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Port Townsend, WA 98246
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September 22, 1992

Fishery Managers and Biologists
State Fishery Agencies and
Federal Fishery Agencies
Western United States

Dear Fishery Managers and Biologists,

Four years ago I interviewed many of you concerning high lake
fishery management in your region. The final report, published in
the August 1952 issue of Northwest Science, is enclosed for your
review. Thank you for your contributions to this effort.

The report summarizes the status of high lake fishery management
in the western United States and also provides recommendations
for improvement modelled after progressive pelicies and
activities currently in practice in specific regions.’ Stacking
fish in mountain lakes is still largely under the control of
state and regional fishery managers. Thus, I am optimistie that
with even the minimum of attention from fishery managers, great
gains can continue to be made nation-wide to improve both the

quality of the fisheries and the condition of high lake
ecosystems.

Sincerely,

Peter Ezhls
High Lake Fisheries Consultant
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The Status of Fish Populations and Management of
High Mountain Lakes in the Western United States

Abstract

Diat. 5 Fisherles

illings

Fashe stocking of pusuntn lakes in the western comtizuous United States i 2 topic of Inereaning rrological concern and prialilio dde.
hate. A synihenis of svailabie infnrmanon s needed (9 asseen the diversity of ntocking programs ampoyed and their Lerge-ncale
ceologeal implications. The purpase of this fepon I8 (o provide an averview of the staus of fish propubitions and nusnagement of
high mountain lakes in the western 1.5 hased on inlerviews of yatn lishery mansgers in each of 44 reglona in |1 siaten, The
manapery esticnaled that more than 95 pereent of abaut 16,000 lakes were naturally flshlans pernr 1g stocking. Fresantly, abaoue
t) percent of the 1atal number of Inkes and 95 perrent af the derper lakes { 23 m) and largee [ 5 2 hat lshen contain trow, Sevenry-
live percent of the lakes with fith are repularky vocked, including an estimated ane-third that may luve wild lfiﬂ"ﬂll-unllmlnq] fishi
populalions. Most fogons manage mountain lakes fisheries ith Lille survey or research data on which 19 bise slacking progrimn,
Frw managers connider the et of ineSige naus Lot populations. othee squatic species, lake rennvstema ar e soncerns of ulleored

recreatinnul uner when comlieding shoe king proepram, Intenaive,

nn-going and lurgely iidincriminaie stocking o likes liy st Mgt

faneun reginns 0 the aremern U S, may be cavsing largr wrale degradation 10 Aguatie ceasymiama, inligenoun fah, invertebraten,
arophilunn launa sl peirnoal quality fiaheries, Some managemen! repons have expanded lake sirveve wul rrilused Mocking .
larts 16 protect native and wild b Populatuns, quality fsheres, and pristioe fahloss |dhen

Introduetion

Stocking fish in high mountain lekes has long heen
a source of eoncern and controversy (Hendee
1976). Although mountain lakes are rypically small
(<30 ha surface area) and remote, collectively
they represent an impuriant nationel resource, in-
cluding most of the pristine Equatic systems and
undamaged watersheds remaining in the country,
Mozt recreation in National Parks, Wilderness and
roadless areas centers on mountain iakes, althaugh
mast research shows that anly about half of the vis.
itors to Wilderness high lukes acmaily fish (Hendee
1976). Controversy aver bigh lake stocking has
revalved around state fishery agencies and fishing
kroups concerned with maintaining and expand-
ing fishery opportunities and Wilderness and Na.
tional Fark managers concerned with Faintaimng
and restoring natural ecosyitems (Nicola 1976,
Pister 1977). Ecological concems are increasingly
supparted by research findings. Recent studies in
the Sierra Nevada. Rocky Mountains snd Moarth
Uascades suggest that the seological impacts of
alien fish spocies an indigenous aguatic cammy.
nities may indeed be severs, long lasting and wide-
spread throughout the western LS. (Reimers
1958, 1979: Bahls 10604, | 900b. Liss and
Larson 1991

Since the late [930%%, the yee of airerail 1o stock
lrout i high mountain Jakee has fucilitated wide-
spread amnd intensive intmduction of non-nahve
spectes thrgghaut the moniain ranges of the weat.

ern United States, However, the impravemenl in
technalogy that has permitied fish introductions on
A massive scale has far out-puced an understand-
ing of the ecological consequences and hasie knowl-
edge of the types and extent of stocking progruma
vonducted nation-wide, The potential for large.
scale ccological impacts of stocked fish and the in-
creased national concern far the protection and
maintenance of hiodiversity suggests that a liigh
priority will need 1o be given to revising the gaals
and sirategies of high lake Matugement programs,

The purpose of this report is to provice an aver.
view of the status of high mountain lakes in the
contiguous western United States relative to fish
populations and current fishery management
metheds and policies. The goal of the sludy is 1o
provide a broader perspestive of current manage-
ment practices and their large-scale cealegical im-
plications in order to stimulate diseussion and
improvement of state and regional approaches to
high luke fishery management,

Methodology
Sludy Area

The =tudy area sneompasses e mountainoys
regions of the comtipuous western Linited States,
comprising 43 state fisheries munagemenl reglons
m 11 states: Washingion, Ueegon, California,
ldaha. Momana, Wyoming, Ulah, Colorada, Ne-
vada, Anzana and New Mexico, Lakes included
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in this study represont specific regional or state
definitivns for what constilutes a “high” or “moun-
tain” lake. In general, the lakes included in this
study represent naturally formed lakes oCcurring
above BOD meters in elevation,

Melthods

Telephone interviews were conducted hetwesn 10
October and 25 November 1988 with the 43
regional lishery managers or hiclogists working for
slute fish and wildlife agencies in 11 states. In ad-
dition, district fishery munagers within each region
in Oregon and purts of California were interviewed.
High luke research und management summary
reports abso were abtnned from some regans, The
ileriew consisicd of a standard serics of ques-
tions on the status of loke fisheries, type of survey
methods employed, stocking criteria used, cour-
dination with land munagement agencies, level of
recreational use, type of angling regulations. ceo-
logicul considerations given 1o stovking programs
and current research acliviljes,

Results and Discussion
Fishery status

About 16,000 high mountain lakes exist in the
western contiguous United States (Table 1), Haw-
ever, the total numbers of lakes is approximate,
since managers did not know the precise numbers
of lakes, particularly fishless lakes, in their region.
The largest eoncentrations of lakes are located in
the Oregon and Washington Caseade Mountains,
the Sierra Nevada Range of California and the
Rocky Mountains of ldaho. Montana, Colarada,
and Wynming iFigure 11,

Mountain lakes in the western 115, tvpically e
cur n glamal cimgue  hasins and are Olir.
oligniraphic owing 1a their sceurrance at high ele-
vations and within nutrient poor geological zones,
Watersheds and lakeshore ureas are highly senai-
tive Lo disturbance und exhibii slow recovery, -
eres are characterized by low productivily owing
1o the eald, nutricot-paor waters aned (he sharl
ETOWIRE Sedyon.

About 40 percent of the lakes within the |1
wesalern stales are fishless (Tabla 11, Most of thess
lishless lakes are predommantly shallow (<3 m)
and amall { <2 ha) lakes which were either judpged
or proven to be incapable of supporting fish due
to winter-kill or summer drought canditions. Haw.
ever, even many small. shallow lahes contin Gah
und are perisdically stacked in Washingon, Cre-
gon, Culiforma, Colorudo and Arizona, Most fisli-
ery managers estimated that less than Gve pereent
of the lorger [ =2 ha surface aren), tl:'.r.rmr (=3
m max. depth) lakes considered suinable us tram
habitul remain in a pristine, fishless conditian, 'l
few areas where mare than ten pereent of the large
lakes are maintained in a fishless conditian inelude
the National Parks, where stocking has been lurgely
phused out, the remote Absaroka-Beartooth mon.
lains in southwestern Montana and the state of
Wyoming.

Fisheries managers estimuted that probubly lees
than five percent of the lakes contained fish oL
latians prior to intreductions of traut whick began
about 100 vears ago. Most lakes remained Fek.
less unnil the advent of asrial stocking and improved
hatehery technalogies in the | %40s, With Fressage
of the Wilderness Act of 1964, stecking was limited
by Federal guidelines to lakes that had heen

TABLE 1. Approuimate total number snd pescent of mountain lukes in each state within ench fisher by e,

State
Fishtcy Shita Bt 0 D N B S B WA WY  TOTAL
Towsl no, lakes o3 4131 436 [79] [FasT) a6 50 a7 Lo80 2700 2000 | aed |
Y lakes with fizh a0 a3 6 38 47 I8 64 a4 fify 5 40 a0
b lakes withnu fish 30 J7 23 42 a3 42 36 Ifa 34 14 =4] 11
Yo lurpe, (ishless: Lukes 0 3 3 3 B 1] {1 i i 4 mn 4
" lakes stockeed 30 32 34 15 2 S R 1 n 50 bk aly L5
% unsiocked wild troust fykes § 144 13 .k S ] 1 il It 1 20 1+
Hoadlmanid lakes 30 IR ¥ 13 b I ey S0 13 i3 A0 o W2
i limnk traut [akes n | 20 1 Z i 12 ] ] AH 3 21 = §
" other fish lnkes n I i 3 | 51 §] | 2 I 141 L
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Figure 1. Number of Jahes in mRUNlznows sregs of sasch siai= s

stocked previous o Wilderness desiznation, pravid-
ng al least some protection of naiurally fishless lakes
from stale dgency stocking programs {Figure 2.

The three primary fish SPECIES ocourTing in
muuntain fakes are rainbow trou (Oneorfmciu
mxkiss), cutthroal trout (0. clgrkil and brook trout
(Falvelima fontnafisi, Lesser numbers of golden

e
Mt
‘lmilll"
. AT

hery management reginn in 1he westein B

raut (£, aguabonite), arctio gravling (Thymallus
aroizcus), lake trout (Safvelinu aarmayeuwsh), birown
trout (3aimeo trura), splake lbrook-lake hybrid),
ranbow-cutthroal hvhrid, kokones sulmon (i),
nerfel. Atlantic salman (Salm saber) and severs|
species of sucker, whitefish aid minnow alsg oc-
cir. Although managers knew linle about the
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Figure 2. Hypothetical hidar of fub st king for high main
tuin lakes in the western 11 8 showing prmentige
of lakr eonteining fins e all lakes amd Laeger 1 2
s sutince aresl anmd decper 1 20 m mux. degithy
lnkes,

historeal or current distribution of indigenaus trout
i akes of most regions, they suggested that most
lakes with indigenous trout have probubly heen
subsequently stocked, leaving perhaps ane percent
of the lakes with relatively pure steging of natjve
Lrowt,

In most states, lokes orignally planted with
brook trout contain sell-sustaining  pupulations,
usually with abundant numbers of small af stunted
individuals, Natzhle exceptions inelude the (re-
gon Cascade mountains, where the majoriy ol
lakes conunue to be stocked with braok troul eve
ery ather vear with few perceived over-papulation
problems, and the highly productive lakes in the
Boulder Mountain region of Utah which produce
broak trout weighing 700 to 1000 grams within
two years from the time of stocking,

Purpose of High Lake Fishery Programs

Regional managere stated that Maximizing a diver.
sity of fishery recreation apportunities lincluding
“aquality” fisheries| was the purpuse of their high
lake fishery program. Quality fisheries were gener-
ally defined as smaller papulations of larger sized
fish (=30 cm) supported within the carrying va-
pacity of the lakes. Native and wild trout feelf.
sustiining by natural reprodisction) papitlations are
@iven high prionty as “quality” fisheries in Caolorado
and Momana. Several regions. discussed later,
have tuken various steps 1t ensure thar high loke
stocking is consistent within the hrogder goal of pro-

I8G  Bahls

Weung and enhancing indigennus 1oy, At
hiodiversity and the ecnlogical integrity of high Lake
rEEns

Survey Melhods

Most regions eonsider high lake management 1o be
a low priarity, Cansequently, although stncking ef-
forts are mtensive and widespread, survey and e
search efforts have been minimal in most stites
(Table 2). Many lakes in the large wilderness and
muadless areas of Montana and [daho huve never
been surveyed, although they huve heen regularly
stocked with fish for over 40 vears. Maoat repiong
have an informal survey method of pill netting 10
ahtain samplea of fish for weight and length mea-
surements. Some witer qualiry samples aned luke
buthymetne mewsurements are taken s well. 1
some regions, lisherv bialngiats and ather perann-
nel spend vne o two weeks o Wen surveying lukes
Wi an attempt to visit each luke in the region Every
five 1o ten years, Snorkeling instead of gill-net sam-
pling 15 used by several distriets in Oregan uod
California to estimate fish pupulation and prey hase
charactensties of selected lakes,

The states of Wyoming, Caloeudo and Utah ini-
tinted long-term atandardized fishery survey pro-
grams that included most of the mauntain lukes jn
each state. In Colarado and Wyoming, most lukes
were surveyved once 1o determine the status of Uies
existing fish populations and the suitability for fu-
ture stocking. Utah recently eompleted a4 sepond
phase of surveys on about 600 |akes in the Hizh
Uinta Mountains in order tn revise 2tacking rates
established after the initial survevs, which were
condueted 10-20 vears agu, [n the only systemaie

survey conducted in Montana, Par Marcuson ™~/

(1980} surveved over 1000 lakes in the Ahsarulka.
Beartoath region aver a period of len years,

More camprehensive limoological surveys have
been conducted on 87 lakes in Colorada IMvelson
LU88), 10 lakes in the Sierra Nevada {Reimers et
ai. 1955), 30 lakes in the Lospel Hump Wilder-
ness (Bspinosa 1976) und 189 lukes in the Mez
Peree Nationul Forest of [daha iBubls 19490,
1987). Work in Washingtan includes sticveys of
60 lakes wn the Olvmpic Peninsula iJahnslon
L973). 32 lukes in the Norih Caseades MNational
Park {Liss ane Larson 1991 Fand 30 Likes in M0
Rainier National Park (. L. Larson PUEE. cammm.,
Mational Park Service, Uregnn State University),
In addition. Phase | of the Western Lakes Survey
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TABLE 2. |

"eroenl of high luke fishery MAneFrment reguns an coch tale uning various survey methuets and management polivie.

Aurvey methods aned manageinen! policies

Hade
e GO I oMM MM on UT WA WY TATAL
Mo, of lugh lake mg, tepons 2 i L3 5 5 2 ) 3 d n 3 H
Mnst laken il surveved 0 0 I B0 &N i} i i 0 i} il 5
Infrecuent fish stalus survevs 100 10 100 0 20 Wwo 100 |00 100 0o oo s
Lomprehensave coologieal sirvevs 0 1] il 20 L] 1] { 1] ] 14 1] 5§
Rerearch studies i 50 1M 20 1] 1] ] 20 i T il 19
Active creel census [Hailag 11 i r'ai ] 41 1] 0 1] i} H ] #a ¥} 21
No stock in netve fish watershed i 1] 0 ] LUI 1+ K B R 1] 1] ] a2
Slaske only surveyed lokes n Q Riv 20 LLUI £ B VT N (1] A4 100 61
Stocking only with ruative strain i i a E{LR 1] 0 0 i [ i [t} T
Stocking native and exotic srun O M e Ao a0 0 45 o0 L VI T o
F-I-rimg only exole stran LLE T i ] il [ AT ] Th 0 100 i il 14
Lantineril brosk trout vocking 0 ] 20 1] 1] il A5 1M 100 1 L 47
Mo suppleisental docking 1K) 25 i Ll il 1] atl i) 1 LT 1l Bl
Mu hamin for socking rates 1 5 il Hi fll 1] i il i i 1] 15
I'rial and reror basls for Files W] 5 i bl ] LU T A ¥ T | E3ih a1 ]
Lhinntiative indes basin for sutes 0 g 1m0 ¥ il 0 i {Q 1 17 1] 11
Scking rorstion pennd {years) P2 1 23 3R L3 24 1A 40 24 0
State-fedrenl wocking plun 0 i [T 1} il i} il 0¥ i i} *
Concern with fedeeal legging impact 0 25 0 &0 1] ] o &0 a0 17 0 14
Percesved recrealion ineresae WY (00 100 100 100 oW 0 LMy 100 L 160 al

was conducted in 1985 hy the U5, Enviranmen-
tal Protection Agency to determine the chemieal
stalus of 757 high mountain lakes considerad 1y

e at risk 28 a result of aeidie depasition (EPA
1987}

A number of ather methads have heen used
0 oblain information on high lakes. Informal cres|
vensus. usurlly involving veluntary angler repart
cards available al the trail head, was used in many
FEgIons. Some siales oceasionally make use of s1aze
dgeney enforcement personnel (o colleet busie in-
fermation (usually by angling) on the lake fishery,
A few regions have cultivared high lake enthusiasts
who give the state fishery ageney information on
the status of fish populations in high lakes thar they
visit. Washington has twe user graups, the High
Lakers and the Trail Blagers. which give stucking
meeammendations (o the Department of Wildlife
and. using backpacking methods, stock over 100
likes a year,

Mountain lukes in the Waer have received it
{le in-depth research compared with  Jowland
anjuatic systems 1Goerze g gf 1989, but research
ICHYIEY seems to be on the icrease. Current studies
#n high lakes include long term studies of the of-

fects of fish stacking on the eculogical communi-
lics of lakes in North Cuscades NMutional Puck
Service Complex, Washington (Liss and Larson
1991) and Wilderness Areas of the Nex Peree Na.
tivnal Forest (Bahls 1990g), Melson (1988) syn-
thesized 20 vears of research and survey data an
high lakes in Caloradu, Research has recently been
completed on the papulation dynamics of stunted
brook trout populstions in response to density
reduction in the Sierra Nevada mountaing of
Califorma {Hall 1991). Work is in progress on de-
veloping a lake productivity index for use in ss-
timating slocking rates in the narthwestern Sierra
Nevada (Morea pers. commy,. California Depan-
ment of Fish and Came).

Stocking Criteria
A. Lake habitar cutsiderations

Few ragions have active field investigations sub-
slanbiating reasoning or results of stocking prac-
tices iMarcusan  1980), In terms. of lakes
considered suitahle for stocking, most lakes in he
West are assumed by managers to be able 1o sup-
port fish populations, Fven muany of the shallow,
small kikes that provide marginal winlering habitat,

Fish in High Mountain [Lakes 117




are stocked on g regular hasis. Unly ane regionul
manager specifically stated that he would refrain
from stocking a lake unti] it was surveved, In
Colorado and Wyoming. a small number af large.
deep lakes at high elevations are not stocked due
10 their exceptionally low productviry, [n addition.
about 10 percent of the high lukes in Wyvoming
with suitahle trout habitat are maintained in a pris-
tine lshless condition,

B. Federal management considerations

Manugers were aware of the “grandfather clause”
of federal wilderneas management purdelines tha
restrict stocking to lukes stocked previous o wilder
ness designation (USDA 19881, Hawes or, at least
ane region in Idaho eontinued to stock fishless lukes
in wilderness areus unnl | 9HG Considenng that
some munagers assumed that maost lakes have been
stocked al une time or another. and the luck of
state-federnl planning coordination und limited sur-
vey data. rare fishless lakes are probably not ade-
quately prolected from stocking in some regions,
However, the fishery management region encom-
passing the Ahsaroka-Beartooth Mountains of Man-
lana maintains about 25 percent of 1000 lakes in
a fishiess condition us representative pristine lakey
for baseline monitoring, research and wilderness
values (Marcuson 1978),

Nanonal Park Serviee management policy
adopted in 1977 (USNPS 1975) states in part that
“The Service will. . . strive 1o maintain the natural
abundanee, behavior, diversity, and ecological in-
tegrity of native animuls in nanral partions of parks
as part of the park ccosvsiem. . . No anificial stock-
ing of fish spevies exotic 10 a park will aceur: ar-
tificial stocking of fish may anly be employed 10
reestablish native species. Naturally barren waters
will not be stocked with either native ar exotic Gsh
species,” However, sometimes heated controver-
sies with the siate fishery 2Eency responsible for
historical stocking of these lakes (Nicola 1976] have
resulted in continuing stocking of 2 small percent-
ege L <2 10 percent) of lakes in most National Parks,

In a somewhat anamalous case. recent rieguli-
atinns between the Washington Depariment of
Wildlife and North Cascades Nanonai Park resulied
in an agreement lo continue slocking A0 percent
af the lukes that would have reverted 1o a fizhless
condition with no stocking. In contrast. Rocky
Mountain National Park allows no stocking of nun-
nattve troul zpecies und initiated @ native trout

188 liahls

restaralion program which has established salf-
sustaining subive-strain greenback cattheoul wnd
Lolorado cutthroat in 1] lakes previously ftapied
v brook trout or other introduced troul | Rosen-
lund and Stevens 1988).

C. Fish species considerations

Several regions were taking Seps 10 incorporate
natve trout protection and enlancement policiey
into their high lake manugement progruma, New
Mexico, Wyoming, and some regrons of Culifor-
nia have informal policies of not stocking lakes that
drain into a stream svatem comtaining indigenous
traut. Rocky Mountain National Park and region
encompassing the noctheast Cascade mauntains of
Washington stock sxclusively haie he wverured tron)
onginally indigenous to the region, while Colurad,
Mentana, ldaho, and New Mexico sioek nitive-
strain trout, while continuing to sock non-native
troul Apecics,

Moast lakes in the West continue to be stocked
wilh species, subspecies and stocks of rout not ni-
tive to the watershed or region. Brook trout con-
tinue 10 be stocked in ahout 10 percent of the lakes
stocked an a regulur basis. However, most states
have severely limited or discontinued brook trout
stocking due 1o the ohserved tendeney of the spe-
cies lo over-papulate in most types of lukes. Brown
trout and lake traut continue 1o be stocked ocea.
sionally 10 control over-populated broak trout lukes,
although this method has mer with mixed resulis

and may setually compound the problem (Nelsan
1988, Hall 1991).

D). Natursl recruitment considerations

About 25 percent of the lakes containing fish in
the West are not stucked owing ta high levels of nat-
ural recruitment and self-sustaining fish populations
(wild trout lakes). However, a varicty of factors sug-
grst that an additional 25 percent of the lakes with
iroul may not require further stocking 1o maintain
{isheries. Most managers stated that stocking was
conducted unless evidence of high natural recruit.
ment wus recorded for a lake, Given the lack of
basic survey dals in many regions and difficully
of identifving low o moderate levels of namra)
recritment in the fish populutions which age peris
odically stocked, the potential fur Unmecessacy
stocking is grear. Also, intensive surveys of lakes
in the ez Perce National Forest indicared thut 50
percent of the 130 lukes stockedl un a refular
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hatis were probahly capable of maintaining zeli.
sustuming fisheries (Bahls 19904). Likewice, Na-
nanal Fark Service policy changes in the lute 9RO
which resulted in severe limitations on stocking, lefl
aelf-sustaining trout ropulations in about 25 per.
cent of the lakes previously siocked in national parks
n Californ and Colorade (Wallis 1976, Rosen.
lund and Stevens 1988). The smaller percenlige
of wild trout lukes in the Parks may he due to the
exceplivnally marginal. high elevation spawrung hak-
itat and high ungiing pressure in these areas.

Only o few remons in Washington and Mon.
tana have a policy of nut stocking lukes with any
recognized notural recruitment. Montana, with a
strong emphasis on maintaining wild and native fish
populations in stream and river svstems, appeurs
10 be the strongest supporter for maintaning wild
trout populativns in meuntain lakes, shilting the
burden of proof 10 permit stacking of only thaee
lukes where it is clearly necessury 1o maintain fish
populations. Supplemental stocking “when in
doubt" is seen s an unnecessary risk to person-
nel involved in aerial stocking Operalons, a waste
of management resources and potential cause of
damage to quality wild trout fisheries and wilder-
ness values (Marcusen 1976),

While most regions use supplemental stocking
or an increase in stocking rates and frequencies
o adjust 10 varivus levels of recruitment and
angling pressure, several regions have adopted
more restrictive angling regulntions or are consider.
ing the implementatinn of such regulations to re-
duce the harvest und maintaim o “quality” nr wild
traut fishery. In Rocky Muuntain National Park,
depletion of self-sustaining narive-strain traur popu-
lations is prevented by a two fish per day bag limit,
The Absaroka-Beartooth region of Montana has
propased a three figh limit. Colorada has lung de-
hated the idea of imposing =lat limits, where trou
within 2 specified size range would be released un.
harmed (Nelson 1988). On the other hand, in
Colorades, Montana and Idaho, angling regulstions
allow the take of additional brank trout, Aceord.
ing to Nelson (1988). the liberal regulation prob.
ahly has litle effect on reducing the abundant
numbers af small and stunied fish that eecur in
most lakes containing this species, but probahly
does little harm =ither,

Slocking Rates and Frequencies

Most regions claim 1o manage high lukes by the
“seat of the punis™ method, presumahiy Heaning

in pant that stecking rres and frequencies are based
on limited ar intuitive knowledge of the lakes in
the absence of standardized or ruianlitutive method
fur derving sppropriate stocking rates, Trial and
error was the plirase most aften heard, suggesting
that stocking rates are based on past resuls in
terms ol the desired size, condition and relative
tbundance of fish. However, the pust results L
which stocking rates are based varies considera.
bly batween regions, Manianu und ldaha have rela-
tively litde data on which to estimale Appropriote
siocking rutes, whereas in the Uregon Cascades,
with fewer lakes per regional munager, higher fish-
ng pressure and cusier access ro the lakes, there
seems 1o huve been more opportunity to evaluaie
slocking rates and make the necessary corrections.

Regions of Calarado rely primarily upon
stocking rate index baasd on reseurch and SUrVEYS
conducted by Nelson (1988) aver 4 period of 20
years. The index mearporutes lake slevation and
sstimated angling pressure (low, maderate, highy)
to derive appropriate unnual stocking rates, For
lukes in the Olympic Mountains of Washington,
Johnston (1973) derived stocking rotes (romy an
“environmental parameter index” based on lake
clevation, water alkalinity and foed sources {shrtmp
and zooplankton) and other factors. Many regions,
including those in Colorado, Utah, Washington and
Wyaming, claim to have decreased stanking rates
substantially since the 1940°5 and 1950' in re.
spanse (o lake surveys which indicated that exis-
ng stacking levels were resulting in papulations of
stunted and small fish,

Most regions stock at 42 to 620 fizhiha 125 1o
250 fish/acre), depending upoan the status of the
existing fish population. pereeived productivity and
angling pressure gt g lake. The frequency of stock-
ing varies from one to cight vears. {Jregon planis
mastly brook trout every other vear and would
stock every year if funding allowed. Most states
stack fry or fingerlings un a set frequency aof every
Iwg 1o five years for all lakes in the area, although
same regiens vary the frequency from two o eight
vears for specific lakes, depending on the perceived
level of use, level of praductivity and occurrence
af other lakes in the areq.

In the Ahsaroka-Beartoath region of Mantang
and the northeastern Cuseades of Wushingmn,
the tume period between fish plantings is belween
five tu cight years and stocking cveles ure staggered
within a drainage hasin (Marcuson |980). The
reasons gwen fur such  manugement are

Fish in High Mouniain Lakes 1He



I} provide a diversite of fishing oppurtunities—
from ahunduni, smail trout (o [esser numbers of
large. “trophy™ trout in a lake over time and alse
hetween lakes in a drainage hasin: 2) disperse
recreational use among the lukes by varying the
fisling opportunily svalable in o particular lake
ifram no fish present lo trophy fish present) aver
time: 31 allow prey populations to replenish low
productivity lakes during the period that trout pop-
latons are ot a low level or not present i the lake:
4) increase the survival and growth rates of stocked
frv dur to lower predation associated with fewer
large fish remaining in the lake and more 3hun-
dent fond resources available: 3) improve Ui cost-
ellectiveness of the stocking progrum by leas [re-
quent stocking and use of expensive helicopter
tire: and &) lessen the impact of fish <t kirig on
the luke ecosvstem and assoeigted wilderness
values,

Stocking Methods

Use of fived wing nireraft and helicopters are the
major metheds currently used ta stock mountain
lakes in the West, Backpacking and harse-pocking
trout fry inte a lake are wsed rurelv. In the
Abearoka-Ueartooth region, horse or buckpacking
methods are sometimes substituted for aerial slock-
Ing in the vicinity of a luke of special concern, such
us 8 lake containing a pure siock of zolden traut
of nulive trout, 1o reduee the dsk of stocking the
lake accidentally while stocking lakes in the area
(Marcusan 1980).

State and Federal Management Interactions

About B0 percent of the mountain lakes in the West
are located in National Foresis managed by the
U.5. Forest Service, 13 percent in National Parks
managed by the [1.5. Nutional Park Service and
the: remaining lakes fall under & variety of federal.
&tate or private ownership. Most high lakes in the
National Forests are located in designated Wilder-
ness Areas, with the remainder moztly in roadless
areas,

Management interaction hetween the federal
and state agencies in regards o mauntain lakes iz
limited. usually consisting of an annyal notification
from the state 1o the federal agency concerming the
lakes 1o be stocked in that vear, Few state lisherv
regans have formal “memorandums of understagd.
ing” listing the: \rout species or lakes which can and
rannol continue to be socked. although Federad

134) Buhls

Wilderness Management Guidelines rECOMend
such action (USDA L986). Based on haseling sur-
vev  duta callected  and analyzed  hetween
L986-1990, Nez Peree Naotional Forest and the
fishery management region of north-central Idahn
are in the process of Prepanng o cooparative stock-
ing plan for lakes in this Nutional Forest, With the
recent emphasis of the Forest Servies on fishery
programs. it seems likely that the cooperative fumi-
ing and coordination between fshery and land
managemant agencies o addecss mountain lake
survey und management needs will increase,

In some regions, o major peint ol cantention
between state fishery and lederal land e s
5 the building of new logring couds thar ineecase
aecessibility to lakes and cesult in greatly inereas-
utg fishing pressure, Managers stared thal the cpual-
ity of the fishing cxperience iy impaived by
ncreased lakeshore impacts related 1o Py
recreational use and nearby logeing aperativng and
clear-cuts, Alsa, with increased lishing pressice un
these relatively low productivity walera, lishery
managers have nat been able 1o susiain u "eual-
iy™ trout fishery of large fish, but have switched
to a "put und take™ fishery of small cutchable fish
stucked more frequently into the lakes,

Hecrestional Use

Just as basic information is lacking on the fisher-
ies resourees of mountain lokes in mast ureas of
the western United States, so 1a0 is an understand-
ing af the peuple for whom stocking 15 condueted,
No [ishery region had conducted stwdies on (he
values or desires spevific (o high luke anglers ur
wilderness users. Managers’ mast eommonly 2tated
goals of providing o diversity of [ishing apportuni-
tes and quality fisherics (in terms of larper lish
in greater abundance) may have little relutionship
to the public’s broader canception of a quality
backeountry or wilderness experience

Mast regional managers pereeived un increase
in the recreational use of high lakes in recent ¥ears,
with associated impacts on lakeshore vegetation
and fish populationz. The Sierra Nevada Mountains
ol California appesr most heavily impacted, with
mast regions reporting u level of use far above
which fragile lukeshore areas can sustain. Fisher.
les consisting mainly of stunted und dense brok
tront populatians seem to be linle affecied by in-
creased fishing pressure (MHull 1991, Sluggering
thee stecking of lnkes in a watesshed, o discussed
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abuove. 15 a standard method of rving to disperse
lise amung a larger number of lukes. although only
a few regions also wse a lengthened time berween

-.-lu;:i;mg.i..

Longterm suspensivn of stecking ul aver-ised
lukes has been o maner of much dehare 1Cordane
1977, Wallis 1977, Nicola 1978). In some regsions
af Washington and California. suspersion of stock.
ing i considered 4 legitimale ol to disperse recrea.
honal users from heavily used areas. However, some
regional fishery managers in Colarado are resisting
requests by the Forest Service 10 discontinue siocks
ing of over-used lakes, maintaining that use shoulsd
be eontrolled by the lund management agenecy
through a special permin svslemn, rather than in-
direcily, through o suspension of fish atncking

Rather thun discontinuing stocking w reduee
impocts, Wyoming was seeking federal approval
e stock additional pristine fishless lakes in Wilder-
ness Areas as means 1o disperse use, but dropped
the pruposal due 10 veological concerns and luck
of LS. Furest Service support. In general, most
of the sociologicul research suggests that increas-
ing fish stocking as o means of redueing recrea-
livnal impacts may be counter-productive, Stydies
of buckeountry users in many areas reveal that fish
ing is & relatively minor part of their overall wisil,
Manipulating the fishery would probably have a
relatively small impact an the incentive of visitors
ta go 1o different places (Hendee 19761, Secondly,
u highly curvilinear relativnship pxists between hy
man use and impuct, with relatively low levels of
uee producing high levels of impact und slaw recov-
ery in high elevation aress. Thus, 3 program to
redistribute use would probably result in an in-
crease in aggregate resource impaet, iranically in-
creasing the siress on high mountain fsheries and
other values rather than reducing it {Stankey pers.
comm., Uregon State University).

In Rocky Mountain National Pack. pack animal
use is resiricted to areas below timberline and e
traiis. A permit svstem restricts camping lo desig
nated arcas located at least .5 1o | km from moat
lakes. The restrictions appear to keep lakeshone
and fishery impacts ar an aceeptably low level, de-
spite very high use of the Park uverall (8 ftusen-
lund pers. comm. Fish and Wildlif- Service)

Fesearch Matursl Araas

About 20 lukes in the wesiarn ronliguous [niged
Sates are designated as Hesesreh Natural Areas

(RNAY under the U5, Forest Service svatem, The
majorty of lakes with the RNA designation are |o-
cated in the Nativnal Farests of [daho, due largzely
to the elforts of Dr. Fred Rahe und others a the
Laiversity of Tdahe. Lakes proposed {or RNA ¢las-
sification are usually managed as Fepresenlative
prishine ccosvstems. with no fish stocking, road
building or timber harvest permitted in the loke
hasin. Most regional fishery managers surveved
seemed amenable t the possibility of RNA desig-
nution of selected lakes in their regiony for reasony
ol habitat protection and baseline study  and
monitoring, provided thar a curtailment of fish
stocking did not have significant inpacis an fsh-
2Ty f!'ﬂrl‘ﬂ[ll]ﬂi

Conclusion

Management of high lukes in the western canligu-
vus United States can perhups best be summarized
A% inlensive, on-going and largely indiseriminate
stacking ol lakes in most mouniainous areas, Moyt
regions atock mountain lakes with nan-native trout
species und with Bmited or nonexistent survey data
upan which to make basic stocking decisions, such
23 the identification of wild troul lakes {zelf-
susiaining) that do not require [urther stocking,
Most regions appear to have little concern for pro-
tection of native fish species {n lukes or downstream
syatems, no evidenl concern [or maintaining
representative pristine lakes, and no consideration
ot the effects of trout stocking un indigenous fauna,
dquatic ecosystems, and lakeshore recreational -
paciz. Furthermore, maost reglons appear (o man-
age lisheries with litle understanding of the high
lake anglers whom they serve.

With virtually all mountain ranges in the con-
tiguous western [nited States affected by maore
than 40 years of largely indiscriminate stocking
practices, large-seale ecological disturbances and
lozz of biodiversity appear lo be real possibilities,

The climination of many indigenous anuatie inver-

tehrates following brook trout intraduction 1a a lake
in the Sierra Nevada was well documented hy
Heimers (1958, 1979). Recent research an 159
lakes of Nez Perce National Forest in ldaha | Bahis,
19902 and b) and 60 lakes i the North Caseades
(Liss and Larson 1991 indicate signilicant diffe e
enees in the bloue communities of liakas with anel
without fish. probablv caunsed Ly fish predation on
vulnerable invertebrates and amphibians, [heprp-
datwon of potential quality fisheries throughout the
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Wear by wastelul and unnecessary slocking also
seems likely.

In the single-purpose drive of a fshery man-
ager v make maximum use of fish stacking tech-
aology for the alleged purpose of prcu-'ll'im[: for a
small minarity of the public that fish in remate
mountuin lakes, one might draw an analogy 1o the
forest manuger who stnives to make as much timn-
ber available for harvest as soon as possible, ir-
respective of the lasses 1o other resources or users;
If fishery managers are 10 adequately serve the
public as a whole, “optimum sustainable yield™

must tuke the place of “maximum sustainuhle
vield."”

As Phil Pister (19771, regional fishery munager
far the California Department of Fish and Game
stated. “My obligation 1o provide and perpetuae
adiverse and undisturbed invertebrate faung is as
great as it s o provide a creel full of traut; possi.
bly greater, in that biological integrity dictates that
| should give preference 1o endemic faung. I is
extremely important thar we set uside a significani
portion of the lake resource in as undisturhed 3
state as possible to provide for the generully un-
predictable nceds of future generations whose
views and philesophics are likely 1o be completely
different from our cwn,”

Reform of high luke fish stocking programs to
improve the condition of fisheres and wilderness
ecosystems is largely the responsibility of regional
fishery managers in cach state. Reform necessi-
tates shifling the hurden of proaf from favonng
quantity fisherics 1o quality fisheries and BOOSY S
lem integrity, two compatible goals, As Alde
Leopold states in A Sand County Almanae 11944),
“A thing is right when it tends 1o preserve the in-
tegrity, stability and beauty of the biotic commu.
nity. It {s wrong otherwise.” A revised program
would ensure that stoeking would cease in lukes
with no survey data or having the potential to main-
tain a sellsustaining fishery, Fishless lakes would
nol be stocked due to their rarity and value as
representabive pristine systems for lang term scien-
tific monitoring and ressarch, maintaining hinlog:
ical diversity and protecting a prey hase reservois
for culonizing lakes depleted hy fish. The sperific
management recommendations that follow sre
haszed on managemenl practices and policiez eur-
rently in use by some fishery management reginns
m the West, . )

L1 Inerease lake survev efforts and dizgeantinue
slocking o wnsurveved Likes. Desin survevs 1o ob-

192 Bahle

luin fizhery and ccolopical daty necessary for:
al lung term hintic, human use and ey irnnme alal
manitoring, bl classification of lakes for fishery
management purposes into four closses (1. Fishe
less, 1L Sell-sustainiog [wild and native trout|, 111,
Stockable [suitable and unsuitable habitat sub-
classes|, and IV. Further study |questionable nat-
ural reproduction with re-survey aller §-10 year
hold on stocking]).

2) Develop eaoperative funding and suppor he-
tween stale [ishery agencies und the 11,5, Forest
Service for high loke survey work and management
plans,

3} Stock anly the speeies of troul indigenos
tor the drainage basin, Obtain native ieeiad wloek
from saurees us close to the actual lake drainage
as pusible,

4 Ideniify watersheds with native trout P
latians and cease stocking of any lnkes locuted ipi-
stream,

5} Lengthen the number of years between
slockings to 4-8 years and stagger stocking years
within o watershed.

ti) Check available lake survey duta ta identily
lakes with naturally reproducing fish populatians
and suspend stocking in these lakes. Fight 1o len
years fram the last stocking conduet o aimple fisl
survey to determine if the fishery is sustuinahle
without stucking,

71 The rarity of lakes with suitable fish habitat
{ =2 ha surface area and =3 m max, depith) which
remain in a postine condition in the West makes
it imperative that na further stocking of “new” or
currently fishless waters occur. As a guideline fur
management of wilderness lakes, at [east 30% af
the total number of lakes in the management re-
gion ar Wilderness Area should remain fishless,
including at least 10% of the larger, decper lakes
potentially suitable for a fishery. Consider diseon-
unuing stocking in selected representative lakes 1w
meet this ahjective,

8) Limit stocking to a list of lakes developed
in courdination with the lund management HECICY.
Cease irregular stocking of beaver pands and slal-
low lakes.

N Encourage Research Natical Area designa-
tion to provide langderm proteenan of repreEen-
Latve pristine lakes and watersheds on Nationy)
Forest land. paricularly areas with no protection
by Wilderness designation,
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104 Implement restricted bag limiis or zat limits
Of an ired-wide hass to maisitain quality fisheries
in lakes with low natural reproduction or higlt an-
gling pressure. rather than using mure frequent
stocking ur supplemental stocking of wild popula-
L,

L) Experiment with nat slocking aver-used

lakes to determine if it 15 an effecive sicans of dis.
PETRINE Use,

12} Educate the public and invalve them in
high lake survey and planning eifors,
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