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Effects ol Fluctuating Flows on the Population Dynamics of Rainbow
Trout in the Spokane River of ldaho

Abstract
Rairbo{ trout (rr,.drln?.rLi r,r/rai) $ere studied nr 1985 and 1986 in the Spokane Ri!i,r. l,llho. to evaluate possihl: lacroh
liniring abundance and survilal. A mark anrl recapture estirnat. r,ad. in the fal 1985 Nas 19.02t) lish drd standing oor, $as
estimared ar 5.2 s/m'? in ! 7.9 km reach. HainboN tfout sro$th rares wc- ab{rrr: arerage for the regho $iLh llsh .lerasing l:10,155
mm in lengrh bv thc i,nd ol the first letu. EstiniaLcs ol ror{l insrantaDeous rat(i ol morlaliF (Z) were 1.35 usina cal(h cuNes and
l.l3 to 1.44 based on Lltli retuns. Eaploiratior .r,rrl,tul lbr nonresponse $as 8-g rrrcenr miLking insrantrn(!,us rlles o{ fishng
morlalih (Fl 0.16 and natural morralitl Ul r.19. Anmal sunilrJ for re.rrired fish {as less lh:!n :J0 percent. },osr sruwning. oler
winto nortalirr. high zinc concentrations, high sudher temper.tures abd/or low summer flows mav ha!. ,t'rrribuled to the high
natural monalitv. Spuuning cornmenced iir lhr lrluho reach about I April. Variatrlc vear class sbengrhs app,,dftal ro correlnte wjth
river flou beLrccr thc spa{ning pertud (earh sprins) ud establishmert,,1 t.ding rerrirories (I Jrl)) during lhe firsr surnmer.
Frproduc  D$!smin ima l  1986.Sampl ;ng \o !ns-o l lhe  tearbout in the fa l lundr : ramnrar ionof thehvdn,graphtou ldprodde
fishen manager-. rith two vr:ars adrance plannirg t,) sur)pl,,menl weak year classes-

Introduction

The Spokanc River, ldaho. has sustained a popu-
lar rvild rainbow lrour (Oncorhyrchu\ mrArss) fish-
ery for manv vears. Recently. hon'cvcr, fishermen
havc reported dedines in thc size and number of
trout. Excessivc harrest. lack ofsparvning habitat
and dam operations have becn su€iflested as pos-
sible causes (Idaho Dcpartment of Fish and Gamc
I9B5). Despite the introduction of blown trout
(Salma truua) rainbow trout remain the principa.l
gamc l ish (Bennett and f lndcnlood 1988). In
Idaho, the Spokanc River has been managcd un-
der a gencral sir f ish creel l imil  t 'hcreas doln-
saeam in Washington. restrictivc terminal gear and
creel l imits have bccn imposed.

Some angler groups in ldaho hare requcstcd
moro restdctive regulalions. such as lou'er creel
limits and/or size limits. Additionai dara are nccded
on abundnnce, mofialitv. gro$,lh and recruitrnent.
Our objectives were: I ) to investigate the popula-
tion dynamics of rainbol trout in the Spokane
River; and 2) to evaluaLe faclors affecting rainbow
trout survival and abundance.

Study Site

The Spokane Itiver ibrrns at Post Falls Dam (Fig-
urc 1), the outflol, ofLakr Cocur d'Alene (-t0.121
hectares, 6,tr['1.6 m clcr.ation). Lake Coeur d'Alcne
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l'isure L The Spokane Rnr:r locuted at the outfa of Qna,r
dlllene Lake. in northr:rn Idaho and the studr arca
Irom Post Fa s Dan dornsrrcam ro rhe Idaho
Washinsron border.

and the lrost Falls Dam are separatcd by a long
(14.5 km) shallow arm that restricts outllot'to the
lake's surface rvatcr. 

'fhe 
river florvs *cst from the

lake, through the city of Spoklrne. ['a-shington, and
joins thc Cohrmbia Ri\rer at T,ake Rooselelt. At Post
Falls Dam the rivcr drains approximately 958.300
hecures including Lxrth highlv developed and road-
less areas.

The studv area rvas the I0 km rcach between
Posts Falls Dam and the Idaho-Washington bor-
cler. 

'l'he 
river in thc studv area is borderccl bv

agricultural land and expanding residential de-
r.eloprnents. l\4ean river tidth was 5B.B m and
mean high and low instantaneous l lows rverc 623
m'/s and 14 m'/s. During spring runoff the lake
fills and river flow is normally uncontrolled \vhereas
during summer, f lot '  equals lakc intake (minus
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e\.aporation) and is augmented bv lake storage for
hvdroeler{r'ic generation in late August or Septem-
ber. At lou' flow the river follows a riffle-pool-run
sequence irith a gradient of approximately 1.8
m/km. Thc channcl is gcnerallv large cobble with
bcdrock cxposcd in scourcd pools. S'atcr tcmpcr-
aturcs during this study rangcd from 2 to 24 C.
llir.er conductivit,v t,vpicallv ranges from 50 to B0
umhos (l'unk et al. 1975).

Methods

Fish col lect ions \rere made in March. June. Sep-
ternber. and Or:tober L9B5 and June and October
1986 from dri f t  boats equipped wilh boom-trpe
ele<trofishing ecluipment. Each boat r,;as cquippcd
with trvo arravs of anodes and cathodes, a 3,500
or 2.900 $aLl generalor. livecar. and was operated
b,v a crew of two or three (one oarsman plus net
tcrs). Pulsecl DC currcnl rras provided via a Coffclt
VP--t5 pulsator unit .  Fish were usuallr  captured
and processed in the same ri f f le-pool segrnent of
stream from which they were caplured.

Fish were mea-sured for fork length (nearest mm)
:rnd a subsample weighed to the nearest gram. Trout
( I 70 mm weic considcrcd too sm:rll for tagpJing.
Captured f ish ()I70 rnm) were mea-sured (fork
length), tagged tith serially numbered jal, tags and
released. A stratilied suhsample (Ricker 1975) of
up to 20 scale samples (n = l0 in 1986) per 25
mm length grolrp was taken in the fall l9B5 and
I986. I lack-culculatcd lcngth at dnnulus wds dc-
terminecl by direct proporLions. and corroborated
b_v length liequency distributions (Tesch 1978).
Rcward tags vonh $5.00 $crc placcd on 4 to 20010
of thc jall taggcd fish to cstimnte angler non-
responsc (Hcnny and tsurnham 1976).

Abundance estimates of Age-l + and older lish
( > 130 mm) \{ ere made in the fal l  of l9B5 using
a modified Petemen rnark arrd recapture estrmate

lRicker 1975). l'ish r\,ere malked using an adipose
fin clip. rclc.rscd ancl rccapturcd 12 da1's later to
allov for rcdistribution (Vinccnt 1983). Also. t'c
jalr taggcd 378 trout to assess movement to evalu-
ate the assumpt;on of a closed populat ion. Catch
eff iciency cLlrves were used to di l idc f ish into size
group- lbf morc .r.curJlc populr l iol l  e. l im.r lp-
(\r incent l9B3). Alcragc t 'cights r.crc calcrr latcd
for the size groups and mrrl t ipl ied by the poJrula-
t ion estimaLes to esl imale slanding (:rop. Formulas
for each estimalof are l isted in Table I.
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Total instantaneous rate of rnortality and fish-
ing and natural mortalities were estimated bv catch
cur'\'es (Everhart and Youngs 19[JI) and annual
tag returns (Ricker 1975; Tablc 2). Trout wcrc
capturecl. tagged and released in March. June and
September l985 and June I986. Tag return data
rvas thcn alailablc for trvo vcars from the March
and June 1985 releases and one vear from lhr
September I9B5 and lune l986 releases. lnstan-
laneous f ishing mortal i ty (F) was calculated from
annual exploitation (E) based on ta€i retulns. In-
slanlaneous natural mortalily (Nt) 1|as calculated
as Lhe dif lerence between lolal and f ishing mortal-
itv (Table 2).

The stLtdy area rvas stfat i f ied into uppcr. mid-
dle and lower sections aDd north and south banks
to estimale the abundancc of Agc-O fish along thc
river margin. We snorkeled rnndomly selected
transects ( i j5 per stratum each l0 m Jong and 2
m widc) once in Julv I986 (Evcrhart and Youngs
I9B1; Schaeller et al. 1986).

The relat ive strengths ofthe 1984, l9B5 and
1986 year-classes t'ere evaluated clualitatively by
snorkclinli the same leaches of river in Julv l9B5
and 1986 and by comparing lenplh liequency dis-
tdbutions lrom electrofishing data. Dischargcs from
Post Falls Dam betrveen I Nlarch and 30 Junc for
198,1, l9B5 and 1986 were e).amined l t l  deler-
mine if any rclationship cxisttxl bchlccn vcar-class
strength and cl ischarge during the sparvning and
incubation seasons.

Results

Abundance and [,4ortal ty

We estimated 19.O29 (95o/o C.I.  :  15.786 and
22.2111 Age I and older rainbot trout ()130
mm) $'ere present in the studv area in the fall o{
1985 bascd on 1,014 marked f ish released and
1l 1 rccaptures of 1.950 f ish cxamincd fcrr marks.
The standing crop was estimated to be 5.2 g/m'.

Estimates oftotal instantancous ratc of mort.rl-
i tv from calch curves lverc 1.35 for poolcd data
(F igu re  2 ) .  1 .27  and  2 .10  l o r  l 9B5  and  1986 ,
respectively. Estimates of tolal inslantaneous rate
ol mortality using single lots of tagged fish were
1.,14 (Slarch 1985 release) and 1.28 (June 1985
rel:ase) and thc pooled cst imatc from rclcascs in
June l9B5 and 1986 was 1.13.

Returns from fish tagged in March and June
1985. and Junc 1986 wcrc similar whereas returns
frorn Lhose taggcd in Scptcmber l9B5 wcrc lot 'er



TABLE 1. Formulas used for population estimates of rainbo$ trout in the Spokane River. Idaho.

Population eslimate Age I + and oldcr:

" ,  ( M + r )  . ( c + l )
( R  +  l )

$hcre.
N : estimatcd number of fish in the study area,
M : the number of f ish marked,
( l  = the nLrmber of f ish examined lbr marks.
R : number of rccaptLrred markecl fish.

1{heIe.
V151 : the variance ol the estimale population'

Population cstimate AEie-0 fish:

" ,  A . t N ;
o 

rrhaa".
A : the nurnber ol possible quaclrats,
a : the numbcr of quadrats sampled,
Ni : the number of fiy obscn'ed in the ith quadrat.

, A'1 (aA) (a Ni'? (ENi']))
I r \ r  -  

"  
- '  

" ( " _  l )

I
J

Catch Curves For 1985 and 1986

l  t l v v
Age

f isure 2. Plor of rhc narural logarirhm ol Lhc rlecbofishing tutch of rainborv trout lrom iall

l9U; and 1986 .,,llections, lio m lh(i sLdr area. The insllnrane,nF rate ofmod{l-
ilr (Z) is rhe slor (absolute value) ol thc regression line Th,, lnte represents mor-

talitl {or ihe poulc,l data {or 1985 arrd 1986.

1985 A

1986 0
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TABLE 2. Formulas used to estimatc survival and mortality statistics of the rainbow trout population

in the Sookanc River. Idaho.

Syrnbols:
A : total annual mortalitv
E = annual f ishing mortal i ty
F : instantaneous fishing mortality
Nl = instantancous natural mortalitv
S : annual survival
Z : toIaI instantancous morLalitY

\  
15 r  

-  r a r i ance  o f  l hc  e ' l im  r l c

Chapman-Robson estimatc of suryi!al:
S  :  T / n + T - 1

1!here,
S : the estimate of annual survival,
'f = thc sum of the coded age multiplied by their frequcncics,
n : the sample sizc.

v i s y  =  S [ S  ( r  r ) ] ( n + r - 2 )

Estimate of sunival from tag returns (ltickcr 1975):
s = R,/It,

where,
S = the estimate of annual sur'\'ival.

Rl = recapturcs tluring the first year.
R2 : recaptures during thc second year.

vi9 : Is(1 -s)l/R'
and

S :  R t z  ( M 2 / M 1 ) R 2 2

M 1
slz
R r z
Rzz

V1"1 : 52 (I/R12 + l/R22 I /Ml 1/M2)

: number of fish marked the first ycar,
= number of fish marked the second year.
- iirst,vear fish recapturcd the second vear.
= sccond vear f ish recaptured the second year.

than the releascs in spring and sumrner (Table ij).
Nonresponse was similar to that obscrrcd in other
s_ystems (Rieman 1987) based on the return ofrc-
$afd tags (mean = 420lo). Thc mcan annual ex-
ploitation late wcightcd by the number of tagged
fish was 9.2 percent (reirard tngs) or 8.9 pcrcent
(regular tags corrected for non-response). The
highest estimate of instantaneous fishing mofialily
sLu 0.34 I ' lscd on thc looled cdlch .un e l .- l imclc
oftagged fish which was equ;valent to an exploita
tion rate of 1B.B percent, and this was the rate uscd
to ar.oid overharvcst rrnd bc consistent wilh a con-
scrvative management style. With the IB.B percent

T.{BLE 3. Sunnarv of Moncl jrN Llsgdl nsh relesed in the

Spokane Rirer, Idaho.

Reward tags

\umber Percent \unber Percent

tr{onth Year released rcturrcd .,lcas.d r.turh.d

x'rrrch 1985

Jure 1985

Sept. 1985

Jun,:  1986

32

3rJ

l 6

70

331

303

362

274

6-30t;t

6 . u o / o

2.2o/o

5. l  Vo

9..10/o

7.9qo

I  B.BVo

7.1o/o

2t4 l ]nderw.rod and Brnnrtt



exploitation rate. thc instantancous natulal mor-
tality was 1.01. about 75 percent of the total an-
nual morrality (Tablc 4).

TABLE L Summrur of annual and insrantaneous rates as

related to lerels oferploitathn nr the Spokme Rirer.

Idaho.  ,svnrbo ls  !n  d  $ ,J r :  S  :  annua l  sur rna l ;

A = .nnual mortalt_v; E = annual exploituionr F
= ;*tanlaoeous fishiDg r.otali\'i tr'l = imtartare'

ous nllurli morl{lilr'': lnd Z : knal instantu(rs

mortalrtl.

(Figure 3). Fish of thc 1985 year-class wcrc col-
lcctcd in Junc 1986 far lcss abundantly than thc
l9B4 year-class at the same age. Undenvater ob-
servations indicated that fry densities of the 1986
year-class $ere lover than those of the l9B5

T^tll.r 5. Back<alcularcd iork lcn{+h (mm) d annulus tor rain
bow trout caplured br eleclrofishnq in lhe Spokdre

River, Idaho, in September 1985 and O.tober

1986.

Catch (ufts (W/E : 0.0921

1 9 8 5  0 . 2 7 9  0 . 7 2 0  0 . 1 6 2  L |  1 . 2 7

1 9 8 6  0 _ 1 2 2  0 . 8 7 ;  0 . 2 1 8  l  B 7  2 . O 9

Pooled 0.260 0.7.10 0.167 l  l8  1.35

Chapman Robson (W/Fl : 0.092)

1 9 8 5  0 . 2 5 3  0 . 7 1 7  0 . 1 6 8  1 . 2 0  1 . 3 7

1986 0.324 0.676 0.153 0.97 l  t3

Pool :d 0.216 0.78,1 0.179 l - :15 1.5:J

Catr .h Currcs ( \ l  iL  = 0.188r

i 2
70
28
l5

153
ls3 214
l,1B 242 305
164 257 311
166 227 307

3 5 5

:J54

19  13 ,1
45  140  2 t  B
tf l  140 2:12 305
2 157 22i 3191985

t986

{ihapmar-Robsor (tr/E = 0.18B1

t985

1986

r986

0.330 0.9' l
0.,147 L64
0.342 l  ot

0.3{4 1.03
0.i l  t3 0.82
0.366 1.29

3 7 1

3 i l

'18.8q6 estimated fron reward tags released in Septenber

1985.9.20/0 is the alerage renrrn olrevard tags iveighted for

the rumber relesed.

Age and Growth

Fir.e afie classcs lvcrc prcscnt in thc clcctrofishing
catch. Crowth rales were above average l'or rivers
in this area (T. Bjornn, Idaho Cooperative Fish and
Wildlife Research l,nit. Personal Communication).
rvith fish averaging I40 155 mm in length by the
end of thc first ycar (Tablc 5). The least-stluares
regression equation best dcscribing the length (L)
- Weight (W) relationship for 1985 was l,og.(W)
= -10.77 + 2.90Log"(L); Loge(W) = -9.95

+ 2.76T.o9.(I) for 1986; (rz = 0.97 for both
Yeals).

Year-class Strength

The l9B4 vear-class was the most abundant co-
hort in al l  samples col lectecl in l9B5 and 1986

JUNE 1985

Figure :3. Lergth-frequencr distributions of rainborv trout col'

l cc tcd  in  Junc  and Ocrob. r  1985 and 1986.

I
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vear--class. Arcas that supported fry in 1985 dicl
not contain lrv in l9t i6. In I  986, 37 fn'  r ,".crc ob-
scrrccl in 22 of 210 quadrats (I20lo) out ol 1694
possible quadrats. An estirnate of i i15 Age-0 f ish
(950lr C.I.  158 < N < ,171) las ca]culatecl for
thc studr'  arca in lune 1986. Length-i iequency
data for October l9B5 and 1986 crrrroborntcd our
snorkcl data that younpl-ol-the-vear \'!ere present
in the elecLrofishing samplc in Octobcr 1985. but
not in C)dober 1986 (Figure i3).

Discussion

Wc csl irnalcd olcr 1.900 f ish/km in the ldaho sec-
t ion of the Spokane Rir 'er ' .  a larger rainbo$'tr-out
population than an earlier estimate of less than 421-)
f ish/km (Bailev and Saltes 1982). Thc fal l  biomass
of 5.2 g/m' (rr inbow trout ) l l3O rnm) was sirni-
lar to that of a sel l-suslaining fainbo!\ '  trout popu-
lat ion in Virginia (3.1 3 to ,1.30 g/m'. Neves et a1.
1985). for a tail$,ater lishery in the (lreen Rivcr
olWvoming (21,.96 g/n'] .  Wilc.v and Dufck 1980),
and a combined populat ion biomass of brown and
rainbov trout (> l9B mm) in the l ladison River
of Monlana (5.9 g/m'. Vincent 1969). Standing
clops frr Age-0 and Agc-l lish t'ere estimated as
high as 10.4 and 16.0 ghn'] in a productive
fainbo$'-steelhead stream in easlern Idaho (Bjornn
l97B). In othcr studies on trout sumrnarized by
Lorz (1975). est imated standing crops rangcd bc-
tveen 0.2 anJ 22.1 glm'.

()ot, th rates of rainbor trout in Lhe study area
tere gorxJ. Annrral grorvth increments during the
first vcar t'cre similar to other populations in the
same lat i tude (S'rdoski and Whitnev l9T9).

Annual moltal i t ,v in the lorver Spokanc Rivcr
n'as 74 percent per vear. Estimates of lotal mor-
talitl (Z) flom catch cun'cs and tag retulns ilere
similar:rnd exploitat ion estimates u,erc similar to
Lhose pleviousl,v rcporterl  (4-9lo) for thc r ivcr
rR r i l ,  r  . r n , l  S r l t , :  l qB2 r .  I n  "ompc l i - on .  i r r - t an
taneous rates oi mortal i t ,v (Z : I . :35l.  F : 0.34r
l\{ = I.0I ) lor rainbor,". trout in the Spokane lliver
s . r .  - l i gh t l r  l r i gh - r .  l , r r t  i r r  t l r , . - a r r r ,  I r , ' po r t i uns
as thosc rcponed b,v Wile,v and Dulek (1980) lbr
rairrbo$ trout in the Cleen Rivcr (Z = I . ]2; F =

0.20; \ l  = 0.92). Petrosky and Bjornn (198tl)

reported total instantaneous mortalitv rates of
I.9: l-2.06 fol vearl ings and olcler lainbcxt trout
ovcr t thrcc ycar period for tsig Springs Creek.
Idaho. a pnrcluttive slream in cir^stcrn Idaho. Bascd
on these studies. $,e do not bel ieve the morLal i tv

of rainbow trout in the Spokane Rivcr in ldaho is
uncommonly high. Populat ions in other strcams
that produce qual;ty f ishcrics cxhibit  even higher
mortalih ratcs. l'he lorv fishinpl morlalitv was a sur-
prise. Although lishing efforL $,as nol quantificd,
the close prorirnitv of thc cit ics of Coeur d'Alene
and Spokane led us to expect higher f ishing mor-
lalilv. Nalural mortality composed a major propof-
t ion ol total annual mortal i ly since mortal i ty due
to fishing rvas lorv ( ( 200/o). Nonetheless. perceived
declines in the Spokane River fisherv are difficult
to assess $, i th the l imited historical data base. The
declinc in fishing quality could be the diflerence
between er.en lower fishing rnortalitv vears ago ancl
thc prcscnt ratc.

Recruitment during 1986 was lower than ex-
pecLcd. Thc cstimatc ofAge-O rainbov trout in the
l0 km stud,v areavas onlv i:il5 fish. Based on our
morlalily calculations (Figure 2). rvc cstimate there
should have been about 10,000 Age-0l ish to pro-
duce the abundance ofolder fish observed in l9B5
and 1986. Thc lot 'number ofAge-0 l ish suggests
that recnlitment of young-of-the-yc.u- fish was poor
in 1986 despite the moderate standing crop of
older fish. The low nurnbcr of Age-O fish obsen'ed
in 1986 is onc indication that recruitment can be
mu lc  r  u i r b l e  . rmong  r  ea r - .  a l t l r ough  e , , . r r n i nu t i un
ol the catch curves (Figurc 2) f trr Agcs 2-5 rain-
bow tlout suggests that recruitment wa-s reasonablv
stable in the early 1980s.

Sizc and agc slructurcs of the rainbo$, troul
population in the Spokane River were strongly cor-
related u,ith glorvth and monality. Crotth and fish-
;ng motal;ty are similar to other quality trout
fisheries. but natural nortalitv reduces the popu-
lation up lo 64 pcrccnt annuallv allor.ing lew lish
to reach large size (older age classcs). A combina-
t i un  u lh i gh  nJ lu f c l  mo r l a l i l !  and  I n r r ' r e ,  r u i tm .n l
can shift the structure of thc population (Figure 3).
Substantial yclr-class variations occur in the Idaho
scction o{ the Spokane River under crnditions o{
h igh  na tu ra l  m , , r t a l i t r  an , l  r r r i . r l , l ,  r , .  r r r i tmen t .

'l'he 
source of natural mortality in thc Spokane

Rivcr is unknorvn. Possible causes include: over-
rvinler mortalitv (Shcttcr 1967) as indicated by the
lot'return of lish tagged September 1985 (Tablc
3)r high zinc concentrat ion (0.12-0.62 mg/I,  Funk
et ttl. 1975): post-spawning mortalitJr (Ferguson
and Rice 1980); high (24 Q surnmer r!ater tem-
peratures (Kaya 1978; Hokanson eI aL 1977); and
water level f luctuations (Mundie 1969; Holdcn
1979). It is unlikelv that natural mortalitv could
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be easily rcduced and therefor-e. the quality ofthc
f ishery depends upon recnl i tment and sparvning
slr. .cs.,  slrolrg \c.rr-,  la--e- arF tr-rr 'ss:rn l ,r  rn:r irr-
tain abundance and providc cnough fish to sur-
vive to trophv size.

Factors :rffectinpl recluilment seem ln nccur bc-
tween spa$ning (around I Apri l ;  l ' igule 4) and
some t ime short lv after emergencc (15-25 lune).
The estimatc of young-of the-vear rainbo$' lrout
was conducted in July l986 and vca.class stren$h
uas establ ishcd prior to our sampling. The I9B4
year-class, first sampled as Age-I fish in 1985. rc-
mained strong throughout the study (! ' igure 3).

I\,IARCH APBIL IVAY JUNE

\f\ senwrune ,7,7 EMERGEN:E
ligur 4. lllinimurn dailv discharges (mris.d ir thi S|,,krn(

River liom Post Falls Dam from l \larch Lhrough
30 June 198.1, 1985 ard 1986. Spa{,ijns an(l .m.r
gence t ines  o f  tanrh , r  tn ) ! t  an i  d lso  sho$r .

Year-class strcngth for I984, 19Bi> and I9{}6
r ' r .  r r r i r l ' 1 "  r r r d  "o l r " l a t "d  s i t h  t h . i r  r ,  - p , ,  t i r e
spring h,vdrographs (Figulc 4). Thc strong I9B4
year-olass wds associated with high. relativelv con-
stant f lorrs betwccn 1 Apri l  and 25 June. Spring
runoffcontinued into lale June and minimum dailv
r l i r  he rge  f l r r l t r r r t '  11  l ,  s .  J r r r i ng  em l , r r n  i n ,  r r l , a -
t ion in l9B4 than in 191J5 and 1986. Thc l9B5
year-class, intermedialc in abundance. occurred
lrith intermediatc flor,".s during spaw.ning. but seri-
or.ls rcductions in 11ols ocr'Lrr-red near cmclgcnce
Lime. The ueak 1986 ,vear class developed in a
year ol fluctuating. low flows. Spring runoff sub-

sided late in NIay 1986 and Ilows fluctuated greatll
cspccially in Ma,v when alevins rvere most vulner-
able. Nonethcless, thc l ink betrr".een water lerels
and recmitmcnt is still undear in this section o{
the Spokane River. Howevr:r. our cursor-v obsel
vations indicate that spal,".ning gravels are only in-
undatcd abo\.e llot s of 200-300 m3/scc. Flov
fluctuations causc morlality to embryos ancl alevin
through reduced oxvgen lcvcls, stranding and
desiccation (Fraser 1972; Reiser l9f l l ;  Ncitzd
and Becker 1985). Beckcr et al. (1983.| found that
dewale.ing lrecarnc more critical as embrvo de-
velopment progressed and esper: ial l ;-  bettccn
hatching and emergencc.

V'e lburrd that quadrat sampling is a technique
lo assess,voar-class stren€ith in the Spokarre Rivcr
and other rivers thaL expcricnce similar lluctuation
in f lorvs. Snorkcl transects should be conducted
shortly alier emerlience to assess thc rclative
strength of the year-(lass. Cursory predictions oI
year-t lass strengh from the examination of thc
h,vdrograph and an indcx based on transect sam-
pling of young-oi-the-year could providc cnough
inforrnation for a manager to anticipate sLocking
or othcr corrective managemenl adion to stabilize
recruitment and rrlLimately, thc fisherr. Similal in-
forrnation on year-class strengh has been used lo
prcdict catch rates (Engstrorn-I{eg 1986). Since
rairrbow Lrout in thc Iclaho section of the Spokane
River generally are nol availablc to thc lishery un-
t i l  their thi ld summer, such a strateg"- l ,oLrld al lorr
up to t$o,vears leacl t ime for implcmentation oI
the appfopriate managcment act ion ( i .e..  stocking.
season closurc, etc.).

In surnmary, we su€i€lcst that the qualitv of the
l ishery in the Idaho section of the Spokane River
l.ill lluctuate depending on climatic conditions and
spal,".ning success. Strong vcar-classes {re neces-
sur,v to offset the high natural rnortalilv to protluce
a qualitv fishcry and rtill probablv onl1- o(:(iLrf .l,;ith

high, relatilelv co sLanl flolls betteen April ancl
latc Junc.

Acknowledgments

\\ e thank all individuajs rlho rvorked on this stuclr
from ldaho DepartmenL of Fish and Came, Coeur
rJ'Alcnc, cspeciallv N{iclrael X{ahan and Cindv
Rohertson. Thanks to Drs. Bruce Rieman and
Jamcs Congleton ancl two anonvmous rcviclers lbr
laluable commcnts. We deepll  appreciate thc
f inancial support given bv the S'ashington Water
Poncr Companv. Spokane.

Rainbol frout in the Spokane Rir.cr. ldaho 267



Literature Cited

Bailer, G. C.. and J. Saltes. 1982. lisherr- ass.ssm,,nt ol rhc
upper Spokane ruler. Conpletiol Rep.. tr ashhgtur
Il(r,nrrnx.nr ol licolosr- Ohmpi!. Wnshnigron.

Becler ,  D.  C. .  I ) .  A. .  dnd C. S.  Abcrnethr .  1983. Ef fects of
deraterng .r .himol salnnn n.n,ls: Toloan(e o{four
derelopment phases to ornrtirnc do{lLering. N. Amer.
J.  Fish \ |a iag. .  3:373-382.

Bennett ,  I ) .  H. .  and T.  J.  t lnr lcr{oor l -  1988. Populat ion dr
ramns and iar Lors aifrtLing Lhe rainbow rrour (Sdrno
gai neri h th(i Slokanc Ri\,,r. ldaho. Completion
Rep., tr a-.hingtdr \t( ater l'dv.r Coml,anr. Spokane.
Washniston- 71 p.

Ili,mn. T. C. l')7i1. Suni!al, production- and yield oI nout
and chinook srlmon in the Lemhi River. Idaho. Fed.
Aid t,, l ish Rcsr.. Proj. F .19 R, Salmon rud -steelhead
lnv, sLisdtions. ldaho Dept. of Fish and (larne. Boise,
Ll lho.  57 p.

LnssLrom-H('s. R. 1986. Prediction ofwild brown trout catch
r.rLcs lrom .srinules ofleruhrg population densiq and
l ishins intors i lv .  N.  Amer.  J.  F ish.  \ ' lu iage.6:4r0 4t7.

Everhart .  V.  H. .  and W. l l .YoDnss.  l9 l l  l .  P r( ip les of{ ish
err science. Cornell t.niv. t'..,ss. ltha.d. N.$ York.

Fflser. J. C. l9?2. Reguiated dischalgc ard thc sLrr:an r:n-
v i ronrnenr.1n R. T.  Oglesb! .  C.  A.  Car lsoi .  a, ,d J.  A.
I{cCmn (eds.lRncr Ecolosl od Nlan. A(iarlernni Ptu$.
New \.ork. I'p. 26:]-285.

F - r s r . - o  r .  H .  S  . .  1 ' d  D .  A .  R i . F .  l q 8 o .  1 1 ^ r - - t r k ,  ' , , ; , , , . " -
tr ities in brown i\t$ S.lLnb ldttn L. J. Irish llis.
3:153 160.

l.unk. U. H.. F. W. Rabe. and R. Filbr. 197;. An integrated
stuh on Lh, in,p&t ol metlllic luce element polludon
nr the Corur d'AL,nr:Sqnkanc rircrs lake rlrainage srs
ren. CoDpletion Rep.. WSLI/1.1. Wrsh;n$on Wlter Re
searrh Ccnto.  Pul loan.

Hennr.  J.  C. .  aod K.  l ' .  uurnham. 1976. {  rcward band studv
of mallards to .sLidut,i ban(l i,lbrtins rates. J. Vild
li{e tr'laragc.,l0:1 -4.

Hokanson. K.  E.  F. ,  C.  F.  Klenrer.  and r ' .  W. Thorsrund.  r977.
lffects o{ conshnt tenrper.tures and di.l t.rnp..atu(.
lhrlullions on specillc grorrh and monalin rates ard
ri.l,l oljurcnikr rainlo{ troul. Salmogar'dncn. J. Fish
Ri,s.  Bo!r( r  Crn.  35:639 618.

Holdcn. P. ll. 1979. fillog1 ol rirernre {ishes nr regulated
srkarn svst.nr *ith cmphasis on the Colorado River.
/n J. V. Wr and J. A. -cra ord (eds.) The E.olos\
ol Rcgulated Strearns. Plenun Pre*. \ev York. I'p.
5;- : ,1.

Idaho Departmcnt rn fish anrl Grmi:. 1985. Fisheries
1986 1990 Daragcrcnt  p lar .  ldaho l ) ( r ) r .Lm.nr o l
Fish rnd Came, Boise. Idaho.

Kava, C. lL l97ll. Thennal resistarce of rainl,or trrrt frorn
a pennanertlr heated sream. &rd l$o hat{ 1,.r\ sLrains.
Prog.  Fish ( i r l t .  : i9 :138-142.

Receired )3 July 1990
Accepted Jor publitrttion 2,J June 1992

l.oL. H. W. l9?5. Drosn lrout ecologl in Oregon wilh maDaii.-
menr implicarions. 1a J. R. ttoring (ed.) t,roceed;nss
ol Lhr: Wiltl Trout Cati:hable Trout Svrnposiun. Res.
aml Dr:rcl. Su,L-. Oregon Depatment o{ Fish ard WiId-
life, Oregor Statc tlnivr:rsitv. Conalljs. Pp. 135 I50.

I{undie, J. H. r969. Ecological n.pL.a[n,n th(i dnl otju!.
niie coho ni sreans. 1a T. C. Norrh.or. (d1.1 Svmro
sium on salmon md trout in streans. H. R. l\'lacMillan
Lectures in Fisheries. tlnirersitv of tlritish Columbiu
\rancouler .  Pp.  135'152.

Neitzel. D.,{., and D. C. Becler. 1985. li,l,ir!n( ol esss.
enrbrros and akdrs o{ chinool salmon Li, k,dperahue
changes and reduced hurnidin de$ar.r.d r{,dds.
T r J l - .  { n ,  r .  f r : ' , .  S o .  l l  l : 2 o ;  2 7 J

Neles,  R.  J. ,  S.  L.  l l .d!Lon.  an( l  L.  A.  Hel f r ich.  1985. Abun
dan.e an.l produ.rn,n ol a 11lsusrdning population
o{rainbow trout in the SruLh f,irrk llolsLon Rirer. Vir
g i r r ia.  N.  Arno.  J.  r ' isL Van{se.  5:584 589.

Petroskv. C. E.. and L C. Bj(trnn. 1988. Response of wild
rainb,N {Sdr&,6'.t lnpn) lnd (uthroar rrout (.J. .la*t]
to sto.kcd rd;nb(N t.out in iertile and nrferrile sreans.
Can. J.  F ish.  Sci .  15(12):2087-2105.

Reiser, D. tr. r98r. E{fects of strean {low tduction. llor lluc
trhrion dn(l llos ,lssation on salmonid embnos nicu
bation rud fn quality. tlnirersiti ol lleho. Moscow.
ld!ho. Ph.D. Dissertalion.

Rnrl.r. \l. E. 1975. Conpulution dnd interpreration o{ bio
logical statistics offish popula orrs. Buil. l9l. Fish. Res.
Board- Ottawa. Canada.

Ri.ran, B. I.l- 1987. Fishing and population dvnmics oflarge-
mourh bass (.il1;.rqteaj s.rl,Dd;d.r] in sclccr norrhern
ldaho lak.s. t,niyi,Nirr of Idaho. ltoscow- Idaho.I,h.D.
DissertatioD.

Schral|-r. R. 1... W. Nlcndenhr.ll, drd L. On. 1986. Elen.n-
taN Surrev San4,lnrs. Duxburl Press. Boston.

Shener,  D.  S.  1967. Ef lects o l ja$ tags an( l  l in  c\ ( ,son upon
the grovth. suniral- and exploitatior of hattfiry rrin-
bo$ tR)ut  l j , ,srr l inss in N' l ichig ln.  Trans. . {ner.  F ish.
Soc. 96:39,t 399.

'res.,h. 1,'. w. r.)78. As. and sro h. 1ri w. Ricker (ed.) .{+
sessrnent o{ Fish Ihdurtnr nr frcshsatr:rs. Blackivell
-s.i.iLili,. Publ;carions. Oxford. Pp. 98 I:J0.

\rnrcent. R. E. 1969. Fish topuhLn,n s(rdics on the X'ladison
River.lz Rober L. Salrer (ed.) I'.,,.. .19rh dnn. Conl.
W.sL. Asioc. Fish & Wikllife Agencies 19:92-97.

\rincenr. R. E. lSB3. tish populllion esrimare techniques in
llontana. 1n Proc. 6ilrd Aii. C.,,1. l ish {n,l Wildlife
A g r : r r c n  s  6 3 ; 1 0 9  I 1 5 .

Wilev. It. V.- aDd t). J. rlu{eL. 1980. Standins crop of rrout
in rh. Fonldrdk, tailsater o{ rhe Creen River. I.aN.
. {mer.  Fish.  Soc- 109:168-175-

Wldoski, R. S., and R. R. S litnel. 1919. hlard l'ishcs ol
WushinsLon. t,nirersitr of Smhington Press, Seattlc-

264 IJnderlood and Bennctt


