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uring the last century, many fishless mountain

lakes in the Pacific Northwest were stocked

with nonnative fish, such as brook trout, for
recreational purposes. The introduced fish replaced
native salamander larvae as the top aquatic vertebrate
predator in these lakes. To understand the impact of the
fish on the salamanders, we investigated the abundance of
larvae in mountain lakes where nonnative fish had been
introduced. At Mount Rainier National Park and North
Cascades National Park Service
Complex (which includes Ross Lake

Figure 1. Typical larval form of the northwestern salamander.
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The two salamander species studied were the long-toed
salamander (Ambystoma macrodactylum) and the north-
western salamander (Ambystoma gracile, fig. 1). We found
greater abundances of larvae of both species in fishless
lakes (fig. 2). Also, we found that when fish are present in
a lake, larvae of both species restrict their daytime activity
to nearshore areas where much bottom cover (such as
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affected quite differently by the intro-
duction of fish because of differences
in the distributions, life history charac-
teristics, and habitat requirements of
the two species.
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Figure 2. The number of salamander larvae observed per 100 m surveyed in Mount Rainier National
Park ponds or lakes that have fish or are fishless. (Depths are maximums.)
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To evaluate the finding
that introduced fish
affect salamander
abundance and behav-
ior, we removed fish
from a small lake in
Mount Rainier National
Park that had a popu-
lation of northwestern

submerged logs and tree
branches) is available, and
they are primarily active at
night. To evaluate the finding
that introduced fish affect
salamander abundance and
behavior, we removed fish

adults. Neotenes can grow to be more than 7 inches (175
mm) in total length, which is as large as many of the trout
in the lakes, and they tend to be less vulnerable to preda-
tion by the trout. Since neotenes and smaller larvae can-
not survive on land and are therefore restricted to the
lakes they inhabit, individuals that coexist even at low
abundance with introduced fish alter their behavior to

from a small lake in Mount
Rainier National Park that
had a population of north-
western salamander larvae. The fish were removed over a
period of six years, with most removed within the first
two years. Once fish were removed, the total number of
larvae observed (fig. 3), and the proportion of larvae
observed offshore compared to nearshore, increased dur-
ing daytime surveys.

salamander larvae.

reduce their interaction with the fish. In these lakes,
northwestern salamanders are very secretive and remain
hidden during the daytime when they are more vulnera-
ble to predation by trout.

Long-toed salamanders do not have the aquatic gilled-
adult life-stage and must transform into terrestrial adults.
As terrestrial adults, they can leave lakes that have fish
and limit their reproductive activity to fishless lakes and
small shallow ponds if these sites are located relatively

close to the lakes from which they emerge.
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northwestern salamanders, more easily
escape predation.
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Figure 3. The number of salamander larvae observed per 150 m surveyed during daytime in
Mount Rainier National Park increased from 1993 through 2003 when fish were removed from

the lake.

Experiments conducted in artificial ponds to investi-
gate trout predation on northwestern and long-toed sala-
mander larvae have shown that both species suffer
reduced abundance because of predation by trout. These
results are borne out by examination of feeding habits of
introduced fish in natural lakes. The two salamander
species have different life-history characteristics, howev-
er, which is one factor that affects the way each species
responds to the presence of fish. Northwestern salaman-
ders in mountain lakes typically reach reproductive matu-
rity without transforming into terrestrial adults. These
individuals are known as neotenes or aquatic gilled-
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The two species also have different distri-
butions and habitat requirements that
affect their vulnerability to fish. North-
western salamanders are primarily found in
lakes greater than 7 feet (2.1 m) deep, that
is, in lake basins that do not fill to the bot-
tom with ice and snow in winter. Long-
toed salamanders live in both deep and
shallow lakes and ponds. Recent evidence
suggests that when northwestern salaman-
ders are present, they exclude the long-toed species from
the deep lakes. Thus, the depth of the water and the inter-
action between salamander species determines which one
is present and which will be impacted by the introduction
of the fish.

At Mount Rainier National Park both species are pres-
ent. The long-toed salamanders occupy lakes less than 7
feet (2.1 m) deep. Fish usually cannot survive in such
shallow water; therefore, at this park, long-toed salaman-
der larvae are rarely affected by introduced fish. The
northwestern salamanders occupy the deeper lakes where
fish are present and so are impacted by them.
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At North Cascades National Park Service Complex, the
distribution of northwestern salamanders is more limited
than at Mount Rainier: No northwestern salamanders are
found on the eastern side of the hydrologic divide of the
Cascades Range, and relatively few populations occur
west of the divide because this is the easternmost extent
of their range. Thus, the long-toed salamander is able to
inhabit both deep and shallow lakes and ponds east of
the divide. West of the divide the same is true, except in
the occasional deep lakes where northwestern salaman-
ders occur. This widespread distribution means that the
long-toed salamanders are more likely to be impacted by
the introduced fish than the relatively uncommon north-
western salamanders.

This study underscores the importance of developing
separate management strategies for each salamander
species based on its life history
characteristics, habitat require-
ments, and vulnerability to fish
impact. Resource managers
need to be aware of the distri-
bution patterns of the salaman-
ders and introduced fish in the

based on its Ii'!e '_‘is' parks, especially as the distri-
tor_y characi_:erlstlcs, butions relate to lake size,
habitat requlr(_el_nents, depth, and habitat. Since the
and \!uln_erablllty %0  National Park Service has
fish impact. ended the stocking of lakes
with fish almost entirely, the
fish in some stocked lakes have become extinct.
However, fish still remain in lakes where they have
achieved a level of reproductive success. These are the
lakes that should be of concern to managers when devel-
oping strategies for the maintenance of native larval sala-
mander populations, or strategies for the recovery and
restoration of sensitive and threatened native salamander
species. The removal of fish from lakes in areas where
these species occur could be an important management
objective. For managers on other montane lands who
stock fish, knowing the distributions of native salaman-
der species could influence which lakes are stocked.
Understanding how introduced fish impact aquatic
ecosystems and how larval salamanders and other
amphibians are affected and respond to the presence of
fish can help managers support and monitor the ecologi-
cal integrity of these ecosystems.

This study under-
scores the importance
of developing
separate management
strategies for each
salamander species
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