted at BBC

Both 1990- and 1991-brood Lake Wnatchee sockeye sal non are
being reared and evaluated in these experinents. Fish culture
strategies are simlar to those outlined for Redfish Lake
juvenile-to-adult rearing. Evaluation focuses on conparison of

fish growh, health, survival, and reproductive success.
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1990 Brood

About 3,000 1990-brood Lake Wnatchee (yearling) sockeye
sal nron were donated to this study from the BPA-NWS C e El um Lake
study (Project 86-45). Experinental groups were established for
the 1990-brood in md My 1992. Three replicates of about 300
fish each were set up in 1) circular tanks supplied wth
pat hogen-free fresh water at BBC, 2) circular tanks supplied wth
punped, filtered, and Wsterilized seawater at Manchester; and
3) seawater net-pens at Manchester. Al fish were injected with
bi valent vibrio vaccine (0.15 cc/fish) and erythromycin (50 ng/kg
of body weight) prior to transfer and again at the end of June
1992 (Flagg 1993).

Inventory discrepancies were noted in all groups during
rearing. The inventory discrepancies averaged about 17% in the
seawater net-pen replicates, 7% in the seawater tanks, and 5% in
the freshwater tanks. These | osses were recognized at the first
conplete inventory in March 1993 and were probably due to bird
predation of dead or noribund fish during the nonths just after
transfer to the experinent (the period of maxinmum nortality for
all groups). However, sone fish may have escaped from the
Seawat er net - pens. For purposes of analysis, inventory
di screpancies were assigned as nortalities to the nonth follow ng
transfer to the experinent.

Survival for experinmental groups of 1990-brood Lake
Wenat chee sockeye salnmon during the 19 nonths of rearing from the

begi nning of the experinment in My 1992 through Decenber 1993
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averaged about 30% in the seawater net-pen replicates, 39% in the
seawater tanks, and 37% in the freshwater tanks (Appendix C and
Fig. 4). Even though survival differences appeared sizable,
analysis of variance (ANOVA) indicated no significant differences
(P > 0.05 in the percentage of fish remaining in freshwater,
seawater, and seawater net-pen replicates at the end of Decenber
1993.

Mrtalities in the seawater net-pen and seawater tank
replicates appeared related to a conbination of osnoregul atory
distress and BKD during the nonths just after seawater transfer
and to BKD thereafter. Most nortalities in the freshwater tank
replicates appeared related to BKD during this sane period. Fi sh
in all treatnments were fed a nedicated diet containing 0.45%
erythromycin at 2% of body weight/day for approxi mately 28 days
in Decenber 1992 and April and Decenber 1993. This medi cation
may have hel ped arrest BKD incidence. Mortality stabilized (at
about 60% after 8 to 12 nonths of rearing (at about 2 to
2.5 years of age) (Fig. 4). Thereafter, nost nortality was
attributed to normal attrition. This is simlar to BKD rel ated
nortality experienced by one |IDFG Redfish Lake sockeye sal non
captive broodstock (K Johnson, IDFG 1800 Trout Road, Eagle, ID
83616. Pers. conmun. Decenber 1993). This suggests that, under
proper husbandry situations, segnents of cultured sockeye
popul ati ons nmay be able to withstand BKD infections and survive.

Gowh differences were noted between the treatnents. Si ze

of fish averaged 995 g in the freshwater tank, 697 g in the
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seawater tank, and 509 g in the seawater net-pen replicates at
the last quarterly neasuring period (Novenber 1993) during the
reporting period (Appendix C and Fig. 5. ANOVA indicated
significant differences (P < 0.01) between average weights of
fish in the three treatnents. Tukey's multiple conparison test
i ndi cated that average fish weight in the treatnents ranked
freshwater tanks > seawater tanks > seawater net-pens (P < 0.01).
The cause of these growth differences is unclear. Fish in
the treatnents received approximately the sanme ration proportion
(on a size-adjusted basis). However, in the freshwater and
seawater tanks, ration not imediately consuned in the water
colum could be (and often was) eaten from the bottom of the
tanks by the fish. Ration falling through the net-pen bottom was
lost to the fish, and may account for the smaller size of fish
from seawat er net-pens. However, this does not explain the size
di fferences between fish reared in freshwater and seawater tanks.
Cumul ative tenperature units during rearing varied by about
8% 5,953°C for the freshwater treatnment and 6,439°C for the
saltwater treatnents from the beginning of the experinent in My
1992 through the end of Decenber 1993. Although, theoretically,
the additional tenperature units should have favored growh in
the seawater treatnments, growh was greatest in the freshwater
treat ment. The fish reared in fresh water were about 43% | arger
than fish reared in the seawater tanks and al nost 95% | arger than
those reared in the seawater net-pens. Stress related to

conbi nati ons of seawater osnoregulatory problens and di sease may
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have suppressed growth in seawater treatnents conpared to the
treatment of constant 10°C fresh (well) water.

The 1990-brood were expected to mature as 4-year-old fish in
fall 1994. However, approximately 15% of fish in the freshwater
replicates (30 fermales and 24 nales) matured (as jacks and jills)
at 3 years of age in late Cctober 1993 (Table 6). No fish
matured in the seawater treatnments in 1993. Fast growth and
| arge size can trigger early maturity in sockeye salnon (C Wod,
Canada Departnent of Fish and Oceans, Pacific Biological Station,
Nanai no, B.C , Canada. Pers. conmmun. Cct ober 1991). W Dbelieve
the early maturity of sonme fish in the freshwater treatnment was
due to their larger size.

In 1994, we plan to sequentially sanple fish fromall three
treatnents for growmh and reproduction to help determne factors
influencing maturation of captive broodstocks. Sexual nmaturation
of fish reared in the three treatnents will be nonitored by non-
destructi ve nethods. Pl asma hornone levels that are elevated

only during sexual maturation (sex steroids and pituitary

gonadotropins) wll be neasured at nonthly intervals in 3- and
4-year-old fish. The plasma hornone levels will be used as an
i ndex of the nunber of fish in a given group that will spawn that

year and to determne the sex of the maturing fish. At the tine

of spawning, fecundity and egg size will be determned and ganete
quality will be nonitored by evaluating fertilization rate. The
quality of the offspring will be evaluated by nonitoring survival

to the tine of hatching. During the nmonth precedi ng spawni ng,

37



Table 6.--Length and weight information for mature 1990-brood
Lake Wnatchee sockeye salnon held full-termin fresh

wat er, 1993.
Mal e Fenal e

Replicate Fi sh Lengt h Wi ght Lengt h Wi ght

nunber nunber (cm) (kg) (cm) (kg)
1 1 40. 6 0.76 41. 7 0. 88
2 41. 4 0. 87 41. 6 0.93
3 42.2 0.98 39.6 0.75
4 32.6 0. 56 42.0 0. 86
5 43. 7 1.14 40. 3 0.71
6 42.0 0.91 40.0 0.71
7 - - 42.7 0. 96
8 - - 40.7 0. 85
9 - - 41.9 0.99
10 - - 43.0 0.92
11 -== -== 42.0 0.97
12 --- --- 43.0 0. 96
13 --- --- 39.4 0.72
Aver age 40. 4 0. 87 41. 4 0. 86
SD 3.6 0.18 1.2 0. 10
2 1 40. 4 0.75 40. 6 0. 85
2 41.0 0.95 42.2 0.91
3 43. 2 1.02 38.3 0.72
4 37.5 0.73 41.8 0. 90
5 44. 6 1.17 42. 7 0.98
6 40. 3 0. 84 43.9 0. 99
7 43. 4 1.04 39.8 0.78
8 42.1 0.92 41.5 0.87
9 40. 6 0. 84 42.0 0.98
10 T Tt 40. 2 0.79
Aver age 41.5 0.92 41. 4 0. 88
SD 2.0 0.14 1.4 0. 09
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Tabl e 6.--Conti nued.

_ _ Mal e Femal e
Replicate Fi sh Lengt h Wi ght Lengt h Vi ght
nunber nunber (cm) (kg) (cm) (kg)

3 1 45.1 1.21 40.0 0.81
2 45.8 1.33 43.6 0.92
3 45.0 1.26 40.5 0.80
4 43.8 1.07 43.8 0.11
5 42.8 0.98 45.1 0.10
6 44_6 1.15 39.7 0.76
7 43.5 1.08 41.9 0.88
8 44 .1 1.15 ---
9 47.4 1.53 --- ---

Aver age a4._7 1.12 42.1 0.90

SD 1.3 0.15 1.9 0.12

Combined?

Aver age 427 1.01 41.5 0.87

SD 1.3 0.22 1.6 0.10

Overal |l averageP

Lengt h 41.9 cm

SD 2.3

Vi ght 0.94 kg

SD 0.18

& Pool ed replicates.

b Total

pool ed nmal e and femal e.
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experiments will also be conducted on artificial induction of
ovul ation and sperm ation using inplants containing gonadotropin-
rel easi ng hornmone anal ogue (GhRHa).

Femal e 1990- brood sockeye sal nbn spawned from the freshwater
tank replicates averaged 41.5 cm and 0.87 kg (Table 6). ANOVA
indicated no significant difference (P > 0.05 in female length
or weight between fish spawned from the freshwater replicates.
Mal e 1990- brood sockeye sal non spawned from the freshwater tank
replicates averaged 42.7 cm and 1.01 kg (Table 6). ANOVA
indicated significant difference (P < 0.01) in nmale length and
wei ght between the freshwater replicates. Tukey's multiple
conparison test indicated that average male length and wei ght
(Table 6) was greater (P < 0.03) for fish spawed from replicate
3 than replicates 1 and 2. The reason for differences in nale
l ength and wei ght between the replicates is unclear. However ,
this size difference may be related to chance, since fish in al
three replicates received approximately the same ration and since
spawning females in the freshwater replicates showed no
significant size differences.

Fecundity averaged 1,359 eggs/fermale (about 1,560 eggs/kg of
female weight) for the 1990-brood Lake Wnatchee sockeye sal non
spawned from the freshwater rearing treatnent in our experinments
in 1993 (Table 7). Colunbia River Basin fenale sockeye sal non
normally mature as 4- and 5-year-old fish, at about 50 cm and
1.7 kg, with fecundities averaging about 2,600 eggs per fenale

(about 1,500 eggs/kg of fermale weight) (Millan 1986, Flagg et al.
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Table 7.--Individual nmatings and egg survivals for mature
1990- brood Lake Wenatchee sockeye salnon held full-term
in fresh water, 1993.

Matins cross Eyed- egg
Femal e Male® surviva
Replicate nunber nunber Fecundity (A
1 | -1 1-1,2 1, 480 65. 3
| -2 l-1,2 1,464 44.8
| -3 l-1,2 1, 161 14.3
| -4 1-1,2 1, 283 24.2
-5 1-3,4,5 1,129 0.0
| -6 1-3,4,5 1, 260 39.1
1-7 -3,4,5 1, 396 91.2
| -8 1-3,4,5 1, 312 58.9
-9 1-3,4,5 1,530 55.0
l-10 -3,4,5 1,261 54.8
[-11 [-1,2 1,159 58. 8
[-12 [-1,2 1,112 16.4
l-13 [-1,2 1, 309 78.8
Aver age 1, 297 46. 3
SD 133 25.6
2 2- 2-2,3 1, 394 1.4
2-2 2-2,3 2,021 0.0
2-3 2-4,5,6 1, 009 0.0
2-4 2-4,5,6 1, 382 44,7
2-5 2-4,5,6 1, 378 51.5
2-6 2-7,8,9 1,418 0.0
2-7 2-7,8,9 1,592 0.0
2-8 2-7,8,9 1,527 53.1
2-9 2-2,3 1,479 54.3
2-10 2-4,5,6 1,078 96.6
Aver age 1,428 21.5
SD 264 24. 3
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Tabl e 7.--Conti nued.

Mating cross Eyed- egg
Femal e Male® surviva
Replicate nunber nunber Fecundi ty (%
3 3-1 3-1,2 1,428 42.9
3-2 3-1,2 1, 196 0.0
3-3 3-3,4 1, 258 0.0
3-4 3-3,4 1, 789 41.0
3-5 3-5,6 1, 560 20. 8
3-6 3-5,6 1, 247 93.7
3-7 3-7,8,9 1, 151 63. 8
Average 1, 413 37.5
SD 209 31.6
Combined®
Aver age 1, 359 35.9
SD 215 29.3

a Eggs fertilized with pooled lots of mlIt fromtw or three
mal es.

b Pool ed replicates.
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1991). In addition, positive fecundity/size relationships are
common for sockeye salnon (G oot and Margolis 1991). Therefore

| ower absolute fecundity is to be expected in smaller early
maturing fish (e.g., the age-3 sockeye in our experinents). Even
t hough the age-3 maturing fish in this experinent were snaller
than normal age-4 and age-5 maturing fish, fecundity was within
t he expected range for sockeye salnon. ANOVA indicated no
significant difference (P > 0.05 in fecundity of females spawned
fromthe three freshwater replicates. There was a significant
correlation (P < 0.01) between female weight and fecundity in the
freshwater treatnment (Table 6 and Fig. 6). Eyed-egg surviva
from 1990-brood Lake Wenatchee sockeye salnon from the freshwater
rearing treatnent in 1993 averaged only about 36% (Table 7).
ANOVA indicated no significant difference (P > 0.05 in eyed-egg
survival in the three freshwater rearing replicates (Table 7).

In addition, there was no correlation (P > 0.05) between fenale
wei ght and egg survival in the freshwater treatnent (Table 7 and
Fig. 7). The eyed-egg survival rate in this study is nuch |ower
than the 70 to 90% often seen from wild sockeye salnon (Millan
1986, Flagg et al. 1991). However, the rate is simlar to the
30% eyed-egg survival docunented for |IDFG Redfish Lake sockeye
sal non captive broodstock spawned in 1993 (K Johnson, |DFG 1800
Trout Road, Eagle, 1D 83616. Pers. comun. Decenber 1993)

We are unsure of causes of these low egg-viability rates

from captive-reared fish. However, spawning techniques were

ruled out: these were the sane as techni ques successfully used in
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ot her NMFS and | DFG prograns. H gh eyed-egg survival has been
reported for other Pacific sal non (Oncorhynchus spp.) and
Atlantic salnon captive broodstocks (MAuley 1983; Harrell et al.
1984a, b, 1985, 1987; Peterschm dt 1991; C Mahnken and T. Flagg,
NVFS, unpublished data). Consequently, we believe it is not the
act of culture, per se, that is reducing egg survival.
Neverthel ess, low fertilization rates will hanper recovery
efforts using captive broodstocks. Therefore, in cooperation
with IDFG we are beginning to investigate a nunber of factors to
i ncrease spawni ng success, including devel opment of species-
specific broodstock diets (sockeye salnon are planktivorous
whereas conmercial brood diets are fornulated for piscivorous
fish) and inplementation of environnental and hornonal
mani pul ati on of reproduction.

Experinental rearing of the 1990-brood Lake Wnatchee
sockeye salnon in the three rearing treatnments will continue

until fish reach normal age-4 maturity in fall 1994,

1991 Brood

About 3,000 1991-brood Lake Wnatchee (yearling) sockeye
sal mon were donated to this study from the BPA-NMFS e El um Lake
study (Project 86-45). Experi mental groups were established for
the 1991-brood in md May 1993. Three replicates of about 300
fish each were set up in 1) circular tanks supplied wth
pat hogen-free fresh water; 2) seawater net-pens at Manchester;
and 3) circular tanks supplied with punped, filtered, and W
sterilized seawater at Manchester. Freshwater replicates were
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held at the Seattle hatchery until early Novenber 1993 and
transferred to BBC for rearing to maturity. Al fish were
injected with bivalent vibrio vaccine (0.15 cc/fish) and
erythronmycin (50 ng/ kg of body weight) prior to transfer.

I nventory records for experinental groups of 1991-brood Lake
Wenat chee sockeye salnon during the 7 nonths of rearing fromthe
begi nning of the experinment in 1993 through the end of Decenber
1993 indicate survival averaged about 76% in the seawater net-pen
replicates, 93 in the seawater tanks, and alnost 100% in the
freshwater tanks (Appendix D and Fig. 8). I nventory
di screpancies were noted in all treatnments in August 1993 and
were substantially greater in the seawater net-pen treatnents
(about 6% conpared to the seawater tanks (3% and freshwater
tanks (09%. H gher inventory discrepancies for fish in seawater
net-pens were also noted for 1990-brood Lake Wnatchee sockeye
sal non (descri bed above). These | osses were probably due to bird
predation of dead or noribund fish during the nonths just after
transfer to the experinent. However, some fish may have-escaped
from the seawater net-pens. For purposes of analysis, inventory
di screpancies were assigned as nortalities to the nonth follow ng
transfer to the experinent.

Anal ysis of variance (ANOVA) indicated a significant
difference (P <0.01) in the percentage of fish remaining in
freshwater, seawater, and seawater net-pen replicates at the end
of Decenber 1993. Tukey's multiple conparison test indicated

that survival in the seawater net-pens was significantly
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specific broodstock diets (sockeye salnon are planktivorous
whereas commercial brood diets are fornulated for piscivorous
fish) and inplenmentation of environmental and hornonal
mani pul ati on of reproduction.

Experinmental rearing of the 1990-brood Lake Wnatchee
sockeye salnon in the three rearing treatnments will continue

until fish reach normal age-4 maturity in fall 1994.

1991 Brood

About 3,000 1991-brood Lake Wnatchee (yearling) sockeye
sal non were donated to this study from the BPA-NMFS C e Elum Lake
study (Project 86-45). Experinental groups were established for
the 1991-brood in md My 1993. Three replicates of about 300
fish each were set up in 1) circular tanks supplied with
pat hogen-free fresh water; 2) seawater net-pens at Manchester;
and 3) circular tanks supplied with punped, filtered, and UV
sterilized seawater at Manchester. Freshwater replicates were
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held at the Seattle hatchery until early Novenber 1993 and
transferred to BBC for rearing to maturity. Al fish were
injected with bivalent vibrio vaccine (0.15 cc/fish) and
erythronmycin (50 ng/ kg of body weight) prior to transfer.

Inventory records for experinmental groups of 1991-brood Lake
Wenat chee sockeye salnon during the 7 nmonths of rearing from the
begi nning of the experinment in 1993 through the end of Decenber
1993 indicate survival averaged about 76 in the seawater net-pen
replicates, 93 in the seawater tanks, and alnpbst 100% in the
freshwater tanks (Appendix D and Fig. 8). I nventory
di screpancies were noted in all treatnents in August 1993 and
were substantially greater in the seawater net-pen treatments
(about 6% conpared to the seawater tanks (3% and freshwater
tanks (0%. Hi gher inventory discrepancies for fish in seawater
net-pens were also noted for 1990-brood Lake Wnatchee sockeye
sal non (descri bed above). These | osses were probably due to bird
predation of dead or noribund fish during the nmonths just after
transfer to the experinent. However, sone fish may have escaped
from the seawater net-pens. For purposes of analysis, inventory
di screpancies were assigned as nortalities to the nonth follow ng
transfer to the experinment.

Anal ysis of variance (ANOVA) indicated a significant
difference (P <0.01) in the percentage of fish remaining in
freshwater, seawater, and seawater net-pen replicates at the end
of Decenber 1993. Tukey's multiple conparison test indicated

that survival in the seawater net-pens was significantly
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(P < 0.01) lower than survival in the freshwater and seawater
tank treatnents. BKD appears to have caused sone of the
nortality in the seawater net-pen treatnent. However, for nost
nortalities in the treatnents, diagnosis could not confirm a
speci fic cause of death.

Gowh differences were noted between the treatnents. Si ze
of fish averaged about 112 g in the freshwater tank, 116 g in the
seawater tank, and 95 g in the seawater net-pen replicates at the
| ast quarterly neasuring period (Novenber) during the reporting
period (Appendix D and Fig. 9). ANOVA indicated that although
there were no significant differences (P > 0.05) in average fish
wei ght between the three treatnents at the start of the
experinment, there were significant differences (P < 0.01) between
average weights of fish in the three treatnments at the end of
Decenber 1993. Tukey's multiple conparison test indicated that
average weight of fish reared in the seawater net-pen treatnent
was significantly (P < 0.01) lower than fish reared in the other
two treatnents (e.g., freshwater and seawater tanks)

These results are sinmlar to results of our rearing study
for 1990-brood Lake \Wnatchee sockeye sal non (described above).
The reasons for these differences in growh and survival remain
uncl ear. However, it is apparent that seawater net-pens are the
| east conducive to survival and growh in these experinents.

It is encouraging to note that nortality for experinmental
groups of 1991-brood Lake Wnatchee sockeye sal non during the

7 nonths of rearing from the beginning of the experinent in 1993
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t hrough the end of Decenber 1993 is nuch lower than for the
1990- brood Lake Wenatchee sockeye sal non during the equival ent
rearing period (Appendices C and D and Figs. 4 and 8). The
1991- brood Lake Wenatchee sockeye salnon in these experinments had
a much lower incidence of BKD during fry-to-snolt rearing
conpared to the 1990- brood. As expected, the better presnolt
health status of the 1991-brood appears to have translated to
hi gher survival in our experinments. The 1991-brood Lake
Wenat chee sockeye salnon in this experinent were fed a nedicated
diet containing 0.45% erythronmycin at 2% of body weight/day for
approxi mately 28 days in My, Septenber, and Decenber 1993 as a
prophyl actic for BKD Experinental rearing of the 1991- brood
Lake Wenatchee sockeye salnon in the three rearing treatnents
will continue until the fish mature in fall 1994 to fall 1996.
Eval uation of Parental Seawater Exposure vs. Full-Tinme Freshwater
Resi dence on Performance of O fspring

In early 1993, we began an experinent to conpare perfornance
of progeny of sockeye salnon held full-termto maturity in fresh
wat er and progeny of sockeye salnon parents with a period of
seawat er residence. This experinment helps determne if seawater
adaptability of progeny is conprom sed by the one generation
break in the normal seawater |ife-phase of sockeye sal non that
results from captive broodstocks being reared full-term to
maturity in freshwater. This experinent focused on survival of

yearling smolt-size and snolt-age juveniles from "freshwater-
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par ent age"” and "seawater-parentage" during the first 4 nonths
after transfer to seawater net-pens at Manchester

One 1987-brood Lake Wnatchee female was held full-termto
maturity in fresh water and spawned in 1991 at the Seattle
hatchery as part of BPA Project 86-45. This fermale was
340 mm fork length and contained 959 eggs. The eggs were
fertilized with mlt from males held full-termto maturity in
fresh water. Progeny from these fish were ponded in early
February 1992; survival to hatch (viability) was 65.7% It was
i mpossible to determine if the low egg-viability was the result
of full-term freshwater culture or other influences. Survival of
this 1991 freshwater-cultured brood from hatch in early January
1992 to spring 1993 was about 90%

Wl d anadronous adult Lake Wenatchee stock sockeye sal non
were taken from the Wnatchee River Basin in 1991, spawned, and
juveniles reared at the Seattle hatchery as part of BPA Project
86-45. Survival of these fish was about 80% during rearing.

About 400 juveniles from each group (e.g., "freshwater-parentage"
and "seawater-parentage") were donated to our captive broodstock
study from BPA Project 86-45. These fish were held in an outside
rearing area at the Seattle hatchery under anbient photoperiod
during spring 1993.

In May 1993, two replicates of 1991-brood "freshwater-
parentage and 1991-broo "seawater-parentage" juveniles were
transferred to seawater net-pens at Manchester (Appendix E).

Culture strategies were simlar to those outlined for 1990-brood
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Lake Wenatchee sockeye sal non seawater net-pen rearing. The
l[imted nunber of juveniles available for this study precluded
| ethal sanpling of paraneters (e.g., plasma electrolytes) to
neasure inmmedi ate seawater tolerance. Therefore, survival was
the only quantity documented in this study. Survival of the fish
during the seawater phase of the experinment from May through
Sept enber 1993 averaged about 83% for the 1991 "freshwater-
parent age" replicates and 79% for the 1991 "seawater-parentage"
replicates (Appendix E and Fig. 10). A T-test indicated that
there was no significant difference (P > 0.05) in survival for
the two treatnents.

Results of this experinment suggest that full-term freshwater
rearing of sockeye sal non captive broodstocks may not conprom se
seawat er adaptability of offspring. However, it should be
cautioned that these data are somewhat inconclusive due to the
fact that the progeny of only one fermale held full-termto
maturity in fresh water were available for testing. In the
future, nunerous progeny from Lake Wnatchee sockeye sal non
reared to maturity in fresh water and seawater in our captive
br oodst ock experinents should be avail able. Eval uati on of
seawat er performance of these fish should better determ ne the

effects on progeny of full-term freshwater rearing of parents.
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CONCLUSI ONS

1) Endangered Redfish Lake sockeye sal nbn capti ver oodst ocks.
Because of the |ow replacenent rate and the critically |ow
popul ati on size of Redfish Lake sockeye sal non, captive
br oodst ocks appear to offer the only hope to maintain the species
whil e habitat inprovenents are underway. However, captive
br oodst ocks should be viewed as a short-term nmeasure to aid in
recovery of the gene pool, and not as a substitute for recovering
naturally spawning fish to the ecosystem Ef fective recovery of
the species requires relaxation of barriers to survival to
produce natural long-term increases in population size. Once
these barriers are relaxed, the relatively stable egg supply
assured through the captive broodstock projects should help
guarantee the success of recovery efforts for Redfish Lake
sockeye sal non. It is virtually certain that w thout the boost
provided by these captive broodstock projects, Redfish Lake

sockeye sal nron woul d soon be extinct.

2) Captive broodstock experinents using non-endangered Lake
Wenat chee. sockeye sal non.

Data from studies using 1990- and 1991-brood Lake Wnatchee
sockeye sal non suggest a ranking priority of 1) circular tanks
supplied with pathogen-free fresh water; 2) circular tanks
supplied with punped, filtered, and UV sterilized seawater; and
3) seawater net-pens for rearing sockeye sal non. In addition,
our studies suggest that full-term freshwater rearing of sockeye
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sal mron captive broodstocks should not conprom se seawater
adaptability of offspring. Even though full-term freshwater
rearing appears to be the correct choice for valuable captive
broodst ocks (e.g., Redfish Lake sockeye salnobn), the data are

al so encouraging regarding the use of environnentally-controlled
seawat er for broodstock rearing. However, these experinents need
to be continued for several years before conplete information is
avai l abl e regarding overall survival, ganmete quality, and

of fspring fitness from captive broodstocks.

This research will aid in refining captive broodstock
technol ogy for application to the recovery of threatened and
endanger ed species of sal nonids. Per haps nost inportantly, vita
research using Lake Wnatchee sockeye salnmon will allow selected
fish culture strategies to be evaluated prior to inplenentation
with Redfish Lake stock, thus providing maxi num saf eguards for

the mai ntenance of this val uable gene pool
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INTRODUCTION

In Decenber 1991, the National Marine Fisheries Service
(NVFS) listed Snake River sockeye sal non (Oncorhynchus nerka) as
endangered under the U.S. Endangered Species Act (ESA). This
action was the result of a petition presented to NMFS by the
Shoshone- Bannock Tribe of ldaho. The petition requested NMFS to
consider the status of these fish under the ESA.  Subsequently,
NMFS conducted a fornal Biological Status Review for these fish.
After considering the precipitous decline of this popul ation,
froma healthy status in the 1950s to few fish returning in the
late 198Cs, as well as the ecological significance and bi ol ogical
integrity of the species, the NWS Biological Review team
concluded in favor of listing (Waples et al. 1991).

NMFS is developing a formal Recovery Plan for Snhake River
sockeye sal non. In cooperation with the Idaho Departnent of Fish
and Gane (IDYG, the Bonneville Power Admnistration (BPA), and
others, NWMFS has begun interim recovery neasures for anadronous
Snake River sockeye salnon. These efforts focus on protecting
the last known remants of this stock: sockeye sal non that
return to Redfish Lake in the Sawtooth Basin of |daho at the
headwaters of the Salnon River. Because of the critically |ow
popul ati on size of Redfish Lake sockeye salnon, interim recovery
neasures are centered around a series of captive broodstocks to
mai ntain the species while habitat inprovenents are underway

(Flagg 1993, Johnson 1993).
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There are several known forms of 0. ner ka. The anadronous
sockeye salnon usually spends 1 to 2 years in its nursery | ake
before mgrating to sea as a snolt. Anadr onmous sockeye sal non
remain at sea for 2 to 3 years before returning to the natal area
to spawn (Foerster 1968, Goot and Margolis 1991). Two ot her
0. nerka forms remain in fresh water to mature and reproduce.

Resi dual sockeye sal non are progeny of anadronous fish and
produce nostly anadronous offspring (Ricker 1938, Foerster 1968,
G oot and Margoiis 1991). The nore distinct kokanee form appears
to have diverged from anadromous stock in recent geological tine
and is fully adapted to fresh water (Foerster 1968, G oot and
Margolis 1991). Resi dual sockeye salnon in Redfish Lake were

i ncluded in the anadronous gene pool for ESA protection, while
kokanee were excl uded.

Since both anadronmous and residual fornms of sockeye sal non
i nhabit Redfish Lake along with kokanee, a continuing challenge
has been to differentiate them from the kokanee in devel oping
br oodst ocks. Fortunately, there are a nunber of mechanisns to
help differentiate sockeye salnon from kokanee. First, there is
both spatial and tenporal separation of the two 0. nerka forns in
Redfi sh Lake. The anadronous and residual fornms are beach
spawners that spawn in the lake in late October, whereas the
kokanee spawn in a tributary to the lake in early Septenber.

Al so, kokanee skin and flesh may be nore red at spawni ng than
sockeye sal non maintained on the sanme diet (Waples 1992). Thi s

i s because kokanee, which live in a carotenoi d-poor environnent,
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appear to be nore efficient than sockeye salnon at utilizing
carotenoid in the diet. In addition, recent investigations have
i ndi cated that anadronous and residual sockeye sal nbn can be
differentiated from kokanee by both protein electrophoresis! and
DNA anal ysis (Brannon et al. 1992). Recent information also
suggests that since anadronous fish spend tinme in seawater, an
environment rich in strontium it is possible to distinguish the
progeny of anadronobus parents based on the el evated
strontiunmicalciumratio in the prinordial core of their otoliths
(Kalish 1990). Al of the criteria described above are being
used in helping differentiate kokanee from anadronbus sockeye
sal non.

This paper describes the current status of Redfish Lake

sockeye sal non captive broodstock recovery prograns.
STATUS OF CAPTI VE BROODSTOCKS

Bet ween 1991 and 1993, a nunber of captive broodstocks have
been initiated to preserve the Redfish Lake sockeye sal non.
Sources for these broodstocks include: 1) juveniles captured
during their outmgration from Redfish Lake; 2) adults captured
returning to Redfish Lake; and 3) mature residuals captured in
the | ake. Most past attenpts to rear sockeye salnmon to maturity

in seawater have ended in failure due to high nortality from

! Robin Wapl es. Nat i onal Marine Fisheries Service. Nor t hwest
Fi sheries Science Center. Seattl e, Washington. Pers. conmun.
Cct ober 1993.
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di sease and poor ganete quality of captive-reared spawners?:3.
However, culture in pathogen-free fresh water has generally
resulted in higher survival to spawning and hi gher percentages of
vi abl e gametes®®. One of our primary obligations when

mai ntai ning an endangered species in protective culture is
ensuring the highest possible survival. Therefore, full-term
freshwater rearing was chosen for these endangered species
captive broodstocks.

In nost cases, fish in the captive broodstocks will be grown
to maturity, spawned, and their progeny released into Redfish
Lake. Enhancenent strategies include growing the juveniles in a
hatchery or in net-pens in Redfish Lake for presnolt release to
the lake in the fall. These juveniles would overwinter in the
| ake and outmigrate naturally as yearling snolts the next spring.
QG her juveniles may be reared in the hatchery for release into
Redfi sh Lake as yearling smolts in the spring. In addition, a
few maturing adults from Idaho captive broodstocks may be

released in the fall to spawn naturally in Redfish Lake.

Qut m grant - based captive broodstocks
Juvenile 0. nerka were captured by IDFG in a snolt trap as

they exited Redfish Lake during the spring in 1991, 1992, and

2 Chris Wood. Departnent of Fish and Oceans. Pacific Biological
Station. Nanai no, B.C., Canada. Pers. conmun. 1991.

P Wlliam Waknitz.  NMFS, Manchester Marine Experinental Station.
Manchester, Wshington. Pers. comun. 1991.
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1993. Presunably, these fish are progeny of the single pair of
anadronous adults observed in the lake in 1989 mxed wth
residuals and resident kokanee.

In spring 1991, 0. nerka outmigrants were collected in the
snolt trap and noved to the |IDFG Eagl e Hatchery near Boi se,
| daho. It is estimated that another 4,000 outm grants passed
downstream in 1991. About 50% of the 759 outmigrants captured in
1991 have survived 2.5 years, fromthe time of capture to fall
1993. Sone nortality during rearing was attributable to
bacterial kidney disease (BKD and aeronponad infection. Al t hough
these were nostly yearling fish at capture (1989 brood), and were
expected to mature in 1993 as Age-4 fish, very few (about 15%
appear to be maturing in 1993. Only twenty-four maturing adults
(12 males and 12 females) from this broodstock were released into
Redfish Lake in late August to spawn naturally. These fish were
sonic tagged and are being tracked to identify their spawning
| ocations. It is projected that another 15 to 20 fermales wll
spawn in captivity this year, resulting in 30,000 to 40,000 eggs.
Over 250 immature fish will be held at Eagle Hatchery to be
spawned during the next 2 years.

In spring 1992, 79 0. nerka outmgrants were collected in
the snolt trap and noved to the |IDFG Eagl e Hatchery. It is
estimated that another 1,200 fish outmgrated in 1992. Sur vi val
of these fish during the 1.5 years from capture to fall 1993 has
been about 88% W expect nost of these fish to spawn between
fall 1994 and 1996.

67



In spring 1993, 35 0. nerka outmgrants were collected in
the snolt trap and noved to the |IDFG Eagl e Hatchery. It is
estimated that another 600 fish outmgrated in 1993. Survi val of
these fish during the 6 nonths from capture to fall 1993 has been
alnost 10 and nost of these fish should spawn between fall
1995 and 1997.

W are nost interested in breeding the portion of these
captive broodstock populations that originated from anadronous
par ents. A conbi nation of factors described above (e.g., age and
time of maturity, Sr/Ca ratios, skin and flesh color, genetics,
etc.) will be used to help separate sockeye sal non from kokanee.
Only ganetes from fish of confirmed anadronous parentage wll be

used in recovery prograns.

Resi dual captive broodstocks

Menbers of the NMWFS Biological Status Review team theorized
that residuals helped maintain the Redfish Lake sockeye sal non
popul ation during historic population lows (Waples et al. 1991).
In fall 1992, a nunber of residuals were observed spawning on the
Sockeye Sal mon Spawni ng Beach in Redfish Lake and sonme of them
wer e captured. Thirty-five eggs were recovered from a "spawned-

out fenmale and were fertilized with mlt from a residual male

t hat was al so captured. Survival of these fish during the year,

from capture to fall 1993, has been alnost 100% W anticipate

that nost of these fish will spawn between fall 1996 and 1998.
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IDFG is undertaking efforts to capture nore residuals in
fall 1993. To date, eight male and two fenale residuals have

been captured. These fish will be spawned in Novenber 1993.

Anadr onous captive broodstocks

The nost valuable of the captive broodstocks are derived
from adult sockeye salnon returning to Redfish Lake. W are
confident that these fish are part of the anadronbus sockeye
sal non gene pool from Redfish Lake. Progeny of returning adult
sockeye sal non have the highest likelihood (of the available
broodst ocks) of aiding the recovery of the species in Redfish
Lake.

In 1991, three males and one fermale adult sockeye sal nbn
returned to Redfish Lake and were captured and held by |DFG The
femal e spawned volitionally wth an unknown conbination of nmales,
on gravel placed in the holding tank. This spawning resulted in
deposition of about one-half of the fenmale' s eggs (about
1,000 eggs). The female was then renoved from the tank and the
remai ning eggs strip spawned. About four-fifths of the stripped
eggs were separated into three lots to be fertilized with milt
from individual nmales. The remainder were fertilized with pool ed
mlt fromall three nales. Two geographically separate captive-
brood popul ations were established from these egg lots in order
to reduce the risk of catastrophic |oss due to mechanica
failure, human error, or disease.

Approxi mately one-half the progeny of adults that returned

to Redfish Lake in 1991 were transferred to NMFS Nort hwest
69



Fi sheries Science Center in Seattle, Wshington. Survival of
these fish has been about 72% duringl.75 years of rearing (from
hatch in January 1992 to fall 1993), with nost nortalities due to
BKD. The remaining 1991-brood Redfish Lake sockeye salnon are in
the custody of IDFG and are being held at Eagle Hatchery.

Survival of the fish at IDFG has been over 90% during 1.75 years
of rearing. W anticipate that nost of these fish (at both NWS
and IDFG w Il mature during the fall of 1995 and 1996 as nornma
Age-4 and Age-5 fish

In fall 1992, a single male sockeye salnon returned to
Redfish Lake, and its mlt was cryopreserved for mating with
future generations.

In fall 1993, two fermale and six nmale sockeye sal non
returned to Redfish Lake. These fish were held by IDFG at the
Sawt oot h Hatchery and strip spawned in Cctober 1993, producing
over 6,000 eggs. A full-factorial mating design resulted in six
hal f-sib groups from each fenale. In addition, a portion of each
female's eggs were crossed with cryopreserved mlt from the
single mal e sockeye salnon that returned to Redfish Lake in 1992
It is anticipated that NVFS and IDFG will subdivide each of these

14 mating crosses for captive-broodstock rearing.

DI SCUSSI ON

The use of captive-broodstock technology holds promse as a
means of accelerating recovery of depleted stocks. One of the

current barriers to restoration of nmany depleted stocks of
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salmonids in the Colunbia River Basin and el sewhere is the
availability of suitable nunbers of juveniles for

suppl ement at i on. The relatively high fecundity of Pacific

sal mon, coupled with potentially high survival in protective
culture, allows captive broodstocks to produce |arge nunbers of
juveniles in a single generation. W believe that maintenance of
each year-class of broodstock in captivity for only a single
generation or a limted nunber of generations should help assure
that genetic integrity and adaptability to native habitats are
preserved.

Captive broodstocks should be viewed as a short-term neasure
to aid in recovery, never as a substitute for returning naturally
spawning fish to the ecosystem The first juvenile sockeye
salnon from our captive broodstocks will be released into Redfish
Lake in 1994. QO her research is underway in Redfish Lake to
determine the carrying capacity and the feasibility of |ake
fertilization as enhancenent strategy (Spaulding 1993).

The relatively stable egg supply provided by the captive
br oodst ock program should hel p guarantee the success of recovery
efforts for Redfish Lake sockeye sal non. It is a virtua
certainty that, given the critically |ow population size, w thout
the captive broodstock prograns, Redfish Lake sockeye sal non

woul d soon be extinct.
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Appendi x B --Monthly inventory records for 1991-brood Redfish Lake sockeye sal non at
NMFS, 1991-1993.

A Nunber of fish

/74

1991 1992
Eggs Bl ank/  Fish Fi sh _ _
recel ved dead Hatched  Jan ponded Feb Fish  Mar Fish  Apr
Groupa (7 Dec) eggs (4-5 Jan) nort (13 Feb) nort 1 Mar nort 1 Apr nort
1. 106 0 106 0 106 0 106 4 102 4
2. 119 2 117 3 114 0 114 0 114 0
3. 103 2 101 2 99 0 99 1 98 0
4, 83 2 81 0 81 0 81 5 76 0
) -580 1 513 -6 2567 £ 561 _3 558 2
Tot al 991 13 978 11 967 6 961 13 948 6
1992
Fi sh May Fi sh Jun Fi sh Jul Fish Ay Fish  Sep
Groups 1 May  nort 1 Jun mor t 1 Jul mor t 1 Aug nor 1 Sep nort
1, 98 0 98 0 98 4 94 1 93 1
2. 114 2 112 0 112 0 112 0 112 0
3. 98 2 96 0 96 0 96 1 95 0
4, 76 0 76 0 76 0 76 0 76 0
) 256 2 534 0 -254 3 551 _3 548 2
Tot al 942 6 936 0 936 1 929 5 924 3
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A, Nunber of fish (continued)

1992

Fi sh Cct Fi sh Nov Fi sh Dec Fi sh Jan Fi sh Feb
Groupa 1 Cct nor t 1 Nov nor t 1 Dec Mor t 1 Jan nor t 1 Feb nor t
1 92 0 92 0 92 0 92 0 92 0
2. 112 0 112 0 112 0 112 0 112 0
3. 94 1 94 0 94 0 94 0 L L3 0
4, 76 0 76 0 76 0 76 0 945 0
5. 246 -1 245 -0 243 Q 245 -0 ]
Tot al 921 2 919 0 919 0 919 0 919 0

1993

Fi sh Mar Fi sh Apr Fi sh May Fi sh Jun Fi sh Jul
Group2 1 Mar mort 1 Apr mor t 1 May mor t 1 Junk  nort 1 Jul nort
1. 92 0 92 2 90 12 78 0 78 0
2. 112 1 111 6 105 14 91 0 91 0
3. 94 1 94 8 86 11 75 0 75 1
4, 76 1 75 8 67 11 56 0 56 0
5. 545 1 544 12 532 68 464 1 463 0
6.¢ - — - — - - - ] —_— 0
Tot al 919 3 916 36 880 116 764 1 763 1
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A, Nunber of fish (continued)

1993

Fi sh Aug Fi sh Sep Fi sh Cct Fi sh Nov Fi sh Dec
Groupa 1 Aug nort 1 Sep mor t 1 Cct mor t 1 Nov  nort 1 Dec nort
L 78 5 73 1 72 16 56 4 52 11
2. 91 0 91 i} 91 6 85 4 81 11
3. 74 3 71 0 70 3 67 2 65 7
4. 56 1 55 55 4 51 1 50 3
5. 463 7 456 19 447 28 419 13 406 41
6.c — - 3 -0 —_— -4
Tot al 762 16 746 11 735 60 675 24 651 77

1993

Fi sh
Group?2 31 Dec
1. 41
2. 70
3. 58
4, 47
5. 365
6.c
Tot al 574
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B. Survival from hatch (%

Group?
1 2 3 4 5 Cunul ati ve
1992
Feb 13 (pond) 100.0 97.4 98.0 100.0 99.0 98.9
Mar 1 100.0 97.4 98.0 100.0 97.9 98.3
Apr 1 96. 3 97.4 97.0 93.8 97.4 96.9
May 1 92.5 97.4 97.0 93.8 97.0 96. 3
Jun 1 92.5 95.7 95.0 93.8 96.7 95.7
Jul 1 92.5 95.7 95.0 93.8 96.7 95.7
Aug 1 88.8 95.7 95.0 93.8 96. 2 95.0
Sep 1 87.7 95.7 94.1 93.8 95.6 94.5
Cct 1 86. 8 95.7 94.1 93.8 95.3 94. 2
Nov 1 86. 8 95.7 93.1 93.8 95.1 94.0
Dec 1 86. 8 95.7 93.1 93.8 95.1 94.0
1993
Jan 1 86. 8 95.7 93.1 93.8 95.1 94.0
Feb 1 86. 8 95.7 93.1 93.8 95.1 94.0
Mar 1 86. 8 95.7 93.1 93.8 95.1 94.0
Apr 1 86. 8 94.9 93.1 92.6 94.9 93.7
May 1 84.9 89.7 85.1 82.7 92.8 90.0
Jun 1 73.6 77.8 74.3 69. 1 81.0 78.1
Jul 1 73.6 77.8 74.3 69.1 80. 8 78.0
Aug 1 73.6 77.8 73.3 69.1 80. 8 77.9
Sep 1 68. 9 77.8 70.3 67.9 79.6 76.3
Cct 1 67.9 77.8 69. 3 67.9 78.0 75.2
Nov 1 52.8 72.6 66. 3 63.0 73.1 69.0
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B. Survival from hatch (%4 (continued)

Groupa
1 2 3 4 5 Cunul ati ve
Dec 1 49.1 69. 2 64. 4 61.7 70.9 66. 9
Dec 31 38.7 59.8 57.4 58.0 63.7 58.7
C.  Weight (g
Dat e
(pond)

Group2 2/ 13/ 92 4/ 22/ 92 6/ 2/ 92 6/ 29/ 92 7129/ 92 8/ 27192 9/ 30/ 92

1 0.12 1.09 3.0 6.6 9.0 14.1 19. 8
2 0.12 1.13 3.4 6.1 9.4 13.1 19.2
3 0.13 1.28 3.8 7.1 10.7 16. 7 23.9
4 0.12 1.35 3.8 7.3 10.8 17.0 23.9
5 0.11 1.00 2.7 5.3 8.2 12. 4 17.1
Aver age 0.12 1.17 A4 6.5 9.6 14.7 20. 8
SD : 0.01 0.14 0.5 0.8 1.1 2.1 3.1
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C. Weight (g) (continued)

Dat e
Group? 10/ 30/ 93 12/ 31/ 93 | /28/93 9/1/93d  10/1/93¢ 12/31/934
1. 22.6 38.7 40. 2 150 200 350
2. 23.0 39.4 42.8 150 200 350
3. 29.0 43.2 47.0 150 200 350
4, 28.6 47.3 47.1 150 200 350
5. 20. 2 33.9 37.2 150 200 350
geree 47wy 43 om0 a0

a Males A, B and C were individually spawned with a portion of the fenales eggs
(groups 1-3) a pool of spermfrommailes A, B and C was used to fertilize a portion of

the eggs (group 4); and the fenmale spawned volitionally wth an unknown conbination of
males A B and C (group 5).

b Fish transferred to BBC

c Goup 6 includes fish nortalities that have rejected (lost) PIT tags, making
identification of mating cross inpossible

d Estimated weight. Because of health concerns, and with concurrence of NWPS and the

SBSTOC, fish populations are not currently being wei ghed or measured. Therefore, no
standard deviations are given



APPENDI X C

80



Appendi x C --Mnthly inventory records for 1990-brood Lake Wenat chee sockeye sal non at
NMFS, 1992-1993.

A Nunber of fish

1992
Treatment/ Starting My Fish  Jun Fish  Jul Fish Aug Fi sh Se
replicate n mor t 1 Jun nort 1 Jul nort 1 Aug nort 1 Sep nort
Freshwat er Tanksa
L. 301 5 296 23 273 28 245 15 230 18
2. 291 15 276 31 245 24 221 12 209 22
3 289 33 254 _26 228 _11 211 12 199 20
Tot al 881 55 826 80 746 69 677 39 638 60
Seawat er Tanksa
L 260 29 231 63 168 21 147 12 135 9
2. 28 232 68 164 23 141 23 118 7
3. 260 _29 233 _58 175 _21 148 _18 130 _ 12
Tot al 782 86 696 189 507 71 436 53 383 23
Seawat er Net-pensa
L 252 58 194 55 139 21 118 14 104 4
2. 258 55 203 55 148 25 123 26 97 8
3. 265 _55 210 _eS 145 23 122 _24 —98 _12

Tot al 775 168 607 175 432 69 363 64 299 24



8

Appendi x C. --Conti nued.
A Nunber of fish (continued)

1992 1993

Treat nent/ Fish  Cct Fish  Nov Fish  Dec Fish Jan Fish  Feb
replicate 1 Ot mort 1 Nov nort 1 Dec nort 1 Jan nort 1 Feb nort
Freshwat er Tanksa
1. 212 15 197 24 173 32 141 3 138 1
2. 187 7 180 15 165 18 147 4 143 4
3. _179  _ 9 170 13 1571 _24 133 _1 132 2
Tot al 578 31 547 52 495 74 421 8 413 7
Seawat er Tanksa
1. 126 4 122 4 118 2 116 1 115 1
2. 111 0 111 3 108 4 104 0 104 0
3. 123 -3 120 __3 17 _116 _o 116 _2o0
Tot al 360 7 353 10 343 I 336 1 335 1
Seawat er Net-pensa
1.
2. 100 4 96 2 94 0 94 0 94 0

89 2 87 2 85 0 85 0] 85 0
3. 86 1 89 0 -85 _Q0 -8 _0 -8 _20
Tot al 275 7 268 4 264 0 264 0 264 0
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Appendi x C. --Conti nued.
A Nunber of fish (continued)

1993
Tr eat nent/ Fi sh Mar Fish  Apr Fi sh May Fi sh Jun Fi sh Jul
replicate 1 Mar nort 1 Apr nort 1 May noit 1 Jun nort 1 Jul nort
Freshwat er Tanksa
L. 137 1 136 2 134 0 134 1 133 1
2. 139 4 135 6 129 1 128 0 128 1
3. _13Q  _5 125 _ ¢ 119 _2 117 0 117 2
Tot al 406 10 396 14 382 3 379 1 378 4
Seawat er Tanksa
L. 114 1 113 0 113 0 113 0 113 1
2. 104 0 104 2 102 0 102 1 101 1
3. 116 —0 116 _20 _116 _0 116 _20 116 __0o
Tot al 334 1 333 2 331 0 331 1 330 2
Seawat er Net-pensa
1 94 0 94 0 94 0 94 0 94 0
2. 85 0 85 0 85 0 85 0 85 0
3. —85 -0 —85 __1 —84 _0Q —84 _1 —83 _1
Tot al 264 0 264 1 263 0 263 1 262 1
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Appendi x C. --Continued.
A. Number of fish (continued)

1993

Tr eat ment/ Fi sh Au? Fish  Sep Fi sh Cct Fish  Nov Fi sh Dec Fish
nghcate 1 Aug nort 1 Sep nort 1 Gt nort 1 Nov nort 1 Dec nort 31

C
Freshwat er Tanksa
1. 132 1 131 2 129 0 129 1 128 1 127
2. 127 1 126 2 124 0 124 3 121 10 111
3. 115 _0 115 _3 112 2 110 _4a 106 _16 _9Q
Tot al 374 2 372 7 365 2 363b 8 355 27 328
Seawat er Tanksa
1. 112 3 109 3 106 4 102 0 102 1 101
2. 100 2 98 5 93 90 1 89 1 88
3. 116 __ 2 _114 _1 113 4 113 _0 113 _0 _113
Tot al 328 7 321 9 312 7 305 1 304 2 302
Seawat er Net - pens=
1. 94 1 93 4 89 2 87 1 86 3 83
2. 85 1 84 1 83 3 80 0 80 2 78
3. —82 _1 _8 1 80 0 80 _0 -8 _2 __18
Tot al 261 3 258 6 252 5 247 1 246 7 239
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Appendi x C. --Conti nued.

B.  Survival
Survival (%

1992 1993

Treat ment/ Starting
n 1 Jun 1 Jul 1 Aug 1 Sep 1 Cct 1 Nov 1 Dec 1 Jan

replicate

Freshwat er Tanksa

1 301 98.3 90.7 8l1.4 76.4 70.4 65. 4 57.5 46. 8
2. 291 94.8 84.2 75.9 71.8 64. 3 61.9 56. 7 50.5
3. 289 87.9 /8.9 73.0 68. 9 61. 9 8. 8. 54, 3 46.0
Aver age 93.7 84.6 76. 8 77.1 65.5 62.0 56. 2 47. 8
SD 5.3 5.9 4.3 3.8 4.4 3.3 1.7 2.4
Seawat er Tanksa

L 260 88. 8 64. 6 56.5 51.9 48.5 46. 9 45. 4 44,6
2. 260 89. 2 63.1 54.2 45. 4 42. 7 42. 7 41.5 40.0
3. 262 88.9 _66.8 _56.5 49,6 _46.9 45. 8 44 7 44, 3
Aver age 89.0 64. 8 55.7 49.0 46. 0 45,1 43.9 42.9
SD 0.2 1.9 1.3 3.3 3.0 2.2 2.1 2.6
Seawat er Net-pensa

L. 252 77.0 55.2 46. 8 41. 3 39.7 38.1 37. 37. 3
2. 258 78. 7 57. 4 47.7 37.6 34.5 33.7 32.9 32.9
3. 265 79.2 _54.7 46. 0 37,0 32,5 31 _32.1 321
Aver age 78.3 55.8 46. 8 38.6 35.6 34.6 34.1 34.1
SD 1.2 1.4 0.9 2.3 3.7 3.1 2.8 2.8
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Appendi x C. --Conti nued.

B. Survival (continued)

Survival (%

1993
Tr eat nent/
replicate 1 Feb 1 Mar 1 Apr 1 May 1 Jun 1 Jul 1 Aug 1 Sep 1 Ot
Freshwat er Tanksa
1. 45. 8 45.5 45, 2 44.5 44.5 44,2 43.9 43.9 43. 2
2. 49. 1 47.8 46. 4 44,3 44.0 44.0 43.6 43.3 42. 6
3. 45. 7 45.Q 43, 3 41,2 40,5 40, 5 39.8 39.4 38. 4
Aver age 46. 7 46. 1 44.9 43.3 43.0 42.9 42. 4 42.2 41. 4
SD 1.9 1.5 1.6 1.9 2.2 2.1 2.3 2.4 2.6
Seawat er Tanksa
L. 44,2 43. 8 43.5 43.5 43.5 43.5 43.1 41.9 .40.8
2. 40.0 40.0 40.0 39.2 39.2 38. 8 38.5 37.7 35.8
3. 44, 3 44, 3 44, 2 _44.3 44, 3 44, 3 44, 3 43.5 _43.1
Aver age 42. 8 42. 7 42. 6 42.3 42. 3 42.2 41.9 41.0 39.9
SD 2.5 2.4 2.3 2.7 2.7 3.0 3.1 3.0 3.7
Seawat er Net-pensa
1. 37.3 37.3 37.3 37.3 37.3 37.3 37.3 36.9 35.3
2. 32.9 32.9 32.9 32.9 32.9 32.9 32.9 32.6 32.2
3. -32.1 _32.1 _32.1 317, 3.7 _31.3 30,9 _30.6 _30.2
Aver age 34.1 34.1 34.1 34.0 34.0 33.8 33.7 33.4 32.6
SD 2.8 2.8 2.8 2.9 2.9 3.1 3.3 3.2 2.6
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Appendi x C --Continued.

B. Sur vi val

(conti nued)

Survival (%

1993
Tr eat ment /
replicate 1 Nov 1 Dec 31 Dec 1 Nov 1 Dec 31 Dec
Freshwat er Tanksa Seawat er Net - pens=
L. 43.2 42.9 42.5 L. 34. 4 34.1 32.9
2. 42.6 41.6 38.1 2. 31.0 31.0 30.2
3. 37,7 _36.3 _30.8 3. 30.2 30.2 29.4
Aver age 41.2 40.3 37.1 Aver age 31.9 31.8 30.8
SD 3.0 3.5 5.9 SD 2.2 2.1 1.8
Seawat er Tanksa
L. 39.2 39.2 38.8
2. 34.6 34.2 33.8
3. _43.1 _43.1 _43.1
Aver age 38.9 38.8 38.6
SD 4.3 4.5 4.7
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C  Weighte Average weight (kg)
Tr eat ment / 1992 1993
replicate Starting 1 Sep 1 Dec 1 Mar 1 Jun 1 Sep 1 Nov

Fr eshwat er Tanksa

1. 0.033 0.102 0.215 0. 360 0.476 0. 755 0. 952
2. 0.034 0. 104 0.212 0. 360 0. 460 0.749 0.983
3. 0.033 0.106 0,233 0.395 0.511 0.821 1.051
Aver age 0.033 0.104 0. 220 0. 372 0. 482 0.775 0.995
SD 0.001 0. 002 0.012 0.021 0. 026 0.034 0.051

Seawat er Tanksa

L. 0.031 0. 087 0.152 0.234 0. 384 0. 568 0. 706
2. 0.031 0.091 0. 166 0.231 0. 358 0.572 0. 756
3. 0.030 0.088 0.150 0.247 0.339 0.583 0.629
Aver age 0.031 0. 089 0. 156 0. 237 0. 360 0.575 0. 697
SD 0.001 0.021 0. 089 0. 085 0. 023 0. 008 0. 064

Seawat er Net-pensa

1. 0. 030 0.075 0.132 0.194 0. 304 0. 399 0. 510
2. 0. 032 0.079 0. 130 0.193 0.284 0. 370 0. 493
3. 0.030 0.077 0,123 0.172 0.310 0.426 —0.523
Aver age 0.031 0.077 0.129 0. 187 0.299 0. 398 0.509

SD 0.001 0. 002 0. 005 0.012 0.014 0.028 0.015
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Appendi x C.-- Continued.

a Freshwater replicates established at BBC on 18 May 1992; seawater replicates
established at Manchester MNarine Experinmental Laboratory on 26 May 1992.

b Includes 30 female and 24 male fish spawned in |late Cctober.

c Quarterly subsanple.
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Appendi x D. --Monthly inventory records for 1991-brood Lake \Wenat chee sockeye sal non at
NMFS,  1993.

A Nunber of fish

1993
Treatnent/ Starting Jun Fi sh Jul Fish  Aug Fi sh Sep Fish Cct
replicate n nor t 1 Jul nort 1 Aug nort 1 Sep nort 1 Cct  nort
Freshwat er Tanksa
L 323 0 323 0 323 0 323 0 323 0
2. 323 0 323 0 323 0 323 0 323 0
3. 323 Q 323 Q 323 323 Q 323 Q0
Tot al 969 0 969 0 969 0 969 0 969 0
Seawat er Tanksa
L 314 13 301 1 300 2 298 5 293 0
2. 314 15 299 0 299 Q 298 5 293 2
3. 314 17 297 1 298 298 14 284 4]
Tot al 942 45 897 2 895 3 892 24 868 2
Seawat er Net-pensa
1. 43 273 1 272 8 267 10 257 6
2. 326 28 298 0 298 1 294 8 286 4
3. 326 20 306 Q 306 299 21 218 5]
Tot al 968 91 877 1 876 16 860 39 821 19
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Appendi x D. --Conti nued.
A. Number of fish (continued)

1993
Treat ment / Fish  Nov Fish  Dec Fi sh
replicate 1 Nov nort 1 Dec nort 1 Jan
Freshwat er Tanksa
L. 323 1 322 0 322
2. 323 0 323 1 322
3. 323 1 322 1 321
Tot al 969 2 967 2 965
Seawat er Tanksa
1. 293 1 292 1 291
2. 291 0 291 0 291
3. 284 ~b ===b =p ===P
Tot al 868 1 583 1 582
Seawat er Net-pensa
1. 251 3 248 16 232
2. 282 5 277 10 267
3. 269 ] 260 22 238
Tot al 802 17 785 48 737
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Appendi x D. --Conti nued.

B.  Survival
Survival (%

1993 1994
Treat nent / Starting
replicate n 1 Jul 1 Aug 1 Sep 1 Cct 1 Nov 1 Dec 1 Jan
Freshwat er Tanksa
L. 323 100.0 100.0 100.0 100.0 100.0 99.7 99.7
2. 323 100.0 100.0 100.0 100.0 100.0 100.0 99.7
3. 323 100.0 100.0 100,0 100.0 100.0 Q9 7 99.4
Aver age 100.0 100.0 100.0 100.0 100.0 99.8 99.6
SD 0.0 0.0 0.0 0.0 0.0 0.1 0.1
Seawat er Tanksa
L. 314 95.9 95.5 94.9 93.3 93.3 93.0 92.7
2. 314 95.2 95.2 94.9 93.3 92.7 92.7 92.7b
3. 314 94.6 _94.3 _94.3 89. 8 89.0 el J il
Aver age 95.2 95.0 94.7 92.1 91.9 92.9 92.7
SD 0.5 0.5 0.3 1.6 1.5 0.1 0.0
Seawat er Net-pensa
L. 316 86. 4 86. 1 84.5 81.3 79. 4 78.5 73.4
2. 326 91. 4 91.4 90. 2 87.7 86.5 85.0 81.9
3. 326 939 939 _91.1 _g8s.3 _87.5 _19.8 _[3.0
Aver age 90. 6 90. 5 88. 8 84.8 82.8 81.1 76. 1
SD 3.1 3.3 3.1 2.6 3.6 2.8 4.1
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Appendi x D. --Conti nued.

C. Weightec

Aver age wei ght
Treat ment/ | ont {9
replicate Starting 1 Nov

Fr eshwat er Tanksa

1. 38.0 109. 4
2. 44. 6 113.6
3. 44 7 113.0
Aver age 42.3 112.0
SD 3.7 2.3

Seawat er Tanksa

1. 38.2 111.8
2. 38.5 114.7
3. 38.0 120.3
Aver age 38.4 115.6
SD 0.2 4.3

Seawat er Net-pensa

L. 35.3 92.5
2. 37.4 92.6
3. _36.6 Q9 1
Aver age 36.4 94.7
SD 1.1 3.8
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Appendi x D. --Conti nued.

a Freshwater replicates established at BBC on 3 Nov,

1993; seawater replicates

establ i shed at Manchester Marine Experinmental Laboratory on 2 Jun, 1993.

b Replicate lost in Novenber 1993 due to nechani cal

¢ Quarterly subsanple.

failure on inflow |line.
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AppEndi X E --Monthly inventory records for 1991-brood Lake Wnatchee Wl d vs. Captive
sockeye
sal nron at NWFS, 1993.

A Nunber of fish

1993
Treatnent/ Starting My Fi sh Jun Fi sh Jul Fi sh Aug Fi sh Sep Fi sh
replicate n mort 1 Jun nort 1 Jul mort 1 Aug noit 1 Sep nort 1 Cct
Wl d Crossa
1. 206 6 200 S 195 0 195 4q 191 26 165
2. 196 1 195 (1] 195 3 192 12 180 28 162
Tot al 402 7 395 5 390 3 387 16 371 54 327

Capti ve Crossa

L. 196
2. 202

Tot al 398 12 386 14 372 8 364 13 351 22 329

189 181 177 173 15 158

g
g
E
£
§
£
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Appendi x E --Conti nued.

B. Survival (%

. 1993
Treatnment/ Starting
replicate n 1 Jun 1 Jul 1 Aug 1 Sep 1 Cct
Wl d Crossa
L. 206 97.1 94.7 94.7 92.7 80. 1
2. 196 99.5 99.5 98.0 Q1 8 77.6
Aver age 98. 3 97.1 96.4 92.3 78.9
SD 1.2 2.4 1.7 0.5 1.3
Captive Crossa
L. 196 96. 4 92.3 90.3 88.3 80. 6
2. 202 97. 5 94 6 92 6 881 84.7
Aver age 97.0 93.5 91.5 88. 2 82.7
SD 0.6 1.2 1.2 0.1 2.1
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Appendi x E. --Continued.

C. Weightp

Average Wi ght (g
Treat nent/
replicate Starting 1 Aug
Wl d Crossa
1. 38.2 74.2
2. 40,5 0.0
Aver age 39.4 72.1
SD 1.6 3.0
Captive Cross2
1. 45.1 68. 3
2. 48.9 10.8
Aver age 47.0 69. 6
SD 2.7 1.8

a WIld and captive crosses established at Manchester Marine Experinmental
on My 19, 1993.

b Quarterly subsanpl e.

Laborat ory



	Redfish Lake Sockeye Salmon Captive Broodstock Rearing and Research
	ABSTRACT
	CONTENTS
	INTRODUCTION
	Figure 1 .--Map showing location of Redfish Lake. Sockeye salmon returning to Redfish Lake travel a greater distance from the sea (almost 1,450 km) and spawn at a higher elevation (almost 2,000 m) than any other sockeye salmon population.

	REDFISH LAKE SOCKEYE SALMON CAPTIVE BROODSTOCK CULTURE
	Table l.--Status of Redfish Lake sockeye salmon captive broodstocks through December 1993.
	1991 Brood
	Table 2.--Inventory record of adult Redfish Lake sockeye salmon spawned at Sawtooth Fish Hatchery (Idaho), 1991.
	Figure 2.--Cumulative percent mortality durinq rearing for the 1991-brood sockeye salmon, 1991-1993.
	Figure 3.--Cumulative percent mortality during rearing for each half-sib group of 1991-brood Redfish Lake sockeye salmon, 1991-1993.
	Table 3.--Inventory record of pooled groupsasb of 1991-brood Redfish Lake sockeye salmon spawned at NMFS BBC endangered species rearing facility, 1993.

	1993 Broods
	1993 Brood from Adult Returns to Redfish Lake
	Table 4.--Number of 1993-brood Redfish Lake sockeye salmon eggs from anadromous arents transferred to NMFS3 and retained by IDFGB for captive broodstock from each individual female/male mating rc

	1993-Broodd "Safety-Net'*
	Table 5.--Individual matings of 1993-brood Redfish Lake sockeye salmon from IDFG captive reared females that eggs weredrawn from for transfer to NMFS in 1993.

	1993-Brood Residuals


	CAPTIVE BROODSTOCK RESEARCH USING NON-ENDANGERED LAKE WENATCHEE SOCKEYE SALMON
	Comparison of Freshwater and Seawater Rearing for Lake Wenatchee Sockeye Salmon Broodstock
	1990 Brood
	Figure 4.--Survival during rearing for 1990-brood Lake Wenatchee sockeye salmon, 1992-1993.
	figure 5 .--Growth during rearing for 1990-brood Lake Wenatchee sockeye salmon, 1992-1993.
	Table 6.--Length and weight information for mature 1990-brood Lake Wenatchee sockeye salmon held full-term in fresh water, 1993.
	Table 7.--Individual matings and egg survivals for mature 1990-brood Lake Wenatchee sockeye salmon held full-term in fresh water, 1993.
	Figure 6.--Correlation between female weight and number of eggs for 1990-brood Lake Wenatchee sockeye salmon spawned in 1993.
	Figure 7.--Correlation between female weight and egg survival for 1990-brood Lake Wenatchee sockeye salmon spawned in 1993.

	1991 Brood
	Figure 8.--Survival during rearing for 1991-brood Lake Wenatchee sockeye salmon, 1993.
	Figure 9.--Growth during rearing for 1991-brood Lake Wenatchec sockeye salmon, 1992-1993.


	Evaluation of Parental Seawater Exposure vs. Full-Time Freshwater Residence on Performance of Offspring
	Figure lO.-- Survival during rearing for individual replicates of 1991-brood Lake Wenatchee sockeye salmon from freshwater and seawater percentage, 1993.


	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES
	APPENDICES
	Appendix A REDFISH LAKE SOCKEYE SALMON CAPTIVE BROODSTOCK PROGRAMS
	Appendix B. --Monthly inventory records for 1991-brood Redfish Lake sockeye salmon at NMFS, 1991-1993.
	Appendix C. --Monthly inventory records for 1990-brood Lake Wenatchee sockeye salmon at NMFS, 1992-1993.
	Appendix D. --Monthly inventory records for 1991-brood Lake Wenatchee sockeye salmon at NMFS, 1993.
	Appendix E. --Monthly inventory records for 1991-brood Lake Wenatchee Wild vs. Captive sockeye salmon at NMFS, 1993.



