
Ecosystems (2001) 4: 275-278 
DO[: 10.1007/s10021-001-0009-0 ECOSYSTEMSI 

? 2001 Springer-Verlag 

FISH STOCKING IMPACTS TO MOUNTAIN LAKE ECOSYSTEMS 

The Introduction of Nonnative Fish 
into Wilderness Lakes: Good 

Intentions, Conflicting Mandates, 
and Unintended Consequences 

Roland A. Knapp,*l Paul Stephen Corn,2 and Daniel E. Schindler3 

'Sierra Nevada Aquatic Research Laboratory, University of California, Star Route 1, Box 198, Mammoth Lakes, California 93546, 
USA; 2US Geological Survey, Northern Rocky Mountain Science Center, Aldo Leopold Wilderness Research Institute, P.O. Box 

8089, Missoula, Montana 59807, USA; and 3Department of Zoology, University of Washington, Box 351800, Seattle, Washington 
98195-1800, USA 

Because they have the potential to provide the best 
remaining standards of relatively unmodified land- 
scapes, protected areas in North America (such as 
wilderness areas and national parks) have tremen- 
dous ecological and scientific value (Cole and Lan- 
dres 1996). Although the montane ecosystems of 
western North America are particularly well repre- 
sented in this complex of protected lands, aquatic 
habitats within these protected areas are often sub- 
ject to management practices that are inconsistent 
with the goal of maintaining natural processes. The 
most prevalent of these practices is the introduction 
of salmonid fishes (such as trout) into historically 
fishless ecosystems to create recreational fisheries. 

These montane landscapes are the result of re- 
peated glaciation during the Pleistocene epoch. The 
recession of glaciers 10,000 years ago created thou- 
sands of lakes, most of which were separated from 
downstream fish populations by impassible barriers 
on rivers and streams. These extensive fishless hab- 
itats were subsequently colonized by a diversity of 
aquatic species, many of which required fishless 
habitats for their persistence. Starting in the mid- 
1800s, Euro-American settlers began introducing 
salmonid fishes into these lakes and streams. By the 

Received 28 March 2000; accepted 12 April 2000. 
*Corresponding author; e-mail: knapp@lifesci.ucsb.edu 

mid-1900s, these fish-stocking efforts had been 
largely subsumed by the various agencies responsi- 
ble for the management of fish and wildlife. Trout 
stocking was halted in most national parks in west- 
ern North America during the 1970s and 1980s 
(Knapp 1996; Parker and others 2001), but the 
practice continues in other protected areas, such as 
wilderness areas in the western United States man- 
aged by the US Forest Service (Landres and others 
2001). 

These stocking programs have dramatically trans- 
formed the formerly fishless aquatic ecosystems 
within protected areas of western North America. 
For example, of the estimated 16,000 naturally fish- 
less mountain lakes in the western US, the majority 
of which are located within national parks and wil- 
derness areas, 60% of all lakes and 95% of larger, 
deeper lakes now contain nonnative trout (On- 
corhynchus spp., Salmo spp., Salvelinus spp.) (Bahls 
1992). Many of these introduced fish populations 
persisted even after the termination of stocking 
(Donald 1987; Boiano 1999). In the western US, 
trout are still stocked into more than 7000 moun- 
tain lakes on a regular basis, usually with the use of 
aircraft (Bahls 1992). The purpose of this ongoing 
stocking is generally not to introduce trout into the 
remaining fishless lakes, but instead to supplement 
nonnative trout populations maintained by natural 
reproduction or to maintain nonnative trout popu- 
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lations in lakes where trout are unable to reproduce 
successfully. 

The management of nonnative trout populations 
in protected areas is highly controversial due in 
large part to increased awareness of the ecological 
effects of introduced fishes on naturally fishless eco- 
systems (Duff 1995; Fraley 1996). Although the 
state agencies charged with managing aquatic eco- 
systems within protected areas have historically fo- 
cused on providing recreational fishing while plac- 
ing little emphasis on ensuring the maintenance of 
natural processes, fisheries managers are increas- 
ingly being asked to justify their stocking programs 
in light of a growing body of literature that docu- 
ments the effects of fish introductions into naturally 
fishless lakes. These studies have repeatedly dem- 
onstrated that fish introductions dramatically alter 
native vertebrate and invertebrate communities, of- 
ten resulting in the extirpation of native fishes, 
amphibians, zooplankton, and benthic macroinver- 
tebrates (Anderson 1972; Stoddard 1987; Bradford 
and others 1998; Carlisle and Hawkins 1998; Tyler 
and others 1998; Knapp and Matthews 2000). 
However, these studies have typically focused nar- 
rowly on the direct impact of fish introductions on 
the native fauna and ignored the possible disrup- 
tion of ecosystem processes (but see Leavitt and 
others 1994) as well as indirect landscape-scale im- 
pacts transmitted beyond the boundaries of those 
habitats subject to fish introductions. Perhaps as a 
result, the efforts by managers attempting to lessen 
the impact of introduced fishes have also been nar- 
rowly focused. For example, in California's Sierra 
Nevada, where these fish introductions have been 
shown to have severe deleterious impacts on am- 
phibians (Bradford 1989; Bradford and others 1993, 
1998; Knapp and Matthews 2000), some managers 
have recently agreed to stop stocking lakes that 
serve as habitats for particular amphibian species. 
Although this policy change is an important step in 
reducing the ecological impact of fish introductions, 
it still represents the continuance of a narrowly 
focused lake-specific and species-specific approach 
that does not take potential larger-scale impacts 
into account. 

The papers in this issue were motivated by a 
3-day workshop on fish stocking in wilderness ar- 
eas held in October 1998 at the Flathead Lake Bi- 
ological Station, Polson, Montana (Corn and Knapp 
2000). The purpose of the workshop was to pro- 
mote a dialogue between managers and scientists 
by exposing the managers to current research while 
also making the scientists aware of the concerns 
and constraints of managers. In this special feature, 
we highlight (a) the history and political framework 

for fisheries management in protected areas, and 
(b) recent advances in our understanding of the 
ecosystem and the landscape-scale effects caused by 
the introductions of fish into naturally fishless 
mountain lakes. 

We begin with a historical overview by Pister that 
provides a perspective gained during his several 
decades experience of managing a wilderness fish- 
stocking program for the California Department of 
Fish and Game. First, he describes the history of fish 
stocking and the changing priorities that have 
driven the practice in California and outlines cur- 
rent policies and practices in the western United 
States. He also discusses the jurisdictional conflicts 
between state and federal agencies, noting that 
state wildlife managers often support continued fish 
stocking whereas federal wilderness managers con- 
tend that stocking compromises the ecological and 
social values of wilderness. He concludes that in the 
face of increasing public support for protecting nat- 
ural processes, the continued stocking of fish into 
wilderness ecosystems is no longer justified. 

Landres, Meyer, and Matthews examine the con- 
troversy over fish stocking from the perspective of 
the 1964 Wilderness Act, focusing on the judicial 
interpretation of the act, the policies of the US 
federal agencies charged with implementing the 
act, and formal agreements between federal and 
state agencies. They conclude that although US fed- 
eral policy currently grants the authority for fish 
stocking to the states, case law allows the federal 
agencies to be directly involved in decisions regard- 
ing fish stocking in wilderness areas. This type of 
cooperation could improve the often adversarial 
relationship between state and federal agencies and 
create an environment in which both state and 
federal agencies share the responsibility for manag- 
ing aquatic resources within wilderness. 

Following these two overview/policy papers are 4 
papers that describe the ecosystem and landscape- 
scale effects of fish introductions into naturally fish- 
less mountain lakes. Adams, Frissell, and Rieman 
present a landscape analysis of the spread of intro- 
duced trout through stream networks. This work 
shows that the introduction of salmonid fishes into 
headwater lakes can result in disproportionately 
larger effects on native fishes than introductions 
lower in drainages. In many river basins, remaining 
populations of native fishes are concentrated in 
headwater refugia where they are protected by nat- 
ural barriers from introduced fishes that are already 
established at lower elevations. However, introduc- 
tions of nonnative fishes into headwater lakes pro- 
vide point sources capable of invading all down- 
stream habitats, as the fish surmount barriers that 
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normally hinder upstream-directed invasions. The 
extent of such a potential invasion from headwater 
lakes depends on the geography of the stream net- 
work, and particularly on the density and distribu- 
tion of headwater lakes and their locations relative 
to barriers inhibiting upstream dispersal. 

Schindler, Knapp, and Leavitt use a fish bioener- 
getics model to evaluate the effect of trout intro- 
ductions on nutrient cycles in naturally fishless oli- 
gotrophic lakes. Model results suggest that trout 
introductions routinely increase phosphorus (P) re- 
generation from previously inaccessible benthic and 
terrestrial sources. Because P derived from benthic 
and terrestrial sources represents a new source of 
nutrients for plankton, even small increases in nu- 
trient availability can result in increased algal bio- 
mass and production. To support the importance of 
this increased nutrient subsidy to pelagic algae, they 
present paleolimnological evidence that algal pro- 
duction increased approximately 10-fold following 
trout introductions and show that this increased 
production was maintained for the duration of fish 
presence. These results suggest that widespread fish 
stocking has caused substantial changes to nutrient 
cycles in hundreds of lakes throughout montane- 
protected areas of western North America, with 
impacts being greatest in lakes stocked with high 
densities of trout. 

Pilliod and Peterson use data on the distributions 
of native amphibians and nonnative trout in several 
drainages in the northern Rocky Mountains to eval- 
uate the local and landscape effects of trout intro- 
ductions. They report that at a local scale, after 
accounting for habitat differences between fish- 
containing and fishless water bodies, the abun- 
dance of all life stages of long-toed salamanders and 
spotted frogs was lower in water bodies containing 
nonnative trout than in water bodies remaining in 
a fishless condition. At the landscape scale, the 
presence of fish in some water bodies had impor- 
tant influences on the abundance of amphibians in 
the remaining fishless water bodies. These land- 
scape-scale effects may be the result of a loss of 
source populations and overwintering sites when 
fish are introduced into the larger, deeper lakes and 
amphibians are therefore restricted to shallower, 
more ephemeral habitats. 

Parker, Schindler, Donald, and Anderson de- 
scribe changes in ecosystem structure in a lake in 
the Canadian Rocky Mountains following the re- 
moval of the entire trout population with gill nets. 
Of the two large zooplankton species believed to 
have been present in the lake prior to fish introduc- 
tions, one reappeared while another failed to do so, 

cies had been depleted during the 30 years of fish 
presence. Overall zooplankton biomass remained 
unchanged following removal of the fish popula- 
tion. Contrary to predictions based on trophic cas- 
cade theory, no changes in phytoplankton biomass 
or chlorophyll-a concentration were observed. Nu- 
trient concentrations also remained unchanged. 
These results add to the growing body of studies 
that evaluate the recovery of mountain lake eco- 
systems following the removal of nonnative trout 
(Parker and others 1996; McNaught and others 
1999; Funk and Dunlap 1999; Drake and Naiman 
2000; Knapp and others 2001). 

Collectively, these papers indicate that the effects 
of widespread trout introductions into wilderness 
landscapes are not limited simply to direct effects on 
prey taxa, but instead can be transmitted through- 
out lake food webs and even beyond the shorelines 
of fish-containing lakes to fishless lakes. In addition, 
following fish removal, full recovery of ecosystem 
structure and function may not occur. These results 
pose a difficult challenge for fisheries and wilder- 
ness managers interested in better balancing the 
conflicting goals of maintaining nonnative fisheries 
in wilderness areas while also minimizing the ef- 
fects of these fisheries on natural processes. If man- 
agers are to truly balance these often opposing 
goals, it is imperative that current fisheries manage- 
ment practices be evaluated in the context of their 
effects on ecosystem and landscape processes. It is 
our hope that this special feature will provide the 
impetus for such an evaluation and for the adoption 
of new management strategies to reduce the eco- 
logical impacts of nonnative fisheries in protected 
areas. 
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