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Ecological E
n North Cascad
By William J. Liss and Gary L. Larson 

e generalization that has emerged from research 
e ecological role of fish in aquatic communities is 

ish can play an important role. When stocked in 
rically fishless bodies of water, fish have the 
tial to eliminate or severely reduce in abundance 

enous spec1es of invertebrate and vertebrate prey 
isms and thus dramatically change aquatic com­
ty composition and development. In general, 
gement concerns center on balancing recrea­

l opportunities provided by stocked fish and con­
ng the integrity of aquatic communities that have 
loped for thousands of years in the absence of 

e lakes of North Cascades National Park service 
plex in northern Washington were formed by gla­
ctivity thousands of years ago and, until relatively 
tly, were devoid of fish. Some lakes were stocked 
rout in the early 20th Century, long before estab­
ent of the park in 1968. At present, of the 160 or so 

ficant high mountain lakes, about 61 contain fish, 
r through natural reproduction or by periodic 
ing. The major species are cutthroat and rainbow 
 
rk staff now face the difficult task of deciding the 
 of fish stocking of lakes within park boundaries. 

research was undertaken to clarify the ecological 
f stocked trout and their potential effects on the 

gical communities of naturally fishless high moun­
akes. We have completed two of three scheduled 
seasons and are analyzing data collected during 
econd season. This paper then, is an interim 

rt and deals primarily with our accomplishments 
 to beginning field work and during our first field 
on. 
fore the start of each field season we meet with a 
 review panel of limnologists, all with research 
rience on lake communities, to review our work of 
ast year and our research proposal for the suc­
ing field season. This has provided constructive 
ws and had a significant impact on research direc­
. Park staff, especially Jon Jarvis, Gary Mason, 
Bob Wasem, have provided logistic support and 
onnel assistance. Beth Deimling, Bob Hoffman, 
g Lomnicky, and Bob Truitt, all research 

stants at Oregon State University, have major 
onsibility for conduct of field work, processing 
ples, and data analysis. Collaboration of our col­
ue, Dave Mcintire, also is appreciated. 

A Diverse, Dynamic System 
e park is a diverse, dynamic system--an area of 
, rugged mountains, some reaching elevations of 

 2500 meters, with many permanent glaciers. The 
ntains and valleys were shaped by glacial activity 
 the last 10,000 years. Prevailing weather patterns 
rom the Pacific Ocean, about 50 miles west of the 
. Precipitation is highest west of the Cascade 
t, which runs through the park. Most of the glaciers 
ound on the west side; areas east of the crest are 
h drier. 
e park's high mountain lakes are generally rather 
ll, most having a surface of less than 10 hectares, 
ugh some are quite large. They occur at eleva­
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 ranging from less than 500 m to over 2000 m. 
er elevation, west slope watersheds have well-

e
o
d

ffects of Stocke
es Naturally Fis

ped soils and are heavily forested. Higher eleva­
tersheds may have little soil development and 

y sparsely vegetated; many oft he highest water­
are largely rock and ice. The park's oldest lakes 
ly are thousands of years old, but new lakes are 

g even today as the glaciers recede. 
 research began with a literature review of the 
ical impacts of fish on aquatic communities 
e et al1989), and development of a watershed 
ke classification system for the park (Lomnicky 
989). The literature suggests that vertebrate 
ion can alter aquatic community structure and 
zation. Structure of aquatic communities can be 
d as the kinds of species composing a commu­
eir abundances, distributions, and average 
This structure is simply a description of the 
 of a community. Organization Involves interac­
r interrelations, at least partially inferred, among 
s or groups of species that give a community its 
iveness and ultimately underlie its "form." 
 have been shown to alter the size-structure, 
s composition, and species abundances of 
cean zooplankton. Fish may selectively prey on 
gest or most visible species, eliminating these 
s or severely reducing their abundance and 
g the zooplankton community to be dominated 
aller forms (e.g. Zaret 1980). These changes are 
t by some researchers to alter grazing rates on 
lankton and cause changes in the species com­
n, size-structure, and abundance of these min­
ae (Carpenter et al 1985). Fish may change the 
ss and relative proportions of taxa composing 
ic macroinvertebrate communities (Gilinsky 
Walters and Vincent 1973; Andersson et al1978; 
nen 1970). Elimination of benthic species has 

reported (Macan 1966a,b; Reimers 1979). Fish 
ay alter the behavior and abundance of sala­

ers (Elford and Mathias 1969; Taylor 1983; 
tsch 1987). 

Many Factors Involved 
ile there is considerable evidence suggesting 
tocked fish can alter communities in naturally 
s lakes, the results often are not clearcut. Com­
 structure and organization are by no means 
ined solely by presence or absence of verte­

predators. Species that successfully colonize a 
nd make up a community must, at some time, 
riginated in other lakes, streams, and bodies of 
The system of aquatic communities that pro­

colonists to a lake is the species pool. The com­
n of species in a lake depends heavily on this 
f available colonists. 
ddition, the physical and chemical characteris­
 the lake habitat influence the kinds of species 
nt and the nature of species interrelationships. 
 with different kinds of habitats may have some­
ifferent communities, even within the same spe­
ool, and these communities may respond differ­
to fish stocking. 
y refuges, which can mediate the effects of pre­
, are a component of habitat (Crowder and 

er 1982; nmms and Moss 1984). Fluctuations in 
ical and physical conditions may reduce, 

nhance, or override effects of fish predation. Impacts 
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in
d Trout 
hless Lakes 

Hul Lake is a subalpine lake formed in a glacial 
e in North Cascades NPS Complex. (Photo by 
 Deimling) 

 (Stein et al 1988). 
st high mountain lakes of the North Cascades are 

trophic, that is low in nutrients and poorly produc­
Yet there is considerable diversity in characteris­
f lakes and their watersheds, which may give rise 
versity of aquatic community types. Watershed 
ake classification provide a useful tool for identify­
rdering, and understanding diversity of aquatic 

ats and communities. Lakes, like all aquatic sys­
, reflect characteristics of their watersheds. 
kes within the park are classified or grouped 
rding to climatic, geologic, topographic, and vege­
 aspects of their watersheds, and by watershed 
, lake elevation, lake morphometry (surface area 
relative depth), and type of inlet and outlet. All 
 characteristics may influence lake habitat 

ding chemistry, hydrology, length of ice-free 
d, seasonal temperature patterns, and type of 
m substrate. 
e classification, then, allowed us to begin to define 
ent aquatic community habitats within the park, 
ssociate these habitats with watershed charac­

ics. In addition, the classification system provided 
sis for selecting comparable lakes for study and 
erve as a tool in developing a lake monitoring 

ram. 

Research Season Limited 
ld research began in the summer of 1989. Field 
ons are relatively short, extending from June into 
ember for the lowest elevation lakes. Many high 
 may not become ice-free and accessible until 
to late July. Lakes often are located in rugged, 
te terrain and so present severe logistical difficul­
for the researcher transporting sampling equip­
. Access to nearly all lakes is either by backpack­
g or helicopter. 
The goal of research is to evaluate the impacts of 



stocked trout on the structure and organization of 
aquatic communities in naturally fishless lakes. The 
components of the aquatic community on which we 
focused included benthic macroinvertebrates, crusta­
cean zooplankton. rotifers, phytoplankton, and 
amphibians--particularly salamanders. Fish were 
sampled to determine size structure, food habits, and 
relative abundance. Lake chemistry and temperature 
profiles were taken and components of the benthic 
substrate were identified and mapped. 

Since very little was known of the structure of aquatic 
communities within the park, our first field season task 
was to conduct an extensive survey of lakes. The 1989 
field season was devoted to assessing the general 
limnological characteristics of 52 lakes, which repre­
sented a wide range of lake classes. Most were 
sampled only once that season. The survey afforded 
some important understanding of the species com­
position of aquatic communities and species distribu­
tions among communities within the park, and led to 
some hypotheses concerning fish impacts, which 
directed further studies and provided context for more 
intensive field studies conducted in ensuing years. 
Analysis of the 1989 survey data led to the tentative 
view that predation impacts on aquatic communities in 
the park may be dependent on the density and size 
structure of vertebrate predator populations and may 
vary with lake class. 

Vegetation zone (alpine, subalpine, and forested) 
and aspect (eastlwest) are components of the classifi­
cation system that emerged as important indicators of 
local climate, soil conditions, and limnological charac­
teristics of lakes (Liss et al 1990). Physical and chemi­
cal properties of lakes and benthic habitat characteris­
tics varied among vegetation zones. In general, taxa of 
zooplankton, benthic invertebrates, and phytoplankton 
were more diverse in forested lakes than in subalpine 
and, particularly, alpine systems. Many taxa, some of 
them relatively rare, were found exclusively in forested 
systems. This suggests that analysis of fish impacts 
should be partitioned by vegetation zone. 

Fish Effect on Salamanders 
Important vertebrate predators within aquatic sys­

tems in the park are fish and salamanders. Both prey 
upon benthic macroinvertebrates and zooplankton. 
Fish seem to affect the abundance and behavior of 
salamanders. When fish were not present in a lake, 
salamander abundance was relatively high. Sala­
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Pelton Basin in North Cascades National Park Service
peared to be reduced and they were far more secre­
e, lying hidden in crevices of submerged boulders 
ring the day, perhaps emerging to feed at night. 

alamander larvae were found in fish stomachs. Pre­
inary observations suggest that post-hatch mor­

lity of larval salamanders is very high in lakes with 
h. We will be performing experiments during the 1991 
ld season to determine the extent to which this mor­
lity may be attributable to fish predation. 
Both reproducing and non-reproducing fish stocks 
e present in the park. Reproducing populations are 
mposed of individuals of different ages and sizes. 

ark lakes with highest fish densities tend to be com­
sed of reproducing fish populations. Our initial 
servations suggest that these may be the lakes in 

hich fish impacts on salamanders and invertebrates 
ay be most evident. Lakes in which fish do not 
produce are stocked periodically with fry. Fish in 
ese lakes tend to be of more uniform size and age. 
ince fish may change their feeding habits as they age 

. . . predation impacts ... may be 
dependent on the density and size 

structure of vertebrate predator 
populations and may vary 

with lake class. 

abe 1967; Hansen 1971), a cohort of stocked fish 
ay have different impacts on the community when it is 
mposed of numerous small fish than when it is made 
 of few, large fish. This raises the possibility of cyclic 
anges in aquatic invertebrate community structure 
 a cohort of stocked fish matures. 

Unraveling Complexities 
Research during the 1991 field season, as in the 
90 season, will be directed toward unraveling the 
mplexities of interactions among components of the 
uatic communities. Two types of approaches will be 
ployed. One involves comparison of communities in 

kes with different levels of vertebrate predation within 
ch vegetation zone. In the subalpine, this will entail 
mparison among lakes in which no vertebrate pred· 
ors are present, lakes in which only salamanders 
cur, and lakes with low to high densities of fish. In 
rested lakes, the same design will be employed, 
though we have not found any lakes in this vegetation 
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manders were observed to move freely within the lake 
during daylight hours, suspend in the water column, 
and bask openly on submerged rocks and logs. When 
fish were present, abundance of salamanders 

zone that do not have some type of vertebrate preda· 
tor. For each community we will focus on assessment 
of species composition, average body size of major 
species, relative species densities, and habitat utiliza-
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n. Lakes will be sampled two to four times per sea· 
n, depending on elevation. Alpine lakes will not be 
died extensively because few are stocked with fish. 

The second approach pertains primarily to lakes 
th non-reproducing fish. Community structure in two 
balpine and three forested lakes, each with only a 
, large fish remaining within the cohort, was deter­

ned. Predation intensity, parti.cularly on zoo­
nkton, may be rather low in these systems. The 
ge fish then were removed by intensive gill-netting 
nly relatively small lakes that afford high probability 
removing nearly all fish were chosen). The lakes 
re restocked with fry toward the end of the 1990 
ason. These smaller fish may be more intensive 
nktivores than larger fish and so have a greater 
pact on zooplankton and the pelagic community. 
Community structure will be determined again dur­
 the 1991 fields season and compared to structure 
m 1990. Sampling these systems we hope can con­
ue during a monitoring phase of the project to evalu­
 whether some form of cyclic change in commu­
ies associated with periodic stocking can occur . 
Uss and Larson are limnologists, Liss with the 
egon State University (OSU) Dept. of Fisheries and 
ildlife, and Larson with the NPSIC?SU at OSU, Cor­
llis, OR. 
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