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SUMMARY OF A MULTISTATE HIGH MOUNTAIN LAKE SUMMIT 
ABSTRACT 

Fisheries management of high mountain lakes (HMLs), most of which were historically 
fishless, has come under ever-increasing scrutiny due to the ecological impacts of introduced 
fish (usually salmonids) on native species in these alpine settings. In November 2006, the Idaho 
Department of Fish and Game organized a High Mountain Lake Summit of fisheries managers 
and program coordinators from around the western United States. At this summit, past 
experience, current direction, and future courses of action in HML management were presented 
and discussed.  

 
Historically, HMLs in the western United States were managed to provide diverse 

angling opportunities, and as a result were often stocked with nonnative salmonids, or 
salmonids native to downstream reaches but not to the lake itself. More recently, states are 
managing HMLs under a more dichotomous approach, that of balancing the impacts that 
introduced salmonids can have on native species in HMLs, while maintaining the fishing 
opportunities that the public currently desires. Most states now manage for a certain amount of 
fishless lakes, and removal of nonnative salmonids from some lakes is occurring with the use of 
chemicals, netting, and sterile fish predators. Sterile hatchery salmonids are being stocked to 
avoid potential genetic concerns with native salmonids in downstream reaches, and for the most 
part brook trout Salvelinus fontinalis are no longer stocked in HMLs in the west. Of the nearly 
29,000 HMLs located within the seven states represented at the meeting, salmonids are present 
in about 6,900 lakes (24%), and about 2,750 HMLs (10%) are currently being stocked with fish. 
These estimates are lower than those of previous summaries, largely because of differences in 
the definition of what constitutes a HML, but also because nearly all western states have in 
recent years reduced or eliminated exotic introductions, reduced the number of lakes being 
stocked, terminated stocking where natural reproduction occurs, and preserved or augmented 
the number of fishless lakes. The continuation and refinement of such management actions 
should help insure that HMLs continue to provide quality fishing opportunities while protecting 
native aquatic biota for future generations. 
 
Edited by: 
 
 
 
Kevin A. Meyer 
Principal Fisheries Research Biologist 
 
 
 
Daniel J. Schill 
Fisheries Research Manager 
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INTRODUCTION 

Most high mountain lakes (HMLs) of the western United States were formed during the 
late Pleistocene epoch by glaciers, which carved basins in the rock and formed moraines that 
function as natural dams (and barriers). These barriers prevented fish from naturally colonizing 
HMLs when the glaciers melted. Consequently, it was not until the west was settled by migrants 
from the eastern United States in the 1800s, and the settlers began stocking HMLs with a 
variety of salmonids, that anglers began to visit these areas to catch fish. Initial introductions 
typically were made by miners, cattlemen, and sportsmen groups such as the Sierra Club, 
followed by erratic governmental management of HML systems (Pister 2001). Fish management 
of HMLs was thus born. 

 
As time has passed, fisheries management in HMLs has come under ever-increasing 

scrutiny (Bahls 1992; Pister 2001; Dunham et al. 2003; Wiley 2003). This scrutiny stems largely 
from the fact that, in the past few decades, a growing body of evidence has demonstrated that 
the introduction of salmonids into historically fishless HMLs typically results in reduced numbers 
of invertebrates, amphibians, and other native species that previously did not evolve in sympatry 
with salmonids (see Dunham et al. 2003 for review). However, state biologists are typically 
charged with managing HMLs for the benefit of all citizens, many of whom have a strong desire 
for angling opportunities in alpine settings (e.g., IDFG 2007). For fisheries managers, the 
dichotomy of providing fish opportunities in HMLs while protecting native species has become 
an ever-more difficult balancing act, resulting in recent changes in the management of HMLs. 
State managers of HMLs recognize that the ability to maintain quality fisheries in HMLs in the 
future will be influenced by our knowledge of HML ecosystems and how fish stocking programs 
influence these ecosystems.  

 
Idaho has previously conducted two summaries of HML management in the western 

United States. A meeting was held almost 30 years ago, at which management of HMLs in 
Idaho and other western state was reviewed with the similar goal of using the knowledge gained 
from that review to improve understanding of HML ecosystems and programs and benefit HML 
management. Subsequently, a report was written by Jerry Mallet and Herb Pollard in 1976 
(Mallet and Pollard 1976), but it was never published as an agency report; it appears here as 
Appendix A to preserve their narration. Twenty years later, DerHovanisian (1997) summarized 
HML management in the western United States, focusing on strategies for HML management 
and providing recommendations for future management. 

 
Notwithstanding these previous summaries, the western United States has cumulatively 

made great advancements and changes in the management of HMLs in recent years. This 
report is an attempt to summarize some of those changes. This information was exchanged at a 
High Mountain Lake Summit meeting at the Billy Creek Patrol Station near Lewiston, Idaho, in 
November 2006. States in attendance included Washington, Oregon, California, Nevada, New 
Mexico, Montana, and Idaho. The summit involved 1-2 presentations by representatives from 
each state in attendance, as well as a discussion session for any remaining as-yet uncovered 
topics. In addition, management plans, research results, and state policy directives were also 
shared in a variety of formats.  

 
This report attempts to summarize the results of the above efforts. However, this report 

in no way completely summarizes HML management in each respective state, nor does it 
constitute the entire breadth of each state’s HML policy. Rather, we cover here only what was 
discussed or summarized at the meeting. Because the information presented here is solely 
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dependent on each state’s presentation and supplemental information they provided, the report 
suffers a bit organizationally. Nonetheless, it is our hope this summary proves useful to the 
meeting participants, and to the future management of HMLs in the western United States. 

 
 

OBJECTIVES OF THE NOVEMBER 2006 MEETING 

1.) Identify each state’s stocking guidelines for HMLs, how they were developed, and how 
they have changed in the last 10-20 years. 

 
2.) Identify each state’s current policies regarding HML fish stocking, fishless lakes, genetic 

risks, use of sterile fish, herpetological guidelines, ESA issues, and other related factors 
influencing management of HMLs. 

 
3.) Identify current or future threats to the management of HML fisheries, and develop 

proactive steps to maintain these fisheries. 
 
 

PRESENT MANAGEMENT OF HIGH LAKES IN THE WESTERN UNITED STATES 

State of California 
Curtis Milliron and Roger Bloom 

Alpine Lake Management 

High country fisheries management in California has evolved toward an ecosystem 
approach that incorporates recreational interests with a mandate and responsibility to manage 
for native fauna. Nearly all HMLs in the Sierra Nevada were historically fishless, but certainly not 
barren. Native amphibians were plentiful, with mountain yellow-legged frogs Rana muscosa 
believed to be abundant in most basins with perennial lakes. Now, this amphibian is in jeopardy 
of extinction due to at least three contributing factors: disease, pesticide contaminant drift, and 
the introduction of nonnative fish. The California Department of Fish and Game (CDFG) is 
redirecting some management effort to improving conditions for native fauna through the 
development and implementation of fisheries and aquatic biodiversity management plans. 

 
A massive resource assessment project has surveyed over 80 percent of Sierra Nevada 

lakes and ponds (and streams in certain basins) to date. Fish populations are sampled using 
Swedish-made experimental gillnets. Usually one 1.8m by 36m 6-panel monofilament net is set 
at each lake with fish, or where the presence of fish cannot be ruled out, for 8 to 12 hours, either 
during the day or at night. Visual encounter surveys are performed for diurnal amphibian 
species during warmer periods of the day only. Habitat features included in the survey are: 
littoral and shoreline terrestrial substrate, shoreline depth at one meter from waters edge, 
shoreline aquatic vegetation abundance, tributary and lake spawning habitat, evidence of trout 
reproduction, and the location of fish barriers.  

 
Data collected in the field are stored on Palm handheld computers and then downloaded 

to a secure SQL database after each trip. This method facilitates data management and has 
generally been successful, as long as crews use backup procedures included in the protocol. 
During the off field season, data are compiled into a FileMaker Pro application that has proven 
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user-friendly and portable. There are over 10,000 lakes surveyed to date, and over 13,000 
surveys included in the database. 

 
Although amphibians were found at 42% of all lakes surveyed, versus 18% for fish, fish 

frequently occupy the larger waters to the exclusion of certain amphibian species. Especially 
hard hit by fish presence are mountain yellow-legged frogs that, because of their extended 
multiyear larval stage and highly aquatic adult stage, require nearly the same perennial habitats 
and water quality as trout. Though other factors contribute to the current decline of native 
amphibian species, CDFG can implement changes in fisheries management that can, and has, 
improved native fauna status locally. 

 
As of May 2007, CDFG basin management plans have been developed for 27 high 

country basins. These planning efforts facilitate watershed-scale versus an ad hoc lake-by-lake 
approach to aquatic resource management, and enable us to balance management between 
native fauna and historic recreation. Since there is no current or likely future shortage of angling 
opportunity in the Sierra Nevada, and since amphibian restoration that involves fish removal is a 
costly and slow process, actual reductions in angling recreation through management are more 
perceived than real. Our approach for amphibian restoration is to regain clusters of fish-free 
complexes of lakes and connected streams that are sheltered from trout emigration by fish 
barriers. These restoration areas are made fish-free through non-chemical means only, using 
gillnets and electrofishing. An average restoration project that includes two to four lakes and 
ponds and connecting streams usually takes three years of sustained effort to make fishless. To 
date, all restoration sites are located close enough to extant mountain yellow-legged frog 
populations such that little or no frog translocations have been necessary. 

 
Fisheries management will continue in the majority of waters in the Sierra Nevada. 

Generally, our improved understanding of high mountain fisheries has revealed that many, in 
fact most, fisheries are self-sustaining, especially in the higher elevation alpine waters. Stocking 
continues to be an important fisheries management tool, though the numbers of fished stocked 
has been reduced. Though brook trout Salvelinus fontinalis are the most common fish species 
in California HMLs, with few exceptions they are no longer stocked. We are experimenting with 
stocking small numbers of large brown trout Salmo trutta (0.5 to 1.5 pound fish) on top of 
stunted brook trout populations in several small lakes to determine if improvements in brook 
trout average condition will result.  

 
We believe that the public perception of a loss of angling opportunity far exceeds reality. 

A high country angler guide has been developed for the Eastern Sierra portion of the Sierra 
Nevada, where most amphibian restoration activities have transpired. This product has been 
well received by anglers, and will eventually include all surveyed HMLs and be developed for 
the Department’s web site alongside the front country angler guide. 

 
The Department’s fish stocking program has been recently challenged in a lawsuit 

brought forth by the Center for Biological Diversity. The plaintiff claimed that stocking activities 
continue to cause harm to native Federal and State-listed species, and Species of Special 
Concern, especially the mountain yellow-legged frog. A recent court decision held that the 
Department must complete an analysis of the statewide stocking program through the California 
Environmental Quality Act process. However, this process was already progressing prior to the 
lawsuit, and should be completed in 2009. The plaintiff’s request for injunctive relief, which 
demanded the cessation of all fish stocking until the CEQA document is finalized, was not 
granted by the court.  
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The following objectives are used to develop management plans that attempt to balance 
recreation with native biodiversity: 
 
4.) Manage HMLs and streams in a manner that maintains or restores native biodiversity 

and habitat quality, will support viable populations of native species, and provides for 
recreational opportunities considering historical and future use patterns. In some areas, 
most or all of the waters may be managed as natural reserves with little or no angling 
available. Likewise, in areas of high recreational demand, most or all of the lakes may be 
managed for recreational angling. 

 
5.) Trout stocking allotment changes should be based on site-specific data collected within 

the last 7 years.  
 
6.) For each HML, the species, frequency, and number of trout stocked should be guided by 

the following provisions: 
A) Since mountain yellow-legged frog abundance and distribution has declined and 

is negatively correlated with trout presence, lakes with extant, or existing, 
populations should generally not be stocked with fish. Where a population exists 
within 2 km of an established high mountain lake fishery, an assessment of 
fishing use and the feasibility of trout removal should be made to determine if 
the water could be converted to a fishless condition in order to benefit mountain 
yellow-legged frogs. Wilderness fisheries management should incorporate 
objectives of the CDFG/USFS mountain yellow-legged frog Conservation 
Strategy, when available. 

B) Stocking waters in areas with other amphibian Species of Special Concern, 
such as the Yosemite toad Bufo canorus, will be reviewed to assure that the 
native biodiversity objective is met. 

C) Golden trout Oncorhynchus mykiss aguabonita are native to the South Fork 
Kern River and are sometimes given priority over other trout species and 
stocked into waters following existing CDFG Commission policy. Other species 
of trout may be stocked to meet other fishery management objectives and for 
experimental fisheries management programs. However, the stocking of brook 
trout should generally be avoided because they are a lake-spawning species 
with a greater tendency to become overabundant and produce stunted 
populations at the expense of native amphibians and other trout species. Brook 
trout should not be stocked where their range may be extended. 

D) After achieving aquatic native biodiversity objectives above, HMLs could be 
managed to optimize angling opportunity within a given basin. For example, 
some HMLs might be managed for trophy-sized fish, some for fast-action on 
smaller sized fish, and others for angling species diversity. 

E) Trout should not be stocked into waters with existing self-sustaining trout 
populations unless needed to meet goals for improving angling diversity, trophy 
or fast-action fishing, or research. Experimental planting of trout to control 
undesirable fish populations is allowed under this provision. 

F) In northern California, stocking has been modified to reduce impacts on 
Cascade frogs Rana cascadae. 
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Fish Stocking Guidelines 

In the Sierra Nevada, most HMLs stocked with golden trout or rainbow trout 
Oncorhynchus mykiss are on an every other year schedule, with some high use waters stocked 
every year (Table 1). Stocking density ranges from a low of 35 fish per acre to a high of over 
600 fish per acre, but most lakes are between 120 to 150 fish per acre (Table 1). The 
differences are based on management direction for fast action or trophy angling, level of public 
use, and actual fishery performance. Generally, we have reduced stocking density dramatically 
in the last decade, with some large lakes receiving only 10 to 20 percent of historic numbers. In 
northern California, stocking is usually at about 250 trout/acre every other year. Stocking density 
has generally been reduced and is being evaluated based on fish condition.   

 
In the Sierra Nevada, rainbow trout of the Kamloops strain are stocked at 38-40 mm and 

golden trout are stocked at about 33 mm (Table 1). We also have a few waters stocked with 
cutthroat trout Oncorhynchus clarkii at about 35 mm. All trout are stocked as fingerlings from a 
Beechcraft King Air. In northern California, rainbow trout are about 60 mm and are stocked 
using both plane and horse packing. Rainbow trout are stocked around mid July in the Sierra 
Nevada, and golden trout and cutthroat trout are usually stocked during the first half of 
September, whereas in northern California, rainbow trout are stocked in HML at ice out, usually 
by the end of June/early July. 

 
Stocking rotation, like stocking density, varies based on management direction, public 

use, and the fisheries manager's interpretation of monitoring data. Most lakes are on an every 
other year schedule. The alternative schedule is annual stocking. Because of inevitable issues 
with fish availability or survey status, some lakes may go through several cycles without being 
stocked, and then may be stocked with a higher density or more frequently to catch up. In 
northern California, many lakes are now stocked every year. 

Fishless Lakes Management 

Lakes that are fishless are not stocked without an exemption from the Chief of Fisheries 
Programs Branch, and the applicable Forest Supervisor, if located in Wilderness. Similar 
approval would be required to change the species of fish stocked from what had been stocked 
prior to wilderness designation. Lakes identified for amphibian restoration in basin management 
plans are no longer stocked. Fish populations may be removed through non-chemical means to 
facilitate recovery of native species. In northern California, the lakes that have gone fishless due 
to the suspension of stocking to benefit amphibians will remain in this management scenario for 
the present. 

 
 

State of Idaho 
Kevin Meyer, Dan Schill, Ed Schriever, and Martin Koenig 

Alpine Lake Management 

Over 3,000 alpine lakes exist in Idaho, ranging in size from small temporary ponds to 
large lakes over a mile long. Approximately 1,039 lakes currently contain fish, but only 684 are 
currently stocked by the Idaho Department of Fish and Game (IDFG). Anglers utilizing alpine 
lakes in Idaho consistently express the highest level of satisfaction with their fishing experience 
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(IDFG 2007). Alpine lakes provide an enhanced fishing experience in scenic country with the 
opportunity for solitude and remoteness, and are an important component in Idaho’s recreation 
economy, with over 40,000 anglers fishing HMLs each year (IDFG 2007). 

 
Many of the lakes have received fish since the early 1900s, when fish stocking was 

conducted by backpack and horseback, followed by aerial stocking in the last 50 years. Fish 
stocking of HMLs in Idaho is guided by a Memorandum of Understanding with the United States 
Forest Service (IDFG 2007). Although most of the species historically stocked were native to 
Idaho, they were not always native to certain watersheds. During the 1920s to 1950s, brook 
trout were stocked in many Idaho lakes and established naturally reproducing populations. 
Other apparently unsuccessful non-native fish stocked in the early 1900s included arctic char 
Salvelinus alpinus and Atlantic salmon Salmo salar. Yellowstone cutthroat trout O. clarkii 
bouvierii were utilized for stocking in Idaho through the 1980s in both native and non-native 
watersheds. All strains of rainbow trout used for stocking HMLs were of non-native coastal 
stocks. In addition, bull trout Salvelinus confluentus, golden trout, brown trout, and arctic 
grayling Thymallus arcticus have been stocked to provide diverse fishing opportunities and meet 
specific management needs (IDFG 2007).  

 
Historically, HMLs in Idaho were managed to provide diverse angling opportunities. 

Wilderness areas were not designated at the time and little consideration was given to native 
fauna occurring in the lakes. Prior to fish introductions, amphibians were the top vertebrate 
carnivores in most alpine lakes (Pilliod et al. 1996). Introductions of fish into some of these lake 
systems have reduced amphibian populations through predation and competition (Hoffman and 
Pilliod 1999). More recently, IDFG uses an adaptive management approach to guide the HML 
fish-stocking program. Ecological and biological aspects of maintaining healthy amphibian 
populations are now considered in determining how alpine lakes are managed. Potential 
impacts to downstream native fish populations are also part of the decision process. 

 
IDFG is currently developing a HML management plan, based in part on the following 

guidelines: 
 

1. Where desirable and feasible, some lakes will be maintained as fishless, which will allow 
for maintenance of natural conditions for native fauna within alpine ecosystems.  
 

2. Management of HMLs in wilderness and national recreation areas will be coordinated 
closely with the appropriate land management agencies. The “Policies and Guidelines 
for Fish and Wildlife Management in Wilderness and Primitive Areas” manual, developed 
by the U.S. Forest Service, U.S. Bureau of Land Management, and the Association of 
Fish and Wildlife Agencies, will guide management of HMLs. The Department is the lead 
agency for fish population management in HMLs in Idaho.  
 

3. Self-sustaining native trout populations will be maintained, with species of greatest 
conservation need, native species, and threatened and endangered species within HML 
drainages given management priority. Sterile fish may be stocked to eliminate potential 
interbreeding with native fish in a drainage. Self-sustaining populations of non-native 
species may be reduced to achieve native species goals or other fish management 
goals; toward this end, research is underway to assess whether stocking sterile Tiger 
muskie in HMLs can remove non-native fish (primarily brook trout) from a HML. 
 

4. Most HMLs in Idaho currently designated as fishless appear to provide amphibian 
habitat. Lakes that are fishless and that have never been stocked previously may remain 
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fishless. A few lakes that currently hold fish may be removed from the stocking schedule 
as a research experiment to measure fish, amphibian, and other natural fauna 
population responses.  

Fish Stocking Guidelines 

Idaho HML fish stocking guidelines vary somewhat from region to region. However, 
standards generally are to stock about 200 fish/acre at a size of about 40-60 mm (Table 1). 
Stocking usually occurs in August if possible, and usually occurs on a 3-year rotation but ranges 
from 2-5 years depending on factors such as population failure and angling pressure. Currently, 
most fish stocked in Idaho HMLs are either sterile rainbow trout or westslope cutthroat trout, but 
grayling, golden trout, and Yellowstone cutthroat trout are also occasionally stocked.  

Use of Sterile Fish 

The genetic conservation of wild, native trout populations is a management priority for 
IDFG, which recently established a policy to only stock putative sterile fish (treated with 
pressure or temperature to sterilize the fish) in systems where reproduction between native and 
hatchery fish was possible (IDFG 2007). The establishment of this policy was based on 
research that indicated sterile rainbow trout are able to perform well in a wide range of stream 
habitats (Dillon et al. 2000) and in productive reservoirs (Teuscher et al. 2003).  

 
The implementation of this policy also resulted in stocking sterile rainbow trout in 

hundreds of HMLs. However, recent research has demonstrated that diploid rainbow trout 
survive 50% better than triploid rainbow trout in HMLs (Kozfkay 2005; Kozfkay and Koenig 
2006). Ongoing research will be used to more accurately determine, in the absence of paired 
diploid stocking, whether triploids still underperform, and whether modifications to stocking 
densities or species strains can help reduce any differences anglers may experience in catch 
rates of fish in HMLs. If not, fisheries managers may need to adjust stocking strategies for 
sterile fish rather than rely on historical stocking levels, as is currently being done. 

Angler Use 

Very little creel data is available for Idaho HMLs. However, in a statewide angler survey, 
10.8% of anglers said their preferred waters to fish were HMLs, and an estimated 6.1% of the 
total angler hours in Idaho were spent fishing HMLs. Angler satisfaction with HML fishing was 
exceeded only by angler satisfaction with stream fishing for trout. 

Fishless Lakes Management 

Fishless lake management in Idaho HMLs starts first with defining what is considered a 
lake. Potential classification schemes currently allow subjective analysis of ecological impacts of 
fish occupancy in HMLs. Those that want to show that most historically fishless lakes are 
occupied by introduced fish define a lake as having a minimum depth of 3 meters or a surface 
area greater than an acre. In some ways, this perception has been perpetuated by referring to 
HMLs as the subset of all water bodies capable of sustaining fish populations (listed in the IDFG 
stocking catalog). Idaho’s statewide Fish Management Plan currently reflects this. Maintaining 
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this perception can be problematic when evaluating ecological impacts of our HML fish program, 
and careful consideration of this issue should be addressed in Idaho and elsewhere. 

 
It is important to develop a comprehensive understanding of habitat needs and specific 

life history information for the native fauna that are potentially impacted by introduced fish. In the 
example of the mountain yellow-legged frog, the habitat needs for frog reproduction are virtually 
identical to those of fish, and maintaining abundant shallow fishless habitat is not an effective 
management strategy for these frogs. This is tied to the multiple year larval development and a 
need for deep water. In contrast, the short (90 day) larval life history of Columbia spotted frogs 
R. luteiventris results in compatibility with fish through the use of habitat not suitable for 
supporting fish. Although long-toed salamanders Ambystoma macrodactylum life history 
includes overwintering larvae, their habitat requirements appear to be less stringent than 
mountain yellow-legged frog, and maintenance of fishless habitat (whether suitable for fish or 
not) is an effective management strategy for persistence. Idaho recognizes long-toed 
salamanders’ impacts at the individual lake level, although they have persisted through 40+ 
years of a fisheries program that has maintained a similar size footprint at the landscape level.  

 
Idaho’s Lewiston Management Region has defined lakes as permanent water bodies, all 

of which are capable of supporting native fauna, and some of which are capable of supporting 
fish. Those lakes that are fishless are managed as such to provide refuge areas for fishless 
processes and sanctuary to ensure the persistence of native fauna. 

 
 

State of Montana 
Ladd Knotek and Grant Grisak 

Fish Stocking Guidelines 

General stocking rates in Montana are 50-150 fish/acre (Table 1), but vary by region, 
management objective (e.g., trophy lakes receive lower numbers, genetic "swamping" lakes 
receive higher numbers), lake morphology, and productivity. Most lakes are stocked with 50 mm 
westslope cutthroat trout, with the exception that most lakes (76%) in the Beartooth Mountains 
are stocked with 50 mm Yellowstone cutthroat trout (which are native to that area). However, 
size at stocking may vary since grayling, rainbow trout, and golden trout are also stocked 
statewide, although they make up <5% of the total HML plants in Montana.  

 
Lakes are typically stocked in late June to August, under the rationale that zooplankton 

and insect densities are near their peak, temperatures are most preferable, and space at the 
hatcheries is at a minimum. Stocking rotation in Montana varies by region, but in general is on a 
2- to 4-year rotation or a 7- to 10-year rotation. Interestingly, many of the managers using less 
frequent stocking also stock at lower densities. Changes are made based on a variety of factors 
such as special management objectives (e.g., trophy fish), angler access and pressure, and the 
amount of natural reproduction. For example, in Region 1 (the South Fork Flathead system), 
lakes have been stocked more frequently and at high densities to experimentally determine if 
non-native genes in a population can be "swamped" out over time. Managers typically adjust 
rotations to the level of natural reproduction and fishing pressure where data is available 
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Fishless Lakes Management 

Montana has no statewide policy for fishless lakes. Most areas have a large fishless lake 
component, but the rationale varies by the biologist/manager. Some specifically designate 
fishless lakes to maintain wilderness values, historical ecological processes, and amphibian 
distribution, while other lakes are simply inaccessible or neglected. However, most lakes that 
are currently fishless remain that way. 
 
 

State of Nevada 
Alan Jenne 

 
Currently, the Eastern Region of the Nevada Department of Wildlife manages 19 of the 

25 named lakes in the Ruby Mountain and East Humboldt Range as HML fisheries. The lakes 
generally lie between 8,550 and 10,000 feet in elevation and range from less than 2 acres to 29 
acres. Eleven lakes have self-sustaining populations, while eight others have established 
populations that need periodic augmentation. The self-sustaining fisheries are generally Brook 
trout populations and are managed under a “wild fishery” management concept. The augmented 
populations are generally a hatchery-reared stock of Lahontan cutthroat trout Oncorhynchus 
clarkii henshawii and are managed under a “unique or quality” concept.  

 
Stocking of these HMLs can be dated back to 1895 when pack-stock was used as the 

primary stocking tool. Presently, a helicopter is most often used. Species planted in the past 
have included brook trout, golden trout, rainbow trout, tiger trout, arctic grayling, and lake trout 
Salvelinus namaycush. Stocking rates have been variable depending on survey results, 
although stocking cycles have generally been maintained at 3-year intervals. Baseline biological 
surveys of the lakes were completed during the period between the 1930s and the 1950s and 
resulted in baseline water quality, species presence, substrate types and crude mapping. Since 
then biological monitoring has focused on growth rates, angling pressure, water quality, and 
reproductive and overwinter success. Past management activities have included Mysis shrimp 
introductions in the 1950s and 1970s, eradication and re-introduction of golden trout (1963), 
outlet dam construction projects, and the introduction of different predators to control brook trout 
populations (LCT, Rainbow and Lake trout). 

 
In general, the lakes are limited by over winter survival, low productivity (low pH, short 

growing season), and limited natural reproduction. Issues related to the HMLs include limited 
access (through private to Forest lands), native trout recovery waters downstream, and endemic 
aquatic species.  

Fish Stocking Guidelines 

Stocking density have been variable and are based on a combination of factors such as 
creel surveys, population sampling and overwinter survival. In general, the stocked fish are 
fingerlings, 25-50 mm in length, a size adequate for helicopter planting. We generally stock in 
the mid summer (July & August) on a 3-year rotation, unless an overwinter loss has been 
documented. 
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Fishless Lakes Management 

Fishless lakes in Nevada are those that have been proven in the past not to support a 
fish population (currently 6 of the 25 named lakes in the Ruby Mountains and East Humboldt 
Range). There are many other small, unnamed water bodies that California may term a lake that 
we do nothing with and may soon need to be quantified. Additionally, NDOW has surrendered 
management of two lakes in the Great Basin National Park. 

 
 

State of New Mexico 
Kirk Patten 

 
High lakes are an important angling resource for New Mexico anglers. New Mexico 

Department of Game and Fish (NMDGF) manages or is involved in management of 
approximately 50-60 HMLs on private and public land ranging in size from approximately one to 
twelve surface acres. Most HMLs are located within private land or designated wilderness 
areas. Beginning in the early 1900s, NMDGF and other federal agencies began stocking HML 
with a variety of fish species. Species included native cutthroat trout, Yellowstone cutthroat 
trout, rainbow trout, golden trout, brown trout, and brook trout. From the 1980s to 1999, HML 
stocking of wilderness lakes was conducted with use of helicopters. Stocking frequency and 
numbers has declined since the 1970s and most lakes have not been stocked since 1999. 
Declines in stocking frequency resulted from incomplete information regarding the need to stock 
certain lakes as well as concerns of stocking on existing populations of Rio Grande cutthroat 
trout (RGCT). There was also a desire to begin stocking excess RGCT into HML.  

 
NMDGF began surveys (fish present, bathymetry, water quality, natural reproduction, 

connection to stream systems) of all HMLs managed as fisheries in 2004 to better understand 
stocking needs and effects on other fish populations. Since that time, 33 HMLs have been 
surveyed. Twenty-four of the 33 HML contain trout (mostly brook trout or non-native cutthroat 
trout) and nine of the 33 likely winterkill on a regular basis. There are self-sustaining populations 
of trout in 67% of the lakes surveyed though only 21% is by Oncorhynchus spp. Based on these 
surveys, NMDGF did stock some lakes with RGCT in 2005 and is formulating stocking 
strategies for additional lakes in the future. NMDGF will continue to manage HMLs for angling in 
the future, including stocking RGCT. Lakes that likely winterkill frequently will not be stocked. 
Future challenges for HML management will include wilderness issues (e.g., stocking of fishless 
lakes, use of helicopters), effects of stocking on other native species, bureaucracy (different 
agency interests), and meeting angler needs. 

Fish Stocking Guidelines 

New Mexico has no written HML management policy. Historically, fish stocking density in 
New Mexico consisted of stocking one bag per lake; more recently, 250/acre has been used for 
a stocking density. Size of fish at stocking ranges from 25-50 mm (Table 1). Stocking usually 
occurs during late summer and fall on a planned 4-year rotation that is somewhat flexible 
depending on the level of information available on a particular HML, natural reproduction, 
proximity to native fish populations, accessibility, and use by anglers. Historically, New Mexico 
only stocked lakes that were believed to support trout populations.  

11 



Angler Use 

Creel information in New Mexico has been collected at the Latir Lakes, a chain of nine 
HMLs on private land that were leased by NMDGF through the late 1980s. Only four of the 
lakes support fish populations. Three of the four are accessible by vehicle, the fourth only 
accessible on foot or horseback. Between 1975 and 1983, an average of 939 angler days were 
spent at these lakes, and harvest averaged 2.4 fish per angler day. 

 
 

State of Oregon 
Rhine Messmer 

 
The Oregon Department of Fish and Wildlife’s (ODFW) Wilderness or High Lakes 

Management Program covers approximately 750 lakes in the Cascade Mountain Lakes, and 
approximately 80 additional lakes in the Eagle Cap Wilderness, Elkhorn and Strawberry 
Mountain areas in Northeast Oregon. The majority of these lakes are in wilderness areas or on 
forestlands administered by the U.S. Forest Service. Many of these lakes were created by 
various geological processes such as glacial scouring about 12,000 years ago and only a few 
dozen contained native rainbow or cutthroat trout.  

Fish Stocking History and Technology 

Stocking of many of Oregon’s mountain lakes began at the turn of the century when 
propagated fish became available. Fish arrived in many areas in 1912 Oregon via railroad on 
“The Rainbow” a specially designed railcar containing various species of trout, which were 
stocked into many previously fishless lakes. Fish were then handed over to “public-spirited 
citizens” for stocking into many fish-barren lakes.  

 
Initial stocking methods relied on packing fish in on horses or mules to the remote lakes. 

In the 1940s ODFW began using aircraft for stocking wilderness lakes with the benefit of being 
able to stock lakes in a shorter period of time, but the accuracy of stocking was reduced 
because many of the lakes were difficult to hit. Also, it was noted that when the Department 
switched from on-the-ground stocking to air stocking, there were reduced opportunities to 
conduct on-sight evaluations of stocking programs. 

 
Fish stocking continued to be conducted in wilderness lakes with the primary objective of 

providing maximum fishery benefits up until many areas were designated Wilderness Areas in 
1964. Most of the lakes that were deep enough to sustain fish were first stocked during this time 
period with little concern expressed for native trout or non-game species. During the late 1930s 
and 1940s, the Oregon Game Commission (predecessor of ODFW) and the U.S. Forest Service 
conducted some of the first physical and biological investigations of wilderness lakes. A 
common objective of these surveys was to evaluate current fishery production and to make 
recommendations on fish stocking programs. Further advancements in air stocking were 
implemented in 1980 when we switched to helicopter stocking for the majority of our HMLs. In 
1995, we began using our “Air Stocking Device” which is a portable liberation unit that has 30 
separate fish cylinders. Currently, our Cascade Lakes Stocking Program takes place every two 
years and stocks approximately 650 lakes in 5-6 days during early July. Lakes in Northeast 
Oregon are stocked on the same schedule as the Cascades but stocked with fixed-wing aircraft. 
We also utilize horseback and llama stocking in areas of the state with active volunteer groups.  
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1964 Wilderness Act, States Authority to Manage Fish and Wildlife 

With passage of the Wilderness Act in 1964 the state’s fish stocking program was 
“grandfathered-in.” As part of the stocking process, the department annually notified the USFS 
of when and where lakes were being stocked. In 1986 a Memorandum of Understanding (MOU) 
between the USFS Region 6 and ODFW was developed describing each agencies roles and 
responsibilities for fish and wildlife management. This MOU recognizes ODFW as being 
responsible for management of fish and wildlife populations on federal land. This MOU was 
reaffirmed by the U.S. Forest Service, Bureau of Land Management, and International 
Association of Fish and Wildlife Agencies (IAFWA) in 1995. In this letter, Jack Ward Thomas, 
Forest Service Chief wrote:  

 
“It is imperative to remember that the responsibility for decisions on stocking fish or 

wildlife in wilderness areas rests with the state in coordination with the administering 
agency (Forest Service or Bureau of Land Management). It is simply inappropriate to 
make decisions about fish stocking, hunting or other state activities or require Federal 
NEPA analysis by State agencies for these activities”  

USFS Coordination and Conservation Issues 

During the early 1990s ODFW implemented changes to its wilderness lakes stocking 
programs to address native fish conservation concerns and provide for sustainable non-game 
populations including native amphibians such as the mountain yellow-legged frog, spotted frog, 
and the long-toed salamander, which historically were the top predators in the lakes before the 
fish were introduced. In 1996, a coordination process between ODFW and USFS was 
developed that outlined future fish stocking in wilderness lakes. This process paper was jointly 
developed between ODFW and USFS Regional Office Fisheries & Recreation staff.  

 
Over the last 10 years, ODFW has implemented changes to its HML stocking program to 

meet emerging fishery management and conservation needs as well as address conservation 
needs of native wildlife species, ecosystem and wilderness management approaches. These 
changes have included discontinuing stocking lakes to preserve unique or outstanding water 
quality (Lake Natasha) or native fish conservation, reduced stocking densities in many lakes to 
improve fisheries or reduce impacts on amphibians, and made changes to the species of fish 
stocked into many lakes with outlets to minimize impacts to native fish stocks (primarily bull 
trout). In the future, ODFW will continue to emphasize the need to evaluate the effectiveness 
and public value of our HMLs fisheries and implement management changes as needed to meet 
emerging fishery and wilderness ecosystem management needs.  

High Lakes Fish Stocking Into the Future 

ODFW will continue to refine its wilderness stocking program as needed to provide the 
fishery benefits, sustainability of non-game species, water quality objectives, wilderness values, 
and ecological objectives. Currently, ODFW is in the process of developing Conservation Plans 
in many fish management areas as part of implementation of the Native Fish Conservation 
Policy. It is expected that, in the future, Conservation Plans will be developed for wilderness 
lakes. Until then, ODFW will continue to coordinate with Federal Agencies and implement 
wilderness lake fish management programs that meet fishery expectations of the public as well 
as ecological, conservation, and wilderness value objectives. It is widely recognized that 
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additional, more comprehensive research and investigation is needed to meet all these 
objectives for wilderness lakes management. Logistics, staffing and funding will continue to be a 
challenge for ODFW due to the high demands on District Fishery Managers. 

 
 

State of Washington 
Jim Uehara 

 
Washington Department of Fish and Wildlife’s (WDFW) high lakes program stated goal 

is to “…protect and enhance fish populations and their habitats in high lakes while maximizing 
recreational opportunities that are consistent with natural resource needs.” The program follows 
a set of guidelines designed to meet this goal and promote consistency in field sampling, fish 
stocking (both densities and frequency of stocking), and public outreach. These guidelines may 
be found in Uehara (2005) or at: http://wdfw.wa.gov/fish/high_lakes/ on WDFW’s website. 

Field Sampling Guidelines 

Reference material for field survey methods, as well as data forms that are to be used 
for data collection and entry, are provided to each high lakes biologist. WDFW is currently 
working to get a full complement of the existing data in a centralized database. 

Fish Stocking Guidelines 

Since Washington State began stocking fish in 1933, over 15 fish species have been 
planted into Washington’s HMLs. Currently, only rainbow trout, westslope cutthroat, coastal 
cutthroat, golden trout, and on an experimental basis tiger musky are stocked in HMLs. The 
stocking plan for the vast majority of these lakes uses a single age class of fish stocked at low 
densities (50-100 fry/acre) once every 3-4 years.  

Fish Species and Stock Selection Guidelines 

Primarily, fish species that are native to the lake’s basin and that have demonstrated an 
inability to reproduce are used in the stocking program. New fish species are not to be 
introduced into a lake without a completed lake survey and public review. Stocking of high-risk 
fish species may only be done in lakes where they do not present conflicts with native fish 
populations or where they physically cannot migrate or be washed out of the lake.  

Angler Use 

Based on a statewide angler preference survey in 2002, an estimated 128,000 license-
buying anglers use Washington’s high lakes annually, for an average of 8.4 days. This equates 
to over a million angler days per year, with an estimated annual worth of nearly $34 million, 
while WDFW’s cost associated with managing the program is estimated to be around $40,000. 
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SUMMARY 

Of the nearly 29,000 HMLs located within the seven states represented at the 2006 High 
Mountain Lake Summit meeting, salmonids are present in about 6,900 lakes (24%), and about 
2,750 HMLs (10%) are currently being stocked with fish. These estimates are much lower than 
those of Bahls (1992), who concluded that within these same seven states, 6,720 lakes (60%) 
contained salmonids, and 5,263 lakes (47%) were regularly stocked. This difference is largely 
due to a difference in the definition of what constitutes a HML, since the estimates of Bahls 
(1992) included only 11,235 HMLs for these seven states. Much of this difference stems from 
California; Bahls (1992) included only 4,131 HMLs for California, whereas our total includes 
17,889, with the increase mostly including smaller ponds.  

 
Regardless of the exact number of HMLs in each state, it appears that approximately 

2,500 fewer HMLs are currently stocked in these states compared to the estimate of Bahls 
(1992). Nearly all western states have in recent years reduced or eliminated exotic 
introductions, reduced the number of lakes being stocked, terminated stocking where natural 
reproduction occurs, and preserved or augmented the number of fishless lakes (DerHovanisian 
1997). Without supplemental fish stocking, many salmonid populations previously found in 
HMLs eventually winterkill or cannot be maintained by natural reproduction. These trends may 
continue as state agencies remain committed to and continue to grapple for a balance between 
providing quality angling opportunities and protecting native biota in HMLs. 

 
Several generalizations can be drawn for the seven states with biologists attending the 

meeting. Most states indicated high satisfaction among anglers fishing HMLs, and many anglers 
indicate it is their preferred angling setting. In general, all states have terminated nearly all 
stocking of brook trout. And there is a continued impetus toward achieving aquatic native 
biodiversity objectives for HML management, which sometimes means stocking fewer fish in 
fewer places, especially where naturally reproducing populations are already established. At 
least three states (California, Idaho, and Washington) have formal fishless lake policies, and 
some are researching methods to convert fish-bearing HMLs to fishless lakes with the use of 
chemicals, netting, and sterile fish predators. 

 
For those HMLs that continue to be stocked for the angling public, most of the seven 

states represented at the meeting stock either rainbow trout or a subspecies of cutthroat trout in 
July and August, at sizes from 25-50 mm in total length, and densities of 50-200 fish/acre, and 
on a rotation of every two to four years. These details have changed little in the last few 
decades (DerHovanisian 1997). 

 
Several states are developing comprehensive HML management plans based on 

scientifically strong sampling designs and conservation biology-based planning approaches to 
steer management direction and decisions. There is a continued emphasis on answering 
questions such as (1) which lakes have naturally reproducing fish populations, (2) which lakes 
contain amphibian populations, and (3) whether exotic species such as brook trout can be 
eliminated to protect native species, or be reduced in numbers to prevent stunting. Such 
proactive steps will help insure that HML management continues to provide quality fishing 
opportunities while protecting native aquatic biota for future generations. 
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RECOMMENDATIONS 

1. Publish HML research study results in peer-reviewed journals and management 
planning efforts in journals or agency reports to strengthen the credibility of these 
programs and increase professional awareness of HML management direction in the 
western United States. 

 
2. Gather angler preference and creel data to more accurately determine use, harvest, and 

angler opinions of HML fisheries. 
 
3. Continue expansion of data collection in HMLs to include more than assessments of fish 

populations, such as a more thorough survey of fishless lakes, amphibian populations, 
and other native aquatic biota. 

 
4. Consider a follow-up workshop/summit in 5-10 years to evaluate progress and program 

success. 
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Table 1. Summary of high mountain lakes (HMLs) and stocking guidelines for several western states. 
 

Size of Stocking

Approximate number of HMLs: fish Stocking density

Containing Currently Species stocked Dates of rotation (No./

State Total fish stocked currently stockeda (mm) stocking (years) acre) Comments

California 17,889b 2,393 378 GT, RT, CT 35-40 Jul-Sep 2 120-150 Stocking conditions vary for northern CA vs. Sierra Nevada

Idaho > 3,000 1,039 684 RTc, WCT, AG, GT, YCT 40-60 Aug 2-5 200 Nearly all RT stocked in ID are pressure treated to induce sterility

Montana > 2,300 ~ 900 ~ 400 WCT, YCT, AG, RT, GT 40-60 Jun-Aug 2-4 50-100 AG, RT, and GT comprise <5% of statewide HML stocking.

Nevada 36 21 8 LCT 25-50 Jul-Aug 3 Two HMLs are managed by Great Basin National Park.

New Mexico 50 32 9 RCT 25-50 Aug-Sep 4 250 Nearly all HMLs have not been stocked since 1999.

Oregon 877 720 470 RT, CT 50-60 Jul 2 100 Cascade HMLs stocked in 5-6 days with device holding fish for 30 lakes/

Washington 4,700 1,760 800 RT, CT 45-55 Jul-Sep 3-4 50-100 Many HMLs stocked by organized voluteer groups
aGT=golden trout, RT=rainbow trout, CT=cutthroat trout, AG=arctic grayling, YCT=Yellowstone cutthroat trout, WCT=westslope cutthroat trout; LCT=Lahontan cutthroat trout, RCT=Rio Grande

 cutthroat trout.
bIncludes all lakes and ponds on 7.5 min USGS maps above 1,520 m M.S.L. in the Sierra Nevada, and above 1,220 m for lakes in Northern California
cComprise the bulk of stocking in Idaho  
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