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The Status of Fish Populat ions and Management of
High Mountain Lakes in the Western United States

Abstract
Fjsh st{runs ol m,n,ntain l!k.s in lhe {estern coDtiguous United -qht.s is a t,)r)i. ol inoc$ins ecolosiral concern and pubk d*
bate. ,{ srnthesi-. oi arailebl: inlbrmation is needed to msess the direnitl of stor Lirg programs emlloved and rheir ldge-scal.
ecologi.al iDplicatnms. The purposr: oiLhis r(porr is1opro de & oren'ier of the status oI fish r!)rn, dions an(l managemenr o{
high mounhin lakes in the western l S. l,asdl on int.ni{vs ol sLatc fishen managers in each ot 43 .egn s in I I staL,,s. Tll
manasers estimaled fiat more than 95 percert of about 16-000 hlcs $crc n{turlLlv fishless prior to srockirg. tt.s.ntl}- abolt
60 p.ntnt ol th. rorul number oflakes .nd 95 percent ol the dr.t,.f l!k,,s ( > 3 m) rid larsef ( > 2 h.l lakes.oDrain rhur. -sd(intl-
fire prrccnt ol thc l!k(s $ith lish are reguldh stocked, nrcludirg an cstin,dt,rl onc Lhird thll mar have wild (selftustairing) fish
porulaliors. \losl regions manage mourta lakes fish.ri(is $iLh litLh surv(v or reseuch data on rhich to base srdling pargranrs.
!cvmanug i : rscons ider rhehea l tho{nrd igenousourpopu le , ' , s .o t l t r&{uu t icspec ies , l i keecosrs temsor the .on . .n rso l r l l i ( i t , {

r.c..alional usir s {hen conductnrg stocking prograns. lito*irc. on-going and llrseh indiscriDinnte sro.Ling oflakcs in r!,sL houn-
ta;n)us n,gions in lhti restern t .S. mal be causing larg.-s.al. d(igrrdntn,r k) rqullic ecost-stems, indigenous fish. ilverLrtfat, s.
anphibiar lauda !n,l lotcnrill qualitv fisheries. Some nranagemenr regi.rrs hare .rpund{l lakc sunevs and retluced srockng ef,
forts to protect narivc ard {ild trouL l,ofullrions. qualih fisheries, and pristnre fishl'ss lal,-.

Introduction

Stocking fish in high mountain lakes has long been
a source of conceln anal conlroversv (Hcndee
1976). Although mountain lakes are trpically small
((30 ha surface area.) and remote, coller:tivel,v
l he \  r cp rc -en l  . r n  im ln r l a r r r  r r a l i i ' na l  r , . ' , u r i 1 -  i n -
cluding rnost of the prist inc dquatic systems and
undflma€ied $atelsheds remaining in the country.
llTost r-ecrcation in National Parlcs. \Irilderness ancl
roadless areas centers on mountain lakcs, .rlthou€th
mosl research shon's that onlv about half of the vis-
itors to Wilderness high lakes actuallv fish (Hendee
1976). Controversy over high lakc stocking has
revolved around slatc fishcry a€rencies and fishing

€iroups concerned rr i th maintaining and cxpand-
ing fishery opportunities and Wilderness and Na-
t i ona l  Pa rk  managc r -  '  un '  F rn , . J  r i t h  mr i n t r i n i ng
and rcstoring natural ecosystems (\icola 1976,
l']ister 1977). Ecolr-rgical crrncerns are incrcasinglv
sLrpported br research findings. llccent studies in
thc Sicrra Ncvada. Rockv Xlountains and \orth
Cascades suggcst that thc ccological impacts o{
. r l i ,  r r  f i sh  sp "c i e .  on  i nd iepnou :  a l L ra r i '  , , ' r nmr -
nities ma_,- incleccl bc scvcre. lon€i lasting and $'ide-
spread throu€ihout the western U.S. (Rcimcrs
1958 .  I 979 ;  Bah l s  1990a .  1990b ,  L i ss  and
La rson  1991 ) .

Since lhe late ]940's. thc usc of aircrali to slock
trout in high mountain lakes has facilitatcd Iiclc-
spread and intcnsive introduction ol non-nal i \ ,e
species thrcughout the mounLain ranlies ofthc west-

ern Llnited States. ITorvevcr, thc improvement in
technologv that has permi cd fish introductions on
a massive scale has lar out-pacccl an understand-
ing ofthe ecological consequences and birsic knoti-
- dg . , ' f l h ,  l r pes  rn , l  e r l en l  o l  - t ock ing  I ' r og ra rn -
conducted nation-w;de. The potcntial lbr large-
scalc ecological impacts of stocled fish and thc in-
crcascd nationol concern Ibr the protection ancl
maintcnancc of biodiversity suggests that a high
priority t'ill nccd to be pjven to revising the goals
and strategics of high lake management programs.

The pu4rose ofthis report is to pro\.ide an over
vierv of the status of high mountain lakes in the
contiguous rrcstcrn United States relative to fish
populat ions and current f ishery management
rnethods and pol icies. Thc goal of the study is to
provide a broader perspcctivc ofcurrent manage-
ment praclices and their largc-sc:rle ecological im,
plications in order to stimulate discussion and
improvemenl of statc and regional approaches to
high lake l ishery management.

Methodology

Study Area

The stud,v area encornpasses thc mountainous
rcgions of thc cont;guous $'estern l,nited States.
compri. ing 4: l  . tate f i :hcf ic- manrq,.m, nt r,  gion.
in I  I  stntcs: Washington, Oregon, Cali lornia,
Idaho. Nlonlana, Wyoming. Utah. Colorado. Ne-
r.ada, Arizona and Nen Nlcxicro. Lakes included
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in this studv represent speci l ic regional or-state
definit ions for that consti tutes a "high" or "moun-

tain" lakc. In gcncral, thc lakcs included in this
- lud\ rcprcspnl neturdlr furmed hke- or"curr irrS
above 800 meters iD elevation.

l\l ethods
'I'elephone 

inteniet's r,tere conducled lretrvcen L0
October and 25 November l9B8 rvith the 43
regional fishery managers or biologists working for
state f ish and wildl i fe agenc;es in I  I  states. In ad-
dition, district fishery managers within each region
in Oregon and parts of Cali fornia were interr ieted.
Fligh lake rescarch and management summdry
r-cports also $ere obtained from some repjons. 

'l'he

interviev consisted of a standard series of ques-
tions on the status of lake fisheries, tvpe of survey
methods emploved, stocling criteria used, r:oor-
dination with land management agencies. level oI
rec rec l i ona l  u "e .  t vpe  o f  ang l i ng  regu la t i nn - . . c , .
logical consideratiorrs given to stocking programs
and current research activitics.

Results and Discussion

F shery status

About 16.000 high mountain lakes exist in the
western contiguous United States (Table 1). Horv-
ever, the total numbers of lakes is approximate.
since managcrs did not kno!v the precise numbels
of lakcs, particularlv fishless lakes. in their region.
The largest concentrations of lakes are located in
the Orcgon and Washin;1on Cascade !lountains,
thc Sicrra Nevada Range of Calilbrnia and the
Rockv Xlountains of ldaho, Montana, (iolorado,

and Wyoming (l'igure l).

Mountain lakes ;n the $estern LI.S. typic.rlly oc-
r:ur in glaciai cirque basins and arc ultra-
oligotrophic ot'inp1 to their occurrence at high ele-
vations and within nutr icnt poor geolo€i ical zones.
Watersheds and lakeshore areas are highly sensi-
tivc to disturbance and exhibit slow recovery. Fish-
, . r i , .  . r r ,  r ' h . nc le r i ze rJ  L r  l u l  p ru rJuc t i r i t r  o r . i ng
to the cold, nutricnt-poor n'aters and the sho
growlng scason.

About 40 pcrccnt of the lakes r,".ithin the ll
western states are fishless (Table l). Most oI these
fishlcss lakcs arc prcdominantly shallow ( ( 3 m)
and srnal l  (  (  2 ha) lakes which vcrc cithcrjudged
or proven to be incapable of support ing f ish duc
to wir i ler-Li l l  or summer drought condit ions. How-
ever, even many small. shallot lakes contain fish
and are periodically stocked in Washington, Ore-
gon. California, Coloraclo and Arizona. Most fish-
ery mana€iers estimated that less than five percent
of thc larger ( ) 2 ha surface area), deeper ( ) 3
m max. dcpth) lakcs considcrccl suitable as trout
habitat remain in a pristine, fishless condition. The
few areas rvhere more than ten perccnt ofthc large
laLes are rnaintained in a f ishless ctndit ion indudo
the National Parlcs. where stocking has been largely
phased out, the rcmotc Absaroka-lleartooth moun-
tains in soulhi!'eslern Montana and thc statc o{
W-voming.

lisheries managers estimated that probably less
than live percent ofthe lakes containerl fish popu-
lations prior to introductions of trout vhich began
about l0O ycars ngo. Most lakes remaired fish-
less undl the advent olaerial stocl.iing and improvecl
hatchery technologies in the 19,10s. With passage
of the Wilderness Act o{ 1 96,1, stocking was limited
by Federal guiclcl incs to lakcs that had been

TABLE 1. dpproximate total nurnber and percent of mountain lakes il each state {ithir ea.h llsher\ tyt..
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Figure l Numhcr ol hles in mou,rtrinous lreas o{ each slare lishen nanls,jm.nr region ir) rh. $i\rern L.S.

stocked previous to s.ildcmess designation. pror.id-
ing at least some protection of natur:rll,v lishless lakes
from state agcncv stocLing programs (Figure 2).

The  t h r . e  p r im . rn  f i - l r  spn  i ,  -  uce r r r r i r r g  i r r
mounta;n lakes are fainbo$' ttonl (Ontttrh,Tnchu..
m1'Airs), cutthroat trout (0. clorAi) :rnd brook trout
\Saluelinus fontinalis). Lesser numbcrs of golden

rr.tri (O. dquaborlita), arctir: gravling l'lhvnallus
nrcticus). lake trout (SabeLinus nantarcu^sh). 6ro',tn
trout fSalno tr.trto), splalie (brookJake hvbrid).
rainbo$.cotthroat hvbrid, kokancc sahnon (O.
rrerAa). Atlantic salmon lSalmo salai) and scveral
specics of sucker, lvhitcfish and rninnow also oc-
cur. Altlrough managers kne* little abour lhe
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li."l:..* 
-., and dd:rrcr (>3 n max. depth)

historical or current distribution of indigcnous trort
in lakes of most rcgions, thcv soggested that most
lakcs t'ith indigenous trout have probably bcen
subsequentl_y stockcd, lcar.ing perhaps one percent

;l*: 
,4"'with relatively purc strains ol narive

In most statcs, lakes originally planted with
brook troul contain sell:sustaining populaLions,
usually with abundant numbers of small or stunted
inclividrrals. Notable exceptions includc thc Ore-
gon Cascadc mountains. nhcre the majori ty of
lakes conlinue to be stockecl vith brook trouL e,'-
cry other year with ferr perceived or.er-population
problems, and thc highlv ploductive lakes in the
Boulder l\IoLrntain region of Lltah \rhich produce
brook trout leighing 700 to J000 grams $ithin
tNo ycars from the time oi stocking.

Purpose of H gh Lake r- shery Programs

Regional managers stated that maximizing a diver-
sity of lisher,v recreation opportunities (including
"quali ty" l ishe es) r 'as the purposc of thci|  high
lake fshery program. Quality lisheries lere gener-
tlJ_v defined as smaller populations of largcr sized
fish (> 30 cm) supponed within the carrying ca-
pacitv of the lakes. \at ivc and r, i ld trout (self-

sustaining by natural reprcduction) populations arc
given high priorih as'11rra1it;-" fisheries in (ioloradcr

and \4ontana. Several repl ions. discussed laler.
have takcn luious sleps to ensure that high lake
slocking is consistent rvithin the broader go:rl oI pro-

tect ing and cnhancing indigenous trout. aquatic
bioclir.ersitv and the ecological integritv of high lake
re€iions.

Survey Methods

Most regions consider high lake managcment to be
a low priority. Conscquentlv, although stocking ef-
{orts are inlensire and widespread, surr.cy and rc-
search el lbrts havc bccn minimal in rnost states
(Tablc 2). Nlany lakes in the large wildcrncss and
roadless arcas of Nlontana and Idaho have never
been sun'eyed, although thcy have been regularly
stockcd uith fish for over 40 years. Most rcgions
have an informal sun'cv method of gill netting to
obtain samplcs of fish for weight and length mea-
surements. Some ir'ater qualitv samples and lake
bathymctric measurements are taken as t'ell. ln
some regions. f ishcrv biologists and other person-
nel spend one to two veeks a,vcar suneying lakes
in  Jn  r l l cmp l  t ' ,  r  i . i t  - a ,  l r  l a l e  i n  t he  reg ion  e re r l
five to len yeaIS. Snorkeling instcad ofgill-net sam-
pling is usccl by scvcral districts in Oregon and
California to estinate fish population and prey base
characte stics of sclcctcd lakes.

The statcs ofS'yoming. Colorado and Utah ini-
tiated long-term standardized fisherv survev pro-
grams that included most ofthe mountain hkes in
each stnte. ln Colorado and Wyoming. mosl lakes
\\:crc su|rreyed once to determine the stntus ofthc
existing fish populations and thc suitability for fu-
turc stocking. Ltah recentl,v completed a sccond
phase of sune,vs on about 600 lales in the High
fJinta X{ountains in ordcr to rc\.isc stock;ng rates
cstablished after the initial sur\.evs, which lvcrc
conducted 10-20 _vcars ap1o. Tn the only svstemalic
sur-r,cv conducLed in Montana. Pat Marcuson
(1980) suneyed over 1000lakcs in thc Absaroka-
Beartooth rcgion over a period of ten years.

Slorc comprelrcnsire Jimnological sunevs havc
been conducted on 87 lakcs in Colorado (Nelson

l9BB). 10 lakes in the Sierra Ncvada (Rcimers et
al.  1955). 30 lakcs in the Cospel Hump Vilder-
ness (Espinosa 1976) and IB9 lakes in thc Ncz
Perce Nationa.l  ! 'orest o{ Idaho (Rahls 1990a.
l9B7). Work in Washington includes sur"reys o1
60 lakes on thc Ol,vmpic I'cninsula (Johnston
I97:l) .  32lakes in the Nonh Cascadcs National
I 'ark (Liss and Larson 1991) and 30 lakes in Mt.
Rainier National l'ark (C. L. T,arson pers. cornm..
National Park Serrice, Oregon State Uni\.ersitl').
In addit ion. Phase I ofthe Wcstcrn Lakes Survev

! ,  !  e r ,  . r ! e r ! ,  . k e !
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TABLE 2 . Pe(! n L o f high lake fishen manage men r ugi('rs iD .ach state using urious su rr r:r m.thods and manlgem en L poli( i{ s.

Sune,r nrethods !nd mrnasd!(Jit pohries

No. of high lokr: nrsr. ri,sions
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3

AZ CA CO II) ['1T NV
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TOTAI,
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Aclire oeel cdr{,s I)R)gratt

No sl.,ck in notire ll"l rvatcrsltcd

SLork  onL sur re led  lakes

Stocking onlr wilh nrLiri, sbair

S(ocki,,!i nati\e and e\otic slrlin

-sto.kiDg on\- erotic slflin

Conli,ru{al b(Dk t rut stocking

\o supplenrentol stoching

No b$is lor sto.king rates

Trial anrl crror basis lor rates

Quanriratile inder besis lor rat.s

Stockjng rcLdtio,, t.,rn d {\earsl

Shreidl.ral sto.king pion

Concern rith lcdcrrl l,gging impact

Per.,,i!{id re.reation inoease

()
100

0

0

0
0

100
0

100

l0t)
0
I

0
100

0
00
0

;0
25

0
00
0

50
2:)
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0
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80 80
0 2 0

2 0 0
2 0 0
1 0 0
0 0

20 10
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0 0
0 0

80 60
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20 1\)
0 0

2 3  3 i J
2 0 n
6 0 0

t00  100

0 0 0
100 100 100

0 0 0
o 2 0 0
0 4 0 0

r00  20  0
100  100  r00

0 0 0
25 100 0
7 ;  0  100
25 100 100
5 0 0 0
0 0 0

t00 100 100
0 0 0

2 - , \  2  r 3
0 0 0
0 6 0 5 0
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3 , t 0 ;
t 7  0  1 9
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0 0 2 2
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100  t 00  59
0 0 3 4

t 7  1 0 0  3 7
1 7 0 3 0
0 0 1 5

83 100 74
t ;  0  t t

3 10 2-,1 0
0 0 2

1 7  0  1 4
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' i r ; :rs conducted in 1985 by thc U.S. tr ,nvrronmen-

tal Protection Agencv lo determine the chemic,al
status of 75? high rnorrntain lakes considcred tcr
be at r isk as a result of acidic deposit ion (EPA

r  9B7).

A numbcr of other methods havc bcen used
ro obtain inl;r'mation on high lakes. In{brmal crcel
ccnsus. usually inr.olr.ing voluntan angler reporl

cards ar.ailablc at the trail head. t'as used in manv
re€iions. Some stales occasionally makc use of state
agencv enfbrcement pcrsonnel to collect basic in-
lbrmation (Lrsuall;- bv angJing.| on thc lake fishery.
A fet'regions havc cultivaLed high lake enthusiasts
r . h , ,  g i r e  t he  . t r t e  f i - h ,  n  rg ' n ,  '  i r ' f o rma t i on  un
the status of fish populations in high lukes that ther-
visi t .  Washington has tno user groups. the Fl igh
Lakers ancl thc Trail Blazers. t'hich give stocking
Iccommendalions to the Dcpartment of Wildl i le
and. using backpacking methods. stock olcr 100
lakes a vear.

Nlountain lakcs in the S'esl have received lit-
tle in<lepth research compar-ed rith lot'land

aquatic systems (Coetze et o1. l9B9), but research
activity seems to be on the increasc. Current stodies
on high lakes inchrde long tcrm studies of the ef-

fects of fish stocking on the ecological communi-
Lies ol lakes in North Cascacles National Park
Service Complcx. Washington (Liss and T,arson

1991) and Wilderness Arcas ofthe Nez Perr:e Na-
t ional lorest (Bahls 1990a). Nelson (1988) syn-
thesized 20 years of rcscarch and survey data on
high lakes in Colorado. Research has recentlv been
completcd on the population d,vnamics of stunted
brook trout populations in rcsponse to rlensity
reduction in the Sierra Nevada mountains o{
California (Ilall 1991). Work is in progress on de-
r c l op i r r g  c  bk "  p ru , l ' r , t i r i t 1  i nde r  I i . r ' r r - "  i n  " s -

t imat;ng stocking rates in the northNestern Sierra
Nevada (llorca pers. comm.. California Dcparr-
rnent of Fish and Came).

Stocking Criter a

A. T,ake habitat considelat ions

Felv rcgions have active f ield invcstigations sub-
stantiating rcas()ning or results ol stocking prac-
t ices (Marcuson l9B0). In lerms of lakes
considered suitable for stocking, most lakes in the

West are assumed by managers to be able to sup-
port lish popuJations. Even manv of the shallot,
small lales that provide marginal wintering habitat.

Fish in High Mountain Lakes lflT



are stocked on a regular basis. Only onc rcgional
managcr spccif ical lv slated thaL he rvould refrain
lrom stocking a lake until it rvas survcycd. Tn
Colorado and Wyoming. a small number of large.
dccp lakes al high elevations are not stocLed due
to their exceptionally lo$' productjvity. In addition.
about l0 peroent of the high lakes in Wvoming
llith suitable trout habitat arc maintaincd in a pris-
t ine { ishlcss concl i t ion.

B. Federal managemenl considerations

llanagers rvere atare ol the "grandfather clause"
of fedcral t ' i ldcrncss managemcnt guidel ines that
restrict stocking to lakes slocked prerious to $.ilder-
ness desipgration (USDA l986). Howcvcr, at leasl
one rcgion in Idaho continued to stock fishless lakes
in t ' i lderness aleas unti l  1989. Considcring that
sorne mana:lefs assumed that most lakes have been
st{)cked at one t;me or another. and the lack of
state-Iederal planning cooldination rnd Imitcd sur-
vev data. rare f ishless lakes are probablv not ade-
quatel,y protected lrom stocking in some repJrons.
Holtcr.cr. the f isherv managemenl region encom-
passing the Absaroka-Beartooth llountains of Mon-
tana maintains about 25 percent of 1(X)O lakes in
a fishlcss condition as rcpresentative pristine lakes
Ior baseline monitoring, research nnd $ildclncss
valucs ([ IarcLrson 1976).

National Park Scr-vicc management policy
adopted in 1977 (ttSNPS 1975) states in part thnt
"Thc Scnicc 1{i l l .  .  .  str ivc to ma;ntain the nalr-rral
abundance, behavior, diversitv, and ecological in-
tegrity of native animals in natural porlions ofpark
as part ofthc park ccosystem . . . No artificial slock-
ing of fish species exotic to a park vi]l occur: ar-
tificial stocking of fish ma_v onl,v bc cmplo-vcd to
reestablish nalivc species. Naturallv barren waters
$,ill not be stocked n'ith either nativc or cxotic fish
sper:ies." Hotever, sometimes heated controver-
sies r i th thc statc f ishery agency responsible for
historical stocking ofthesc lakcs (\icola 1976) have
resuhed in continuing stocking of a small  percent-
age (( I0 percent) of lakes in most National Parks.

l r r  a .omesha t  ano rna lou . . asp .  r c .en l  nego l i
dt ions bct$ccn thc Washington Dcpartmenl o[
W ildlife and North Cascades National Park resultcd
in an agreemenl lo continue stocking 50 percent
of thc lakcs that lould have reverted to a fishless
condition tith no stocking. In contrast. Rocky
Morurtain National Park iillows no stock;ng of non-
nal ive lrout species and init iated a native trout

restoration program which has established sell-
sustaining native-strain greenback c throat and
Colorado cutthnrat in l1 lakes previously occnpied
by brook trout or othcr intrxluced trout {Roscn-
lund and Stevens l9BB).

0. l ish species considelations

S- r - r c l  r eg ion -  u . re  l aUng  - l ep .  l o  i nco r l o ra t c
native trout protcction and cnhanccment policics
into their high lake management programs. New
i\'Iexico. S''voming, and some regions o[ Ca]ifor-
nia havc informal policics of not stocking lakes that
drain into a stream svstem containing indigenous
trout. Rockv Mountain National I'ark and a region
cncompassing the northeast Cascade mounlains ol
Wa-shington stock exclusir.ely hatchery-reared trout
originally indigenous to lhe region. while Colorado,
Montana. Idaho. and Ncv Mexico stock natirc-
- l r d i n  l r ou l .  \ h i l e  eon t i nu ing  l o  - l ock  r ron -nc l i r e
trout species.

Most lakcs in thc Wcst continue to bc stockcd
rvith species. subspecies and stocLs of trout not na-
tive to the $atershed or rcgion. Brcok trout con-
tinue ltl be slocLed in about 1O percent of the lakes
stocked on a regLrlar basis. Horvevcr. most states
have scr.crch limitcd or discontinued brook trout
stocking due to the observed tendencv of the spe-
cies to over-populatc in most typcs oflakcs. Brown
trout ancl lake trout continue to be stocked occa-
sionallv to conbol over-populated brook trout lakes,
although this method has met wilh mixed results
and may actual ly cornpound the problcm (Nelson
l9BB, Hall  1991).

D. Natural rccluitmcnt consideratiors

About 25 percent of the lakes containing fish in
thc Wcst iuc not stocked orving to high levels of nat-
ural recruitment and seifsustaininpl lish populations
(*ild trout lales). However, a variety of faclors sug-
gcst that an addit ional 25 percent of the lakes with
l r ou l  m . r )  no l  r equ i re  I u r t he r  - t ock ing  l o  ms in l r i n
fisherics. Most manageN stated that slocking was
conducled unless evirlence of high natural recrui!
ment $'as recorded for a lake. Civcn the lack oI
basic survey data in manv regions and difficultv
of identifving lo$ tu moderate levels of natural
recruitment in the fish populations which are peri-
odically stocled, the potential for unnecessarv
stocking is grcat. Also, intensive sun'eys of lakes
in the Nez Perce Nalional Forest indicated that 50
percent of the 130 lakes stocked on a regular
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basis were probahl,v capable of maintaining seJ{-
sustaining lisheries (Bahls 1990a). LiLewise. Na-
tional Piuk Senicr: policl' changes in the late 1960s
which resulted in severe lirnitations on stocking. 1cft
sel{-sustaining trout p{ipulations in about 25 per-
cent ol the lakes prcviouslr stockrd in national parks
in Calilbrnia ancl Colorado (S allis 1976. Rosen-
lund and Stevens 19t't8). The sinaller prrcentagc
of wild trout lakes in the Parks mav bc due lo thc
cxccptionallv marginal. hfuh elevation spau,ning hab-
itat and high angling prcssurc in thcsc areas.

Onlv a few legions in Washington and Xlon-
tana ha\.e a poJic,v of not stocking lakes with any
lecognized natural recruitment. Montana. with a
s[ong cmphasis on maintaining tild and native fish
populations in strcam and river svstems. appears
to be lhe str()ngcst supportcr for maintaining t,ild
trout populat ions in rnounlain lakes. shif t ing thc
burdcn of proof to permit stocking of onlv those
lakes rvherc it is clearlv ncccssarv to mtdntain fish
populat ions. SupplemenLal slocking "w.hen in
doubt" is seen as an unnecessary risk kr pcrson-
nel involved in aerial stocking operations. a wastr
ol mana€iement resources and potential cause of
damage to quality *'ild trout lisheries and u'itder-
ness values (Marcuson 1976).

While most regions use supplemental stocking
ol ln increase in stocking rales and frequencies
to adjust to \.arious levels oi recruilment and
angling plcssure. se\.eral regions have adopted
more rcstr;divc anglin€i r€€+ dtions oI are consider-
i ng  l l r e  imp lanen ta t i , ' n  , ' f  " r r ,  h  r ,  t s r l r l i , , ns  l , i  r e -
ducc thc hanest and maintain a "qualitv" or wild
trout fishery. In Rockv Mountain National Park.
depletion of self-susta;ning nalile-strain trout popu-
lations is prevented by a t$o fish per dar bag limit.
The Absaroka-Beartooth region of l\{ontana has
proposcd a three fish limit. (lolorado has long de-
batcd thc idca of imposing slot limits, $,here trout
within a specified size range rvould be rclcascd un-
harmed (Nelson 19BB). On the other hand. in
Colorado, Montana and ldaho. angling regulations
allorv the take of additional brook trout. Accord-
ing to Nelson (19{38). thc l ibcral rcgulat ion prob-
ably has little effeo on reducing thc abundant
numbers of small and stunted fish that occur in
most lakcs containin€i this species, but probablv
does little harm either.

Stocking Rates and Frequenc es

Most regions claim to manage high lakes bv the
"seat of the pants" method, presumably meaning

in pdrt that stocking ntes a:rd frequencies are based
on l irnited or intuit ive knot ' lcdgc of the lakes in
thc abscnce ofstandardized or quantitative methotl
for deriving appropriate stocking rates. Trial and
e r ro l  sa .  t he  f r h ra - -  r n , ^ t  , ' f t ,  n  h "a r , l . . r r gg " " t i ng
that stocking lates are based on past resulb in
terms of the desired size" condition and relatir.e
abundancc offish. Hot'er.er. the pasl resulN upon
which sLocking ratcs arc based \.alies considera-
bly bcnveen reEfons. Montana and Idaho have rela-
tivel,v little data on whir:h to estimate approp ate
std king rales. whcrcas in the Oregon Cascades.
rvith fcr.er lakes per regiona.l manager. higher fish-
ing pressure and easier acccss to the lakes. there
seems to have been more opportunitv lo e\.aluatc
slur Liny r:rk. rnt l  m.r le the neccs-arJ corrccl ions.

Rcgions of Colorado rely primarilv upon a
stockin€i rate index based on research and sun'evs
conducted br Nelson (198[t) ovcr a pcriod of 20
years. The index incorporates lake elevation and
estimated angling pressure (1o.ll'. modcratc. high)
to dcrive appropriate annual stocking rates. For
lakes in the Olyrnpic Mountains of Washington,
Johnston (1973) derived stor:ling rates fnrm an
"enr.ironmenlal parametcr index" basccl on laLe
eleration, watcr alkalinity and food sources (shrimp

and zooplankton) and other factors. Many regions,
inclucling those in Colorado, Lltah. Washington and
W.voming, claim to ha\.e decreased stocking rates
substantial lv sincc the 1940's and 1950's in re-
sponse to lake surveys which indicated that exist-
ing stocking lcvtls rvcrc rcsulting in populations of
stuntcd and small Iish.

Nlosr regions stock ar 62 to 620 fish/ha (25 ro
250 f ish/acre). depending upon the status of the
existing fish population. perceived productivit_v and
nn€{iing pressure at a lake. The frequency of stock-
ing varics from one to ei€iht years. Oregon plants
mostl,v brool troLll elery other year and woulcl
stock cvery year if funding allowed. Most states
stock fry or'fingcrlings on a set frequencv ofeverv
t$o to five vears for all lakes in the area. although
somc rcgions varl the frequency from two to eight
vears ibr specific lakes, depending on thc perceir.ed
level of use, level of productivitv and occurrcncc
of other lakes in the arca.

In the Absaroka-Beartooth region of Montana
and the northeastern Cascadcs of Washington.
the time periocl bctt'ccn lish plantings is betrveen
live to eight vears and stocking cvcles arc staggered
nithin a drainaple basin (Marcuson 1980). The
reasons given lor such management are to:

l ish in High Mountain Lakes fB9



1) provide a dir.ersity of l ishing opponumnes-
Irom abundant. small  trout to lesser numbers ol
large. "trophy" trout in a lake or.er time and also
betu'een lakcs in a drainage basirr; 2) disper.sc
rccrealional use among thc lakes by varying the
l ishing opportunitr avai lable in a parr iculdr lake
(from no fish present to trophv fish present) over
time; 3) allorv prev populatiorrs to replenish lorv
productivity lakcs during thc period that trout popu-
lations are at a low levcl or not pr.esent in the lake;
4) increase the sun'ival and grot'th ratcs ofstockcd
fn due to loter predation associated lirh fet,er
large fish remaining in the lake and rnorc abun-
dant lbod rcsources availablc; 5) impr.or.e the cost-
effediveness of the stocking program bv less fre-
quenl stocking and use of expensive hel icopter
time; and 6) lcssen thc impact of lish stocking on
thc lake ccosvstem and associated wilderness

Stocking N,4ethods

f se of fixed wing aircraft and hclicoptefs iue the
major rnethods cuncntly uscd to slock mountain
lakes in the Wcst. Backpacking and horsc-packing
trout lry into a lakc are uscd r.arelr,. In thc
Absaroka-Beartooth region. horse or backpacking
methods are somctimes substituted for aerial stocl-
ing in the vicinity of a lake ofspecial <rrncern, such
as a lake containing a pure stock of goldcn trour
or nali\'e tr-out, to rcduce thc risk of stocking the
lake accidentally Ihilc stocLing lakes in the area
(Marcuson l9B0).

State and Federa l\,4anagement lnteractons

Aliout B0 perccnt o[rhe mountain lales in the West
are locaLcd irr National Forests managerl by the
l i .S. Forest Scrvir:e, 15 percent in National Parks
managecl by the fl.S. National Park Servicc and
the rcmaining lakes fall under a varierv offederal,
statc or private ounership. Most high lakes in the
National Forests are located in designated Wilder-
ness Areas. $ith the rcmaindcr mostlv in roadlcss
areas.

Mdnagement interaction betrveen thc federal
ancl state agencies in regards to mountain Jakcs is
limited. usuallv consisring of an annual notilication
liom the state to the lederal agcncv conccrning thc
lakcs to be stocked in that vcar. Few state fishcrv
region- h.rre f ' , rmaj _ rn.mrran,lrm- ol rrnJer-tand-
ing" listing the trout species or lakes which can and
cannot conl inue to be stocled, although lederal
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Wilderness Management Guidelines recommend
such action (USDA I9B6). Based on baseline sur-
vev data col lected and analvzed betrveen
l9B6-f990, Nez Perce National Forest and the
lisherv managcment region of north-cerrrral ldaho
are in the process of preparing a coopemtive stock-
ing plan for lakos in this National Foresr. With rhc
reccnt emphasis of the Forest Service on fishery
programs. it scems likcll. that thc cooperative fund-
ing and eoordination betrvcen fishcrv and land
management agcncies to address mountain lake
sunev and mana€iernent Deeds will utcrease.

In some regions. a mnjor point of contention
bctveen state fishcry and fcderal land managers
is thc building of ne* logging roads rhat increase
accessibilitv to lakcs and rcsult in greatlv increas-
ing fishing prcssure. Managers stated rhat the qual-
ity of Lhe fishing expericnce is impaired by
increased lakeshore impacts related to heavv
r.,  r , .r t iorral rr." . l rd n".ul,r  l , ,gging op,.rrr ion- uni
clear-cuts. ALso, rvith increased fishing pressure on
these relatively low productivitv waters. fishery
managcrs have not been able to sustain a ,.qual-

it,v" trout fishery of large fish, but have swirched
to a "put and take" fishery of small catchablc fish
stor:kcd more frequentll. into thc lakes.

Recreational Use

Jusl as basic information is lacking on the fishcr,
ics resources o[ mountain lakes in most areas o[
the \restern United States, so too is an understand-
ing of the pcople [or rvhom stocking is conducted.
\o fisherv region had conducted studies on the
values or desircs specific to high lake anglers or
*ilderness users. Managers' most commonl)' stated
goc l s  u l  p rn r i , l i ng  a  d i r n r " i r r  , ' f  f i - l r i n9  oppo r run i
ties and quality fisheries (in terrns of larger fish
in grcnter abundance) may havc little rclationship
to the public's broader conceprion ol a quaiity
backcountrv or wi lderness expericnce.

Most regional managers perceived an rncrease
in the recreational use of high lakes in recent vears.
s i t h  . r s .oe ia teJ  impa ,  l s  on  l ak ,  . ho r -e  r , . * " , r , ; un
and fish populations. The Sicrra Nevada Mountains
of California appear most heavily impacted, with
rnost reEiions report;ng a level ofuse far above that
rvhich tragile lakeshore ar-eas can sustain. Fisher-
ies consisting mainly of stunted and dense brook
trout populntions scem to be little affected by in-
creased l ishing pressure (Hail  t99I).  Staggering
the stocking ol lakes in a rvatershed, a-s discussed



above, is a standard mcthod of trling to disperse
use among a larger number oflakes. although onl1'
a li'lv regions also usc a lcnphened time bchleen
stockmgs.

Long-tcrm suspension of slocking at over-used
lakes has been a mattcr of much clebate (Cordone
1977, Wall is 1977, Nicola l97B). ln some regions
of Wa-shington ancl California. suspcnsion of stock-
ing is considered a legitimatc tool to disperse recrca-
tional users from hear.ilv used arels. Howcr.cr. some
regional fishew mana;prs in Colorado are resisting
reqr.rcsts by the !'orest Sen'icc to discontinue stock-
ing ol over-used lakcs, maintaining that usc should
be controlled by the land management agencrv.
through a spccial permit svstcm. rrther than in-
direcdv, through a suspcnsion of fish strrcking.

Rather than discontinuing skrcking to reduce
impacts, Wyoming uas sccking lederal appror.al
to stock additional pristinc fishless lakes in s.ilcler,
ness Areas as meaDs to clispersc use. but droppecl
the proposal due to ecological concerns and lack
of l i .S. Forest Service suppor-t.  ln general,  most
of the sociological rcsearch suggests that increas-
ing fish stocking as a means of reducing recrea-
tional impacts mav bc counter-productivc. Studies
of backcounLr"/ uscrs in rnanv areas revcal that fish-
ing is a relatively minor parl of their overall visit.
Ntanipulating the fishcrv t'ould plobably have a
relaLively small impact on thc incentive of visitors
to go to dif ferent places (Hendee 1976). Secondlv,
a highly cun ilinear relationship exists belween hu-
man use and impad. r'ith relatively 1o* lcvcls of
use producing high levels olimpact and slow recol-
ery in high elevation areas. Thus. a prograrn to
rcdistribute use r,;ould probably lesult in an in-
crease in aggregale resour-cc impact, ironicallv in-
creasirrg the strcss on high rnountain fisheries and
other vnlues rather than rcducing it (Stankcv pers.
comm., Orcgon State l ;niversi lv).

In Rrtkv Mountain National Park. pack animal
use is restricted to areas below timberline and main
trai ls. A permit system resLrids camping to desig-
nated areas locaLed at least .5 to I km lrom most
lahes. The rcstrictions appear to keep lakeshorc
and fishew impacts at an acceptably lol lcvel. de-
spite very high use ol thc Park overall (B. Rosrn-
lund pers. comm. Fish and Wildl i fe ServttJ.

Research Natural Areas

About 20 lakes in the westcrn contigrrous Linitcd
States are designated as Research Natural Areas

(RNA) under the U.S. Forcst Service system. fhe
majoritv oflakes with the R\A dcsi€ination are lo-
catcd in the National Forests ofldaho. due largely
to the efforts of Dr. Fred Rabe and others ar thc
llnir.ersity ofldaho. T,akes proposed for RNA clas-
- i f i ca t i , ' n  a r ,  , r . uc l l r  manaB . , l  J -  r c f f c -e r r l a t i \ , .
pristine ecosvstcms, with no fish stocking, road
building ol tirnbcr han'est permiLtecl in the lake
basin. Slost regional fishcrv managers surveved
seemed amcnable to the possibi l i t r  of RNA desig-
nat;on ofselected lakes in their regions for rcasons
of habitat protcction and baselinc study and
monitoring, provided that a curtai lment of f ish
stocking did not have significant impacts on fish-
ery recreal ion.

Conclusion

\ l . r n rge rn "n t  o t  h i ch  hke -  i r r  t h -  r r . - t e rn  | on t i 8u
ous lJniled States can perhaps best bc summarized
as inlcnsive, on-going and largely indiscriminate
stocting ollakcs in most mountainous areas. l\{ost
r . g i on . . t o rL  m , , . r n t . r i n  hL " .  l r i t l r  r r on -n r l i \ .  l r ou l
species ancl $'ith limited or noncxistent survey data
uJron rvhich to rnake basic stocking decisions. such
as the identification of wild trout lakes (seli-
sustaining) that do nol require fu her srock;ng.
Nlost repjons appear lo have little concern for pro-
tection o[ natir.c fish species in lakcs or downstream
- \ { l l .m - .  no  . r i J ,  n t  conce r r r  f , ' r  m r i n t . r i r r i ng
represcntative p stine lakcs" and no consicleration
o[the efli:cts of tlout stocking on indigenous lbuna.
aquatic ecosvstcms, and laLeshorc rccreational im-
pacts. Furthermore) rnost regions appear to man-
agc fisheries i!'ilh littlc undemtanding of the high
lale anglcrs r.hom thev servc.

S'ith virtuallv all mountain ranges in the con-
t iguous Nestern Lnitcd States affeued bv more
lhan  4U  rea rs  u f  h rpe l v  i r r , l i s ,  r im in r r "  " i n ,  L i ng
practices. lalge-scale er:ological disturbanccs and
loss of biodir,ersiLv appcar to be real possibilities.
The el imination of manv indigenous aquatir:  inver-
terbrates following brook trout introdudion to a lake
in Lhe Sicrra Ner.ada u,as wcll documenled bv
Re imer "  t  l q i 8 .  lO /ay .  Re ren r  r - q  r r eh  on  I  l l 9
laLes ofNcz Perce National Forest in Idaho {Bahls,
1990a and b) and 60 lakcs in the Nodh Cascades
(l-iss and Larson l99l) indicate significant differ.-
enr:es in thc biot ic communit ics of lakes u, i th and
without fish. probablv caused by fish predation on
vulnerablc inverlebratcs ancl :rmphibians. Dcgra-
dation of potential qualitv llsherics throughoul rhe
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s.cst by wastcful and unncccssary stocking also
seems likelv.

In the singlelurpose drile of a fisherv man
ager to makc rnaximLrm usc of f ish stor:ki lg tech-
nolopry for the alleged purpose of provicling {or a
small  minority of the public that l ish in remote
mountain lakes, one rni€iht drair an analo€ry to the
lofest manager $ho str ivcs lo make as much Lim-
ber available for han'est as soon as possible. ir
respective of the losses to other resources or users.
lf fishery managcrs arc to adequately servc thc
public as a $,hole, "optimun sustainable vield"
must takc the plaee of "maximum sustainable

vield."

As Phil  Pister (1977). r.cgional f isherv rnanager'
for the California l)epartment of l'ish and Came
stated. "Ml obligation tc-, provide and perpetuate
a divcrsc and undisturbcd invcrtcbratc fauna is as

ErcJ l  Js  i l  i -  l o  p l o r i t l e  e  c r ' " ,  I  l u l J  o l t r " r r t :  p " ss i -
bly greater. in that biological integril! dictates that
I should give prcfcrcncc to cndcmic launa. It is
extremelv important lhat r,e set aside a signif icant
portion of the lake resource in as undisturbed a
state as possible lo prov;de lo| the gcncral l ,v un-
predictable needs of luturc gencrations nhosc
viels and philosophies are lilel,v to be completel_v
different from oLrr otn."

Reform of high lakc lish stocking programs tcr
irnprove the condit ion of f isheries and r, ' i lderness
ecosystems is largelv the responsibiJity ofregional
f isherv managers in each state- Reforrn necessr-
tates shifting thc burdcn of proof from favoring
quantity lisheies to quality fisheries and ecosvs'
tem integri ty, two conrpaLible goals. As Aldo
Leopold states in A ,Sand County Alntanac (1966).
"A thing is l ight $hcn ; l  lends to preserve the in-
l pg r i t \ .  - l ah i l j l \  a r rd  l , eau t r  o l  t he  h io t i c  eommr r

nity. It is rl.r'ong otheffisc." A rcr.iscd program
h'ould ensure that stockin€! r'ould ce:rse in i:lkes
r,t i th no surver data or having the potential to main-
tain a scL{-sustaining fishcry. l'ishlcss lakcs would
nol be stocked due to Lheir rari ty and value as
representative prisl ; le systems for- long lerm scien-
tific monitc,ring and research. maintaining biolog-
i r r l  d i r e r - i t r  . r nJ  I ' r o l e r . l i ng  r r  p re r  I ' a -e  l e -eno i r
for colonizing lakcs dcpictcd b_v fish. l hc spccific
managemenl recomnrendations that irr l lorv are
based on management practices and policies cur'-
r , . n th  i r r  u - , . L r  - , ,m ,  f i sh ,  r '  m : rn . rg ,  m , .n l  r , . g i , ' ns
in thc Wcst.

1) Incre:rse lake survev eflorts and disconlinue
stocking ofunsun'eved lakes. Design sun'eys to ob-

tain f ishery and ecological data necessarv for:
a) long term biotic. human use and environmental
monitoring. b) dassif icat ion of lakes for f isherv
managcment purposes inlo frrur classcs (1. l ' ish-
less. ll. Selisustaining [wild and native trout], lll.
Strckable [suitable and unsuitable habitat sub-
classesl. and IV. Further stud-v [questionable nat
ural reproduction nith re-sunev after B-]0 year'
hold on stockingl).

2) Dcvelop ctxrperative funding ancl support be-
tveen statc fishcn agcncics ancl thc U.S. l'orcst
Senice lbr high lake sur'\'ey work and management
plans.

3) Stock only the species of trout indigenous
to the drainage basin. Obtain nati\.e brood stock
from sourt 'es as close to the actual lake drainage
as possiblc.

4) Identiil' watersheds with native trolrl popu
lat ions and cease stocLing of any lakes lor:atecl rrp-
strcam.

5) Lengthen the number o{ ycars betrvcen
stockings to 4-B years and stagger stocking vears
t ' i thin a *atcrshecl.

6) Check available lake sunev data to identily
laLes with naturall,v reproducing lish populations
and suspend stocking in thesc lakcs. Eight to tcn
years liom the last stocking conduct a simple fish
survcv to dctcrminc if thc fishcry is sustainable
uithout stocking.

7) The raritv oflakes 1r'ith suitable lish habitnt
( ) 2 ha surlirce area and ) ll m mar. depth) l hich
rernain in a prist ine eondit ion in the West makcs
it impcrativc that no furthcr stocking of "ner'" or
currentlv f ishless waters occrrr.  As a guidel ine for
mana€iement of l,ilderness lakes, at least 500i oI
thc total numbcr of lakcs in lhc managcmcnt rc-
gion or ['ildelnes-" Area should remain fishless,
inclurJing at least l0o/o oi the larger. deeper lakcs
potentially suitable for a fisherv. Consider discon-
tinuing stocking in selected representative lakes to
mcct this objcct ivc.

8) Limit stocking Lo a l ist of lakes developed
in coordination t'ith the land management agencv.
Cease irregLrlar sLocking ofbeavel ponrJs anrJ shal-
low lakcs.

9) EncourapJe Research Natural Area designa-
t ion to pro! ide long-term pfotecl ion of represen-
tatile p stine lakes and t'atersheds on National
F , ' r - s t  l and .  1 ' a r t i ,  r r l u r l r  a r . . r -  r ' i t h  nu  p ru lF ,  l i un
b,v \{ ilderness designation.
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10) lmplerncnt restricted bag limits or slot limis
on an area-t'ide basis to maintain qualit\, fishcries
in lakes rvith lol' natural reprorlucrion or high an-
glinf! pressure. rather than using more frequent
stocking or supplemenral stockinEl of wild popula-
l lons,

l1) Experiment with not sloc'king over-used
lakes to dctermine if it is an eifective mcans of dis-
persing use.

12) Educate thc publ ic and involve them in
high lake sun'e,v and planning ellbrts
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