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EXECUTIVE SUMMARY

Growing concern regarding the status of Yellowstone cutthroat trout
{« Mcr;‘r?‘}"ncf’?éﬂ‘ clarki bouvieri) within Ye Hovﬂo > Lake has led park managers to
investigate the potential for restoration of this subspecies o park waters ouiside of the

ake basin, and n particular, across the park’s Northern Range. Theqe investigations are
focused on both improving our understanding of the current status and distribution of
Yellowstone cutthroat trout and on reversing the irend of loss of wen‘,ucah\ pure
Yellowstone cutthroat trout 1 these areas, through ‘i’he planning and eventual
implementation of restoration actions.

This report summatizes results of initial data compilation/coliection and
watershed prioritization completed during Phase 1 of the effort to restore cutthroat trout
across the NMorthern Range of Yellowstone National Park. In compiling this report a
review of historical records was conducted and used to identify data gaps and sampling
needs. The data compiled during the review of historical records and through recent field
sampling (2005 — 2007) have been incorporated into a northern range streams database
which now contains information pertinent to determining the restoration potential of
Northern Range streams. Categories of information used in this prioritization process
included species composition, genetic infegrity, presence/absence of barriers. road and
trail access, mterpretive value, watershed complexity. and other factors. This information
was then used to create a prioritization matrix designed to rank each stream based on its
poteniial for successful restoration.

The streams that ranked highest, in terms of probability for success in future
restoration efforts, included Elk, Yancey, Lost, and Rose creeks. As the Northern Renge
cutthroat trout restoration effort moves forward, the completion of state and federal
documentation and permitting, including completion of a NEPA process will be required
in order to undertake on-the-ground restoration activities. This process will represent
Phase 1l and is expected to begin soon. Completion of the NEPA compliance and other
state and federal permitting could allow initiation of Phase Ul of this effort, which
specificaliv is the removal of nonnative fishes and subseguent establishment of
geneticallv-pure Yellowstone cutthroat trout populations.
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INTRODUCTION

The waters of Yellowsione Lake and the Yellowsione River upstream of Canyor are

home to the last stronghoeld of Yellowstone cutthroat trout {Oncorfvnehus clavki
nowvieri; YCT) In the face of widespread inireductions of nonnattve salmonids into
many other park waters, this system has avoided the establishment si nonnative species,
such as rainbow trowt ({1 ¢ myvkiss) known to hybridize and cause a permanent loss of
genetic integrity of the YCT population. However, the discovery of nonnative lake trout
{Salvelinus namavehusy and whirling disease {caused by the exotic parasiie Myxobolus
cerebralisy within Yellowstone Lake in 1994 and 1998, respectively, bave left the future
of YCT here 1n question.

The nonnative and exotic species threats to YCT within Yellowstone Lake and the
sncertainty of the subspecies” future there resulted in a need to ensure the persistence
and/or improve the status of genetically pure YCT elsewhere within Yellowstone
National Park, including waters of the Northern Range. As a part of the Yellowstone
River watershed within the park, the Northern Range is comprised of several sub-
watersheds including the lower Yellowstone, Lamar, and Gardiner rivers (Figure 1}
Contained within these sub-watersheds are over fifty named streams and hundreds of
unnamed tributaries.
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Yellowstone's Moithern Range represents a large geographical area thai was once
{almost solely) home to geneticallv-pure YCT. Fish propagation and “planting” efforts
that began in the late-1800s, however, resulted in the introduction of several nonnative
fish species into the Northern Range (Varley and Schullery 1998}, These introductions
resuited in an alteration of the distribution, abundance. and genetic integrity of YOT in
the region. Introduced negmauoas of brook trout Salvelinus fontinalis and brown trout
Salmo irutta competed with YCT, and significant E\ altered historic populations. Even
more detrimental, rainbow trout n}-“br'ialzea with YCT, thereby compromising genctic
iniegrity.

Maost stocking of nonnative salimonids occurred as part of official efforis 1o
expand angling opportunities in the park by establishing fish populations in historically
fishless waters and supplementing existing fisheries with hatchery stock. Stocking, for
angling purposes, ended in the mid 1950°s due to a paradigm shift in management, which
resulied in less emphasis on consumptive angling and a greater emphasis on native
species preservati(}" By the time stocking ended, however, millions of nonnative fish
had been planted in waters across the park (Varley 1981). Invasion of pure populations
from outside sources also was {and remains} a threat. Slough Creek, an importaat fishery
in the Lamar River drainage that tested geneticaliy pure in the mid-1990"s, is now
gepetically compromised by RBT entering the system {rom an unknown source (Janetski
2006).

Thanks to the Fisheries Fund Initiative of the Yeliowstone Park Foundation,
Yellowstone National Park was able to begin an aggressive program in 2005 that will
result in restoration of historic YU'T populations across the parks’ Northern Range. The
restorations are expected to be accomplished through completion of these three phases
(Figure 2):

Fhase [.- Historical data collection, tield sampling, and stream prioritization.
Phase 1L.- Completion of a NEPA process; federal and state permitting.
Phase .- Cn-the-ground YCT restoration across the Northern Range.

This report represents corapletion of Phase I, However. the three work phases
will occur. to some degree, concurrently because of the potential to discover additional
tustorical records or derive new wiformation through continuing field investigations. As
this oceurs, the information will be used to periodically update our database and,
potentially, our approach to YCT restoration.

Our specific obhiectives for the Phase [ work include, for all named streams across
the Northern Range: ;

1. Reviewing the historical literature and creating a database containing phvsical,

chemical, bielogical, logistical, and other anthropogenic information. I

il Conducting imtensive field mvestigations to rectify data gaps identified by the

historical review and updating the restoration database.

I, By considering muitiple factors, prioritize streams based on their potential fo

\EILCLS\F‘E YT vestoration.
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Figure 2. Conceptual model of Yellowstone cutthroat trout {YCT) restoration on the Northern Range of

Yellowstone National Park.
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Major sources of data include historical reports, sampling records and the modern
Geographic Information Svstem (GIS) database available thr@u:h the Yellow
Center for Resources. The literature review and field investigations seek o answer four
primary GU"‘SEiO is aboui each stream. fncludm;_: 1y What species. if any. are present m
the stream? 23 What is the geu\.t ¢ status of any mhhma& irout popti!atio'“ tound within
the stream? 3} What is the extent of fish distribution in the watershed? 43 Are any

xisting or potential barriers t pslrpan 1 fish movement present n the sy

This report reviews ti e precedent for native fish restoration in Yellowstone and
other National Parks, outlines our methods for data coliection from histeric records and
recent fieid samphing, describes the creation of a prioritization matrix for potential

estoration streams. and provides resulis of investigaiions of streams with high restoration
potential. Issues encountered while creating the prioritization matrix and about the
realities of initiating native fish restoration projects are also discussed in this report.
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BACKGROUND

Yellowstone Notional Park and Native Species Restoration

Yellowstone Wational Park encompasses 2,221,772 acres (3,472 square miles) and
is located primanly n the northwest corner of Wyoming with portions extending inie
southwestern Montana and scutheastern Idaho. It 1s the core of the Greater Yellowstone
Area (GY A), an approximately 12 million-acre area that includes Grand Teton National
Park and John D. Rockefeller, Jr. Memonal National Parkway to the south. seven
national forests, three national wildlife refuges, three Native American Indian
eservations, state lands, towns and private property.

By an Act of Congress on March 1, 1872, Yellowstone was "dedicated and set
apart as a public park or pieasmmg oxaund for the benefit and enjoyment of the people”
and "for the preservation from injury or ~poi1anon of all timber, mineral deposits, natural
curiosities, or wonders . . . and their retention in their natural condition.”  As the world’s
first national park, Yel]ou stone:

@
]

reser ge@&ogu, wonders, inciuding the world’s most extraordinary collection of

evsers and hot springs and the underlying volcanic activity that sustains them;

= preserves abundant and diverse wildiife in one of the largest remaining intact wild
eCosy i,enb on earth, supporting unparalleled biodiversity:

= preserves an ! 1.000-vear-old continuum of human history. including the sites,
structures, and events that reflect our shared heritage; and

+  provides for the benefit, enjovment. education and inspiration of this and future
generaticns.

(1=

The NPS Organic Act of 1616 states that the NPS will *...conserve the scenery and the
natural and historic objects and the wildlife therein and...provide for the enjoyment of the
same in such manner and by such means as will leave them unimpaired for the enjoyment
re generations” =T\,'3$ Organic Act 16 U ‘§ Code 1. The park 1s managed 0
conserve. perpetuate, and poriray as a composite whole the ndigenous agquatic and

terrestrial fauna and flora, the geclogy, and E%e scenic iandscape.
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Sport fishing has a historical precedent in Yellowstone., and has been a major
visttor activity in the park for over 100 years. Yellowstione supports some of the world's
most famous fisheries, and has been a destination for generations of anglers for over a
century. However, as Yellowstone park managers have witnessed and science has clearly
dﬂmmmtra[ﬂd noneative species introductions from the late 1889s through the mid-1900s

resulted in the degradation (through hybndization} and loss of native cutthroat trout
g_{)ricomyncm{s clarki spp.) as well as native fluvial Arctic gravling (Thymallus arciicusy.

The NPE 2066 Management Policies, section 4.4.2, directs that ail exotic {ie.
nonnative) species that are not maintained to meet an identified park purpose will be
managed—up to and mcluding eradication—it: 1} control 1s prudent and feasible; and 2}
the nonnative species interferes with natural processes and the perpetuation of natural
features, native species, or natural habitats. Section 4.4.2 also calls for the restoration of
native animals when adequate habitat to support the species exists or can be reasonably

restored, Conservation of stream communities and native cutthroat trout and controliing
wonnative aquatic species was identified as a high-pricnity need in Yellowstone’s
Resource Management Plan (NPS 1598).

The National Park Service and Native Fish Restoration

Artificial fish barriers constructed to prevent the upstream movement of
nonnative/hybridized fish species and protect headwater populations of imperiled, native
{ish species have been used successfully in many locations, including several national
parks { Thompson and Rahel 1998, Novinger and Rahel 2003, Shepard in ;:?I’ES\} Within
national parks, the structures allow for the isclation and protection of native fishes in the
absence of natural barriers to fish movement {(waterfalls). This greatly increases the
available options and overall probability of success for natwe fish restoration projects. It
also ensures that historically fishless waters, usually located above waterfalls (and guiside
of the historical range of the species), are not the only habitats available to manage
considering native fish restoration projects.

Within Crater Lake Nationa! Park, a bamier was construcied on Sun Creek to
isolate a native bull trout (Salvelinus confluentus) population threatened by nonnative
eastern BKT located downstream (Buktenica in press). Within Rocky Mountain National
Park, fish barriers have been constructed for preservation/restoration of native greenback
cutthroat trout (. ¢. stomias; Stevens and Rosenlund 1986, USFWS 1998) and Colorade
River cutthroat trout (. ¢. pleuriticus; Rosenlund et al. 2000). More recently in Glacier
National Park, a barrier was constructed on Quartz Creek to prevent the upsiream
movement of nonnative lake trout into the Quartz Lake chain of lakes, waters that are
considered a last stronghold for bull trout in the park {B. Michels, Glacier National Park,
personal communication 2006). In addition, artificial barriers have been used to manage
other fish species in many other locations across North America. For example, 52

ributaries io the Great Lakes in Canada and 1% tributaries in the United Siates have fish
barriers in place to prevent the u;}%‘i’ream movement and subseguent spawning of
nonnative sea lamprey {Petromyvzon marinusy (University of Guelph 2002, Dodd et 2l

Precedent for construction of fish barriers to prevent upstream W}@vémem of
ive fish and/or isolate and protect headwater native fish @apuiaﬁo ns has been set.
This method, at present, represents the best available technology for pre vasion

Ly



3

by nonmative/hivbridized fishes into a restoration area, especially one that is located in a
remoie, backcountry location. In instances where native cutthreat trout are immediately
threatened by nonnative fish species. research has shown that isolation by artificial
barrier construction may be the only aliernative {Novinger and Rahel 20031
Measurements made on a study of 47 stream tributaries 1o the Great Lakes indicated that
small, low-head fish barrier structures did not significantly alter streaun habitais, although
thev may create habitat that either favors certain ‘3ph.c1es or provides refuge from
predators (University of Guelph 2002, Dodd ot al. 2003). No comparative siudies have
been conducted on effects of fish barriers (o stream *-ab;.at~ in the Intermountain West,

Precedent for the use of piscicides (fish toxicants) in native fish restoration and
conservation actions in national parks has also been established. An on-going program io
restore BKT to their native waters in Great Smokey Mountains National Park utilizes the
piscicide Antimyein-A to remove nennative RBT (Moore et al 2005). Piscicides have
also been used several imes in Yellowstone, most notably to remove imroduced
Yetlowstone u,ltthivaesi1 trout from: High Lake {within the range of westslope cutthroat
trout; Koel et al. 2007), and remove nonnative brook trout from Arnica Creek. a tributary
to Yellowstone Lake, in 1985 and 1986 (Greswell 1691}, Crater Lake. Rocky Mountain.
and (Great Basin National Parks have also used chemical fish toxicants to restore native
fishes to park waters {Buktenica In press, Darby et ai 2004, Roselund et al 2000}, Moore
et al. {20035} found that chemical piscicides were both the only way to reliably achicve a
complete removal of nonnaiive fishes from a wide range of stream sizes and are also
more cost effective than mechanical removal methods.

METHODS

Literature Review

Fisheries management activities, inciuding fisheries inventories and sportfish
stocking, began in Yellowstone almost immediately upon the Park’s establishment.
David Starr Jordan's 1889 “Reconnaissance of the Streams and Lakes of Yellowstone
National Park”™ (Figure 3) documented the extent of fish disiribuiions m the major lakes
and nivers of the Park, including the vast fishless area in the west of the park, before
stocking efforts began. Since that time, park managers have been collecting and
compiling data concerning all aspects of the park’s aquatic resources. This data has led
1o the completion of many internal documents. technical reports, peer reviewed
pvb!icalieps articies, and books. The most compleie compilation of these documents and ﬁ
publicaiions ex ‘ist‘s in the Yellowstone Center for Resources Eibrar}n This library was
used to VOH as much historical data as possible on all streams inciuded in our Northern
Range wnvestigation. Information concerning physical characteristics of the streams was
also coliected from the Park’s GIS database.

iy
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Figure 3. Map of original fish distribution, inciuding vast tishless areas (Arsa Without
Trous), in Yellowstone National Park produced by David Starr lordan in 1889, {From
Baron W, Everman, Report on the Establishment of Fish Culture Stations in the Rocky
Mounzin Region and Gulf States, U.S. Government Printing Office, 1892).
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A wide range of parameters were established on topics including species
composiiton and disiribution, logistical aspects, and phy sicochemical properties { Table
1y Al were deemed to be important to the potential success of native species restoratl
The parameters were designed 1o address YU restoration from a holistic perspective.
inchading physical, biclogical, and anthropogenic aspects. Individual pieces of data were
then gleaned from historical records for each stream and entersd 1610 2 matiix. Some
charamms.l_c:h such as degree of road acces-*ib-inv were assigned scores and entered as
ordinal data. A preliminary review was compieied early n the summer of 2005

Fieid Investiguiions

The mnitial hterature review was useful in identifying data gaps and subsequently
establishing a sampling plan for the 2603 through 2007 ficld seasons. In order to
maximize efficiency during these field seasons, initial sampling pricrity was given to
streams with a high degree of accessibility. Streams that were known, or believed. o
possess populations of cutthrear trout of unknown genetic siatus were also given
sampling priority.

Identification of barriers to upstream fish movement was an imporiant aspect of
field investigations. A slope laver created from the Park’s GIS elevation data was vsed to
identify areas likely to contain natural fish barriers. Other features such as road culverts
and irrigation diversions were also investigated as potential barriers (Image | A&B) In
some cases, a barrier was known 1o exist in a particular watershed but the knowledge of
fish specaes composmen above and/or below the barrier was uncertain (Image 2A). In

lmpednnen‘t to upstream ﬁsh movement. In these situations, sampling was conducted by
first locating the barrier and then sampling both up and downstream of it. If fish were
captured below, but not above the barrier, the barrier location was deemed the upstream

nage 1. Aj Read Culvert ai the intersection of Elk Crﬂek and Grand Loop Road. Samplin
deimonsir ated that brook troui are present below but not above the culvert, indicating that the culvert
i T ream fish movemeni. §) Road Cuiwr? at the intersection of Geode Crezk and

ing demonstrated that cutthroat frout are present both sbove and below the
Li‘h.!'{ is suspecred of being & barvier to upstream fizh movement,
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tmage 2. A} Loat Creek Falls on Lost Creek. Example of a large prominent barrier to upsiream fish movement with
unknown fish distribuiion above and below it. B) Unnamed Waterfall on Amphitheater Creek. Example of a barrier not
found in the GIS darabase that was encountered during sampling. Sampling demonsirated that 1ish are present beiow but
not above the waterfall.

extent of fish distribution. If fish were captured above the barrier. sampling continued
upstream until another barrier was located (Image 2B) or a 200 m reach of stream was
sampled without capturing or observing any fish. A similar method was used in streams
without previously identified barriers. In those streams, a fish sample was coliected from
an easily accessible point to document presence and species composition and potential
parriers were then sought out. As mentioned above, sampling was halted when a
definitive barrier was located or a 200 m reach of fishless stream was sampled. In this
manner, upstream extent of fish distribution was estimated.

A minimum of 30 genetic samples. in the form of fin clips, were collected from
every population of fish resembling cutthroat trout (Image 3 A&B), unless sufticient
numbers of fish were unavailable. Additional samples were collected from streams with
populations existing above and below known or suspected barriers. All fin clips were
initially preserved in 70% isopropyl alcohol and were later transferred to 100% non-
denatured alechol. Genetic samples have been or will be analyzed for YUT, westslope
cutthroat trout (2. clarki lewisi, WCT), and RBT alleles and the results are being used to
identify the genetic integrity of each population sampled. In some streams,
electrophoretic genetic analyses were performed prior to this effort (Table 2). However.
2

[y

dditional samples were coliected n 20035 through 2007 in some of those lecations to
document any changes that may have occurred since the original collections were made.
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Image 3. A) Taking genetic samples, in the form of fin clips from a population of cutthroat wout in the Oxbow/Geode
Creek complex. BY Example of a fish from which a genetic sample {right pelvic fin} has been collected.

Prioritizing Streams

Data collected through literature review, GIS analysis, and field investigations
were used to develop a pricritization matrix. The matrix was created by selecting a set of
12 parameters and converting all fields to ordinal data (Tabie 3} B@cause parameters
varied in the number of classes, all parameiers were eventuaily standardized to a 10 point
scale. In this way, all parameters were given equal weight in the prioritization matrix. A
final score was ealculated by adding each parameter score together for a total score. The
suﬂams with the highest scores were considered as having the greatest potential for
successful YCT restoration. Ordinal scores, before standardization, were assigned as
Ioilews:

Parameter 1 - Historic vs. Current Species

{3 = Histeorically and Currently Fishless or Currently YCT

1 = Historical or Curvent Status Unknown

2 = Histoneally Fishless and Currently Noanative or Hybrid
3 = Historically YCT and Currently Nonnative or Hvbrid

Histarically fishless waters are important natural ecosystems and are therefore highly
valued by the National Park Service. As %;uc! waters that have retained fishless status
were not considered for YCT restoration projects. In the same respect, waters that
maintained their status as genetically pure YCT, or historicaily {ishless waters where pure
Y CT now exist, were not considered for restoration projecis. A score of zero 1n this
category removed the hsted water from further consideration.
In many of the small headwater streams on the northern range, the historic and/or

current species co::lpa'::mgn is unknown. Future sampling seeks {c answer questions

about current species distribution, but. in many cases, historic species status was
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undeterminable because of incomplete records. This situation was addressed by

assigning the stream in question a score of one. Streams that were historically fishless but

had been invaded by nonnatives were assigned a score of iwo. These streams were
considered as resteration candidates because recreational fisheries important to park

Lol

visitors have already been esiablished in many of these areas. Further, it is hikely that the
unigue fauna usually present in fishless waters (amphibians. invericbrates, etc.j has
aiready been impacted.

We consider streams that were known to historically contain pure YCT which
have now been replaced with or hybridized by nonnatives as ideal candidates for
restoration. In these streams, YOI were part of the hisioric ecosystem and the
reestablishment of pure sirain populations would meet the technical definition of
watershed level restoration. Stream that fall into this category were assigned 2 score of
three.

Parameter 2 - Yellowsione Cutthroat Trout Genetic Integrity
0 = Entire stream genetically pure YCT or fishless
1 = Presence of fish or genetic status unknown

= Enure stream hybridized

= Entire stream nonnative

4 = Portion of stream genetically pure

[

Streams that contain genetically pure YCT were not considered for restoration and were
assigned a score of zero. In many streams, the genetic integrity of the cutthroat trout that
are present is unknown because either electrophoretic genetic analyses have not vet been
performed or sampling has never cecurred in the waters. A score of one was given 1o
these streams. A stream where the population is known to be hvbridized to any extent
was assigned a score of two. Streams where populations of YCT have been largely
replaced by nennative species, like BKT, were given high pn@rm and assigned a score o
three. Highest pnormf was given 1o streams confaining pure sirain pepulations of YO T
that exist above a portion of stream that is either hybridized or cccupied by nonnatives.
Restoration of these streams would allow gene flow {rom the existing population into the
renovated stream reach. A score of four was given io these sireams.

Parameter 3 - Barmiers

(0 = Stream morphology not conducive to barrier construction
1 = Stream morphology conducive to barrier construction

2 = Existing structure can be maodified to create barrier
3 = BExasting barrier
The ability to build effective barners is important in conducting fish restoration projects.

oje
Streams t,h,at were not morphologically conducive to barrier COHS‘H’UCUO& beca‘us they
had low gradient and/or volatile channels scored the lowest. Streams that have
morphological charactenstics that are Tavorable to building barriers were assigned a s

core
of one. Stream with siructures such as irrigation diversions or road culverts that could be
modified 1o exciude upsirearn fish movement were assigned 2 score of two. The most
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favorable situation for restoration 1s existence of a naturai barrier. Streams with existing
barriers were given a scoie of ';.hraa

Parameter 4 - Road Access

{1 = Nons
1= Cimited
2= Abundant

The degree of voad accessibility is an important factor atfeciing large scale fisn
restoration projecis. Many streams in Yellowstone are completely within backcountiy
areas and are noi ?u.CESS},bEe bv road. Streams with no road access were assigned a score
of zero. Streams that are intersected at caly one point were given a score of one. Some
streams are crossed by roads at multiple locations or are paralieled by roads and were
therefore assigned a score of two.

Parameter 5 - Trail Access
0 ="None
= Limnited
2 = Abundant

Much like road access, trail access is npor‘a 1t to restoration projects trom a logistical
perspective. Streams that are not accessible by trail were given a score of zero. Streams
that are only crossed by trails at one or two points are considered to have limited
accessibility and were assigned a score of one. Streams that are crossed many times or
paralleled by tratls were given a score of two.

Parameier 6 - Interoretative Value
0 = Low Traffic
1 = Moderate Traffic
2 = High Traftic

Educating the public 1s an important aspect of many projects within the park and native
fish restoration is no exception. Interpretative sites are useful in helping the public
understand the scope of and need for catthroat trout restoration projects, and the success
of an interpretative site is strongly influenced by the number of people who visit it.
Therefore, streams that exist entirely within the backcountry, and thereby receive low
levels of pedestrian traffic. were assigned a score of zero. Streams crossed by minor
roads, moderate traffic sites, were assigned a score of one.  Higher traffic areas with
puil-offs on major roads are the most ideal locations for interpretaiive sites. High raffic
sites were given a score Gt iWo.

Parameter 7 - Bear Closure Areas

= Majority of watershed in arca ciosed during entire field season

= Majority of watershed in area closed during part G, .a\, field season

= Portion of watershed in area closed during en '
Portion of watershed in area closed during pan

Lad [ mees OO0

I}

sk
L



4 = Ng contiict with bear closure areas

In Yellowsione National Park, the management of grizzly bears inciudes resiriction of
human access to certain regions of the park at various times of the year {NPS 1983},
These closure areas exclude the public from entry into designated areas and restrict
access fo fhe areas by park personnel. While access to .,Iaaef% areas can be arranged by
";}“Ciai permission, a project of the scope and scale of native fish restoration would he 2

signiiicant disturbance. For this reason, conducting pmaecﬁ.‘s m bear closure areas would
aot be optimal. Bear closure areas vary m dates and duration of closure; some areas are
permanently closed while others are closed only temporarily. Bear closures affect
estoration efforts it the closures are concurrent with the normal fisheries feld season
(June, July. August, and September).

Streams that occur largely within areas that are closed during the enfire field

season were given a score of zero, If the majority of the stream lies within an area that is
closed during part of the {ield season. a score of one was given. A score of two was

assigned to streams that only partially exast within an area that is closed for the entire

field season. Streams that occur in areas closed during some of the field season were

given a score of three. Streams with no conflicts with bear closure areas were assigned a
ey nge

Parameier 8 - Stream Main Stem Lensth

=<5 km or »25 km
1=50-73kmor22.5-250kmn
2=7 —iGOﬁmorm{} 22.5 km
3= '50{3 125kmor17.5-200km
4=125-175km

Stream size is an impertant consideration when undertaking fish resioration projecis for
several reasons. Small streams may not be able 1o support self sustaining fish
populations without immigration {rom other sources, making it impractical to isolate
them with a barrier. Small populations also suffer from higher extinction risk due to
stochastic events than do larger populations (Shepard et al. 2003). The potential cost
henefit ratio, in length of stream restored or number of fish reestablished. is also higher in

small streams than in larger waters. However, smaller projects are often more logistically

simple and may have a higher chance of ultimate success than larger projects. Therefore,
streams that are neither ioo large nor too small are most desirable. For this reason. our
scoring system for stream size essentially foliows a normal curve.

We chese to use main stem siream length as our measure of stream size. This
enabled us to gather accurate data for any stream using the Park’s GIS database, and gave
us a measure of the I"E]SHC&] complexity of potential projects from a perspective not
provided by flow, watershed area, or stream order. Ideal lengih range was selected using
sireams of Pn@v. 1 size that were previously considered an ideal size for native fish
restoration projects. Streams considerad to be too small, less than 5 km, or ioo Eaiflrz
greater than 25 ki, were zéﬁsif.nﬂd a score of zere, Small, between 5.0 and 7.5 kan, and
zaf"ﬁ ‘:}ew een 22.5 and 25.0 km, were given a score of one. Streams ‘Cstwea—m 7.5 and
10.0 ko or 20.0 and 22.5 kin were assigned a score of two. Streams between 10.0 and




0.0 km were gia:e;a a score of three, Ideal stream size was
12 km, therefore sircams of that length were

Parameter 9 - Number of Tribuiaries

0==>20
1=11-20
2=1-10

Tributaries complicate restoration efforts by adding waters to the main stem that may or
may not need 1o be treated to eradicate nonnative fish. Because little information exists
concerning the hundreds of unnamed tributaries in the Nerthern Range, and collecting
data on even a fraction of them would be a2 monwmental task, we used the raw number of
unnamed tributaries as a parameter in our analysis. We considered a low number of
inbutaries fo be an ideal situation. Therefore, streams with more than 20 tributaries wers
assigned a score of zero. Sireains with a moderate number of tributaries, between 11 and
20, were given a score of one. Because a low number of tributaries was considerad an
ideal situation streams with O to 10 tributaries were assigned a score of two,

Parameter 10 - Wetlands

{ = Many

i = Some

2= Few
3=Very Few

Wetlands, much like tributaries, can add logistical difficulty to a fish restoration project
by adding extra size ic the area that requires treatment. In addition, because water
movement through wetlands 1s often slow and convoluted, and dense vegetation inhibits
the application of piscicides, wetlands can be very difficuit to effectively treat.
Therefore, the higher the percentage of the stream that is bordered by wetlands the more
difficalt it will be to successfully eradicate fish from the stream.

Streams that had a high propensity of low gradient reaches, and therefore many
surrounding wetlands, were given a score of zero. Streams where bordering wetlands
were common but not abundant were assigned a score of one. Streams where
surrounding wetlands were uncommeon were given a score of two. The ideal situation
was for a stream to be connected to very fow or no wetland argas, these streams wer
assigned a score of three.

Parameter 11 - Human Water Supnly
0= Yes
i=Ngo

Some surface waters in the park are used as drinking water supplies for developed areas.
Treating these waters with fish toxins would presem a logistical probiem, as water intakes
would have to be shuteft during chemical freatmen P”bnc perception about applving a

1‘

fish toxin to a drinking water supply mav also | urgzaﬁa completion of proposed projecis.



For ihese reasons. we considered the water supply 1ssue in our analysis. Because o Y‘iy
two conditions occur, the t s a stream either is or is not 2 public water supply. streams
that are used for drinking water were given a score of zero and streams that were not

Were ”‘\ en a score of oune.

Parameier 17 - lurisdiction

) = Stream extends beyond park boundary onto other lands
! = Stream exisis entirely within the Yelowstone National Park boundary

Most sireams under consideration lic entirely within the boundaries and, therefore, the
surisdiction of Yellowstone. A few streams cross park boundaries fowing either into or
out of the park. From z logistical standpoint. projects are simpler when only one agency
has administrative jurisdiction. It is important to understand that inclusion of this
parameter does not represent an unwillingness of the NPS to work with other agencies: it
only recognizes the frend of increased logistical complexity as the number of agencies
and private stakeholders involved increases. [n using the jurisdiction criteria we only
considered two c«:}néifiem Either the stream crossed into or out of the park and was
therefore assigned a score of zero, or it occurred entirely within park boundaries and was
assignied a score of one.

RESULTS

In Yellowsione's Northern Range, few
waters have escaped invasion by nonnative fish
species. Included in these waters are the upper
Lamar River, upper Pebble Creek. and numerous
sinall fishless streams. In most cases. the waters
are 1solated by a physical barrier and any
stockings that were attempied above the barriers
were unsuccessful (Image 4) or as may have
happened in the case of Antelope Creek. the
stream was stocked with nalive cutthroais and the
fish have persisted in their genetically pure form,

Antelope Creek parallels Grand Loop
Road in the Towey area as it flows south towards
its confluence with the YSR (Figure 4).
Historical Records indicate that the stream was
fishless above a 3.0 m unnamed waterfall 1.2 km
upsiream of the confluence (Image SA). Data
concerning the exact tocation and size of the

walerfall were lacking beiore a 2006 survey Image 4. Fairies Falls on Amethyst Creek
Tocated it and dtm;hwi it as a complete barrier io Example of a well known, prominent barx iert
upstream fish movement. A revi iew of stocking upstream fish movement. Stecking did ocews on

Arm,t ‘w"-lL‘ =k, presumably above the barrie

re 2 i caies thas
records indicates tha vevenied thar fish have not

nart of official record
recent sampling has r
home to a populaiion of
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Figure 4. The Anteiope Creek watershed with location of unnamed waterfall (Image
zenetic purity of the Yellowstone cutthroat trout in the siream’s upper reaches.
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Imrage 5. A) Unnamed Waterfall on Antelope Creek. B) Example of a genetically pure YCT from Antelope Creek.

As no stocking records are available, this population is of unknown origin but genetic
analysis completed during the winter of 2006 revealed that the population is genetically
pure YCT. Varley and Schullery (1998) indicated that brook trout may alsc be present in
the system and annual angler survey information supports the claim. However, sampling
by fisheries staff from 2000 to present has failed {o capture any species other than
cutthroat trout. Genetic analysis also revealed that ancther barrier to upstream fish
movement may be present in the very steep 250 m canyon reach of Antelope Creek that
cccurs immediately before its confluence with the YSR. As with the reach upstream of
the waterfall, only geneticaily pure YC'T were found between the canvon and the
waterfall,

The confirmation of genetically pure YCT in Antelope Creek is exciting because
it marks the stream as one of only a handful of small headwater drainages in
Yellowstone’s Northern Range that contain pure YCT. Tt is likely that fish from
Antelope Creek will eventually play an important role in the recovery of YCT elsewhere
in the region.

Most waters not possessing a barrier that were not directly stocked appear to
hiave been subsequently invaded by nonnative species from downstream reaches.
Because of this, the current distribution of native fishes is vastly different from that
which existed when the park was first established in 1872

Crur initial literature review identified gaps in our understanding of many of the
remote backcountry streams in the Northern Range. Surprisingly, however, even some of
the easily-accessible, froni-country streams were not often or never sampied in the past
by park fisheries biologists. As a result. 2 total of 15 front-country streams were
surveyed for fishes and habiiat attributes duning the field seasons of 2005 — 2007, Daily
activity reports, including maps, important GPS coordinates. and copies of original data
forms were placed on file at the Yellowstone Center for Resources. Data from field
investigations were also integrated into our existing Northern Range streams database.

A data matrix {Table 4) was used to score and rank the 56 Northern Range
streams originally under consideration for restoration. Twenty four streams were
immediately removed from the analysis because they met one of our requirements for
exclusion {because of main stem length and/or historic vs. current species status). The 3
streams that remained were included 10 our analysis and the top 10 are described ir some

re i
detail here {Figure 3; Table 5},
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Kestoration Priorities 1, 2, & 3 - EIk, Yancey,
and Lost Creeks

blk, Yancey. and Lost creeks form a
large, miegrated system (Eik Creek complex)
that is ributary io the Yellowstone River and
located near the Tower Ranger Station {Figure
63, Yancev and Lost creek are tributaries to Elk
Creek; the confluence of Lost Creek 15 3.2 kim

upstream from the Yellowstone River. and

Yancey Creek enters Lost Creek 200 m
apstream from there. A barrier exists in the
lower reach of Elk Creek in the form of 2 series
ol cascades approxamately 700 m upstream
from the Yellowstone River {Image 6). This
barrier 18 not shown 1n the parks® GIS database
but an exact location of the feature was recorded
durtng a 2006 sampling event.

The Elk Creek compiex was fishless
until cutthroat trout were introduced in 1922-24
and brook trout were introduced in 1942 (Varley
1981). Recent sampling indicates that brook Imag
trout have out-competed cutthroat trout and are '
now the sole fish in the Elk Creek compilex.
interestingly, however, a 19835 electro-fishing survey did capiure one rainbow trour along
with several brook trout in Elk Creek upstream of the lower cascades. The origin of this
rainbow trout 18 unclear and, because no genetic sample was collected. the fish’s exact
genetic composition remains unknown. It is also possible that the 1985 record is a error.

Surveys conducted 1n 2005 demonstrated that brook irout remain sbundant in
upper Elk, Lost, and Yancey Creeks. and that no other fish species are present.
Additional sampling in 2606 on lower Elk Creek captured only breok trout above the
cascades, despite the presence of both broek and cutthroat trout below the cascades and
downstream to the Yeliowstone River. No evidence was found that would indicate that a
population of rainbow or cutthroat trout exists in the system above the cascades, and it
appears unlikely thai ihese cascades are pa:sable by fish moving upsiream from the
Yetlowstone River. Further sampling and testing will be conducted to ensure that the
cascades are an effective barrier and effectively preclude upstream fish movement. i

Cascade barrier in the lower reaches

Restoration Priorify 4 - Rose Creek

Rose Creek is a Lamar River tributary that bifurcates in the area of the Lamar
Ranger Siation (Buffaio Kanch) in the northeastern region of the park (Figure 7). The i
streaun 15 comprised of two primary tributaries. including the North Fork and the East
Fork, whose confluence is approximately 900 m upstream from the Ranger Station. Rose
Creek crosses the Novtheast Entrance road aﬁproxlmat\,i‘ 4060 m upstream of 1is
‘m;fém:uc:: with the Lamar River. No barriers 10 upsiream {ish movement have been

identified in the svstem. Genetic analysis has revealed that the fish present in Rose Creek
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image 7. Examples of suspected rainbow x cutthroat trout hyvbrids from Rose Creek.

are cutthroat X rainbow hybrids (Image 7) and that hybridization between the cutthroat
trout and the rainbow trout is on-going. Rose Creek appears to be a relatively productive
system and fish are abundant in 15 lower reaches (Figure 8A). The main stem and lower
reaches of the forks are low gradient, with the gradient increasing as the forks ascend
their respective drainages.

Historic fish sampling conducted in the Rose Creek drainage was restricted o
lower reaches of the system, so documentation of the uppermost extent of fish
distribution in the system was completed in 2005, Trout were found in the Neorth Fork
within several hundred meters (downsiream) of its confluence with a second unnamed
tributary in the drainage. The North Fork and ihis unnamed tributary are of similar, smail
size at the point of confluence. Both were sampled for >200 m upstream and no fish
were found in either of them. [t appears likeiv thai neither stream is large enough to
support a population of trout.

The East Fork of Rose Creek is higher gradient than the North Fork and it appears
that fish distribution may be limited by this factor. The portion of the East Fork that was
sampled contained numercus log jams and boulder cascades that may not individually be
definitive barriers, but cumulatively may be himiting the upsiream extent of trout in the
stream. Fish were captured in the East Fork up to the base of a large log jam
approximately 1.5 km upstream from the its confluence with the North Fork. No
tributaries contaiming fish were encountered.

The road culverts under the Northeast Enfrance road through which Rose Creek
passes on its way 1o the Lamar River may present an opportunity to create a functional
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flow. were identified and photographed in May of 2006, The four channels exist at the
road because the stream has been medified and is now highly braided as it flows through
the Lamar Ranger Station area. These unnatural, braided siream channels appear to be
the result of human activity associated with the histeric Buffale Ranch that was once
operated in this area. Modification of all four culverts at the road crossing Wé}uid be
required to create a functional barrier 1o upstream movement of rainbow trout from t
Lamar River

in total. approximately 5.7 km of siream were found 1o support trout i the Rose
Creek drainage and there are few associated, off-channel wetland areas, making treatment
by piscicides here much iess complex. In addition, Rose Creek presents an exceilent
opportunity to provide public education on native fish restoration in Yellowstone.
Several of the buildings ai the hustoric Buffale Ranch are used by the Yellowsione
Association as an environmental education facility (Image 8). The proximity of Rose
Creek 1o this educational facility would increase our ability to offer in-depth native fish
restoration education opportunities 1o interested groups.

he

Image §. The Yellowstone Institute - An environmental education facility located on Rose Creek

Restoration Fricrity 3 — Glen Creek

Glen Creek originates on the south and east slopes of Sepulcher Mountain,
crosses Grand Loop Road, and forms Rustic Falls before its confluence with the Gardner
River near Mammoth Hot Springs {Figure 9). Upstream of the falls on the Swan Lake
flats, Glen Creek was historically fishless. However, between 1850 and 1940, Glen
Creek was stocked 15:’;3..a‘fecl v with brook trout and rainbow tout. The exact locations of
these stockings are unknown but it appears that only brook trout now persist. Glen
Creek, above Rustic Falls, was sampled m 2007 and only brook trout were captured.
Brook trout distribution in the stream was found to exte 1{1 ite the uppermost headwaiers
of the system,
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Restoration Priorify 6 — Blacktail Deer Creek

Blackiail Deer Creek 15 a large watershed in the park’s North Ceniral region
{Figure 10). The system is 1sclated from the Yellowstone River by Hidden Fails, a 6
meter high water{all located approximately 1.5 km upstream of the Yellowstone River.
Namead waters within the Biacktail Deer Creek watershed also include Little Blackiail
Deer Creek, and a series of small lakes near the Grand Loop Road known as the Blackia
Ponds. Several iarge unnamed tributaries also exist in the system. In addition to Hidden
Falls, a series of small waterfalis also exist on upper Blacktail Creek proper. Both
Blacktail Deer Creek and Little Blacktail Deer Creck are part of an ongoing study on the

impacts of grazing wildlife on willow and as such artificial beaver dams have been
i constructed on both streams. These dams may be barriers to upstream fish movement,
and potentially be utilized for cutthreat trout restoration (Image 9A).

David Star Jordan's 1891 report indicates that Blacktall Deer Creck was
historically home to native cutthroat trout, but, because of fish stocking from 1909
through 1943, the svstem above Hidden Falls is now occupied exclusivelv by brook trout
{Jones et al. 1977). Extensive aguatic inventorigs have been conducted for fish,
inveriebrates, waier chemistry, and habitat at locations throughout the drainage.
Heowever. the upstream extent of fish distribution has never been established. A YCT
restoration project was attempted in the early 19807y in Blacktail Ponds. That project
atmed to use a combination of stocking and changes n angling regulations to establish a
population of YCT in the ponds (Jones et al. 1981). All indications suggest that the YCT
did not persist and the ponds now only support nonnative brook trout.

o1
i

Image 9. A} Example of artificial beaver-dam structures found en Blackiail Deer and Liitle Blacktail Deer Creeks. s
i ot known ¥ these structures represent barriers to upsiream brook trout (B migration.
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Restoration Pricrities 7 & 9 — Oxbow and Geode Creeks
Historical information regarding the fishes of Oxbow and Geode Creeks were
sparse at best. Both of these sireams originate on the Blacktai! Platean in the Park’s north
central region. However. although the streams are shown as distinct watersheds on most
maps. they are actually both part of the same complex, hydrologic system {(Figure 11). A
single stream, known as Oxbow Creek, crosses Blacktail Plateau Drive and then flows
into a large wetland complex where the system bifurcates. It appears that from this
wetland complex, the majority of flow is then directed toward the stream known as
Geode Creek, with only a fraction of the flow remaining in Oxbow Creek. Surface flows

remain through most of Geode Creek downstream to the Yellowsione River. However,
i Oxbow Creek has a long reach where it flows underground, including the area at
Phantom Lake. Records are unclear as to the original, mstorical status of fish n the
svstem, but Geode Creek was stocked with cutthroat trout of unknown origin between
1922 and 1924 (Varley 19813,

Fish are abundant in Geode Creck up to
and above the wetland bifurcation, including the
reaches upstream of Blacktail Plateau Drive
{Figure 8B). A 2007 population estimate
indicated a total population of over 13,000 fish.
All fish sampled in the system have been of a
very distinct cutthroat trout phenotype not
typical of YCT (Image 10). Genetic analysis of
these trout yielded an exciiing discovery for th
park, in that the fish in the Oxbew/Geode Creek
complex were determined to be genetically pure
westslope cutthroat trout (. ¢ Jewis?). In 2007
a definitive barrier was identified in the
downstream reaches of Geode Creek near the
Yellowstone River. Upstream fish distribution
in the system extends into the uppermost
headwater reaches, farther upstream than most
maps indicate the stream being perennial, and is
finally limited by a small cascade. Image 10. Examples of WCT from the Oxbow/Geode
ﬁ During the August 2005 sampling Compilex. The original source of the fish planted in

period, the reach of Oxbow Creek downstream  Geode Creek remains unkrown,
of the bifurcation was small and became
subsurface in the vicinity of Phantom Lake. No other tributaries to Phaniom Lake could
be located and the outlet of the lake and reach of Oxbow Creck immediately downstream
of the lake were dewatered. OUxbow Creek downstream of Phantom Lake was explored
l and sampled during the early summer period of 2007, Water was found to reemerge in
the stream channel approximately 0.5 miles downstiream of Phantom Lake and a steep
canyon reach immediately upstream from the confluence with the Yellowstone River is
helieved 1o represent a barrier to upstream f{ish movement. Fish, believed 1o be
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wesislope cutthroat. were captured in the stream and pending analysis will reveal their
wetic makeup.

The genetically pure westsiope cutthroat trout population in the Oxbow/Geode
Creek complex represents only the se cot nd known pure westslope population remaining 1
Yellowstone National Park. Because of the status of westslope cutthroat trout within
their historical range i the upper MIQS{LJE River drainage. and the potential to use this
population for fulure restoration elforts in those waters. the Oxbow/Geode Creek
complex is consider a very low pricrity system for YT restoration. In fact. 1150
westslope from the Oxbow/Geode Creek complex were captured and moved to High
Lake via helicopter in the summer of 2007 as part of the Fast Fork Specimen Creek
i restoration project.

U"’“

Restoration Priority 8 — Stephens Creek

Stephens {jreek iq a small siream that originates on the North slope of Sepulcher
Meountain and crosses Stevens Creek Road before w: confluence with the Yellowstone
River downstream of Uardl_ner, Mentana (Figure 12). Historical records indicate that
Stephens Creek was not previously sampied for ﬁah oy park biclogists. Sampling
conducted in 2006 revealed the presence of trout in Stephens Creek both up and
downstream of the road culvert at Stephens Creek Road. The fish found in the creek are
suspected to be stream residents because of their observed sexual maturity at a small size.
The trout {from Stephens Creek strongly appear to be rainbow x cutthroat trout hybrids,
and genetic analvses have confirmed that this is indeed the case. It does not appear that
under normal flow conditions trout from the Yellowstone River are able to move
upstream into Steven’s Creek. High water vears, however, may result in the system
being subject invasion from nonnative fish in the Yellowslcane River. Upstream extent of
fish distribution in Stephens Creek is limited by three prominent bairzels (Image 11A. B.
& ), fish are not found above the first barrier and the second and third barriers also
appear impassable.

image 1. Barriers found on Stephens CrePk The first barrier {A) Is located 2.7 ki upstream of the road crossing
and fish are found below but not above the barrier. The second (B and third (C) bariers are located farther
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Restoration Priovity 10 — Reese Creek
The Reese Creek watershed
encompasses the North and East slopes of
Flectric Peak. and the stream flows northerly
and meets the Yeilowstone River along the
park s boundary west of Gardiner, Montana
{Figure 13). Heese Creesk is the ocnly stream in
Yellowstone National Park where water is
diverted for agriculture purposes. Three wate
diversion structures and associated channels
i exist along the streams’ lower reaches. Only
one of the structures, irrigation diversion #3
{Image 12}, is routinely operated. This
structure diverts water from the main channel
of Reese Creek and directs it toward
ranchlands immediately outside of the park
boundary. It appears that irrigation diversion
#3 1s acting as a barrier to upstream fish
movement. This is made evident by the fact
that sampling conducted over the past

Image 12, The third irvigation diversion on Reese Creek.

twenty vears has captured brown trout and Species composition above and below the diversion
brook trout downstream of the diversion, but  indicate that it is a barrier to upstream fish movement,
only cutthroat frout have been found but electrophoretic genetic results reveal hybridization

: : has occurred above the diversion.
upstream of the diversion. e

Electrophoretic genetic analysie mdicates that
ihe cutthroat trout in upper Reese Creek have been
hybridized by RBT most likely through upstream
movement of fish from YSR before completion of the
diversion (Image 13, Figure 8C). Cache Lake, at the
headwaters of Reese Creek, remains fishless despite
multiple attempts 1o establish a fish population there
between 1912 and 1929 (Varley 1981). Surveys
ﬁ conducted in 2005 determined the uppermost extent

of fish distribution in Reese Creek downsiream of

Cache Lake. The cumulative effect of many boulder

cascades and woody debris iams within the middle

reaches of Reese Creek appears 1o preclude fish from

moving into the upper reaches of the drainage (Image
44,8, C, & D). All of the trnbutaries o Reese

: Creek were sampled in 2005, but ondy Electric Creek
was found to contain trout {in s lowest reaches),

Image 13. Examples of fish capturad in Reese
5

Creek above the third irrization diversion,
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Image 14, A} Example of a log jam cascade common in upper Reese Creek; many of these features appear
te: be seasonal fish barriers. B) Example of a series of boulder cascades common i upper Reese Creek:
many of these features appear to be seascnal fish barriers. C) Examgple of fishless habitat in upper Reese
Creek. Despite the presence of quality habitai, fypical of that found to contain fish in the lower reaches.
upper Reese Creek is devoid of fish. D) Cache Lake: A fishles: lake at the headwaters of Reese Creek.




DESCUSSION

Data Gaps and Stream Accessibility

espite the abundance of data that existed for many Yellowstone waters, i depth
mvestigations of many of the small headwater streams we incorporated into our
priorinzation analysis remain lacking. This is particularly true of remote waters as in
most cases, the amount of information available about a given stream was related o iis
degree of accessibiiity. Modern GIS technology allowed us to circumvent many of ot
information gaps by allowing the capability of deriving several physical characteristics of
streams including gradient, presence/proximity of wetland areas. and potential barrier
locations. However, site-based data collected by field survevs remain the only way to
gather chemical and biological information, critically important to our understanding of
cach watershed.

Lack of accessibility, which over time has resulted in a lack of
chemical/biclogical information being collected from many backcountry streams, has
unquestionably influenced the results of stream prioritization analyses presented here. It
could be argued that sireams with little or no road/trail accessibility make poor
restoration candidates because of the extreme logistical difficulties associated with
working in such remote areas. However, from the perspective of species persisience
once a native YC'T population 1s established, these remote areas likely provide
heightened security from external threats, such as introduction of disease or exotic
invasive species. We believe that although areas without road or trail accessibility
present a serious logistical hurdle, they shouid not be overlocked as candidates for large-
scale restoration activities. At present. we seek to strike a balance between performing
on-the-ground restoration activities in accessible locations and collecting data and
preparing for restoration in previously unsampled, highly remote lecations in future
vears.

Cheosing Prioritization Parameters

Any number of parameters could have been included the prioritization matrix
derived by this exercise. We do not presume that the set of parameters we chose will be
equally applicable for other agencies or locations, and selection of parameters should be
done with the underlyving goals of the land management agency in mind. For instance,
Yellowstone National Park has grizzly bear management guidelines that dictate times and
fvp@:s of access allowed into many backcountry areas. These rules are important to how

and when our fisheries program will conduct backcountry work within Yellowstone, but
h rules are not applicabie to locations outside of the park boundaries. Similarly, lands

outside of the park may be resiricted during times when restoration activities need to be
conciuc ted because of seasonal human use, sueh as hunting, which is not an issue when
working within the park.

Several parameters were considered but exciuded because of a lack of available
information for most sireams. The inclusion of these parameters would add value 1o the
prioriiization analyses if sufficient data were available. Paiametezc including 2 measure
of productivity (such as chlorophylly, water temperature, and pH during late summer
would be especially useful for predicting restoration success wi‘;hin a given stream. A
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measure of stream productivity would allow knowledge of the potential of each stream
for producing high densities and/or high growth rates of YCT, Information regarding

stream temperature and pH du mg late sumimer would be particularly useful because
piscicides, Speualn antimycin, are rendered in If ective in cold water or water with high
pH (Finlayson et al. 2000).

Assessing Stream Size

Several metrics are available for assessing stream size. In compiling data for the
prieritization matrix, we considered the use of waie;shed, arez, stream mainstem lengih,
mainstem and tributary stream length, and flow (discharge) information. ldeally, mean
August flow would best be used as the surrogate for stream size because it would provide
the most pertinent information concerning the application of piscicides. However, flow
information are non-existent or incomplete for most of the headwater streams under
consideration, and collecting sufficient data for the streams would require tremendous
resources. Because of this fact, we chose stream mamsiem length as our stream size
parameier. Previeus studies (Harig et al 2000} have correlated the stream length with
successful cutthroat trout restoration projects. Another advantage of using main stem
length is that it provides insight intc the amount of habitat under consideration.
Restoration project size is ofien reported as linear distance of stream restored, especially
for regular updates on the range-wide status of YCT.

Historic Status of Fishes in Watershed

(One of the most mteresting issues encountered by this work was that of the historical
species composition of individual watersheds. and how that status influences a
watershed’s value as a restoration candidate. Essentially, five conditions currently exist
in park waters:

1y Historically and currently fishless,

2y Historically and currently auppomng native species,

3) Historically fishless but currently occupied by “native™ species {species native to
the region of the park in which the water body lies)

4) Historically native species but currently occupied by nonnative species or hybrid

forms, and

Historically fishless bur currently occupied by nonnative species.

Ly
e

An additional situation may exist where a historic fish population has been extirpated by
a natural or artificial disturbance and has not been naturally recolonized by any species.
However, no cases of hisiorically populated and currently fishiess water are known on
Yellowstone's Northemn Range.

At the present time, we regard situations | and Z {abeve} as being ideal. natura]
conditions and, as such, they were given no considerations with regard to restoration
activities. This 1s because historically fishless waters are given value under NPS
Marn agﬂmem and stocking them is viewed as equivalent to infroduction of any nonnative

species. We are not incline ;ig, stock any fish, "native” or nonnative, into any historically
and Lm!em‘i imﬂ €ss wate i3 in the park unless it is imperative in preventing the

exitinction of 2 species and does not significantly increase the chance of exunction of any
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oiher. nontarget species, Even if this were to happen long ferm plans would need o
include the removal of the mtroduced trout from these waters after successiul recovery
efforts were completed and the species was made secure eisewhere within iis historical,
native range. Stocking trout into fishiess waters jeopardizes other indigenous fauna and
threatens naturally functioning ecosystems (Pister 2001 Even afier removal of frout
from historically fishless systems, pre-disturbance conditions may not return without
addifional restoration etforts {Drake & Naiman 2000},

in historically fishless waters where native species have been introduced within
their natural, histonic range (situation 3 above), we are not currently considering any
restoration actions. The current status of YCT in Yellowstone mandates that we conserve
Y CT populations if they exist within the regions where they were hisiorically found. 1f
genetically pure YCUT were restored to meost of their historical range within the park,
efforts to remove introduced populations from historically fishless waters within this
range could be considered.

The ideal waters for performing native species restoration are where genetically
pure YCT have been replaced by a nonnative species or a hybnd form. Projects in places
of this nature would be the least (ecologically) controversial, We assigned higher priority
to sireams where nonnative species have nearly or completely replaced native
populations than streams where native populations have become hybridized. This was
done because of the controversy that surrounds the degree of hybridization and its
relevance 1o native cutthroat trout conservation and restoration efforts (Allendorf et al
2003, Campton & Keading 20033 Simply put, the debate is over how much genetic
imtrogression is acceptable and at what point hvbridization negates a population’s
conservation value. Opinicns on the subject range widely. but the USFWS defines
populations with less than 10% introgression as “conservation populations,” those having
attributes worthy of conservation (USFWS 2006).

The mest interesting situation we encountered in compiling this report regarded
historically fishless waters that are currently cccupied by a2 nonnative species, including
hybrid forms of cutthreat trout, Specifically, if nonnative fishes are removed from waters
that were historically fishless. is it appropriate to establish “native” fishes in their place?
The issues that surround performing resteration in these areas are both ecological and
anthropecentric, and consideration of both is necessary for practical decision making.
Many Yellowstone waters, such as Lava Creek, were stocked with fish shortly afier the
Park’s establishment and have supported reproducing trout populations for over a
century. The initial reason for siocking fishless waters was to provide recreational
opportunities, and numerous important recreational fisheries exist today i historically
fishless waters. The proposed removal of fish from an area popular with recreational
anglers without subseguent restocking could be controversial, and may not currently be
feasibie even in a national park. This seems especially true when the removal is not tied
to a specific recovery plan for a threatened or endangered species. From a recreational
perspective. maintaining a fishery is desirable, and this position must be considered 1 the
context of the park service mandate.
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Moving Forward with the Yellowstone Cutthroat Trour Resteration

This report represents completion of Phase 1 of the Northern Range cutthroat trout
restoration effort. The prioritization matrix produced by this phase of the initiative has
atlowed us to select several streams for restoration action. Three stream systems have
been selecied. The Elk Creek Complex {Elk. Lost, and Yancey Creeks) and Rose Creek
have been chosen as sites to undeigo complete removal via piscicides and reintroduction
of genetically pure YCT. Additionally, Reese Creek has been selecied as a location to
undergo YCT resteration through a combination of mechanical fish removal and genetic
swamping (stocking of geneticaliy-pure YCT.

Selection of locations for on-the-ground restoranion activities allows for
i movement inio the second phase of the program. Phase II will invoive completion of a

NEPA compliance process that considers multiple watersheds in the park. Other

documentation processes include NPS Pesticide Use Plans (PUPs) and a variety of state
and federal permits required to build fish barriers and apply piscicides. Conducting on-
the-ground restoration activities will represent the third and final phase of the Northern
Range cutthiroat trout restoration effort.

CONCLUSIONS

Cur primary goal is to return native cutthroat trout to their native habitats, which
did not, originally. include many waters in the park. However, we chose to include
historically fishless waters that are cwrrently cceupied by nonnative trout or hybrid
cutthroat trout in our group of candidates for stream restoration. Doing this, however,
begs the question of how one should define native trout restoration within Yellowstone.
Establishing native fish populations in originally fishless waters may help to ensure the
species is more resistant (0 extinction by augmenting the number of populations that
exist, but the practice otherwise is myopic in that it ignores other ecosystemn aspects of
true watershed-level restoration. Restoration should focus on returning natural ecosystem
function to individual watersheds and reversing a trend of nennative species invasion.
We acknowledge that restoring a drainage to native-species-only status does not
necessarily mean a return of pre-disturbance conditions; in fact, elements of restoration.
such as placement of an artificial fish barrier, may impede natural ecosvstem function,
but each project should be viewed as a step towards larger-scale restoration. That is, by
fragmenting habitats through barrier construction in the short-term. we may be able

- restore larger svstems in the long term.
i Restoring ecologically significant populations of YCT to Yellowstone’s Northern
Range will be a long process requiring public support. fiscal commitment, and sound
science. The Fisheries Fund Initiative of the Yellowstone Park Foundation. and resulting
completion of Phase I of YCT restoration across the Northern Range. represents a
positive step forward for native fish restoration in Yellowstone National Park. By
i synthesizing existing data, directing new data collection, and initiating stream level
estoration projects, this work provides a clear pathway towards YCT recovery in

Yellowstone's Northern Reaches into the foreseeable future. The success of the Northern
Range effort will not only be measured by the number and size of YCT populations
reestablished, but also by the ability 1o both educate the public on native fish restoration
and demonsirate that proiects of this nature are compatible with, and beneficial to, the
enjoyment of their park.
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