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Abstract

Lake Whatcorn kokanee have been stocked in Lake Roosevelt since 1988 with the goals of providing a
hatchery kokanee llsher)' and establishing a retuming run tbr egg collection. Harvest and escapement
goals have not been achieved since the program began. Four experiments were designed to evaluate
release strategies in an attempt to improve adult rcturns to release sites. Paired releases of kokanee were
made to compare imprintcd to non-imprinted, early run to middlc run. early release to late release, and
direct hatchery releases to three different net pcn releases. Hatchery and tdbutary returns did not differ
significantly between imprintcd and non-imprinted fish; however early run tish outperformed middle
run, early releasc date outperformed the late release fish. and hatchery releases outperformed net pen
releases. The total number of kokancc recovered during the spawning migration in 1998 and 1999 was
low. A combination of entrainnent, predation, and hatchery practicas appear to be the limiting lactors
that contribute to the overall low pertbrmance of Lake Whatcom kokanee in Lake Rooseyelt.

Introduction

Kokanee salmon (Oirutrhynchus nerko kenne ;i),
the freshwater folm ofs(rkeye salmon. represent
a major tishery in the Pacific Nofihwest (Rienran
and Myers 1992, Modde et al. 1997. Taylor et al.
2000). Some introduced kokance stocks develop
self-sustaining populations (Martinez and Wiltzuis
1995), while others are supportcd entirely by hatch-
ery supplemcntation (Wydoski and Bennett 1981.
Rieman and Myers 1992). Kokanee are pelagic.
schooling fish that forage primarily on large zoop
lankton (Rieman and Maiolie 1995). Kokanee
growth and maturity is density dependent and
dr i ren  b1  the  produc l i \  i r )  o l ' rhc rer r in !en \ i ron-
ment (Lcwis, 1970, Rieman and Meyers 1992.
Rieman and Maiolie 1995). In general, kokanee
exhibit a I :1 scx ratio. and mature between ages
3 and 4 as seen in Flaming Gorge Rescrvoit Utah
(Gipson and Hubcn 1993), Lake Ozette. Wash-
ington (Beauchamp et al. 1995). Flathead River,
Montana (Fraley 198,1). and Granite Creek and
Sullivan Springs, ldaho (Cochnauer 1 98.1). Adult
retum rates have been reported between 2-127.

in Sull ivan Springs, Idaho (Cochnauer 191i4.
Bowlcs et al. 1989), but vary highly between water
systcms.

Lake Whatcom kokanee salmon have becn
stocked into Lake Roosevelt since 1988 as par-
tial mitigation for lost anadromous salmon and
steelhead runs blocked by Grand Coulee Dam
(Nofihwest Power Planning Council 1987). The
goJlr ol lhe lolanee program ucre Ir) improve
angler harvest ofkokanee in Lake Roosevelt (har
vest goal = 290,000 fish) and establish a self-sus
taining run of kokanee that would provide eggs
for continuous hatchery production (escapement
goal = 10,000 age 3). Originally, the Lake
Roosevelt kokanee hatcheries (Spokane Tribal and
Sherman Creek) were designed to release 8 mil-
lion fry. which was half of the reservoir's cany-
ing capacity fbr kokanee (Jagielo 198,1, Beckman
et al. 19u5, Scholz et al. 1986). This stockingrare
was a delibente attempt to produce large-sizcd
fish that would attract sport angle$.

A new production goal of I million residualized
smolts was established in 1995 after rcsearch in-
dicated fry releases were perfonning poor)y (Tilson
et al. 1994, 1995, 1996). Physiological data indi
catcd Lake Whatcom kokanee smolted during the
spring, which coincided with the spring drawdown
and shofi water retention times. potentially lead-
ing to high entrainment. Managers hypothesized
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switching from fry to rcsidualized snrolt releases
would decrease entrainment by reducing their
tendency to migrate downslrcam.

Predation was also considered apossibility for
poor fry performance. Wallcyc (Sander ]1,eus)
are the most abundant piscivorc found in Lake
Rooscvclt (Cichosz et al. 1999). Salmonids are
an impofiant iten in rvalleye diets with rclative
important values ranging fiom 87o to 287r since
1993 (Mclellan et al. 2003). Walleye densitics
are relatively high at kokanee relerse locations
during the spring. piuliculenly near Sherman Creek
(Mclellan et al.2001a). Walleye typically eat
salmonids that are 50% or less than their tolal
Jength (Baldwin et al. 2003). The larger size of
post-snolt kokancc could possibly l inrit r l 'al leye
predation by excluding younger, smaller, and mole
abundant age classes of walleyc.

The switch to post-smolt releases increased
retums (0.05-0.3%) ofagc-2 kokanee, but rcmained
belou target goals (Tilson et al. 1996, Tilson and
Scholz 1997). The mature age-2 kokanee in Lake
Roosevelt were considered precocial jacks bccause
of the early maturity and predominately male
composition ofthe mn: however a nonnal mn of
ase  . l  kok i rnee $  i lh  r  I \p ic r l  l : l  : c \  rJ l in  ne \er
materialized the tbllou'ing year.

The goal ofreleasing I million kokanee snolts
annually cxcccdcd avail lble hatcherv capacitv.
Adiustments including early and late shipments
of post smolt kokanee t() Sherman Creek Hatch-
ery and net pen leanng were made to achieve the
goal. A concem was thal thc latc shipment and
net pen reared kokanee impfinted to wate$ other
than Sheman Creek, becausc thcy wcnt through
the critical imprinting period at other locations
(Tilson and Scholz 1997. 1998).Thus. allkokanee
were imprinted with the chemical cue morpholine
and were expected to return to the Shgrman Creek
Hatchery, where morpholine was dripped (Tilson
and Scholz 1997, 1998). lmprinting salmonids
uith synthetic chemicals, such as morpholine, u,ill
attract fish to streams scented with those chemi-
cals (Scholz et al. 1976, Hasler and Scholz 1983).

Kok;Lnee eggs fton the nid late LakeWhatcom
spawning run wcrc typically used bv the hrtch-
eries. The spawning run occurred from mid Sep
tember to eadyDecember (Tilson etal. 1996:Tilson
and Schoiz 1997. 1998). Sherman Creek tends to
freeze by mid-Novembcr making it diff icult to
collect spawners. Using eggs from the Lake

Whatcom early mn might incrcasc the number
of adults collected.

Concems over the adjustments mdde to accom-
modate post smolt releases and the number re-
turns that were lowef than escapemcnt goals
promplcd a \erie\ Lrl mat(hed pair erperiment.
on kokanee released fiom Sherm;in Creek Hatchery
and net pens in 1998 and 1999. The goal was to
detem-ine thc bcst release strategies to maxlmlze
hatchery kokanee adult retums. We met this goal
b-v using morpholine to increase rcturn rates, and
by comparing dit'ferences in run timing, smolt
relelrses dates. and rearing pen dil'fcrcnces.

Methods

Study Area

Lake Roosevelt was formed whcn Grand Coulee
Dam impoundcd thc waters ofthe Columbia River
in 1939 (Figure l). At full pool (,130 m mcan sea
lcvcl; MSL) the reservoir is 2:13 kn long, inun-
dates 335 kmr, and has a maximum depth of 122
nr (Stober et al. J981). The minimum operating
pool is 403 m MSL. Grand Coulee Dam was con-
structed primarily tbr power production. flood
. ontrol. irnd irrigation u ith .econdrry operarion.
for recreation. lish, and wildlit'e.

Hatchery Rear ng to Be ease

Lake Whatcom stock kokanee-eyed eggs (1996
brood year) were obtained from the Lake Whatcom
Hatchery (Washington Depaftment of Fish and
Wildlit 'e; WDFW) in Bell ingham. The eggs were
incubated and the fish were raised at the Spokane
Tribal Hatchery in Wellpinit. Water supply to the
incubators and raceways was a combination of
8- | l'C spring and well water. After swinrup, fry
were led Biodict serni-moist mash (starter feed).
Older fry rlere 1ed a combination ofBiodiet scmi-
moist grower feed (1.0, 2.5.,1.0 mm). Photope-
riod was maintained at natural day length.

A11 test groups *ere exposed to the synthetic
chemical morpholine during the swirnup phase
of development, except the non morpholine tcst
group. Oncekokanec rcached 100 mm total length
(TL). they were netted out of the hatchery rucc-
\ \ i l ) . .  an( \ lhe l i /ed  u  i th  5O r rg /L  (onccn l r i r l i , ,n
tricaine mcthanesulfbnate (MS-222), and coded
wire tagged (CWT) in the rostrum using a model
MK4 CWT machine. Unique tag numbe$ wcre
given to each experimental lot oftish. The adipose

Hatchery Kokancc Releitse Strategies 159



Kettle RNer

Kettle Fdls Net Pen
Shoman Creek Hatchery

Sherman Creek Nel Pens Rtver

Colville River Net Pens

FRANKLIN D ROOSEVELT LAKE

hnpoil Nver

Chamokane Creek
Rber

Grand Coulee Dam 1 't'l

Falls Dam
Lincoln Nel Pens

Bays Net Pens

0 15 Kilometers
-

Figure L Lake Roosc\'cl! with 12 sampling sections. Spokane Tribal Halchcrv on Chamokane Cfeek (a tributary of thc Spokane
Riler). Sheman Creek Hatchery, t\lo lowcr reserv.Jir net pen sites. and three upper rivcr ncr pen sires.

fin of all hatchery kokanee, including those not the hatchery raceways tlrough a quality control
used in the study. was clipped to differentiate them device. which ensured l00c/o of the fish were
from wild kokanee. Fish were released back into marked.
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TABLE L Date, felease location. run !imc. lolal eslimated length (mm) at rclcase (conveted from fish per pound). aDd number
of kokanee released in Lakc Roosele1t, 1998. Kokanee were exposcd 10 morpholine during thc halch ard swim-up
st.tce of de!eloDment.

Date
Released

I-ocaliol1
Relcascd

Total length
at Release

Nurnber Kokanee
Released

Run
Time

I9 N'lat

20 Ma,""

23 Ma)

l6 May

29 N4ay

28 Nlay

28 NIalr

28 May

12 July

middle

middle

middle

l1iddle

niddle

nliddle

early

earl)

19.099

38.858

53,:121

.1.1..199

58.i2,1

57 .191

68 .198

30.575

Linc0ln NP

Seven Ba,vs NP

Keule Fails NP

Cohi l le Rner NP

Shernan Creek NP

Sherman Creek

Sherman Crcek

Shermau Creek

Sherman Crcck

r 5 8

159

152

156

1 5 1

158

1 5 8

l 5 E

i 8 l

Not exposed to morpholinc

Residualized kokancc bound fbr the no hem
net pens wcre trucked to the Kettle Falls boat launch
and loaded into net pens in November 1997. Nets
wcre slowly pulled 1.7 kmto themouth of Sherman
Creek coye. ln January, one net \vas moved an
additional 2.4 km across the river to the mouth of
the Colville River. and the other remained at the
mouth of Sherman Creek cove. Kokance bound
lbr the loq'er reser-voir net pen sites wgre trucked
to the Seven Bays boat launch and loaded into
net pens in November 1997. The Seven Bays net
pens were kept in the cove and the Lincoln net
pens were slowly pulled 7.1 km to the cove. Ko-
kanee smolts were transfened from the Spokane
Tribal Hatchery to the Sherman Creek Hatchery
in March 1998. Dates of release varied between
l6 Mayand l2 July 1998 (Table 1).

In previous studies ofLake Roosevelt kokanee,
lag retention was detemined from retuming fish
because all hatchery kokanee were double marked
with a coded wire tag and an adipose fin clip. In
1998. only the experimental kokanee were coded
\ \  i re  I rggL.d .  There tore .  the  i l \e rage lcs  re lcn l i . ' n
between 1995 and 1997 (0.79) was used as the
correction factor in 1998, when the fish wcre age-
2, and again in 1999, with the age-3 fish (Tilson
and Scholz 1997).

Experirnental Des gn for Coded Wire Tag
Release Groups

The four cxperirnents tested retu[r rates of: 1)
morpholine exposed vs. non-exposed, 2) early run
vs. middle run,3) early release datc vs. late re-
lease date, and 4) three net pen releases (Shemtan

Creek Hatchery vs. Sherman Creek net pens,
Sherman Creek net pens vs. Colville River net
pens, and upper reser-voir net pens vs. Jower res
ervofu net pens).

Each experiment was evaluated using two per-
tbrmanca measures; retums to Sherman Creek
Hatchery and returns to all tributaries in the res-
en'oir. Chi-square tests for independence was used
in all statistical analysis (P = 0.05) (Zar 1999).

Adult  Co ect ion

Morpholine was dripped into Sherman Creek at
the hatchery (at a steady state concentration of 5
x 10-5 mg/l) between August and December 1998
to attnct the morpholine-exposed kokanee. Re-
tuming mature kokanee were recovered l5 Au
gust - l0 December 1998 (age-2) and l6 August
- I December 1999 (age-3). Weekly boat
electrofishing surveys were conducted at Sherman
Creek cove to collectretuming kokanee (3 5 amps,
50--500 V with 50ole, 120 pps DC cunent). Back-
pack electrofishing was also utilized when ko,
kanee moved into Sherman Creek. Five passes
through the reseryoir were conducted dudng the
study period to assess tributary retums. A pass
(on\i\ted oI boat e lectrofi.h ing l ' trr l0 min tran.ecr:
at 121 pdmary embayments. In 1998. an addi-
tional 1,17 embayments were sampled on at least
one occasion to capture possible sfays. In 1999,
the primary l2l embayments were sampled five
times. Sites were sampled at 2 wk interuals dur-
ing both yeirs. The Spokane Tribe oflndians (STI).
Colville Cont'cderated Tribe of Indians (CCT).
and WDFW collected additional kokanee during
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their regular fall sampling pedods to maximize
the sample size.

All captured kokanee werc checked for a CWT
with a handhcld CWT detector, TL measurcd to
thc nearest mm. and a sub-sample was weighed.
Kokanee with CWT were killed and the heads
uere placed in individually numbered bags for
laboratory analysis. A11 CWT were extracted and
read t\\,icc using a dissecting microscope to de-
temine and continn the binary code.

Results

A total of 2,311 age-2 CWT hatchery kokanee
were collected in 1998 (Table 2). The majority of
kokanee $ ere ctptu red in the upper rercrr oir sec
tions (E- l0). primarily at Sherman Crcek (73.5clr).
Few fish were captured in the middle and lower
reseNoir sections with exception ofHawk Creek
(section 4) where 9.,17c of the tish were recov-
ered (Figure 1). Overall, 71% of all the fish re-
covered were released trom Shcrman CreekHatch-
ery. including 744l,r ofthc fish recovered at Hawk
Creek and 87olc of thc llsh recovered at Sherman
Creek. The kokanee mn peaked on 4 November
19911 at Sheman Creek, with a catch-per-unit-
effort (CPUE) of 316 fish./hr The age-2 ttmale
to male ratio. including non-CWT hatchery ko
kanee, was I fcmale: 8 males. Mean TL of ma-

ture age-2 females was 290 mm (SE 2.4: n = 153)
and males was 300 mm (SE = 0.5; n = 2,215)
(Figure 2). Mean weight of mature age-2 females
was 304.9 g (SE = 30.1: n = 38) and males was
298.6  (SE =  2 .5 :  n  =  l . l  13) .

A total of 20 age-3 hatchery kokanee were
collected in 1999 (Table 2). Kokanee werc col-
lected at a few of the maior tributades. but due to
the low numbers collected they exhibited no ap-
parent geographic pattern. Thc majority (70clr)
of age-3 kokanee recovered were released from
Sherman CreekHatchery. The female to male ratio
was I t'emale: 5 males. Mean TL of age-3 females
was 376 mm (SE =,13.8; n = 3) and males was
348 mm (SE = 16.8r n = 17). Mean weight of
mature age-3 females was 300 g (n = 1) and nales
was,114 g (SE = 64.1, n = 11).

Experimenta Results

Returns ofage 3 kokanee were generally too low
to compare treatments adequately; theretbre re-
sults are presented only for age-2 adult retums.

No significant difference was fbund between
age 2 morpholine exposed and non-exposed ko-
kanee that retumed to Sherman Creek and tribu-
taries throughout the reservoir (Table 3). Signifi-
cantly more early run age-2 kokanee returned
to Sherman Creek (P < 0.01) and the tributaries

TABLE 2. Eflo( nunberofcoded wiretagged(CwT) kokanee, andcatch per unit effort (CPUE) per location in Lake Rooselelt.

1998 and 1999. Numbefed locadons cone\Dond wrth Figure L

1998
Eftort CWT CPUE

(iisb-ihr)
Effort CWT

('1)

CPUE
(fish/hr)

Lower Reservoir

i Crand Coulee/Spring CanJron
2 Kel lef  Ferry
3 Sanpoil Ri!cr

Nliddle Reservoir
4 Hark Cfeek-/Se!en Ba,,"s

5 Fofi Spokane

6 Hunters
7 Giftbrd

Upper Rcservoir
8 Bradbury Beach

9 Kettle I-alls/Shemar Creck
l0 Evadchina Bcnd

Spokane River
11 Porcupine tsar

12 Li t t lc  Fal ls

Crand Total

1 2
o.L)
1 .0

I7 .0
5 .8

12.l
4 .5

28 .8
3 .8

| . 9
r0. l

I 1 7 . 8

l 5
35
U

235
l 8
,13
2

107
1 .  / 66

l 5

t6
65

1
6
0

1'1
3
,l

t-)

I

I
6
20

:t.5
3 .6
1 .9

13 .0
1 .8
5.0
2 .1

4.1
r 8 . l
2 .8

10 .1

11.2

5
t)
0

2

.]
0

.1

0

20

0
I

0

u

0

0
t
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l 4

q
9 t

I Females (n=153)
(Z Males (n:2,245)

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46

Total Length (cm)

Figufe 2. Length ne.tuency di\Iribution olage-2 female and male halchery kokancc collcctcd in I-akc Roosc\ch. 1998.

TABt-E L N unrbcr o f hok aDcc rcco! crcd per coded $ irc tag nunber (CWT) .rnd chi square re sulrs per experiment for kokanee
collcctcd a! Shcr an Clrcck andar lribularics to rhe rcservoir. 1998 1999. Sheman Creek fSC) and Cohille Riler
(cR).

48

# '/i

Tcst C.oup Rccovcrcd Rccovcrcd
# c .

Tcn Ckoup Recolered Recolered X'

Shcrr dn Crcck
lnplin|.d
No inrprintcd

Inprinted
Non-lmprinted

Early run
ivliddl. run

Barl! run
\fiddle run

Ear\' release

Earl! relcase

o.11
0.81 t.92

1.06
l .  |  |  o . l 2

0 .1  7
0.61 9.56

1 .06
0.79 21.31

0 .11
0 .32  10 .11

r .06
0.,10 107.2+

SC Harchcr)
SC nc! pcn

SC Hdchery
SC ner pen

Shenn(t Creek
SC nel pen

CR ncr pcn

SC net  pen

CR net pen

0.63
0.28 65.82 < {).01

0.19
0.38 67..13 < 0.01

0.28
0.09 60.{18 < 0.01

ri .38
0.l5 63..16 < 0.01

0 . r 3
0.00 86.78 <0.01

0.20
0.0.1 97.r9 < 0.01

5 t8
183

122
63,1

528
165

122
.158

518
97

122
l l 3

0 .  r 7

0.,10

<  0 .01

<  0 .01

<  0 .01

<  0 .01

165
t 2 l

,158
t 7 l

123

l l l
I  1 5

221
6

3 5 1
29
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(P < 0.01) than middle run kokanee. Significantly
more early (29 May 1998) releasc agc-2 kokanee
retumed to Sherman Creek (P < 0.01 ) and at the
tributaries (P < 0.01) than late release fish (13
July 1998). Significantly morc Sherman Creek
Hatchery rclease age-2 kokanee returned to
Sherman Creek (P < 0.01) and were collected at
tributaries (P < 0.01) than fish relcascd frorn the
Sherman Crcck net pens. Significantly morc
Shermu Creeklet pen leleased kokanee returned
to Sherman Creek (P < 0.01) and were collected
at tributaries (P < 0.01) compared to the Colvil le
River net pen rclease. Signiticandy more kokanee
from the upper reservoir net pen relcases (Kettle
Falls Marina, Shcrrnan Creek, and Colville Rivcr.)
were recovercd at Shennan Creek (P < 0.01) and
were collectcd at tributaries (P < 0.01) as agc-2
lish compared to the lower reservoir net pen re-
leases (Lincoln and Scvcn Bays) (Table 3).

Discussion

The studv focused on kokanee release strategies
designccl b increase retum rates and promote a
hatchery kokanee fisherv. Thc morpholine vs. non
morpholinc cxperiment was designed to evaluate
thc ability of Lake Whatcon kokancc to imprint
to Shennan Creek watcrduring a second imprinting
l ( r i , x l  L rke  Whalcorn  kokancc ,  rpcr ien le  tuo
pedods of elevated thyroxine levels. onc during
swimup and the other during srnolting (April and
May), which initiate impdnting (Tilson et a]. 1995).
The Iack of a significant clit l 'erence between
morpholine exposcd and non-exposed groups
(Tablc 3) indicated that Lake whatcom kok nee
held at Sherman Creek Hatcherv during
smoltiflcation were inrpdnting to the water Based
on our rcsults koktnee can be imprinted to wa-
ters ifthey are held in thcm through smoltification.
even if thcy cxperience a different water source
durin-q the flrst imprintiDg pedod (swimup).

The kokancc fiom the Lake Whatcom early
run group had signilicantly more retums than the
latc run group (Table 3). The reason tbr the sig-
nificant differcncc in retLlrn rates $'as not appar-
cnt. because Sherman Creek covc dicl not fieeze
during the study pcriod. as it had in the past. and
all retuming kokanee were collected. Howcvcr.
early run eggs should be uscd, when available,
due to the highcr return rates obsen'ed in this study
and the chance that thc cove may freeze in the
fulurc.

16,1 Mcl-ellan, Mcl-cllan. and Scholz

Net pens are a nccessary tool for rearing ko-
kanee post-smolts becausc of their large release
size and the limited hatchery space. Sherman Creek
Hatchery releases had signiticantly higher rcturns
than the ShemEn Creek nct pen (Table 3). sug-
gesting net pen rearing kokancc is not equivalent
to hatchery rearing. The net pens at the mouth of
Sherman Creek cove were considcred comparable
to the hatchcry released fish becausc they were
morpholine impdntcd and exposed to chenical
cucs associated with Sheman Creek water thrcugh
the second imprinting period. The kokance in the
other net pens werc morpholine impdnted also.
but retum rates were significantly lower than those
of the Sherman Creek net pens. Our results indi-
cate that net pen reared kokanee should not bc
expccted to return to egg collection locations. and
thus should bc considered a put and-takc fishery.

Entrainment and predation have been idcnti-
tied as possible reasons for low return rates. Lakc
Roosevelt kokanee have bcen collected down-
stream of Grand Coulee Dam at Rock IslandDam's
Fish Passage Facil ity (Mclellan et al.200lb).
Entainmentover Grand Coulee Dan has not been
quantif ied. and downstream fish passage data
cannot be used because thele is no estimate for
the number of kokanee that remain in any of the
lbur reservoirs belween Grand Coulee and Rock
Island Dams. Prcdation by walleye on hatchery
kokanee 4l d after relcase near ShermaD Crcck
in 1999 and 2000 was esrimated to be 15.0%
(5.1.073) and 9.4./. (34,076: Baldwin er al. 2003).
Annual resen'oil-widc predation could be higher
dcpending on long tetm feeding rates. however
predation was not considered thl] only limiting
factor for kokanee recruitnent in Lake Rooseyelt
(Baldwin et al. 2003).

Thc large age-2 kokanee and unusual sex ra
tio obsened in previous Lake Roosevclt studies
(Tilson and Scholz 1998) wcre present in the cur-
rent study. Lake Roosevelt kokancc averaged 290
and 300 mm tbr age-21emales aDd males in 1998.
which were larger than mature 3 or,1 yr old ko
karee in Duonhak reser.roir (Fredericks et al. 1995),
Coeurd'Alene Lake, Pcnd Oreille Lake. and Pricst
Lakc, Idaho (Rei man and Myers 1 992) v hich ranged
between 225 and 263 mm. A typical female: rnale
ratio lbr kokanee is 1:I;however, hatchery kokanee
in Lakc Roosevelt had ratios of 1:11 in 1998 and
1:5 in 1999. The large size of post-srnolrs at re-
lease enablcs them to be immediatcly vulnerable



to the fishery. bu1 limits the available han'est time
to 5 mo before they mature. Regardless, egg takes
would be possible except the highl)' skewed sex
ratios severely limit the number of females re-
tu rn ing .

Precocity (early maturity at age-2) and the
unusually high numbcr of males observed are
typical signs of a jack run. Hou,ever, due to the
lack of a normal mn retuming as age-3 fish. their
large size at age-2. ilnd aprecocity study that lbund
up to 637o of the fish wcre precocial u'ith a l:7
fcmale: male ratio before releasc (Chuck Lee,
Spokan.  Tr ihc  r ' l  In , . l i rns .  per .on l l  communi , . r -
t ion) indicated the age-2 run was not a jack run
but was in fact the mature run.

Prccocious maturlrt ion has been positively
cor:related with tast growth in salmonids (Footc
ei rl. l99l). Higher water tcmperatures coupled
with an unlimited lbod source in the hatchery
settil'rg could be causing the early maturity. Craig
et al. (1996) obscrved sex rutios of 2 -5 females
to I male in sockcyc salnron and kokanee when
wlrter temperatures (8.9-9.7 'C) were raised (l0.4
12.0 "C) duing embryonic developnent. The
control groups that were not subjected to a tem-
perature change maintaincd a 1:l sex ratio. The
Spokane Tribal Hatchery init ially incubates eggs
in  co ld  spr ing  water  (9  l l 'C) .andthcn swi tches
1(] well water ( I I - 17.8 'C) in the spring when the
spdng watcr stafts to uarm. The switch or fluc-
tuations in the spring water teorpemturc could be
occurring at crit ical t ines during development
resulting in the abnormal sex ratios. Thesc data
ind ic r le  lhJ l  p r .  c r ' ,  i t1  i rn t l  .e r  de ter rn in r t ion  i r -
sues in hatchery kokancc are related to hatchery
practices most likely Jinked with temperature and
an unlimited food supply. tntcrestingly. the male
to lemale ratios observed in thc Lake Roosevelt
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