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ABSTRACT

This report eval uates natural spawning of white sturgeon in the
Kootenai River before, during and after the 1993 augnented

di scharge period. To deternine how altering the operation of

Li bby Dam may inprove conditions for natural spawning of white
sturgeon in the Kootenai River, discharge from Libby Dam (with no
power peaking or load follow ng) was increased to produce 20 kcfs
(+ 2 kcfs) discharge at Bonners Ferry, Idaho, for a 14 day period
from June 2 to June 16.

Three types of gear were used to sanple naturally produced white
sturgeon eggs from the Kootenai River: artificial substrate nats,
D-ring plankton nets, and a beamtrawl net. The latter two types
of gear were also used to sanple white sturgeon |arvae.

Cbj ectives of this research were to: 1) determne if white
sturgeon spawned in the Kootenai River during 1993; and 2)
col I ect baseline biological data including timng, |ocation, and
habi tat requirenents of white sturgeon spawning in the Kootenai
River in order to formulate and inplenment future flow regines as
effective recovery neasures for white sturgeon

Wil e sanpling is not expected to collect a nmgjority of white
sturgeon eggs or larvae produced in a river, the fact that over
41, 000 hours of sanpling (conbined gear) collected only 3 white
sturgeon eggs and no | arvae suggests that spawni ng conditions
during 1993 were inadequate to benefit this popul ation



LI ST OF FI GURES

Figure 1. An exanple of the altered post-dam Kootenai River
hydr ogr aph.

Figure 2. Kootenai River discharge and water tenperatures at
Bonners Ferry, ldaho, fromMay 1 to June 21, 1993 (From Marcuson,

1993).
Figure 3. Study area map.

LI ST OF TABLES

Table 1. Distribution and frequency of white sturgeon egg and
| arval sanpling before, during and after the 1993 augnented
di scharge period in the Kootenai River.

Table 2. Distribution of white sturgeon eggs and | arvae sanpling
wth D-ring plankton nets during the 1993 natural spawning test
on the Kootenai River.



INTRODUCTION

Recruitnment of white sturgeon (Acipenser transnontanus) in
the Kootenai R ver (ldaho, Mntana, and British Colunbia (B.C.))
has been virtually non-existent since 1974, when the operation of
Li bby Dam began altering the annual hydrograph (Figure 1).
Hydrograph alteration appears to be a promnent factor in the
whi te sturgeon popul ation decline in the Kootenai River (Anders
1991, Apperson and Anders 1991, 1990). Physical, chemcal, and
bi ol ogi cal changes in the Kootenai River during the past 20 years
may al so have contributed to this lack of recruitnment through
various nechanisns. Since 1974, undocunented white sturgeon
spawni ng may have occurred foll owed by the lack of recruitnent;
however, insufficient effort has targeted juveniles during this
time. Research is ongoing to determ ne causes of this |ack of
recruitnment and to develop and inplenent recovery neasures.

White sturgeon in the Kootenai R ver are reported to have
been geographically isolated between the west arm of Koot enay
Lake (Bonnington Falls, B.C) and Kootenai Falls (Mntana) (Figure
2) for the last 10,000 years since the retreat of the past
glacial period (Wsconsin) (Northcote 1973). Genetic research
conducted to date suggests a reduced heterozygosity for the
Koot enai River white sturgeon popul ation relative to Snake and
Col unbi a river popul ations of white sturgeon, and that white
sturgeon in the Kootenai River constitute a distinct stock within
the species (Setter 1988).

After nearly 20 years with virtually no recruitnment, the
Koot enai River population of white sturgeon was petitioned for
listing as threatened or endangered under the Endangered Species
Act (June 11, 1992). On July 7, 1993, the species was proposed
to list as endangered in the Federal Register. No listing
deci sion has occurred at this time (February, 1994).

To determ ne how altering the operation of Libby Dam may

I nprove conditions for natural spawning of white sturgeon in the
Kootenai River, discharge fromLibby Dam (wth no |oad follow ng
or power peaking) was increased to produce 20 kcfs (+ 2 kcfs)

di scharge at Bonners Ferry, ldaho, for a 14 day period from June
2 to June 16 (Figure 3). This report evaluates natural spawning
of white sturgeon in the Kootenai River before, during and after
the 1993 augmented discharge period.



oj ecti ves:
(bj ectives of this research were to:

1) Determne if white sturgeon spawned in the Kootenai R ver
during 1993.

2) Col | ect baseline biological data including timng, location
and habitat requirements of white sturgeon spawning in the
Kootenai River in order to fornulate and inplenment effective
recovery measures.

STUDY AREA

From headwaters | ocated in southeastern British Col unbi a
(B.C.)), the Kootenai River flows south into northwestern Montana
west into Idaho, then back north into Kootenay Lake, B.C
(Figure 2) and out the west armof the | ake eventually joining
the Columbia River at Castlegar, B.C The Kootenai River is the
second | argest Colunbia River tributary in ternms of runoff vol une
and the third largest in ternms of watershed area (36,000 square
km) (Knudson 1993).

| medi atel y downstream from Li bby Dam t he Koot enai River
flows through a single channel into |Idaho w nding through a
narrow steep-sided canyon; in this section, Kootenai Falls is
thought to be an upstream migration barrier for sturgeon. From
Kootenai Falls, downstreaminto Idaho the river consists of
predom nantly long runs, with locally, uniformy sized substrate
ranging from large rocks to gravel (Partridge 1983). This river
section contains several deep pools lined by bedrock. Further
downstreamthe river widens into a brai ded channel and gravel bar
reach, then meanders northward through the Purcell Trench
enmptying into Kootenay Lake. This neandering section is
characterized by very |low gradient and water velocity, with deep
pools (> 30 mj. For further physical information about the study
area see Knudson (1993) and Anders (1991).



ME THODS

Sanpling design - Sanpling sites in the Kootenai River were
chosen to collect white sturgeon eggs and larvae fromthe drift
downstream from suspected spawning habitat. Location of
suspected spawning habitat was based on two criteria: Instream
Fl ow I ncremental Methodology (IFIM nodel predictions; and 2

| ocations of late vitellogenic male and femal e white sturgeon
tagged with radio and/or sonic transmtters.

1) I nstream Fl ow | ncrenental Methodol ogy nodel
predictions: Since white sturgeon spawning habitat criteria are
not yet established for the Kootenai River, published criteria
fromthe Colunbia R ver popul ations were used in the | Fl M nodel
at 20 kcfs to |l ocate suspected spawni ng habitat in the Koot enai
River. Wite sturgeon spawning habitat criteria in the Colunbia
River used in the IFIM nodel were: 1) nean water columm velocity
>0.5 nps, 2) gravel or larger substrate, and 3) water depth > 3 m
(Parsley et al 1993). Based on |FI M nmodel output using 20 kcfs
as the discharge value, habitat in the Kootenal River neeting
these three criteria was located fromrkm 260-267.

2) Locations of late-vitellogenic white sturgeon tagged
with sonic and radio transmtters: Tracking late vitellogenic
mal es and fermal es could identify white sturgeon spawni ng habit at
in the Kootenai River. Location and intensity of sanpling was
affected by the collection of sturgeon eggs or larvae. Sanpling
intensified in areas where white sturgeon eggs were coll ect ed.

Nat ural |y produced white sturgeon eggs and | arvae were
sanpled in three reaches of the Kootenai R ver: Reach 1: Shorty's
Island (rkm 227.5-234.51, Reach 2: Anbush Rock (rkm 245. 0-245. 81,
and Reach 3: upstream fromthe H ghway 95 bridge (rkm 245. 8-267).

Sanpling gear - Three types of gear were used to sanple naturally
spawned white sturgeon eggs fromthe Kootenai River: artificial
substrate mats, D-ring plankton nets, and a beamtrawl net. The
latter two types of gear were also used to sanple white sturgeon
| arvae. Since white sturgeon eggs and | arvae are denersal, al
three types of gear were fished in a stationary position on the
substrate.

Artificial substrate mats - Artificial substrate mats constructed
of a latex coated animal hair furnace filter secured within a 62
X 75 cmangle iron frames (MCabe & Beckman 1990) were used to
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sanpl e white sturgeon eggs in the Kootenai River fromMuy 18 to
July 7, 1993. Mats were anchored to the substrate and marked
with a fluorescent buoy within the three river reaches (rkm
227.5-258.6). Mats were renoved fromthe river and inspected for
white sturgeon eggs every 4 to 5 days.

D-Ring plankton nets - During plankton nets (1.59 nm knotl ess
nyl on nesh attached to a "D' shaped stainless steel frame (0.76 m
w de X 0.54 mhigh)) were used to sanple the drift for white
sturgeon eggs and larvae. Two to four 10 |Ib. lead cannonballs
were attached to the corners of the frame to hold it upright in a
stationary position on the substrate. Two D-ring nets were
usual Iy fished simultaneously. A sanple consisted of fishing one
D-ring net for 15 mnutes, however, nets were fished for 5 to 30
m nut es dependi ng on the anount of organic debris in the drift.
Since river elevation at Bonners Ferry dropped 3 to 4 feet after

t he augnented di scharge period ended, site |ocations were altered
to cont inue sanpling the thalweg while adhering to previously
described sanpling site selection criteria.

Beam Trawl Net - A 3 X 1 m weighted alum num franme beam traw
net (3.18 nmnet |iner nesh) was al so used to sanple white
sturgeon eggs and larvae from May 26 to June 29. For a nore
detail ed description of this gear see Palmer et al. (1988).
Sampling duration varied from3 and 30 m nutes per set depending
on the anount of debris in the drift.

Due to the inability of the propeller powered trawer to
navi gate shallow waters upstream from Bonners Ferry, all beam
tram sanples were collected only in river reaches one and two.
Sanmpling was conducted at depths between 1.4 and 15.2 m

Sanpl e preservation and analysis - Depending on the volune of
material collected by the various gear types, sanples were stored
in either glass vials, quart or |/2 gallon jars, and preserved in
10% unbuffered formalin tinted with Rose Bengal stain in the
field. Sanples were later sorted in the |aboratory. Enbryoni c
stages of white sturgeon eggs and devel opnent of |arvae in the
sanpl es were determ ned using a di ssection mcroscope and

enbryol ogical criteria devel oped by Beer (1981). Larval fish

ot her than white sturgeon were identified to famly and reported
as incidental catch.

White sturgeon spawning dates and tinmes (+ 4 hr.) were back-
calculated fromall viable white sturgeon eggs-in the sanples
using an exponential function (Wang et al. 1985) know ng water
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tenperature and enbryonic devel opment (Beer 1981). Newly spawned
white sturgeon eggs (in the water colum < 4 hr., changing

pi gnentation stage, Beer 1981) were also used to estimate the
dates and tinmes of spawning.  Dead white sturgeon eggs coul d not
be used to predict date or time of spawning.

RESULTS

River discharge - During June, before the augnented di scharge
period, river discharge at Bonners Ferry (including 4 kcfs from
Li bby Dan) peaked at 23,517 cfs on May 15. After My 15; river

di scharge decreased until NHY 30 when additional discharge from
Li bby Damresulted in slightly over 14 kcfs at Bonners Ferry
(Figure 2). Increased Libby Dam di scharge fromJune 1 to June 16
provi ded a 18, 962-20, 127 cfs discharge at Bonners Ferry (Figure
3). On June 16 the augnented discharge period ended, river
surface el evation dropped 3 to 4 feet, and di scharge val ues
nmeasured at Bonners Ferry fell to |l ess than 10 kcfs.

River rater tenperature - River water tenperature increased from
May through June, ranging from7 to 17" C (Figure 3). \Water
tenperatures did not exceed 15" Cuntil md to late June, thereby
provi ding near optimal water tenperatures for spawning during the
hi storic natural spawning period.

Wi te sturgeon egg catch - In 1993, three naturally spawned
white sturgeon eggs were collected fromthe Kootenal R ver during
the augmented discharge period, two fromartificial substrate
mats, and one in a Dring net (Table 1). O the two eggs
collected from artificial substrate mats (June 10, and June 15,
rkm 245) one had reached the early neurul ation stage (73 hours
old, spawned at 1300 hours (+ 4 hr.) on June 7). The second egg
was col lected approximately 4 hours (+ 4 hr.) after being spawned
on June 15 at 0700 hours. This egg had not reached the changing
pignentation stage, therefore we could determ ne whether it was
fertilized. Since the first egg collected on June 7 was 73 hours
old, and the second egg collected on June 15 was |less than 5
?our? old, these two eggs were assuned to be fromtwo different
enal es.

_ The third white sturgeon egg collected in 1993 was col | ected
Iina Dring net on June 10. Since the egg was dead when
collected, we could not determne when it was spawned.



Wi te sturgeon |larvae catch - No white sturgeon |arvae were
collected from the Kootenai River during 1993.

I ncidental catch - From all gear types conbined, sanples
cont ai ned 20 non-sturgeon fish eggs and 15 larval fish
(Cyprinidae and Catastom dae spp.). Non-sturgeon fish eggs were
not identified taxonomcally.

Sanpling distribution and frequency - Over 41,000 hours of
sanpling occurred during 1993 providing a total of 823 sanples:
354 from artificial substrate mats, 245 from D-Ri ng pl ankton
nets, and 224 fromthe beamtraw (Table 1). Wth all gear
conbi ned, 124 and twenty-two sanples were collected in river
reach one, 426 in river reach two, and 275 in river reach three.

DI SCUSSI ON

Nat ural spawni ng of white sturgeon - Collection of three white
sturgeon eggs (one of which was fertilized) fromtwo different
femal es approxi mates the m ni nrum anount of data needed to
conclude that white sturgeon spawned in the Kootenai River during
1993. Wile white sturgeon spawni ng cannot be quantified using
egg and larval collections due to inherently high variability
(Mller and Beckman 1993; M ke Parsley, National Biologica
Survey, personal conmmunication) collection of three white
sturgeon eggs and no | arvae suggests that the 1993 di scharge
augnmentation (20 kcfs for 14 days) was insufficient to reduce or
elimnate the threat of extinction for this population. The
foll ow ng evidence supports this conclusion

Using the 1990 white sturgeon popul ation estimte (n=880)
(Apperson and Anders 1991) less 3.7 % annual nortality since then
(1994 pop. estimate=756) a 50/50 sex ratio, and 7% of the
femal es expected to spawn in a given year (Apperson 1992) 26
female white sturgeon could be expected to spawn during 1994.
Fecundity estimates fromfemal e white sturgeon fromthe Kootena
R ver spawned in the Kootenai Experimental Aquaculture facility
bet ween 1991 and 1993 ranged from 60,000 to 150, 000 eggs per
female (John Siple, I|daho Departnent of fish and Gane, persona
comruni cation). Assum ng an average fecundity of 100, 000 eggs
per female and 26 fermales estinmated to spawn in 1994, an
estimated 2,600, 000 eggs coul d been produced given optimal river
conditions for spawning.

10
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Wil e the accuracy of these popul ation paraneter estimates
may be low, the previous cal cul ati ons suggest that spawni ng
conditions during 1993 were insufficient to realize the
reproductive potential of the population in the Kootenai River

Conversely, since only 4 of 62 adult white sturgeon sanpl ed
during broodstock collection during the spring of 1993 were
femal es, collected in an area used extensively by late
vitellogenic fish, perhaps stock limtation nay have confounded
attenpts to define spawning habitat criteria for white sturgeon
in the Kootenai River

RECOMMENDATIONS

1 On the basis of research results, future adaptive river
managenent designed to reestablish natural spawning by white
sturgeon in the Kootenai River should include a |Ionger
period of augnented discharge (3-4 weeks), w th higher
ninjﬁyn1discharge | evel s mai ntained before and after this
peri od.

2. Since virtually no white sturgeon recruitment has occurred
In the Kootenal River during the past 20 years, future
adaptive river managenent should be designed to create
conditions capable of providing recruitnent as well as
natural reproduction of white sturgeon

3. Due to a current |lack of defensible data, the success of
adaptive river managenent as the only nechanismto
reestablish white sturgeon spawning, successful recruitnment,
and life cycle completion in the Kootenai River should not
be assumed at this tine.

4, Wil e the success of using adaptive river nanagenent to
reestabl i sh spawning and recruitment cannot be guaranteed,
all involved fisheries agencies should cooperatively and

systematically test various river operation scenarios wth
the goal of reestablishing natural spawning and recruitnment
of white sturgeon in the Kootenai River

5. Since virtually no recruitnent has occurred during the past
20 years, and the success of adaptive river nmanagenent al one
to restore this popul ation cannot be guaranteed, nulti-
faceted recovery efforts including field research, augnented
di scharge scenarios, and genetically sound aquacul ture

11
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techni ques should be inplenmented to maintain the
popul ation's existing genetic diversity.

The overall goal of preservation and restoration of the
white sturgeon population in the Kootenai R ver nust renain
a higher priority than the contributing research objectives.
For exanple, for the past three years nmultiple famly year
cl asses have been produced using proven aquacul ture

techni ques. However, experinentation designed to
reestablish natural reproduction and recruitnment was
supported at the expense of currently needed conservation
aquacul ture measures. Recovery activities should be
addressed simul taneously for the benefit of the popul ation.

12

12



Table 1. Distribution and frequency of white sturgeon egg and

| arval sanpling before,

during and after the 1993 augnented

di scharge period in the Kootenai River
Nunmber Total sanpling
Cear type sanpl es time (hours)
Substrate mats 1 86 9,083
2 116 14,516
3 152 17,998
354 41,597
D-Ring nets 1 0 0
2 122 34.8
3 123 30.0
245 64.8
Beam Trawl nets 1 36 8.6
2 188 44. 4
3 _ 0 0
224 53.0
823 41,714

13
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Table 2.  Distribution of white sturgeon eggs and | arvae sanpling
with D-ring plankton nets during the 1993 natural spawning test
on the Kootenai River

Site Total Sanpling Nunmber of Sanpl e*
Site # | ocation time (hr.) sanpl es itefns
(rkm
OA anbush rock 0.84 3
0-1 245.6 11. 25 42 1 wst egg
0-2 245. 6 9.75 35
0-3 245. 8 10. 25 36
0-4 245. 8 2.7 6
1-K 246.0 0.5 2
1-G 246. 8 12. 75 46 4 wst eggshells
| -1 247.0 2.35 10
| -2 248.0 1.2 5
| -3 248. 6 0.3 3
| -4 249. 6 1.76 8
2- | 253.1 0. 45 3
2-2 253.2 2.0 8
2-3 253. 4 1.45 10
2-4 255.9 1.58 6
3-1 258.5 1.17 5
3-2 258. 6 0.5 2
4-| 265.5 2. 17 8
4-2 267.0 2.25 7 1 wst eggshel

o)
B
\'
[

245

*wst=whi te sturgeon
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Figure 3. Temperature and calculated discharge of he Kootenai River at Bonners Ferry, Idaho for May to June 21, 993
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INTRODUCTION

The Kootenai Experinental Wiite Sturgeon (Acipenser transnontanus)

Aquaculture Facility is located in Boundary County, Idaho,
approximately three mles west of Bonners Ferry, in extrene
nort heast |daho (Figure 1). Construction of the facility was

conpleted in the spring of 1991, as a resident fish mtigation
measure under the Northwest Power Planning Council's Colunbia River
Basin Fish and Wldlife Program [ Section 900 (g0 (1) 1987 (H :
Action Plan, section 1403 (7.5) 1. Funding for this facility was
provided by Bonneville Power Admnistration (BPA) under the
auspi ces of the Northwest Power Planning and Conservation Act
(P. L. 96- 501, 1980 .

Staffing at the facility includes an |daho Fish and Gane
(IDFG facility manager and three permanent Kootenai  tri bal

personnel . This facility produces one and two year old white
sturgeon for laboratory and field research including experinental
releases into the Kootenai River. This research facility was

established for experinental rearing of Kootenai River Wite
Sturgeon as part of a BPA project evaluating Wite Sturgeon in the
Koot enai River. The facility wll release one and two year old
sturgeon during the spring to fall period as directed to neet
research objectives. Representative nunbers of fish > 70 cm TL
(Total Length) will be PIT tagged, marked with a scute renoval
pattern and fitted with radio and sonic transmtters to be tracked
after release into the river during 1994.

WATER SUPPLY

The facility has two water supply systens, Kootenai R ver
wat er and Bonners Ferry city water. A new double primary punp
system was designed for the facility (Figures 2,3), and installed
during the first week of My. The intake system contains two
electric 7.5 hp subnersible punps, each in a separate 8" dianeter
steel pipe. (ne punp runs for 24 hours before the system
automatically switches to the second punp for 24 hours. A third
punp (portable gas 8 hp) was al so purchased for further water
reliability, in the event that both primary electrical punps fail
at the sane time, or in case of generator failure during a power
outage. This gas powered punp can deliver up to 190 gpm dependi ng
on river elevation.



Kootenai River water is punped into a head-box at
approxi mately 947 |/mn. and is distributed for egg incubation,
juvenile rearing, adult holding and recovery of female spawners.
The gravity fed city water is first dechlorinated through two
activated charcoal canisters. Then the water goes through a colum
packed with aeration nmedia [shot shell wads] and then into a head-
box for distribution.

The Kootenai River water tenperature varies bK season from a
low of 1° Cin the winter and as warmas 20" Cin the sumrer. The
city water tenperature also varies seasonally. Fol | owi ng spawni ng
in 1993, city water tenperatures in the facility ranged from 13- 16"
C (Table 1).

An electric water heater can be used for city and river water

in the winter, increasing the water tenperature to 17" Cin three
rearing tanks. A heat punmp (chiller) was installed in June to
chill river water. This chiller was used for incubation and early
| arval rearing. However, this chiller has a limted capacity:

heating for chilling 3-4 gpm or 2 rearing tanks using a
recircul ation system

FACILITY DESIGN

The Kootenai Experinental Facility is a metal pole building,
17.8 mlong and 12.5 m w de, housing rearing ponds, an office,
| aboratory space, and a backup diesel generator. Reari ng ponds
consist of : two rectangular tanks 3.66 min length by 0.36 m w de
by 0.45 m high; one rectangular tank 3.66 min length by 0.56 m
w de by 0.30 mhigh; one rectangular tank 3.09 min length by 0.37
mwi de by 0.47 mhigh; ten rectangular tanks 1.20 min |length by
0.60 mw de by 0.40 mhigh; three rectangular tanks 1.20 min
length by 0.45 mwi de by 0.57 mhigh; three circular tanks 3.06 m
in dianmeter by 1.53 mhigh and three 1.53 mdianeter circular tanks
and 1.22 m hi gh.



PRODUCTION

INCUBATION AND EARLY FRY REARING

On June 26 at 1700 hours, twelve hours post fertilization,
random egg sanples were taken fromthe bottom mddle and top of
the MacDonald jars from each water source. W then recorded nunber
of eggs sanpled. and their enbryonic stage under a dissecting
m croscope (Table 3 a-c).

Vater flow was increased 48 hours post fertilization, to rol
t he eggs and reduce fungus infection and clunping. Anbient city
wat er tenperature was approximtely 15" C, wth better survival to
hatch (Table 4). Hat chi ng began 4.5-5 days post fertilization on
Kootenai River water and heated city water. On city, anbient
river, —and chilled river water hatching began 7 days post
fertilization, and lasted up to 3 days.

~ The late hatching larvae in all water sources showed a high
incidence of deformty, mainly in the formof crooked backs which
rendered the post yolk sac fry unable to feed. For a nore detail ed
description of these deformties, see Siple and Aitken 1991. Tot al
hat ching produced 14,217 larvae on anbient city water, heated city
wat er produced 527 larvae and 1,264 were produced on Kootenai R ver
water; chilled river water jars produced 937 |larvae (Table 5).
Larvae were allowed to swimout of the MacDonald jars directly into
emergence tanks or rectangular rearing tanks.

Larvae hatched in anbient city water were split up, weighed
and noved to respective rectangular rearing tanks. Al larvae
hat ched in heated and anbient city water males were sw tched over
to ambient river water on July 21. Feed initiation began 10 days
post hatch. The larvae were not actively feeding at first, but the
exposure to feed seenmed to help stinulate feeding in the larvae in
tine.



Hat chi ng
As in past years at the facility, a certain percentage of post
yol k-sac | arvae never began to feed on processed feed. This is

represented by nortality between July and August (Table 5).

Hat chi ng success was substantially higher for eggs collected
by hand stripping (mean 30.4% hatch, range 9.2-40.8% than for eggs
collected by cesarian surgery (mean 7.1% hatch, range 3. 9-
11.49% (Table 5). The | ow percent hatch of eggs surgically
collected may be largely explained by the follow ng tw factors:

1) Blood and white eggs (already dead) were found in the
ovarian fluid at the onset of and throughout the surgical
process. No bl ood or white eggs were seen in ovarian fluid

expressed during the earlier hand stripping. Bl ood in the
ovarian fluid may have resulted fromthe fish's unusual
movenment in the stretcher. However, in past years, blood has

been observed in ovarian fluid during surgery with fish that
were not previously hand stripped, and did not exhibit any
motion in the stretcher.

2) Eggs collected by cesarian surgery were the last lots to be
transferred into MacDonald hatching jars. Therefore, egg |oss
may have al so been due to anoxia or clunping to a greater
extent than seen with eggs transferred to jars previously.

Fry

The highest nonthly fry nortality occurred between July and
August (Table 5 when |arvae nust begi n exogenous feeding on
processed feed. In addition to egg nortality before hatching, the
onset of exogenous feeding constitutes another critical period for
survi val

Fi ngerlings

No major nortality episodes occurred with fish fromthe 1993
br oodyear. However, small nunbers of fingerlings routinely died
t hroughout the 1993 rearing period beginning in early fall. The
cause or causes of chronic nortality are not understood. No
evidence of bacterial gill disease or WSV (Wite Sturgeon
Iridovirus) was observed with fish fromthe 1993 broodyear.



However, neasuring condition factors of dead and live fish may
provide some insight into this low level chronic nortality.

1992 BROODYEAR

In January 1993, approximately 1600 age 1 (1992 broodyear)
fish were held in the facility. Due to multiple and finally
termnal punp failure at the facility on February 18, all but four
of these fish were noved to the Sandpoint Hatchery. On May 28, 450
of these fish were brought back to the Kootenai facility (Figure 4
Percent nmonthly survival of these fish ranged from89 to 100%

FI SH HEALTH
1993 Broodyear

No nmajor nortality episodes occurred during 1993. There are
no evidence of, Dbacterial gill disease or W5l V. To further
Investigate the nature and treatnent of WBIV 1,204 fish fromthe
1993 broodyear were transported to a research facility at O ear
Springs (Buhl, ID.). Only one fish was killed during the unloading
process at Cear Springs.

The follow ng report of fish health fromthe Eagle Fish Health
Laboratory (IDFG was reported for the Kootenai Facility in 1993:
Fish health at the Kootenai Facility was excellent in 1993. Two
m nor out breaks- of bacterial gill disease occured in the BY92 fish
and were controlled with salt baths at 3% concentration. No visits
were nmade by Eagle Laboratory pathologists in 1993, but routine
contact was nmintained over the telephone. Recommendations for
1994 i ncl ude:

1) Cooperate with Eagle and Cear Springs Laboratories in testing
for white sturgeon iridovirus.

2) Notify pathol ogi sts when adult broodstock are to be captured
so that disease sanples nmay be collected fromthe wld
popul ati on.



1992 Broodyear

Health of fish fromthe 1992 broodyear was al so very good
during 1993. Monthly survival ranged from 89-100% wth the
exception of one rearing tank in which a mld infection of
bacterial gill disease caused the | 0ss of 294 fish between July 21
and Septenber 6.

FI SH TRANSFERS

During the third week of February, all but four of the 1992
br oodyear fish were noved to the Sandpoint Hatchery follow ng
termnal punp failure on February 18 (See power/punp failure
section of report). On May 28, 450 fish fromthe 1992 broodyear
(21 fish/lb. average TL 6.5") were returned to the Kootenai
Experinmental Facility follow ng proven success of the new water
i nt ake system (See new construction section of this report). On
December 13, 40 fish fromthe 1992 broodyear and 199 fish fromthe
1993 broodyear were transferred fromthe Kootenai Experinental
White Sturgeon Facility to Sandpoint State Hatchery. On Decenber
21, 1,204, 1993 broodyear fish were transferred to Cear Springs
research labs to investigate the effects of rearing density on
white sturgeon iridovirus.

BROODSTOCK CAPTURE

From April through June of 1993, 66 white sturgeon were
captured from the Kootenai R ver by angling between Rock Creek and
Anbush Rock (Table 2). O the 66 fish captured only 4 (6.6% were

femal es (Table 2). Captured fish were placed upside down in a
stretcher suspended across the boat gunwales, wth river water
added as needed. Fish were then sexed in the field either by

making a 1 cm abdom nal incision and view ng gonadal tissue with a
veterinarian otoscope or by inserting a flexible plastic tube and
extracting devel opi ng oocytes (eggs) by suction. Once the sex and
stage of sexual maturation were determined, fish were either
brought to the facility by boat or truck, or released back into the
river.

O the 66 fish captured, 16 sexually mature fish (4 females
and 12 nales) were transported to the facility; no nore than three
females and six nales were held at one time in the facility during
1993. Al fish captured were checked for the presence of PIT and
Floy tags. Fish captured without a PIT tag were PIT tagged on the



right lateral surface below the dorsal fin. During broodstock
collection fish captured were wei ghed (kg), measured (TL cm, and
marked with the renoval of the second left lateral scute (Table 2).

STAG NG BROODSTOCK

On June 19, 1993, eggs fromthree female white sturgeon held
inthe facility were tested for evBD with the follow ng results:

Fenale (PIT tag #) Control (n=l O eggs) % GVBD (n=I 0O eggs)
3775A flattened GV 100
3552E rounded GV 70
8 rounded
2 flattened
2705A rounded GV 80
10 rounded
0 flattened

On June 25,1993, spermsanples fromfive male white sturgeon
were tested for notility with the follow ng results:

Mal es o _ Sperm sanpl e volune (nl)
Pl T #Sperm notility (mn.) 6/ 24 6/ 25

5360 No sperm visible -

5079 > 2 mnutes 8 30

5326 > 2 mnutes 30 70

7856 no spermvisible

0863 no spermvisible

For a detailed description of nmale and fenal e broodstock staging
criteria and techni ques, see Siple (1992).

SPAWNING PROCEDURES

One fenmale white sturgeon (PIT tag #3775A) was spawned with
two males (PIT tag # 5079, 5326) in the Kootenai Experinenta
Facility in 1993. The fenale was captured on May 17 and transported
to the facility where she was staged with an egg dianeter of 3.2-



3.3 nmm and a GV position of stage 4. A progesterone assay was
perfornmed on the eggs on June 3, with only 60% exhibiting GvBD.
On June 19, the fenmale was staged again with nore favorable
results. The eggs had a diameter of 3.5 mmand the GV position was
stage 5 wth 100% of 10 eggs exhibiting GVBD. It appeared that this
fish could be induced to ovul ate.

Hor mone injections to induce spawning began on June 23. The
female was injected with a primary dose of 10% of a 0.1 ng/ kg body
wei ght dose of | uteinizing hornone rel easi ng hornone anal ogue
(LHRHa) at 2000 hours. Twel ve hours later, she was given a
resol ving dose of 90% of the 0.1 ng/kg body weight LHRHa. Prior to
the induction injections she was placed by stretcher into a 1.0 X
.67 X 3.0 neter covered fiberglass spawni ng tank. Thi s spawni ng
tank allowed the fish to be injected under water which reduces
stress and handling. This also makes for easier observation while
waiting for ovulation

Spermfromtw nmales (PIT tag # 5079, 5326) was checked for
motility at 0030 hours on June 25. Thirty-ei?ht m of sperm was
collected frommal e #5079 and 100 mM was collected fromnal e #
5326. A sperm sanple from each mal e was checked by m croscope for
motility and time of death. Remaining spermwas placed in ziplock
plastic bags with pure oxygen and stored in a refrigerator. Care
was taken to keep the tubing, syringe and surface area of the fish
dry when collecting sperm

Ovul ation was expected between 24 to 48 hours post resol ving
injection on June 24. Twenty to 30 dark eggs were observed
approxi mately 37 hours post resolving dose injection, near the
bottom of the spawning tank. This was a good sign as viable eggs
stick to the bottom of the tank. W continued to observe her until
0200 hours on June 26. At this tine several hundred eggs were
observed clunped and stuck to the bottom of the spawning tank.

EGG REMOVAL TECHNI QUES

Hand stripping

On June 26, at approximately 0310 hours egg renoval began by
hand stri ppi ng. The hand stripping technique involves nassagi ng
the ventral side of the fish while holding the ventral side up in a
stretcher. Massaging the eggs out of the body cavity was done by
applying pressure with the ball of the hand on the ventral mdline
of the fish and gently noving the hand posteriorly on the mdline
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from approximately one foot anterior of the oviduct to the oviduct.

During the first 40 mnutes of hand stripping 51,690 eggs were
collected (Table 4). However, the one female that was spawned this
year had deforned ovaries which may have contributed to the success
of hand stri pping. Rat her than the ovaries being parallel to the
fish's mdline, the ovaries resenbled a letter X, <crossing the
m dl i ne. Regardl ess of this abnormality, the success of hand
stripping indicates that cesarian surgery may becone obsol ete at
the facility in the future.

Cesari an surgery

On June 26, at 0334 hours cesarian surgery began. In 1993,
34,620 eggs were renoved by cesarian surgery (Table 4). The ventral
side was disinfected with 4% nitrofurazone. A 10 cmincision was
made al ong the mdline to expose the egg mass, then the eggs were
gently renoved with a disinfected plastic spoon fromthe body
cavity. The eggs were placed into nine stainless steel bows to
await fertilization. This process took approxi mately 60 m nutes.
Three, 10 g egg sanples were collected and counted later to
determne fecundity. The fenmale was thoroughly disinfected with 4%
nitrofurazone and the incision was closed with Ethicon's PDS||
vi ol et nonofil ament (polydi oxanone) suture swedged to a reverse
cutting CP-1 curved, surgical needle. A continuous suture of both
the inside and outside body cavity wall was used. She was pl aced
back into the holding tank at 0500 hours. After 24 hours she was
checked and then transferred to the recovery tank.

Egg fertilization and processing began at 0500 hours. The
coel om ¢ fluid was renmoved fromthe eggs. A 10 ml sperm sanple was
poured into a bow of 2,000 m of water. This m xture was then
stirred and added to the eggs and gently stirred with feathers
until the eggs began to stick to the feathers, approximtely two
mnutes later. This process was perfornmed with sperm from each
mal e and for each of the three water experinents, for a total of
nine sanples that were kept separate. The bowl s were drained off
and a de-adhesive solution of Fullers Earth (diatonmaceous earth)
was mxed with water, and set in flowing water for tenpering, then
has added to the eggs. Again eggs were gently stirred until they
were no longer adhesive. Constant nonitoring of the egg
tenperature was done so when the egg mxture increased nore than g
Cit was poured off and new tenpered m x was added.  This process
| asted 75 m nutes. The eggs were thoroughly rinsed to renove
excess material and placed into 24 MacDonald jars, 18 on anbi ent
city water, 2 on heated city water, 2 on anbient river water, and 2
on chilled river water.
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Egg densities per MicDonald jar were established as follows:

Jar nunber Nunber of eggs per jar Total number of eggs
I-12 2, 865 34,380
13- 16 2,925 11,716
17-22 5,730 34, 380
23, 24 2,925 5, 850
Total egg take 86, 326
Fl ow was set at 3.79 |/mn/jar. This flow rate kept the eggs
suspended but not rolling. The difference between the initial and

subsequent egg take estimates (0.06% was caused by error inherent
to extrapolating egg nunbers from volunetric neasurements.

NEW CONSTRUCTION

During Fiscal Year 1993, the follow ng inprovements were
made at the Kootenai Facility:

1) Entire fish rearing area was insul ated

2) Wod stove installed in fish rearing area

3) VWater heater/chiller unit purchased and installed

4) Self contained on-site living facility (29" travel trailer)

5) Smal | portable transport/hol ding tank purchased

6) The raciéity wat er intake punphouse received a heater and was
i nsul ate

PUBLIC RELATIONS

More than 500 people visited the Kootenai Experinental
Facility during 1993. Approxinmately 90 groups of people toured the
facility. These groups, usually nunmbering 1 to 5 people, visited
the facility fromldaho, Mntana, Washington, O egon, Al aska, South
Dakota, lowa, Pennsylvania, Massachusetts, Florida, and British
Col unbi a, Canada. Approxi mately 10 additional groups visited the
facility from schools in Idaho and Montana.

12



RECOMMENDATIONS

Research

1) Increase capacity to control water tenperatures in the
facility to inprove survival at critical life stages.

2) Incubate, hatch and rear eggs, larvae, and fingerlings on
anbient river water to assess potential survival of naturally
produced early life stages of white sturgeon in the river.
Additional eggs| larvae and juveniles will be reared in
thermal |y altered river water

3) Further refine hand stripping techniques using females with
normal |y devel oped ovaries.

4) Investigate the feasibility of discontinuing cesarian surgery
for egg collection in favor of hand stripping.

5) Except for during major fish |oss episodes, docunent the

condition factors of live and dead fish in the facility to
better understand chronic low nortality seen at the facility.

Pr oducti on

Br oodst ock:

1)

2)

Broodstock collected should be transported to the facility as
soon as possible to reduce stress.

Fish should be checked regularly to determ ne degree of
mat ur ati on.

At |least three females should be at the facility one nonth
prior to spawning.

One spawning femal e should be old enough to have spawned
naturally at |east once before in it's life.

13



Spawni ng:

1) Have a male to female ratio of 3:1.

2) Keep eggs sorted by the male's nunber from incubation through
stocking or until overcrowding becones a problem

3) Transfer a portion of the larvae and fingerlings to Sandpoint
State Hatchery to hatch and rear on heated spring water not to
exceed 10° C.

4) Attenpt to spawn a female 142-172 cm TL and one >213 cm TL to
conpare contam nant levels in eggs from each fish.

| ncubat i on:

1) Do _not use water warmer than 16" C for incubation.

Facility design

Due to the follow ng punp and power failures at the Facility

during 1993, a facility site with thermally correct reliable
gravity flow water source would be beneficial.

Dat e Power failure Punp failure
| /4 X
2/11 X
2/ 12 X
2/ 17 X
2/ 18

8/1

8/ 12

8/ 29

10/ 20
12/ 16
12/ 17
12/ 29
Tot al

(termnal failure)

JXXXXxxx
=N
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Tabl e 1. Daily water tenperatures of all water sources in the
Koot enai Experinental Facility for the 1993 broodyear fish. Two
tenperature values for each date represent tenperature at 8 AM
and-4 PM

HEATED AMBIENT CHI LLED
DATE —CITY CITY RIVER Rl VER

06- 26- 93* 18 15 15 15
06-27-93 18 15 1 4 15
06- 28-93 18.5 15 14 15
06- 29- 93 19 14 15 14
06- 30-93 18/ 18 14/14 14/13 14/14
*spawned fish

HEATED AMBIENT . CHILLED
—DATE CTY —CITX RIVER —RIVER
07-01-93 18 14 14 13/13
07-02-93 19/ 19 13/13 15/14 14/14
07-03-93 18/ 18 14/14 14/15 14/14
07-04-93 18/ 19 14/14 15/16 14/15
07-05-93 18/20 13/14 15/16 14/15
07-06-93 18/19 14/15 15/16 14/14
07-07~-93 19/19 14/15 15/16 14/14
07-08-93 19/19 14/15 14/16 14/14
07-09-93 19/19 14/15 14/16 14/14
07-10-93 19/19 14/15 14/16 14/14
07-11-93 18/19 14/15 16/17 14/15
07-12-93 18/19 14/14 15/15 14/14
07-13-93 17/18 14/15 14/16 14/14
07-14-93 18/19 14/15 14/16 14/15
07-15-93 18/19 14/15 14/16 14/15
07-16-93 18/19 14/15 14/16 14/15
07-17-93 18/18 14/14 15/15 14/14
07-18-93 18/19 14/15 14/16 14/14
07-19-93 18/18 14/15 14/15 14/14
07-20-93 18/19 14/16 15/15 14/15
07-21-93 18/19 a 15/15 14/15
07-22-93 19/19 16/15 14/15
07-23-93 19/19 16/15 14/15
07-24-93 19/19 16/15 14/15
07-25-93 19/19 16/16 14/14
07-26-93 20/20 16/16 14/15
07-27-93 19 16 14
07-28-93 19/20 16/17 15/16
07-29-93 19/20 17/17 15/16
07-30-93 19/20 17/17 15/16
07-31-93 19/20 17/17 15/16

a=All tanks using anbient city water were switched over to river
water on 7/21.



DATE

08-01-93
08-02-93
08-03-93
08-04-93
08-05-93
08-06-93
08-07-93
08-08-93
08-09-93
08-10-93
08-11-93
08-12-93
08-13-93
08-14-93
08-15-93
08-16-93
08-17-93
08-18-93
08-19-93
08-20-93
08-21-93
08-22-93
08-23-93
08-24-93
08-25-93
08-26-93
08-27-93
08-28-93
08-29-93
08-30-93
08-31-93
09-01-93
09-02-93
09-03-93
09-04-93
09-05-93
09-06-93
09-07-93
09-08-93
09-09-93
09~-10-93
09-11-93
09-12-93
09-13-93
09-14-93
09-15-93
09-16-93

HEATED AMBIENT

CTY CTY

19/20
19/20
19/20
19/20
19/20
19/20
19/20
19/20
19/20
19/19
19

19/21
18/18
16/18
17/18
20/19
20/21

19/18
17/18
18/18
17/18
18/19
18/18

18

20/19
18/18
18/19
19/19

18/19
18/19
19/19
18/19
18/19
18/20
19/18
18/19
18/19
18/19
18/19
19/19

17/17
17

16/17
16/17
17/18
17/18
17/18
17/18
18/18
17/18
17/18
17/18
17/19
17/19
17/19
17/17
16/16
15

16/17
18/18
17/17
16/16
14/14
13/14

15

13/14
13/14
13/14
13/14

15/16
15/16
15/16
15/16
14/16
14/15
14/14
13/13
13/14
13/17
13/13
12/13

CHI LLED

Rl VER

15/16
15/16
15/16
15/16
15/16
16/16
16/16
17/16
14/17
14/17
14
14/16.5
15/16
14/16
15/16
15/15
14/14
14
14/16
14/16
14/15
14/15
14/14
13/14

14/14
19/15
14/14
13/14
13/14

15/15
14/14
15/14
14/14
14/14
13/14
14/14
14/14
14/14
14/15
14/15
14/15



DATE

09-17-93
09-18-93
09-19-93
09-20-93
09-21-93
09-22-93
09-23-93
09-24-93
09-25-93
09-26-93
09-27-93
09-28-93
09-29-93
09-30-93
10-01-93
10-02-93
10-03-93
10-04-93
10-05-93
10-06-93
10-07-93
10-08-93
10-09-93
10-10-93
10-11-93
10-12-93
10-13-93
10-14-93
10-15-93
10-16-93
10-17-93
10-18-93
10-19-93
10-20-93
10-21-93
10-22-93
10-23-93
10-24-93
10-25-93
10-26-93
10-27-93
10-28-93
10-29-93
10-30-93
10-31-93

HEATED

CTY

18/19
18/19
19/19
19/19
19

20/20
20/20
14/21
21/21
20/21
21/21
20/21
21/21
19
18
18/19
19
18/19
18/19
18/18

17/18
18/19
17/18
18/18
17/18
17/18
17/18
17/17
17/17
17/17
17/13
14
15/16
15/16
17/17
16/16
16/16
14/13
13/13
12/12
11/11
heat ed
wat er
t urned
of f

AMBIENT
CITY

RIVER
13/14
13/14
13/13
13/13
13

12/13
13/13
12/13
12/13
13/13
13/13
13/14
13/14
13

13/13

13
13/14
13/13
13

11/13
12/12
11/12
12/12
12/12
12/12
12/12
12/12
12/12
12/12
11/12
12/11
11/12
11/11
11/12
11/12
11/12
12/12
11/12
12/12
12/12
12/12
11/11

CHILLED

14/15
14/15
14/14
14/14
14

14/14
14/14
13/14
13/14
14/14
14/14
14/14
14/14
14

14

14/14
14/14
14/14
14/14
13

11/14
12/14
12/13
13/14
14/14
14/14
14/14
12/13
12/14
13/13
12/13
12/12
11/12
12/13
12/13
11/13
11/12
12/13
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Table 2. Catch data for adult white sturgeon captured

in the Kootenai

River during 1993.

DATE SEX LOCATION TIME WEIGHT LENGTH DEPTH PIT TAG# FLOY TAG #
05-10-93 UN  ROCK CREEK 1245 142 CM 32 FEET TFTF43572C —
05-10-93 UN ROCK CREEK 1450 229 CM 32 FEET 7TF7F44524b —
05-11-93 M ROCK CREEK 1250 14.0KG 136 CM 35 FEET 7FTF427F2a —
05-11-93 M SHORTY'’S ISLAND 1640  17.0-24 KG 145 CM 35 FEET TFTF426A34 ——
05-13-93 M SHORTY'S ISLAND 1140  53.0 KG 183 CM —— TF7F443223 —
05-13-93 M e e 190 KG 155 CM - - _— 00737
05-13-93 FE SHORTY'’S ISLAND 1900 510 KG 220 CM 36 FEET TF7F43552E —
05-13-93 M SHORTY'S ISLAND 1400 136 CM 36 FEET TF7F427A4D —
05-14-93 M SHORTY'S ISLAND 1221 — 36 FEET UNREADABLE 555 (SONIC)
05-15-93 M SHORTY'’S ISLAND 1456 15.0 KG 146 CM 36 FEET TFTF117F46 01554
05-15-93 M SHORTY'’S ISLAND 1545  28.0 KG 167 CM 35 FEET TFTF457949 —
05-15-93 M SHORTY'’S ISLAND 1737 150 KG 140 CM 35 FEET TFTF426B49 —
05-16-93 UN SHORTY'S ISLAND 1719 114 KG 126 CM 31 FEET TFTF427123 —
05-16-93 UN SHORTY'’S ISLAND 1735 110 KG 132 CM 31 FEET TF7F444420 01053
05-16-93 M — £s--- 17.0 KG 149 CM - 7F7F12181F —
05-16-93 M SHORTY'’S ISLAND 1751  21.0 KG 157 CM 31 FEET 7TF7F644338 —_—
05-17-93 M SHORTY'S ISLAND 1000 21.0 KG 159 CM 33 FEET 7F7F12113P 01596
05-17-93 M CAUGHT ON 5-15-93 1424 — —— TFTF117F46 —_—
05-17-93 UN — 1119 o— ———— —
05-17-93 M SHORTY'’S ISLAND 1600  18.0 KG 155 CM 31 FEET TFTF426012 —
05-17-93 FE SHORTY'’S ISLAND 1700  70.0 KG 214 CM 31 FEET TFTF43775A —
05-17-93 UN SHORTY'’S ISLAND 1500  36.0 KG 192 CM 31 FEET TF7F426826 —
05-16-93 M CAUGHT ON 5-15-93 15.0 KG 146 CM TFTF117F46 01554
05-13-93 M SHORTY'SISLAND 1004  45.0 KG 191 CM —— TFTE365326 —
05-13-93 M SHORTY'S ISLAND 1740 335 KG 172 CM — TF7F441E79 —
05-16-93 UN SHORTY'S ISLAND 1010 -9 KG 130 CM — 7FTF402F5B —
05-16-93 M SHORTY' S ISLAND 1130  53.0 KG 210 CM 36 FEET TF7F425F1F ——
05-18-93 FE SHORTY'SISLAND 1210  53.0 KG 199 CM 31 FEET 7TF7P427916  RELEASED 5-28-93



DATE SEX LOCATION TIME WEIGHT LENGTH DEPTH PIT TAG# FLOY TAG #
05-22-93 FE UPPER SHORTY'S 1149  26.0 KG 170 CM 40 FEET TFTF42705A —
05-22-93 UN  SHORTY'S ISLAND 1123 70KG 110 CM 40 FEET TF7E357439 —
05-23-93 M SHORTY'S ISLAND 1025  27.0 KG 175 CM 31 FEET TFTF430B08 ——
05-23-93 M SHORTY'S ISLAND 0957  30.0 KG 175 CM 31 FEET TFTF4277DE —
05-23-93 M SHORTY'S ISLAND 1630  24.0 KG 160 CM 31 FEET TF7F44104D —
05-23-93 M SHORTY'S ISLAND 1700  17.0 KG 145 CM 31 FEET TFTF436A3E —
05-23-93 UN  SHORTY'S ISLAND 1645 75 KG 115 CM — TF7F431D70 R
06-04-93 M AMBUSH ROCK 1120 ---- 172 CM — TFTF443F16 —
06-04-93 M AMBUSH ROCK 1250  ---- 215 CM . 7FTF007039 01589
06-07-93 M AMBUSH ROCK 1430 11.0KG 125 CM - TFTF437ES6 MORTALITY
06-11-93 M SHORTY'S ISLAND 1500  30.0 KG 185 CM 31 FEET TFTFOES942

06-11-93 M SHORTY'S ISLAND 1409 325 KG 177CM 31 FEET TFTF435360 2 + -
06-14-93 M SHORTY'S ISLAND 1150 105 KG 129 CM 31 FEET TFTF43723D

06-14-93 M SHORTY'S ISLAND 1231 155 KG 144 CM 31 FEET TFTF443E36 01492
06-14-93 M SHORTY'S ISLAND 1300 21.5KG 238 CM 31 FEET 7FTF436A22 R
06-14-93 M SHORTY'S ISLAND 1430 185KG 155 CM 31 FEET TFTF427559 p F -
06-14-93 M SHORTY'S ISLAND 1600 51.0 KG 215 CM - TF7F44057F ——
06-14-93 M SHORTY'S ISLAND 1618  ---- — 31 FEET TFTE357439 c—
06-14-93 M SHORTY'S ISLAND 1631 185 KG 152 CM 31 FEET 7F7F3D5079 —
06-15-93 M SHORTY'SISLAND 0957  38.0 KG 184 CM 31 FEET TFTF444F54 R
06-15-93 M SHORTY'S ISLAND 1050 245 KG 169 CM 31 FEET TF7F3D5124 —
06-15-93 M SHORTY'SISLAND 1100 335 KG 182 CM 31 FEET 7FTF441E5E —
06-15-93 M SHORTY'S ISLAND 1215 27.0KG 169 CM 31 FEET TFTF12170E —
06-15-93 M SHORTY'S ISLAND 1220 --- 216 CM 31 FEET TFTF43786F —
06-15-93 M SHORTY'S ISLAND 1310 12.0 KG 140 CM 31 FEET TFTF443E1A —
06-15-93 M SHORTY'S ISLAND 1505  30.0 KG 166 CM 31 FEET TF7F435103 —
06-15-93 M SHORTY'S ISLAND 1510 320 KG 181 CM 31 FEET 7FTE12052A ——
06-15-93 M SHORTY'S ISLAND 1605 - - — 31 FEET TFTF435631 —_—



DATE SEX LOCATION TIME WEIGHT LENGTH DEPTH PIT TAG# FLOY TAG #
05-13-93 M SHORTY'S ISLAND 1004  45.0 KG 191 CM ———— TFTE365326 —————
05-13-93 M SHORTY'S ISLAND 1740 335 KG 172 MC —-— TFTF441E79 ——
05-13-93 M SHORTY'S ISLAND 1140  19.0 KG 155 CM —— 00737
06-11-93 M SHORTY'S ISLAND 1206 22.0KG 160 CM 31 FEET TFTF440863 01063
06-11-93 M SHORTY'S ISLAND 1206 ---- 159 CM 31 FEET TFTF436A54



Tabl e 3a.

Enbryoni c devel opnment of white sturgeon e?gs hat ched on heated city water at
the Kootenai Experinental Facility, 12-120 hours post-

fertilization.

WHOTE STURGEON EMBRYONI C STAGES (heated city water)

EARLY ADVANCED LATE EARLY YOLK EARLY NEURAL LATE

HOURS JAR # £ EGGS CLEAVAGE CLEAVAGE CLEAVAGE GASTRULATION GASTRULATION EILUG MEURALATION TUBE NEURALATION
12 13 33 3 1 16

25 14 37 21 15

50 13 68 54

74 14 41 28

98 13 73 50

120 NO COUNT:  STARTED HATCH NG BETNEEN 1700 HOUR8 AND 2000 HOUR8

13

10
13
23




Table 3b. Enbryonic devel opment of white sturgeon eggs hatched on city water at the Koot enai
Experinental Facility, 12-120 hours post-fertilization.

WA TE STURGEON EMBRYONI C STAGES (Gity wat er)

EARLY ADVANCED LATE EARLY YOLK EARLY NEURAL LATE

HOURS JAR # £ EGGS CLEAVAGE CLEAVAGE CLEAVAGE GASTRULATION GASTRULATION PLUG NEUVRALATION IUBE NEURALATION # DEAD
12 1 4 17 18 6
12 7 31 29 1 1
25 18 42 25 17 0
25 21 33 18 15

50 2 47 early 25 22
50 6 49 early 2 47
74 19 34 28 6
74 22 52 5 47
74 3 30 13 17
74 9 105 7 98
98 4 33 17 16
98 10 66 6 60
98 17 42 18 24
98 20 34 5 29
120 5 71 45 26
120 11 31 1 30
120 18 50 25 25

120 21 43 3 40




Tabl e 3c. Enbréfniq devel opment of white sturgeon eggs hatched on river and chilled river water at
t he Koot enai perimental Facility, 12-120 hours post-fertilization

WHIIE STURGEON EMBRYONIC STAGES

EARLY ADVANCED LATE EARLY YOLK BARLY MEURAL LATE

River water
12 15 40 10 6 17 7
25 16 31 25 ) 0
50 15 52 6 25 21
74 16 a3 23 10
98 15 44 20 24
122 16 62 3l 31
Chilled river water
12 23 s 15 15 s
25 24 43 18 15 10
50 23 83 (early)33 50
74 24 42 11 31
98 23 76 36 40

122 44 17 27




Tabl e 4. Hat chi ng success of hand stripped and surgically
removed white sturgeon eggs at the Kootenai Hatchery, 1993.

No. of eggs
Tank No. before hatch Nunber hatched Percent hatched
Hand stripped eqgs
1 5,730 2,154 38.6
2 5,730 1,778 31.0
3 5,730 2,166 37.8
7 5,730 1, 264 22.1
8 5,730 527 9.2
9 5,730 2,336 40. 8
10 5,730 2,224 38.8
11 5,730 2,339 40. 8
15 5,850 937 16. 0
Tot al 51, 690 15, 725 30. 4%
surqgically renoved eqags
4 5,730 214 7.5
5 5,730 326 11. 4
6 5,730 219 7.7
12 5,730 179 6.3
13 5, 850 167 5.7
14 5.850 115 3.9
Tot al 34,620 1,220 7.1°

* See text for explanation of |ow percent hatch



Table 5. Hatch and survival data for 1993 broodyear in the Kootenai Experinenta
Facility. Tank nunbers 15-18 did not receive fish until August or Septenber.

Wt er Tank Nunber Nunber of fish surviving*

source nunber hatched  July Aug Sept oct Nov Dec
1 city 1 H 2,154 1,635 136 43 38 200 187
2 " 2 H 1,778 1, 267 283 85 80 59 56
3 " 3 H 2,166 1,697 821 713 708 693 688
4 " 4 C 214 120 75 24 23 441 419
5 " 5 C 326 127 88 21 14 418 415
6 " 6 C 219 189 111 83 78 59 42
7 " 9 H 2,336 1, 886 1,072 941 207 37 36

] 10 H 2.224 1,916 1,186 1,072 475 22 20

8 " 11 H 2,339 1,928 1,219 1, 145 436 13 4
9 " 12 ¢ 179 146 100 93 90 87 82
10 " 13 ¢ 167 151 78 42 37 31 27
11 " 14 ¢ 115 108 59 41 37 32 27
12 chilled 15 H 937 767 665 301 266 211 198

river
13 heated 8 H 527 502 431 177 30 17 8

city
14 river 7 H 1,264 487 230 78 38 36 35
15 " 16 H 301 293 245 230
16 " 17 H 1,061 923 917 907 905
17 " 18 H 97 75 68 67 66
18 " 19 H 375 374 372 372

*=increases and large decreases in # of fish surviving in a given tank is due to fish
transfers among tanks to maintain optinmum rearing densities

H=eggs col | ected by hand stripping

c=eggs col | ected by cesarian surgery
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Figure 2. Top view of newly installed river water intake system for the Kootenai
Experimental Facility.
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Figure 3. 8ide view of newly installed river water intake system at the Kootenai

Experimental Facility.
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ABSTRACT

Kokanee sal non (Oncor hynchus nerka) runs in the | ower Koot enai
River tributaries in |daho have experienced a profound popul ation
decline during the past several decades. Kokanee that
historicaIIK spawned in | ower Kootenai River tributaries in |daho
i nhabited the South Arm of Kootenay Lake in British Col unbia.
During 1993, five |lower Kootenai R ver tributaries in |daho that
historically supported kokanee spawning runs were surveyed to
docunent current reproductive status of South Arm stock kokanee

In the Northwest Power Planning Council's (NPPC) Col unbia Basin
Fish and WIldlife Program (NPPC 1987), and in the nost recent
NPPC Annual Report (NPPC 1993), the Council "calls on the
Kootenai Tribe of Idaho to assess all fish stocks in the Idaho
portion of the Kootenai River (including kokanee) and to identify
fishery enhancenent opportunities.

To docunent nunbers of spawni ng South Arm kokanee in five | ower
Kootenai R ver tributaries (Boundary, Long Canyon, Parker, Trout
and Myrtle creeks) spawni ng kokanee, redds, and spawned out
carcasses were counted. The sex of observed kokanee was al so
observed and recorded. Eighty-two |ive kokanee, 64 redds, and
three kokanee carcasses were counted in | ower Kootenai River
tributaries from August 26 to Septenber 5, 1993. This popul ation
crash illustrates the need for an objective assessnent of kokanee
enhancenment or recovery opportunities.
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INTRODUCTION

Recently much attention has been paid to the decline of the

whi te sturgeon population in the Kootenai River systemin |daho,
Montana, and British Colunbia (G orgi 1993; Apperson 1992;
Apperson and Anders 1991, 1990; Anders 1991; Uehara and Schol z
1986) . However, historic kokanee (Oncorhynchus nerka) runs in
the | ower Kootenai River in Idaho have experienced a simultaneous
and profound popul ati on decline (Ashley and Thonpson 1993;
Partridge 1983). Kokanee that historically spawned in | ower
Kootenali River tributaries in Idaho inhabited the South Arm of
Koot enay Lake in British Colunbia (Figure 1), and are reported to
be a different stock from Wst and North Arm Koot enay Lake stocks
(Vernon 1957). \While the popul ation of South Arm stock kokanee
was declining, sinultaneous |imological changes were occurring

I n Kootenay Lake, British Col unbia.

Koot enay Lake has experienced a series of perturbations
during the past 50 years resulting in the collapse of South Arm
kokanee stocks, and a dramatic decrease in the abundance of North
Arm stocks (Ashley and Thonpson 1993). Environnent al
perturbations include construction and operation of hydropower
danms, reductions in nutrient |oading and production, and
I ncreases in Mysis shrinp nunbers (Ashley and Thonpson 1993).
These aut hors suggested that enhancenent of Gerrard rai nbow trout
(Oncor hynchus nykiss), a kokanee predator, nmay have al so
contributed to the decline of kokanee in Kootenay Lake. Wile
Partridge (19831 reported that kokanee spawning runs in Kootenai
River tributaries in Idaho have decreased during past decades due
to stream channelization and increased fine sedinment |oads,
habi t at degradati on was never quantified. Qher than
si nul taneous occurrences, no correlation between habitat
degradati on and the kokanee popul ati on decline has been
est abl i shed.

Three inportant research questions exi st concerning needed
future managenent of kokanee in the Kootenai River system 1) is
spawni ng habitat in Kootenai River tributaries in |Idaho
limting?;, 2) if the nunber of adult kokanee were adequate to
seed historic spawning streans in Idaho, would current in-Iake
survival allow re-establishment of a sustainable popul ation? and
3) are recent decreases in nutrient availability prohibitive to
kokanee re-establishnment? Ongoing |imological research in the
Koot enai River and Kootenay Lake may provi de sonme insight into
t hese issues.

During the past two years the North Arm of Kootenay Lake
has been experinentally fertilized. Nunmbers and condition of
spawni ng kokanee in tributaries to the North Arm of Kootenay Lake

ES



Meadow Creek and Lardeau River collectively) have increased from
225,000 to 800,000 during the past 3 years (Les Fleck, personal
communi cation, B.C. Mnistry of Environment). The abundance of
| arge bodi ed cl adocerans, a kokanee food source, has al so
increased in the lake during the past two years. North Arm
kokanee travel extensively throughout the |ake, including into
the South Arm where increased nunbers have been recently
docunented using Sonar techniques (Jay Hanmond, Les Fleck
personal communication, B.C. Mnistry of Environment). Wether
remai ni ng South Arm stock kokanee exhibit simlar novenents to
utilize newly avail able food resources in the North Armis
currently unknown, but possible. Wile this increase in
productivity coincides wth experinental |ake fertilization
concl usi ons about whether increased nunbers and condition of
kokanee and increased cl adoceran abundance are due to
fertilization are currently prenature.

In the Northwest Power Planning Council's (NPPC) Col unbi a
Basin Fish and WIldlife Program (1987), and in the nost recent
NPPC Annual Report (1993), the NPPC "calls on the Kootenai Tribe
of Idaho to assess all fish stocks in the |Idaho portion of the
Koot enai River (including kokanee) and to |dent|fy fishery
enhancenment opportunities"”.

In 1993, five |lower Kootenai River tributaries in |daho that
hi storically supported kokanee spawning runs were surveyed to
docunent current reproductive status of South Arm stock kokanee.
This report provides results fromthat 1993 survey, and
prelimnary recomendations for future kokanee research and
managenment in the Kootenai River system

METHODS

To docunent nunbers of spawni ng South Arm kokanee in five
| oner Kootenai River tributaries (Boundary, Long Canyon, Parker
Trout and Myrtle creeks, (Figure |), spawni ng kokanee, redds, and
spawned out kokanee carcasses were counted. The sex of observed
kokanee was al so observed and recorded. These five streans, in
whi ch kokanee historically spawned, were surveyed up to four
times between August 26 and October 5, 1993.



RESULTS

Ei ghty-two |ive kokanee, 64 redds, and three kokanee
carcasses were counted in |ower Kootenai River tributaries from
August 26 to Septenmber 5, 1993 (Table 1). O the 82 live kokanee
counted, 57 were males and 25 were females. Al kokanee (live
and dead) were observed only in Long Canyon and Parker creeks.

O the 64 kokanee redds observed, 54 were seen in Parker Creek
and nine in Long Canyon Creek (Table 1).

All live and dead kokanee and redds were observed between
August 26 and Septenber 28, with the exception of one redd seen
in Trout Creek on Cctober 4. The three kokanee carcasses were
gbserved in Parker Creek, two on August 31 and one on Septenber

DI SCUSSI ON

The smal| nunber of spawni ng kokanee (n=82) and kokanee
redds (n=64) observed during 1993 in streans that historically
supported | arge nunbers of spawners are direct results of the
decline of South Arm stock kokanee in the Kootenai River system

During 1988 the nunbers of kokanee observed during spawning
ground surveys using simlar techniques in these sanme streans
were two to three orders of nagnitude greater (Table 2). This
popul ation crash illustrates the need for an objective assessnent
of kokanee enhancenment or recovery opportunities, followed by
appropriate research and nanagenent.

During recent years, kokanee entrainment through Li bby Dam
near Libby, Mntana (Figure 1) has produced a kokanee popul ation
downstream from the dam (Don Skaar, Montana Department of Gane
Fish and Parks, personal communication, 1994). Entrainment may
be a confounding factor in assessing trends of various kokanee
stocks that spawn in the Kootenai River or its tributaries.
These fish (Ckanogon stock) are not native Kootenay Lake stocks,
and whether they are mgrating downstreaminto the | ower Kootena
River or into Kootenay Lake is currently unknown.

Poor in-lake survival and negative effects of reduced
productivity (Wods 1982; Daley et al. 1981) on various trophic
l evel s in the Kootenai River system have been proposed as
evi dence not to assess the feasibility of recovering or enhancing
dwi ndli ng kokanee stocks. However, consistent with Northwest
Power Pl anning Council directives since 1987, objective research
including field applications, is needed to determ ne the
feasibility of research and management needed for successful
kokanee restoration or re-establishnment in the Kootenai River
system



RECOMMENDATIONS

Initiate negotiations with the British Colunbia Mnistry of
Environnent, |daho Department of Fish and Gane, and the

Mont ana Department of Fish, WIdlife and Parks regarding
cooperative international research and managenent approaches
addressing the current problem of | ow kokanee abundance in
the Kootenai River system

Det erm ne whet her the South Arm stock of kokanee is

functionally extinct, then evaluate feasibility of
appropriate research and nmanagenent alternatives.

Assess kokanee spawning habitat suitability in Koot enai

River tributaries in Idaho by conparing these areas to

habitat in other Kootenai R ver basin habitat where kokanee
are currently spawni ng annually, and where stocks are
currently increasing in size.

| nprove estimates of remaining South Arm stock kokanee
during 1994 by installing weir traps in | ower Kootenai River
tributaries known to currently support remmant spawni ng runs
docunented in this report.

Fut ure kokanee spawni ng ground surveys should occur from
late July through Septenber.
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Table 1. Results fromthe 1993 spawni ng ground survey in five
| oner Kootenai River tributaries in |daho, August 26-Cctober 4,

1993.

Li ve kokanee

Dat e Creek Mal es Femal es Redds Carcasses
8/ 26 Canyon 1 0 0 0
9/ 7 Canyon 11 6 0 0
9/9 Canyon 0 0 9 0
9/ 29 Canyon 0 0 0 0
8/ 31 Par ker 34 13 0 2
9/8 " Par ker 11 6 38 1
9/ 28 Par ker 0 0 16 0
8/ 30 Tr out 0 0 0 0
10/4 Tr out 0 0 1 0
9o/l Boundary 0 . 0 0 0
9/ 16 Boundary 0 0 0 0
10/ 4 Myrtle 0 0 0 0
Totals 57 25 64 3

* Long Canyon Creek |isted as Canyon

Tabl e 2. Number of kokanee observed in | ower Kootenai R ver
tributaries in ldaho, during 1981 (data from Partridge, 1983)

Streans surveyed

Dat e Parker Cr. Long Canyon Cr. Boundary Cr.
7115 0 0 0

8/ 10 90 125 22

8/ 18 120 210 140

8/ 24 300 580 520

8/ 30 260 980 640

9/ 6 105 760 470

9/ 14 0 87 80
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Figure 1. Location of the Kootenai River and major tributaries in the ldaho
Panhandle with river distances in kilometers of major access points.
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