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ellowstone National Park is home to the most

ecologically and economically important inland

cutthroat trout fisheries remaining in North America.
However, threats to these native trout have, over the past
decade, irreversibly altered and made future sustainability of
this thriving and diverse ecosystem uncertain. Science has
helped to develop our understanding of the consequences
of status-quo management. In fact, without swift and
continuing action, negative effects on the native trout
populations of Yellowstone—keystone energy sources for
numerous mammal and bird species, and a recreational focus
for visitors—have the potential to produce impacts that will
reverberate throughout the Greater Yellowstone Ecosystem.

For instance, each predatory, non-native lake trout—a
species illegally introduced to Yellowstone Lake at least 20
years ago but not discovered until 1994—can annually
consume at least 41 cutthroat trout each year. Lake
trout have the potential to decimate the Yellowstone
Lake cutthroat trout population in our lifetime without
heightened and maintained management efforts. Lake
trout are not an acceptable substitute for cutthroat trout
in the ecosystem because they occupy an ecological niche
unavailable to cutthroat-eating predators, threatening the
many species, such as grizzly bears, bald eagles, and river
otters, which depend on cutthroat trout for survival.

Albeit much more quietly, the brook, brown, and
rainbow trout intentionally stocked by managers during the
parK’s early history have also taken their toll on cutthroat
trout populations across Yellowstone. The native westslope
cutthroat trout of the Madison River, for example, a
specialist species requiring pristine habitats, have been
eliminated due to their inability to compete with aggressive,

High Lake, at the headwaters of East Fork Specimen Creek, would provide a refuge for genetically pure westslope cutthroat trout.

non-native trout. In addition, in many park waters the
infusion of non-native-trout genetic material into stream-
resident cutthroat populations by interbreeding among
species has occurred and cannot easily be reversed. The loss
to the cutthroat populations is permanent, and any recovery
will be achieved only through direct intervention. The recent
rainbow trout invasion of the upper Slough Creek meadows,
and the resulting loss of that world-renowned fishery’s
genetic integrity, is an example of how serious this problem
is.

The stakes are high, raising the bar for innovative
management and fundraising. The increased magnitude of
the problems faced by the park’s fisheries, and the accelerated
rate at which they are occurring, are straining Yellowstone’s
resources. Despite this, our hope and enthusiasm remain
high. Within Yellowstone Lake, cutthroat are showing
subtle signs of recovery, while lake trout are showing signs of
suppression. Within the streams, momentum could not be
greater as we near our first cutthroat restoration operation
and the replication of a newly discovered, pure-strain
westslope cutthroat trout population.

This annual report describes historic and continuing
park aquatics programs with data and information obtained
through 2005. In several instances, the report also outlines
our vision for the program, with specific project goals and
objectives for future years. This was done in an attempt to
ensure program transparency; we want to make sure that
everyone with an interest has a solid understanding of both
our intent and the direction our efforts are taking to preserve
and restore native fishes in the waters of this tremendous

park. «=%54
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reated in 1872, Yellowstone National

Park (YNP) was, for several years, the

only wildland under active federal
management. Early visitors fished and hunted
for subsistence, as there were almost no visitor
services. At the time, fishes of the park were
viewed as resources to be used by sport anglers
and provide park visitors with fresh meals. Fish-
eating wildlife, such as bears, ospreys, otters, and
pelicans, were regarded as a nuisance, and many
were destroyed as a result (Schullery 1997).

To supplement fisheries and to counteract
“destructive” consumption by wildlife, a
fish “planting” program was established in
Yellowstone. Early park superintendents noted
the vast fishless waters of the park and asked the
U.S. Fish Commission to “see that all waters are
stocked so that the pleasure secker can enjoy fine
fishing within a few rods of any hotel or camp”
(Boutelle 1889). The first fishes from outside the
park were planted in 1889-1890, and included
brook trout (Salvelinus fontinalis) in the upper
Firehole River, rainbow trout (Oncorhynchus
mykiss) in the upper Gibbon River, and brown
trout (Salmo trutta) and lake trout (Salvelinus
namaycush) in Lewis and Shoshone lakes (Varley
1981). The harvest-oriented fish management
program accounted for the planting of more
than 310 million native and non-native fish
in Yellowstone between 1881 and 1955. In
addition, from 1889 to 1956, some 818 million
eggs were stripped from Yellowstone trout and
shipped to locations throughout the United
States (Varley 1979).
Largely due to these activities and the

popularity of Yellowstone’s fisheries, recreational

s »

The NPS boat Pelican at Molly Island, July 1957.

NPS personnel packing fish in the Mammoth Hot Springs
area in 1938.

angling became a long-term, accepted use in
national parks throughout the country. In
Yellowstone, fisheries management, as the term
is understood today, began with the U.S. Army,
and was assumed by the National Park Service in
1916. Fish stocking, data gathering, and other
monitoring activities begun with the U.S. Fish
Commission in 1889 were continued by the
U.S. Fish and Wildlife Service until 1996, and
have been the responsibility of the National Park
Service since then.

Approximately 48% of Yellowstone’s
waters were once fishless (Jordan 1891),
and the stocking of non-native fishes by
park managers has had profound ecological
consequences. The more serious of these
include displacement of intolerant natives
such as westslope cutthroat trout (O. clarki
lewisi) and Arctic grayling (7hymallus arcticus),
hybridization of Yellowstone (O. ¢. bouvieri)
and westslope cutthroat trout with each other
and with non-native rainbow trout, and, most
recently, predation of Yellowstone cutthroat
trout by non-native lake trout. Over the years,
management policies of the National Park
Service have drastically changed to reflect
new ecological insights (Leopold et al. 1963).
Subsistence use and sport fishing harvest once
guided fisheries management. Now, maintenance
of natural biotic associations or, where possible,
restoration to pre-Euro-American conditions
have emerged as primary goals. Eighteen fish
species or subspecies currently are known to exist
in Yellowstone National Park; 13 of these are
considered native (they were known to exist in
park waters prior to Euro-American settlement),
and five are introduced (non-native or exotic; see
Appendix i) (Varley and Schullery 1998).

A perceived conflict exists in the National
Park Service mandate to protect and preserve
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reservation of Yellowstone Lake
pcutthroat trout continued to be one

of the Aquatics Section’s top priorities
in 2005, as a total of 36,438 non-native lake
trout were killed, bringing the overall total
killed to more than 139,000 during the period
1994-2005. Because each of those lake trout
could have consumed at least 41 cutthroat trout
each year, the parK’s gillnetting effort has saved
a tremendous number of cutthroat trout. The
angling community has also joined the effort,
and has been contributing to the removal of
lake trout from Yellowstone Lake each year. The
result is a lake trout population that is beginning
to show signs of suppression. Catch per unit
of effort for lake trout remains low, and the
average length of the spawning adult lake trout
continues to decline. However, the cutthroat
trout population has yet to demonstrate a
significant positive response. The number of
upstream-migrating cutthroat trout counted
at Clear Creek, one of the cutthroats’ largest
spawning tributaries, was only 917 during 2005.
This count was down from 1,438 in 2004; 3,432
in 2003; and 6,613 in 2002, and was the lowest
count made at Clear Creek since 1945, the first
year when total annual counts were recorded
there.

Yellowstone cutthroat trout abundance
within Yellowstone Lake, as indicated by the
fall netting assessment, has suggested a modest
increase in the abundance of smaller juvenile

—

Due to the impacts of lake trout, whirling disease, and drought, Yellowstone
Lake now harbors only a fraction of the estimated 3—4 million cutthroat trour
that thrived here 20-30 years ago.

fish within the population. During 2003-2005,
this assessment has provided some of the first
indications that the cutthroat trout may be
responding positively to efforts to remove
lake trout. An average of 7.4, 7.9, and 7.4 fish
were caught per net in 2003, 2004, and 2005,
respectively. Prior to 2003, there had been a
reduction in catch by the fall netting program of
0-21% each year (averaging 11% per year) since
1994, the year lake trout were first discovered
in Yellowstone Lake. Critical to the cutthroat
now will be the ability of these juvenile fish to
recruit to the spawning population and appear
within the spawning tributaries of Yellowstone
Lake; this is really the only means by which the
population can be expected to rebound and
return to the higher densities seen in the past.
Due to generous support by the Yellowstone
Park Foundation and its Fisheries Fund
Initiative, developed in 2005, the park’s
fisheries program is moving quickly forward
with restoration of fluvial populations of native
trout. Although an introgression of the North
Fork Fan Creek westslope cutthroat trout was
reported early in the year, in June a potentially
pure population was found in a previously
unsurveyed, unnamed tributary to Grayling
Creek. Aquatics Section staff documented
the extent of this population during July and
August, and through collaboration with state
of Idaho and Montana geneticists, determined
that they are pure-strain westslope; the only
pure westslope cutthroat trout known in the
park, and one of only four pure populations
remaining in the entire Gallatin and Madison
river drainages of southwest Montana. It is
estimated that more than 700 fish exist in this
hidden stream, and Aquatics Section staff now
intend to carefully replicate this population
by moving small numbers of eggs into a much
larger, more secure habitat each year. National
Environmental Policy Act (NEPA) compliance
was initiated in July specifically for this purpose.
The focus for restoration is East Fork Specimen
Creek, including the biologically productive
High Lake, located at the headwaters of this
watershed. Work was also completed to prioritize
watersheds in the park’s northern range based
on probability of success for Yellowstone
cutthroat trout restoration. Reese Creek, Rose



Yellowstone

Gallatin
River

Madison
River

Soda Buttg

Gardner Cree

River

Pelican

Yellowstone
Lake

mmmmmm=  Park Boundary ShE:L‘:"e

Drainage Divides

Major Streams and Lakes
® Stream Water Quality Sites
A Invertebrate Sampling Sites

River River
10 0 10 20 Miles
™ —"

Figure 1. Major surface waters of Yellowstone National Park, with 12 stream sites established for long-term
monitoring of water quality and sites sampled for macroinvertebrates in 2005.

Creek, the Elk Creek complex of streams,

and Blackrail Deer Creek all provide excellent
opportunities for re-establishment of genetically
pure Yellowstone cutthroat trout populations.
Rose Creek, in particular, given its proximity to
the Lamar Buffalo Ranch, would also provide
opportunities for public education and awareness
activities regarding native trout issues in the
park. The next step will be to finalize plans and
initiate the NEPA process for restoration in the
northern range.

Monitoring of fish communities occurred
in many frontcountry and remote backcountry
streams during 2005, including research
focusing on the status and life history strategies
of cutthroat trout in the Yellowstone River and
its tributaries upstream of Yellowstone Lake.
An inventory of fishes in the remote reaches
of the Snake River and its tributaries also
continued. These are among the first surveys of
fishes in these regions of the park, even though
fisheries investigations have been occurring in

Yellowstone since the late 1800s. The waters of
the upper Yellowstone River support significant
numbers of spawning cutthroat trout from
Yellowstone Lake. It is unknown to what extent
the Snake River supports migrating cutthroat
trout. Results will help managers understand the
status and dynamics of cutthroat trout in these
remote wilderness areas, and the contribution
of these systems to the overall cutthroat
trout populations of the Greater Yellowstone
Ecosystem.

The ecological health of aquatic systems
in Yellowstone National Park continues to
be monitored intensively. The quality of the
parK’s surface waters is monitored bi-weekly
at 12 fixed sites located near the confluences
of major streams and rivers (Figure 1). The
physical and chemical characteristics of
Yellowstone Lake are monitored seasonally to
assist the targeting of non-native lake trout.
Macroinvertebrates continue to be sampled
using regionally standardized methods to allow

Due to generous
support by the
Yellowstone Park
Foundation and
its Fisheries Fund
Initiative, the
park’s fisheries
program is
moving quickly
forward with
restoration

of fluvial
populations of
native trout.



A total of 506
comments were
received, of
which 352 (70%)
were in favor of
the proposed
regulation
changes.
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Remaining genetically pure cutthroat trout will be used
to restore populations to streams which currently support
hybridized and/or non-native trout.

for easy comparison of data among agencies.
Results are being used to assist with the
development of National Park Service (NPS)
Vital Signs Monitoring protocols for the Greater
Yellowstone Inventory and Monitoring Network.
A study was also completed that provided
information on the effects of road operations
at Sylvan Pass on the water quality and
macroinvertebrate communities of Mammoth
Crystal Spring of the Middle Creek drainage.
Public scoping for proposed changes in
fishing regulations occurred in 2005. The
framework for the proposal was based on the
presence or absence of native sportfish species,
and contained just two management areas within
the park: a Native Trout Conservation Area and
a Wild Trout Enhancement Area. The proposal
greatly simplified the regulations’ structure
compared to what has been used in the past.
In addition, the park sought input on the idea
of requiring the use of barbless hooks as a way
to reduce injury to fishes, especially in popular,
heavily fished waters such as the Yellowstone
River, Soda Butte Creek, and others. Five public
meetings were held in gateway communities. In
addition, a period for written public comments
remained open for more than five months.
A total of 506 comments were received, of
which 352 (70%) were in favor of the proposed

regulation changes, and 18 (4%) were opposed.
Three hundred seventy-six (74%) were in favor
of a parkwide policy for barbless hooks and 10
(2%) were against it. Given the strong public
support for the proposal, the park plans to
implement the regulation changes in 2006.

Anglers caught an estimated 522,258 fish in
the park during the 2005 fishing season. Native
cutthroat trout remained the most sought-after
and caught fish species, comprising 52% of
the total catch, followed distantly by rainbow
trout (20%), brown trout (13%), brook trout
(6%), lake trout (4%), Arctic grayling (3%),
and mountain whitefish (Prosopium williamsons;
2%). Overall, native species comprised 57%
of the total catch. Yellowstone Lake remained
the most popular destination for anglers; an
estimated 10,267 anglers fished the lake this
year, representing one-quarter of all fishing effort
in the park. Anglers fishing Yellowstone Lake
reported catching 0.71 cutthroat trout per hour
of fishing. This catch rate is lower than that of
recent years, and follows a six-year downward
trend following a record high catch rate in 1998.
The angler-reported catch rate for lake trout
in Yellowstone Lake decreased for the second
consecutive year, to 0.05 fish per hour. This is a
positive sign that lake trout suppression efforts
are having some success. The park encourages
anglers to fish for lake trout on Yellowstone Lake
and killing them is required by law; an estimated
5,529 lake trout were removed by anglers from
Yellowstone Lake during the 2005 angling
season.

Public involvement with the Aquatics
Section continued to greatly increase, primarily
through the incorporation of many volunteers.
A highlight for the year was the Yellowstone
Volunteer Flyfishing Program, in which
volunteer anglers from across the United States
participated in several specific fisheries projects
throughout the park. Information acquired by
volunteers is being used to assess the status of
fisheries in many waters of Yellowstone. «=% ¢4



Vellowstone National Park Core
Mission Priorities

utthroat trout and Arctic grayling are
‘ considered “core” resources that are
known to be at risk within Yellowstone
National Park. Priorities developed during
NPS Core Analysis exercises include efforts to
reduce the threats to, and improve the condition
of, these and other at-risk resources. Aquatics
Section activities are almost entirely aimed at
threat reduction and improvement of the overall
condition of native aquatic communities in
the park, with special focus on cutthroat trout
subspecies. Yellowstone National Park lies at
the heart of the present-day distribution of
Yellowstone cutthroat trout (Figure 2), and the
NPS recognizes the need to preserve existing
populations and restore them where feasible.

A Model foy‘ the pr Fisheries

Program

Over the past decade, the aquatic resources
of Yellowstone National Park, and the ecosystems
they support, have become seriously threatened
by introductions of non-native (from elsewhere
in North America) and exotic (from another
continent) species. For the foreseeable future, the
Aquatics Section will focus the greatest amount
of effort possible on conducting activities
aimed at supporting its two main priorities: (1)
preservation of Yellowstone Lake cutthroat trout,
which is the largest remaining concentration of
genetically pure inland cutthroat trout in the

The Fisheries pv‘og ram

Historic Range
Current Range

Figure 2. Yellowstone National Park lies at the center of the remaining range of
Yellowstone cutthroat trout (adapted from May et al. 2006).

world; and (2) restoration of fluvial populations
of native trout (Figure 3).

The specific activity currently conducted to
preserve Yellowstone Lake cutthroat trout is the
lake trout suppression program, which is one
of the largest non-native fish removal programs
occurring in the United States. Activities related
to the restoration of fluvial populations of native
trout include the environmental compliance
process underway for westslope cutthroat trout
restoration in the East Fork Specimen Creek
watershed. Also, prioritization of streams based
on their potential for restoration success has been
completed and will allow us to move forward
with planning for restoration of Yellowstone

A Model for the Fisheries Program at Yellowstone
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Restoration of fluvial
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Figure 3. A model for the fisheries program at Yellowstone National Park.



Goals of the
Aquatics
Section’s
research program
are to support
cutthroat trout
preservation

and restoration
activities.

assessment at Clear Creek; the annual visual
survey of spawning cutthroat trout at several
frontcountry tributaries; and an overall cutthroat
trout population assessment within Yellowstone
Lake conducted by netting at 11 sites during
September each year. Monitoring and inventory
activities to support the restoration of fluvial
populations of native trout (Figure 3d) include
extensive surveys to determine the genetic
integrity of cutthroat trout populations; surveys
to quantify the geomorphology and habitat
conditions of streams supporting existing
cutthroat trout conservation populations, and of
reaches with the potential to be restored in the
future; and surveys of water quality, amphibian,
and macroinvertebrate communities and other
natural and cultural resources of watersheds, so
{15 A, any potential impacts of future cutthroat trout
Fisheries technicians Brian Ertel and Michael Rubl restorations are well understood.

electrofishing an unnamed Grayling Creek tributary. Anglers are an integral component of the
fisheries program model, as they assist with
many aspects of native species conservation
(Figure 3). For example, anglers contribute to
the reduction of lake trout within Yellowstone
Lake and they assist with removal of non-native
species in streams where they co-exist with native
trout. Anglers also provide research assistance;
they have tagged Arctic grayling from Grebe
and Wolf lakes to help collect information

on the dynamics of those fish in that river
system. Finally, anglers annually provide an
incredible amount of inventory and monitoring
information through the Volunteer Flyfishing
Program, and through returns of the Volunteer
Angler Report Cards provided to all anglers
upon their purchase of special use permits
required for fishing in park waters. L |

] -

cutthroat trout in streams of the park’s northern
range.

The goals of the Aquatics Section’s research
program are to support and enhance the
two primary priorities listed above. Research
to support the preservation of Yellowstone
Lake cutthroat trout (Figure 3a) includes (1)
improving lake trout suppression efficiency
through the identification of spawning locations,
(2) understanding the ecology of Myxobolus
cerebralis (the cause of whirling disease) to
potentially mitigate for its effects and/or slow
its dispersal, and (3) understanding the trophic
implications of a cutthroat trout decline in the
Yellowstone Lake system. Research to support
the restoration of fluvial populations of native
trout (Figure 3b) is currently being conducted by
partner agencies and universities in the greater
Yellowstone region, and will be undertaken
within the park when on-the-ground restoration
activities begin. Current research to understand
the status of fluvial Arctic grayling within the
Gibbon River may lead to restoration, or at least
preservation efforts for that species.

Monitoring and inventory activities that
support the preservation of Yellowstone Lake
cutthroat trout (Figure 3¢) include the long-
term, annual cutthroat trout spawning migration

KIM WEST

Aquatics Section staff, May 2005.



Vellowstone Cutthroat Trout Preservation

Vellowstone Cutthroat Trout
Long-term Monitoring

mpacts of historical egg-taking

operations and liberal angler harvest

regulations for Yellowstone Lake
cutthroat trout have long been noted in counts
of upstream-migrating fish at Clear Creek
(Figure 4). Only 3,161 cutthroat trout ascended
Clear Creek in 1954, just two years prior to
the cessation of fish culture operations on
Yellowstone Lake (Figure 5). With the end of
culture operations and the implementation of
restrictive angling regulations, the population
rebounded during the 1960s and 1970s; 70,105
cutthroat trout were counted at Clear Creek in
1978 (Jones et al. 1979; Gresswell and Varley
1988). Although there was variation among
years, the increasing trend in cutthroat trout
abundance within Yellowstone Lake was also
indicated by the fall netting assessment. An
average of 10.0 fish were caught per net by this
assessment in 1969; in 1984, 19.1 fish were
caught per net.

Contemporary data suggest that a significant
decline has occurred in the Yellowstone Lake
cutthroat trout population. The number of
upstream-migrating cutthroat trout counted
at Clear Creek was 917 during 2005 (Figure
5). This count was down from 1,438 in 2004;
3,432 in 2003; and 6,613 in 2002, and was
the lowest count made at Clear Creek since
1945, the first year total annual counts were
recorded there. The fish-counting station that
has been operated since 1999 on Bridge Creek,
a small northwestern tributary, was not operated
in 2005 because of the near-total absence of
cutthroat trout observed there during 2004
(Koel et al. 2005a, 2005b).

During 2003-2005, however, the fall
netting assessment (Figure 5) provided some

of the first indications that the cutthroat trout

population may be responding positively to
efforts to remove non-native lake trout from
Yellowstone Lake. An average of 7.4, 7.9, and
7.4 fish were caught per net in 2003, 2004,
and 2005, respectively. Prior to 2003, there had
been a reduction in catch by the fall netting
program of 0—21% each year (averaging 11%
per year) since 1994, the year lake trout were
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first discovered in Yellowstone Lake. Although
dramatic increases in cutthroat trout within
Yellowstone Lake are not yet being seen, the
within-lake netting assessment suggests that
cutthroat trout abundance has at least somewhat
stabilized.

Length—frequency data from the fall netting
program, 1997-2005, indicated an increase
in length and reduction in numbers of adult
cutthroat trout (>325 mm) in Yellowstone
Lake (Figure 6). In 2004 and 2005, fewer fish
between the lengths of 325 and 425 mm were
collected compared to the number collected in
earlier years. Historically, most cutthroat trout
sampled in spawning tributaries such as Clear
Creek were in this size range (Jones et al. 1993).
However, an apparent increase in numbers of
juvenile cutthroat trout (100-325 mm) has
been noted in recent years (2002-2005). Many
of these juveniles have been collected in the

University of Wyoming graduate research assistant Lusha
Tronstad with a Yellowstone cutthroat trout at Clear
Creck.

southern arms of Yellowstone Lake, which may
act as refugia for cutthroat trout due to the low
numbers of lake trout and low incidence of M.
cerebralis in these areas (Koel et al. 2006). It is
hoped that in the coming years, these juvenile
cutthroat trout will recruit to the spawning
population and appear in the lake’s spawning
streams, including Clear Creek. The cutthroat
trout are an important component of the
Yellowstone Lake ecosystem; impacts to bears

and anglers have resulted from the population
decline (Koel et al. 2005b).

L ake Trout Suppression pv‘ogv‘am

A total of 36,438 lake trout were removed
from Yellowstone Lake in 2005, which is more
than were removed during any previous year of
the suppression program (Figure 7). Of these,
35,088 lake trout were removed via gillnetting
and 1,338 were removed by electrofishing
(described below). The ratio of lake trout killed
to cutthroat trout sacrificed remained low (only
0.04 cutthroat trout was lost for every lake
trout killed). The overall gillnetting effort was
maintained at a high level in 2005—7% higher
than in 2003, and more than 22% higher than
in 2004. Despite these high levels of removal
effort, catch per unit of effort rose slightly for
the third year in a row, to an average of 1.81 lake
trout removed for every 100 meters of net placed
in the lake over a period of one night (unit of
effort). This catch rate was higher than those
of 2003 and 2004, but remained dramatically
below levels seen during the early years of the
suppression program; in 1998, an average of
5.16 lake trout were caught with each unit of
effort.

The majority of gillnets were set to target
young lake trout residing at depths greater than
those occupied by cutthroat trout (these are
termed “control sets”; Figure 8). Small mesh
(25-38-mm bar mesh) gillnets were placed on
the lake bottom in water typically 40—-65 m
deep. As in past years, lake trout carcasses were
returned to the lake to avoid removing nutrients
from the system. On a typical day during June
through September, more than 10 miles of
control sets were in place fishing for lake trout
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Lake during late August—early October, 1996-2005.

on Yellowstone Lake (Figure 9). These control
sets removed 30,449 lake trout (87% of the
total gillnet catch) from Yellowstone Lake. More
than 53% of this catch occurred in 25-mm bar
mesh gillnets, the smallest size used consistently;
20% of that occurred in October. Apparently,
these fish had only recently grown to a size large
enough to become entangled in our gear. These
increases are likely results of strong year class
production in 2003, when large numbers of
spawning lake trout were observed.

Lake trout in Yellowstone Lake congregate
from late August until early October for
spawning. This has proved a prime time to target
mature fish. Approximate locations of three
spawning areas are known in Yellowstone Lake,
and include areas near Carrington Island, west
of the mouth of Solution Creek, and northeast
of West Thumb Geyser Basin (Figure 4). These
spawning areas were intensely gillnetted during
the spawning season using net sizes ranging from
38- to 76-mm bar mesh. A fourth area south

11
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mesh used correlates well with recent increases in catch of mature lake trout during
spawning season, indicating strong recruitment.

of Grant Village in West Thumb was targeted
for mature fish in 2005. This area proved very
productive and may indicate another spawning
site in the vicinity. Nets were also deployed in
Breeze Channel (a corridor into West Thumb
from the lake’s main basin) and sporadically
throughout West Thumb. With these spawner
gillnet sets, 4,568 lake trout were removed from
Yellowstone Lake in 2005 (Figure 7). The size of
lake trout caught near spawning areas continued
to decrease from that observed in previous
years. Mean total length (515.7 mm) was more
than 12 mm less than that of 2004, and has
shown a steady decline since the inception of
the program. Also as observed in previous years,
the females were larger than males (mean total
lengths of 549.8 and 514.5 mm, respectively).
The ratio of male-to-female spawning lake trout

Freedom skipper Don Wethington removes lake trout
[from a gillnet.
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caught was 1.60:1 in 2005.

For the second consecutive year,
electrofishing was used to remove mature lake
trout congregated for spawning. The U.S. Fish
and Wildlife Service (Ahsahka, Idaho) again
allowed Yellowstone to use their electrofishing
boat. With this assistance, the Carrington Island
site was electrofished on eight nights during
September and an additional 1,338 lake trout
were removed from the population.

Despite high catches of both young and
adult (spawning) lake trout, there is reason to
be optimistic about the impacts the program is
having. Overall catch rate of lake trout remains
low, and nearly 139,000 lake trout in all have
been eradicated from Yellowstone Lake. If left
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Fisheries technician Brad Olszewski prepares gillnets on
board the Freedom.
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NPS Fisheries technician Nicole Schamberry with a
gillnetted lake trout.



in the lake, each lake trout (and each surviving
offspring) could have consumed at least 41
cutthroat trout each year (Ruzycki et al. 2003).
Therefore, the suppression program has saved
an incredibly large number of cutthroat trout.
The mean size of mature lake trout continues to
decline and there appear to be fewer older, larger,
and therefore most detrimental, lake trout in
the system each year. Another encouraging sign
is the decline noted in angler catch-per-hour of
lake trout for the second consecutive year. In
past years, this index has been a good indication
of the strength of the following year’s spawning
numbers. However, continued increases in
overall catch rate by gillnetting underscore the
importance of maintaining efforts to keep this
predatory population controlled. Lake trout
densities in the West Thumb remain high, and a
serious threat to the Yellowstone cutthroat trout.

L ake Trout Girowth Potential

To determine age and growth of lake trout,
a sample of 404 fish was collected in July—early
October 2005. Otoliths were collected for aging,
maturity levels were assessed, and total length
was measured for each fish. Immature lake trout
comprised 34% (138) of fish collected, and
females comprised 46% (184) of the sample.
Ages ranged from 1 to 16 years old, and total
length ranged from 190 to 902 mm. Using this
information, an age-length key was applied to
all lake trout collected from spawning areas in
Yellowstone Lake (Figure 10).

The oldest lake trout sampled was a 16-year-
old mature male captured in Breeze Channel on
September 29, in 19 m of water. The heaviest
lake trout removed from Yellowstone Lake in
2005 was also the heaviest ever recorded; this
mature female was caught in Breeze Channel,
weighed 22.5 Ibs, and was just under one meter
in total length (921 mm). This lake trout was
caught in a gillnet set in 20 m of water on
September 23. Neither of these two fish had
spawned in 2005 when they were captured.

Lake trout are known to be a long-lived fish
species; a specimen 65 years old was reported
in Canada’s Northwest Territories (Behnke
2002). However, less than 2% of the spawning
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Figure 9. Locations of gillnets set to remove non-native lake trout from Yellowstone

Lake in 2005.
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Figure 10. Relative abundance, by estimated age, of
male and female lake trout caught on or near spawning
areas late August through early October 2005.
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Surveys using
hydroacoustic
(fish sonar) gear
will be used to
assess seasonal
shifts among
lake areas, and
potentially,
congregations
near spawning
sites in the fall.
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The Yellowstone Center for Resources lake trout gillnetting boat Freedom at Bridge Bay.

lake trout population of Yellowstone Lake is
more than 13 years old. Our aging information
suggests that this is a relatively young, exploited
population. Many of the adults being caught
were likely attempting to spawn for the first
time. Aging structures will continue to be
collected in future years, and ratios of older
lake trout to younger lake trout will continue
to provide evidence of the effectiveness of the
suppression program.

Gioals to Jmprove Smppressioh
éﬁiciehcy

Results of the lake trout suppression
program clearly emphasize the importance of
locating and targeting additional spawning areas
in Yellowstone Lake, if they exist. Although
approximately 5% of the total effort was
expended on gillnet sets in spawning areas
during 2004 and 2005, they accounted for
27% and 13% of the total catch for those years,
respectively. (It should be noted, however, that
spawner sets are checked daily, and require
a much greater time commitment than do

control sets, checked weekly or even bi-weekly.)
Furthermore, the spawning lake trout, due

to their size, are likely more detrimental to
cutthroat trout than those caught in the smaller-
mesh size control nets.

Given the importance of spawning areas for
targeting lake trout, we have initiated research to
identify other currently unknown or potentially
new potential spawning areas throughout
Yellowstone Lake. Substrate size and distribution
data are being collected using an underwater
video system in areas where computer models
predict spawning habitat may exist. The video
will also enable staff to obtain exact timing of
lake trout spawning and delineate boundaries
of known spawning sites. Surveys for lake trout
using hydroacoustic (fish sonar) gear will be used
to assess seasonal shifts among lake areas and,
potentially, congregations near spawning sites
in the fall. Areas that have a high potential for
supporting spawning can be monitored in future
years; if spawning lake trout are found at those
sites, they can be included in the suppression
program as key locations for gillnetting or
electrofishing, «<= %3¢
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Restoration of Fluvial populaﬁoms of
Native Trout

Weerslope Cutthroat Trout
Restoration Goals

he purpose of westslope cutthroat
l trout (WCT) restoration is to reverse
the declining trend in WCT genetic

integrity and ensure the persistence of native,
genetically pure WCT within Yellowstone
National Park. There is an urgent need to
isolate remote headwater habitats, completely
remove all non-native and hybridized fishes,
and restore genetically pure WCT. Goals of the
project are to (1) reduce long-term extinction
risk for WCT within Yellowstone, and (2)
provide a secure refugium for genetically pure
WCT. It is proposed that genetically pure WCT
be reintroduced in East Fork Specimen Creek
(EFSC) and introduced into High Lake to
secure this subspecies within additional waters
of Yellowstone. Work planned for 2006-2007
includes (1) completing the NEPA process, (2)
beginning the removal of non-native fish within
High Lake and the introduction of WCT and

development of a refugium there, (3) creating

Pool habitat of the East Fork Speciman Creek, the

location for westslope cutthroat trout restoration.

an artificial barrier of logs and other natural
materials at the downstream reach of EFSC to
prevent movement of non-native and hybridized
trout into the restoration area, and (4) beginning
the removal of non-native and hybridized fish
within EFSC.

Our long-term goals include the creation
of a barrier to upstream movement of fish from
the Gallatin River in the area of the Highway
191 road bridge, followed by a restoration of the
North Fork and mainstem Specimen creeks. If
this were possible, the result would be an entire
watershed restored to native westslope cutthroat
trout in the park. Grayling Creek, Duck Creek,
and other watersheds within the natural, historic
range of WCT are also being evaluated and
seriously considered for restoration within the

park.

Grayling Creek,
Duck Creek, and
other watersheds
within the natural,
historic range

of WCT are also
being evaluated
and seriously
considered for
restoration within
the park.

Wes+slope Cutthroat Trout Status

Unlike many other areas within the
historical range of WCT, habitat degradation
and excessive harvest rates by anglers were not
responsible for the decline of this subspecies
in park waters. Rather, the extensive stocking
and subsequent establishment of populations
of non-native competing species, including
brook trout and brown trout, and interbreeding
of rainbow trout and YCT during the first
half of the twentieth century, led to a serious
reduction in the park’s resident WCT, and in
their near extinction from most park streams
by the 1930s (Varley and Schullery 1998).
Survey efforts from 1994 to 2003 were directed
toward obtaining additional information from

15



In 2005, a
genetically pure
WCT population
was found in

an isolated,
unnamed
tributary to
Grayling Creek.
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what was thought to be the only genetically
pure WCT population remaining in the park,
located in North Fork Fan Creek. Life history
(radiotelemetry) studies (Zale 2003), habitat
inventories, macroinvertebrate assessments,

and water quality surveys were completed

on this system, and the most appropriate site

for an in-stream fish barrier was selected for
stabilization and long-term protection of the
WCT there. However, NPS plans to assist with
a WCT broodstock development program at the
Sun Ranch in the Madison River Valley were
suspended in 2003, when additional genetic
analyses by the Wild Trout and Salmon Genetics
Laboratory, University of Montana, revealed
previously undetected rainbow trout alleles in
the North Fork Fan Creek donor population
(Koel et al. 2004). Through collaboration with
the Idaho Department of Fish and Game, Eagle
Fish Health Laboratory, we obtained a “second
doctor’s opinion” in 2005 regarding the status of
the North Fork Fan Creek WCT genetic status.
Eleven markers (10 nuclear and 1 mitochondrial)
were examined from 35 fish obtained in the
upper reaches of North Fork Fan Creek in 2003.
Only a single rainbow trout allele was detected
among a total of 570 tested, yielding a result

0f 99.82% genetic purity among alleles and
97.1% genetic purity among individuals. The
North Fork Fan Creek WCT are now considered
a “conservation population,” but not a “core
population” as originally thought. Consequently,
the NPS re-evaluated the park’s WCT restoration
program. Other watersheds originally supporting
WCT but now containing highly-hybridized
populations were assessed to determine which
might provide the highest probability for
successfully restoring a viable, genetically pure
population of WCT in the park. The East Fork
Specimen Creek has been chosen as the location

for our first WCT restoration in the park
(described below).

Genetically Pure popu'a’riol/\
Discovered within the Park

Following the confirmation of WCT
hybridization in North Fork Fan Creek, it
was thought that all genetically pure WCT

populations had vanished from Yellowstone.
However, in June 2005, fisheries biologists from
the U.S. Forest Service (USFS) were informed
by David Klatt, a West Yellowstone resident, and
Chad Kashmier, a local USFES law enforcement
ranger, of an isolated cutthroat trout population
in an unnamed tributary of Grayling Creek
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Headwater springs in the Gallatin National Forest
(top) give rise to approximately 2 km of pristine stream
habitar within Yellowstone (middle), supporting >700
WCT (bottom).



Table 1. Estimated extent of range and current genetic status of cutthroat trout in Yellowstone National Park.

Yellowstone Westslope
All cutthroat trout cutthroat trout cutthroat trout
% of total % of total
% of total occupied occupied
km of stream  stream lengths km of stream stream lengths km of stream stream lengths
Extent of range
Historically fishless 5,044 48% 4,096 48% 948 48%
Cutthroat trout present 5,477 52% 4,446 52% 1,031 52%
Total 10,521 8,542 1,979
% of total
stream lengths % of total % of total
where all stream lengths stream lenths
cutthroat where YCT where WCT
km of stream were present km of stream  were present km of stream  were present
Current genetic status
Extirpated 371 7% 0 0% 371 36%
Pure 3,340 61% 3,338 75% 2 0%
Hybridized 1,766 32% 1,108 25% 659 64%

(Madison River drainage). The USFS, in turn,
informed Aquatics Section staff. Park biologists
have subsequently determined that more than
700 trout reside there, and through collaboration
with the Idaho Department of Fish and Game’s
Eagle Fish Genetics Lab, confirmed that the
population is 100% genetically pure WCT,
that is, a “core population” suitable for use as
source fish for restoration projects in the upper
Missouri River drainage (Ruhl and Koel 2005).
The subterranean nature of the unnamed
tributary and placement of a roadbed prior to
any introductions of rainbow trout to Grayling
Creek have served to isolate and preserve the
genetic integrity of the WCT population there.
Recent analyses using geographic
information systems (GIS) suggested that
approximately 1,031 stream kilometers within
the park originally supported genetically pure
WCT (Table 1). They have been extirpated from
an estimated 36% of stream (371 km) and exist
in hybridized form in most of the remaining
64% of stream (659 km). At present, the only
known genetically pure WCT population in the
park exists in approximately 2 km of habitat in
the unnamed tributary to Grayling Creek.

ia

A roadbed placed prior to any stocking of rainbow trout
has served to isolate and preserve WCT in the unnamed
Grayling Creek tributary.

Abandoned roadbed along Grayling Creek.
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Figure 11. The Specimen Creek watershed in northwestern Yellowstone National
Park.

East Fork Specimen Creek as a

TFocus fov* Restoration

A requirement for westslope cutthroat trout
restoration is that the watershed be large enough
to support a population that would remain
resilient when faced with natural disturbance by
drought, fire, and/or flood. The EFSC watershed
meets these criteria. This watershed originates
in the high, rugged Gallatin Mountain Range
(Figure 11). Several small headwater lakes and
spring seeps feed this fork as well as North Fork
Specimen Creek (NFSC) and several smaller,
unnamed tributaries. Due to natural barriers
to fish movement upstream, these lakes were
historically fishless. In 1937, however, the NPS
stocked these lakes with YCT (which are not
native to the upper Missouri River drainage)

(USFWS 1971). These fish, over time, have

NPS/ANNA VARIAN

migrated downstream, while rainbow trout from
the Gallatin River have moved upstream into
the watershed. Due to interbreeding among the
species, genetic integrity of the native WCT has
been severely compromised; the EFSC watershed
currently supports a highly hybridized (<80%
pure) WCT population (Koel et al. 2003).
Because the EFSC watershed WCT are not
considered a “conservation population” (which
requires more than 90% genetic purity), the fish
are prime candidates for complete removal and
replacement with a genetically pure strain.

High Lake, situated at the subalpine
headwaters of EFSC, comprises 7.1 surface
acres, has a maximum depth of 19.4 feet, and
rests at 8,500 feet (2,600 m). A single outlet
stream on the south shore serves as a primary
source of flows for the EFSC. A natural
waterfall (15 feet height) approximately 200
yards downstream from the outlet of High Lake
prevents fish from ascending the drainage, and
is the reason High Lake was historically fishless.
For introduced WCT, High Lake would serve
as a significant buffer to many watershed-scale
natural disturbances, such as wildfire, drought,
and flood. Unlike EFSC or other similar
stream systems, the lake environment is not
prone to high and abrupt variation in flows,
water temperatures, and other environmental
conditions that have a strong influence on
survival of cutthroat trout. High Lake, over time,
would provide a secure refugium and a source
of WCT for the EFSC through downstream
emigration by fry and adults.

Fisheries technician Brian Ertel at the location for the
East Fork Specimen Creek fish barrier.



Of all the lakes in the Specimen Creek
watershed stocked with YCT in 1937, only
High Lake continues to support YCT. The
Bozeman Fish Hatchery was the source for
these stocked YCT, and the current population
within High Lake is not a unique form
warranting preservation. They have resulted
in the degradation of WCT within the EFSC
watershed, and their removal is required
as a part of any WCT restoration attempts
there. Many other high mountain lakes in the
Intermountain West presently contain stocked
YCT populations, including lakes within
protected national park or wilderness areas. Due = et
to the significant productive potential of High ek i s AN
Lake and its greater overall contribution of flow Fzs/zerzes biologists Pat Bzgelou/ (leﬁ) and Dan Mahony leavmg the Speczmen Cree/e
(habitat availability) and trout abundance, EFSC  #railhead for High Lake. Fisheries horses (left to right) are Ethan, Pat, Sammy, and
was chosen over the North Fork as the focus for ~ Scozty.

WCT restoration within the park.

During July 2005, the environmental Sources fov‘ Geneﬁca“y Pure For introduced
compliance process was initiated to lead toward ~ Westslope Cutthroat Trout .
potential restoration of WCT in Specimen WCT, High Lake
Creek. An interdisciplinary team was assembled The genetically.pure WCT Population i.n would serve as
and resource issues were identified. Public the unnamed Grayling Creek tributary provides L
scoping for the project occurred October an incredible opportunity for enhancement of a significant
25-November 30, 2005, and included public this. sgbspecies within Yellov.vstone National Park. buffer to many
meetings in Bozeman (November 16) and This isolated WCT population has many aspects
West Yellowstone, Montana (November 17). of an unexploited fishery, including a wide range watershed-

Writing of the draft environmental assessment in size structure (Ruhl and Koel 2005). Given scale natural
was initiated in late 2005, with plans for NPS the life history strategy of these fish, which must )
and public review by spring/early summer 2006 involve only a very limited amount of movement disturbances,
(Koel and York 2006). among habitats each year, the population would such as wildfire
be an excellent choice for replication into similar, ’
headwater systems elsewhere in the park, such as ~ drought, and
EFSC.
Additional potential sources of genetically flood.
pure WCT for the proposed project include
recently developed broodstock at the Sun Ranch
in the Madison River Valley, Montana; the
MO12 WCT broodstock held at Washoe Park
State Trout Hatchery (Anaconda, Montana),
and, potentially, the WCT population that
remains in North Fork Fan Creek within the
park (Koel et al. 2004). Park staff will continue
to monitor the North Fork Fan Creek WCT
s population to track any potential changes there
NPS Fisheries technician Kevin Olsen and Supervisory in genetic purity. Analyses have indicated 99.8%
Fisheries Biologist Todd Koel prior to returning westslope genetic purity among alleles examined for
cutthroat trout netted from the unnamed Grayling Creek  L.inbow trout introgression in North Fork Fan
tributary. Creek.

NPS/MIKE RUHL
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The overall goal
for fluvial YCT
restoration within
Yellowstone
National Park

is to restore

YCT to streams
in the park’s
northern range
watersheds.
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Figure 12. Yellowstones northern range, including major rivers and tributary watersheds considered for potential

cutthroat trout restoration. Watersheds receiving highest priority from prioritization ranking are highlighted in red
and numbered by rank: 1) Elk Creek complex, 2) Rose Creck, 3) Antelope Creck, 4) Glen Creek, 5) Blacktail Deer
Creck, 6) Reese Creck, 7) Oxbow/Geode Creek complex.

Vellowstone Cutthroat Trout
Restoration Goals

The Yellowstone Lake basin and the
Yellowstone River upstream of the upper falls
at Canyon have long stood as one of the last
strongholds of Yellowstone cutthroat trout.
Despite fluctuations in abundance attributed
to early egg-taking operations and intensive
angling, the cutthroat trout population in
Yellowstone Lake remained relatively strong
into the early 1980s. Problems that arose were
addressed through changes in management
policies, that is, cessation of egg-taking
operations and implementation of restrictive
angling regulations. Despite widespread
introductions of non-native salmonids into
many other park waters, the Yellowstone Lake
basin largely avoided the establishment of species
known to compete or hybridize with Yellowstone
cutthroat trout. However, the discovery of lake
trout in 1994, and the subsequent discovery of
whirling disease four years later, have left the

future of Yellowstone cutthroat trout in the
Yellowstone Lake basin in question (Koel et al.
2005).

These developments have led managers
to seek ways to increase the prevalence of
genetically pure YCT within the park outside
of the Yellowstone Lake basin. The overall goal
for fluvial YCT restoration within Yellowstone
National Park is to restore YCT to streams in
the park’s northern range, that is, the Gardner,
Lamar, and lower Yellowstone river watersheds
(downstream of the lower falls). The northern
range is comprised of several major watersheds
with more than 50 named streams and hundreds
of unnamed tributaries (Figure 12). Streams of
the northern range were chosen for restoration,
in part, because of their accessibility; the
logistics for completing stream restorations in
this region are very good. In addition, Middle
Creek, a tributary that enters the North Fork
Shoshone River near the East Entrance, may
provide an opportunity for YCT restoration.
Specific objectives for 2006-2008 are to (1)
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finalize the prioritization of watersheds and
specifically identify those that provide the
greatest likelihood of success for restoration; (2)
complete amphibian, invertebrate, water quality,
wetland/rare plants, and other resource surveys
of watersheds chosen for YCT restoration; and
(3) complete the required planning documents
and NEPA process that will lead to on-the-
ground YCT restoration. After restoration has
begun, the newly created YCT populations will
be available for future restoration efforts within
Yellowstone National Park and elsewhere.

Vellowstone’s Northern Ralf\ge
Restoration Initiative

The rivers and associated tributaries of the
northern range once represented a vast amount
of YCT habitat. However, with the exception of
the upper Lamar River and a few isolated waters
such as upper Soda Butte Creek and Pebble
Creek, almost all of the medium and large
streams in this region now support populations
of non-native salmonids or rainbow-cutthroat
trout hybrids. To date, a paucity of data has
inhibited our complete understanding of the
status of YCT on the northern range.

In order to identify streams where
conservation action is necessary, or where
restoration efforts would have a high probability
of success, initial efforts in 2005 included the
centralization of information regarding current
and historic species composition; genetic
integrity of cutthroat trout present; current
fish distribution; presence and location of
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The falls on Amphitheater Creck create a natural fish
barrier.

One focus of northern range restoration initiative activities is Rose Creek, a tributary of
the Lamar River at the Lamar Buffalo Ranch.

existing or potential barriers to upstream fish
movement; road and trail accessibility or other
logistical components; and length, flow, and
physicochemical information for nearly all
named streams on the northern range. The first
step was a review of historical information held
by the Aquatics Section. The parameters listed
above were placed into a spreadsheet containing
58 streams from Yellowstone’s northern range.
From this spreadsheet, data gaps were identified
and sampling priorities established. The
remainder of the 2005 season was spent filling
in the most important pieces of missing data
through field investigations.

Field Surveys Document
Remaiming popv\lc\’rions

Field investigations sought to answer four
basic questions: (1) What species, if any, are
present in the stream? (2) What is the genetic
status of any cutthroat trout found within the
stream? (3) What is the upstream extent of
fish distribution in the watershed? and (4) Are
any existing or potential barriers to upstream
fish movement present in the system? Staff
walked streams, locating potential barriers and
electrofishing to determine fish distributions.
Fin clips were taken from all fish resembling
cutthroat trout until a sufficient sample size
(n = 30) to determine the genetic status of
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undocumented
and potentially
pure cutthroat
population was
discovered in the
Oxbow/Geode
Creek complex

in 2005.
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Cutthroat trout from the Oxbow/Geode Creck complex.

each population was reached. The up- and
downstream side of every suspected natural

or human-created barrier to fish movement
was sampled. This method identified barriers
above which naturally or artificially established
populations do not exist.

Amethyst Creek, Amphitheater Creek,
Crystal Creek, Elk Creek, Geode/Oxbow
Creek, Lost Creek, Lupine Creek, Pebble Creek,
Reese Creek, Rose Creek, and Yancey Creek
were sampled in 2005. Barriers not previously
shown in Yellowstone’s fish barrier database
were identified on Amphitheater, Elk, Lost,
and Yancey creeks, where upstream extent of
fish distribution was limited to the portions of
the streams below the barriers. Extent of fish
distribution was also documented for Rose
and Reese creeks. A previously undocumented
and potentially pure cutthroat population was
discovered in the Oxbow/Geode Creek complex.
These fish are likely the result of stockings
conducted in 1922-1924 (Varley 1981). It
is not known if these waters were historically
fishless or what the broodsource of the stockings
was. However, it does appear that the portion
of Geode Creek upstream of the Grand Loop
Road is isolated by the existing road culvert.
Because the road pre-dates the stocking record,
it is likely that if the broodsource was genetically

pure, then the population that currently occupies

the stream has retained that status. What is
uncertain is which subspecies is represented in

the Oxbow/Geode Creek complex, as Dr. Robert

Behnke has initially identified the trout, through
images provided, as WCT. Sufficient genetic

samples have been collected from locations above

and below the Grand Loop Road to determine
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Yellowstone cutthroat trout from Rose Creek.

Fin clips are taken to determine genetic status of trout
populations. Fin clipping does not limit life quality or
expectancy of the fish.

whether the fish are YCT or WCT, and if
hybrids are present in the population; analysis is
pending.

Prioritization of]\]ov"rlx\ev*l/\ Ralf\ge
Woatersheds

All of the watersheds included in the
Northern Range Restoration Initiative that do
not already contain pure-strain YCT are being
considered as candidates for restoration. Many
of the parameters that influence the likelihood
of successful restoration are considered in the
database that is being compiled. Data collected
through library research, GIS analysis, and
field investigations were used to develop a
prioritization matrix containing a set of 12
parameters, all given equal weight in the
prioritization analysis. Several systems have
already been identified as candidates providing
a high probability of restoration success. These
include Reese Creek, Rose Creek (watershed
above the Lamar Ranger Station), Blacktail Deer
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Creek, and Elk/Yancey/Lost creeks (Elk Creek
complex). No waters that have retained their
original, historically fishless condition will be
considered as a candidate for YCT restoration.

Arctic Grayling Status within the
Gibbon River

In Yellowstone National Park, fluvial
(stream-resident, year-round) Arctic grayling
originally existed in the Madison River, and in
the Gibbon and Firehole rivers below the falls
of these streams (Kaya 1992; 2000). Non-native
brown trout introductions and the creation of
Hebgen Lake quickly led to what appeared to be
the complete loss of fluvial Arctic grayling within
the park by the mid-1900s.

In recent years, both anglers and
electrofishing surveys have consistently found
Arctic grayling throughout the Gibbon River,
leading to a re-evaluation of the status of fluvial
Arctic grayling within Yellowstone National
Park. In fact, anglers have reported catching
grayling in the Gibbon River in all but one
year since 1979. Determining whether or not a
viable population of fluvial Arctic grayling exists,
however, is somewhat complicated because in the
1920s, adfluvial (lake-dwelling) Arctic grayling
were intentionally stocked into historically
fishless Grebe and Wolf lakes, at the headwaters
of the Gibbon River. Although grayling are now
regularly found in the Gibbon River above and
below all three of its barriers to upstream fish
movement, including Gibbon Falls, it is not
known if these fish are truly fluvial or if they

Arctic grayling in Gibbon River.

One of 12 sites along the Gibbon
Arctic grayling.

E = IS
River where

are merely strays moving downstream from
the headwater lake populations. The Aquatics
Section has initiated research with the specific
goal of determining whether there is a viable
population of fluvial Arctic grayling within
the Gibbon River system. Work planned for
2005-2006 includes (1) tagging grayling and
tracking movements of juvenile and adult fish
at Grebe and Wolf lakes and in the mainstem
Gibbon River above and below Gibbon Falls;
(2) conducting intensive surveys for spawning
grayling during late May, June, and early July
in the Gibbon River and suitable tributary
streams; (3) conducting intensive surveys for
young-of-the-year (YOY) grayling using fry traps
from June to October in the Gibbon River; and
(4) relating spatial dynamics and any observed
variation of adult/juvenile/YOY grayling
to thermal, flow, and other environmental
characteristics of the Gibbon River system.
This work is being completed through a
collaborative effort with the U.S. Geological
Survey’s Montana Cooperative Fisheries Research
Unit. Results will have immediate relevance
for the park’s management and conservation of
fluvial Arctic grayling, if indeed they are found
to persist here. “=25¢

Jry traps were placed in 2005 to capture

Although grayling
are now regularly
found in the
Gibbon River,

it is not known

if these fish are
truly fluvial or if
they are merely
strays moving
downstream from
the headwater
lake populations.
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Yellowstone cutthroat trout from Soda Butte Creek.

Soda Butte Creek Long-term
Monitoring

oda Butte Creek has historically been
S sampled regularly in the park. Since the
mid-1960s, park fishery personnel have
collected information about the resident fish and
macroinvertebrates there to monitor responses,
if any, to reduction in water quality arising from
ongoing inputs of mining-associated pollutants.
With few exceptions, annual monitoring has
occurred at a site near the park’s northeast
boundary since 1984.
Cutthroat trout abundance in Soda Butte
Creek has varied considerably from year to
year, and length-frequency data suggest that

Fisheries crew electrofishing Sadﬂ Butte Creek in 2005.
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at least three size/age groups have consistently
been caught. Average size of captured trout

was typically between 160 and 175 mm; few
individuals were longer than 300 mm (Figure
13). Although the cutthroat trout in Soda Butte
Creek have been protected from harvest since
1996, with the adoption of total catch-and-
release regulations, few fish longer than 330 mm
have been caught in recent years. Comparison
of population length structure prior to 1996
with the most recent five-year sampling period
suggests that the trout’s response to the catch-
and-release regulation in this stream has been
minimal. Similar findings for rainbow trout
were found in Great Smoky Mountains National
Park and suggested that factors other than angler
harvest (particularly, stream productivity) might
be most important in regulating fish populations
(Kulp and Moore 2005). Estimated abundance
of cutthroat trout in Soda Butte Creek has
increased since 2002, but most of the increase
appears to be occurring in younger age classes
that were previously not affected by the allowable
harvest regulation.

A shift in stream channel location further
confounds interpretation of long-term
population responses in Soda Butte Creek.
Downcutting, and the creation of a new stream
channel after the record-high stream flows in
1997, resulted in the loss of approximately half
of the old monitoring section. The new channel
has undercut numerous trees that have been
incorporated into the stream. This large woody
debris appears to be a preferred habitat of young
cutthroat trout during the colonization of the
new stream channel area.

Although non-native brook trout had
previously been known to reside in the
headwater portions of Soda Butte Creek
(Shuler 1995), they were not found in the park
until 2003. Montana Fish, Wildlife and Parks
chemically removed the source population of
brook trout from a small upstream tributary in
2004, and re-treated it again in 2005. Although
suppression by electrofishing within the park
since 2003 has yielded brook trout each year
(Figure 13), evidence of a widespread, robust
population is lacking. The upstream chemical
removal project appears to have reduced the
brook trout population to where only an



occasional individual is now found in the park.

Cutthroat trout collected during brook
trout electrofishing suppression were sampled
for genetics analysis. Initial results indicate that
the cutthroat trout have been recently hybridized
with rainbow trout (Olson 2005). In 2005,
NPS biologists also collected fin clips from 40
cutthroat trout upstream from Icebox Canyon
to obtain the current genetic status of the
population there. Although these fish have not
yet been analyzed, at least one had the physical
appearance of a hybrid.
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Figure 13. Number of Yellowstone cutthroat trout

and brook trout captured in the Northeast Entrance
sample section of Soda Butte Creek, 2001-2005. Solid
bars denote 10-mm length groups for cutthroat trout.
Triangular markers denote number of brook trout

captured by length group and year.

Monitoring Associated with Road

Reconstruction

Because large sections of many park roads
were intentionally located adjacent to stream
corridors, road reconstruction projects can
potentially impact fish populations. In 2005,
we continued to monitor these activities. Most
of the projects were at the mid-construction
or completion phase; thus, monitoring was
restricted to areas sampled in previous years. In
2005, electrofishing surveys were conducted at
several sites in Hayden Valley, in the tributary
of Cascade Creek at the south end of the
Canyon-to-Chittenden road, and at three sites
in Antelope Creek. As in previous years, few
of the captured cutthroat trout were longer
than 250 mm, suggesting that the streams are
used primarily as spawning and rearing areas
for fish from the Yellowstone River mainstem.
However, in Antelope Creek, consistent capture
of multiple size-groups and the presence of
potential barriers indicate that the population
may be comprised of fluvial residents.

Sampling at the two sites of Middle Creek
on the east side of Sylvan Pass again revealed
a predominance of brook trout over cutthroat
trout. Relative abundance of both species
was smaller in 2005 than on other sampling
occasions, but this may have been due, in part,
to reduced capture efficiencies associated with
the difficulty of sampling during higher stream
flows. This year, in consultation with NPS

Non-native brook trout are being removed from upper

Soda Butte Creek by electrofishing each year.
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Sampling at

the two sites of
Middle Creek

on the east side
of Sylvan Pass
again revealed a
predominance of
brook trout over
cutthroat trout.
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geologists and Federal Highway Administration
staff, Aquatics Section staff sampled the upper
portions of Middle Creek as a result of water
quality concerns arising from the gravel-washing
operation at the top of the Sylvan Pass divide.
In September 2005, sampling of Middle Creek
near the input source of the fine materials failed
to capture any fish. Additional electrofishing
upstream from the affected area also yielded

no fish. This brief initial survey suggests that
the localized area was historically fishless and
remains so today. A more extensive survey of the
watershed could reveal the presence of barriers,
upstream distribution of cutthroat trout in the
stream, and amount of risk to the cutthroat
trout population based on its proximity to

the input source. Intensive water quality and
macroinvertebrate surveys have also been
completed to document the potential impacts
of sediment from the gravel-washing operation
(described below).

Typically, road projects are a concern to
resource managers because they can potentially
impact fish populations if excessive sediment is
generated during construction or improperly
designed or placed road culverts impede fish
passage after completion of the project. As such,

The close proximity of Middle Creek to the East Entrance
Road is a concern to fisheries biologists.

most monitoring efforts have been focused at
local sites where those types of impacts might
occur. However, a broader temporal and spatial
examination is required for all effects of road
projects to be considered (Angermeier et al.
2004). One long-term effect of upgraded roads
is increased access and usage. Wider roads

and larger parking areas may lead to increased
numbers of anglers at streams that are close to a
road, but not close enough to be directly affected
by the actual construction activities, for instance,
at Obsidian Creek, where angler use may
increase due to improved access to the stream
with an upgraded road or removal of size limits
in 2006. This stream was historically fishless,
but brook trout were stocked there in the early
days of the park. As brook trout have a high
catch rate, Obsidian Creek has an unusual status
as a park stream where children are allowed to
use bait to catch non-native trout. Four years of
sampling near the Indian Creek campground
area have revealed that small brook trout are
abundant in Obsidian Creek. Population data
obtained during the pre-construction phase of
the Mammoth-to-Norris road project will be
useful for examination of longer-term

changes. <= %44
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An upper reach of Middle Creek sampled in 2005.
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Wilderness

Status of Cutthroat Trout in the
U\pper Snake River

he Snake River watershed is the third

largest in Yellowstone National Park.

Historically, Yellowstone cutthroat
trout, Snake River finespotted cutthroat trout,
and several other native fish species occupied the
mainstem river and its tributaries. Much of this
basin has not been previously surveyed because
of its remote location and difficult access to
pre-selected study areas. In 2005, the Aquatics
Section continued its native fish inventory of the
Snake River in order to describe the distribution
of cutthroat trout subspecies in the remote
headwaters region within the park. A primary
objective of the survey is detection of areas where
the two cutthroat trout subspecies may coexist.
Equally important is documenting the relative
abundance and distribution of other native fishes
and potentially harmful non-native species,
including brown trout, brook trout, and lake
trout in this watershed.

As the mainstem river survey was completed
in 2004, our sampling in 2005 was primarily
focused on tributary streams. Fish sampling
techniques were similar among years and
followed the methods of Novak et al. (2005)
where each stream was subdivided into ten
sections and the lower 100 meters of each
section were sampled in an upstream direction.
Surveys of two of the most remote tributaries
(Forest Creek and Sickle Creek) were completed.
As neither of these streams has an established
trail access, logistic considerations were an
important part of completing the inventory.
Surveyed sample sections in these two tributary

Forest Creck was one of several remote Snake River
tributaries surveyed for fishes in 2005.
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Figure 14. The upper Snake River watershed where fishes were sampled by
electrofishing in 2004 and 2005, and Snake River finespotted cutthroat trout were
Jfound, Yellowstone cutthroat trout (large spotted) were found (“Cutthroat found” in
the legend), or none were found.

streams were approximately 1 km apart (Figure
14). Forest Creek watershed was most likely
historically fishless due to the presence of a large
waterfall (>20 feet high) located about 1 km
upstream from the confluence with the Snake
River mainstem. According to historical records,
about 100,000 eyed Yellowstone cutthroat trout
eggs from the Yellowstone Lake hatchery were
stocked annually into Forest Creek between
1939 and 1943 (Varley 1981). The relatively
high abundance and widespread distribution

of cutthroat trout there now suggests that these
early stockings were highly successful. Much

of the Forest Creek watershed was intensely
burned during the 1988 wildfires. The stream
channel now contains abundant deadfall and
other woody debris from the riparian areas and
adjacent uplands. The cutthroat trout population
sampled contains numerous size groups
representing several year classes. Abundance,

Forest Creek Yellowstone cutthroat trout.
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tributaries to
Yellowstone
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distribution, and utilization of a variety of
habitat types by the cutthroat trout all suggest
that wildfire effects on this isolated population
were negligible.

Sickle Creek, which contains large, low-
gradient meadows in its headwater sections,
flows out of a steep canyon into the Snake River
approximately halfway between the headwaters
of the river and the South Entrance of the park.
In 2004, two sections near the confluence with
the Snake River were sampled. All but one of the
cutthroat trout caught in the high-gradient areas,
characterized by bedrock pools and unstable
stream channels, were small (<150 mm total
length). The electrofishing survey of Sickle Creek
was completed in 2005. Only cutthroat trout
were caught, but their abundance in the upper
reaches was one of the highest of any section
sampled in the Snake River watershed. Most
of the sampled trout had typical Yellowstone
cutthroat trout spotting patterns; however,
several fish had small- to intermediate-size
spots distributed in a pattern characteristic of
finespotted cutthroat trout. Several size classes
of cutthroat trout were captured throughout the
stream, and young-of-the-year were abundant.
The largest cutthroat was captured in the
headwater section.

This year, we initiated an inventory of
a large, unnamed tributary that flows north
from Big Game Ridge into the Snake River just
slightly upstream from the Crooked Creek-
Snake River confluence. This tributary appears
to comprise a substantial amount of the total
mainstem flow. The cutthroat trout captured
here were typically smaller than those caught

i .
Sickle Creek near confluence with Snake River.

in the nearby mainstem section in 2004. This
tributary is the only location where mottled
sculpins were collected in 2005.

A secondary objective of the survey was to
collect additional cutthroat trout from previously
sampled streams in order to obtain an adequate
number of tissue samples for stream-specific
genetic analyses. Enough genetic samples now
have been collected for subspecific differences
(if any) among the Heart River, Sickle Creek,
Crooked Creek, and Forest Creek populations to
be examined (Janetski 2007). Only Red Creek
(which may have permanent barriers located near
its mouth) and Basin Creek (which does have
an occasional angler report of cutthroat trout)
remain to be surveyed. Although these latter
two streams have good trail access for much of
their length, limited information is available and
angler use appears to be minimal.

Status of Cutthroat Trout in the
Upper Vellowstone River

The upper Yellowstone River (upstream of
Yellowstone Lake) is the largest of 126 tributaries
to Yellowstone Lake. More than one third of
the water that enters Yellowstone Lake through
tributary streams originates from this system.

Its mainstem flows more than 84 river km from
its source on Younts Peak in the Bridger-Teton
Wilderness to its mouth within the Southeast
Arm of Yellowstone Lake. The watershed
contains more than 200 km of tributary streams
and covers an area greater than 1,244 square km.

The year 2005 was the third year of the
upper Yellowstone River fisheries assessment. The
project, initiated in 2003 by the National Park
Service, is now a joint effort between the NPS
and the Wyoming Game and Fish Department.
Through this coordinated effort, nearly the
entire drainage has been surveyed. Until this
survey, a comprehensive fishery assessment
had not been performed in this region. When
completed, the study will help answer questions
regarding life-history strategies, movements, and
distributional patterns of Yellowstone cutthroat
trout in the most remote wilderness remaining in
the continental United States.

To monitor movement patterns of adult



Yellowstone cutthroat trout, 151 fish were
tagged with radio transmitters from June 2003
through July 2005, in various locations in the
upper Yellowstone River basin (Figure 15). Due
to the large size of the Yellowstone River and
Thorofare Creek, angling was the most effective
technique in capturing fish. All fish captured
were examined for gender and spawning stage,
and were measured for total length and weight.
Scale samples for age and growth analysis, and
fin clips for genetic testing were collected from a
subsample of fish during each tagging trip.

Fish were radio-tagged during the spawn
and post-spawn period to increase the likelihood
of studying both the lacustrine-adfluvial and
fluvial-adfluvial life history types (if they were
present in the system). However, lack of fish
within the mainstem or lower reaches of large
tributaries late in the season (after August 1)
prevented us from tagging equal numbers of
fish in the spawning and post-spawning periods.
Tracking surveys were conducted with a fixed-
wing aircraft flying over the river system and
portions of Yellowstone Lake (Figure 16).
Monitoring flights took place weekly from
May through August, twice each month in
September and October, and monthly from
November through April. Tracking flights were
supplemented with walking surveys of the rivers
and streams, and boat surveys on Yellowstone
Lake as time permitted. Boat surveys proved
unsuccessful, and they were discontinued after
the first season of the study.

The majority of tagged fish migrated into
Yellowstone Lake following the spawning period
each year. Of the 109 fish that were relocated,
64% moved downstream to Yellowstone Lake
and 14% moved downstream toward the lake
before their signals were lost. We were unable
to relocate 42 fish after their initial tagging,
possibly because several of the fish migrated
over large distances in relatively short periods
of time. One fish actually migrated more than
40 river and lake miles in just 16 days. Fish
also may have migrated to Yellowstone Lake
and resided in locations outside of our tracking
surveys. Increased coverage of Yellowstone
Lake during tracking flights in 2005 showed
that fish implanted with transmitters in the
upper river system were found in several

Yellowstone
Lake
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