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ERRATA

Page 3, second paragraph, first sentence should read: "Peak flows, caused
by evacuation of upstream reservoirs, were 2.7 and 3.8 n¥/s in 1992 and
1993, respectively."

Page 3, second paragraph, second sentence should read: "Peak flows
occurred imrediately prior to peak mgrations of adult kokanee _and | asted
one day followed by a rapid flow decrease to base flow (0.4 n¥/s) within
about 2 weeks."

Page 21, second paragraph, second sentence should read: "Flows increased
sharply on 30 August 1992 to 2.7 nf/s as a result of water releases from
upstreamreservoirs."

Page 21, second paragraph, fourth sentence should read: "After the
hydr ogr aph peak, flows subsided gradually to a base flow around 0.34 n¥s."
Page 21, second paragraph, sixth sentence should read: "Flows began to
increase sharply on 4 Septenber, peaked on 7 Septenber at 3.8 n¥/s, and
gradual | y subsided to a base flow between 0.34 and 0.4 n/s."

Page 104, second paragraﬁh,_ sixth sentence should read: "Qur study site
was |ocated in Idaho batholith geology and observations of spawning were
at river flows of 0.92 to 1.4 n¥/s, _whereas, Parsons and Huberts's sudy
sites were 1.6 (Sheep Creek) and 24 n?/s (Green River)."

Page 108, second paragraph, seventh sentence should read: "Streamw dth
data collected at transects at a flow of 1.01 m/s were used to construct
the river nodel."

Page 114, first paragraph, second sentence should read: "Data collection
Wa/s )conduct ed at flows that normally occur during spawning (0.42-2.89
s

Page 177, second paragraph, fourth sentence should read: "During kokanee
mgration in 1992 and 1993, peak flow was 2.7 and 3.8 n¥/s, respectively."
Page 177, second para?ra?h, fifth sentence should read: "Base-flow was
simlar at about 0.4 m/s for both years."

Page 177, fourth paragraph, first sentence shoul d read: "Habi t at
avai l abl e to kokanee in two principal spawning areas in the NFPR increased
rapi dly between basefl ow and approxi mately 0.93 n’/s (Figure 63)."

Page 177, fourth paragraph, second sentence should read: "The anpunt of
avai |l abl e area increased slightly at discharges >1.14 nf/s."
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ABSTRACT
Personnel of the |Idaho Departnent of Fish and Ganme (I DF&G
initially identified the quantity and quality of sal nonid spawni ng
habitat in the North Fork of the Payette River (NFPR) as the probable

factors limting kokanee Oncorhvnchus nerka abundance in Payette Lake,

| daho. Low kokanee densities (lakes of similar productivity were 2-3
times higher than Payette Lake densities), large size of adults (maxi num
395 mm, and | ow angl er success all suggested the need to eval uate
spawni ng and i ncubation conditions in the NFPRto ultimately inprove the
sport fishery in Payette Lake. W eval uated kokanee spawni ng habitat,
spawni ng success, egg-to-fry survival, and potential to create or
enhance spawning habitat in the NFPR to determ ne whether early life
stages were limting factors for the kokanee popul ation

Payette Lake is located in west-central |daho adjacent to the city
of McCall. Silvicultural activities in the Payette Lake drai nage,
conducted on steep slopes and erosion prone soils, by the U S. Forest
Service and | daho Departnent of Lands, coul d negatively affect kokanee
egg-to-fry survival. Al so, fluctuating flows in the NFPR as a result of
three small upstreamreservoirs my dewater redds. Kokanee spawn
annual ly August to October in a 7.2 km (low gradient, flat valley
bottonm) reach about 3 km upstream of Payette Lake.

Kokanee spawni ng escapenent into the NFPR was 31,920 and 59,310 in
1992 and 1993, respectively. Egg depositions, calculated fromestimates
of escapenent, sex ratio, fecundity, and egg retention, were 13.3
mllion (95% bound +/ - 0.462 x 10°%° and 18.6 nmillion (95% bound +/ -

0.712 x 10°% in 1992 and 1993, respectively. Egg deposition was high as



egg retention observed in noribund femal es was insignificant during both
years.

Kokanee survival to the pre-energent stage was 63.0% 66.6% and
70.2% in 1992, 1993, and 1994, respectively. H gher survival in 1994
was probably related to time of sanpling as enbryos had gai ned
significantly fewer thermal units than in 1993. Fry recruitnent to
Payette Lake was estimated at 2.51 million (95% bound +/- 0.491 x 10°)
and 4.53 nillion (95% bound +/- 1.16 x 10% in 1993 and 1994,
respectively. Kokanee fry began emigrating in late March and until late
June. Survival to the emigrant fry stage was 18.9% (95% bound +/- 3.7%
and 24.4% (95% bound +/- 6.3% for the 1992 and 1993 brood years,
respectively. Qur data suggests significant nortality occurred from
| ate incubation stages to em gration toward Payette Lake, although
overal |l egg-to-fry survival rates were generally higher than those
reported for other kokanee and sockeye sal mon popul ati ons.

Pool habitat was the nost abundant habitat type by area (nf)
avai l abl e to kokanee in the NFPR foll owed by glide, riffle, slough, and
spring. Spawning was clustered in three short reaches where 69% of
kokanee spawners were counted in 1993. Spawni ng habitat use anobng
habitat types differed significantly fromthat expected based on
avail ability (X?=13,930; p<0.001). Pool and slough habitat was used
| ess than expected based on availability while glide, riffle, and spring
habitats were sel ected based on availability.

Habi t at assessnents indi cated kokanee sel ected specific
m crohabitat attributes. Mean water depth and velocity in kokanee
spawni ng areas was 41 cm (range=3-159 cm n=1,051) and 28 cnm's (range=0-

130 cnl's; N=1,051), respectively. Habitat use curves showed the highest



probability of use occurred at depths of 30 to 42 cm at velocities of O
to 6 cnls, and in substrates dominated by |arge gravel (>26-50 mr). Water
dept hs used for spawningwas consistent with that reported in the
literature, while water velocities selected for spawning were lower in
the NFPR than those previously reported for kokanee.

Peak fl ows, caused by evacuation of upstreamreservoirs, were 29
and 41 nf/s in 1992 and 1993, respectively. Peak flows occurred
imediately prior to peak mgrations of adult kokanee and | asted one day
followed by a rapid flow decrease to base flow (4.7 n¥/s) wthin about 2
weeks. Spawnabl e area (nf) at two princi pal kokanee spawni ng areas
changed by 24 and 26% between peak and base flows. Dewatered redds were
uncommon and survival in dewatered areas averaged 66.1% simlar to
areas not dewatered. Although current upstream reservoir managenent
does not cause significant kokanee nortality in the NFPR, simultaneous
water releases fromall three reservoirs could have adverse affects on
spawni ng success.

We successfully created kokanee spawni ng habitat in reaches not
previously used by kokanee in the NFPR 1In 1993, kokanee spawned in
five test plots treated by scarification with a backhoe and behind five
of six boulders placed in mdstreamin 1994. Potential fry production
fromall inproved sites was estimated to be 338,420, or about 15.0 and
8.3%of fry recruitment to Payette Lake in 1993 and 1994, respectively.
Estimated total cost of creating all potential habitat in 1993 was
$2,667 (U.S.).

W bel i eve spawni ng habitat rehabilitation or other efforts to
increase fry production fromthe NFPR are not currently necessary.

Survivals to emigrant fry observed in this study will produce adequate



nunbers of kokanee fry to optinmally seed Payette Lake with noderately
hi gh escapements (>30,000). The availability of a few high quality
spawning sites in the NFPR i s adequate for sustaining this popul ation

and an abundant kokanee sport fishery in Payette Lake.



| NTRODUCTI ON

Sockeye sal mon Oncor hynchus nerka historically existed in Payette

Lake, Valley County, |daho (Everman 1896). Sockeye returned to the |ake
fromthe Pacific Ocean as adults, spawned in tributaries, reared in the
| ake as juveniles, and mgrated to the Pacific Ccean to grow.

Commerci al fishing and dam construction in the Payette and Snake rivers
led to the extirpati on of sockeye in the Payette basin in the 1930s. In
many | akes throughout the distribution of sockeye sal non, a
nonanadronous form the kokanee, devel oped from sockeye that failed to
mgrate to the sea (Ricker 1940). Kokanee are known to have

hi storically coexisted with sockeye in the basin (Everman 1896) and were
presunmably derived fromthe now extinct anadronous stock. Today kokanee
exi st in Payette Lake where they are sustained conpletely by natura
reproduction. Spawni ng occurs annually from August to Cctober in the
North Fork of the Payette River (NFPR), the largest tributary which
enters the north end of Payette Lake (Figure 1). Kokanee support a
popul ar sport fishery in Payette Lake and provide forage for other

sal noni d sport fish such as | ake Sal velinus namaycush and cutthroat

trout O clarki.

Kokanee fisheries represent inportant fish resources in the
west ern USA and Canada, as popul ati ons have been introduced or are
supported by hatchery supplenentation in many | akes and reservoirs
(Wdoski and Bennett 1981). The kokanee fishery at Payette Lake has
been Iimted by | ow nunbers. |daho Departnent of Fish and Gane (| DF&G
manages t he kokanee fishery at Payette Lake and has recently increased
efforts to inprove the fishery. A daily creel limt of kokanee on

Payette Lake, five per angler, is conservative. Qher nanaged kokanee



Figure 1. Study area map of the North Fork of the Payette River, Idaho.
Shading in left figure indicates kokanee spawning
distribution.



popul ations in Idaho (Pend Oreille and Coeur d' Alene |akes) have a
daily limt of 25 per angler. Hatchery fish have been used to

suppl enment the naturally reproducing fish in Payette Lake with no
apparent success in inproving the fishery, and therefore was suspended
in 1994. Research on kokanee growth and | ake productivity in Idaho

(R eman and Meyers 1992) indicated kokanee abundance in Payette Lake was
approxi mately hal f what could potentially be supported by avail abl e
habitat. Observations of kokanee spawning in Payette Lake during the
| ate 1980s evoked concern on the anount of avail abl e spawni ng habit at
(Grunder et al. 1990). Biologists hypot hesized that spawning conditions
(habitat availability and incubation success) in the NFPR were liniting
the | ake popul ation, and spawni ng habitat inprovenents m ght be
necessary to inprove the | ake fishery. This project developed in
response to these initial observations and concerns and eval uat ed

spawni ng and i ncubating conditions in the NFPR

Rati onal e for Study

Si ze of adult kokanee indicated a | ow kokanee popul ation in
Payette Lake. Adults in the spawning run averaged approximtely 320 mm
in length with individuals as | arge as 395 nm Kokanee approaching 275
to 325 nmin length indicate | ow densities for |Idaho waters and suggest
caution to avoid population collapse (R eman and Meyers 1990). Wil e
studying the effects of fish density and | ake productivity on kokanee
grow h in Idaho waters, Rieman and Meyers (1992) found evi dence that
growm h is strongly influenced by the productivity of the rearing
envi ronment. Kokanee densities from Payette Lake were consistently

|l ower for all age classes than those in other |akes of simlar



productivity (Secchi transparency >7 n). Densities for Idaho | akes of
conpar abl e productivity (Al turas, Redfish, and Priest) were 2.0 times
hi gher for age 1, 2.7 times higher for age 2, and 2.6 tinmes higher for
age 3 kokanee than in Payette Lake. These | ow densities suggest nunbers
of kokanee coul d be approxinmately doubled in Payette Lake to optinally
seed | ake habitat. Growth and adult size nm ght be reduced and
mai nt ai ned at a | evel anglers deem acceptable. Doubling the abundance
of kokanee ages 2 and 3 would inprove this fishery by nmaking nore fish
avai l abl e for harvest. U tinmately kokanee nunbers are controlled by the
amount and productivity of |ake rearing habitat, however, the avail able
habitat in Payette Lake has not been optimally seeded in recent years.
Ther ef ore, kokanee nunbers in Payette Lake could be limted by other
factors prior to | ake residence, nanely survival during incubation in
the NFPR or during initial |ake residence.

Hurman activities known to negatively inpact sal monid spawni ng
habitat and i ncubation success occur in the watershed upstream of
Payette Lake. The two maj or factors of concern are tinmber nanagemnent
and water flow managenent. These activities could be negatively
i mpacti ng kokanee spawning and fry production by affecting the quality
of the intragravel environnment. The upper reaches of the NFPR drai nage
have historically been managed for tinmber which has damaged fish
habitat, particularly with increased delivery of fine sedinment (U S.
Forest Service 1991). The U. S. Forest Service and | daho Department of
Lands have conducted tinber sales in the watershed, and recently
conduct ed accel erated sal vage harvests within the drainage as a result
of insect infestation. The negative effects of increased fine sedi nment

on survival and energence of salnonid enbryos in the substrate is



docunented by many | aboratory and field studies (Wckett 1954; Cordone
and Kelley 1961; MNeil and Ahnell 1964; Mson 1969; Koski 1975; Tappe
and Bjornn 1983; Irving and Bjornn 1984; Sowden and Power 1985).

I ncreased sedinmentation can indirectly reduce the quality of the
substrate where enbryos are deposited as well as cause entrapnent in the
gravel . Reduced gravel porosity decreases intragravel water flow, the
delivery of oxygen to and the renoval of netabolic waste products from
devel opi ng enbryos and al evins is reduced. Hypoxic stress may result
under these conditions and cause hi gher incubation nortality.

River flowin the NFPR is controlled by three reservoirs equi pped
with [ ow head danms: Granite Lake on Fisher Creek, Box Lake on Box Creek,
and Upper Payette Lake. Al so, Payette Lake water |levels are controlled
by a damon the outlet of the | ake. These inpoundnents serve downstream
irrigation needs as well as flood control and recreational benefits
(I daho Department of Fish and Gane 1991). Inpacts to kokanee may occur
during each fall when the reservoirs are enptied. Recently, biologists
observed high water levels during early Septenber, the tine when kokanee
begin spawni ng. Later, as flows dropped, sone redds becane dewatered.
The rel ative magnitude of lost habitat and its overall effect on the
popul ation is unknown. Altered river flows can negatively affect
salmonid i ncubati on success (Fraley et al. 1986) and the amunt of
avai | abl e spawning habitat (Hamilton and Buell 1976; Reiser and Bjornn
1979).

Previ ous work with kokanee in Payette Lake used mid-water traw ing
to deterni ne abundance of juveniles (Bow er 1981; G under et al. 1990
Grunder and Anderson 1991), creel surveys (Gunder et al. 1990), and

annual estimation of kokanee spawni ng escapenent (Grunder et al. 1990;



Grunder and Anderson 1991; Janssen and Anderson 1994). During 1988,
IDF&G initiated efforts to neasure gravel quality with sedinment core
sanpl es and enhance several spawning areas by physically mani pul ating
the substrate (Grunder et al. 1990). Kokanee did not show a preference
for the treated sites during the 1988 spawning run. During 1989,
attenpts to quantify total wild/natural fry production fromthe NFPR was
unsuccessful (G under and Anderson 1991), although it showed t hat

kokanee fry migration to Payette Lake begins in md- to |late March.
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OBJECTIVES

1. To estinmate kokanee spawni ng escapenent and potential egg deposition
in the North Fork of the Payette River for the 1992 and 1993 brood
years;

2. To estimate egg-to-fry survival of the 1992 and 1993 kokanee broods
and to evaluate the growh, condition, and devel opnental stage of
mgrating fry;

3. To deternine kokanee survival to pre-energence in relation to
substrate size conposition

4. To quantify kokanee spawning distribution in relation to available
habitat and to anal yze use of spawning habitat in relation to
avail ability;

5. To assess the effects of flow alterations on kokanee survival to
pre-energence and the availability of habitat in areas of intensive
spawni ng use; and

6. To describe the potential for rehabilitating kokanee spawni ng

habitat in the North Fork of the Payette River with the objective
of increasing fry production.

STUDY AREA

Payette Lake (2,024 ha) is located in Valley County, |daho and
lies within the central |daho batholith, an area 16,000 m ? conposed of
intrusive granite rock. The NFPR drai nage (113,000 knf) is north of
Payette Lake and the NFPR flows into the north end of Payette Lake.
| daho Departnent of Lands owns 10% of the drainage, from North Beach to
above Fisher Creek enconpassing the entire spawni ng area for kokanee,
and the remai nder of the drainage lies within the Payette Nationa
Forest. Five large and many snmall inmpoundments exist in the Payette
basin for irrigation, flood control and recreation. Three snal
i npoundnents exi st above all kokanee spawni ng areas in the NFPR, Upper
Payette Lake, Granite Lake on Fisher Creek, and Box Lake on Box Creek
The Lake-Reservoir Irrigation District controls water rel eases fromthe

reservoirs.
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hjective 1. To estinmate kokanee spawni ng escapenent and potential egg
deposition in the North Fork of the Payette R ver for the
1992 and 1993 brood years.

| NTRODUCTI ON

Esti mates of egg deposition are inportant statistics for nanagi ng
sal moni d stocks. Stock-recruit relationships (R cker 1975) and egg-to-
fry survivals are common uses that require egg deposition estimates.
Estimat es of spawni ng escapenent, sex ratio, mean fecundity, and egg
retention are all needed to quantify egg deposition. Spawni ng
escaperment is the nmost difficult to neasure. Many net hods have been
used to estimte escapenent and much work has been done in the Pacific
Nort hwest and Canada, but little is available in the published
literature (Cousens et al. 1982). Fence counts are usually regarded as
the nost accurate and reliable technique avail abl e because they include
total nunbers of fish passing the sanpling point. Foot surveys are one
of the ol dest techni ques used for obtaining spawni ng popul ati on
estimates (Cousens et al. 1982), and they are used to avoid costly
| ogi stical problens associated with operating fences and weirs. The
peak live count or the peak live plus dead count has been used as an
i ndex of abundance (Cousens et al. 1982). Another nethod invol ves
sumri ng the area of a curve depicting several counts over tine divided
by the estinmated residence tinme of individuals to estimate tota
abundance. O her nethods involve an adjustnment at or near the tine of
peak spawning to account for the turnover in spawners (Cousens et al
1982). One method of this type uses the peak |live plus dead count
multiplied by some expansion factor to estinmate total abundance. The

conversi on between the partial count and total abundance is addressed by

12



si mul t aneous conparisons with weir counts or Petersen nark/recapture
estimates. Some problens exist with npost techniques, particularly the
consi stent underestimati on of escapenent with foot surveys, although
many techni ques have been adapted to | ocal conditions. W estinmted
kokanee egg deposition for the 1992 and 1993 brood years using estimates
of spawni ng escapenment, sex ratio, fecundity, and egg retention. Egg
deposition estimtes were needed to cal cul ate egg-to-fry survivals

(Obj ective 2).

METHODS

Spawni ng Escapenent

We used a picket weir to estinate kokanee spawni ng escapenent into
the NFPR during 1992 and 1993. The weir was constructed of gal vani zed
conduit pickets (1.6 cmdia), set vertically through rectangular neta
frames (4-5 mlong), spaced 1.1 cm and pounded 8 cminto the substrate.
One neter fence posts were driven into the substrate on the downstream
side to support the frames. Approximately 60 burlap bags filled with
gravel and sand |ined the downstream side of the weir to prevent
substrate washouts under the pickets. The weir bl ocked upstream fish
movenent, and it was built in a V-formation designed to guide fish to
m dchannel and through a vertical slot formed by renoving five pickets.
The sl ot was equi pped with an Al askan nodel plastic fish entrance
(Neptune Marine Products, Seattle, Wishington) that reduced escapenent
fromthe trap and inproved hol ding efficiency. Once through the
entrance, fish were confined in a box trap (1.5 mx 3.6 m constructed
of pickets and short frames. The trap could hold up to 1,200 spawners

for a 3-hour period.
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We operated the trap during the kokanee spawning run fromlate
August to early Cctober 1992 and 1993. The trap was generally checked
four times daily at which tinme all kokanee were sexed, counted, and
rel eased upstream Oher species were identified, recorded, and
rel eased. Morphol ogical differences between nale and fenal e kokanee
were used to deternine sex. Also, to assess the success of recent
hat chery suppl enentation, all kokanee in 1993 were exam ned for a
m ssing adi pose fin indicating a fish of hatchery origin. The trap
requi red nearly constant attention during the peak of the run and | ater
when | arge anmounts of debris (nmostly |eaf drop) accumul ated on the
pi ckets.

Kokanee not migrating to the weir in 1993 were enunerated by foot
surveys and in 1992 when the weir was inefficient during high flows.
Foot surveys were conducted at 3 to 4 day intervals by a single observer
wal ki ng upstream al ong the sane route and counting all |ive kokanee.
Pol ari zed gl asses were used as an aid to counting. Dead kokanee were
not counted due to large nunbers of live fish, difficulty in observing
dead fish, and consunption by mammal i an and avi an predators. To obtain
total estimates fromfoot surveys, the highest observed counts of |ive
kokanee were expanded using an expansion factor of 1.73. The expansion
factor was devel oped for this popul ati on by sinultaneous operation of
the weir and counts during the sane year (Frost and Bennett 1994;
Janssen and Anderson 1994). Total escapenent in 1993 was deterni ned by
sunmi ng the weir count and the estimte of total kokanee spawni ng bel ow

the weir.
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Egg Deposition

Fecundity estimates were determnmined by randomy sel ecting
approximately 30 green femal es each year. Intact ovaries were renoved
fromeach fenmale and preserved in a 10% formalin solution. In the
| aboratory, ovaries were teased apart with forceps and all eggs were
counted to estimate total fecundity for each individual. To estinmate
potential egg deposition (PED), we used the equation for estimting a
popul ation total PED = 3(NF,) where N is total nunber of fenales in age
class i and F;, is nean fecundity of age class i (Scheaffer et al. 1990).
Ni nety-five percent bounds on the estimates were cal cul ated using
2{[ =N?(s i%/n i)]%%} where Ni is total nunmber of females in age class
i, s;2is variance in fecundity for age class i, and n; is sanple size of
fermal es in age class i. Sagittae otoliths were renoved froma random
sampl e of noribund fermales, as well as females selected for fecundity
estimates and nal es sanpled for age and size at maturity, to determ ne
femal e and mal e age and size distribution. Qoliths were
stored in coin envelopes, air dried for at least a nonth, and a single

observer counted annuli for each fish. A second observer verified ages

on a random sanpl e of 50 fish

Egg Retention

Mori bund fenmal es sanpled for age were al so examnmined for egg
retention. W exami ned egg retention in kokanee as a variable in
cal cul ating egg deposition and as an indicator of spawni ng success
(Chapman et al. 1986). Twelve and 10 surveys were made in 1992 and 1993
t hroughout the spawni ng run conmmenci ng when significant nunbers of

spawners began to die (usually about 10 days after peak arrival at the
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adult trap). Standard |l engths were converted to fork |lengths using a
rel ati onship determ ned from 41 fish sanpled at the weir. The observer
made an incision fromthe vent to the isthnus, anterior to the pectora
fins, exposing viscera, evacuated ovaries, and any eggs not expelled

during spawni ng. The body cavity was thoroughly exam ned for unvoi ded
ova which, if present, were counted and recorded. Egg retention data

were anal yzed by age class. Only nonzero retention counts were used in
our anal yses. To estinmate nmean retention, counts were first transforned

with a square root to stabilize variances and were untransforned

(square) before being used to calculate total age-specific retention
Mean egg retention by age class (untransfornmed) was nmultiplied by the

estimated nunber retaining eggs. The percent retaining eggs by age

class was used to determine the total nunber in the popul ation retaining
eggs by age cl ass (escapenent x sex ratio x percent by age x percent by

age retaining eggs). Age class totals were sunmed to determ ne total

egg retention for each brood year

Ti me of Spawni ng

During i ncubation of the 1993 brood, we installed five
t her nogr aphs t hroughout the NFPR within the kokanee spawni ng
distribution reported in the past (Gunder et al. 1990) and observed in
1992: North Fork lower, near the lower limt of spawning; the Spring,
| arge area of ground water influence; Box Creek, tributary to North
Fork; North Fork upper, near the upper Iimt of spawning; and Fisher
Creek, tributary of the North Fork. Tine of spawning was related to the
tenmperature regime of the natal streamin nine Fraser River sockeye

stocks (Brannon 1987). Early spawning stocks did so in rivers with a
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relatively lower tenperature regine than did | ater spawning stocks. Fry
enmergence timng was the principal evolutionary influence that
determ ned tinme of sockeye sal nbn spawning in a stream (Brannon 1984,
MIler and Brannon 1982). Barns (1969) reported an optinumtine of |ake
entry exists for fry as determned by food availability and growh
potential in the lake. Since I ength of incubation is determ ned by the
tenperature regi ne of the stream spawning tine becones relatively fixed
for each population (Brannon 1987). Wth previ ous know edge of varying
tenperature regi mnes used by kokanee in the NFPR we hypothesized the
Payette Lake stock consists of substocks that may be identified with
time and | ocation of spawning. Tine of spawning in areas nonitored with
t her nogr aphs was conpared to tenperature data (accumul ated therma
units) to determine if areas with widely different tenperature regines
were used at different times. |f substocks exist, we expected to

observe earlier spawning in cold areas and | ater spawning in warm areas.

RESULTS

Spawni ng Escapenent

Kokanee spawni ng escapenent into the NFPR was 31,920 and 59, 310 in
1992 and 1993, respectively. In 1992, the weir was inefficient during
high flow, but we counted 11, 003 kokanee through the trap (Figure 2).
Escapenent was determ ned by applying the expansion factor (1.73) to the
peak live count of 18,451 observed on 8 Septenmber 1992 (Table 1). In
1993 the weir successfully collected kokanee during high flows.
Escapenent above the weir was 42,280 kokanee (Figure 3). Kokanee
spawni ng below the weir were estinmated using the expansion factor (1.73)

and the peak live count of 9,842 (Table 1). Hatchery origin fish
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Tabl e 1.

1993 spawni hg runs.

Nunber of Kokanee spawners counted on foot surveys in the

North Fork of the Payette River, ldaho during the 1992 and

1992 1993
Dat e Tot al Dat e Above weir Bel ow wei r
26 August 3, 288 28 August 55 40
29 August 3, 000 1 Sept enber 215 571
1 Sept enber 11, 822 5 Sept enber 1,581 568
8 Sept enber 18, 451 8 Sept enber 6, 323 2,435
14 Sept enber 13,776 12 Sept enber 13,974 4,900
21 Sept enber 1, 037 16 Sept enber 20,148 7,650
9 Cct ober 1, 887 20 Sept ember 18, 412 8, 905
25 Sept enber 23, 149 9, 505
29 Sept enber 25,152 9, 842
3 Cct ober 17, 345 5, 250
7 Cctober 12,619 4,016
12 COct ober 6, 562 1, 809
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conprised a snmall portion (0.65% of kokanee escapenent above the weir
in 1993 as 306 nales and 77 females with adi pose marks were coll ected.
Addi ti onal hatchery fish could have spawned bel ow the weir.

Upstream migration of |arge nunbers of kokanee during both years
occurred at tinmes of increasing flows caused by upstream dam rel eases
(Figures 2 and 3). Flows increased sharply on 30 August 1992 to 29 n¥/ s
as a result of water releases fromupstreamreservoirs. Increased flows
coi ncided with the washout under the weir and many kokanee bypassi ng
wi t hout being counted. After the hydrograph peak, flows subsided
gradual ly to a base flow around 3.7 n?/s. Peak flows in 1993 were
hi gher than in 1992 (Figure 3). Flows began to increase sharply on 4
Sept enber, peaked on 7 Septenber at 41 n¥/s, and gradually subsided to a
base flow between 3.7 and 4.7 n?/s. Water tenperatures during spawni ng
were simlar during 1992 and 1993 (Figures 2 and 3). Spawni ng was
initiated at tenperatures of about 10 to 12.C and peaked when the
tenmperature reached 14°C. Tenperatures ranged from6 to 8°C near the
end of spawni ng. Tenperatures during both years increased slightly with
i ncreasing flows from upstream dam rel eases

Speci es other than kokanee were captured in the trap (Table 2).
Cutthroat and rai nbow trout O nykiss were the npost abundant non-target

sal noni d species. Two ripe mountain whitefish Prosopiumw |Ilianson

were captured on the final day (11 October) of trap operation in 1993.
Simlar species were also captured in the adult trap during 1992, but in

nmuch | ower abundance than in 1993.
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Table 2. Nontarget species trapped and counted fromthe adult kokanee
weir in 1993 in the North Fork of the Payette River, |daho.

Comron name

cutthroat trout

rai nbow trout
suckers

spl ake

northern squawfi sh
br ook trout

mount ai n whi t efi sh

Scientific nane

Oncor hynchus cl arki

Oncor hynchus nyki ss

Cat ost omi dae spp
Sal vel i nus namaycush x
S fontinalis
Pt ychochei | us oregonensi s

S. fontinalis

Prosopi um wi |l | i ansoni

Nurber trapped

202

124
88

18

13
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Egg Deposition

Egg deposition and sex ratios of the spawning popul ati on vari ed
bet ween years during 1992 and 1993. During both years male to female
ratios indicated slightly nore males in the spawni ng popul ation, but the
spawni ng popul ation in 1992 had a higher male to fenale ratio - 1.28:1
compared to 1.10:1 in 1993. Potential egg deposition was 13.3 nillion
(95% bound +/- 0.462 x 10% Table 3) in 1992 and 18.6 nillion (95% bound
+/- 0.712 x 10% Table 4) in 1993. Deposition for both years was
dom nated by age 4 kokanee as 66 and 84% of PED was observed in this age
class in 1992 and 1993 (Tables 3 and 4).

Age conposition varied slightly between years and size at age
differed. Age 4 kokanee donminated the run in both years and sexes
except for nales in 1992 which were dom nated by age 3 (58.3% Table 5).
Age 3, the second npbst abundant age class, and age 5 were present in
both sexes during both years. Age 2 nales and age 6 fenales in 1992
were present in |ow nunbers (Table 5). Spawners of sinilar age and sex
were snaller in 1993 than in 1992 (Figure 4; Table 5). Males were
generally smaller than fenales in 1992, but in 1993 this trend was
reversed. Size differences between years were nore pronounced in
fermal es than mal es as the mean length of age 4 fenal es decreased from
327 mMmmin 1992 to 289 nmin 1993, while that for age 4 nal es decreased
from319 mmin 1992 to 293 nmin 1993 (Table 5). Males during both

years exhibited a wider range in size than fenales (Figure 4).

Egg Retention

Egg retention in femal es ranged fromzero to nearly 500 (Table 6).

The occurrence of near total spawning failure (>300 retained eggs)
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Tabl e 3. Fecundity and potential egg deposition for the 1992 kokanee
brood in the North Fork of the Payette River, |daho.

Age Per cent Nunber of Fecundi ty® Subt ot al
(n) f emal es? (n; SD)
31.1 795
3 (65) 4,354 (10; 205) 3,461, 400
60. 8 1, 039
4 (127) 8,512 (12; 242) 8, 844, 000
7.70 896
5 (16) 1,078 (3; 42) 965, 890
0. 500 1, 060
6 (1) 70 (1; 1,249) 74, 200
Tot al : 13.3 mllion

& determ ned using escapenent 31,920 and 1.28:1 nale to female ratio.

®fecundity (F) determ ned usin% relati onshi p devel oped from sanpl e of
60 green femal es F=(5.695)L-921.5 where L is fork |ength.
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Table 4. Fecundity and potential egg deposition for the 1993 kokanee
brood at the North Fork of the Payette River, |daho.

Age Per cent Nurber of Fecundi t y° Subt ot a
(n) femal es® (n; SD)
3 18. 4 512
(36) 5,197 (10; 82) 2, 660, 700
80.1 692
4 (157) 22,623 (24; 162) 15, 655, 000
1.53 725
5 (3) 432 (3; 762) 313, 284
Tot al : 18.6 mllion

a deternined using escapenent 59,310 and 1.10:1 nale to fenale ratio.

P fecundity (F) deternined usin% rel ati onshi p devel oped from sanpl e of
35 green fenmales F=(4.625)L-672.2 where L is fork |ength.
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Table 5. Age distribution and size at age (fork length) by sex for the
1992 and 1993 kokanee broods in the North Fork of the Payette
R ver, |daho.

Mal es Feral es
Mean | engt h Mean | engt h
Year Age Percent (r n Per cent (nm) n
1992 2 2.08 180 1 i i 0
"3 583 275 28 31.1 276 65
"4 313 319 15 60. 8 327 127
" 5 833 353 4 7.66 331 16
"6 i i 0 0.478 348 1
1993 2 i : 0 i i 0
"3 331 246 47 20.0 245 47
"4 648 293 92 78.3 289 184
"5 211 312 3 1.28 302 3
R i 0 i : 0
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Figure 4. Length distributions of kokanee by sex and brood year from

the North Fork of the Payette River, Idaho. Age numerals
indicate mean length of spawners.
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Table 6. Egg retention frequency distribution and overall nean nunber
of eggs retained by age class in femal e kokanee collected in
the North Fork of the Payette River, |daho, for brood years
1992 and 1993.

1992 1993

Number of Age cl ass Age cl ass
eggs 3 4 5 3 4 5
0 40 86 9 21 100 3
1- 5 7 15 3 10 49 0
6 - 20 1 5 1 3 7 0
21 - 100 1 5 1 3 1 0
101 - 300 2 2 0 0 0 0
301 - 500 0 0 0 0 2 0
Tot al 51 113 14 37 159 3
Mean 6 6 4 7 6 0
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was zero in 1992 and low (0.53% in 1993, and egg retention generally
was | ow for both brood years (Table 6). A nmpjority of femnl es observed
in all age classes in both years contained zero unvoi ded eggs, and 94
and 97% of fermales in 1992 and 1993, respectively, retained 20 eggs or
|l ess. Ten eggs retained by a female with average fecundity represented
al.1land 1.6%Iloss in potential individual egg deposition in 1992 and
1993, respectively. Egg retention did not represent a significant
reduction in PED as < 0.4% of the avail able egg deposition was lost to

egg retention in both years (Table 7).

Ti e of Spawni nqg

Substantial differences in tenperature regine were found in

vari ous spawni ng areas of the NFPR during 1993 and 1994 (Figure 5).
Accumul ated tenperature units were cal cul ated using an estimated tinme of
egg deposition of 7 Septenber 1993, the date of the peak adult trap
count. Spawning areas in order of decreasing tenperature regine were
Spring > Fisher Creek > Lower North Fork > Upper North Fork > Box Creek
(Figure 5). The curve representing accurul ated thermal units for the
Spring was relatively flat indicating tenperatures were noderated during
i ncubation by ground water seepage. On the first day of fry trapping in
the NFPR ((ojective 2), 27 March 1994 when kokanee fry were beginning to
mgrate, 1,195 thermal units had been accumulated in the Spring, the
area with the highest tenmperatures during incubation and probably the
area fromwhi ch kokanee first mgrated. On 1 June 1994 when 50% of fry
m gration had taken place, 435 (Box Creek) to 1,489 (Spring) thernal

units had been acquired (Figure 5). Time of spawning was simlar anong
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Table 7. Mean egg retention by age class and statistics used to conpute

t ot al

egg loss due to egg retention for the 1992 and 1993

kokanee broods at the North Fork of the Payette River, Idaho.

Sanpl e sizes are indicated in parentheses.

1992 1993
Age 3 Age 4 Age 5 Age 3 Age 4
Percent age 28. 65 63. 48 7.865 18. 59 79.90
(51) (113) (14) (37) (159)
Percent w eggs 21.57 23. 89 35.71 43. 24 37.11
ret ai ned
No. with eggs 867 2,128 394 2,267 8, 360
r et ai ned? (10) (27) (5) (16) (59)
Mean retention® 21 12 8 8 5
(range) (1, 250) (1, 225) (1, 45) (1, 98) (1, 457)
(95%C1) (1, 72) (4, 25) (0, 33) (2, 19) (2, 10)
Subt ot al ¢ 18, 206 25,536 3,153 18, 136 41, 798
Tot al 46, 900 60, 000
Percent of egg 0. 353 0. 323

deposition

b

mean only for

@ determined frommultiplying escapenent,
and percent with eggs retained.
femal es retaining > 0 eggs.

percent femal e,

percent age,

©determned by multiplying nunber with eggs retai ned by mean egg

retention.
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the areas, but spawning in Box Creek began slightly earlier than the

ot her areas which was consistent with our predictions (Figure 6).

DI SCUSSI ON

Spawni na Escapenent

Kokanee spawni ng escapenents into the NFPR during this study were

consi derabl y higher t han expected based on recent trends. The previous

4-year average was 20,800 adults (Janssen and Anderson 1994).
Escapenments in 1992 and 1993 were considerably |arger than those from
1988 to 1991. Nearly 32,000 kokanee adults entered the NFPR in 1992,
while in 1993 escapenent nearly doubled that in 1992 indicating an
increase in the kokanee popul ation in Payette Lake over recent years.
In determn ning spawni ng escapenents for this study, we encountered m xed
success in operating the weir. The weir failed for a short period in
1992 during rapidly increasing flows and resulted in many kokanee
passing the weir wi thout being counted. To estinate escapenment in 1992,
we used foot surveys that use the peak count observed during the run and
an expansion factor devel oped for this population (Frost and Bennett
1994; Janssen and Anderson 1994). W believe the trap failed in 1992
due to poor site selection. The reach sel ected was narrow, had
relatively steep gradient, and consisted of substrate (coarse sand and
smal |l gravel) that was easily scoured. These factors |led to washout
under the pickets during high flows. During 1993, we selected a reach
upstream fromthe 1992 weir site which resulted in efficient operation
t hroughout the run and peak flows were considerably higher in 1993 than
1992. The site selected in 1993 was wi der, |ower gradient and consisted

of large gravel that resisted scouring.
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A significant amount of spawning occurred below the trap sites
during both years of this study. Operation of the weir bel ow our sites
to capture those additional kokanee was inpossible due to unsuitable
operating conditions, particularly during the early part of the run
Each year Payette Lake is held at full pool until Menorial Day to
satisfy recreational uses in the |lake. At full pool Payette Lake
i nfluences river flowto imediately below the trap sites which converts
otherwi se riverine habitat into | ake-like habitat; these conditions are
not conducive to operating the weir. W relied on foot surveys to
estimate spawners bel ow the weir as sone suitable spawni ng habitat
exi sted bel ow our trap sites. However, substantial spawning directly
behind the weir was a result of fish being del ayed for extended periods
by the physical obstruction of the weir, particularly at the peak of the
run. Simlar behavior in kokanee has been observed in other studies
involving weirs (P. Janssen, |daho Departnent of Fish and Gane, MCall,
| daho, personal comuni cation). The problemis particularly acute in
years of high escapenent, as in 1993, when large nunbers of fish migrate
in a short tinme period, flood the trap area, and overwhel mthe capacity
of the trap. Potential alternatives to weir operations include Petersen
mar k/ recapt ure net hods descri bed by Cousens et al. (1982).

Peak arrivals at the weir coincided with increasing flows during
both years 1992 and 1993. Increased flows in |ate August and early
Sept enber, caused by water rel eases fromupstreamreservoirs, stimulated
kokanee to nove upstreamtoward spawning areas. Prior to peak arrivals
at the weir in both years, |arge nunbers of kokanee were observed
staging in deep pools belowthe trap sites. Small groups of kokanee

left these |arge aggregations to mgrate upstreamas flows increased.

34



Al t hough peak flow during spawning was significantly higher in 1993 than
in 1992, the sudden increase in flow had sinmilar effects on mgratory
behavi or. The observed behavior was sinmlar to that of sockeye sal non
reported by Burgner (1991): "They [salnmon] travel in schools, and during
heavy migrations...they forma continuous novi ng band on one or both
sides of the river, migrating steadily and uniformy close to the bottom
where the current is slower.”

Spawni ng occurred at water tenperatures simlar to those reported
for kokanee and sockeye sal non. Sockeye generally spawn during periods
of declining tenperatures during |ate sumer or autumn (Burgner 1991).
Scott and Crossman (1973) reported kokanee spawni ng at tenperatures
between 5.0 and 10.5<C. Kokanee at Payette Lake spawn during a
descendi ng tenperature regime in autum. Tenperatures during the
initial part of the run were slightly higher than the reported range and
i ncreasing tenmperatures occurred after the initiation of spawning during
both years. Increasing tenperatures during the early part of the run
13 to 14°C, were a result of warm surface water rel eases from upstream
reservoirs.

Non-target species caught in the weir were nostly a result of
hat chery prograns in Payette Lake for the species observed. Cutthroat
and rainbow trout are stocked in Payette Lake to support put-and-take
fisheries. Splake S. namaycush x S. fontinalis are not stocked in
Payette Lake but were apparently flushed from Upper Payette Lake
Reservoir in 1993 during high flows before the outlet dam was cl osed.
Sonme fish presumably noved downstream and entered Payette Lake (P
Janssen, |daho Departnment of Fish and Ganme, McCall, |daho, persona

communication).
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Egg Di sposition

Mal es were nore abundant than females in the 1992 and 1993
spawni ng popul ations. Females (52% were nore abundant than nmales (48%
in 1991 (Janssen and Anderson 1994). Ml es were slightly nore abundant
as the nale to fermale ratio was 1.17:1 in 1988 (G under et al. 1990).
Foerster (1968) reported equal numbers of both sexes should be present
to achieve maximum fertilization of eggs in sockeye sal nron. However, as
G lbert (1914) first noted, one nale sockeye can service nany femnales;
therefore, maximumfertilization can potentially be achieved with fewer
mal es than fenmales. Nearly even sex ratios have been observed in
kokanee (Lorz and Northcote 1965) and sockeye sal mon (Mathisen 1962;
Bjornn et al. 1968) spawni ng escapenents. Altered sex ratios in sockeye
sal non have been observed in popul ati ons subjected to intensive size
sel ection in comrercial gill net fisheries (Mathisen 1962). An observed
sex ratio of 65%female and 35% male in 1946 in spawning rivers of
Bristol Bay, Alaska, was considered severe and attributed to gill net
selectivity toward males. Male to fermale rati os observed in this study,
1.28:1 and 1.10:1, likely do not represent significant deviations from
an even sex ratio.

Kokanee in Payette Lake mature nostly at 4 years of age (3+).
Janssen and Anderson (1994) reported a nean age of 4 years for the 1990
and 1991 brood years. Age 4 kokanee were nobst abundant during both
years of this study. Age at maturity is generally higher at Payette
Lake than in other kokanee popul ations in Idaho (S. Patterson, |daho
Department of Fish and Gane, O ofino, |daho, personal commrunication).
Kokanee in Dwmorshak Reservoir, a fishery with much hi gher exploitation

rates on kokanee, mature nostly at age 3. Differences could al so be due
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to stock origin (sockeye vs. kokanee). Kokanee size and vulnerability
to harvest are related in Idaho (R eman and Meyers 1990). Kokanee enter
the sport fishery at 200 mm and vul nerability increases as they grow
Larger and ol der fish are harvested at high rates and thus are not
avai l abl e for reproduction. Hi gh exploitation of older fish in other
popul ati ons has been found to cause a decrease in age at maturity
(Schaffer and El son 1975; Handford et al. 1977; Borisov 1978; Ri cker
1981).

Kokanee size was an indicator of |ower than optimumdensities in
Payette Lake in the late 1980s and early 1990s, but recently size of
spawners nay indicate densities are nearing optinumlevels in Payette
Lake. Rieman and Meyers (1990) clained that for |daho waters kokanee
approaching 275 to 325 mmin length indicate | ow densities and fishery
managers shoul d use caution to avoid popul ation col |l apse. Lengths of
kokanee of both sexes in the spawning popul ation ranged from 293 to 343
mm from 1988 to 1992. Mean length was 280 mmfor females and 278 nm for
mal es during 1993 indicating higher densities in the | ake. R eman and
Meyers (1992) found evidence of strong density dependent growth
particularly in ol der-aged kokanee. G owth decreases at high densities
whi ch is conmonly thought to be a result of reduced food abundance and
si ze caused by intense size selective predation (Goodl ad et al. 1974,
Kyle et al. 1988; Brocksen et al. 1970; Trippel and Beani sh 1989;

Hart man and Burgner 1972; Boisclair and Leggett 1989). Escapenents and
fish size observed during this study were consistent with those expected
for varying densities. Wth |arger escapenments, as in 1993, we would
expect reduced fish size due to higher densities in the | ake. Size of

spawners in 1993 were the | owest observed for the period 1988 to 1993.
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W al so observed increased size of spawners with increasing age within
years. Generally, salnmon maturing at younger ages do so at smaller
sizes than those maturing later (Shearer 1972) and this trend was

evident in 1992 and 1993.

Baa Retention

I nvestigations of juvenile salnonid production that involve egg
deposition estimates require reliable informati on on egg retention
(Manzer and M ki 1986). Foerster (1968) reported several investigations
of egg retention in sockeye salnmon. Retention usually represented a
m nor loss in overall egg deposition as all reported values were < 5%
whil e nost were < 3% of deposition. Manzer and M ki (1986) found egg
retention was 3.9% of individual fecundity anong five stocks of British
Col unbi a sockeye salnon. No information is readily available in the
literature concerning egg retention in kokanee. However, we concl uded
egg retention was negligible for the two brood years we exani ned as
total retention was < 0.4% of PED

Egg retention in salnonids has also been used as an indicator of
spawni ng success. Chapman et al. (1986) used egg retention in chinook
salmon O tshawtscha spawni ng bel ow Priest Rapids Dam on the Col unbia
Ri ver to determ ne whether dam operation caused spawni ng failure.
Evi dence of a density dependent relation between nunber of spawners and
egg retention in fenmales has been reported for sockeye sal non. Mathisen
(1955) observed higher egg retention rates in pen-retained sockeye when
fish were crowded. Egg retention was 0.63%in 11 pens with a nean of 79
nt available per female; however, egg retention was 13% in 2 pens with a

mean of 3 nf available per female. Senmko (1954) reported a decrease in
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the nunber of eggs renmaining in spawned-out sockeye with decreasing
nunbers on the spawni ng grounds: 312 eggs per femal e when spawni ng
popul ation was 7,123 to 7 eggs per female with a run size of 219.
Mat hi sen (1962) observed higher than normal egg retention in pens wth
hi gher than natural spawning densities. Foerster (1968) and Senko
(1954) hypot hesi zed hi gher egg retention at increased spawni ng densities
was a result of increased conpetition between fenmal es for spawni ng
sites, thus reducing their ability to fully express eggs. Idaho Fish
and Gane was concerned with the quality and amount of avail abl e spawni ng
habi tat for kokanee in the NFPR (G under et al. 1990). A significantly
hi gher escapenent in 1993 provided for a conparison of egg retention
with widely different nunbers of kokanee conpeting for spawning sites in
the NFPR. |f the anmpbunt of spawning habitat was linmting, we expected
to see higher egg retention with increased escapenents. However,
retention was simlarly | ow between years. W did observe two femnal es
that showed evidence of near total spawning failure (>300 eggs retained)
in 1993, while in 1992 we observed none in this class. However 2
femal es retained between 101 and 300 eggs in 1992, while no fenal es were
observed in this class in 1993. These results indicate spawni ng habitat
inthe NFPRis not liniting and the amobunt of habitat is capable of
supporting nearly 60,000 spawners w thout significant spawning failure

in the formof egg retention

Ti me of Spawni ng

We did not observe differential tine of spawning related to the
tenperature regi me of the spawni ng areas whi ch suggests this stock does

not consist of substocks that could be identified by tine of spawning.
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Five areas of the NFPR and tributaries used by kokanee for spawning

di ffered substantially in tenperature and if substocks existed we
expected spawners to be using each area at different times--colder areas
relatively early and warnmer areas relatively late. This rationale
assunes the existence of an optimumtine of |ake entry, as described by
Barns (1969), where food availability and growth potential act as

sel ective forces affecting survival and deternine the best tinme of |ake
entry. MIller and Brannon (1982) and Brannon (1984) identified timng
of fry enmergence as the principal evolutionary factor establishing the
timng of sockeye salnon spawning in a stream Al so, Brannon (1987)
observed tenporal regularity in spawning time in nine Fraser River
stocks which was directly related to the tenperature regi me of the
stream W did not observe a sinmlar pattern fromthe kokanee stock at
the NFPR. Possibly environnental conditions in Payette Lake do not
favor an optinmumtine of |ake entry for the fry, or there exists a w de
time period of equally favorable conditions. Under these conditions,
fish spawning at simlar tines at different tenperatures, and thus
emerging fromthe redds at different tinmes, nay survive equally well.

Al so, under a narrow optinmum wi ndow, sone fry, such as those spawning in
springs, nay energe early and rear in the river environment for an

ext ended period then mgrate at the appropriate time to enter the |ake
at the optimumtine. Generally, kokanee and sockeye sal non fry spend
little or no residence tinme in the stream after energence. Spring areas
in the Flathead River system Montana, produced kokanee fry that
remained up to 1 nonth before emigrating to the |ake (Fraley and

McMul lin 1983). In the NFPR we al so observed fry that had attai ned

| arge size due to extensive feeding in the river after energence.
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Kokanee originating fromrelatively warm spring areas nay experience
equal survival after enmergence and thus spawning tine, whichis a

genetic characteristic of the stock (Brannon 1987), is not altered.
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Cbjective 2. To estinmate egg-to-fry survival of the 1992 and 1993
kokanee broods and to evaluate the growth, condition, and
devel opnental stage of mgrating fry.

| NTRODUCTI ON

Egg-to-fry survival is necessary for nmanagi ng sal nonid (Sal noni dae)
stocks and eval uating the productivity of spawning habitat. Mrtality
during the incubation period is inportant because it is generally higher
and nore variable than in any other |ife stage of salnon (MNeil 1969).
Numer ous net hods have been used to estimate sal nonid survival during the
egg-to-fry stage. McNeil (1964) excavated redds to estimate surviva
fromegg deposition to the pre-energent stage of pink salmon O
gor buscha. Survival of green or eyed-eggs was observed in artificia
structures, such as Witlock-Vibert boxes (MacKenzie and Moring 1988),
plastic cylinders (Scrivener 1988), and artificial redds (Gustafson-
Marj anen and Moring 1984). Emergence traps (Phillips and Koski 1969;
Porter 1973; Tagart 1984; Fraley et al. 1986) have been used to capture
energing fry on individual redds. These nmethods are particularly usefu
for evaluating variables that nmay influence incubation success (Fral ey
et al. 1986; Scrivener 1988), assessing differential survival between
stages of the intragravel period (MacKenzie and Mring 1988), and

conparing survival anong different parental conbinations

In many situations, however, such as sal nonids spawning in |arge
rivers, such techniques are not practicable since high flows that
normal |y occur during fry emergence render spawning sites inaccessible.
Al so, nethods that neasure survival prior to enmergence (e.g. redd
excavation) overlook two inportant sources of nortality; energence

failure due to entrapnent by fine sedinent (Koski 1966; Koski 1972) and
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predation, particularly by piscivorous fish after energence (Hartnman et
al . 1962). Various traps designed to capture mgrating fry or snolts
have been used in rivers to assess sal nonid production (Wl f 1950;
Craddock 1959; Meehan and Siniff 1962; Acara and Smith 1971; C arke and
Smith 1972; Davis et al. 1980; Quinby and Dudi ak 1983; M Iner and Snmith
1985; Denpson and Stansbury 1991). Traps designed to sanple sal nonid
juvenil es depend on migratory behavior exhibited i mediately after
energence (fry; e.g. Q nerka) or at a later stage (snolt; e.g. Sal no
salar), and they are placed in the nmigration path between spawni ng areas
and the |lake or estuary for which the fish are destined. Sone trap
designs capture a relatively small portion of the migrants and the
researcher nust use mark-recapture nethods to estimate trap efficiency
(Seel bach et al. 1985; Tsunura and Hume 1986; MMeneny and Kynard 1988;
Denpson and Stansbury 1991). Results of efficiency tests are applied to
partial count estimators to enunerate total nunber of juveniles.

Al t hough conditions such as flow, |light, and suspended sedi ment change
wi dely during spring runoff and may influence mgratory behavi or (Acara
and Smith 1971), repetitive neasurenent of trap efficiency over tine
often receives inadequate attention. Mst authors rely on snall sanple
sizes and | ow nunbers of narked individuals that are sometines the
consequence of working with small popul ati ons (Seel bach et al. 1985;
Tsunmura and Hune 1986; MMeneny and Kynard 1988). W determ ned kokanee
fry recruitment to Payette Lake during 1993 and 1994 using a trap design
that required estimates of trap efficiency to estimte total abundance.
Kokanee egg-to-fry survival is conpared with those determ ned for other
popul ati ons of kokanee and sockeye salnon to determne the relative

producti veness of spawning habitat available to the Payette Lake stock
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METHODS

Seasonal and Diurnal Emigration Tinmna

Fry sampling was conducted at a bridge |ocated bel ow all kokanee
spawni ng areas in the NFPR during 1993 and 1994 (Figure 7). Stream
width at the bridge was 26 m Water depths ranged from1l to 3.5 m and
velocities ranged fromO0.61 to 2.4 nm's during the study peri ods.
Grunder and Anderson (1991) indicated kokanee begi n novi ng downstream
toward Payette Lake during the last 2 weeks in March. W began sanpling
the NFPR for kokanee fry during this tinme in 1993 and 1994. Fish novi ng
downstream were captured in a trap operated fromthe bridge spanning the
NFPR (Figure 1, Objective 1). A boat winch and boom (1 m high), bolted
and clanped to the bridge railing, allowed easy, safe deploynent and
retrieval of the trap. The level of the bridge railing was
approximately 6 mfromthe substrate of the river. Trappi ng was
conducted at three different sites on the bridge during the two years of
study (Figure 7). Different sites were used to avoid | arge anounts of
debris that could clog the net and make sanpling difficult. Also the
trap was noved fromthe downstreamto the upstream side of the bridge in
June 1994 to take advantage of slightly higher velocities at site 1
(Figure 7). During 1994 sanmpling was conducted in 4 to 6 night periods
followed by 2 to 3 nonsanpling nights. Sanpling was termnated in early
July when catches decreased to zero. Sanpling was not conducted after 8
May 1993 due to high flows. Flows were nonitored with a staff gauge
| ocated directly beneath the bridge during the study periods. Water
tenperatures were recorded at 3-hour intervals with a Hobo-Tenp

M ni ature Tenperature Logger (Onset Instrunents, Pocasset,
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Figure 7. Sampling sites at the bridge on Eastside Drive used in 1993
and 1994 for sampling kokanee fry migrating in the North
Fork of the Payette River, Idaho.
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Massachusetts) |ocated approximately 1.5 km upstream fromthe bridge
Seasonal distribution was described with respect to river stage and
wat er tenperature. Diurnal fry nmovement for 1993 and 1994 was exam ned
by day sampling. Available literature docunents sockeye sal non and
kokanee fry mgrations al nost exclusively at night (MDonald 1960a
Hartman et al. 1962; Acara and Snith 1971; Fral ey and C ancey 1988;
Shepherd 1990). Nightly fry sanpling was normal ly conducted wi thin 30-
mnute intervals during each night sanpled. D urnal novenent was
depicted every 30 mnutes as a percent of nightly totals during each of
eight time periods beginning with the first sanple date each year

The trap design used to capture mgrating fry was a formof the
nodi fi ed fyke net used for |ive trapping described by Conlin and Tutty
(1979). The net neasured 0.37 nf at the nmouth, tapered to 15 cm (dia)
at the cod-end, and totaled 4 min length. The net was constructed of
two nylon layers sewn together along four 16-nm nylon |ines. The inner
bag was 1. 6-nmm nesh through which kokanee fry could not escape. The
snmall mesh bag was encircled by a nylon bag of 16-mm nesh. The net
nouth was stretched open with a circular frane (16-mmdia steel) and
fastened with cable ties. The trap was maneuvered with a standard boat
wi nch, 5-mm steel cable, and a pulley attached to the end of the boom
The cabl e connected to the net frame at the center of a cross bar wel ded
along its dianmeter. A 65-cmcollection bottle constructed of 16 cmdia
PVC pi pe and fittings was attached to the cod end of the net with
clanps. A screw cap on the downstream end of the bottle provided easy
access for renmoving fish and cl eaning debris fromthe net. Since high
wat er pressure inside the bottle would have been hazardous to young

kokanee fry; two small (50 cnf), rectangul ar openings were cut fromthe
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collection bottle and covered with wi ndow screen. Silicone was applied
around the edges of the screen and to all crevices and rough areas
within the bottle to reduce risk of injury to fish and to facilitate
fish and debris renoval. The trap was retrieved at the end of a fishing
peri od, contents of the bottle were enptied into a bucket, and the net
was rinsed with 10 L of water into a bucket. Al fish species were
sorted fromdebris, counted, and rel eased downstream The net was
consistently fished so the top 10 to 15 cm of net extended above the
water; the cross-sectional area of net under water was maintained at

varying flows by the ambunt of cable released fromthe w nch

Trap Efficiency

We used nark-recapture nmethods to deternine trap efficiency and to
estimate total nunbers of fry passing the bridge. Kokanee fry captured
at night were inmersed in a 1:60,000 solution (by weight) of Bismarck
brown-R (dye content 40%, a vital stain, for a period of 2 to 3 hours.
Several researches have successfully used Bi smarck brown dyes to nark
sal monid juveniles. Ward and Verhoeven (1963) exposed sockeye sal non
fry for 3 hours to a 1:60,000 solution of Bisnmarck brown-Y (dye content
529% with negligible nortality. Miundie and Traber (1983) used a
1: 46, 000 solution (dye content 519% to mark coho sal non O Kisutch
fingerlings. Bowes et al. (1987) used a 1:30,000 solution to stain
kokanee. Survival of marked fish (99.3% was not significantly
different fromthat of control groups after 10 weeks. Fraley and
G ancey (1988) also used a 1:30,000 solution for 50 m nutes and reported
low nortality. Al studies report 100% dye retention of at |east a

week. During this study narked fry were rel eased 90 to 110 m upstream
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at sunrise, and all fry captured the follow ng night were exam ned for
the mark. Rel eases of fry were separated into six to eight subgroups
and rel eased in equal nunbers on both sides of the streamto maxinize
di spersal and decrease risk of predation. The subgroups were rel eased
separately over a 15 to 20 mlength of stream bank in depths of 0.75 to
1 m W assurmed marked kokanee did not imediately migrate upon rel ease
during daylight hours and all kokanee resunmed mnigration the follow ng
night. Fraley and Cl ancey (1988) studi ed novenents of kokanee fry using
Bi smarck brown and reported no captures of nmarked kokanee fry during
dayl i ght hours. Net efficiency was determnmined periodically during the
study periods. River flows (nf/s) could not be neasured but river stage
(cm, or the vertical height of water, was neasured. The |ogarithm of
river stage was used in statistical analyses, since flowis often a
power function of river stage (J.H MIlligan, University of Idaho,
Moscow, |daho, personal conmunication). |If correlations existed between
stage and trap efficiency, catches of marked fry were pool ed according
to tinme periods and the pooled efficiency was used to expand nightly
catches within each respective tine period. Flows varied only slightly
due to water retention in upstream and downstream reservoirs after 30
May 1994. Catches of marked kokanee between 3 June and 11 June and
after 11 June were pool ed, and pool ed efficiencies were used to expand
nightly totals. Efficiencies deternined at different trap | ocations at
the bridge (Figure 7) were never pooled and only used to expand nightly

captures at each respective trap site.
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Recrui tnent and EGG-to-Fry Surviva

Qur sanpling effort was concentrated during nighttinme hours;
however, daytinme sanmpling was conducted periodically to confirm
publ i shed reports that indicate sockeye sal non and kokanee fry nigrate
predom nantly at night (Hartman et al. 1962; Acara and Smith 1971
Fral ey and Cl ancey 1988). Ni ght sanpling usually began at 2100 to 2200
hours, continuedthrough the ni ght, and ended at 0300 to 0600 hours.

The net was set and retrieved at 30 minute intervals (e.g. 2330 to
2400) . Kokanee numbers were tine-adjusted each 30 m nutes by dividing
by the proportion of time fished. Sanpling was al ways conducted during
t he peak hours of mgration (2200 to 0300) when approximately 86% (nean
of all nights sanpled) of nightly totals occurred. One of five sanpling
ni ghts, usually once per week deternined randomy, were designated as
"all night" sanpling. On these nights sanmpling began early (2100) when
catches were likely to be zero and term nated (usually by 0600) when
catches were again zero. W assumed that on other nights during the
same week kokanee migration tine and behavior was sinmilar to the "all-
ni ght" sanple. To estimate the additional 10 to 20% not sanpl ed, tine-
adj usted nightly catches were divided by the proportion of the nightly
nm grati on sanpl ed.

Fry recruitnent from the 1993 brood was sanpled for the entire
duration of migration from the NFPR whereas recruitnent from the 1992
brood was sanpled for a portion of downstream emgration. Egg-to-fry
survivals were calculated using egg deposition estinmates (Objective 1)
and fry recruitnment (recruitment as a percent of egg deposition). W
sumed all nightly estimates to estimate total recruitnent of kokanee

fry fromthe 1993 brood. Totals on nonsanpling nights were estinmated
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with linear regression on three sanpling nights before and after the
nonsanpl i ng peri od. Bounds on the estimates were determ ned using the
variance of a proportion V(p) = pg/n-1; where V(p) is the variance, pis
the proportion in question, qis 1 - p, and n is the sanple size
(Scheaffer et al. 1990). Standard errors of the regressions were used
to cal cul ate bounds on nonsanple nights. Fry recruitnment fromthe 1992
brood was sanpled only until 8 May 1993; after 8 May high fl ows
destroyed the trap. To estimate total recruitnment fromthe 1992 brood,
we used accunul ated tenperature units during both years and the

cunul ative fry recruitnent observed in 1994. W assuned sinilar
proportions of total fry recruitnment nmigrated at sinmilar accunul ated
tenperature units during both years. A tenperature unit is defined as
1°C above freezing (zero) for a period of 24 hours. Mean daily
tenmperatures were used to calculate tenperature units. W used the date
of the peak adult trap count for both years as the best estinmate of tine
of egg deposition. The point at which 1993/1994 accunul ated tenperature
units equal ed tenperature units on 8 May 1993 was used as the reference
date. The cunul ative proportion of the fry run that had occurred on
this reference date was used to expand the partial count for 1993

recruitment (partial count divided by cumnul ative proportion).

Fry Size, Condition, and Devel opnental Stage

Random sanpl es of kokanee fry were sel ected throughout the study
period for |ength, weight, devel opnent stage, and condition factor
conparisons with tinme. Al sanples were preserved in a 10%fornmalin
solution and later nmeasured in the |aboratory. Fry and al evin | engths

and wet weights were nmeasured to the nearest tenth of a mllineter and
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thousandth of a gram respectively. Data were transfornmed to fresh
sanpl e neasures by multiplying preserved alevin length by 1.03, alevin
wet weight by 0.91, fry length by 1.05, and fry weight by 0.88 (Mirray
1980). Kokanee were classified according to an arbitrary 5-stage

devel opnent scal e enconpassing alevin (stage 1) to conpl ete fusion of
the mdventral wall (stage 5; Table 8). Stages one, two, and three were
consi dered al evin; stages four and five were considered fry. Length and
wei ght data were used to calculate Fulton's R condition index (Anderson
and Gutreuter 1983). W conpared | engths, condition factors, and

devel opnent stages between years with individual z-tests. W conpared
all 1993 data to 1994 data collected during simlar accumul ated
tenperature units as during 1993 to control for tenporal differences in
acquired thermal units. Yearly data were pooled in distinct periods
(three in 1993; six in 1994) beginning with the first day of sanpling
and anal yzed with one-way anal ysis of variance and the student-Newran-
Keul s procedure for multiple conparisons (SAS Institute 1988).
Statistical significance for all tests was considered at an al pha | eve

of 0. 05.

RESULTS

Seasonal and Diurnal Enmicration Tinmng

Downstream ni grati on during 1993 and 1994 began in | ate March
during relatively low river stage and tenperatures. The 1993 run began
earlier than 1994 as kokanee were captured on 20 March 1993. Fry
nunbers in 1993 increased with rising river stage; however, shortly
before trapping was termnated in early May, river stage was relatively

hi gh, although fry nunbers had not responded simlarly (Figure 8). A
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Table 8. Fry classification scheme used to classify migrant kokanee in
1854 SapI | ng peri ods. Alopt ed 11 om Canad an Depart et of
Fi sheri es and Cceans (Shepherd 1990).
St age Alevin / fry Descri ption
1 Al evin Little or no absorption of posterior |obe
of yol k sac
2 Al evi n Posterior | obe of yolk sac absorbed
3 Al evin Yol k sac less than half visible in latera
view, top portion of yolk sac silver
4 Fry Skin pignmentation on sides and | atera
part of ventral surface; yolk visible in
scar
5 Fry Yol k sac scar is healed; no yolk visible

external ly
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simlar pattern was evident in the 1994 nigration when fry nunbers
increased with rising stage, but not all peaks in flow were acconpani ed
by simlar increases in fry (Figure 9). The peak which occurred on 5
June (317,000) did not occur at the highest observed river stage,

al t hough snaller, earlier peaks on 6 May and 26 May did occur during
periods of rising river stage. Water tenperatures were simlar during
both years at the beginning of migration (Figures 10 and 11) as fry
began mgrating at tenperatures slightly < 1«C after a |ong period of
daily mean tenperatures < 0C. Increase in mgration intensity

t hroughout the 1994 run occurred during rising tenperatures (Figure 11).
The peak nightly fry estimate (5 June 1994) occurred at a water
tenperature of 9¢C and during the final days of mnigration tenperatures
were nearly 15¢C. Downstream m gration of kokanee fry was predom nantly
nocturnal. During the 1993 sanpling period we sanpled 6 hours 38

m nutes over 7 days during daylight hours. During 1994 we sanpled 12
hours 43 minutes over 13 days. Daytine sanpling was distributed over
the entire sanpling period each year. A majority of the sanpling tine
was during light conditions i mediately after dawn and prior to dusk
No kokanee fry were captured during daytime in 1993. Six kokanee were
sampled in 1994, all but one occurred during either a post-dawn or pre-
dusk period. The one captured during md-day (1400 hours) was in an

al evin stage of devel opnent (stage 3, Table 8).

The diurnal distribution of kokanee fry in the NFPR was simlar
during 1993 and 1994 (Figures 12 and 13). Mgration was protracted over
the entire night in March and early April during both years with
i ndi stinct peaks in abundance. Fry abundance peaked around 2300 hours as

time progressed into April and early May. In 1994 the 2300-hour peak
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was acconpani ed by a snaller peak during May around 0330 hours (Figure
13). During the final stages of the run in June 1994, peak nightly
abundance shifted approximately 2 hours to 0130 hours (Figure 13) and
the mgration during both years becane progressively shorter. Fry
actually mgrated approximately 9 hours per night in early April 1994,

7.5 hours in early May, and 6 hours in |ate June.

Trap Efficiency

Trap efficiency was negatively related to river stage in 1993 (r=-
0.81; Table 9). Catches of marked fry were pool ed according to tine
periods with simlar flow conditions. Pooled trap efficiencies were
4.21% (river stage 0-3 cm), 2.70% (river stage 3-10 cm), and 1.21%
(river stage >10 cn). Trap efficiency and river stage in 1994 were al so
negatively related (r=-0.65; Table 10). Pooled trap efficiencies used
to expand nightly totals from 27 March to 2 June 1994 were 4.20% (river
stage 0-37 cm), 2.03% (river stage 38-72 cm), and 0.697% (river stage >
73 cm. Flow and debris conditions were simlar while the trap was
operated at site 2 from2 June to 4 June 1994 (Figure 7). The trap
efficiency (1.22% Table 11) was used to expand nightly totals during
this period. To expand nightly totals after 9 June, while the trap was
operated at site 3 (Figure 7), we used 0.984% (14 June; Table 11) as
trap efficiency. We pooled 1993 data collected at site 1 (Table 9) and
1994 data collected at site 3 (Table 11; Figure 7) for an additiona
conparison of trap efficiencies and river stage. Pooling the data was
justified because the trap positioned at either site fished essentially

the sane horizontal and vertical portion of the water columm. The
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Tabl e 9. Rel ative river stage and nunber of kokanee fry marked,
rel eased, and recaptured for assessing trap efficiency in the
North Fork of the Payette River, ldaho, from4 April to 4 My
1993 at trap site 1.

Ri ver Stage Nunber Nunmber Trap
Dat e
(cm Mar ked Recapt ured Efficiency %
16 April 0.5 311 14 4.50
12 April 1.7 125 4 3.20
21 April 2.2 586 25 4.27
4 April 4.3 146 7 4.79
23 April 7 225 3 1.33
4 May 22.3 153 0 0
29 April 23.3 340 6 1.76
1 May 26. 3 166 2 1.20
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Table 10. Relative river stage and nunber of kokanee fry marked,
rel eased, and recaptured for assessing trap efficiency in the
North Fork of the Payette River, ldaho, from4 April to 2 June
1994 at trap site 2.

Ri ver stage Nurmber Nurmber Trap
Dat e
(cm mar ked recapt ur ed efficiency %
10 April 15 80 3 3.75
13 April 17 79 5 6. 33
4 April 20 61 1 1.64
17 April 54 144 0 0.00
29 April 58 115 5 4. 35
19 May 85 38 0 0. 00
18 May 90 32 1 3.13
24 May 104 183 0 0. 00
20 May 104 126 2 1.59
25 May 108 107 0 0. 00
2 June 111 783 2 0.255
31 May 112 215 2 0. 930
1 June 115 498 6 1. 20
26 May 116 157 2 1.27
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Table 11. Relative river stage and nunmber of kokanee fry marked,
rel eased, and recaptured for assessing trap efficiency in the
North Fork of the Payette River, ldaho, after 2 June 1994 at
trap site 3.

Ri ver Stage Nunber Nunber Trap
Dat e
(cm Mar ked Recapt ur ed Efficiency %

6 June 116 1414 20 1.41
7 June 116 1087 11 1.01
8 June 121 732 3 0. 410
9 June 121 710 14 1.97
14 June 128 508 5 0.984
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pool ed data al so reveal ed a negative correlation (r=-0.69; Tables 9 and

Recruitment and Bcta-to-Fry Survi val

During the sanpling period in 1993 (31 March to 8 May), we
estimated 1.73 million (95% bound +/- 0.338 x 10°) kokanee fry entered
Payette Lake (Table 12; Figure 8). Since we could not sanple the NFPR
after 8 May, this nunber is a partial estimate of total recruitnent.
The 1994 recruitnent (Table 12; Figure 9) was estimated at 4.53 nillion
(95% bound +/- 1.16 x 10%. Fromthe analysis of tenperature units and
cunul ative fry emgration in 1994 (Figure 12), total recruitnent in 1993
was estimated at 2.51 million (1.73 million divided by 68.8% . Kokanee
had accunul ated 698 thermal units from 31 August 1992 (date of peak
adult trap count in 1992) until 8 May 1993. The same nunber of therma
units were acquired from7 Septenber 1993 (date of peak adult trap count
in 1993) until 5 June 1994. Therefore, 5 June was the reference date
for estimating 1993 recruitnent. By 5 June 1994, 68.8% of the tota
1994 kokanee fry recruitnment had occurred. Using total egg depositions
for both years, egg-to-fry survival for both year classes was simlar
(Table 12). Egg-to-fry survival was 18.9% (95% bound +/- 3.7% and
24. 4% (95% bound +/- 6.3% for the 1992 and 1993 brood years,

respectively.

Fry Size, Condition, and Devel opnental Stage

We used only those data from 1994 that were collected during

simlar accunul ated thermal units as the 1993 sanpling period to contro

for temporal differences for between year conparisons. Kokanee sampled
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Table 12. Total egg deposition and egg-to-fry survival for the 1992 and
1993 kokanee broods at Payette Lake, Idaho. Ninety-five
percent confidence limts are indicated in parentheses.

1992 1993

Total egg deposition? 13.3 x 10° 18.6 x 10°
(0.462 x 10° (0.712 x 109

Estimated fry nunbers 1.73 x 10° 4.53 x 10°
(0.338 x 10%)° (1.16 x 10°
Estimat ed recruitnment 2.51 x 10° 4,53 x 10°
(0.491 x 109°¢ (1.16 x 109

Percent egg-to-fry 18.9 24. 4

survival (S) (15.7 £ S < 21.8) (18.8 < S < 29.4)

& (bj ective 1.
®partial estimate of recruitnment from31 March - 8 May 1993.

“total recruitnent determined from anal yses of thermal units and 1994
cunul ative fry counts.
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from20 March to 8 May 1993 migrated during accunul ated tenperature
units of 600.8 and 697.5 (°C;, Figure 14). Simlar thermal units were
encountered during 23 May and 5 June 1994. During these conparable tine
periods, length of migrant kokanee was significantly larger in 1994 than
in 1993 (P=0.0001; Figure 15). Overall, nightly mean length of m grant
kokanee fry varied 6.1 nm (range=22.4-28.5) and 6.9 nmm (range=20. 6- 27. 5)
in 1993 and 1994, respectively. The overall length distributions (al
data from 1993 and 1994) reveal ed kokanee were larger in 1994 with sone
i ndividuals growing to > 30 nm (Figure 16). Length varied 20.0 mm
(range=12.6-33.6 mm and 19.7 nmm (range=17.5-37.2 nm in 1993 and 1994,
respectively. Conparison of condition factor (Figure 15) and stage of
devel opnent between 1993 and 1994 (Figure 17) were opposite that of
I ength; condition factor and stage of devel opnment were significantly
hi gher in 1993 (P=0.0001). Only those near the end of the run in 1994
were similar in devel opnental stage to those in 1993 (Figure 17). The
percent of kokanee at | ower devel opnental stages increased after
freshets (11 May 1994).

Wthin year conparisons of |length, condition factor, and
devel opnental stage reveal ed significant overall differences in al
categories for both years (P=0.0001; P=0.003 for 1994 condition factor).
Mul tiple conparison tests reveal ed which time periods differed within
years with respect to | ength, devel opnent, and condition in 1993 (Table
13) and 1994 (Table 14). Mean length in 1993 increased then decreased
significantly fromlate March to early May while condition factor did
the opposite. Longer fry from3 April to 20 April had relatively |ow
wei ght indicated by the condition; fry from21 April to 8 May were

shorter but relatively heavy. Devel opnental stage i n 1993 increased
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Tabl e 13. Average | ength,

devel opnental stage, and condition factor
conpari sons for 1993 m grant kokanee in the North Fork of the
Payette River, ldaho. Wthin each category, neans sharing a
common letter are not significantly different (P>0.05).

Mean | ength Devel oprent al Ful tons condition
Peri od
(mm) st age factor
20 March - 2 April 25.7 y 4.58 y 0.512 y
3 April - 20 April 27.8 X 4.86 X 0.439 z
21 April - 8 May 23.6 z 4.89 x 0.733 x
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Tabl e 14. Average | ength, devel opnenta

Payette River,

| daho.

stage, and condition factor
conpari sons for 1994 m grant kokanee in the North Fork of the

comon letter are not significantly di

Wt hin each category, neans sharing a
ferent (P>0.05)

Lengt h Devel oprent al Ful tons condition
Peri od

(m) st age factor
1 April - 16 April 26.3 X 3.82 z 0. 518 xy
17 April - 3 May 25.8 y 4.21y 0.485 y
4 May - 22 May 26.3 X 4.12 y 0. 515 xy

23 May - 30 May 26.1 yx 3.96 yz 0.547 x
31 May - 11 June 25. 7y 4.18 y 0.534 x
12 June - 28 June 25.8 y 4.55 X 0. 505 xy
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between the first and second periods then stabilized (Table 13). Mean
length in 1994, which enconpassed the entire fry mgration
significantly decreased with the longest fry occurring during early
April and the shortest during June (Table 14). Condition factor in 1994
declined early but was generally stable. Devel opnental stage in 1994
was |low early in the run, stabilized during nost of the run, and

i ncreased significantly during the final period (Table 14).

DI SCUSSI ON

Seasonal and Diurnal Emi gration Tining

Barns (1969) hypot hesi zed growt h potential and food availability
operate as selective forces to govern the tine of |ake entry by sockeye
fry. Brannon (1984) and M|l er and Brannon (1982) identified enmergence
timng of salnmonid fry fromthe redd as the major evol utionary factor
t hat has established sockeye spawning tine in a stream As a result of
t hese sel ective pressures and that incubation tine is deternined by the
tenperature regi ne of the spawning stream Brannon (1987) concl uded the
appropriate spawning tine is relatively fixed for each population and is
a genetic characteristic of each stock that has been selected to assure
an opti num energence tin ng. Kokanee have existed in Payette Lake at
| east since the |ate 1800s when Everman (1896) reported "large redfish”
and "little redfish" spawming in the inlet to Payette Lake. Spawning
time for this population, primarily in Septenber, and energence timng
and time of |ake entry beginning in | ate March, has been genetically
refined over many generations resulting in the optimumtine of |ake

entry with respect to gromh potential and food availability.
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M gration of sockeye sal nbn and kokanee fry toward their nursery
lake is primarily nocturnal (Hartman et al. 1962; Acara and Snmith 1971
St ober and Hamal ai nen 1979; and Fraley and C ancey 1988). Hartman et
al. (1962) concluded mgratory behavi or of sockeye salnon fry had
i mportant survival value. These authors believed fry nigrated during
t he darkest hours of the night to avoid predation by Dolly Varden S
mal ma. During daylight hours they observed fry hiding behind clunps of
grass. W observed simlar behavior in fry rel eased at daylight (marked
and unmarked). W observed active migration generally between 2130 and
0530 hours during tines representing sunset and sunrise, respectively.
O her investigators reported simlar mgration tines for kokanee (Acara
and Smith 1971; Fraley and Cl ancey 1988) and sockeye sal nmon (Hartnman et
al . 1962; Brannon 1972; and Stober and Hanal ai nen 1979), and Hartnan et
al. (1962) and Acara and Smith (1971) al so observed shortened times of
active nigration as the season progressed. They attributed shortened
fry nmovement to progressively longer periods of daylight. W observed,
as did McDonald (1960a) and Hartman et al. (1962), later peaks in
ni ghtly abundance as the season progressed. Actual timng of the
nightly peaks nay be a result of the distance of spawning grounds to our
trap. Qur trap site was sufficiently close to the spawni ng grounds so
fry emerging fromgravels would probably reach the trap in the same
ni ght. Egg deposition was |later in upstream spawning areas, and because
tenperatures were lower, fry from upstreamreaches could have m grated

|later in the season.
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Trap Efficiency

Sanpling mgrant juvenile salnonids with traps is often difficult
as a result of harsh conditions associated with spring runoff, high
flows, and | arge volunmes of debris. Traps designed to catch all or nost
of downstream nmigrants can be washed out, as we were in 1993, or clogged
with debris causing potential harmto fishes and sanpling gear. As an
alternative, sone investigators have chosen to subsanple nigrating
juveniles with traps of reduced size (Seelbach et al. 1985; Tsunura and
Hume 1986; McMeneny and Kynard 1988; Denpson and Stansbury 1991). Using
smaller traps requires a nore accurate estimate of juvenile abundance by
a nore accurate assessnent of trap efficiency. Trap efficiency is
applied to the partial count (partial count divided by proportion) to
estimate total abundance. In sonme instances investigators rely on snall
sanpl e sizes and | ow nunmbers of marked individuals to estimate trap
efficiency, which can be related to a | ack of available fish (Seelbach
et al. 1985; Tsunura and Hume 1986; MMeneny and Kynard 1988). Relying
on few sanples, particularly if they are tenporally clustered, may be
m sl eadi ng because trap efficiency can concei vably change with flow,
light, tenperature, debris, and predation conditions that occur during
spring runoff. Acara and Smith (1971) observed horizontal, vertical
and diel shifts in the distribution of mgratory kokanee during a single
year of recruitment. Wth such behavioral shifts, trap efficiencies
based on few trials my not be adequate for accurately estinmating size
of juvenile popul ations.

We observed variable trap efficiencies with a relatively large
sanpl e size, 27 trials using 9,121 fry, during this 2 year study that

was partially explained by river stage. River stage accounted for 66%
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42% and 48% of variation in trap efficiency in 1993, 1994, and the
pool ed data fromsites one (1993) and three (1994), respectively.

Al t hough probabl e behavi oral changes occurred with tine, the nost

pl ausi bl e expl anation for the observed changes in efficiency was the
cross-sectional area being fished was reduced at high flows. The trap-
nouth was small relative to the river cross-section. Wile this area
remai ned constant, high flows increased the river cross-section thus
reduci ng efficiency of the trap (i.e. captured a snaller proportion of
mar ked i ndividuals). Efficiency was nore closely related to flowin
1993. The sanpling period in 1993 was shorter than 1994 and therefore
m ght not reflect the probabl e behavioral shifts that occurred over the
entire migration period. In 1993, we did not sanple during peak river
fl ow whi ch m ght change behavi or and therefore change trap efficiency.
Al so, other variables, such as sedinment discharge, river profile, and
light levels, could affect migratory behavior of juvenile sal nonids and
probably coul d account for additional variation not accounted for in our
sanpl i ng.

Uility of the vital stain, Bismarck browmn-R, for marking fry was
consi dered enornous for working with small, fragile fish. W were able
to mark numerous fry quickly and easily. Other marking alternatives,
fin-clipping and fluorescent grit, were considered too severe and tine-
consum ng for the size and fragility of kokanee fry. Many investigators
have successfully used this dye to mark kokanee fry and ot her sal nonid
juveniles in fish production and behavioral studies (Ward and Verhoeven
1963; Mundie and Traber 1983; Bowl es et al. 1987; Fraley and d ancey
1988). W used sinilar dye concentrations at tenperatures within the

range of those reported and found negligible nortality and adequate marKk
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retention. Upon releasing marked fry at sunrise, we observed themto
seek cover immediately in the substrate or vegetation along the stream
bank that was often preceded by a few seconds of drifting or actively
swi M ng downstream 3 to 4 m The majority of recaptures were caught
during the initial hour or two of sanpling during the next dark period,
and few were captured as late as 0100 hours approximately 4 hours after
active mgration had begun. W believe these observations and the | ack
of daytinme captures support the assunption that marked kokanee upon

rel ease del ayed migration until nighttine.

Recrui tnent and Egg-to-Fry Surviva

The fry trap used in this study was safe and easy to operate,
i nexpensi ve (about $500, U.S.), and provided consistent results over 2
years of sanpling. Overall trap nortality, often higher in fyke net
designs (Conlin and Tutty 1979), was about 7.5%at 1,420 fry. The egg-
to-fry survivals we observed in this study were hi gher than nost
reported by other investigators for sockeye sal non and kokanee (Tabl e
15). Many factors may be contributing to the hi gh spawni ng and
i ncubation success in the NFPR Fl ow conditions during incubation were
identified as a major factor influencing pink and chum O keta sal non
survival (MNeil 1966; MNeil 1968). Flows in the NFPR during
i ncubation are relatively stable. The river is normally covered with
i ce and snow from Novenmber until early March. Scouring of spawni ng beds
by rai n-on-snow events are unconmon in the region. Although reaches of
the river have been negatively inpacted by forestry activities in the
wat ershed (U. S. Forest Service 1991), existing spawni ng areas appear

sufficient to produce high survival to the fry stage. However, further
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Tabl e 15. Reported kokanee and sockeye sal non Oncorhvnchus nerka egg-
to-fry survivals in various locations. Al survivals were
determ ned from egg deposition to emi grant fry.
_ % egg-fry
Speci es survi val Locati on Sour ce Comment s
kokanee 0.50 - 29.1 Lake Stevens, WA Pfiefer 1978 four streans
kokanee 4.2 Redfi sh Creek, Fl eck and
B. C Andrusak 1977
kokanee 5 - 14 M ssion spawning Shepherd 1990 i nproved
channel, B.C area
kokanee 15. 4 Banks Lake, WA St ober and beach
Tyl er 1982 spawner s
kokanee 41 - 62 Peachl and Creek Shepherd 1990 i nproved
area
sockeye salmon 0.7 - 13.7 Naknek River Ellis and ten
System AK McNeil 1979 observati ons
sockeye sal mon 1.8 - 25 Hooknose Creek, Anonymous 1955 seven
B. C. observations
sockeye sal nmon 4.5 Cedar River, WA St ober and
Hamal ai nen 1979
sockeye sal non 7.8 Wl lianms Creek, Anonymous 1955
B. C.
sockeye sal non 8.5 H dden Creek, AR Hartman et al.
1962
sockeye salnon 9.3 - 13.8 Scul Iy Creek, Anonynous 1955 si x
B. C. observati ons
sockeye sal non 17.7 Wl liams Creek, Anonynmous 1955 i mproved
B. C. area

78



degradation of spawning areas fromincreased fine sedi nent | oads shoul d

be averted to protect existing spawning habitat.

Fry Size, Condition, and Devel opnental Stage

The 1992 kokanee brood entered the upper reaches of the NFPR about
a week earlier than did the 1993 brood and undoubtedly resulted in an
earlier egg deposition. The annual difference was apparently due to an
unnatural flow increase caused by water rel eases from upstream
reservoirs (Objective 1). Mnor shifts in spawiing time, which occurred
at mean tenperatures of 11'C, could alter energence tining which occurs
at 30C. Fry fromthe 1993 brood were | onger but not higher in condition
or devel opmental stage when conpared to fry produced fromthe 1992
brood. W observed as many as 44% of the migrants with significant
anmounts of yolk left to be absorbed (stages 1 and 2) at tinmes of
increasing river stage in 1994. Survival of these fish during the
remaining mgration to the |l ake and during the initial |ake residence is
probably lower than fry in |l ater stages of developnment. Fry fromthe
1993 brood accunul ated fewer tenperature units than did fry fromthe
1992 brood at sinilar tinme periods. Wien spring flows in 1994 scoured
spawni ng gravel s and forced kokanee to migrate, a significant portion of
kokanee may not have been devel opnental |y ready. Environmenta
di sturbances that affect the timng of spawning and egg deposition, such
as unnatural flow increases, may have negative consequences on year-
class strength. W do not know if kokanee survival to and in the |ake
will be affected by their earlier stage of devel opnent. The | ack of
conceal i ng pi gnmentation and the presence of a bright orange yol k sac may

subj ect those individuals to higher predation risk. Size and condition
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factor of migrant kokanee fry in the NFPR was sinmilar to those reported
by Shepherd (1990) for two creeks in British Col unbi a.

We observed simlar length trends observed by others for kokanee
(Shepherd 1982; Shepherd 1990) and pi nk and chum sal non (Barns 1970) over
the entire period of outmgration in 1994. Data from 1993 was only
collected during the initial part of the run and thus are inconclusive
with respect to seasonal trends. Length of migrating fry probably has
direct survival inportance. Fry vulnerability and length were found to
be directly related (Sans 1967; Beall 1972). Since wei ght of sal nmonid
fry tend to decrease with length over a nigration season, condition
factors based on I ength and wei ght are expected to renmain generally
constant (Sans 1970). Shepherd (1990) observed this trend at Peachl and
Creek, British Colunbia, however, in the Mssion channel weights of
kokanee were variable. W observed stable condition factors throughout
the kokanee run in 1994 and relatively erratic data for the abbreviated
1993 sanpling peri od.

Devel opnental stage in kokanee and sockeye sal non generally
i ncreases as the season progresses (Carke and Smith 1972; Stober and
Hamal ai nen 1979; Shepherd 1990). W al so observed kokanee in |ater
st ages of devel opnent near the end of the run in 1994. Accunul at ed
tenperature units play a mgjor role in these consistent observations.
Al so, we observed fry in June 1994 that had obviously reared in the
river for varying lengths of tine. Some individuals had attained
I engths of nearly 38 mm Fraley and C ancey (1988) made sinilar
observations in the Flathead R ver system Mntana. Optinmum migration
and | ake conditions nmay occur at sone narrow, optimumtinme, (first week

of June based on 1994 data), and kokanee may delay nmigration for short
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periods, rear in the river, and migrate during an optinum period. Size,
condition, and stage of devel opment data should be interpreted with
caution since many variables affect mgration timng during the
approxinately 3 nonth period: spawning tine and characteristics (i.e.
"wave" spawning), river flow, and tenperature reginme of the incubation

habi t at .
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hj ective 3. To determ ne kokanee survival to pre-energence in relation
to substrate size conposition

| NTRODUCTI ON

Intragravel incubation fromegg deposition to fry emergence
represents a critical time in the salnmonid life cycle as nortality is
hi ghest and nost variable during this early life stage (McNeil 1969).
Fi sheries investigators have used nany devices and techniques to
eval uate survival during the egg-to-fry stage. Fry enuneration shortly
after enmergence has been used to assess total nortality during the
critical egg-to-fry stage (Wl f 1950; Acara and Snith 1971; d arke and
Smith 1972; Tagart 1984; Fraley and C ancey 1988). Artificial nethods
have been used to observe survival at various points during incubation
to assess factors influencing incubation and to identify stages of
hi ghest nortality. Witlock-Vibert boxes (MacKenzie and Moring 1988),
artificial redds (Gustafson-Marjanen and Moring 1984), plastic cylinders
(Scrivener 1988), and nyl on bags (Pauwels and Hai nes 1994) were used to

measure survival to hatching and energence of various sal nonids.

Estimating sal noni d survival during incubation has becone
necessary for managi ng natural popul ations and deternining i npacts of
wat er shed managenent. Silvicultural activities in the Pacific Northwest
and other regions of the United States has led to increasing | evels of
sedi nents entering streans which often results in degradation of
spawni ng and rearing substrate used by salnonid fishes (Shirazi and Seim
1979). Effects of fines on sal nonid spawni ng success has recei ved much
attention (Chapman 1988), and fisheries researchers generally agree
excess fine sediments in salnmonid spawning areas are a cause of enbryo

and larval nortality (Ilwanoto et al. 1978). Low enbryo survival has
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been attributed to reduced substrate perneability and/or entrapment of

| arvae and fry (Cordone and Kelley 1961; G bbons and Sal o 1973; |wanoto
et al. 1978). Reduced perneability restricts water flow to incubating
enbryos and results in decreased oxygen supply and increased

accunul ation of toxic netabolites around enbryos. Entrapnent of enbryos
and | arvae occurs when fines accunul ate and prevent energence of fry.
Percent enbryo survival has been shown to be positively related to
substrate composition for several species of salnonids (Shirazi and Seim
1979).

Fi sh habitat in the NFPR has been degraded as a result of forest
management practices in the watershed, and a decline in kokanee spawni ng
habitat was predicted as a result of tinber sales proposed for 1992
(U S. Forest Service 1991). Kokanee spawn primarily in the sedi nent
depositional zone in the NFPR bel ow the confl uence of Fisher Creek
therefore, watershed activities resulting in increased delivery of
sedi ment are expected to directly affect kokanee spawni ng habitatin the
NFPR. W assessed kokanee survival fromegg deposition to fry energence
for the 1992 and 1993 kokanee broods in Payette Lake (Objectives 1 and
2). W al so exam ned kokanee survival to the pre-enmergent fry stage for
the 1991, 1992, and 1993 kokanee broods in Payette Lake in relation to
substrate conposition in spawning areas. W partitioned nortality for
two brood years within the egg-to-fry stage of two periods: nmortality
fromegg deposition to pre-energent fry and nortality during the fina
stages of gravel residence, energence, and emigration in the NFPR to our
fry sanpling station in the lower NFPR Collection of substrate
conposition data enabled us to describe relations with pre-energent

survival, general quality of substrate avail able to kokanee in the NFPR
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and a framework for future monitoring of principal spawning sites in the

NFPR.

VETHODS

Density and Surviva

Suspected spawni ng areas of the NFPR, Box Creek, and Fisher Creek
were sanpl ed during March 1993 and 1994 to obtain density and surviva
estimates of kokanee enbryos and | arvae. Kokanee enbryos and sac fry
were captured in a kick screen placed downstream from each sanpl ed area
A hydraulic sanpler sinmlar to that described by McNeil (1964) and Magee
and Heiser (1971) was used to renopve enbryos and alevins froma 0.2 n?
area of gravel. The sanpler consisted of a fire punp, 4-cm hose, and a
met al pi pe wand equi pped with a venturi process to mx air with water
flowi ng through the wand. The air-water mixture lifted enmbryos and sac
fry into the current and ultimately into a kick screen. Each area was
sampl ed for 60 seconds. A third person assisted by sweeping | ow
velocity sanple areas with a canoe paddl e toward the kick screen
St andard wi ndow screeni ng was used in 1992 to construct the kick screen
(1 mwide x 0.75 m high) and 3.2-nm nyl on mesh screening was used in
1993 to minimze fine sediment accunmul ation. An 8-mmlead |ine was
doubl ed and sewn into the bottom of the kick screen to keep the netting
fromrising off the substrate in high velocity areas. Al kokanee
enbryos and al evins were collected fromthe screen, preserved in a 10%
f or mal dehyde sol ution, and | abel ed by stratum and sanpl e nunber. The
samples were later sorted in the | aboratory and the contents were
tallied under the follow ng categories: # |live enbryos; # dead enbryos

# alevins; # fry; and # enbryo fragnents.
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We distributed sanpling effort throughout the NFPR using a
stratified random design with proportional allocation (Scheaffer et al
1990), as spawning areas were sanmpled in proportion to their size. Area
(m?) of spawning within strata and total area of spawning (Objective 4)
was used to allocate effort within strata

Li ve enbryos, alevins, and fry were sanpled then divided by the
total living and dead speci nens to determ ne survival to pre-energence
in each sanmple. Egg fragments were not included in the surviva
estinmates as that generally over estinmates survival if dead enbryos and
sac fry deconposed (McNeil 1964). The nunber of dead enbryos that
deconposed during the incubation period were estimated to control bias
from enbryo deconposition. W planted dead enbryos in 14 and 30
nunbered Whitl ock-Vibert boxes in 1992 and 1993, respectively. Enbryos
were planted on 19 Decenber 1992 and 23 Septenber 1993 during the actua
time of normal kokanee egg deposition in the NFPR Boxes were filled
with gravel substrate and 75 to 100 dead enbryos. Artificial redds were
constructed by excavating pits in gravel reaches of the NFPR and
cl eaning gravel in an area that approxi mated natural kokanee redds.
Each box was wapped in w ndow screening, attached to 0.5-m |l ong rebar
with cable ties, and buried in the pits. During March 1993 and 1994, we
retrieved the boxes and counted the nunber of enbryos that renained. To
adj ust survival estinates, we divided observed nunbers of dead eggs by
the proportion of embryos in the boxes that remained intact. The
predi cted nunmber of dead eggs were used in our survival estinates.

W evaluated the efficiency of the hydraulic sanpling nethod by
conducting several depletion trials in 1993 and 1994 while collecting

sanples in the NFPR The specific questions we exani ned concerned the
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proportion of specinens recovered during the initial 60 seconds sanpling
run and whether the nethod differed in its ability to recover enbryos
and al evins during the first sanpling run. If enbryos, particularly
dead ones, were sanpled differently than al evins, our survival estinates
coul d be biased. Sanples chosen for depletion trials were done
systematically fromeach day's list of sanples. Each area chosen for
depletion was sanpled nmultiple tines (60 s/run) until captures of
enbryos and al evins were near zero. Captures of enbryos and al evins on

the first trial were expressed as proportions of the total catch

Substrate Conposition

Gravel substrates in principal kokanee spawning areas in the NFPR
were studied to determine the relationship with survival to pre-
enmergence and the general quality of incubation gravels. Substrates
were collected in March 1993 while collecting data on pre-energent
survival. Substrate cores were retrieved i Mmedi ately adjacent of sites
sanpl ed for survival so we could determne the relationship between pre-
enmergent survival and substrate conposition. Data were analyzed with
sinmple linear regression; survival percentages were transformed by arc-
sine square root for statistical analysis. Additional substrate cores
were collected in July in heavily used kokanee spawningareas prior to
t he spawningrun in 1993.

We used an excavat ed-core sanpler (MNeil and Ahnell 1964) to
coll ect substrate sanples. The sanpler was forced into the substrate
and substrate in the cylindrical core was extracted by hand. The core
measured approximately 15 cmx 20 cm Substrates were packed in 2.3-Kkg

pl astic containers, marked for |ocation, and transported to the
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| aboratory. All sanples were oven-dryed at 103°C for 4 days and sorted
with a mechani cal shaker for 60 seconds through a series of standard

U S GS. sieves. Sedinent on each sieve was wei ghed to determn ne
relative weight in each size class. W used the quantile graphica

met hod suggested by Shirazi and Seim (1979) to anal yze substrate size
di stribution. Sedinment weight data were plotted on | og-probability
paper, and statistics of the size distribution (dianmeters of various
percentiles) were taken directly fromthe plot. Specific data points
taken from each plot included dianeters at percentiles 5, 16, 25, 50,
75, 84, and 95. W cal cul ated several measures of substrate size
distribution fromthese data and geonetric nmean particle size (Platte et
al . 1979), Fredle index (Lotspeich and Everest 1981), and a nodified
Fredl e i ndex (Beschta 1982). Geonetric neans (GV) were conputed as: GV
= (DgDy) Y2, where Dg,is the particle size of which 84% of the
substrate is snaller, and Disis the particle size of which 16% of the
substrate is smaller. The Fredl e index (FI) incorporated factors that
conbi ne gravel perneability and pore size: FI = Dg/(Dyf Dy)¥?

where Dy is the geonmetric mean particle size and Dss and Dys are

di ameters of grains at the 75th and 25th percentiles of cunulative
gravel sanple weight. Beschta (1982) suggested the Fredl e i ndex be

i mproved by using the standard deviation of the geonetric mean rather
than the sorting coefficient (D,/Dyx)Y2 Qther statistics conputed

from sedi ment weight data include the proportions of substrate particles
| ess than a given size ("percent fines"). Percent weight |ess than 6.35

mm 3.35 mm 0.833 nm and 0.25 mm were cal cul at ed.
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RESULTS

Density and Survival

A total of 112 and 106 sanples were collected fromthe NFPR and
tributaries with the hydraulic sanpler during March 1993 and 1994.
Enbryos and/or alevins or fry were found in 95 sanples in both years.
Mean density (No./nf) of all enbryos and al evins was 537 (SD=605; n=112)
and density of live enbryos, alevins, and fry was 406 (SD=545; n=112) in
1993. Mean density (No./nf) of all enbryos and al evins was 547 (SD=554;
n=106) and density of live enbryos, alevins, and fry was 414 (SD=478;
n=106) in 1994. Mean egg to pre-energent fry survival in 1993 was 64.5%
(SD=37.0% n=95) using adjusted dead egg nunbers; survival using
unadj ust ed dead egg nunmbers was 66. 6% (SD=37.1% n=95). Mean survival
in 1994 was 70.2% (SD=34.0% n=95) using adjusted dead egg nunbers;
survi val using unadjusted dead egg nunbers was 72.4% (SD=33. 6% n=95).
Survival data were not distributed normally, but severely skewed, as
i ndi vidual survival ratios tended to be either low or high in both years
(Figure 18).

Egg deconposition in Witlock-Vibert boxes was related to duration
of time in gravel substrate. Fourteen boxes were recovered in March
1993 after 87 days exposure and egg | oss was 12. 3% (range=0-23. 0% .
Twent y- seven boxes were recovered in March 1994 after 172 days exposure
and egg | oss was 21.6% (range=2.0-90.0% which was accepted as
i ndi cative of enbryo deconposition in the NFPR during normal duration of
kokanee incubation. Observed dead enbryo val ues were divided by 0.784
to estimate dead enbryo nunbers.

Depletion trials indicated a | arge proportion of each sanple were

retained within the first mnute of sanpling and there was little
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Figure 18. Histograms of survival to pre-emergence as determined from
hydraulic sampling in the North Fork of the Payette River,
Idaho. in 1993 and 1994.
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di fference between capture of enbryos and sac fry on the first run
Seven and 14 depletion trials were conducted in 1993 and 1994,
respectively. Seventy-seven percent of enbryos (dead and alive,
range=27-100% and 82.0% of sac fry (range=12-100% were captured during
the first 60 seconds sanpling run. Captures averaged 91.5% and 97. 6%
for enmbryos and sac fry after the second run. Nearly 100% capture was
achi eved after the fourth run with the exception of two sanples in 1994

when total capture was achi eved after five runs.

Substrate Conposition

Significant regression equations were determ ned between
transforned survivals (S;) and the Fredl e index and nodified Fredle
i ndex; variation explained by regression nodels were | ow (<249% .
Survival data from Area 6 (Appendix Table 1) and the Fredl e index
reveal ed the best relationship (r2=0.24; n=19; P=0.03; $=-0.20(Fl) +
1.54). Survival data fromArea 6 were simlarly related to the nodified
Fredl e index (r2=0.21; n=19; P=0.04; S,=-0.09(FIm + 1.14). A
significant relation was detected in the entire data set (Appendix Table
1) with the nodified Fredle index, but the variation in survival
expl ai ned by the nodel was smaller than that for Area 6 (r2=0.11; n=42;
P=0.03; S=-0.09(FIm + 1.11). Relationships between S and the
geonetric mean particle dianeter were nearly significant at a = 0.05 for
Area 6 data (r2=0.17; P=0.08; n=19) and all data (r?=0.07; P=0.08;
n=42). Rel ationships with percent fines were not significant and
generally low (usually <1.0% of variation in S).

Ceonetric nmean (GM in principal kokanee spawni ng areas ranged

from4.8 to 13.5 mm 1.8 to 6.7 for Fredle index (FI), and 0.6 to 4.5
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for the nodified Fredle index (FIm Table 16). Substrates in kokanee
spawni ng areas differed in conmposition as reflected by size distribution
statistics and percent fines. Location A (Table 16; Figure 19) had the
highest GM FI, and FIm and | owest percent fines than any spawni ng area
studied. Statistics for Location C (Figure 20) were slightly | ower than
Location A, and those for Location D (Figure 20) were significantly

| ower than Location A (Table 16). Locations A, C, and D were in main
channel reaches of the NFPR and were anpng the nost heavily used kokanee
spawni ng areas. These sites were also the first sites selected by
kokanee at the initiation of spawning runs in 1992 and 1993. Locations
B and E (Figures 19 and 21) were spring habitat that were located in

of f-channel areas with I ow velocities (Objective 4) and were al so used
ext ensi vel y by spawni ng kokanee. These spring areas had gravel
conpositions that differed substantially from main channel areas (Table
16). Geonetric nean, FlI, and Fl ,, were consistently lower in Locations B
and E; value ranges generally overlapped with those in Location D and
overl apped infrequently with Locations A and C. Percent fines in
Locations B and E were al so higher than in other |ocations as sanples
contai ned as nuch as 41% and 23% of sanple weights < 0.833 nm (Table
16). As much as 59% and 41% of sanple weights in Locations B and E were
conpri sed of sedinents < 6.35 nmwhile the range of maxi munms were 18 to

34% for all other |ocations.

DI SCUSSI ON

Density and Survi val

Qur survival estimates for 1992 (Frost and Bennett 1994) and 1993

were simlar indicating simlar incubation conditions during these years
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Table 16. Gravel statistics of five kokanee spawni ng areas that were
highly utilized in 1992 and 1993 in the NFPR. Figures
detailing |l ocations are indicated in colum one. Ranges of
statistics are indicated in parentheses. Locations A and E
were in spring habitat.
Locati on Geonetric Fredl e Modi fi ed
Figure #) N Mean | ndex (FI) Fi %3.35 MTm  %0. 833 nm
A (2) 10 13.5 6.7 4.5 14.0 54
(9.6-18.2) (4.5-10.7) (2.7-8.2) (8.1-17.7) (2.8-7.5)
B (2 10 4.7 1.4 0.6 34.1 23.1
(2.6-5.8) (0.5-2.8) (0.3-1.1) (24.3 59.2) (13.7-41.3)
C (3 10 9.8 3.9 2.4 21.8 8.0
(5.8-17.7) (1.7-9.9) (1.1-6.0) (12.3-30.4) (3.5-12.3)
D (3) 10 5.6 2.3 1.4 26.6 11. 4
(4.2-8.4) (1.6-4.1) (1.0-2.7) (19.3-33.8) (8.0-14.4)
E (4) 19 4.8 1.8 1.0 31.3 16. 1
(3.2-7.0) (0.9-4.4) (0.6-1.6) (23.2-41.2) (10.2-22.5)
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Figure 19. Substrate sampling sites in spawning Locations A and B of
the North Fork of the Payette River, Idaho. Location B was
classified as spring habitat.
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Pigure 20. Substrate sampling sites in spawning Locations C and D of
the North Fork of the Payette River, Idaho..
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Figure 21. Substrate sampling sites in spawning Location E of the North
Fork of the Payette River, Idaho. Location E was
classified as spring habitat.
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in the NFPR. Survival in 1994 was higher than in 1993 and 1992 whi ch
may have been due to differences in accumul ated thermal units. Kokanee
enbryos had gained fewer thermal units at the tine of sanpling in 1994
than in 1993 as reflected by the proportion of live enbryos in our
sanpl es. Sanples contained 52.4%ive eyed eggs of the total live
specimens in 1994, while only 5.8%of |ive specinmens were |live eggs in
1993. Due to these differences, we observed nortality in 1993
associated with the advanced eyed and sac fry stages that was not
observed in 1994. Therefore, survivals were probably conparabl e anong
the years sanpl ed

Densities of eggs and al evins were different between 1992 and
years 1993 and 1994. Mean density of eggs and alevins in 1992 was 76/ nt
(Frost and Bennett 1994) far |ess than 1993 (537/nf) and 1994 (547/nf)
estinmates. Sanpling was difficult in 1992 because we sanpled | ater
(April) when flows were high. W knew little of where adults had
spawned the previous fall and npst spawni ng areas were too deep to
sanpl e. Furthernore, sone al evins probably had devel oped into fry and
energed prior to our sanpling. During March 1993 a small percentage of
al evins had nearly absorbed all of their yolk indicating energence.
Kokanee enbryo/al evin densities in 1994 were slightly higher than those
in 1993, although highly variable. Increased enbryo/al evin densities in
1994 were expected due to a nmuch higher escaperment in 1993 than in 1992
(Objective 1) that resulted in higher spawner densities on the spawni ng
grounds. Enbryo densities, however, did not increase substantially
bet ween 1993 and 1994 suggesting i ncubation gravels becanme saturated at
escapenent | evels near that of 1992 and additional spawners caused redd

superinposition. Overall densities throughout the NFPR and tributaries
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were variable as a result of variable spawner densities in the areas
sanpl ed. Densities ranged fromO0.0 to 2,575/nf in 1993 and 0.0 to
2,615/ nf in 1994,

Qur egg deconposition and depl etion experinents validated our
net hod of estimating kokanee survival to pre-emergence. Qur hydraulic
sanmpling nethod is a type of redd excavation techni que previously used
by McNeil (1962, 1964). Excavation of natural redds has al so been used
by other investigators to estimte salnonid survival (Hatch 1957; Bal
and Cope 1961; Warner 1963; Jordan and Bel and 1981). The nmj or
criticismof these methods (MacKenzie and Mring 1988; Pauwel s and
Hai nes 1994) was the bias introduced by deconposition of eggs and | arvae
during incubation (MDonald 1960b; MNeil 1964; Harris 1973). W
observed enbryo deconposition in the NFPR and used corrected enbryo
counts to adjust survival. Simlar deconposition rates were observed by
Briggs (1953) in Prairie Creek, California. Loss of coho sal non enbryos
pl aced in containers in the streanbed averaged 9% after 60 days and 13%
after 90 days.

Recovery of enbryos and sac fry in our study was high during the
initial 60 seconds with the hydraulic sampler. MNeil (1964) collected
a nmean of 93.0 and 93.1% of naturally spawned and artificially buried
pi nk sal mon eggs with two persons sanpling the same sanpling unit with a
hydraulic sanpler. MNeil (1964) found an additional bias of the
hydraulic sanpling nethod if females failed to deposit eggs. W
observed egg retention during 1992 and 1993 in a large sanple of fenuale
kokanee ((Objective 2) and found that retention was mininmal conpared to

PED and therefore did not bias our survival estinmates.
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Si gni ficant kokanee enbryo and larval nortalities occurred during
our hydraulic sanpling in March and emigrant fry sanpling (Objective 2)
in late March 1993 and 1994. Sixty-five percent and 70.2% of kokanee
survived to the pre-energent stage in 1993 and 1994, respectively.
Survival from egg deposition had dropped to 18.9 and 24.4%in 1993 and
1994, respectively, by the tinme of emigration to Payette Lake.
MacKenzi e and Moring (1988) estimated survival of Atlantic sal non Sal np
sal ar during the intragravel period and their observations corroborate
our findings. They observed highest nortality after hatching as
survival dropped from 74% at hatching to 13% at the pre-energent stage.
Qur sanpling in 1994 coincided with their pre-energent stage as 94. 2% of
living kokanee had hatched, while in 1993 only 47.6% of kokanee had
hat ched. While pre-energent survival in 1993 was |ower than survival at
hatching in 1994, the magnitude was not as great as that observed by
MacKenzi e and Moring (1988) for Atlantic sal non. Possibly, kokanee
still had an extended period of gravel residence at the time of sanpling
in 1993, 15 March, as peak fry enmigration fromthe NFPR usually occurs
in early June. Additional nortality nust have occurred during this
tine.

Mortality between our sanpling may have occurred during the fina
stages of incubation, during energence fromgravels, and/or during
em gration to Payette Lake. This high nortality may have been due to
vari ous physical and biological factors in the stream environnent.
Mortality may have been caused by excess fine substrate in gravels
(Cobl e 1961; Phillips et al. 1975; Hausle and Coble 1976; Peterson and
Met cal fe 1981; Harshbarger and Porter 1982; Irving and Bjornn 1984,

Sowden and Power 1985). Low enbryo survival has been attributed to
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reduced substrate permeability and/or entrapnent of larvae and fry
(Cordone and Kelley 1961; d bbons and Salo 1973; Iwanoto et al. 1978).
Reduced perneability restricts water flow to incubating enbryos and
results in decreased oxygen supply and increased accumnul ati on of toxic
nmet abolites around enbryos. Entrapnent of enbryos and | arvae occurs
when fines accurul ate and prevent enmergence of fry. Also, nortality
from predation during downstream em gration nmay have occurred in the
NFPR. Shepherd (1990) observed kokanee fry in stonmachs of rainbow trout
during downstreammgration in the M ssion spawni ng channel, British
Col unbi a. Rainbow trout are also present in the NPPR during the period
of kokanee outmgration and were observed actively feeding near the fry

sampling area

Substrate Conposition

Many investigators have described a positive relationship between
sal monid egg-to-fry survival and substrate characteristics (Shirazi and
Seim 1979; Tappel and Bjornn 1983; Tagart 1984; Young et al. 1991). W
did not expect the negative rel ationship between kokanee survival and
substrate conposition (Fredle index; r2=0.24). W are unsure of why
hi gher survivals were associated with snaller gravel conpositions.

Irving and Bjornn (1984) concl uded kokanee and rai nbow and cutt hroat
trout tolerated gravels with nore fine particles than chinook sal non
studi ed by Tappel and Bjornn (1983), which probably related to |arger
size of emergent fry in chinook. However, these observati ons do not

i ndi cat e whet her kokanee survival would be higher in |larger substrate.
Most studies relate survival to energence (STE), rather than to pre-

enmergence, with substrate characteristics. Measuring survival prior to
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energence does not account for significant nortality which occurs in the
| ater stages of incubation (MacKenzie and Moring 1988) and during
energence (Hausle and Coble 1976; Wtzel and MacCri nmon 1981), but can
identify stages of highest nortality (MacKenzie and Mring 1988). W do
know i f significant nortality occurred fromthe | ater stages of

i ncubation until fry emigration in the NPFR in 1993 and 1994, however,
we believe STE and substrate conposition would be positively rel ated.
Evaluating STE in relation to substrate quality in the NFPR woul d be
difficult due to runoff conditions at the time of energence; for this
reason, as well as the ability to control environnental variables,

| aboratory experinments have been used to determ ne rel ationships of STE
to substrate conposition (Tappel and Bjornn 1983; Irving and Bjornn
1984; Young et al. 1991).

Two maj or approaches have been enpl oyed to describe substrates
important to fishes (Young et al. 1991). First, the percentage of
substrate less than a given size is neasured by weight or volune and is
commonly referred to as percent fines (Hausle and Coble 1976; Stowell et
al. 1983; Wtzel and MacCrinmon 1981; Reiser and White 1988; M:Neil and
Ahnel | 1964). Various reference particle dianmeters have been used
(Young et al. 1991) conplicating conmparison of results, and substrates
have been described based on neasures of central tendency of the entire
particle distribution. Such neasures include the geonetric nean (Platts
et al. 1979), Fredle index (Lotspeich and Everest 1981), nodified Fredle
i ndex (Beschta 1982), and the arithnetic nmean particle size (Crisp and
Carling 1989). Use of percent fines to predict STE has been criticized
because sal nonid survival depends on the entire size distribution of

substrate not a portion of it (Platte et al. 1979; Tappel and Bjornn

100



1983; Young et al. 1991). Young et al. (1991) found that percent fines
performed poorly conpared to measures of central tendency in predicting
STE, and our results corroborate these findings even though we observed
survival during only a portion of the kokanee incubation period.
Ceonetric nmean particle dianmeter (GW) is the nost accepted nethod of
descri bi ng substrate conpositions. Young et al. (1991) found that GM
accounted for the highest proportion of variation in STE in | aboratory
experiments with Colorado River cutthroat trout. Platts et al. (1979)
suggested the GM be used as the statistic to describe the textura
conposition of gravel. However, other investigators have argued use of
the Fredle index or its nodified versions (Lotspeich and Everest 1981
Beschta 1982) as the best neasure of spawning substrates. The Fredle

i ndex conmbines the GMwith an estimate of the dispersion of particles
around the central value, and therefore this index reflects perneability
and pore size of the sanmple. These two factors influence surviva

because they regul ate intragravel water velocity and oxygen supply to

sal nonid enbryos and control intragravel novenent of alevins (Lotspeich
and Everest 1981). This reasoning may explain why the Fredle i ndex and
its nodified version was the best predictor of kokanee survival to pre-
energence in the NFPR However, the GM mi ght have been the best

predi ctor of kokanee STE in the sane study area.

Kokanee spawning in the NFPR used a wi de range of substrate
conpositions simlar to those reported for other sal nonids (Bjornn and
Rei ser 1991). Areas of upwelling groundwater containing high
percent ages of fine sedinments were extensively used. Burgner (1991)
reported sockeye sal non using a wider variety of habitats than any other

species of Pacific salnonid as adults use spring-fed ponds nore than
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ot her species. Lorenz and Eiler (1989) observed sockeye sal non spawni ng
in areas with upwelling groundwater, and sockeye sal nbn redds with
upwel i ng had 38% nore fine material than did spawning sites w thout
upwel i ng. Upwel I ing groundwat er in spawni ng areas probably reduces the
i mportance of substrate characteristics on STE because survivals may be

hi gher in areas of upwelling than in other spawning areas (Semnmko 1954,

Foerster 1968).
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hj ective 4. To quantify kokanee spawning distribution in relation to
avai l abl e habitat and to analyze use of spawning habitat
inrelation to availability.

| NTRODUCTI ON

Fi shery researchers neasure aquatic habitat attributes for nany
di fferent objectives and such studies play an inportant role in
fisheries managenment (Orth 1983). Know edge of habitat attributes
enabl es prediction of inpacts fromhabitat alterations (Stal naker and
Arnette 1976; Stal naker 1979; U.S. Fish and WIldlife Service 1980a,
1980b, 1981; U. S. Forest Service 1982; Bovee 1982), fish standing stocks
(Jenkins 1976; Aggus and Lewis 1977; Binns and Ei sernman 1979), probable
limting factors for a population, and probability of success for a
species introduction (Orth 1983). Habitat characteristics can be
conpared to a species' habitat preferences to deternine appropriate
habi tat inmprovenent strategies. For exanple, dam operation and
reservoir design have been nodified to inprove fish habitat (Jenkins
1970; Groen and Schroeder 1978; Benson 1973, 1980). Habitat
nmeasurenents are also used to classify fishery habitats (Platts 1980).
O assifying aquatic habitats all ows generalization of research and
managenent results (Orth 1983). The diversity of species and their
rel ati ve abundance is largely determined by habitat, therefore,

knowl edge of aquatic habitat used by fishes is inmportant for nanagenent.

We det ermi ned kokanee spawni ng distribution in the North Fork of
the Payette River in relation to available habitat. A genera
description of spawning distribution was available fromearlier work
(Grander et al. 1990), but precise spawning | ocations and associ at ed

habitat attri butes have not been identified. Al so, avail able spawning
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habitat in the system has not been exam ned. The | DF&G tentatively
identified quantity and quality of spawning habitat in the NFPR as a
potential limting factor for the popul ation (D. Anderson, |daho Fish
and Gane, McCall, |daho, personal communication). W exam ned kokanee
use of spawning habitat in relation to availability in the NFPR

Bj ornn and Reiser (1991) summarized water depth, velocity, and
substrate criteria for anadronous and ot her sal nonids. Kokanee, because
of their small size, are at the extrene | ow end of usable water depths
and vel ocities whereas chinook sal non, a species that attains nuch
| arger size, use depths and velocities at the higher extrenme. Spawning
criteria for water depth and velocities for kokanee range from6 to 36
cmand 12 to 73 cnml's, respectively (Table 17), although Delisle (1962)
concl uded kokanee avoid water velocities > 66 cnmls. Parsons and Hubert
(1988) constructed habitat use curves for water depth and velocity for
two tributaries of Flanming Gorge Reservoir, Wom ng, used by kokanee for
spawni ng. Their study streanms differed fromours and, therefore, may
not be applicable to popul ati ons spawning in habitats simlar to ours.
Qur study site was located in Idaho batholith geol ogy and observations
of spawning were at river flows of 10 to 15 n¥ s, whereas, Parsons and
Hubert's study sites were 1.6 (Sheep Creek) and 24 n¥/s (Green River).
I nvestigations of habitat selection by fishes need to consider habitat
availability in addition to use (Mathur et al. 1985; Oth and Maughan
1986) . Parsons and Hubert (1988) al so constructed habitat selection
curves that consider both use and availability. Use and sel ection
curves are used in the instreamflow increnmental nethod (I FIM Bovee
1982). Habitat availability was different between their streans and

availability may differ fromours as well which may reveal new
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Table 17. Water depth and vel ocity neasured i n kokanee spawni ng areas.
None of the investigators reported use of substrate for

spawni ng.
Sour ce Dept h Vel ocity How and where Remar ks
(cm (cni's) devel oped

Delisle 1962 - 0 66 California 1 stream n=10

Thonpson 1972 12- 18 24 64 90-95% d; Oregon, n=106 redds

wi de range of
streans

Smith 1973 >6 15 73 Tol erance n=106 redds
interval; Oregon Velocity at 0.4

ft above bed

Hunter 1973 9- 36 12 - 41 M ddl e 80% of n=177 redds;
range; WA; flow 2- velocity at 0.4

30 ft3s ft above bed

Parsons and 18 - 37 67 73 Use curves; WY, n=433 redds

Hubert 1988

UT; 2 streans
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habi tat rel ationships for kokanee. Spawni ng habitat use by sockeye

sal mon has been docunented (Foerster 1968; Lorenz and Eiler 1989;

Bur gner 1991), but application to kokanee is questionable. Al so, habits
of beach-spawni ng kokanee have been docunented (Hassenmer and Ri enan
1981; G pson and Hubert 1992), but their application to river-spawni ng

popul ations is limted due to habitat differences.

METHODS

We exam ned spawni ng distribution and habitat use and availability
over the entire distribution of kokanee spawning activity in the NFPR
observed in this study (Frost and Bennett 1994) and in the past (G under
et al. 1990). W observed kokanee spawni ng i nmedi ately bel ow the bridge
on Eastside Drive upstreamto 0.45 km above the confluence of Fisher
Creek enconpassing 7.2 kmof river and tributaries. Spawning al so
occurred in side-channel spring areas and Box and Fisher creeks (Figure
1). Qur habitat analysis consisted of assessing use-availability of
five habitat types and intensive sanpling of mcrohabitat
characteristics: water depth, water velocity, and substrate size. W
identified habitat types that were actively sel ected, avoided, or used
in proportion to availability and intensively sanpled spawni ng areas as
wel | as areas not used for spawning to further describe and conpare
habitat types with respect to water depth, velocity, and substrate
conposi tion.

We used Arc/Info, a geographic information system (GS), to map
all aspects of habitat use and availability and organize the data in
dat abase format. The design for the use-availability analysis was to

map all habitat types and spawning areas over the entire kokanee
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distribution in the NFPR and to overlay each map coverage to identify
use and intensity of use in particular habitat types. First, habitat
availability was determ ned and mapped as a single coverage. Second,
observed spawning distribution was identified with respect to spatial
distribution and intensity and mapped as a single coverage. Third, we
constructed an overlay coverage of spawning distribution and habitat to
identify habitat kokanee used. Areas not used for spawning were al so
anal yzed and conpiled for statistical conparisons. M crohabitat

vari ables, water depth and velocity and substrate, were observed over
the range of flows encountered during spawning to identify habitat
avai l ability and whet her kokanee exhibit preferences for different

| evel s of each variable.

W initially attenpted to use 1:24,000 scale, U S. G S. topographic
maps on which to build the spawni ng and habitat maps. The clarity and
accuracy of those maps were inadequate for the high | evel of detai
required in our objective. We combined aerial photography and digita
scanning with gl obal positioning systens (GPS) to produce a quality,
accurate basemap on which to build the coverages. We first scanned 22.9
cmx 22.9 cm aerial photographs, taken by the U.S. Forest Service and
created inmage files in tag inage file format (TIFF). Real -world
coordi nates were attached to the inmages by a registration procedure in
G S (REG STER command). The regi stration process required coordinates
of several points easily identified on the ground and photo-i mage.
Bridges and road and tributary intersections were used as reference
points. A GPS unit was used to determ ne coordi nate | ocations of each
reference point. Coordinates were expressed in universe transverse

mercator (UTM units. We separated the NFPR study area into 10 areas to
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adequately illustrate detail of spawning distribution and habitat use

(Figure 22).

Habitat Availability and Use

Habitat Availability

We conducted a conplete habitat survey of the kokanee spawni ng
distribution in the NFPR and tributaries during 1992 and 1993. River
habitat was classified according to the schene descri bed by Bi sson et
al . (1982; Table 18) for riffles, glides, and pools. In addition, we
al so classified habitat for spring and slough. |ndividual habitat units
were mapped in relation to transects that were established perpendicul ar
to streanflow and nmarked with flaggi ng and stakes on both stream banks
to identify precise locations for later sanpling. Transects were al so
established for collection of microhabitat data. Habitat units not
| ocated near transects were nmapped by neasuring the di stance al ong the
centerline of the river to the nearest transect. Streamw dth data
collected at transects at a flow of 10.9 n?/s were used to construct the
river nodel. Individual habitat units were digitized in GSto create a
coverage of available habitat for the entire spawning distribution in
the NFPR. Area (nf) of each habitat type and the total area avail able
to kokanee were calculated with the G S database. Habitat information

was conpiled during 1992 and 1993.

Spawni ng Di stribution and Habitat Use
We conducted several foot surveys during spawning to determ ne
kokanee escapenent (Cbjective 1). The surveys were al so used to

determ ne distribution and intensity of spawning use. Foot surveys were
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Figure 22. Ten areas of the North Fork of the Payette River, Idaho,
used to depict kokanee spawning distribution and available
spawning habitat.
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Tabl e 18. Habitat classification schene used to classify aquatic

habi t at

in the North Fork of the Payette River, |daho.

Criteria for pools, glides, and riffles (Oth 1983).

Habi t at Descri ption

pool s deeper habitats with slower current velocities

glides noderately shall ow stream channels with | aninar flow,
I acki ng pronounced turbul ence

riffles shal  ow, turbul ent stream segnments with higher
gradi ents than pools or glides

sl oughs backwat er channels with high silt and sand; water
velocities near 0 cnis

springs areas of upwelling ground water; tenperatures

buffered by upwel ling; higher %fines,|ow velocities
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conducted by a single observer who wal ked upstream al ong a predesi ghat ed
route and counted spawni ng kokanee fromthe stream bank. Counts were
conducted every 3 to 4 days throughout the spawni ng run. The same
observer made all counts in 1993 to elim nate between-observer bias.
Number s of kokanee were recorded by stream | ocation and counts were
assigned to individual habitat units within each spawning area. A
singl e count of spawners was used for this analysis (29 Septenber 1993),
whi ch represented the highest abundance of spawni ng kokanee in the NFPR
during 1993. W chose to use a single count to avoid violating the
requi renent of independent observations in statistical analyses;
tenporal |y spaced observations of the sane animals using habitat
resources are not totally independent (Alldredge and Ratti 1992).
Spawni ng directly behind the adult weir (Objective 1) was not included
in the anal ysis, because spawning there was partially induced by the
physi cal obstruction of the weir. Spawning distribution data from 1993
was used in our analysis.

Transects established for collection of microhabitat data were
visited twice weekly to nmap all kokanee spawning areas in the NFPR
Poi nts of spawni ng al ong each transect were recorded and digitized in
G S to create a spawning distribution coverage. Spawning in areas with
no transects or low transect density was hand-drawn from neasurenents
taken with a nmeter tape, and the exact |ocation of spawning was

determi ned by neasurenent to the nearest transect.

Statistical Analysis

Habitat use and availability data were anal yzed with the Neu

met hod (Al I dredge and Ratti 1992), first described by Neu et al. (1974)
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for analysis of resource selection data. Habitat resources are

consi dered categorical variables with the Neu nethod rather than

conti nuous vari abl es. Basic assunptions of the procedure (Alldredge and
Ratti 1992) were observations are independent random sanpl es;
availability data and animal |ocations are determ ned without error

Qur anal ysis conpared the observed occurrence of kokanee with that
expected for each habitat category. Expected usage was cal cul ated using
the proportion (p;) of each habitat category (i) and the total nunber of
i ndividuals (N) observed (pi x N). The hypothesis tested with the Neu
met hod was each habitat category was used in exact proportion to its
availability within the study area. The alternate hypothesis was at

| east one habitat category was used disproportionately to its
availability. The observed counts in each habitat were conpared to
those expected with the Chi-square goodness-of-fit test. If a
significant difference were detected, Bonferroni z-statistics (Mller
1981) were used to construct confidence intervals on the observed use to
detect which habitats were used significantly nore or |less than
expected. Experiment error rate (a = 0.05) was controlled by
apportioning the significance | evel over the nunmber of confidence

interval s constructed (i.e. the nunber of habitat types).

M crohabitat Availability and Use

M crohabitat data were collected in the NFPR to provide
i nformati on on kokanee preference of selected habitat vari abl es. Data
on water depth, velocity, and substrate size were collected at transects
est abli shed perpendi cular to streanflow Transects were established

prior to spawning to avoid disturbing spawning fish, and | ocations of
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all transects were marked with flaggi ng tape and stakes on both stream
banks so the precise |ocation of each transect could be determ ned on
multiple visits. During 1992 and 1993, 157 and 127 transects were
distributed in randonmy sel ected reaches throughout the NFPR and
tributaries used by kokanee. Al transects during both years were
spaced 5 to 30 mapart and exact transect |ocations were deternmined to
represent |inear (downstream) habitat variability. For exanple, as
habitat features changed in a downstream direction, as indicated by
transition frompool to riffle habitat, transects were established in
deep, sl ow noving sections (pool); internediate sections (transition);
and shallow, fast-nmoving sections (riffle). Overall, the transect
nmet hodol ogy was used to fully represent the range and distribution of
habi tat available to kokanee in the NFPR and tributari es.

Water depth, velocity, and substrate, identified as inportant for
sal moni ds spawning in streams (Bjornn and Reiser 1991), were observed
t hr oughout the kokanee spawning distribution in the NFPR during 1992 and
1993. Water depth, velocity, substrate were neasured al ong each
transect at 1-mintervals. Velocity (cm's) was neasured at 6/ 10 depth
with a Marsh- McBirney (nmodel 201D) portable water velocity meter and
dept h wand. Substrate at each 1-m point was classified according to a
seven class scale ranging fromsilt to boulder: silt (<0.5 m), fine
sand (>0.5-3 nm), coarse sand (>3-6 mm, snall gravel (>6-26 m), |arge
gravel (>26-50 mm, cobble (>50-150 nmm, and boul der (>150 nm). A
substrate reference collection was devel oped with substrate collected at
study sites in the NFPR and used to aid classification at all tines
during data collection. The substrate was oven-dried for 72 hours at

103+ C and shaken through a series of sieves corresponding to our
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classification scheme. Data collection was conducted at flows that
normal |y occur during spawning (4.6-31.1 n?¥/s). Data were collected
during the spawning run in 1992 and prior to spawning in 1993 at flows
predicted for peak spawning. Flows were nonitored daily during data
collection and during spawning to ensure flows and habitat were simlar
bet ween sanpl i ng peri ods.

Al'l transects were revisited to collect information on
m crohabitat use at the tine of spawning. Spawni ng was observed at
flows simlar to those during data collection on avail able habitat.
Exact | ocations of spawning (redds) along each transect were recorded
and matched with points observed during data collection on avail able
habi tat. Points along each transect where kokanee were not spawni ng
were al so recorded

Habi tat use curves were constructed for water depth and velocity
and substrate size. Use curves, which are species-specific and
devel oped fromenpirical data describe the likelihood that a given
habitat feature will be used by fish at a particular |life stage (Bovee
and Cochnauer 1977). W chose to devel op use curves as the nethod of
anal ysis so results could be conpared to Parsons and Hubert's (1988)
eval uati on of kokanee spawni ng habitat use in Flam ng Gorge Reservoir
We did not construct habitat selection curves as Myle and Baltz (1985)
suggest ed, because Parsons and Hubert's (1988) findings did not support
their devel opnent for spawni ng kokanees. Bovee (1982) concl uded there
is a need for a large, accessible library of use curves for application
under various streamconditions; therefore, our results will |ikely add
to the available information on spawni ng behavi or of kokanee and provide

alternatives to curves now avail able. Furthernore, Myle and Baltz
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(1985) stated flow studies should use curves devel oped at the site or a
simlar site. Use curves were constructed for water depth, water

vel ocity, and substrate size category by frequency histogram anal ysis
according to Bovee and Cochnauer (1977). Differences between

m crohabitat availability and use distributions were assessed with a

Chi - squar e goodness-of-fit test.

M crohabi tat by Habitat Type

Habi tat type at each transect was recorded. Each point (1-m
interval) was categorized as pool, glide, riffle, spring, or slough as
part of the habitat availability and use analysis in the previous
section. W report statistics of available and used water depths and
velocities and substrate size by habitat type to further describe the
habitat relationships in the habitat availability and use analysis. If
our habitat classification schene were accurate (Table 18), we expected
wat er depths to be highest in pools, internmediate in glides, and | owest
inriffles. W expected water velocities to be |lowest in pools,
intermediate in glides, and highest in riffles. W expected pools to
have nostly fine sedinment and riffles coarse sedi ment. Slough habitat

was not sanpled for nicrohabitat data.

RESULTS

Habitat Availability and Use

Habitat Availability
Pool habitat was the nbst abundant habitat type available to
kokanee in the NFPR during 1993 followed by glide, riffle, slough, and

spring (Table 19; Figures 23-32). Total area of all habitat types was

115



Table 19. Available aquatic habitat by area and total for the entire
kokanee spawning distribution in theNorth Fork of the Payette River,
I daho. Totals for each habitat type were used to calcul ate expected
usage in the use-availability analysis. Units are m.

Area # Pool dide Riffle Sl ough Spring Tot al
1 0 349. 8 679.8 0 0 1,209.6
2 307.9 991.8 11,664.0 0 0 12, 963.7
3 5,241.0 8,493. 4 4,180.0 3,008.0 0 20,922. 4
4 3,807.7 5,367.7 2,112.6 1,058.1 699.5 13,045.6
5 2,758.5 12,222.4 5,273.8 0 0 20, 254. 7
6 1,312. 4 5,233.5 2,771. 4 505.7 340. 3 10, 163. 3
7 1, 215.6 5,231.8 885.9 95.9 1867. 2 9,296.4
8 1,215.4 7,933.2 755.5 0 0 9,904.1
9 2,959. 4 5,891.2 0 0 0 8,850.6
10 43,138.1  1,843.2 0 1, 990. 3 0 46, 971. 2
Tot al 61, 956 53, 558 28, 323 6, 658 2, 907 153, 402
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Figure 23. Available aquatic habitat in Area 1, Pisher Creek, of the
North Fork of the Payette River, Idaho, in 1993. Scale is 1
cm = 16.5 m.
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Pigure 24. Available aquatic habitat in Area 2 of the North Fork of the
Payette River, Idaho, in 1993. Scale is 1 cm = 46 m.
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Figure 25. Available aquatic habitat in Area 3 of the North Fork of the
Payette River, Idaho, in 1993, Scale is 1 cm = 35 m.
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Figure 26. Available aquatic habitat in Area 4 of the North Fork of the
Payette River, Idaho, in 1993. Scale is 1 cm = 14 m.
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Pigure 28. Available aquatic habitat in Area 6 of the North Fork of the
Payette River, Idaho, in 1993. Scale is 1 cm = 14 m.

122




Flow

D\
T

==
=

nany
T
T

EEEARN

Figure 29. Available aquatic habitat in Area 7 of the North Fork of the
Payette River, Idaho, in 1993. Scale is 1 cm = 15 m.
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Figure 30. Available aquatic habitat in Area 8 of the North Fork of the
Payette River, Idaho, in 1993. Scale is 1 cm = 16 m.
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Pigure 32. Available aquatic habitat in Area 10 of the North Pork of
the Payette River, Idaho, in 1993. sScale is 1 cm = 28 m.
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153,402 nf. Riffles were nost abundant in the upstreamlimts of
kokanee spawning distribution. For exanple, in Fisher Creek (Area 1,
Figure 23) 56.2%of the 1,209.6 nt available was classified as riffle
(Table 18). In Area 2 (Figure 24), which nostly consisted of the NFPR
above the confluence of Fisher Oreek, 90.0%of the 12,963.7 nf avail able
habitat was classified as riffle. Gide and pool habitat increased in
abundance in a downstream direction while abundance of riffle habitat
decreased. Areas 5 through 9 (Figures 27-31) were dom nated by glide
habitat as 51.5 to 80.1% of total area was classified as glide (Table
19). Pool habitat was nost abundant in Area 10 (Figure 32), the
downstream|limt of spawning activity, as 91.8% of avail able habitat was
classified as pool. Availability of slough habitat was relatively |ow
(4.3% of total area) and limted to mddl e and downstream sections of
kokanee spawning distribution (Table 19). Sloughs were associated with
hi storic river channels and oxbows fornmed on | arge neanders (Figures 25
26, 28, 29, 32). Springs were the | east abundant habitat type (1.9% of
total area) and occurred only in the nmiddle areas of kokanee spawni ng
di stribution (Table 19; Figures 26, 28, 29). Large springs (Figures 26
and 29) were associated with historic river channels. Islands,

consi sting of coarse substrate, were present in the NFPR and were
associated with riffle habitat in braided reaches (Figures 25, 26, 28,

30).

Spawni ng Di stribution and Habitat Use
Spawning in the NFPR in 1993 was not uniformy distributed anong
areas (Table 20; Figures 33 - 42). Spawning activity was distinctly

clustered in short reaches (Figures 36, 38, 41) and nobst spawning (67.9%

127



Tabl e 20. Spawning di stribution by area and total for the 1993 kokanee
spawning run in the North Fork of the Payette River, |daho.

Area # Nunber of kokanee Percent of total

1 43 0.14

2 112 0.36

3 2,467 8.0

4 4,235 13.8

5 2,817 9.2

6 10, 341 33.7

7 3,451 11.2

8 196 0.64

9 6.617 21.5
10 432 1.4
Tot al 30,711 100
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Figure 33. Kokanee spawning distribution in Area 1, Fisher Creek, of

the North Fork of the Payette River, Idaho, in 1993. Scale
is 1 cm = 16 m.
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Figure 34. Kokanee spawning distribution in Area 2 of the North Fork of
the Payette River, Idaho, in 1993. Scale is 1 cm = 46 m.
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Figure 35. Kokanee spawning distribution in Area 3 of the North Fork of
the Payette River, Idaho, in 1993. Scale is 1 cm = 35 m.
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Pigure 36. Kokanee spawning distribution in Area 4 of the North Fork of
the Payette River, Idaho, in 1993. Scale is 1 cm = 14 m.
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Pigure 37. Kokanee spawning distribution in Area 5 of the North Fork of
the Payette River, Idaho, in 1993. Scale is 1 cm = 27 m.
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Figure 38. Kokanee spawning distribution in Area 6 of the North Fork of
the Payette River, Idaho, in 1993. Scale is 1 cm = 14 m.
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Figure 39. Kokanee spawning diﬁtribution in Area 7 of the North Fork of
the Payette River, Idaho, in 1993. Scale is 1 cm = 15 m.
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Figure 40. Kokanee spawning distribution in Area 8 of the North Fork of
the Payette River, Idaho, in 1993. Scale is 1 cm = 16 m.
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1993 weir location
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Figure 41. Kokanee spawning distribution in Area 9 of the North Fork of
the Payette River, Idaho, in 1993. Scale is 1 cm = 15 m.
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Figure 42. Kokanee spawning distribution in Area 10 of the North Fork
of the Payette River, Idaho, in 1993. Scale is 1 cm = 28 m.
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of the total count; Table 20), occurred in Areas 4, 5, 6, and 7 (Figures
36-39). Spawning was al so high in Area 9, the reach containing the
adult weir (Figure 41), as 21.5%of the total spawner count was observed
here in 1993. Spawning in the upper Areas, 1 through 3 (Figures 33-35),
and Areas 8 (Figure 40) and 10 (Figure 42) was relatively light (Table
20) and usual ly consisted of spawni ng groups of < 20 individuals.

Spawni ng and avail abl e- habi tat coverage overlays in G S reveal ed
the habitat types used by kokanee (Figures 43-52) by identifying the
areas in comobn between spawni ng and avail abl e habi tat pol ygons.

Percent area used for spawning by habitat type and intensity of use
(counts within habitat units) within each area was determnmined fromthe
G S database and reveal ed differential use of habitat types anong areas
(Table 21). Overall, glides were used nost intensively of all habitat
types as 51.9% (N=15, 939) of all spawni ng kokanee were counted in glides
(Table 21). Riffles (20.0%, pools (19.6%, springs (8.4%, and sl oughs
(0.1% were al so used by spawni ng kokanee.

Habitat use for spawni ng kokanee varied by area in the NFPR
dide habitat was used nost in Area 6 (Figure 48) as 5,444 kokanee used
67.9% of the available glide area (nf) in this reach, whereas no kokanee
were observed using glide habitat in Area 2 (Figure 44; Table 21). Pool
habitat, |ike glide habitat, was used nbost in Area 6 as 1,480 kokanee
used 59.9% of the available pool area (nf) in this reach, whereas no
kokanee were observed using pool habitat in Area 8 (Figure 50). Riffle
habitat was al so extensively used in Area 6 (Figure 48) as 2,808 kokanee
used 61.4% of the available riffle area (nf). Riffle habitat was used
nmost in Area 7 (Figure 49) as 71.5%of the available riffle area (nf)

was used by 670 kokanee. By contrast, two kokanee were observed using
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Figure 43.
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Habitat used by kokanee for spawning in Area 1, Fisher
Creek, of the North Fork of the Payette River, Idaho, in
1993. Shaded polygons indicate area in common between
spawning and available habitat coverages. Scale is 1 cm =
16 m.
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Figure 44.

Pool
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Habitat used by kokanee for spawning in Area 2 of the North
Fork of the Payette River, Idaho, in 1993. Shaded polygons
indicate area in common between spawning and available
habitat maps. Scale is 1 cm = 46 m. All spawning above
Fisher Creek was in riffles.
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Pigure 45. Habitat used by kokanee for spawning in Area 3 of the North
Fork of the Payette River, Idaho, in 1993. Shaded polygons
indicate area in common between spawning and available
habitat coverages. Scale is 1 cm = 35 m.
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Figure 46.
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Habitat used by kokanee for spawning in Area 4 of the North
Fork of the Payette River, Idaho, in 1993. Shaded polygons
indicate area in common between spawning and available
habitat coverages. Scale is 1 cm = 14 m.
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Pigure 47.
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Habitat used by kokanee for spawning in Area 5 of the North
FPork of the Payette River, Idaho, in 1993. Shaded polygons
indicate area in common between spawning and available
habitat coverages. Scale is 1 cm = 27 m.
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Habitat used by kokanee for spawning in Area 6 of the North
York of the Payette River, Idaho, in 1993. Shaded polygons
indicate area in common between spawning and available
habitat coverages. Scale is 1 cm = 14 m.
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Frigure 49. Habitat used by kokanee for spawning in Area 7 of the North
Fork of the Payette River, Idaho, in 1993. Shaded polygons
indicate area in common between spawning and available
habitat coverages. Scale is 1 cm = 15 m.
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Figure 50. Habitat used by kokanee for spawning in Area 8 of the North
FPork of the Payette River, Idaho, in 1993. Shaded polygons
indicate area in common between spawning and available
habitat coverages. Scale is 1 cm = 16 m.
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sed by kokanee for spawning in Area 9 of the North
Fork of the Payette River, Idaho, in 1993. Shaded polygons
in common between spawning and available
habitat coverages. Scale is 1 cm = 15 m.
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Pigure 52.

Habitat used by kokanee for spawning in Area 10 of the North
Fork of the Payette River, Idaho, in 1993. Shaded polygons
indicate area in common between spawning and available
habitat coverages. Scale is 1 cm = 28 m.
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Tabl e 21.

nserved kokanee counts (N) and the percent area avail able
that was used by kokanee for spawning by area, habitat type,
and total for the 1993 spawning run in the North Fork of the
Payette River, |daho. Total observed counts were used in the
use-avail ability anal ysis.

Pool dide Riffle Sl ough Spring
Area # N % N 3 N % N % N %
1 - - 41 9.2 2 0.21 - - -
2 20 16.5 0 0 92 0. 94 - - _
3 840 13.8 1,136 19.2 491 9.5 0 0 _
4 482 20.2 1,801 45.3 1,342 6.4 40 12.9 570 57.
5 397  11.1 1,802 19.6 618 12.3 - . .
6 1,480 59.9 5,444 67.9 2,808 1.4 0 0 609  91.
7 580 35.6 805 17.1 670 71.5 0 0 1396 29.
8 0 0 90 2.8 106 32.3 - . .
9 1,835 38.7 4,782 45.6 - - . . _
10 394 4.7 38 7.9 - - 0 0 -
Tot al 6,028 15, 939 6, 129 40 2,575
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riffle habitat in Area 1 (Figure 43). No riffle habitat was avail able
for use in Areas 9 and 10 (Figures 51 and 52). Slough habitat was used
in Area 4 (Figure 46) as 40 kokanee were observed using 12.9% of the
sl ough area (1,058 n¥) available. Spring areas were used extensively
regardl ess of |ocation. Kokanee used from29.2%in Area 7 (Figure 49)
to 91.6%in Area 6 (Figure 48) of available spring habitat (Table 21).
A total of 2,575 kokanee, or 8.4% of the total count, used spring

habitat for spawning in 1993.

Statistical Analysis

On 29 September 1993, 30, 711 kokanee were counted in the NFPR and
represented the peak spawni ng abundance observed during 1993. Habit at
use, the distribution of counts across habitat types, differed
significantly fromthat expected based on availability (X* = 13,930;
p<0.001) leading us to reject the null hypothesis that habitat types
were used in proportion to availability (Table 22). W determ ned sone
habitat types were avoi ded and others were sel ected based on
avai lability and observed use. Bonferroni confidence intervals
i ndi cated pool and slough habitats were avoi ded or used less than
expected (percent of total area |lies above confidence interval). dide
riffle, and spring habitats were selected or used nore than expected
(percent of total area |ies bel ow confidence interval). W concl uded
kokanee did not use spawni ng habitat through a random process but

sel ected and avoi ded particular habitat types in the NFPR
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Tabl e 22. Habitat use-availability analysis of aquatic habitat within
kokanee spawni nP distribution in the North Fork of the
Payette River, Idaho.

Per cent Bonf erroni
Habitat kokanee Rokanee Per cent of confidence
observed expected 2 observed Area n2 total interval 95%
area
Pool 6, 028 12,404 3, 277 0. 196 61, 956 40. 4 19. 0<p<20. 2"
dide 15, 939 10,722 2,538 0.519 53, 558 34.9 51. 2<p<52. 6"
Riffle 6,129 5,670 37 0.200 28,323 18.5 19. 4<p<20.5’
Sl ough 40 1,333 1,254 0.00130 6, 658 4. 33 0. 077<p<C. 18"
Spring 2,575 582 6,824 0.0838 2,907  1.90 8. 0<p<8. 8"
Total 30,711 30,711 13,930 153, 402

* = Si P_nifi cance ascribed if expected use (Percent of total area) does
not l'ie within confidence interval.
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M crohabitat Availability and Use

M crohabitat features were nmeasured at 284 transects during 1992
and 1993. Sanpling was conducted over the 7.2 kmreach that enconpassed
al | kokanee spawni ng. Mean stream w dth over the sanpled reach was 22.0
m (range=4.5-58.6 n). The nean depth throughout the kokanee spawni ng
di stribution was 39 cm (range=1-262 cm n=2,836) and nmean velocity was
24 cmls (range=0-293 cm's; n=2,819). M crohabitat use by spawning
kokanee was eval uated along all transects. Mean depth at spawni ng
| ocations was 41 cm (range=3-159 cm n=1, 051) and nean velocity was 28
cms (range=0-130; n=1,051).

Water depth availability and use distributions were different (X?
= 72.9; p<0.001) indicating depths for spawning were being sel ected by
kokanee (Figure 53). The habitat use curve for water depth showed the
hi ghest probability of spawning occurred at a depth of 30 to 42 cm
(Figure 53). Water depths in the range of 18 to 30 cmwere also highly
used. The greatest occurrence of available water depth ranged from 12
to 24 cm

Water velocity availability and use distributions were different
(X?=153.5; p<0.001) indicating velocities for spawning were sel ected by
kokanee (Figure 54). The habitat use curve for water velocity showed
the greatest probability of spawning occurred at velocities of 0 to 6
cm's which was al so the nost frequently avail abl e velocity range (Figure
54) .

Substrate availability and use distributions were different
(X?=1,338.9; p<0.001) indicating substrates for spawning were being
sel ected by kokanee (Figure 55). The habitat use curve for substrate

size reveal ed the nost frequently used substrate was | arge gravel which
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Frequency histograms of available water depth in the North
Fork of the Payette River, Idaho, and water depths used by
kokanee for spawning in 1992 and 1993. Also shown is the
probability curve derived from use data. ,
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FPigure 54. Frequency histograms of available water velocity in the
North Fork of the Payette River, Idaho, and velocities used:
by kokanee for spawning in 1992 and 1993. Also shown is the
probability curve derived from use data.
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Figure 55. Frequency histograms of available substrate in the North
Fork of the Payette River, Idaho, and substrate used by
kokanee for spawning in 1992 and 1993. Probability curve is
shown for use data. S=silt (<0.5 mm); FS=fine sand (>0.5-3
mm); CS=coarse sand (>3-6 mm); SG=small gravel (>6-26 mm);
LG=large gravel (>26-50 mm); C=cobble (>50-150 mm);
B=boulder (>150 mm); BR=bedrock.

156



was the nost avail able (>26-50 mr). Cobble (>50-150 mr) substrate was
nearly as abundant as large gravel but was used | ess. Bedrock was the
| east abundant substrate avail able and was not used by kokanee for

spawni ng.

M crohabi tat by Habitat Type

Avai | abl e water depths and depths used for spawning varied by
habitat type in the NFPR (Table 23). As expected, pools had the highest
average depth (63 cm) and riffles had the | owest (28 cn). Mean depth in
springs (46 cm) was higher than that in glides (36 cm or riffles.
Dept hs used for spawning in the various habitats showed the sanme pattern
as availability. Depths used for spawning in pools was highest (66 cm
and depths used in riffles was |l owest (29 cm). Range in observations
for avail able and used water depths was wi de and overl apped for al
habi tat types.

Avai |l abl e water velocities and velocities used for spawning varied
by habitat type in the NFPR (Table 24). Springs had the | owest average
velocity (3 cmis) and riffles had the highest (43 cnis). Average
vel ocities used for spawni ng were hi gher than average velocities
avail abl e in pools and glides. For exanple, velocities used for
spawni ng in pools averaged 16 cmwhile the average available velocity in
pools was 8 cnis. Velocities used for spawning in glides averaged 29
cms and the average avail able velocity in glides was 22 cnm’'s. Average
velocities used for spawning were similar to those velocities available
inriffles and springs (Table 24).

Avai |l abl e substrate by habitat type reveal ed differences between

pools, glides, riffles, and springs, and availability dictated kokanee.
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Tabl e 23. Available and used water depths in four habitat types
t hr oughout the kokanee spawning distribution in the North
Fork of the Payette River, ldaho during 1992 and 1993.

Avai |l abl e Used

Habi tat type Mean Range N Mean Range N
c

(cm (cm (cm (cm
pool 63 1- 262 425 66 7-159 118
glide 36 2-101 1,539 40 3-101 579
riffle 28 2-183 692 29 3-79 250
spring 46 4-162 180 51 6- 159 105
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Table 24. Water velocities available and used b
in four habitat types throughout the

{ kokanee for spawning
0

kanee spawni ng

distribution in the North Fork of the Payette River, |daho
during 1992 and 1993.
Avai | abl e Used
Habitat type  Mean Range N Mean Range N
(cn's) (cn's) (cm s) (cm/s
pool 8 0-79 425 16 0-79 118
glide 22 0- 130 1,529 29 0- 130 579
riffle 43 0- 293 686 43 0- 119 249
spring 3 0- 55 179 3 0-55 105
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use of substrate for spawning. The npbst conmon substrate avail abl e and
used for spawning in pools was fine sand (Figure 56). Silt substrate
was al so common in pools but spawni ng was never observed in silt. Large
gravel was the nost common substrate available in glides and was heavily
used by spawni ng kokanee as 54. 4% of spawning locations in glides were
| ocated in large gravel (Figure 57). Cobble substrate was al so
relatively common in glides but was not used as frequently. Riffle
substrate was, in general, nore coarse than that in all other habitat
types. The npbst comon substrate in riffles was cobble; boul der and
bedrock were nore frequently observed in riffles than in any other
habitat type (Figure 58). Large gravel substrate was nost frequently
used in riffles, as 51.4% of spawning locations in riffles were |ocated
in large gravel. The nbst common substrate avail abl e and used for
spawni ng in springs was fine sand (Figure 59). Substrate available in
springs generally was snmaller than that in all other habitat types.
Cobbl e substrate was present in | ow abundance and boul der and bedrock
was not observed in springs. Silt substrate was relatively abundant in
springs as it was in pools, and little spawni ng was observed in

substrate dominated by silt.

DI SCUSSI ON

Habi tat Use-Availability

Habitat Availability

Avai |l abl e spawning habitat in the North Fork of the Payette R ver
vari ed anong areas. Total habitat area was > 153,000 n? of that > 40%
was pool and < 19%was riffle. Riffle habitat was present in

proportionally higher abundance in upstream areas and pool habitat was
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Figure 56. Frequency histograms of available substrate in pools in the
North Pork of the Payette River, Idaho, and substrate used
by kokanee for spawning in 1992 and 1993. Probability curve
is shown for use data. S=silt (<0.5 mm); FS=fine sand
(>0.5-3 mm); CS=coarse sand (>3-6 mm); SG=small gravel (>6-
26 mm); LG=large gravel (>26-50 mm); C=cobble (>50-150 mm);
B=boulder (>150 mm); BR=bedrock.
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Figure 57. Frequency histograms of available substrate in glides in the
North Fork of the Payette River, Idaho, and substrate used
by kokanee for spawning in 1992 and 1993. Probability curve
is shown for use data. S=silt (<0.5 mm); FS=fine sand
(>0.5-3 mm); CS=coarse sand (>3-6 mm); SG=small gravel (>6-
26 mm); LG=large gravel (>26-50 mm); C=cobble (>50-150 mm) ;
B=boulder (>150 mm); BR=bedrock.

162



i - Available

S
w
r

Proportion
e
[\®]
] T

01

0.5 -
i Used
04
o
S03F
~ad
S
c L
e
S 02
0.1F
0 | L | 1 1 i 1 R 1
S FS CS SG LG C B BR

substrate

Figure 58. Frequency histograms of available substrate in riffles in
the North Fork of the Payette River, Idaho, and substrate
used by kokanee for spawning in 1992 and 1993. Probability
curve is shown for use data. S=silt (<0.5 mm); FS=fine sand
(>0.5-3 mm); CS=coarse sand (>3-6 mm); SG=small gravel (>6-
26 mm); LG=large gravel (>26-50 mm); C=cobble (>50-150 mm);
B=boulder (>150 mm); BR=bedrock.
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Figure 59. Frequency histograms of available substrate in springs in
the North Fork of the Payette River, Idaho, and substrate
used by kokanee for spawning in 1992 and 1993. Probability
curve is shown for use data. S=silt (<0.5 mm); FS=fine sand
(>0.5-3 mm); CS=coarse sand (>3-6 mm); SG=small gravel (>6-
26 mm); LG=large gravel (>26-50 mm); C=cobble (>50-150 om) ;
B=boulder (>150 mm); BR=badrock.
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present in highest abundance downstream Spring habitat was present in
three areas, generally near the mddle of the river fromupstreamto
downstream Use of A S facilitated devel opment of area maps and

di stinct delineation of habitat types in the different areas of the

NFPR.

Spawni ng Di stribution and Habitat Use

Spawning in the NFPR was not uniformy distributed anong areas.
Al though riffle habitat was nost abundant in upstream areas, < 1% of al
spawni ng occurred in 1993 upstream of Area 3. Spawni ng observed in
Areas 6 and 9 accounted for > 55% of all spawning. Spawning in these
areas occurred al nost everywhere, although the presence of the weir in
Area 9 may have contributed to the high use. Steelhead will reportedly
spawn in | ess desirable locations during the latter part of the run (G
Mendel , Washi ngton Departnent of Fish and Wlidlife, O ynpia, Wshington
personal communication). Area 6 had about 7% of the total available
habi tat and accounted for > 33% of all spawni ng. Based on our
classification of habitats, glides were used in highest proportion
(67.9% for spawning in Area 6. Pool habitat was al so used extensively
in Area 6 and kokanee spawned in about 60% of the avail abl e pool area.
Riffle habitat was al so used for spawning in Area 6 (61.4% and used
nost extensively in Area 7 (71.5%, although conparatively |ow | evels of
spawni ng occurred in Area 7.

Di fferences in spawni ng habitat use anobng areas in the NFPR were
interesting. This differential use suggests other habitat features or
interactions of habitat features may affect spawning | ocation other than

t hose neasured. For exanple, the substrate class used for spawning
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varied anong habitat types. Large gravel was the nost common substrate
class selected in glides and riffles, although fine sand was the nost
comon substrate class used in pools. Selection of |arge gravel and
cobbl e was preval ent in pools, however, the proportion used was higher

than that avail abl e.

Statistical Analysis

Application of the Neu nethod (Neu et al. 1974) requires basic
assunptions for valid analysis of resource selection (Alldredge and
Ratti 1992). First, observations of individuals must be random and
i ndependent; a restriction that was net in our analysis. Violations of
random observations occur nost often in studies using small nunbers of
radi o-tagged aninmals. Violations of independent observations al so occur
in radi o-tagging studi es where individuals are observed nultiple tines,
because such observations, even when separated in tine, are not
compl etely independent (Alldredge and Ratti 1992). W counted al
spawni ng kokanee observed within the NFPR on a single day which
represented the highest abundance of kokanee during the 1993 run
Theref ore, randommess of observations was not an issue. Because
multiple counts of the sane individuals were not used in cur analysis
(individuals were only considered once), we concluded our observations
met the i ndependence assunpti on.

The Neu nethod requires that habitat availability is neasured
without error, thus we believe the use of G S was inval uable. The two-
di nensional river nodel created from aerial photographs, GPS, and field
data characterized the river with a high degree of accuracy. Qur

availability data was a true reflection of habitat available to kokanee
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for spawni ng. Categorical description of habitat is inherently biased
due to the nature of aquatic, riverine habitat. Delineation of
different habitat types, particularly between pool, glide, and riffle,
is difficult because transitions between habitat types are gradual
However, use of consistent nethods in separating habitat types by a
singl e observer reduced variability and observer error

A potential source of error in our methodol ogy mnight have
occurred with misidentifying |ocations of spawni ng kokanee (i .e.
assigning fish to the wong habitat type). We limted this error by
all owi ng the sanme person to conduct all counts during 1993. That person
became familiar with transect |ocations, spawning areas used by kokanee,
and a coding system for describing exact |ocations between transects. A
predesi gnated route was mapped and used for all counts (Objective 1).
The route was chosen so the highest, npbst unobstructed views of the
river could be achieved at nost points facilitating counting and
observing fish. W believe these neasures provided accurate counts
t hroughout the kokanee distribution in the NFPR Study site
characteristics probably reduced error of differential efficiency in
counting between habitat types. Water depth, water clarity, degree of
shadi ng, and instream cover differences night reduce the observer's
ability to count fish in pool vs. riffle areas. However, in this study,
visibility in pools did not seemto be affected as water clarity was
hi gh during nost counts and water depths, even in the deepest pools, did

not limt the observer's visibility of kokanee spawning in pools.
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M crohabitat Availability and Use

Spawni ng habitat used by kokanee in the NFPR was simlar to that
previously reported with respect to water depth. W identified a depth
range of 30 to 42 cmas opti num for kokanee spawning. Smth (1973)
descri bed kokanee spawning sites in three Oregon streanms as having
m ni mum wat er depths of 6 cm Thonpson (1972) reported kokanee redds
were placed in 9 to 46 cmof water in several Oregon streans. Parsons
and Hubert (1988) reported optimumranges of 18 to 24 cmfor a snal
(1.6 mf/s; mean wetted width, 8.4 nm) creek and 24 to 37 cmfor a |large
(24 n?/s; mean wetted width 68 m) river. W al so observed high use of
depths 18 to 24 cm Parsons and Hubert (1988) observed kokanee spawni ng
i n deeper, higher-velocity water than others and our results corroborate
their observation for water depth.

W observed drastically different use of water velocities than
that reported by Parsons and Hubert (1988) and other investigators. W
observed highest use in velocities 0 to 6 cm's, while Parsons and Hubert
(1988) reported optimumvelocities of 67 to 73 cnm's. The difference was
probably related to the different availability of water vel ocities anong
study sites. Velocities of O to 6 cnis were relatively rare in their
study sites, while this range dom nated the frequency distribution for
the NFPR conprising nearly 32% of all observations. Frequency of 67 to
73 cnis velocities in the NFPR was rel atively rare as < 2% of al
observati ons were observed in this range. Smth (1973) observed kokanee
spawning in three Oregon streans and reported redds as having velocities
of 15 to 73 cm's. Thonpson (1972) observed nmean spawni ng vel ocities of
24 to 64 cms. Delisle (1962) stated that kokanee woul d not spawn in

velocities > 64 cnm's. Hunter (1973) recomended velocities of 12 to 41
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cms for spawni ng kokanee. Ot her than differences in availability, we
can not attribute kokanee spawning at |ower velocities than other
i nvesti gators have reported.

Al of the study sites fromwhich data on kokanee spawni ng have
been reported are smaller than the NFPR with the exception of Parsons
and Hubert's (1988) Green River study site in Woning. Bovee (1986)
recommended that study streams for determ ning habitat preferences of
fishes be selected with caution. The ideal situation is a stream
containing all conceivabl e conbinations of depth, velocity, substrate,
and cover, and thus displays a high degree of habitat diversity. Study
sites including the NFPR may not be adequately diverse to determnne
optimum current velocities. Water depth preferences of spawni ng kokanee
are better understood. The NFPR, as well as the G een River site of
Parsons and Hubert (1988), had a w de range of depths from which kokanee
coul d use for spawning, and simlar optinmmranges were observed at both
sites. Myle and Baltz (1985) recommended i ndividual instreamfl ow
studi es shoul d use curves devel oped on the site or at simlar sites.
Furthernore, Bovee (1986) stated that because of habitat differences,
criteria developed in snmall streans may not be directly applicable in
| arge streams. Bovee (1982) concluded there is a need for a |arge,
accessible library of curves for application under various stream
conditions, a point corroborated by Parsons and Hubert's (1988)
conpari son of depth curves with Hunter (1973). W believe our data on
kokanee spawning offer alternatives to currently avail able curves and
permts application of the IFIMover a wi der range of stream conditions

than was previously avail abl e.
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We found no reports of kokanee use and preference of spawning
substrate, but Bell (1986) reported anadronous sal nmon and trout spawning
substrate should range from1.3 to 10.2 cmin dianeter. Bjornn and
Rei ser (1991) sunmarized spawning substrate size criteria for several
sal moni ds. They stated that use of substrate for spawning is nostly
dependent on fish size; larger fish are capable of using |arger
substrate than are smaller fish. Substrate criteria for the five
speci es of anadronopus Pacific salnonids were 1.3 to 10.2 cm while
ranges for rai nbow (range=0.6-5.2 cn) and brown (range=0.6-7.6 cn) trout
were smaller. Qur results for kokanee use of spawningsubstrate were
consistentwi th that expected based on fish size, as the range of
substrates (range=2.6-5.0 cm |arge gravel) we observed was w thin that

for simlar trout species.

M crohabitat by Habitat Type

The results of nicrohabitat analysis supported our classification
used to partition habitat types for determning habitat availability and
use. For exanple, pools had the highest average depth, the | owest
average velocity relative to glides and riffles, and the | argest anmount
of fine sand. Riffles had the | owest average depth, highest average
velocity, and the nost coarse substrate. Springs were a uni que habitat
type characterized by significant water upwelling, |low velocities, and
| arge anounts of fine sedinent. Range in values for habitat variables
wi thin habitat types was |large and all habitat types overl apped with
respect to water depth, velocity, and substrate size. CQur
classification scheme categorized areas of the NFPR to general habitat

conditions and mi crohabitat data reveal ed a wi de range of conditions.
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For exanple, areas classified as pools contained sone shal |l ow, high
vel ocity habitat on the periphery. By random chance, our transect
nmet hod reveal ed these features were variable after overl apping.
Spawni ng habitat relationshi ps of the anadronous form of sockeye
sal nron have been docunented wel |l (Ricker 1966; Foerster 1968; Lorenz and
Eil er 1989; Burgner 1991). Applicability of relationships to the
smal | er, nonanadronmous kokanee is questionable due to size differences.
However, we observed between habitat characteristics used for spawning
by sockeye and kokanee in the NFPR Burgner (1991) stated that anong
Paci fic sal mon, sockeye sal mon exhibit an adaptation to a w de variety
of spawning habitats. Spring fed areas adjacent to the main channel and
si de channel s are used nore extensively by sockeye than by other species
(Foerster 1968; Burgner 1991). These habitat types were extensively
used by kokanee in the NFPR Al so, conposition of spawning substrates
di ffer widelyin sockeye sal mon spawning areas within the same
popul ation (Ricker 1966; Lorenz and Eiler 1989), particularly when
spawni ng areas are associated with spring areas. Lorenz and Eiler
(1989) believed presence of upwelling groundwater may have been the nost
i mportant factor determining redd sites. In spawni ng areas w t hout
upwel I i ng, sockeye sal non spawned in reaches with narrow ranges of
vel ocity, tenperature, and substrate conposition. Use of substrate and
water velocities in the NFPR was al so highly variable due to the use of
spring upwel ling areas. Although upwelling groundwater can be lowin
di ssol ved oxygen |l evels and high in dissolved mnerals, factors that can
adversely affect salnonid egg-to-fry survival, studies indicate sockeye,
and presumably kokanee, are well -adapted for successful incubation in

such conditions. Sockeye can incubate at lower (3 ng/l) levels of
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oxygen than other sal nonids (Senko 1954), and egg-to-fry survival rates
can be higher (range=15-75% Senko 1954) in spawni ng areas containi ng
groundwat er than in other spawni ng areas (<20% survival; Anonynous
1955). Kokanee spawning in spring areas of the NFPR probably results in
egg-to-fry survival as high or higher than survival in nonspring

habi t at s.
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ojective 5. To assess the effects of flow alterati ons on kokanee
survival to pre-energence and the availability of spawning
habitat in areas of intensive spawni ng use.

I NTRODUCTI ON

Flows in the NFPR are controlled by three small reservoirs
upstream from kokanee spawni ng areas. The anmpbunt of area available for
spawni ng probably changes with flow fluctuations and effects of variable
fl ows on kokanee incubation success is unknown. The major concern in
the NFPR is the relative change in area avail able for spawni ng and how
much spawning area is dewatered as a result of flow fluctuations.
Streanfl ow regul ates the anount of spawning habitat available to
sal nmonids in streans. As discharge increases, the area of usable
habitat increases followed by a decline in usable area at higher flows
as velocities beconme excessive for spawni ng (Hooper 1973). Kokanee
i ncubati on success is also a concern in the NFPR if the anount of
dewat ered spawning area is significant. Kokanee year-class strength and
flow conditions were negatively related in the South Fork of the
Fl at head Ri ver, Montana, during an 18-year period (Fraley et al. 1986).
During low fl ow years, redd-dewatering caused high wi nter incubation
nmortality. Intragravel freezing of sal nonid enbryos has been related to
reduced flows over redds (Neave 1953; MNeil 1966, 1969; Bakkala 1970;
Rei ser and Wesche 1977). Exposure to severe conditions was a potential
source of kokanee enbryo nortality in the NFPR W investigated changes
in avail abl e spawni ng habitat in two princi pal kokanee spawni ng areas in

the NFPR during 1993.
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METHODS

During 1992 and 1993 a staff gauge was nmintained in the NFPR
t hroughout the sanpling period of July to Cctober. Readings fromthe
gauge were taken daily to determne the relative flow el evation. W
measured discharge in the NFPR with the m dsection nethod (Orth 1983)
nine tines over the observed range of flows to develop a rating curve
between river stage and flow. Data were anal yzed using |inear
regression techniques. A predictive equation was devel oped to construct
t he hydrograph for sanpling periods during 1992 and 1993

Fi ve separate surveys were made during 1993 at 51 transects in two
princi pal kokanee spawni ng areas to determi ne changes in area of
spawni ng at different flows. Transects established for bjective 4 were
used to deternmine areas at different flows. Areas were deternmined with
the G S database (Qbjective 4). During each survey, two observers
wal ked to each transect and neasured total wetted streamwidth with a
nmeter tape. W plotted total area of wetted stream against flowto
determ ne a rel ationship between the anpunt of spawni ng habitat
avai l abl e and flow. The two kokanee spawni ng areas selected for this
anal ysis were located in Areas 4 and 6 (Figure 22) and represented
princi pal kokanee spawning sites (Figures 60 and 61). The chosen areas
were used so intensively, kokanee were observed constructing redds in
shallow water in the extrene margins of wetted area. Water velocities
did not appear to be excessive for kokanee spawning at any | ocation

During March 1993, we estimated incubation success in spawni ng
areas of the NFPR that had been dewatered in 1992. During Cctober 1992
we marked areas so we could locate these dewatered areas in March 1993

W were unable to sanple dewatered areas for survival in 1994 due to
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Figure 60. Boundary of the study site in Area 4 of the North Pork of
the Payette River, Idaho used to determine relationship
between spawning habjitat availability and river flow (m3/s).
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Figure 61. Boundary of the study site in Area 6 of the North Pork of
the Payette River, Idaho used to determine relationship
between spawning habitat availability and river flow (m3/s).
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extensive ice and snow cover in the marked areas. W estimated
i ncubati on success in dewatered areas to the pre-energent stage using

the hydraulic sanpling nmethod (Cbjective 3).

RESULTS

The predictive equation between river stage and flow in the NFPR
was | og(Y)=2.99 log(X)-3.85 where Y is discharge (nf/s) and X is river
stage (cn). W used the equation to construct a hydrograph for sanpling
periods in 1992 and 1993 (Figure 62). Flows in the NFPR were lower in
fall 1992 than 1993. During kokanee migration in 1992 and 1993, peak
flow was 29 and 41 n?/s, respectively. Base-flow was similar at about 4
m/s for both years.

Survival to pre-energence in dewatered redds was 66. 1% ( SD=44. 8%
n=5) conpared to survival in areas of the NFPR not dewatered at 64.5%
(SD=37.0% n=95).

Habi tat avail able to kokanee in two principal spawning areas in
the NFPR increased rapidly between basefl ow and approximately 10 n¥/s
(Figure 63). The anmount of available area increased slightly at
di scharges > 12 n¥/s. Differences in area of spawning habitat was 1,790
nf and 1,690 nf in Area 4 (Figure 60) and Area 6 (Figure 61),
respectively, between base and peak flows. These values were 26 and 24%

of maxi mum spawni ng area available in Areas 4 and 6, respectively.

Dl SCUSSI ON
Overall flows were lower in 1992 due to a | ower than nornal
snowpack in winter 1991/1992 and | ow sunmer precipitation. The snowpack

was higher in 1993 than 1992 and sunmer precipitation continued unti
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the end of July. The increase in flow in md-August 1993 was a result
of a rainy period and rel ease of water from Granite Lake in upstream

Fi sher Creek. Water was rel eased from Upper Payette Lake during kokanee
mgration on 4 Septenber and 7 Septenber 1993 (H. Bivons, Lake Reservoir
Irrigation District, MCall, Idaho, personal comunication) as conpared
to 30 August 1992, about a week earlier than in 1993. Water rel eases
fromthese | akes show as di stinct peaks on the hydrograph

Upstreamreservoirs range in volune from39.5 to 79.3 n? and
affect flows for a short period in the NFPR usually during the kokanee
spawni ng migration. Flows recede to base-flow within about 2 weeks when
the reservoirs are evacuated. Base flow was similar during both years
which is surprising considering the differences in snowpack and sunmer
precipitation.

Survival in dewatered redds was similar to survival in areas that
were wat ered throughout the incubation period. Survival estimtes from
dewat ered areas were nore variable and some dewatered areas could not be
sanpl ed with the hydraulic sanpler because they remai ned dewat er ed.
When redds were uncovered by hand, however, we found |iving al evins and
fry in many redds that renained noist but dewatered. Based on our data,
kokanee are able to survive dewatering in the NFPR Fraley et al
(1986) found dam operations caused high incubation nortality by
dewat eri ng spawni ng areas, however, abnornmal flow fluctuations in the
NFPR |i ke those observed in 1992 and 1993 nmay not be adversely affecting
kokanee fry production. Subsurface flow, periodic rain events, and
early snow cover probably hel ped alleviate enbryo/alevin nortality with

surface dewatering
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The kokanee spawning migration into the NFPR was stinulated by the
unnatural flow increases associated with evacuati on of upstream
reservoirs. Nunbers of kokanee counted in the adult trap increased
rapi dly during and after peak flows. Spawning and egg deposition,
therefore, occurs during decreasing flows and decreasing availability of
spawni ng habitat. We did not observe significant nunbers of redds being
dewatered in the NFPR Wil e egg deposition and decreasing flows occur
closely in time, spawning site selection and egg deposition generally
follows peak flows that | essens dewatering of redds. Flows recede
rather quickly to I evels where availability of spawning habitat changes
little.

We believe current upstream dam operations do not negatively
affect availability of spawning habitat or kokanee spawni ng success in
the NFPR. Nunmbers of dewatered redds were unconmmon and those sanpl ed
reveal ed kokanee enbryos were tolerant of surface dewatering. Chapman
et al. (1986) used egg retention in femal e chinook salnon to eval uate
potential effects of operating Priest Rapi ds Dam on spawni ng success in
the Col unbia River, Washington. Flows varied daily and portions of the
spawni ng area were exposed for several hours each day. Egg retention
was | ow and investigators concluded spawni ng success was hi gh. Egg
retention in kokanee fromthe NFPR during 1992 and 1993 (Objective 1)
al so was | ow and we concl uded spawni ng success was hi gh during both

years.
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Cbjective 6. To describe the potential for rehabilitating kokanee
spawni ng habitat in the North Fork of the Payette River
with the objective of increasing fry production.

| NTRODUCTI ON

Habitat rehabilitation projects are conducted to enhance a fish
popul ation. The initial step of habitat rehabilitation is to identify
the factor(s) limting a population. Once identified, a rehabilitation
project ains to alleviate the linmting factor and all ow the popul ation
to increase. The condition of spawning habitat is often identified as a
limting factor for sal nonids (Shepherd 1990). |daho Fish and Gane
bi ol ogists identified the quantity and quality of spawning habitat in
the NFPR as a probable limting factor for the popul ation. Fish habitat
in the NFPR has been degraded by an accumul ati on of fine sedinment as a
result of forest managenent practices in the watershed (U S. Forest
Service 1991). During this phase of the study, we operated under the
assunption that spawning habitat was a limting factor and expl ored ways
to create additional kokanee spawni ng habitat to increase fry

producti on.

METHODS

Substrate Scarification

We observed high survival to pre-energence in nost kokanee
spawni ng areas during 1993 in the NFPR (Objective 3). Therefore, we
focused primarily on creating additional spawning habitat in stream
reaches currently not being used for spawning. Six sites were selected
in the main channel of the NFPR Five sites were |ocated in reaches

unsui tabl e for kokanee spawni ng; one test plot (plot 3) was |located in
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an area used by kokanee in 1992, although survival to pre-enmergence was
generally |l ow (50.1%.

A local contractor was hired to scarify the arnored | ayer by
repeatedly raking the top 20 cmwi th the bucket of a four-wheel-drive
backhoe. Time required to treat each plot was approximately 10 to 15
m nutes. Each plot ranged in size from55.5 to 80.4 n? and was marked
with rebar and flagging tape. Use of each plot was determ ned
t hr oughout the 1993 spawni ng run by counting spawners during foot
surveys (Objective 1).

Survival to pre-energence (bjective 3) in 1993 and 1994 at plot 3
was conpared to determine if treatnent of poor quality sites night
i ncrease survival. Survivals were transforned by aresine-square root
and conmpared with a t-test.

Al'l streamreaches in the NFPR that could potentially becone
spawni ng habitat with the prescribed treatnment were identified and total
area of potential habitat was deternmined with GS. Criteria considered
to qualify an area as potential habitat were accessibility to heavy
machi nery, water depths | ess than maxi mumtol erated by machi nery
(approxi mately 50 cn), arnored substrate of size usable by kokanee (6-50

nm), and area not used by adult kokanee for spawning in 1992

Boul der Pl acenent

We investigated the use of individual boulders placed in
m dchannel as a nmeans of "naturally" creating spawni ng habitat for
kokanee. Several natural exanples existed in the NFPR in high gradi ent
reaches above the confluence of Fisher Creek, but the occurrence of

| arge boul ders is nore accessible, downstream reaches was | ow. Al so
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partially submerged root wad obstructions provided linited suitable
spawni ng habitat in the NFPR Obstructions in streanms provide sal nonid
spawni ng habitat by causing scour around and downstream of each object
during high flows foll owed by deposition of substrate suitable for
spawni ng.

W attenpted to mimic these conditions with boul ders to encourage
deposition of spawning gravels. Addition of |arge boul ders to bedrock
substrate in a coastal Oregon streamincreased gravels by 27% (House and
Boehne 1985). W placed six large (40-80 cmdia) boulders in selected
reaches of the NFPR during August 1991. Kokanee use of each boul der was
eval uated during the spawning run in September 1994, the tine of first
possi bl e use after one spring of high flow conditions necessary to scour

and deposit substrate behind each structure.

Potential Fry Production

We cal cul ated the potential fry production that could result from
the proposed habitat rehabilitation at all identified sites. Expected
intensity of use was deternmined fromthe observed use of habitat plots
during the spawning run in 1993. Expected egg deposition was cal cul at ed
fromfemale fecundity and sex ratio data of the 1993 run (Cbjective 1).
Survival of enmbryos to pre-energence was assessed in March 1994 with a
hydraul i c sanpler (ojective 3). Because plots 1, 2, and 4 in Area 5
differed fromplots 5 and 6 in Area 8, calculations of potential fry
producti on were nmade separately for each area. Sites in Area 8
consi sted of small substrate with high fine material. W estinated

potential fry production from boul ders by assuni ng each boul der will
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provi de a maxi num of three redds based on observations at naturally

posi ti oned boul ders in the NFPR

RESULTS

Substrate Scarification

Habitat plots of treated substrate and potential habitat areas
were located in Area 5 (Figure 64) and Area 8 (Figure 65). Dom nant
substrate within habitat plots consisted of small gravel (>6-26 mm,
| arge gravel (>26-50 nm, and cobble (>50-150 mm Table 25). Kokanee
used each treated plot in 1993 and use in each reach was exclusive to
the treated plot. Use by adult kokanee occurred throughout the spawni ng
run. Peak counts were observed on 20 Septenber at plots 1 through 4 and
29 Septenber at plots 5 and 6

Survival of enbryos naturally deposited in 1992 at site 3 (Figure
64) was 50. 1% (n=3) while survival of enbryos naturally deposited in
1993 after treatnment was 99.0% (n=3). Survival between years was not

significantly different (P=0.120).

Boul der Pl acenent

Boul ders were placed in river reaches in Area 2 (Figure 66) and
Area 5 (Figure 64). Five of the boul ders provided spawni ng habitat for
kokanee during the 1994 spawning run after one spring of high flow
Boul ders 1, 3, 4, and 6 had at | east one kokanee pair (one redd)
spawni ng on the downstreamside in a substrate mixture of coarse sand
(>3-6 M) and small gravel (>6-26 mm). Boul der 5 had two redds on the

downstream side of simlar sized substrate. Boulder 2, the small est
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Figure 64. Habitat rehabilitation treatment plots, potential habitat,
and location of experimental boulders 5 and 6 in Area 5 of

the North Fork of the Payette River, Idaho.
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Figure 65. Habitat rehabilitation treatment plots and potential habitat
in Area 8 of the North Fork of the Payette River, Idaho.
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Table 25. Area (nf), dom nant substrate, and peak spawner count in 1993
for treated habitat plots in the North Fork of the Payette

Ri ver, |daho.

Plot # Area nt Domi nant Substrate Nunber of
Spawner s

1 72.3 cobbl e 28 (20 Sept)

2 80. 4 cobbl e 64 (20 Sept)

3 55.5 cobbl e 33 (20 Sept)

4 73.6 cobbl e 13 (20 Sept)

5 76. 3 | arge gravel 24 (29 Sept)

6 64. 8 smal | gravel 9 (29 Sept)
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Figure 66. Location of experimental boulders 1 - 4 in Area 2 of the
North Fork of the Payette River, Idaho.
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(ca. 40 cmdia) and the only structure not used, accunul ated snall

anmount s of coarse sand.

Potential Fry Production

W observed successful incubation in all plots of scarified
substrate and survival was generally high. Overall survival averaged
84.8% (0-100% and was highest at plots located in Area 8 (100% Table
26). Estimated fry production from substrate scarification was 338, 420
kokanee. Most of the anticipated production (74% would come fromsites
in Area 5 the location of npbst favorable for rehabilitation (64.5%

Fi gure 64).

Expected fry production from pl acenent of 30 boul ders was m nor
conpared to that anticipated fromsubstrate scarification. Assuning
survival at 64.5% (1993 data, Objective 3), we estinmated 36,300 fry

woul d be expected at nmaxi mum use of all boul ders.

DI SCUSSI ON

Substrate Scarification

Any effort to rehabilitate or enhance spawning habitat with the
obj ective of increasing fish production should be preceded by an
i nventory of existing spawni ng and i ncubation conditions and liniting
factors (House and Boehne 1985). Qur anal yses of egg-to-fry surviva
(ojectives 1 and 2), pre-energent survival (Qojective 3), and spawning
di stribution and habitat use (Objective 4) suggest additional spawning
habitat and fry production in the NFPR is not necessary at the present
time. Therefore, we recommend del aying the described treatnents unti

needed for enhanced recruitnent. Periodic nonitoring of habitat
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Table 26. Estimated fry producti on expected as aresult of spawning
habitat rehabilitation (substrate scarification) in the North
Fork of the Payette River, |daho.

Area 5 Area 8
Plots 1, 2, and 4 Plots 5 and 6
Plot Area (n? 226. 3 141.1
Total Area (nf) 2,261.8 1,242.8
Expected Density (#/nf)? 0. 464 0.234
Survival % 80. 7 (n=16) 100 (n=3)
Expected Fry Production® 251, 900 86, 600
Tot al 338, 500

@ peak spawner counts summed and multiplied by 1.73 (expansion factor,
bj ective 1) to estimate total use.
Pto preenergence as determined with hydraulic sanpler (Objective 3).

c calculated using male to fermale ratio 1.1:1 and mean fecundity 625
ova.
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quality, pre-energent survival, or fry production in the NFPR woul d
provi de data that suggest when spawning habitat inprovenent shoul d be
done. Protection of aquatic riverine habitat from additiona
sedinentation in the NFPR is the best alternative for avoiding future
habitat quality problens.

W identified a successful nethod of creating spawning habitat by
scarifying substrate previously unsuitable for kokanee spawningin the
NFPR. We are unaware of studies or practices using such a nethod for
creating sal noni d spawning habitat. Qur data al so indicate possible
increased recruitment fromtreating sites currently used for spawning
where incubation success is |ow However, during this study such sites
were relatively rare in the NPFR (Cbjective 3).

W initially predicted annual treatnent woul d be necessary to
renove arnoring and fines. However, a cursory assessnent during the
spawning run in 1994 indicated that use of plots 1 through 4 was at
| east as high as in 1993. Use of plots 5 and 6 in Area 8 was | ess, as
only one redd was observed at plot 6 and two redds were observed at plot
5. Differences between areas were probably determ ned by substrate and
channel characteristics. Dominant substrata of plots 5 and 6 were
smal l er than those in plots of Area 5. Potential spawning habitat in
Area 8 is directly downstream of a long, straight reach of fine and
coarse sand, a conditionthat likely resulted in substrate novenent
during high flows and refilling of interstitial spaces at treated sites.
These factors will dictate the need for annual treatment of potentia
habitat in Area 8.

Addi tional benefits of our nethod of substrate treatnment were | ow

cost and ease of operation. Other alternatives for rehabilitating and
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creating sal nonid spawni ng habitat have been successful, but are
somewhat expensive and difficult to maintain. House and Boehne (1985)
constructed gabion weirs and installed log sills and boul der groupings
to enhance fish habitat in East Fork Lobster Creek, Oregon. Nunbers
coho sal non and steel head spawni ng i ncreased substantially with nunbers
of rearing young. House and Boehne (1985) reported four to six person
crews and anticipated costs of $1,200 (U.S.) per gabion structure.
Spawni ng channel s have been used successfully to produce sockeye sal non
fry in British Colunbia (MDonal d and Hune 1984), however, project costs
are usually high (West and Mason 1987). Total cost of substrate
scarification and boul der placenent was $460 (U.S.) in 1993, and
projected cost for conpleting all proposed treatnment was estinmated

$2,667 (U.S.), or about the sane cost of two gabions.

Boul der Pl acenent

House and Boehne (1985) used boul der groupings as part of the
successful rehabilitation and enhancenment of sal nonid habitat in East
Fork Lobster Creek, Oregon. They used |arge boul ders (>60 cm
individually as well as in clusters and in conjunction w th gabi ons and
log sills. Al but one boul der rermained in place. Al six boulders we
pl aced in the NFPR remained after one spring flow period, although peak
flows in 1994 in the NFPR were | ower than normal due to bel ow nornal
snowpack. During years of normal or above normal runoff, boul ders may
not remmin stationary, however, high flows are necessary to encourage
gravel recruitnment around each structure. We recomend usi ng boul ders =

60 cm
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Based on our observations in the NFPR naxi mum spawni ng use
associ ated with each boulder is three redds. An alternative to boul ders
m ght be | arge woody debris in the formof root wads. W observed root
wads that provided excell ent spawni ng habitat for kokanee. Roots were
firmy anchored in the substrate and the structures encouraged
deposition of spawning gravels and provi ded substantial cover in shallow
wat er. These structures provided substantially nore area for spawning
t han boul ders, as we counted up to 30 redds directly behind one root wad
structure. However, only four root wads were |located within the kokanee
spawni ng distribution in the NFPR Their use in the future, in addition

to boul ders, could be consi dered.

Potential Fry Production

Cost-benefit analysis of rehabilitation efforts should be an
i nportant part of preproject planning. W cal cul ated expected benefits,
interms of fry production, of a well-defined plan for creating kokanee
spawni ng habitat in the NFPR Qur results were based on observed use of
habitat plots by adult kokanee and observed survival to the pre-energent
fry stage at all treatnent areas. Kokanee escapenents into the NFPR in
1992 and 1993 were consi derably higher than recent years (Qbjective 1),
and fry production fromthose broods were probably higher (Cbjective 2).
In light of this, the total potential benefit of our proposed habitat
rehabilitation remai ned somewhat significant. Total potential fry
producti on expected from substrate scarification and use of boul ders was
15.0% and 8.3% of fry recruitnment in 1993 and 1994, respectively.
Benefit of substrate scarification outweighed that of boul der placenent

as potential fry production due to substrate treatnent alone was 13.5%
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and 7.5% of fry recruitment fromthe 1992 and 1993 kokanee broods,
respectively.

Actual overall benefits of rehabilitation could be higher
especially during years of high spawner escapenents in the form of
reduced egg nortality, if the spawners using the treated areas woul d
have contributed to redd superinposition in areas of high spawner
densities. W did observe sone signs of redd superinposition
particularly in 1994 when escapenent was high. Significant
accunul ati ons of eggs were located in slack-water areas that were
probably di sl odged by the second "wave" of spawners using areas
saturated by spawners only 2 weeks earlier. The actual benefit of
habitat rehabilitation nay be higher than calculated, if each female
kokanee in the second "wave" of spawners destroyed an entire redd of a
previ ous spawner.

Qur methods of creating and inproving spawni ng habitat in the NFPR
m ght be inproved and the benefits of treatnment could be increased with
identification of nore potential sites. Additional sites could becone
avail abl e for substrate treatment if access problens for heavy machi nery
were overcone. We identified sites as potential habitat only if banks
were stable or if access by stream crossings and subsequent travel by
streanbed was suitable and not likely to cause significant damage
Addi tionally, spawner densities mght be increased substantially at the
sites we identified for substrate treatment by renoving channe
arnoring, boul der and cobbl e substrate (>50 nm), to encourage natura
recrui tnment of gravel as House and Boehne (1986) suggested. W fee
such actions would increase densities, particularly in Area 5 reaches,

because at npbst plots use was restricted to patches of gravel while
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significant area was still dom nated by unsuitable cobble substrate.
Natural gravel recruitnent would probably fill the void of displaced

arnmoring material .
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GENERAL DI SCUSSI ON

The principal justification for conducting this project was that
recruitnent to Payette Lake was |inmiting the sports fishery. Qur
findings indicate the last 2 years had high |l evels of kokanee
escapenent, successful spawning, incubation and downstreamfry mgration
to the lake. Habitat conditions in the North Fork of the Payette River
are better than hypothesized. Survival to the emi grant fry stage for
the 1992 and 1993 brood years was hi gher than nost systens reported in
the literature for kokanee and sockeye sal non popul ations in the Wstern
United States, Canada, and Al aska. Egg retention in femal es, one
i ndi cator of spawni ng success, was |ow even at hi gh escapenents (>30, 000
spawners) in the North Fork of the Payette River

St ocki ng of hatchery reared kokanee fry in Payette Lake has not
i mproved the kokanee sport fishery in Payette Lake. W collected small
nunbers of hatchery-reared adult kokanee in a trap during 1993. The | ow
returns suggest discontinuing hatchery stocking of kokanee in Payette
| ake.

The emi gration period of kokanee fry fromthe North Fork of the
Paytette River to Payette Lake occurs fromlate March through June.
Peak seasonal migration occurred during the normal peak di scharge (early
June) in the North Forth of the Payette River

Tenperature di fferences between years affect the tining of
nmgration and the degree of devel opnent of the fry. Thermal units
accurul ated by the 1992 cohort was higher than the 1993 brood, primarily
a result of later spawning in 1993. Kokanee al evins and sac fry may not
have been devel opnentally ready to migrate as flows increased in Apri

and May 1994. Percentage of sac fry migrating in 1994 was nearly 50% of
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some nightly catches. Assunming alevins nmigrate into the |ake, surviva
of al evin kokanee may be lower during initial |ake residence than fry
with near conplete absorption of their yolk sac. W are unsure of why
spawni ng tinme differed between years, but variable timng may have
significant consequences for fry survival

Habitat in a few principal spawning areas of the North Fork of the
Payette River was generally simlar to that described in the literature
for sockeye sal non. Sockeye sal non show the wi dest range of adaptations
to spawni ng habitat anong Pacific sal nobnids as spawning adults will use
beach shoal s, headwater rivers, rivers between |akes, spring-fed ponds
and creeks, side channels, and | ake outlet rivers. Substrate used for
spawni ng in these habitats is also variable. Habitat used by kokanee in
the North Fork of the Payette River denonstrated sinilar diversity;
spawni ng was observed in nain channel areas, steep gradi ent headwater
reaches, side channels, and springs with upwelling ground water. About
the only difference in habitat that we observed in the North Fork of the
Payette Ri ver was kokanee spawning in |ower velocity areas.

Al though silvicultural activities have been extensive in the North
Fork of the Payette River watershed, kokanee enmbryo and fry surviva
based on our 2 year study seens adequate to popul ate Payette Lake. As
i ndi cated, sockeye sal non exhibit the wi dest range of habitat conditions
of all Pacific salnon. The relatively high survival we observed could
reflect the species adaptations to snaller substrates. The nechanismis
uncl ear, but mass cleaning in snall areas by |arge concentrations of
spawners coul d be producing high quality habitat foll owed by stable
flows in the North Fork of the Payette River during incubation with

little deposition of fines. Rain-on-snow events are potentially
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dangerous to incubating salnonid enbryos and | arvae but are uncommon in
the region. We believe the availability of a small nunber of high
quality spawning sites in the North Fork of the Payette River is
adequate to produce kokanee fry at the level necessary to fully seed
avai l abl e habitat in Payette Lake. However, further degradation of
spawni ng habitat by | and-use activities in the watershed could occur and
adversely affect kokanee production to the | ake.

Anot her concern in the North Fork Payette drai nage was fluctuating
flows fromthe three snall upstreamreservoirs. Reservoir evacuation in
August and Septenber increased flows duing kokanee spawni ng. Water
rel eases did not strand significant nunbers of redds and survival in
dewat ered and fully innundated redds was simlar. Operation of
reservoirs in 1992 and 1993 did not significantly inmpact kokanee and,
therefore, we recommend future operation not depart fromthat observed
in these years. In particular, reservoir evacuation should occur over
an extended period of tinme and not be limted to short rel eases of |arge
anounts of water and should be conpleted by the end of the first week in
Sept enber.

W were successful in creating kokanee spawning habitat in the
North Fork of the Payette River using substrate scarification and
boul der placenment in areas unsuitable for spawning. Potential fry
production estimates indicate significant nunbers of fry could be
produced frominproved habitat. At current |levels of survival and
seeding to the | ake, additional spawning habitat is currently not

necessary in the North Fork of the Payette River.
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SUMVARY
1. Kokanee spawni ng escapenents were significantly higher in 1992 and
1993 than in the previous 4 years. Estinmated escapenent was 31, 920 and
59,310 in 1992 and 1993, respectively. Potential egg deposition was
13.3 million (95% bound +/- 0.462 x 10°) and 18.6 mllion (95% bound +/ -

0.712 x 10% in 1992 and 1993, respectively.

2. Egg retention in kokanee, an accepted indicator of spawning success
inthe literature, was |ow during both years (n=377). A mgjority of
fermal es observed in all age classes in both years contai ned zero

unvoi ded eggs; in 1992 and 1993, 94% and 97% of femal es, respectively,

retai ned 20 eggs or |ess.

3. Age 4 kokanee doninated the 1992 and 1993 kokanee spawning runs into
the North Fork of the Payette River. Spawners of simlar age and sex
were snmaller in 1993 than in 1992 coinciding with the larger run in

1993, possibly an indication of higher |ake densities.

4. Mean egg to pre-energent fry survival in 1993 was 66. 6% (SD=37. 1%
n=95) conpared to 72.4% (SD=33.6% n=95) in 1994. Kokanee fry
recruitnent to Payette Lake was estimated at 2.51 million (95% bound +/-
0.491 x 10°% and 4.53 nmillion (95% bound +/- 1.16 x 10°% for the 1992
and 1993 brood years, respectively. Egg-to-fry survival was 18. 9% (95%
bound +/- 3.29% for the 1992 cohorts and 24.4% (95% bound +/- 6.3% for

the 1993 brood years.
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5. Kokanee spawning distribution in the North Fork of the Payette River
enconpassed the total river area of 153,402 nf. Pool habitat was the
nost abundant (40.4% followed by glide (34.9%, riffle (18.5%, slough
(4.33%, and spring (1.90%9. Riffles were the nost abundant habitat in
upstream reaches, glides were nost abundant in nid-section, and pools
were nost abundant at the downstreamlinits of kokanee spawni ng

di stribution.

6. Sixty-eight percent of spawni ng kokanee were counted in Areas 4, 5,
6, and 7, midsection reaches of the study area. Habitat use by spawning
fish differed significantly fromthat expected based on availability
(X?=13,930; p<0.001). dide, riffle, and spring habitats were sel ected

whi l e pools and sl ough habitat were not based on availability.

7. Mean depth at spawning |l ocations was 41 cm (range=3-159 cm n=1, 051)
and nean velocity was 28 cm's (range=0-130; n=1,051). The highest
probability of spawning occurred at depths of 30 to 42 cm velocities of O
to 6 cm's, and in substrate dom nated by | arge gravel (>26-50 nm.
Spawni ng habitat criteria determ ned for kokanee in this study were
simlar to that previously reported for water depths but velocity was

| ower .

8. Kokanee selected spawning sites in the North Fork of the Payette
River that differed widely in substrate conposition, sinmlar to
observations for sockeye sal nbn. Average geonetric nean particle
dianeter ranged from4.8 to 13.5 mmin spawni ng | ocati ons whil e average

percent fines in spawning |ocations ranged from14.0 to 34.1% (by
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weight) for particles < 3.35 nmand 5.4 to 23.1%for particles < 0.833
mm

9. Flowfluctuations in the North Fork of the Payette River as a result
of upstreamreservoir evacuations occurred for short time periods and
were timed with initial kokanee migration and spawning activity.

Altered flows did not result in a significant nunber of dewatered redds.
Survival to pre-energence in dewatered redds (nean=66.1% SD=44.8% n=5)
was simlar to that in areas not dewatered (nmean=66.6% SD=37.1% n=95)
The timng of water releases and relatively small volunme probably serve
to limt negative inpacts to kokanee reproduction and incubation success

in the North Fork of the Payette River.

10. Substrate scarification and placenent of |arge (40-80 cmdia)
boul ders had the potential to increase recruitnent by 338,500 fry, or
about 15% of the 1992 kokanee cohort. Enbryo survival and fry

recruitnent is deened adequate to fully seed Payette Lake.
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Appendi x Table 1. Statistics for gravel sanples collected in kokanee
spawni ng areas in the North Fork of the Payette
Ri ver, ldaho. (See Figure 1 for Area | ocation).
GVECGeonetric Mean; Fl=Fredl e index; Fl =nodified
Fredl e i ndex. Survival (S) data was to pre-energent
stage observed in 1993.

Sanpl e Ar ea GM Fl FI <6.35 <3. 35 <0.833 <0.25 S
m (% mm (% mm (%9 mm (%

1 5 4.6 1.3 0.8 41. 4 31.1 16.8 1.2 0
2 5 5.2 1.5 0.9 43.5 33.3 15.0 1.1

3 6 6.2 1.8 1.1 43.0 32.0 11.5 0.3 89.
4 6 20.2 7.5 14.0 34.9 24.9 11.0 0.9 0
5 6 5.6 1.2 0.8 46.0 38.3 20.1 1.3 100
6 6 9.8 3.2 2.0 29.4 21.8 7.3 0.5 88.
7 6 10.1 4.7 3.3 27.9 16.8 8.5 1.3 1.0
8 6 6.2 2.2 1.4 40.6 29.2 9.1 1.1

9 6 6.4 2.6 1.8 36.9 25.2 7.6 1.1 62.
10 6 9.6 3.6 2.3 30.9 21.1 7.9 0.7 0
11 6 4.8 1.6 0.9 46.6 33.4 13.8 0.9 0
12 6 8.2 3.2 2.1 34. 3 22 4 7.5 0.4 95.

13 6 8.1 3.0 2.1 32.7 22.9 6.3 1.2 50.
14 6 9.1 2.7 1.5 30.8 23.4 9.6 0.6 84.
15 6 8.3 3.5 2.4 31.8 20.1 3.0 1.5 08.
16 6 8.2 3.2 2.0 32.5 22.8 7.7 0.7 58.
17 6 6.7 2.5 1.2 31.7 23.8 12.1 1.5 98.
18 6 7.4 2.5 1.6 31.6 24. 4 9.5 0.9 14.
19 6 6.0 1.9 1.1 40.5 28.3 12.8 1.0 83.

20 6 7.6 2.5 1.6 356 252 8.2 0.7 1.0
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Appendi x Table 1 (continued). Statistics for gravel sanples collected in
kokanee spawning areas in the North Fork of the
Payette, ldaho. (See Figure 1 for Area | ocation).
QViGeonetric Mean;, Fl=Fredl e index; Fl snodified Fredl e
index. Survival (S data was to pre-energent stage
observed in 1993.

Sanple Area @M Fi FIm <6.35 <3.35 «0.833 <0. 25 S

# m (% m(% m(% m((%

21 6 80 28 1.5 30.7 23.1 10. 6 1.2 92.9
23 9 5.7 2.3 1.2 336 249 13.0 0.8 38.1
24 9 6.6 2.8 1.7 33.8 234 11.3 0.9 78.3
25 9 54 2.5 1.4 36.3 241 12.0 1.2 93.4
26 9 7.2 3.1 1.8 349 228 10. 8 0.6 65. 2
27 5 7.0 2.2 1.2 382 263 9.0 0.5 84.6
28 5 9.5 3.2 1.8 325 22.3 8.3 0.5 58. 1
29 5 8.0 31 1.8 312 219 9.5 0.6 82.8
30 5 6.4 2.2 1.2 341 249 13.3 2.1 95.3
31 4 9.7 3.8 20 260 19.4 9.9 1.6 9.7
32 5 11.0 4.0 2.3 281 19.9 6.4 0.5 80. 2
33 5 12.4 4.2 2.6 25.8 19.0 7.5 1.2 87.4
34 5 6.4 1.5 0.8 41.9 32.0 16.8 1.1 4.1
35 5 14.1 50 3.4 23.4 16.0 6.1 0.5 0
36 5 2.4 0.9 0.2 3.3 249 6.8 0.5 1.0
37 4 10.3 4.0 2.6 287 19.3 5.1 0.3 87.2
38 3 8.0 1.9 1.1 32.8 255 13.0 0.9 95. 4
39 1 8.2 24 1.3 389 280 11. 4 0.7 82.1
40 4 9.4 3.1 1.8 29.0 221 9.8 1.2 86. 8
41 3 91 3.0 1.7 3.9 228 9.6 0.8 0
42 4 8.9 33 1.9 294 220 7.2 0.5 98.0
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Appendi x Table 1 (continued). Statistics for gravel sanples collected in
kokanee spawning areas in the North Fork of the Payette
Ri ver, |daho. gee Figure 1 for Area
| ocation). GWECGeonetric Mean; Fl=Fredle index;
Fl .=nodi fied Fredle i ndex. Survival (S) data was to
pre-energent stage observed in 1993.

Sanple Area GM Fl Fl <6.35 <3.35 <0.833 <0.25 S

# m (% mm (% mm(% mm (%

43 3 12.9 4.4 2.9 24.9 17.8 3.8 0.2 92.7
44 4 8.2 2.3 1.3 38.6 28.1 10. 2 1.0 79.8
45 6 7.1 2.8 1.8 35.5 24.9 9.1 0.2 -
46 6 14.0 7.5 5.1 18.5 11. 4 3.3 0.2 -
47 6 5.8 2.6 1.8 37.8 25.3 9.0 0.4 -
48 6 3.4 1.2 0.7 52.0 36. 4 18. 6 1.2 ]
49 6 9.7 50 3.1 238 16.7 5.5 0.3 ]
50 6 4.8 1.8 1.0 37.4 28.3 13. 5 1.1 ]
51 6 6.5 2.6 1.7 35.0 24.7 9.3 0.5 ]
52 6 5.4 2.1 1.3 35.4 26.7 11.1 0.6 ]
53 6 7.2 3.1 2.1 31.4 22.6 7.4 0.5 ]
54 6 4.9 1.7 1.1  39.2 30. 6 12. 4 0.5 -
55 6 8.0 3.4 2.3 30.4 21. 4 6.2 0.5 ]
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