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ABSTRACT

Research and recovery activities for Snake River sockeye salnon
Oncor hynchus nerka conducted by the |daho Department of Fish and me (1DFQ
during the period of April 1992 to April 1993 are covered b¥ this report. These
activities Include continued upgrading of the fish holding Tacilities at Eagle,
I daho, culture of fish held in the captive broodstock program trapping of feral
juveniles and an adult sockeye in the Stanley Basin, and trapping residual
sockeye from Redfish Lake.

Smolts were trapped exiti_nqh Redfi sh Lake during April through June 1992.
The traps captured 161 snolts with a trap efficiency of 13% Half of the snolts
were incorporated into the broodstock program while half were released with PIT
tags for continued mgration. Snolts presumed to originate from Al turas Lake
were trapped on the Sal non River and were sinmilarly handl ed.

A single nale adult sockeye was trapped from Redfish Lake Greek. This fish
was held to maturity, and harvested mlt was cryopreserved for future use in the
br ookst ock program

Resi dual sockeye were captured in_spawning condition from Redfish Lake and
a few fertilized eggs were obtained. These were also included in the captive
broodstock being held to nmaturity. Cenetic analysis denonstrated that the
residuals are indistinguishable fromthe anadronous form

_ The perfornmance of the broodstock groups brought into culture duri ng t he
first year of this program has been satisfactory. Survival has been 79% for
outmgrantBlgoups, wth the prinary causes of nortality being Bacterial Kidney
D sease f ) in a single |ot of outmgrants, other bacterial infections, and
tunors classified as Ig hosarcomae. Survival for the progeny of the sockeye
adults spawned in 199 as been 97%

Aut hor :

Kei th Johnson
Princi pal Fishery Research Bi ol ogi st

| daho Departnent of Fish and Gane
1800 Trout Road

Eagl e, 1 daho 83616
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I NTRODUCTI ON

The drastic decline in nunber of returning adult sockeye sal non
Oncor hynchus nerka to Redfish Lake in the Stanley Basin of central |daho over the
'ast decade pronpted the |daho Departnent of Fish and Gane (IDFG and the
Shoshone-Bannock Tribe to enbark on a captive broodstock recovery effort in the
spring of 1991. This effort was subsequently funded through the Bonneville Power
Adm nistration. The first annual report which covered the first year's
activities was recently published (Johnson 1993).

The activities during the second year are covered by this annual report for
the period of April 1992 through April 1993. The groups of Q nerka taken into
captivity during the first year of the captive broodstock program include
outmgrants tralgped from Redfish Lake in 1991, outnmigrants trapped fromthe weir
on the Sal mon R ver upstream from the confluence of Redfish Lake and presunably
orlglnated from A turas Lake, and the pro%en fromthe spawning of the four
anadrormous adult sockeye which returned in 1991. These were cultured during the
subsequent year. Three other groups were added in 1992. These include Redfish
Lake outmgrants, snolts trapped fromthe Salnon R ver, and the progeny of
resi dual sockeye, captured in Redfish Lake in Novenber 1992 and spawned.

) The other aspects covered in this report include nodifications to the Eagle
Fish Hatchery facility and those relating to the |iaison between the other
research efforts in the recovery of Snake River sockeye sal non.

FACI LI TY MODI FI CATI ON

One aspect of the water systemfor the hatchery building at Eagle, which
made the system vulnerable to failure, was the |ack of a second punp and
degassing tower. This weakness was renedied by the installation of both. There
remai n sorme additional plunbing nodifications to allow for the selection of any
conbi nation of the four wells as water supply. This is needed since the output
and gas saturation |evel should be varied by well selection. A centrifugal sand
separator was installed as part of the second tower since sand has al ways been
a problemw th these wells.

A delivery of holding tanks was received from Aquafarns Ltd. in

anticipation of "'spawning in 1992. This shipnent included forty-eight 0.6-m
twenty 1-m twelve 2-m and four 4-mtanks. Wile no spawning occurred in 1992,
nost ‘of the 2-m tanks have been used for the Redfish Lake 1991 brood year
sockeye. _ _ _ _ .
_ The expansion of rearing water and spacing using wells 1 and 2 at Eagle is
in progress. The concept is to use four existing old concrete double raceways
to hold 3.4-mtanks. This required that the coomon wall be rermoved and a drain
installed in its place. Each raceway should hold 14 tanks.

Modi fication of two raceway sets is being done in the first phase, and the
structural work was conpl eted by | DFG Engi neering Bureau. The punp _and degassi ng
tower was al so conpleted. Two wells exist on the grounds of the Eagl e Hatchery
whi ch coul d provide water for expansion of the broodstock and progeny culture
program These wells were scanned by video canera to |nsPect the casing and
accunmul ation of sand. The casing turned out to be serviceable, and there was no
sand accunul ation detected. The decision was made to add a punp to each well to
pressurize the water line using a common degassing tower. The engi neering for
this is being done by the firmof KOMof Seattle, Washington.

Bids were put out for twenty-eight 3.4-mtanks, and they are currently
under construction. The goal is to have one set of 12 running this sumer.

PROJ9172 2



The water level alarm system has worked very well during the year. Users
el ected to exchange the pagers that each enployee uses for a style which is
capabl e of giving a nmessage rather than sinmply a tone. This allows the user to
differentiate between a real water system energency from a wong nunmber. Users
Werle)I getting quite a few wong nunber calls, and the exchange has corrected the
pr obl em

FI SH CULTURE ACTI VI TI ES

Juvenil e Trapping for 1992

The trap at Redfish Lake Creek was considerably nodified for the trapping
of juvenile outmgrants. A Krey-Meekin trap was used in 1991, and the resulting
high velocities killed about 8% of the total outmigrants caught. The trap site
used by IDFG in the 1960s was renovated to accommodate five incline plane traps
placed in five of the nine trap bays. The goal was to increase trapping
efficiency, accommodate high flows, and trap without nortality. Al um num conduit
pi eces were spaced 1/4 inch apart in the trap inserts with a fish collector at
the back of the trap. This was covered with a section of conduit pieces spaced 1
inch apart to allow the outmigrants to fall through, but to exclude bull trout
which mght prey on the outmgrants. The only nortalities (e) occurred in the
first two days of trapping before the spacing was permanently set at 1/4 inch by
wel ding a reinforcing bar beneath the upper set of conduits. After this was
compl eted, no further nortalities occurred (Figure 1).

Trappi ng comenced on April 15 and continued until June 10, 1992. A total
of 161 outmigrants were trapped with 3 nortalities. The remaining 158 were PIT-
tagged and equally divided between those retained for broodstock and those
released for trap efficiency estinmation and to continue nigration. Trap
efficiency was estinmated at 13% from the recovery of 3 fish out of 23 released
above the trap site. Using the expansion of 100/13, the point peak period of
outmgration was April 30 through May 6. Redfish Lake becane ice-free on April
16, 1992. The nean fork length of the outmgrants was 98 mm (Figure 2).
Qutmgrants retained for broodstock were transported to Eagle Hatchery weekly and
placed into culture with the designati on Redfish Lake 1992 outm grants.

Qutm grants which continued the journey toward the ocean were intercepted
by the PIT tag detectors at three Snake River dams (Figure 1). Ei ghteen of the 79
rel eased (22% were interrogated in 1992, which conpares to 57% interrogated in
1992. Mean travel tinme to Lower Granite Dam was 16.9 days and was |onger for the
other collection sites (Figure 1).

Snolt Trappi ng At Sawt ooth Weir

O nerka snmolts were trapped at the weir at the Sawtooth Fish Hatchery on
the Salnmon River above the confluence of Redfish Lake Creek. These presunably
originated from Alturas Lake. The operational period for this trap spanned the
entire run since it was operated for wild chinook. Snolts were trapped from
April 20 through May 18, 1992 (Figure 3). A total of 147 were trapped, of which
96 were retained for broodstock, 37 fish were released with PIT tags for
mgration timng, and 14 died. Mdst of the nortality occurred on April 30 when a
Krey-Meekin trap was used to attenpt to increase the fish count for a trap
efficiency estimate. Nine fish died due to high water velocities in the trap and
it was renoved after one night of service. The trap efficiency estimate was 5.4%
based on the recapture of 2 of the 37 fish released and was approxi mately the
efficiency obtained at the sane trap for chinook (Kiefer 1993). This was used to
yield a total run estimate of 2,720 outmigrants for 1992. The interception
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SUMMARY

# Fish trapped: 161
Broodstock: 79
24 1 Released: 79
% efficiency: 3/23=13.0%
Run size: 1,234
Trap period: 4/15-6/10/92
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Figure 1. O. nerka trapped at Redfish Lake Creek (1992 daily counts).
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SUMMARY

= # Fish trapped: 147
Broodstock: 96

T Released: 37

% efficiency: 2/37=5.4%
24 + Run size: 2,720

Trap period: 3/1-6/4/92

Pit Tag recoveries of 37
released:
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Figure 3. Q. nerka trapped at Sawtooth Fish Hatchery (1992 daily counts). Krey-Meekin installed at diversion
April 30 and removed May 1.




rate to the Snake River dans was 10.8% wth a travel tine of 10.3 days to the
fish collection facility at Lower Ganite Dam The distribution of fork |engths
for these outmgrants is presented in Figure 4. The snolts which were retained
for broodstock were transported to Eagle Hatchery and designated as Al turas Lake
1992 outnigrants.

Adult Trappi ng at Redfi sh Lake Creek

The identical trap was used in 1992 as had been used in previous years.
This was installed on June 25 and operated through October 30, 1992. A single
mal e sockeye, given the nane Lonesone Larry, was trapped on August 3 and was
transported to Sawtooth Fish Hatchery. This fish was held in well water wth
gravel from Sockeye Beach of Redfish Lake as substrate. This techni que was used
successfully in 1991. The observations and nilt harvests are listed in Appendix
1. An inplant containing gonadotropin releasing hornone (GhRH) was provided by
Dr. Penny Swanson, National Marine Fisheries Service (NWS) Mntlanke Laboratory,
and installed by dorsal incision mdway through the nmlt harvest to increase the
volume of mlt. Since there was no maturing fenmale sockeye available of the
appropriate stock, all mlt was frozen and held for cryopreserved storage. The
techni ques and extender solution for this procedure have been investigated for
several species of salnonids. These protocols were performed in duplicate by the
| aboratories of Dr. Joe Coud, University of Idaho (U), and Dr. Gary Thorgaard,
Washi ngton State University (WBU). Sperm notility was exam ned before freezing
and, as a quality control neasure, the ability of the frozen mlIt to fertilize
eggs was al so eval uat ed.

C Eggs and sperm were obtained from Lake Pend Oreill e kokanee .
nerka kennerlyi and brought fresh to both |aboratories. Eggs were
divided into Tots of 50 to 200 eggs and exposed to thawed nmilt of the anadronous
male from selected dates of cryopreservation. A positive control of fresh
kokanee m It was used with one lot of eggs at each site. The lots of eggs were
separately incubated to the eyed stage and the percent fertilization results
determ ned. The dates of mlt harvest are given in Appendix 1 and the
fertilization results are given in Appendices 2 and 5. MIt from three of the
six cryopreservation dates tested by Dr. Coud yielded fertilizations rates of
about 35% of the control level. This is the rate expected with other sal nonids.

There was no fertilization obtained from straws frozen on the renaining
three dates. Straws from three cryopreservation dates frozen by Dr. Thorgaard's
group failed to fertilize kokanee eggs. COyopreserved mlt of the residual nales
(terned "beach spawners"” in Appendix 5) fertilized kokanee eggs at about half the
rate as the fresh sperm control. These results will be used to select frozen
mlt for use in the broodstock programin future years and suggests that further
devel opnent is warranted for the cryopreservation of sockeye sperm

Appropriate duplicate tissue sanples for genetic identification and
pat hol ogy were renmoved when the nmale was sacrificed after no further mlt was
obtai ned. These were distributed to Dr. Waples (NMFS), Dr. Brannon (U), and the
Eagl e Fish Health Laboratory (IDFG for analysis.

There was an increase in the volume of mlt following the GRH inplant,
al though the mlt appeared to be nore watery. The fertilization results with the
cryopreserved sperm before and after the inplant was applied were too low to give
an accurate idea of whether there was a reduction in the quality of the sperm
foll owi ng the GaRH applicati on.

The carcass was delivered to a taxiderm st for nounting. The nount is used
in the "Nose To Nose" educational program for school -aged children conducted by
| DFG and resides on permanent display in the Mrrison-Knudsen Nature Center.
This location in Boise, |daho receives 200,000 visitors annually.
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Resi dual Sockeye In Redfish Lake

There was considerable circunstantial evidence that a third deme of Q
nerka existed in Redfish Lake.  The prinmary observation leading to this
conclusion was that the snolts continued to mgrate fromthe lake in the spring
nmont hs even though no anadronous adults returned to spawn. Thus Dr. R enan
(IDFG and Dr. BrannonT%U) Appendi x 3% sought to denonstrate the presence of
this form of sockeye. They observed small, non-anadronous Q nerka In spawiin
condition in the vicinity of Sockeye Beach of Redfish Lake during the norna
Cct ober - Novenber spawning tine for sockeye. Five of these fish were captured and
bl ood sanples taken for genetic analysis. Four of these were transported to
EaPIe Fi sh Hatchery. e was a spawned-out fenmale and the others were ripe
males. Thirty-six eggs were renoved by incision and fertilized with mlt from
two nal es. Tissues of these fish were taken for genetic and pathol ogi c anal ysis.
CGenetic determnations were nade by DNA (tBrannon_ 992) and  protein
el ectrophoresis (Waples 1992) and denonstrated that this population is very
closely related, if not identical, to the anadronous adult sockeye which have
returned to Redfish Lake in 1991 and 1992. The eggs were incubated at Eagle
Hat chery and gi ven the group designation of Redfish Lake residual sockeye, 1992.

The population of residual sockeye are treated as part of the
"Bvolutionarily Sgnificant Wnit" wunder the Endangered Species Act follow ng
recommendat i ons from NVFS i n Decenber 1992.

PERFCRVANCE CF GULTURED (GROPS

Redfi sh Lake Qutmgrants 1991

The Redfish Lake outmgrants retained for broodstock in 1991 started this
report period wth an inventory of 703 fish and ended with 597 for 85% survival
during the year and 79% since the start. Fi sh weight increased from 335 g to
1,035 g (Figure 5). Bacterial Kidney D sease (BKD) had been detected in group
4 in 1991 and caused considerable loss in this group during 1992-1993.
Erythronycin treatnents were applied to group 4 and showed efficacy (F gure 6).
The interval between treatments was shortened to a nonth, and there appeared to
be better reduction in nortality. This wll continue to be the practice until
spawni ng. The other groups have renained free of detectable BKD using ELI SA and
FAT diagnostic techniques. Strict quarantine practices are applied to these
groups and probably are the reason that BKD has not been detected in the other
gr oups.

Several significant events occurred during the reporting period in the
culture of the Redfish Lake outmgration 1991 groups. The first was that a high
reval ence of tunors has been detected. Tunors are generally rare in sal nonids,
ut at least six individuals of groups 1, 2, 3, and devel oped tunors. The nost
%eval ent was a thyona which appears as an enl ar?ement of the thynus on one side.

e growth attained the size of a golf ball in Tish of about 900 g body weight.
Thi s has cPrew ously been reported by Varr et al. 1984 in rainbow trout and was
classified as a IOP/rrphosarcorra. These occurred during the winter nonths in 5 of
the 608 fish held at Eagle. H stol ogi cal sections denmonstrated that the cell
'%pe was a |ynphocyte and the tunor was sent for confirmation to the Institute
For Tunmors O Lower Vertebrates. Attenpts to culture the cells of this tumor are
in process at several fish health research | aboratories.

A second type of tunor was collected fromthe isthnus of one fish during
the winter also. This was identified as a fibroma which has also been reporte
prrew ously in salnonids. These tissues were also subnmitted for wverification.

here has been sone specul ation that the susceptibility to tumors has a genetic
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base in salnmonids, and this may be evidence that this population has undergone
a single or a series of genetic bottlenecks previously. If that were true, there
al so should be a high incidence of tunors in the progeny of these broodstocks.

It may be difficult to examine this occurrence since the progeny will nostly be
at sea if these tunors develop at the fourth year of life as they did in
captivity. Some progeny are planned to remain in captivity, and these wll be

avail able to answer this question.

Space and water constraints due to delays in the conpletion of the
expansion of the facilities at Eagle force the nove of Redfish Lake outmgrants
1991 groups one and two to Sawtooth Fish Hatchery in April 1993. This was not
an appropriate time of the year for such a nove since the water tenperatures at
the two stations are so different (Eagle Fish Hatchery=12.8°C, Sawtooth Fish
Hat chery=4.5°C). This change in tenperature caused the fish to go off feed for
several weeks, and a Pseudononas sp. infection was exacerbated by the stress.
The | oss over the next two nonths anpbunted to 37% Once feeding was initiated
by the use of a highly palatable feed formulated by Bioproducts , Oxytetracycline
was used to counter the infection. Mrtality decreased as the fish adapted to
the rising well water tenperatures as the spring progressed.

Each nortality in the Redfish Lake outm grant 1991 group was sanpled for
genetics and pathol ogy. No BKD has been denonstrated in groups other than group
4, but bacteria causing Bacterial Coldwater Disease (BC), notile aeronpnad
septicenm a, and bacterial gill disease have been the primary cause of death.
Mortalities were also processed for gill raker counts, flesh tone due to the
carotinoid added to the diet, nunmber and distribution of dorsal spots, and
condition of the gonads. Mst of these data were collected to add power to the
differentiati on between the anadronous and resident fornms of O nerka. These nay
offer a nore rapid test than protein electrophoresis or DNA based tests. Most
data have not yet been analyzed, but there had been enlarging of the ovaries in
about 60% of the females, which died during the late winter and spring. Ova were
increased in dianmeter in the ovaries fromlarge females. This is of Interest as
a predictor of inpending sexual maturation in the fall of 1993.

Alturas Lake 1991 Qutnigrants

The outm grants which were captured in the spring of 1991 were cultured at
Eagle Fish Hatchery in 1992, then noved to Sawtooth Fish Hatchery due to space
and water constraints at Eagle Fish Hatchery. The starting inventory was 136 and
the ending inventory was 125. The overall survival has been 90% for the two
years of culture and a weight gain of 12 to 900 g for the period (Figures 7 and
8). The causes of nortality included junmping out of rearing tanks and notile
aerononad septicema. No BKD was detected in the nortalities, but two
prophylactic treatnents with Erythronycin were applied during the year. The
nortalities were exam ned and sanpled as described above for Redfish Lake
outmgrants 1991, and the increase in ovary size was noted for the females of
this group as well. Some of this group are expected to attain sexual nmaturity
in the fall of 1993. These fish should be predom nantly 5-year-olds at this tinme
since otolith aging denonstrated that they mgrated as 2-year-olds in 1991.

Redfi sh Lake Brood Year 1991

This group is the progeny of the single female and three males which
returned to Redfish Lake as adult sockeye in 1991. These were cultured as
separate subfamilies until they were PIT-tagged in June 1992. The subfamlies
were fromnmale A, B, and C, a group which was fertilized with pooled mlt from
all three nmales (ABC); and those eggs recovered from the gravel as volitiona
spawned eggs (natural). These fish averaged 1.0 g with an inventory of 937 at
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Eagl e Fish Hatchery in April 1991 and grew to 182 g by April 1993 with a |oss of
12 fish. They were PIT-tagged at 7 g and random zed into groups to prevent | oss
of an entire genetic subfamly in the event of a single tank disaster. The |oss
and growt h of thlsdgroup are shown in Figures 9 and 10. Survival for this group
since being on feed has been 97% This group is also represented by a simlar
?gglgsr of fish being reared by NS at the Mntl ake Laboratory in Seattle (H agg

The cause of death in the 12 nortalities was varied and included a few due
to BC notile aerononad septicema, bacterial gill disease, pin-heads, and junp
outs. All nortalities were examned for BKD and viruses with all negative
results. No tunors have been seen in these fish as well. The PIT-tagging

rocess and the resulting notile aerononad septicenmia was probably responsible
or one-third of the total |oss.

Redfi sh Lake Qutm grants 1992

~ Qutmagrants captured from Redfish Lake Qeek in 1992 averaged 8.7 g for the
79 fish, and by the end of April 1993, there were 69 renai ning averaging 252 Ig
(Figure 11). The causes of this loss included pin-heading, bacterial gil
di sease, and a junp out. No BKD has been detected in this group. Gowh has
been uniform except there was a slowng of growh in the first wnter. This may
have been due to a physiological effect since the well water tenperature at Eagle
Fi sh Hatchery only decreases slightly in response to |ower air tenperature.

Alturas Lake Qutm grants 1992

N nety-five outmgrants were taken into culture at Eagle Fish Hatcher
averaging 10 g in_May 1992. The final inventory in April 1993 was 88 fish whic
averaged 211 g. The cause of death included two pin-heads, two wth surface
Pseudononas | esions, two with gill cysts resenbling Loma, and one which died from
handing during a monthly inventory. The growth of these fish denmonstrated a
bi phasic growmth pattern wth a decrease in wnter nonths as was seen wth Redfish
Lake outm grants 1992 (Figure 12).

Redfi sh Lake Resi dual Sockeye 1992

Thirty-six fertilized eggs were obtained fromthe mating of the residual
sockeye captured from Sockeye Beach of Redfish Lake by Dr. annon (U). The
nunber of cunul ative tenperature unlts\}TLb to eyeing was 318, to hatch was 614,
and 932 to swmup and first feeding. Yolk absorption was fatal to one fish, but
all others have done well (Figure 13). The fecundity for the fermal e could not
be determ ned since she was nostly spawned-out when collected. These will be
cultured at Eagle Fish Hatchery foor use in the captive broodstock program

PRQJIECT LI Al SON ACTI VI TI ES

Techni cal Oversight Conmittee

The IDFG has had at |east one representative at all nonthly neetings of the
St anl eg Basi n Techni cal Oversight Committee. The notes of these neetings are
avai | abl e through the Bonneville Power Admnistration (BPA). The project has
been greatly enhanced through the interactions at the neetings, and nuch of the
progress to date has been the result of these interactions.
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Broodst ock Nutrition Consultation Team

A meeting was held in February 1993 on broodstock nutrition to provide
suggestions on nodifications to the captive broodstock program The minutes are
included as Appendix 4 to this report. Cenerally, the group favored the approach
of including a brood diet from a second nmanufacturer but that the progress to
date in the program has been satisfactory. This suggestion was inplenented by
including a sem -nmpoist brood diet nade by Rangen Inc. of Buhl, Idaho in the
feeding protocol. Oher directions given dealt wth handling frequency,
densities, and the experience of the fish culturists on broodstock nanagenent.
Most of these have al so been included in the rearing protocols.

Present ati ons

The subject of captive broodstocks for recovery of stocks with |ow nunbers
has been the subject of considerable interest in the Northwest. Presentations
were given to the Idaho and North Pacific International Chapters of the American
Fi sh Soci ety, Canadi an Aquacul ture Association, Project Status Review for BPA,
| daho Aquacul ture Associ ation, and several school groups.

Nat i onal Marine Fisheries Service Propagation Permit

The final propagation pernit for the captive broodstock program was
received in July 1992. The activities which relate to release of progeny from
the spawni ng of Redfish Lake outmigration 1991 were not covered in the first
permit. These activities were applied for as a nodification subrmitted to NWS
in April and the review is in process. The other nodifications included not
having to adhere to a set nunber of fish used for trapping efficiency
eval uations, use of residual sockeye in the captive broodstock, and eval uation
of the volitional spawning of outmgrants reared to maturity and rel eased back
into the |lake of origin. A report on the trapping activities for 1993 is due to
NMFS by the July follow ng the trappi ng season.

Br oodst ock Dat abase

A conputer programrer was hired to construct a database file which
interacts with the PIT tag reader to call up data on each fish held in the

captive broodstock. This will in turn allow for the generation of a bar code
| abel for each sample which will cone from the fish. This was considered
essential because 18 sanples will originate from each fish and be needed at

different times. The probability and consequences of an error required that a
nmechani cal | abeling system be used. This programis nearing conpletion and will
be field tested before spawning season this fall.

STAFFI NG

The sockeye program is being run with three permanent enployees, Dr. Keith
Johnson, Ryan Johnson, and Dr. Rob Dillinger. Three tenporary fisheries
techni ci ans have been used at Sawtooth Fish Hatchery and Eagle Fish Hatchery for
trap monitoring and fish culture duties.
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) This is the second year of this project and, as usual, many peopl e have
given their expertise to this program which has been greatly appreciated and has
contributed to the successes to date. Financial support has cone from the
Bonnevill e Power Admnistration through Dr. Jeffrey G'slason who has been very
cooperative in arrangi ng budgeting for the activities. Cooperation of the PlT-
tagging crew on the Snolt nitoring Project has been arrarc}qed t hrough Russ
Kiefer, and the expertise of his taggers, Steve Warren and Vincent Pero, has
resulted in very low nortality and excellent results in culturing feral sockeye
as captive broodstock. The crew at Sawtooth Fish Hatchery operated both the
smolt and adult weirs on Redfish Lake Oeek in a manner that is consistent with
the sensitive nature of the fish and without incident. The staff of the Eagle
Fish Health Laboratory has processed all the pathol ogy sanpl es generated in this
program Their help has allowed for tinely response to inpending health and
quality problens for the fish reared in this project. Wthout the assistance of
these and many others, the fish would not be doing as well as they are.

This upcomng year should see spawning of two groups of outmgrants and the
return of progeny to lakes in the Stanley Basin. The efforts of everyone
associated with this program has brought theSe groups of fish to this point. It
is nowtheir responsibility to do their part.
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Appendi x 1. Adult Redfish Lake nal e sockey maturation events.

Dat e Mat uration events

8/ 3/92 Etured nlale 605 mmfork length. Held in Sawtooth Fish Hatchery (SFH well water wth Redfish
ake grave

9/ 27/ 92 Checked for maturity. Coloring when lights on for 20 minutes. No nilt.

10/ 8/ 92 Snall drop of nmlt; not enough even for notility check.

10/13/92 First mlt harvest; snall vol une (11 2 m). First bag nostly urine; second bag was mlky. Mtili
estimated at 20% usmg activator. Sent mlt to Wishington Sate University (WU (notili

10/ 16/ 92

10/ 19/ 92

10/ 22/ 92
10/ 24/ 92

10/ 26/ 92

10/ 27/ 92

10/ 28/ 92

10/ 29/ 92

estimated at VWU = 30%.

3-4 m of mlt harvested, m)tlllty estinmated at 5%using activator and wel |l water.
(motility estimated at WBU = 859%.

3-4m mlt harvested, notility estlnat%d at 10%using activator. Sent to VWU (notility estinated

at VBU (notility estinated at WeU = 309

4-5 m of good mlt harvested. Mitility estimated at 75%

Sent to WAU

Hornone i nduction. Placed inplant (GWRHO fromPenny Saanson, at 2 p.m (Mde 1/4in x 1/4 in

incision and inserted pellet). Fi sh recovered and was swimmng after 20 m nutes.

MIt harvest - 5 m urine and sperm 10 mbt sperm Mtility was at | east 85%and vol une i ncreased

about 3-fol d.

SFH crewdid mlt harvest. Vol unme approximately 15 mb with notility of 85%

MIt harvest - volune 12 m with notility of 50%

Fish losing equilibriumsonetines. MIt harvest vol ume approximately 8 m with notility of 60%

Killed fish, took bll1d and sent to Brannon (U), and renoved tested and sent to
(WBY . Genetics and pathol ogy sanpl es taken; scales and otoliths retained. Total
mlt harvested for cryopreservation.

Paul Weel er

of about 63 ni.

y
ty




Appendi x 2. Fertility of 1992 cryopreserved sperm Joe O oud, University
of Idaho, by tel ephone.

Expressed as % of esgs hat ched (nunber of eggs) by cryo date.

control kok/kok 51.9 (77)
45.5 (44)
crvo date 10/ 16 3.9 (78)
0.0 (87)
10/ 22 17.5 (63)
10/ 24 28.2 (54)
10/ 25 0.0 (59)
10/ 27 16. 3 (49)a
10/ 28 0.0 (101)a

#milt harvested after gonadotropin release hormone induction.
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Appendi x 3. Observations concerning the existence of a beach spawning, non-
anadromous derme of O nerka in Redfish Lake.

State of |daho
Department of Fish and Gane
Eagl e Fi sh Hatchery
Eagl e, 1daho

MEMORANDUM November 17, 1992
TO Staff file

FROM Keith A. Johnson, |DFG Eagle Hatchery, 208-939-4114

CC: Steve Huffaker, Bill Hutchinson, Virgil Moore, Dexter Pitman, Jim Lukens,

| DFG Jeff G slason, BPA; Ernie Brannon, U ; Bruce Ri eman, USFS

SUBJECT: Redfi sh Lake Resident Sockeye, 1992

I nt roduction

The existence of a beach spawning, non-anadronous denme of O nerka in Redfish Lake (RFL) was
postul ated from the number of outmigrant smolts trapped in RFL creek during 1991 and 1992
because the snolt production potential of anadronous adult sockeye should not have produced
the nunber and that the outmigrants differed electrophoretically from the Fishhook Creek
kokanee popul ation. This pronpted investigation on the existence of this group

Observati ons

Dr. Bruce Rieman, USFS, snorkeled sockeye beach on the nights of October 16 and 20 and
observed five Q nerka on October 16 and two on October 20 which resenbl ed kokanee in size
(8-10") but were dusky green in color. Sone of these fish were paired for spawning. No
col l ecti ons were made.

Dr. Ernie Brannon, U, toured sockeye beach on October 22 with a boat with lights. | was
present on this trip. Two O nerka of 8-10" were observed but not captured. He again
observed the sockeye beach area on October 27 and saw four and captured one femal e which had
partially spawned. A blood and adipose fin sanple was obtained and the fish released the
following norning. | consulted Steve Huffaker and NMFS on how to proceed. W decided if
further fish could be collected and eggs obtained, they would be fertilized with spermfrom
the single anadromous RFL nal e Sockeye and/or other resident sockeye from sockeye beach,
RFL.

Dr. Brannon, Keya Collins, and | went back on the night of October 28. Two "resident
sockeye"” were observed from the boat but were not caught in two blind sets with the beach
sei ne.

The anadrompbus RFL nal e sockeye was near death after eight mlt harvests and sacrificed on
Cct ober 29.

Dr. Brannon seined sockeye beach on the night of November 4. Four resident sockeye were
captured and one of these was a spawned-out fenale. Four others were observed but were not
captured. Blood and adipose fin sanples were obtained from the four for DNA tests. They
were transported to Eagle Hatchery on Novenber 5 in RFL water by the crew at Sawmooth Fish
Hat chery.

MIt was obtained from the three nales and the fish cold branded as follows: one dot=D
two dots=E, three dots=F. This is used to identify the origin of the mlt and subsequent
sanples.. Mtility tests yielded: D=0% E=80% F=50% Thirty six eggs were obtained by
expression and incision of the female. There were fertilized with pooled mlIt from E and
F diluted with WBU s activator solution for two mnutes, decanted, and water hardened wth
100 ppm Il odine (1:100 Argentyne, diluted with Eagle Hatchery water).
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The femal e carcass was then processed for sanples as foll ows:

1. Meri stics: body proportions: Fork Iength 214mm Skin color: dusky green
Total length = 233mm Fl esh color: 0, very pale pink
Head | ength = 48mm Spot pattern: documented by
phot ogr aph
Eye wi dth: Hori z. 12.2mm vert. = 10.8mm
gill raker counts: L = 32 R =29

2. Pat hol ogy sanples: Viro - KSPC + Br and OF with mlIt E, F and activator BKD -
FAT and ELI SA WD - brain case

3. Genetic sanpl es
Bl ood: 3 vials in SSC, sent to WU/ U
Henri:/liver/muscl e/ eye: duplicated and held -80c for NMFS and Ul .

4, Agi ng and origin
Qoliths and 10 scal es renoved for mcrochenistry and agi ng.

The milt which remained after fertilization portion renoved was oxygenated and sent to WSU Ul
for cryopreservati on.

Male D: 2 bags: urine and mlt, mlt

Mal e E: 2 bags: urine and mlt, milt

Male F: one bag: mlt with sone bl ood contam nating

M LT SCHEDULE
Nov. 5: Listed above.

Nov. 9: male D; small vol ume, poor quality.
mal e E; poor volunme and quality, tail erosion*
male F; fair volume and quality*
* cold brand misread; lables on mlt were reversed, nodify lables on milt in
st or age.

Nov. 12: male D; nearly all urine
mal e E; volunme and quality fair
male F; nearly all urine

Al three males term nated on 11/12/92 and tissues sanpled with the same protocol as
the femal e previously. Sanples sent 11/12/92 to NMFS and Ul

MERI STI CS ON MALES

Body Proportions: MALE
D E F
Fork I engt h(nmm 209 219 220
Total | ength(mm 227 238 219
Head | engt h(mm 49 52 51
Eye dem nsions(m 13x11 14x11 13x11
Col orati on:
Ski n dusky green dusky gol d/ green dusky gol d/ green
Fl esh pearl white pearl white pearl white
Spot pattern: Dorsal- entire dorsal upper 1/3 | ess nunmerous as D
Tail- entire tail not prominant all of tai
G|l Raker: left,right 32,30 32,33 33,32

ADDI TI ONAL SOCKEYE BEACH OBSERVATI ONS:

Nov 11: Steve Wngert (SFH) did not observe any fish on sockeye beach, but did see a flock of
nergansers in the area

Nov. 14: K. Johnson at dawn also failed to observe schools or carcasses at sockeye beach
but a single bald eagle was feeding on a nerganser carcass on the beach.

KAJ: r



Appendi x 4. ldaho Fish and Ganme sockeye broodst ock
nutrition workshop neeting notes.

| daho Fi sh and Gane
Sockeye Broodstock Nutrition Wrkshop
February 5, 1993
Meeti ng Not es

| daho Fi sh & Ganme Headquarters
Boi se, |daho
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Sockeye Broodstock Nutrition Workshop
Boi se, |Idaho February 5, 1993 Meeti ng
Not es

Kei th Johnson thanked everyone for conming. After a round of

i ntroductions he began with sonme background on the Red Fish Lake
broodst ock. Basically, he said, we're at a phase in this program
where we want to be sure we're going in the right direction as
far as the feed we are using, although everything seens to be
working fine with our Biodiet feed. W knowwe only have one shot
at this and there are a | ot of people watching how this is going,
as well as a lot of critics of the program

When | get feeling uneasy about things, Johnson said, | usually
try to rely on other people's experience and expertise. That's
why you're here today. 1'd like us to have an open di scussion
about your experiences, as well as whatever research data you can
provide to support or refute what we're doing. I want you to give
us sonme direction as far as where we should go froma nutritional
and feeding rate standpoint on these captive broodstock sockeye.

Mow, there aren't that many people that have tried captive brood
sockeye, Johnson said, but there are several exanples in the
literature that have been successful. |'ve read over nost of
those papers, and it doesn't seemto be a major problem WMaybe
I"moverly worried about things that m ght go wong with our
program because there are a | ot of people |ooking over our

shoul ders. So if you see sonething that you think we're nmaking a
m st ake on, please let us know That's why we're here today. If
you have sone suggestions as far as how we may be able to inprove

the product -- the eggs and spermthat cone out of these fish,
and will go into recovery program-- please |let us know.
To begin, I'd like to give you a qui ck rundown on where we are in

the program he continued. Johnson di scussed the topography of
the Stanley Basin, where Redfish Lake is |ocated. From a habitat
standpoi nt, he said, there has been a small anount of

devel opnent, but essentially the habitat has remained in pretty
pristine condition. Hi storically, there were sockeye runs in the
20,000 range. There are al so kokanee that spawn in Fi shhook Creek
at the north end of the | ake.

| DFG SOCKEYE BROODSTOCK
NUTRITION WORKSHOP -- FEB. 5 '93
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The |l ake is a very unproductive system Johnson explained. It is
very ligotrophic for a sockeye system-- actually, | would say
ultra-ligotrophic. There is sonme work being done now, sponsored
by BPA, examning the feasibility of fertilizing of the lake in
anticipation of this sockeye recovery.

During the 50's, he said, we had counts that were in the 3,000 to
4,000 range. Over the course of the 1960s through the 1980s,

t here has been a steady decline, to the point now where in the

| ast half a decade we could easily consune all the sockeye that
had returned to that lake in a lunch. In 1991 we had four fish
back, one fermale and three nmales; |last year we had a single nmale
come back. We called him"Lonely Larry."

The historic range of sockeye in the Stanle& Basi n area incl uded
at |east five | akes, said Johnson: Stanl ey, Redfish, Yellowbelly,
Petit and Al turas Lakes. Sunbeam Dam was I n operation from about
1910 to 1924; there is sone di sagreenent about whether or not
that was a conplete barrier. Probably not, because there were
observations of sockeye in Redfish Lake during those years. The
dam was d{nan1ted in the early 1930s. Cenetically, it's a classic
bottl eneck population, and it's likely the existing population
reflects the effects of that bottl eneck.

Qur goal in the program of course, is to bring naturally-spawned
adul ts back to Redfish Lake, and any other |akes in the Stanley
Basin that can still accomobdate sockeye, said Johnson. Qur
departnment's goal is to have 6,000 naturally-produced adults
com ng back to the Stanley Basin. So essentially, our hatchery
programis a kick-start attenpt. It's also an attenpt to maintain
t hat sockeye genotype while inprovenents can be made in
downst r eam passage.

Johnson descri bed I DFG s trappi ng operation over the |ast few
years. W use an incline screen trap or incline bar trap, he
said; our trapping efficiency |ast year was about 16 percent. In
1991, we trapped 861 fish here, likely the offspring of
denonstrat ed sockeye in Redfish Lake in 1989. They canme out as 1
pl us, averagi ng about 9-10 grams, and there isn't very nany of

t hem

Hal f the fish trapped in a day are PIT-tagged and rel eased
downstream he said, in an attenpt to nonitor successfu
mgration into and through the hydro system The other half of
the capture snolts are transported and included in our captive
broodst ock program and are Pl T-tagged at that tine. That way, we
can identify day of capture and size of mgration in our captive
broodstock. Al our fish have been PIT-tagged to date.

The captured fish are brought to Eagle Hatchery, Johnson

| DFG SOCKEYE BROODSTOCK
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conti nued; nost of you saw it today. It's an old facility; as in
nost hatchery operations, I wi sh we had nore space and nore
water. The thing I |ike about the layout, though, is its
flexibility -- we can m x and match, because nothing is attached
to the ground.

Since there wasn't a |lot of preparation time for this project, I
went through a major panic on howto convert wild fish onto a
commercial diet, he said. 1'd like to thank the people in this
room who helped ne wwth this. After taking their suggestions, |
was able to formulate ny own conversion diet. The main conponents
are krill, bloodworns and Biodiet; it also included -- although
["mnot really sure why -- anchovy paste and prem um cat food. It
snells terrible to ne, but |I have to admt that, of the 1,000
wild fish that we brought into this program only three failed to
convert on that diet. W feed that diet for about 10 days to two
weeks, and | have to admt that, froma pathol ogi st s standpoi nt,
| see the anmobunt of solubles in there and it nmakes ne want to get
them of f that as fast as possible.

After the fish are actively feeding, said Johnson,we elimnate

the cat food and anchovy paste and go to just krill, bl oodworns
and Biodiet for a relatively short period of tine -- about
anot her five to seven days. After that, those fish will take

Biodiet pellets as a first offering, and by that tine we're hone
free.

| don't like using krill, he continued. In "91 we started seeing
a lot of intestinal parasites -- tapeworns. It didn't seemto
kill anything, but there was sone henorrhaging in the gut. W're
not positive it cane fromthe frozen krill. But |I don't |ike
feedi ng non-pasteurized things. Still, it worked. That's what we
start with and usually within three weeks we're on the Bi odiet.

We start off in May of the trapping year at around six to ten
grans, Johnson said. Then they take off in pretty nuch a nornal
gromh rate. | thought getting these wild fish to eat was goi ng
to be the major hurtle in this program but that seened to be a
real piece of cake.

Now, we do feed carotenoid, he continued. Last April we started

using Biodiet's brood diet with canthaxanthin at 30 mlligrans
per kil ogram and then natural carotenoid -- the astaxanthin
conplex -- at five mlligrans per kilogram The fish are starting

to get reddi sh now.

So that tells you a little about the outm grant conmponent of the
program Johnson said. The second genetic conponent of the
programis the wild fish that return. These fish were held at the
Sawt oot h Hat chery, where we have good hol di ng conditions and
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wat er tenperatures (50 degrees or 10 c.). W' ve had excell ent
hol di ng of those fish up there. A lot of people have had high
| evel s of pre-spawning | oss in sockeye; we haven't seen that. The
fish are trapped around the 10th to the 20th of August with a

spawni ng date at two nonths later at |east -- about the 20th of
Cctober. So we have roughly a two to two and one-half nonth
hol di ng period. They're held inside, with anbient light -- it's
dark, but it's still an anbient photoperi od.

They seemto spawn right on with the normal wild sockeye spawn
timng in Redfish Lake, he continued. In 1991, we had one fenale
and she had 2, 100 eggs. They were incubated as sub-famlies. Each
mal e was used, spermwas checked for notility prior to
fertilization, and then we did individual sub-famly incubation.
The incubation to eye was done at Sawtooth and then those eggs
were split up -- half went to Eagle, and half went to Nationa
Mari ne Fishery Service at Montl ake.

So fecundity for a 1.1-kilo female was 2,177 eggs, Johnson said.
The eggs were incubated separately and were reared at Eagle until
they were 7 grans as separate sub-groups and then they were PIT-
t agged, pool ed together and then redivided into the 6 lots. The
fertilization rate was around 90 percent; right now we're
running at 91 to 92 percent survival to the current size at 104
grans. In short, we've had very good success with the programto
dat e.

The third genetic type we can deal with in the program are what
"1l call residuals, Johnson said. There are the fish that were
captured this year on Sockeye Beach in | ate Cctober, early
Novenber. | call these residuals for several reasons. First,
genetically they are alnost identical to the outmgrants, and to
the five adults for which we had genetic typing done. That
genetic typing is a DNA fingerprinting being done at the
University of |daho and Washi ngton State.

Johnson showed a series of slides, conparing the presuned
residual s to other stocks of kokanee indi genous to the area.
Genetically they're different, phenotypically they' re different,
he said. We're not sure at this point if it can be used in a
recovery program

So that's a brief review of where we are in the program he said.

| guess I'mlooking at this and asking nyself, genetically is it
too late to try to recover a stock that has gone this far down in
nunmbers. | don't know the answer to that and | know a | ot of

geneticists that wll battle that issue back and forth. From ny
standpoint, it would be nice to have nore fish to work with. Does
anyone have any questions or conments?
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| had to research this a bit, said Jerry Bouck, and if you go
back through the histories that we can dig up, there are a couple
of inmportant things to consider. One is the observation of
Everman in the late 1880's, which | think has a very inportant
bearing on this situation. Now, at that tine, there were no dans
on the river, and there was a good run of sockeye comng in
there. And there are records of people really hitting on those
fish and hauling | oads of fish down to the mners to sell them
So there was heavy fishing pressure on those fish in the late
1880's. By the 1890's, when Everman visited Redfish Lake and sone
of the others, he observed only 14 adults that returning. Another
year they didn't see any. And that collapse | ong before Sunbeam
Damwas built in 1911. After that, there is a big debate about
whet her any fish passage really occurred until 1924. So there was
a period again where there should have been total reproductive
failure.

So how could there still be sockeye in Redfish Lake? asked Bouck
The National Marine Fisheries Services status report came up with
six hypothesis. | rejected all six hypotheses for a variety of
reasons, and suggest a seventh: the residual sockeye. Residua
sockeye have been reported in the literature, primarily by R cker
and his associates as well as Ted Bjornn.

The other thing is, how do you account for the nunber of juvenile
fish com ng out of there? Bouck asked. Now we have enough genetic
data to indicate that sonme nmay be kokanee, but nbst of them seem
to be electrophoretically simlar to the residual sockeye. Wen
you | ook at the nunber of fish |eaving the | ake, conpared to the
nunber of anadronous fish that have returned to the |ake in the
{ﬁst few years, you're getting too many snolts com ng out of
ere.

So sonmething is contributing to this, and it looks to ne like it
must be residual sockeye, Bouck said. Wat that nmeans, though,
don't know. Since they don't produce that many eggs, | would
suggest, Keith, that 1f you're getting nornal rates of
recruitment fromtheir eggs, then you ve got to have a nuch

| arger population in that |ake. | would sngest t hat %ou very
l'i kely have a higher popul ation of residual sockeye there then
you mght think at first.

So | really conmend you for |ooking for them Bouck said. |
predicted that if you | ooked for themyou would find them
Anot her piece of evidence is the fact that spawn timng is
I nheritable with the kokanee spawning at a different tine,
different place, and different water tenperature than the sockeye
whi ch spawns nuch later and at a different tine, place and

t enper at ur e.
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So does that argue that they may be in Al turas, Stanley, and

Yel | owbel |y Lake? asked Ron Hardy. Well, Alturas is still putting
out outm grants -- we know that, said Johnson. Quite a few
outmgrants, in sone years. Alturas is isolated, because
downstream from Al turas Lake is 100 percent de-watered during the
adult return period. It has good water flow going out during the
snolt outmgration, but adults would have to wal k on rocks for
half a mle. That situation is in the process of being corrected.
The water did flow during adult season this year. W trap down
bel ow, so if any adults got up we woul d know.

So we do know that Alturas is still putting out outm grants,
Johnson conti nued. W& don't know about the other |akes. W
haven't | ooked at Petit Lake, and Yell owbelly was recently

poi soned with a re-introduction of cutthroat. W didn't see any
kokanee during that poisoning. Stanley Lake has had a barrier on
it since the 1960's, so that would have isolated that popul ation.
It does have a kokanee population; it's been planted over the
years with a nunber of stocks from outside the basin.

| guess what I'mgetting at, said Bouck, is that we' ve got
sonething different than we've ever worked with before. W really
don't know much about residual sockeye and where they cone from
At the end of the glacial period that |ake was probably covered
by several hundred feet of ice, so the population that's up there
is probably fairly recently derived. | don't think the origina
stock is there; | think they nmust be residual sockeye, and that
for this reason they should not be put protected under the
Endanger ed Speci es Act.

(The residual s) need protection, don't m sunderstand ne, Bouck
continued. But as long as they are safely ensconced in that |ake,
| don't think they necessarily qualify for protection under the
ESA. If you don't have protection under the Act, you have a great
deal nore flexibility in ternms of what you can do with those
fish. I have been told repeatedly that animal s that spend their
time in fresh water are not covered by the National Marine

Fi sheries Service. They are not covered by the Section 10 Permt.
So you could have both biologically and adm nistratively an
entirely different situation.

Now, that said, 1'd like to add that | think that the run can be
brought back, Bouck said. | don't nmean to inply anything dire.
But we're dealing here with sonmething nostly unknown.

Next, Johnson spent a few mnutes on growh rates and nortalit
1991 was the year they were captured. What |'mtrying to do w
the growth rate, he said, is to mmc nature, as far as how tho
fish would growin the wld, by adjustlngmfercent bodymelght f
per day. What | was |ooking for was a gromh rate that would b

{h
se
ed
e
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relatively rapid in the sumrer and early fall, plateau off unti
March or so, start up again and grow well until through Cctober,
and then plateau again. | want to repeat this until the fish
Spawn.

Qut m grants from Red’i sh Lake are 1+, he said. So at outm gration
they are 16 nonths fromfertilization. In the wild, the stock
typically spawns as fours or fives. However, ny experience with
things in captivity is they spawn a year earlier than you would
normal ly get in the wild, because of good nutrition. What we try
to do is adjust percent body weight to try to give us a sonmewhat
stepped grow h rate over a three-year period.

So ny goal is to produce a fish that's about 1,200 to 1,400 grans
as a 4 year old, Johmnson continued. Now, that's not a nonster
sockeye, but Redfish Lake stock isn't a particularly |arge stock.
The adults that are com ng back currently are between 1.1 and 1.6
kilos, and | wanted to aimfor that.

If we continue this growh rate, say through June 15th, | would
expect that we wll hit our target of about 1.2 kilos, he said.
That's a nean wei ght; we probably have sone fish in there that
are that size already. They seemto be growing fairly uniformy,
conpared to sone of the observations done on sockeye growth in
New Zeal and. So | don't feel we're doing really badly.

There's another side to what we're trying to do growh rate-w se,
Johnson continued. Qur goal is to get high survival, as opposed
to large fish. W are feeding, in round nunbers, about 70 percent
of the recommended growth chart. The reason for that is to try to
keep down the amount of uneaten feed and fecal material. To ne,
the culture environnment is paranount. | think that our
nortalities have reflected that.

So from May of '91 through January '93 we're | ooking at 90
percent survival in all but one of our groups, he said. Goups 1
through 5 were fornmed sinply by the date or the week they were
transported down to our hatchery. That is all the difference
there is. W did have a bacterial gill disease outbreak, caused
by screens that were too snmall. There has al so been sone bl eedi ng
| oss; we bled 20 fish to get blood sanples for the Nationa

Mari ne Fisheries |ab and University of Idaho for the DNA work.
And | killed 11 out of 20. | amnot real proud of that; I've
bleed a ot of fish in the past wthout killing them but these
things bled a ot better than |I've seen before. So with groups
1,2,3 and 5 we've done pretty well. W have practiced

eryt hronyci n feedi ngs spaced roughly six nonths apart in al
popul ati ons.

Goup 4 is a different story, Johmnson conti nued. W have serious
bacterial kidney di sease problens in group 4. Qur overall |oss as
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of February 1 is 50 percent. W saw the first BKD positive in
Cctober, 1991. The first BKD-caused nortality occurred 40 weeks
after they were taken into captivity. Wat | |earned was, don't
rai se sockeye in the presence of BKD. Once it's established in
the popul ation, you can try as hard as you want by feeding or

I njecting antibiotics but you can't stop it.

| kept these fish because | wanted to find out if you could
control BKD in a captive broodstock, Johnson said. And the answer
woul d seemto be no. One problemwith wild fish is that they are
not as bacteriologically clean as nany anti-hatchery people would
like to think. This popul ation, for exanple, carries a |ow | evel
of BKD. It | ooks like one fish out of 759 that we brought into
Eagl e had t he di sease.

| also wanted to | ook at how frequently you need to feed
erythronycin to control the disease, he continued. At this point,
It looks |ike every other nonth for 28 days. That's a | ot of
erythronycin. My final conclusion fromthis is, if the fish
aren't critical, the best thing you can do is get themoff your
station as soon as possible.

So we're going to have to deal with segregation throughout this
whol e programif we spawn these fish, Johnson said. W started
out with 196 fish in Goup 4, and right now we're at just bel ow
100.

Coul d you inject those fish just prior to spawni ng, and save the
eggs? asked Bill Townsend. That's our intention, Johnson repli ed.
I would still treat those progeny as positive for the first year
of culture, before | would feel good about pooling themwth
anyt hi ng el se.

Johnson tal ked for a few m nutes about his Alturas Lake fish. W
trapped themoriginally because we felt we needed to have a
control group, fish that we could dissect or sacrifice, or use to
test a treatnent we weren't confortable using on the sockeye.
Now, the National Marine Fisheries Service recovery plan isn't
out yet, but the prelimnary draft places a fair anmount of
enphasis on trying to utilize the Alturas Lake stock. If that
does becone fact, then we do have 128 fish. They are at Sawt ooth
Fi sh Hatchery and are about 636 granms. They're two-year-old
outmgrants, so they're actually a year older than the Redfish
outm grants. Yet |ast year, at about 500 granms, we did not see
any maturity in those fish. | thought | had seen sone information
from Dave Groves that he got spawning at two years ol d.

Actually, said Groves, these were sockeye that were 10 grans as
zeros. At two years old, they were males. They all were spawned
at the end of the third year -- both nale and fermale. W didn't
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Zee any precocity as three-year-olds, Johnson said. Wll, | ooking
at those fish today, they look to ne like fish that in our

experience woul d spawn next fall, G oves said.
Wl l, said Johnson, this is what we're anticipating. Wiat | don't
know is what percent wll spawn. |'m hoping they don't all spawn;

from a functional standpoint we need to have incubators and space
to rear the progeny of all of those fish.

But that's another question | have for the group, he continued.
If we drop back so that we're on a very low growh rate, could we
take half that population and put it at a different growth rate
and expect to have spawning a year |ater? The National Marine

Fi sheries Service is looking at things like that in its Wnatchee
sockeye captive broodstock program but those fish are behind us
by a year in size.

W have the two groups of outmgrants that were captured this
year, Johnson said. They're at Eagle; we refer to them as

the outmgrant '92s from Redfi sh Lake and Al turas Lake. These
were running 143 grans as of January 1. It's a pretty uniform
gromh rate; we've tapered them now back to | ess than 2 percent
body weight to try to noderate that growh. At the nonent, the
growh rate is pretty predictable.

Is that consistent with what we saw in the '91 outm grants? asked
Bill Hutchinson. It's alittle slower, said Johnson. The '91
out mi grants January 1st were about 240 granms; the '92 are running
about 140. That's intentional -- we're trying not to feed them as
rapidly, to stretch that out for an extra year. | would add that
the nortality for that group has been m nimal.

There were a relatively small nunber of outm grants captured from
Alturas in '92, Johnson continued -- about 193. G owh rate has
been very simlar; they're alittle smaller. I don't know why;
they seemto start out a little bit |Iess but they growin
paral l el .

Then we have our brood year '91 fish, he said. These are the
progeny of that single female and the three nales. Their growth
rate is quite simlar to what we were seeing with the other
groups; again, we've started to taper these off in the winter
time. They were 104 granms as of February 1. Mrtality has been
quite low Cumulative nortality is |less than two percent during
the first eight to nine nonths of culture. There is no rea
pattern to it, except that these fish were PIT-tagged, which is
the intrusion of sonething about the size of a baseball bat into
the body cavity if we were the fish. There was about 0.6 percent
nortality as a result of that. W did have one other fish die,
and we did have a junp out recently. Altogether, at our facility,
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we have 924 of these fish.

I wouldn't say we have done an exhaustive literature search in
relation to sockeye culture, Johnson said. Mst sockeye

br oodat ocks are raised to snolt size, released to the ocean, and
brought back. | think our challenge here, at least froma
nutritional standpoint, is that we're providing all the
nutritional opportunities the fish are going to have.

| guess that's ny concern, and where | want to throw it open to
comment fromthe group. Are we doing the right thing? Should we
be addi ng natural foods to our progran? he continued. From ny
standpoint, | see a risk in using unpasteurized product. But
woul d the benefits outweigh the risk? I'd like to hear fromthe
peopl e here about what we can do fromthe growh rate standpoint.
When we have sone fish that we can separate out, should we put
themon a lower nutritional profile to spread out spawni ng by a
year? |If so, what woul d you suggest we do as far as a feeding
regi mnen? He asked Groves to begin.

VWhat do the tenperature profiles of Redfish Lake | ook |ike?
asked Groves. Is that considerably col der than the hol di ng tanks
at the hatchery? Redfish Lake itself will warmup in the sumer
to a surface tenperature of about 17 degrees C., Johnson repli ed.
The thernocline typically is about 20 neters, dropping to around
4 degrees C. in the deepest |ayers.

The distribution pattern of sockeye in that |ake are simlar to
what you woul d see el sewhere, he continued. In the winter, you
woul d expect the |ake to ice over in early Decenber; average ice-
out is the 10th or so of May. Qutm gration typically occurs in
|ate April toward the end of May. Fromthat standpoint, it is not
an unusual | ake, except that it is very unproductive. The adults
conme into that |ake at about its maxi mum tenperature, when the
surface tenperature is about 17 degrees C.

Wl |, they experience considerably higher tenperatures on their
way there than they do once they get there, said Houck. Wen the
adults go into the | ake they Probably adj ust to the | ower
tenperature, said Goves. Wll, | can't say for Redfish, Johnson
said, but | know for every other sockeye population |I've ever
seen that they hang right below the thernocline, stay in that
strata for weeks, and then start to ball up in front of the
creeks. | know in southeast Al aska, we used to see | ake surface
wat er tenperatures of 15 to 17 degrees C. and then when the creek
tenperature dropped, they'd go blowng up the creek, and they'd
spawn in the next couple of days. It seened |ike that drop in
creek tenperature -- down to 10 or 11 degrees C. -- was a nmjor
trigger for sockeye secondary mgration.
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G oves then gave a short overview of his own Chi nook broodstock
program which led gradually into a discussion of the

rel ationship between nutrition and reproductive success. |In 1936,
G oves said, we refornul ated our broodstock ration. The principa
thing we did was to add half a part per mllion of seleniumto a
ration that tested out to approximately one and a half to two
parts per mllion of seleniumalready -- probably that was in
bound form We increased the ascorbic acid |level, as well as the
vitamn E level. W cut the iron level fromnearly 700 ng per
kilo down to 250 ng. And that year, our egg survival and
fertility rates junped up to about 80 percent from green eggs to
hat ch.

From that point on, said Goves, we continued to fornmulate our
own ration for about another year. Then we began to use
commercial rations which were nore increasingly available in
Canada and the J.S. W began to notice that there wasn't a | ot of
difference fromthat point on in the kind of broodstock
producti on we had on the comercial rations, conpared to what we
got on our own fornulated rations. In latter years we've used
entirely conmmercial rations, and not usually commercia
broodstock rations. There's been a progression in the quality of
the commercial grower rations available in the salnon culture

i ndustry.

One thing we have noticed, however, he continued, is that the
first chinook we spawned | ooked entirely different phenotypically
conpare to wild fish. They were short, fat, chubby. As our
rations inproved, three-year-old fish would be typically about 15
pounds, a nice long, |ean shape. One of the other opportunities
we had, as a result of selling snolts to the sal non farm ng
industry at large, is that we sold fish to people who fed them
under a nunber of different degrees of intensity and care, G oves
said. In 1987, we brought back sone brood fish fromthat first
1984 egg lot, of which we had kept sonme ourselves. |nstead of
bei ng 15 pounds as three-year-olds, they were 30 pounds. W were
very excited about these fish -- they were the nost nmagnificent-

| ooki ng chinook |I'd ever seen coning out of culture. But they
weren't very good for broodstock. The eggs | ooked beautiful, but
they had soft shells, and they had horrible results through the

i ncubati on phase. The ones we were growi hg as market fish, about
hal f that size, had nmuch better survival

So broodstock nutrition for salnon is very simlar to broodstock
nutrition in cattle, or sheep, or other animals, Goves
continued. The conditions under which you raise themfor maxi num
growth rate, where you're really pushing them.. those aren't the
fish you want to produce your eggs. You need to keep anot her sub-
group that you don't push, that you grow to a good size but not
an excessive one.
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In ternms of nutrition, our observations have been fairly general,
G oves said. W started thinking about seleniumin 1985, partly
because we had a herd of beef cattle that were also in a

sel enium deficient area. They began to have typical selenium
deficiency problens -- early enbryonic nortalities and early

cal ving. Those stopped when we gave them sel eni uminjections.

Wth the chinook, fertilization | ooked to be OK but again, we
were .experiencing a lot of early enbryonic nortality, he

conti nued. There were sone differences in fatty acids, but the

bi ggest difference between the eggs was in their seleniumlevels.
The only other difference was that the donestic fish had higher

| evel s of fat in their eggs, and higher |evels of saturated fat
within the egg fat. W never had any definite proof that it was a
lipid problem but by feeding the donestic fish the way we were
feeding themat that tinme, we were probably |oading the system

wi th higher saturated fats.

Those early fish nust have been deficient in sonething -- they
woul d feed voraciously right up to spawning, so they nust have
been trying to conpensate for sonething, Goves said. W haven't
had that problemw th subsequent generations -- the appetite of
the hatchery fish now seens to taper off naturally, about the
sane tinme you' d expect to see it taper off in wld fish.

Just a few words about our sockeye, Groves continued. At a very
early stage in B.C. salnon culture, we thought about sockeye,

because they seened to do so well in fresh water. Early attenpts
to rear sockeye in saltwater net-pens were a dismal failure, but
that was before we had any Vibrio vaccines -- they would die of

everything that cane by. It was for that reason that the industry
began to work with coho, and then chinook. Around 1989, the
Federal Departnment of Fisheries tried to rekindle interest in the
sockeye in the salnon-farmng industry, starting with eggs from
wild fish. And once again, those fish behaved extrenely well in
fresh water -- they |looked like Keith's fish. They did very well
at very high densities. Once again, though, we put themto sea as
age-zero snolts, about 10 granms. They grew fine for a coupl e of
nont hs, then began to taper off. BKD was a real problem-- they
had two or three times the nortality of chinook reared under the
sanme conditions. By the end of the second year, alnost all of

t hem had di ed.

The other thing that was di sappoi nting was the pignentation,

Groves continued. One of the points o relntrodUC|n% sockeye to
the sal non-culture industry was that, even though they woul dn't
reach the size of the chinook, they would be a very sal eabl e

commodity at two or three pounds because they were so bright red.
But none of our efforts to plgnEnt t hem had ‘nmuch success -- the
best we seened to be able to do was white or pink, never really
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red. W fed them dose of astaxanthin and cant haxant hin that
woul d have turned chi nook or coho red several tines over. For
what ever reason, they just didn't absorb the pignent -- perhaps
their normal diets are so high in carotenoids that they're
extrenely inefficient at absorbing them

In terns of spawning, he continued, |'d be wary of trying to hold
the sockeye back an extra year by feeding thema little less. In
our experience with broodstock, we don't |like to overfeed them
but if they're hungry, we give them maybe 80 percent of

satiation. W don't push the feed on them but underfeeding them
will give you | ower fecundities and hi gher di sease problens. 75-
80 percent of maxi num woul d be a nmuch safer bet.

One other thing, said Groves: if you happen to have sonme
nortalities, we've found a very sinple way to tell which fish are
gO|n? to spawn next fall, as early as m d-February or March:

t ot al ovar% wei ght in the females, and egg dianeter. If you
mul tiply those two together, you get an Index, which kind of
amplifies. As early as right now, you could probably see a quite
significant difference between the fish that were going to spawn
in the next cycle, and the ones that weren't. In chinook, if the
i ndex was | ess than 10, they weren't going to spawn the next
year. If it was greater than 10, they were going to spawn that
next cycle. the break is very clear, and it gets bigger as the
season goes on.

Johnson said he had begun in Septenber to plot ovary area (length
times width) verses fish Iength and weight. It | ooks like we're
starting to see a change, although it isn't real dramatic yet. He
descri bed last year's efforts by Dr. Beall of Virginia

Pol ytechnic to determne maturity via ultrasound. It's a

fasci nating techni que, Johnson said, but we didn't see any
gonads. Jerry Houck said that, in his experience working with
wi | d Colunbia R ver sockeye in the late '60s, there was no
difficulty in telling when those wild fish were going to be ripe.
You'd work with themjust |ike your hatchery people now, handling
them and you could tell very easily which fish weren't quite
ready, and which you needed to spawn tonorrow.

Ron Hardy said that, in the U S. at least, the FDAlimts the
amount of seleniumin animal feed to 0.3 parts per mllion. That
doesn't limt the total anobunt from natural sources, of course,
just what you can add to feed. In Canada they allow 0.5 parts per
mllion, said Goves. Hardy added that feed manufacturers now
have at their disposal stable forns of ascorbic acid, which have
been denied themin the past. This has elimnated a |ot of the
probl ens we used to see, he said, which probably were associ ated
with the loss of ascorbic acid during storage.
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Bouck tal ked for a few m nutes about his sockeye rearing

experi ence, saying, anong other things, that they had excell ent
survival, and had no trouble at all maturing the fish. They were
hel d at a constant 10 degrees C on a standard O egon Mi st Pell et
diet. It got alittle colder in the winter, but 10 C was the
maxi mum He said they had cut off the feed around July 4 of the
third year, because that's what they thought wild fish would do.
He didn't renenber producing any jacks; basically, all the fish
matured at three years. The first brood we brought through that
way, he said, | don't suppose we had reproductive success wth
nore than five percent of the eggs. The problem was that the

mal es cane ripe early, and the females weren't ready yet. W had
probl ens with coagul ated senen, or the nales would just die. Then
when the females did cone ripe, we had problens with fragile eggs.
We didn't know what went w ong.

We did several broods over about seven years, Bouck said, and
that was pretty nmuch the pattern, tinme after time. There were
probably four broods that we had reproductive failure on, even

t hough these fish were just beautiful in the tanks. Then one day,
Bouck said, they nmade a connection between high | evels of
testosterone in the diet, and early-ripening nmales. That was
about February, he said, and as quickly as I could arrange it, |
bought raw frozen Pacific shrinp. W divided our brood -- we had
about 75-80 fish. The control group stayed on OWP; the
experinmental group was fed raw frozen shrinp fromthat tine
forward until July. The difference was overtly observable. The
control group had the same early ripening and egg-quality

probl ens we saw before; with the shrinp-fed fish, both sexes cane
ripe at the sane tinme, the senen | ooked good, they fertilized
wel |, and everything was fine and dandy until ny technician had a
horrible car accident. M one knew the experinent was back there,
and we were never able to sal vage them

Bouck al so described an incident that points out the crucial

I nportance of water quality to these fish in a broodstock
situation. A cadm umplated bolt hol ding together a stack of
Heath trays fell into one of his 4'-dianeter tanks. After that,
he said, we had a chronic nortality in that tank. W checked
those fish for everything we could think of, and found nothi ng.
Finally we decided to dunp them and when we did, we found this
little bolt. W couldn't believe that was really the problem so
| tossed the bolt in with another group of fish we weren't
concerned about. Sure enough, after a nonth or so, we started
seeing a chronic lowlevel nortality.

Last but not |east, said Bouck, this is not a research project.
It's a very serious high-bucks endeavor. Several |awsuits are
pendi ng. The bottomline is, when everything' s said and done, do
we still have an anadronous fish? WIIl they still tolerate
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seawat er ? mean, we can raise themin the hatcheries. But when

we get through, what do we have" | think we have to eval uate them
physi ol ogi cal |y, and know whet her or not these fish can tolerate
seawater. If they can't survive, and do well, in the ocean

they' re not sockeye.

After a brief break for lunch, Keith Keown spoke for a few

m nut es about the Washi ngton Departnent of Fisheries' White River
spring Chi nook_ sal non broodstock program W're in our second
year of full production, he said, and basically they give ne a
small allotnment -- 3,500 -- of one-plus age snolts, that we bring
out to saltwater pens. Qur goal is to generate the nmaxi num
escapenent we can get fromthose 2,500 snolts. The intent is to
bring those fish to adult size; then, the nonth prior to
spawni ng, we nove them back to freshwater sites for spawning.
Their eggs are supposed to be put back in the indigenous systens
fromwhich they originated, with the hope eventually that the
anadronmous run wll right itself.

So it's a volune operation, Keown said. We produced 1.4 mllion
eggs in the fall of "91, 1.2 mllion in 1992. In terns of feeding
rates, we drive the fish pretty hard in the beginning -- around
two to three percent a day for the first year and a hal f.
Tenperature isn't a big factor in this operation, we do see sone
war mer tenperatures in August, when we |l back the feed off a
little. Year four is the crucial one for us, so at around three
and a half years we're really driving the feeding rate down, and
take themoff feed right before we take themto fresh water.

Qut of the 1.4 million eggs in 91, we saw 66 percent viability,
Keown said. That was on a grower diet. There was sone thought
that we could fine-tune that a little, and so | ast year we
started to explore dietary concerns. Last year, we switched the
fish that were going to be maturing as four-year-olds to a
formul ated broodstock diet in the spring. W fed themthat
broodstock diet for three nonths, and the viability on those 1.2
mllion eggs increased to 72.5 percent. W're not saying that's
solely due to diet, said Keown, but it may have had an effect.

He spent a few mi nutes discussing sex ratios, saying that it had
been necessary to cross four females with three nmales to get
enough m It for the program Qur guidelines call for a one-to-one
rati o, Keown said, but right now we're having to mx spermto
make it work.

That brings up the second dietary factor, he continued. There's
quite a bit of literature about using diet -- lower winter feed
rates -- to encourage nmales and fermales to mature sinmultaneously.
By feeding one group only .15 percent of body wei ght per day
during January and February (one feedi ng per week). The hope was
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to take the decision-making process away fromthe nales, he said
supposedly, the studies are showng that the fitness factor of the
fish in winter does sonetines play a role. The results? The

percentage of maturing mal es stayed exactly the sanme -- within
one percent. The percentage of maturing femal e three-year-olds,
however, dropped by alnost half -- from 11 percent to siXx

percent. So it had little or no effect on the nmales, but quite a
noti ceable effect on the females. And that, of course, nade ny
probl em wor se, because it gave ne even nore four-year-old

femal es.

How was your egg quality? asked Carlin MAuley. Did you have any
problems with soft shell, or... Yes, absolutely, Keown replied.
We only had two-third viability, so we obviously had soft shel
and bl ank egg problens. Did the soft shell occur around the eye
-up stage? MAul ey asked. Al the way through, Keown replied.

Any ot her questions? asked Johnson. Not a question, but a comment
about the difference between wild and domestic fish, said G oves.
One of the characteristics we've always noticed with donestic

chi nook eggs is that even though they | ook very close to the wild
ones that we've also handled, the shells of the wld eggs
disintegrate wwthin a couple of days of hatching -- they' re never
a problemin terns of having to clean the trays. The donestic
shells, on the other hand, stay around |ike crushed ping-pong
ball s. Even though we have good survival fromthe donestics eggs,
we always see this difference, Goves said. It nmust be sone kind
of nutritional or physiological difference. And there does seem
to be a small anount of additional hatching nortality with the
donestic eggs -- the wld alevin get out very quickly, whereas
sonme of the donestic ones get stuck halfway out. It's not a big

| oss, but it's characteristic. In response to a question, Goves
said his water hardness is about 30 ppm Johnson said he had
encountered simlar problens with wild chum sal non in Al aska, and
by putting cal cium hydroxide into the water, they were able to
significantly increase their hatching success.

Since our product is so heavily involved, 1'll nmake a few
coments on nutritional strategy, said Ron Anderson. He discussed
the shortcom ngs of Oregon pellets, and said that the nutritional
strategies his conpany uses today in the manufacture of brood

di ets have no relationship to that used for Oregon pellets.

| also wanted to give you an idea of how our brood diet thinking
differs froma fornulation point of view froma grower diet,
Anderson said. In general, the protein |evels in brood and grower
diets are simlar. The quality -- the source of that protein -
is clearly better in the brood diet. For one thing, it's al nost
all frommarine fish. So it's not really different in quantity,
but it's clearly better in that, a fish protein is better than a
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pl ant protein. So grower diets contain sonme of both in nost cases
and brood diets generally don't.

The fat difference in the two feeds is in both the area of
gquality and quantity, Anderson continued. It is our belief that
brood diets should be as lowin fat as we can technically

manuf acture. W are limted by the extrusion process -- we have
to have a certain anmount of fat in the product. In our brood
diet, we aimat a fat |evel of about 13 percent. A conparable
good-qual ity salnon grower diet mght be up at 16 to 18 percent.
That three or four percent matters -- the idea here is to hold
down residual fat accumul ation. Cbviously, that's related to the
feeding rate of that diet, but if we can reduce up front, it's an
advantage. W'd bring it down to 10 to 11 percent if we coul d.

The source of fat in our brood diet is marine-based, Anderson
explained -- best-quality fresh, unprocessed marine fat. The
vitam ns we add are C and E, because of their value as anti-

oxi dants. These are the two that matter and they're suppl enented
at a very high rate. Pignents are a highly controversial area;
obviously growers diets don't include it. Pignents aren't cheap -
they add 3-5 cents a pound to a fish food, no matter how you

cut it. But we sort of think that if nother nature feels sal non
eggs ought to be pignmented, then that's enough for us.

We use cant haxanthin fromthe synthetic source and ant hoxant hin
fromkrill, he continued. The total pignent |oad is about 35
parts per mllion. That's less than a typical comercial diet,

whi ch woul d typically be about 50 ppm So you woul dn't expect
these brood fish to appear marketable in coloration, per se. They
are being fed on lower rates to begin with, and they're consum ng
| ess pignment up front.

The last thing we consider is palatability, Anderson said. CQur
feed is used under many different conditions, and where there may
be very cold tenperatures or harsh rearing conditions, flavor and
pal atability seemto nmatter in the broadest sense but not in
every case. | don't think it matters out at Eagle. | don't think
the flavor is an issue except perhaps in early rearing. Those
brood fish are well conditioned. Flavor wouldn't matter a bit out
there. W add krill to flavor our food.

Because of the migration the fish undertake, and the fact that
sonething i s happening to the eggs during the mgration, | don't
think it would be a good idea to starve the fish fromJuly 1st

on, Anderson continued. There is no way we shoul d assune t hat
those fish at July 1st at Eagle have had the same quality
nutrition as that fish that mgrated fromthe North Pacific and
arrived at the Colunbia on July 1st. | think they should be fed
at sone declining rate as we go through the summer period, trying
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to help those- fish begin to utilize their fat as the egg

devel opnent process occurs. | don't know what the magi c nunber
is, or when exactly you should stop feeding them Hopefully, the
animals will give us sone cues.

| think the holding strategy is just as inportant, Anderson said.
From ny experience in working with custoners, the nost successful
brood prograns involve keeping fish very quiet, undisturbed,
providi ng clear visual barriers frompeople and other activities
or animals or light. You m ght be consider providing sone
floating barriers in the tank -- just strips of polyethyl ene.

G ve them areas where they can break up the visual patterns, and
their social interactions with one another. | think they need to
be fed in a way that mnim zes all human contact with those fish
frommd-sunmer on -- once a day, at a tine when it seens nost
prudent and reasonable. And the rest of the time they really
ought to be left al one.

How about the issue of testosterone? asked Johnson. Testosterone
is very nmuch an issue at Oregon Pellet. Oregon Pellet requires
certain ingredients, sone of which contain be very high | evels of
testosterone. The ingredient processing strategy used today in

di ets doesn't include the restrictions that O egon Pell et

i ncluded. Mostly because you just can't afford to include that
much herring, said Anderson

A di scussion foll owed concerning the problens a conpany faces in
fundi ng brood stock diet research. | would like to put forward
anot her consi deration, said Bouck. The cost of the feed is
peanuts conpared to the cost of the rest of the program

Consi dering the nunber of stocks of fish that are being

consi dered for sonme special assistance, there is probably a need
for research. | would say that cost is not the issue.

| think fromthe private sector's point of view, when you talk
about juvenile spring chinook, there is active research going on,
said Ron Anderson. That's the main streamof the fish feed
opportunity in the Northwest. Maybe, said Bill Hutchinson, but I
don't think Bob's programwas limted only to juveniles, was it?

Vell, if you re tal king about the Hagernman program Wnfree
replied, Tunison (?) had 6 Ph.Ds. They worked with Atlantic
sal non, spring chinook, rainbow trout, striped bass -- basically,

you' ve got | ess than one person per species, and that doesn't go
a very long way when you consider that just a few years ago, the
Western Fish Nutrition Lab had about 25 people working on Pacific
Sal non al one.

So what you're saying is, the baby got thrown out with the bath
wat er, said Bouck. You certainly have to pay attention to what
the wild fish do, and try to match that, said David G oves. But -
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with our little sal non enhancenent project, we're an
enbarrassnent to the Departnent of Fisheries and Cceans -- we get
about 6.5 percent of those fish returning to the fishery, while
the percentages at many of the big hatcheries are down on the
order of half a percent. Mow, we do have a little higher water
tenperatures, so we produce a bigger snolt. But the other factor
Is that we're selling snolts to the industry, and when soneone
buys an Atlantic salnon snolt for $2.50, or an age zero Chi nook
for 50 or 60 cents, they really do expect that it's going to
live, Groves said. If it doesn't you're going to hear about it,
and quickly. We can't afford to have two kinds of fish in the

hat chery, so we treat our w ld broodstock exactly the sane way we
treat our domestic broodstock. The stocking densities and
sanitation levels are exactly the sanme. | suspect that a | ot of
the Federal SEP fish are counted, but are not necessarily of
anything i ke the sanme quality, especially in terns of disease
contr ol

Well, for a lot of years, the enphasis in public hatcheries has
been pounding the nunbers, said Wnfree. | think we all recognize
that that's no | onger what needs to be done. W're at a stage now
where product quality needs to be defined, neasured and enhanced.
That can be achi eved, through nutrition, through tenperature,
fish culture... | don't think there are many limts on that at
all. It's just a matter of defining what we want our product to

| ook |i ke physiologically, and then producing it.

Right -- the real issue is harvest managenent, not hatcheries,
said Bouck. If you listen to people, you get the inpression that,
on noonlit nights, hatcheries sonehow rise up and do evil things.
The real problemis m xed-stock fishery managenent. And one ot her
thing, tal king about shielding them-- we used a four-foot-high
plastic barrier, so that they couldn't see us, and al so used a
spray to dinple the surface of the water. They were under a roof,
so that they only got anbient light -- they really weren't

di sturbed nuch at all

One other comment, about sonething you m ght want to concentrate
on, said Dick Bull -- the effect of nutrition on the inmune
system Wth other species, it's really becone quite inportant to
| ook at the condition of that aninmal as far as the condition of
that animal, and its ability to produce the antibodies it needs
to resist disease. Sone that have cone to |light include trace
mnerals, particularly the formin which those trace mnerals are
presented to the animal. A good exanple is cupric oxide -- it's
very poorly absorbed conpared to the sulfate form-- only about 4
percent absorbable. There are sonme organi c ones that are even
better than the sulfate form Seleniumis also very inportant to
the i mmune system Bull said. Copper, zinc, nanganese are al

I nvolved in the i Mmune process; there are also sone vitamns --
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vitamn E, for exanple. | would suggest that you nake sure that
what ever formula you use neets those nutritional needs, and
you'll go a long way toward headi ng off sone of your potentia
di sease probl ens.

Johnson asked Scott Patterson to say a few words about |IDFG s
kokanee captive broodstock prograns at Cabi net Gorge and
Sandpoint. There were two main issues | was curious about,
Johnson said: spawn timng, and how the three-year-old spawners
you' ve seen mght differ fromwhat you ve seen in the wld.

Wll, as Keith said, we did hold about 4,000 kokanee back, said
Patterson. At ny station | had about 550. | kept themon the

Bi odi et 4000 grower, an Atlantic sal non grower diet with no
pigment; | fed themquite heavily, alnobst doubling their body
wei ght these |last nonths. Froma fish 32 centineters long, | was
able to produce 1,000 eggs. 60 percent of those 550 -fish matured
as three-year-olds, conpared to the wild stocks, which nmature as
4s and 5s. So we have advanced thema little bit in that tine.

The majority of the fish that matured were nal es, Patterson
continued. If I have a 50-50 sex ratio, all the remaining
immature fish will have to be female to match that 50-50.

As | said, | raised themon the Biodiet, feeding at around 0.8
percent body weight, he said. That produced a substantially
| arger femal e kokanee than we would see in the wild -- 32 cm

conpared to 25-27. At 1,000 eggs per fish, I also doubled ny
fecundity. As far as egg quality is concerned, the eggs were
smaller in the wild fish that mature as 4s and 5s. They were
runni ng around 18 eggs per gram the four-year-olds we spawned in
Coeur d' Al ene were around 16 eggs per gram and the Pend Oeille
fish were around 12 eggs per gram So even though they're | arger,
they're producing a smaller egg conpared to ny results. Patterson
said the color of his eggs was down around the one to two yel |l ow
range; he added that the first few tanks have started to eye up,
and they're around 80 percent at the eye-up stage. Water
tenperature averaged around 7 degrees, he added.

The fish we held back cane fromthe January 3 spawni ng take --
one of the very |ast spawning takes we took in the wld, he
continued. | still have green fish on hand.

I don't know if you guys know this, said Anderson, but _
cant haxanthin is the only one you can legally add to sal non diets
in the United States at the nonent. It only pignents the flesh -
it won't pignment the skin, whereas astaxanthin pignents both. In
ot her words, both will pignment the flesh and eggs, but only
astaxanthin will transfer to the skin of maturing fish. R ght,
and these fish never turned red, Patterson said.
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Bouck said he had read sonmewhere that residual sockeye don't
necessarily die after spawing -- particularly the males. You may
be able to feed them and they'll keep growi ng. They may not
produce any mlt, but you m ght keep them alive. Johnson said he
woul d be interested in seeing the reference if Bouck could dig it
out .

Johnson said he had read of a simlar study in New Zeal and, where
researchers had kept 50 fish alive after spawning. They did K
for the first three nonths, he said, but in the fourth nonth they
went from50 fish to one fish. It's a pretty inportant issue,

t hough, because if you can tap spermoff and keep the fish alive,
you can keep tapping sperm-- at |east for awhile.

It's inmportant for another reason as well, said Bouck -- you see
an imredi ate difference in coloration between residual and
kokanee and sockeye. It would inply sone basic netabolic

di fferences, sone fundanental differences. There are a | ot of
people that just want to lunp all those fish together as O
nerka, and | suspect that if we could study themfor awhile, we
m ght find out sonething.

Johnson di scussed Chris Wod's work in Nanai no, which invol ved
crossi ng sockeye with kokanee in an effort to evaluate the
.neristic and physiol ogical differences between the groups. One
thing they noticed, he said, was that the deposition of
carotenoid pignents is significantly lower in sockeye than it was
i n kokanee.

Ral ph St ei ner spoke for a few mnutes about the results fromthe
Cabi net Gorge kokanee project, basically confirmng Patterson's
coments. He said about 2.5 percent of his nales natured
precocially, but other than that, his results were nmuch the sane
as Patterson's.

Joe Chapman added a historical synopsis of ldaho's involvenent in
kokanee broodstock, saying that the kokanee popul ation in Lake
Pend Oreille wasn't returning to the rack in expected nunbers. W
had sonme fish we were going to hold over and stock as one-year-
ol ds, he said, clipped differentially so we coul d see whet her or
not they were com ng back. Then we started thinking, the way
these things aren't returning, we'd better think about hol ding on
to some of them That's how we got into this broodstock program
And it's on the increase, Steiner added. W have 55, 000 one-year
fish and 36,000 two-year fish, plus the 4,000 we spawned this
year. There's a real concern that we need to protect these fish.

Next Johnson called on Paul Siri, who provided an overview of the
northern California winter chinook project. You'll have to bear
with ne, he said, because this particul ar species has the nost
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variable life-history characteristics of any chinook run in the
eastern Pacific. This project is very visible in California, he
said, because as you know we've had seven years of drought. The
ESA authorization is limting water deliveries to southern
California and dredging activities in San Francisco Bay, so it's
a pretty hot item

In terns of background, 15 years ago, we were seeing adult
returns in the 170,000 range, Siri said. 10 years ago, it was
100,000 animals. In 1990, only 189 fish cane back. Fromthat
year-class, we were permtted to take 20 adults. Fromthat, we
were able to get about 1,200 fry, with one nmale parenting 58
percent of them

Because of permtting delays, we weren't able to get the 1991
fish to Bodega Bay Laboratory until |ast Septenber, Siri said. As
a result, our first successful broodstock year is one year

del ayed fromsnoltification -- we won't be snolting those aninals
until probably some tine in March. That's going to push sone
animals to mature early, and of course to increase the nunber of
j acks.

The reason our lab was called in was that there was a strong
desire on the part of the agencies to rear those ani mal s side-by-
side in an identical treatnent, half in fresh water and half in
salt water, Siri continued. Bodega's is a closed system we felt
that would be a good idea, to try to reduce the nunber of anbient
pat hogens. That neans we're using biofilters, which of course is
sonet hi ng of a headache, particularly when BKD is present.
Unfortunately, all the animals in our '91 year class are BKD
positive. W' ve had cunulative nortality of about 6.8 percent
since they've been transferred to us.

The fish range in size fromabout 80 grans to 280 grans, Siri
said -- they're all over the map. About 10 percent | ook to be
phenotypi ¢ jacks. The highest nortality we experience with this
fish is from Saproligna, the freshwater fungus. 95 percent of
those nortalities were precoci ous nal es.

Siri described current |ab conditions for the fish: tank

di rensi ons, water tenperature, densities etc. He described sone
of the behavioral/environnental innovations he and his coll eagues
had i ntroduced to the tanks to nore closely mmc these wild
fish's natural environnent. For one thinP, he said, we wanted to
provi de sonme behavioral options that would allow the fish to
renove thenselves fromthe stream and park thenselves in a
backwat er. They have installed some snall substrate areas with
plates to block the flow of water, so that the fish can rest just
as they would do in the wild. We think this will help in a couple
of ways, Siri said. It will allowthe smaller fish to escape the
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real aggressive bruisers, and it should also allowthe animals to
convert their feed nore efficiently.

In terns of a tenperature regine, said Siri, the fish are being
hel d at a range of tenperatures, from9 to 13 degrees. W have
sone i deas about providing sone slight environnental stresses to
the animals, to allow themto devel op the sane type of natura
resiliency they would have to find in the wild. He said
University of California snolt quality researchers Howard Bern
and R chard |shi oka have done sone very interesting work on the
physi ol ogi cal response of snolts to static water |ike that found
In hatcheries and at the bases of dans. In natural situations,
Siri said, their counterparts are better-prepared to deal with
snoltification. Wat we want to do is to provide an upper and

| ower wi ndow of tenperature variation.

But they're extrenely delicate animals, and we're still not quite
sure how we'll deal with nmature animals, Siri said. It took the
Fish & Wldlife Service two years before they had any successful
spawni ng at all, because of the difficulty in keeping the adults
alive. Snoltification will be done in three parts per thousand
seawat er per day for roughly 10 to 14 days. Then we'll be novi ng

seawat er - adapted ani mal s down to Steinhart Aquariumin about
t hree weeks.

The question of diet is interesting, he said. W would like to
feed krill; however, our Fish & WIldlife Service coll eagues fee
that if we take at least the '91 animals off their diet (Biodiet
Brood), that we would have a difficult tine getting themto take
their nedicated feed for the bacterial kidney disease. W're
nmedi cating themfour tinmes a year, with 28-day applications of
Gl linycin. It seens to be working quite well, he added; our
nortalities dropped to three fish |last nonth.

They're in a conpl etel y-encl osed environnment, wth the exception
of a neter-wide strip along the east side of the building, Siri
continued. That's for incidental |ight and photoperiod. W wanted
to wait until the increasing photoperiod before we snolted the
"91 aninmals, because we think they need those cues.

Wiy did you want to switch the fish over to krill, and elimnate
the commercial diet? asked Ron Hardy. We didn't want to elim nate
It -- we just wanted to supplenent it, Siri replied. Just one

comment, said Johnson, and I think we all understand this: the
bi ol ogi cal requirenents of the animal have nothing to do with the
permtting process (general |aughter).

So far nost of our discussion has centered on the needs of
saltwater fish going into fresh water to spawn, said Goves. |'d
like to hear fromBill Townsend, who has been growi ng Atlantic
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salmon in fresh water, whether he has any suggestions about the
managenent problens you may run into with your sockeye

broodst ock, Keith. Are there any particul ar managenent or
nutrition conditions that you can anticipate for them Bill?

Vell, we've set up a systemthat seens to work pretty well,
Townsend said. W're feeding a prepared sal non broodstock diet.
We raise themto around five pounds in 55 to 58-degree water.

t hought we should wait until the fish were just about ready to
spawn before noving themfromthe hot water, he said, but it
doesn't seemto nake that nuch difference. This year we noved
sonme three nonths prior to spawni ng, and sone we noved after they
were actually ripe. W still got around 80 percent eye-up from
those eggs. W're getting 4-5,000 eggs fromthose five-pound
fish. Virtually all of them spawn at three years at that
tenperature; if we raise themin 48-degree water, we don't get
any of themto spawn at three. That m ght be one way for Keith to
nove his back. And again, this is strictly freshwater rearing.

What do you think we should be doing? asked Johnson. Maybe you can
give us a critique. You nmean about preparing your broodstock to
spawn? Townsend asked. Well, the first thing that cane to m nd

was, you'll never get away with that warmwater, but | didn't

know you could nove them That's probably your nunber one thing -
getting those fish out of there. O her than getting the tenperature
down, just give themlots of roomand a good feed.

You m ght consider hornones, as well.

Johnson descri bed the hornone inplant treatnments used on "Lonely
Larry" this year, saying that they had been very successful in
terms of increasing mlt volunme for cryopreservation. To ne it

| ooked a lot nore dilute, so I'"'mnot sure we wound up with a net
I ncrease in spermatozoa, he said.

Keith, when you called ne, | did a fairly extensive search of the
literature on brood fish nutrition, said Wnfree. As |'ve been
sitting here listening, |'ve been deliberately hol di ng back,

because | wanted to hear what the people in comrercial production
had to say. And | have to say there are a lot of simlarities as
far as brood fish nutrition. Cbviously, nutrition is vital to
successful reproduction. Feed conposition is as inportant as
water quality or tenperature, in ny experience. As we've heard
today, rapid juvenile growmh does accel erate maturation, and

I ncreases the percentage of maturing fish for both nales and
femal es. Maturation appears to be triggered by body nutrient
stores such as lipid content or growh rate, six to 12 nonths
bef ore spawning. W have a tendency to think that nutrition is
nore inportant the closer the fish is to breeding; that may be
true, but there is dispute as to how inportant those nutrients
are that close to breeding.
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There seens to be little good data about whether or not to

di sconti nue feeding just before spawning for captive sal nonids,
Wnfree continued. Sockeye will continue feeding voraciously
right up to spawning, as long as feed is offered. There's a
possibility that continued feeding may hel p reduce pre-spawni ng
nortality. Feeding to excess, of course, is not recommended; by
the sane token, deliberately restricting feeding rate has been
shown to have sone pretty severe effects. Fornula feeds do differ
in their ability to prepare fish for breeding. In the past, OW
feed and its variations have been consi dered better than sone

ot her comrercial diets. However, as a nutritionist, | find it
very difficult to make meaningful interpretations of differences
bet ween cl osed-fornul a diets. Sonme conpani es have consistently
good reputations; others don't. The closed-formula diets can
change fromyear-to-year. Frozen supplenents |like krill or squid
woul d bring you closer to the sockeye's natural diet, if that's
what you're trying to do. 75 percent of the adult sockeye diet is
crustaceans; |arge anmounts of fish aren't typical of the sockeye
di et.

Results fromfeeding krill vary a lot, Wnfree said. Sone people
have had no re®ults, but |'ve never read a study that said
feeding krill was di sadvant ageous for broodstock. The studies

|"ve read have either said it had no effect, or that it was

val uable. If you' re concerned about di sease organisnms in krill
even frozen feeds can be disinfected by using radiation. Hi gh

| evel s of dietary ash, any anmount vegetable oil, and high levels
of animal fats do cause problens in breeder diets. Mst problens
with larval nortality seemto be caused by |ipid conmposition.
Lipid is a very broad group of nutrients, but basically,
vegetable oils are bad; fish oils are good. The Japanese have
found that krill oil and squid oil are both superior to fish oils
for breeder diets.

The papers |'ve | ooked at have said that the vitamn and m nera
prem x specifications in U S. fish and wildlife production diets
seemto be adequate for breeders, he continued. He reiterated the
point that stabilized vitamn C and vitamn E are both essenti al
to a healthy diet. H gh levels of vitamns A and D, on the other
hand, have been correlated with problens with salnon fry
nortality.

| also think, personally, that it's a good idea to assay your
feed periodically to see what you're actually getting, Wnfree
said. Frozen storage never hurts, even for shelf-stable feeds.
Protein doesn't seemto be as critical for breeders as it would
be in a starter diet. And there's a great deal of disagreenent
about what |evel of protein is needed in the breeder diet --
probably sonewhere between 35 and 45 percent protein and 12 to 18
percent fat. The androgeni c hornones we were tal king about --
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testosterone etc. if they're present in fish neal, they may
skew the se:: ratio toward nore nmales. It may al so stinul ate
precoci ous devel opnent i n males.

| just have one nore primary coment, Wnfree said. No matter
what you think is absolutely the best thing to do, don't stick
just to that, because you'll be wong. Al ways have nore than one
treatnment, and divide your fish.

Next to speak was Carlin MAul ey, who described his experiences
wi th coho broodstock while working at Donsea. He said that
attenpts at seawater rearing had proved di sastrous, and that
eventual | y Donsea switched entirely to constant-tenperature
freshwater rearing. The fish had continued to feed right up to
spawni ng. A group of fish were separated out and not fed for a
period prior to spawni ng; MAuley said there was no di scernabl e
di fference between the two groups.

Ron Hardy was up next, expressing a pair of dietary concerns.

First, he said, | think I would zap up your natural astaxanthin,
if that's possible, or see if you can get a variance and give
them sone artificial. | don't know for sure how essential it is,

but it may have sone effect on nmale spawni ng, over and above its
effects on the eggs. W know that your current |evels of

cant haxanthin are sufficient to get good quality eggs. The only
other thing is, since these are wild fish, there is a connection
bet ween stress and the levels of certain water-soluble vitam ns.
W' ve checked this in the Donsea coho by feeding higher |evels of
vitamns to certain groups. Now, we could never really find
significant differences in ganmete quality or survival, but we did
see slightly higher nunbers of eggs and slightly higher survival
tin the fish getting extra vitamns]. Fromwhat we could tell,
Hardy said, it seens to be especially critical about six nonths
prior to spawning, during the period when proteins are being
nmobi | i zed for egg production.

Har dy said he had sone experinents planned with NMFS s coho,
whi ch, a year ol der than Johnson's Redfish Lake sockeye, shoul d

spawn this fall. One of the experinents he wants to try, he said,
wi Il involve feeding Antarctic krill to at |east one group. W've
got a whol e bunch of krill, plus sone powdered.

Here's a question for you, Keith -- how are you going to get
those snolts to the ocean? asked Townsend. That's why we've got

t hese BPA guys here, Johnson replied. Wl |, are you considering
trucking them or are you really going to put theminto the
river? Townsend asked. Well, that brings up sonething that nakes

me awful |y nervous, said Bouck. When we drafted that biologica
plan | ast year, it was best guess. And we said the juveniles that
conme fromthese fish will go back into the |ake to outm grate.
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Now, if I was king of the world, |I would have at |east four
treatments, Bouck said. | realize that these fish have been
taken to two separate |ocations, to assure agai nst mechani cal
failure, but biologically they're on the sane program aren't
they? So if the food is a problem it will be a problemfor both
groups.

The other thing is, said Houck, the a ility to recogni ze when
they're ready to spawn has been a problem It's not nice to fool
not her nature. Again, if | were king of the world, | think

m ght divide Keith's fish up into four groups, in a sort of two-
by-two arrangenent. One woul d be on whatever it's on
nutritionally, while the other would be on sonething el se.
Personally, | think I ' d go for sone formof sterilized natura
f ood.

The other thing is, said Bouck, 1'd have those as replicates, and
|'d take half those fish as adults and put them back into Redfish
Lake and let them spawn on their own. | would nmark them -- try to
build in sone technology so you could track them | think we need
to know nore about exactly where the spawni ng grounds are, and
where the residuals are spawning, and protect them But it seens

to me that the two critical areas that need to be diversified are
nutrition and spawni ng.

O her neeting participants reiterated points nade earlier: the

i nportance of vitamins C and E, of mcronutrient, of astaxanthin
for color, of not putting all the eggs in one basket. Dave Erdah
cautioned against the earlier argunent that the sockeye should be
screened of f from human contact as nmuch as possible. You' re going
to have to spawn those fish eventually, he said, and you don't
want themto totally freak out when you go to handl e them And
while we're on the subject, he added, have you given any thought
to exactly how you'll spawn thenf

Well, each fish is PIT-tagged, Johnson said. Through otolith

m crochem stry and ot her data, we know that 60 percent of the
outm grants have a fenal e parent of resident origin. Somewhere
around 30 percent had an anadromous origin. My hope is that we'll
get a good natural spawni ng wi ndow, and be able to use that six
or seven-week difference in spawn tinmng to be able to

di scrim nate between sockeye and kokanee. W don't want to m X
stocks, because their progeny would no | onger be a useful stock
for ESA purposes.

As far as the mechanics of the process, Johnson continued, we're
pl anning to subdivide based on a spawning matrix reconmmended by
Ni' FS. We Il subdivide the eggs fromeach female by two or three,
and to use available nmales of the sane biotype to spawn with
them Then everything will be held as separate sub-famli es,
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until we get the data back fromthe geneticists, the pathol ogists
and the m crochem cal analysts, so that when we pool the groups,
we pool themlike to like. He said his teamwas currently

devel opi ng a bar-code based conputer programto track each
individually PIT-tagged fish, so that he can pinpoint the origins
of individual fish.

The di scussion turned to the potential for problenms stemm ng from
t he sockeye's naturally aggressive spawni ng-tinme behavior. G oves
suggested "sal non condos, " individual PVC pipe sections to hold
mal e sal nron. Gtherwi se, he said, they tend to get awfully banged

up.

Bob Essel nan suggested that the people who are actually doing the
feeding nay notice a decrease in appetite sonewhere around three
or four weeks prior to spawning -- that m ght give you a clue
that it's time to do sone sorting, he said. Others, however, said
t hey had seen no observable | oss of appetite, and that their fish
had continued to feed voraciously right up to the tine they
spawned.

Wth no further comments forthcom ng, Johnson thanked all for
comng, and for contributing to a very productive session. Wth
that, the workshop was adj our ned.
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Appendix 5. An evaluation of the ability of selected cryopreserved mlt sanples was
perfornmed by both |aboratories. Kokanee ganetes were obtained from the Idaho
Departnment of Fish and Gane spawning at Granite Creek, Lake Pend Orielle and
transported on ice to Dr. Joe Coud' s |laboratory at the University of |daho and
Dr. Gary Thorgaard's | aboratory at Washington State University.
Depart ment of Zool ogy
Washi ngton State University
Pul | man WA 99164- 4236
Phone: (509) - 335- 7438
Fax: (509)-335-3517

TO Kei th Johnson, |daho Departnent of Fish and Gane
Fax: (208)-939-4114

FROM Gary Thorgaard /gq7

DATE: July 6, 1993

SUBJECT: Fertilization Trials with Cryopreserved 1992 O nerka
sperm

The current inventory and fertilization trial results with O
nerka sperm cryopreserved at WSU in 1992 are provi ded bel ow.
This is in addition to the 1991 results provided to you earlier.
We did not conduct any additional trials withthe 1991 sperm
Note that we did not have any success in our trials wth Sockeye
D, "Lonely Larry". Not all sanples were tested (indicated bel ow
by NT) and it is possible that some will still be successful. In
particular, the 10/13 and 10/ 27 sanples had excellent notility
and were not tested (althought the 10/13 sanple has only two
straws). We did, however, have relatively good success with
cryopreserved spermfromthe three beach spawners.

# Straws % Mtility % Fert. with
Sanple/ Date o yopreserved Pre-freeze Cryo. Sperm’
Sockeye D 2 90 NT
Sockeve 10/ 1 17 80 0 (0/12
Sockevye 10/ 1 12 15 NT
Sockevye 10/ 1 7 30 NT
Sockeve D 10/ 2 7 0 NT
Sockeye D 10/ 2 12 50 NT
Sockeye 10/ 2 8 0 NT
Sockeve D 10/ 2 20 85 0 (0/193
Sockeve D 10/ 2 24 85 NT
Sockeve D 10/ 2 21 30 NT
Sockeve D 10/ 2 35 50 0
Sockeye D 10/ 2 4 (fromtestis) NT
Three. Beach Spawners
D11/ 6 6 95 46
D 11/9 7 70 NT
E 11/6 4 95 44
E 11/9 7 70 NT
F11/6 4 95 34
F11/9 1 95 NT
F 11/13 1 95 NT

'Note: Control fertilization with non-cryopreserved kokanee
sperm gave 83% fertilization (110/132)






